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Abstract

Sugarcane bagasse ash (SBA) is a solid waste obtained from the boilers of sugar factories after the combustion
of sugarcane bagasse. Sugarcane bagasse ash mainly consists of amorphous silica and can be used as a
supplementary cementitious material in the production of concrete. In the present study, the physical properties
of sugarcane bagasse ash, namely, particle size distribution, surface area, specific gravity, morphology and
chemical properties like elemental composition of SBA and ordinary Portland cement (OPC) have been
investigated. The microstructural observations were made using Scanning Electron Microscope (SEM).
Elemental compositions were analyzed and images coupled to microanalysis by Energy dispersive
spectroscopy (EDS). The microstructure observations and elemental characterization of cement concrete matrix
was also carried out after 28 days of curing. Blended cement concrete specimens were prepared using SBA up
to 30% in regular intervals of 10% by weight of pure Portland cement, coarse and fine aggregate, tap water and
superplastisizer. SEM results indicates that substitution of SBA particles by Portland cement produces dense
matrix as compared to control mix and EDS analysis shows fluctuations in calcium and silica concentrations as
the cement replacement level increases in the blended cement concrete.
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1. Introduction

Sugar cane is a type of giant grass belonging to the family, botanically known as ‘sachrum’. Sugarcane, with
its high fibre and carbohydrate content, constitutes an important renewable source of energy. During its long
growth period of 10 to 16 months, this plant converts good amount of solar energy into sugar and cellulose. So
far as sugar cane production is concerned, Brazil is the world’s largest producer of sugarcane followed by India.
The production in Brazil is of the order of 260 million tons per annum followed by India with 254 million tons
[1].

Out of 110 million tons of crystal sugar produced annually, 60% is being produced from sugarcane and the
remaining 40% from the beet sugar industry. Many byproducts such as bagasse, bagasse ash, molasses etc., are
generated during the production of sugar from sugarcane. When sugar cane is crushed in the milling plant of
sugar factories for extracting juice, the fibrous residue left-over after the extraction of juice is known as bagasse
and in some countries is known as migasse. The term bagasse is derived from the French and Spanish word
“bagazo” given to the husks of grapes or olives (waste materials) left over after extracting their contents by
pressing. Bagasse contains about 47-50% moisture, 48-50% fibre and about 1-3% dissolved solids including
sugar [1].

Initially, bagasse was mainly used for paper production. Due to its relatively high calorific value, nowadays
it is also used as a fuel feedstock in the cogeneration boiler of the sugar industry to produce electricity [2].
Because of considerable income generation associated with this process, almost all the sugar plants in India and
other sugar-producing countries have implemented a cogeneration system.

The ash produced by the controlled burning of bagasse at a temperature of 600-800°C is called Sugarcane
Bagasse Ash (SBA). Enormous quantity of SBA (67,000 tons/day) is generated in India as a waste material
from cogeneration boilers in sugar factories. This waste material is directly disposed to nearest land which
causes severe environmental problems [3]. Due to the presence of lightweight fibrous unburnt matter and
extreme black color, disposal of bagasse ash leads to severe pollution to the water bodies and land adjacent to
the disposal area. Moreover, the presence of fine fraction can lead to severe air pollution. Most sugar industries
are located in the villages and residual sugarcane bagasse ash from the plants is directly dumped to the
agricultural land in these villages [4]. Hence, it becomes imperative to find reuse of bagasse ash instead of
disposal.

Sugarcane bagasse ash mainly consists of amorphous silica and hence this byproduct can be used as a
supplementary cementitious material in cement based paste and concrete. This further minimizes
environmental problems associated with the disposal of bagasse ash [4]. Several researchers have suggested
that the utilization of SBA as a mineral admixture in blended cement concrete can improve both mechanical
and durability properties of concrete [5-8].

G.C. Cordeiro et.al. [4] Studied the processing and characterization of highly reactive SBA. Initially,
different calcination temperatures were allowed to obtain SBA with amorphous silica and low carbon content.
Detailed measurements of structural state, pozzolanic activity and loss on ignition were carried out in order to
compare the performance of the different SBAs. Subsequently, one optimal SBA was characterized according
to pozzolan specifications. N.B. Singh et.al [7] reported that sugarcane bagasse ash acts as a binding material
and the compressive strength of SBA concrete increases with hydration time. Guilherme Chagas Cordeiro et.al.
[10] Studied the influence of different mechanical grinding configurations, on the physical characteristics such
as particle size distribution, specific surface area and pozzolanic activity of SBA. The specific grinding energy
required to obtain the different combination products has also been estimated. Nuntachai Chusilp et.al., [11]
reported that the development of compressive strengths of mortars containing ground bagasse ash with high
loss on ignition (LOI) was slower than that of mortar containing ground bagasse ash with low LOI.

The current paper describes physico-chemical properties of SBA and OPC namely, particle size distribution,
surface area, specific gravity, morphology and elemental analysis. The cement concrete specimens blended
with different percentages of SBA namely, 0% (SBAOQ), 10% (SBA10), 20% (SBA20) and 30% (SBA30)
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replaced with OPC by weight were cured under tap water for a period of 28 days. After 28 days of age,
specimens were crushed under compression testing machine (CTM). Then the samples of this crushed material
were taken for the analysis of microstructure and elemental composition using SEM images coupled with EDS
analysis.

2. Experimental Investigation
2.1. Materials
2.1.1. Ordinary Portland Cement (OPC)
Ordinary Portland cement of 43 grade (OPC 43) was used for all concrete mixes. The cement used was fresh

and without any lumps. The testing of cement was carried out as per Indian Standard Specifications IS: 8112-
1989 [12]. The basic properties of cement are shown in Table 1.

Table 1. Properties of Cement

Properties Test results Norms as per 1.S. 8112-1989
Initial setting time 64 min Not less than 30 min
Final setting time 189 min Not more than 600 min
Standard consistency 28 % In between 26% to 32%
Specific gravity 3.15 In between 2.5t0 3.5

_ 3 days 24.88 N/mm? Not less than 23 MPa
;?’;:S:ﬁsswe 7 days 34.33 N/mm? Not less than 33 MPa

28 days 50 N/mm? Not less than 43 MPa

2.1.2. Aggregates

Natural river sand of size below 4.75mm conforming to zone Il was used as fine aggregate. Natural crushed
stone with 20mm down size was used as coarse aggregate. Table 2 shows the test results of basic properties of
fine aggregate and coarse aggregate. Both fine and coarse aggregate are in compliance to the Indian Standard
Specifications 1S 383-1970 [13].

Table 2. Properties of Fine and Coarse Aggregate

Properties Fine Aggregate Coarse Aggregate
Specific gravity 2.65 2.80
Water absorption 1.23% 0.98%
Surface moisture content Nil Nil
Crushing strength 18.68%
Impact value 11.64%
2.1.3. Water

Tap water conforming to the Indian Standard Specifications IS: 456-2009 [14] for concreting and curing was

used during the experimental work.
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2.1.4. Sugarcane Bagasse Ash (SBA)

The sugarcane bagasse ash was obtained from Panchaganga sugar industry, Ichalakaranji, Maharashtra state,
India. Each ton of sugarcane generates approximately 26% of bagasse [15]. The bagasse ash obtained after the
combustion of bagasse at a temperature of 600-800°C presents a chemical composition dominated by silicon
dioxide (SiO,). The composition of sugarcane bagasse and sugarcane bagasse ash depends on the variety of
cane crushed, quality of water used during irrigation, type of soil, temperature at which bagasse is burnt.

2.1.5. Super Plasticizer

The super plasticizer Conplast SP430 was used. Super plasticizer permits reduction in water usage up to 25%.
It also helps in providing better compaction and enhances the workability of the mix.

3. Methods
3.1. Processing/Sieving of SBA(Sugarcane bagasse ash)

The raw SBA collected from the sugar industry was ground and sieved through 90pm. Sieving was carried
out to remove the unburnt carbon particles and to increase the surface area of SBA particles.

3.2. Physical and Chemical Characterization of SBA (Sugarcane bagasse ash) and OPC(Ordinary Portland
cement)

The use of SBA as a partial replacement for Portland cement can improve both mechanical and durability
properties of concrete due to the physical and chemical effects provided by SBA. The physical effects are
mainly associated with their influence on the packing characteristics of the solid mixture. On the other hand
chemical effects are linked to their capability of providing amorphous silica that will react with Ca(OH),
(calcium hydroxide) in the presence of water during cement hydration.

Physical characteristics namely, particle size distribution, surface area, morphology and specific gravity were
determined. Zeta size of SBA and OPC particles were investigated using HORIBA zeta analyzer. The samples
were dispersed in water by sonicating for 5 minutes and then transferred to cuvette and measured by laser
particle size analyzer. The surface area of SBA and OPC were measured according to the Nitrogen (BET
apparatus) using Smart sorb-93 surface area analyzer. The specific gravity of processed SBA and OPC were
determined by using standard Lechatelier flask and kerosene (density 0.73g/cc) as per Indian Standards IS:
1727-2004. Processed SBA has lower specific gravity (2.1) compared to OPC (3.15). Specific gravities of
coarse and fine aggregates were determined as per Indian Standards 1S: 1727-2004. Morphology of SBA and
OPC were examined by Scanning Electron Microscope. The elemental composition of SBA and OPC were
further investigated using Scanning Electron Microscope (SEM) images coupled to microanalysis by Energy
dispersive spectroscopy (EDS).

Chemical composition in terms of oxides was carried out by X-ray fluorescence (XRF), using a Bruker
model S4, equipped with goniometer of 4 kW rhodium X-ray tube.

3.3. Mix Proportions and Casting Of Concrete Specimens
In this experimental work, four different proportions of concrete mixes (SBA ranging from 0-30% by weight

of cement) including the control units were prepared with a water binder (W/(C+SBA)) ratio of 0.44. These
mixes were designated as SBAOQ for control; and SBA10, SBA20, and SBA30 for blended cement concretes



58 An Investigation on the Micro Structural and Elemental Composition of Sugarcane Bagasse
Ash Blended Concrete using SEM and EDS Technique

containing 10, 20 and 30% of sugarcane bagasse ash respectively. Mix design was carried out as per IS: 10262-
2009. The mix proportions are presented in Table 3. First the Portland cement and SBA were thoroughly mixed
in a 0.04 Cubic meter capacity pan type concrete mixer in the laboratory. Before starting the mixer machine,
the mixer drum was fully washed using portable water and allowed to dry. Coarse and fine aggregates and 70%
of total calculated water was added first in the mixer machine and allowed to mix for 3-4 minutes. Then cement,
SBA and remaining water was added and the mixing continued until the concrete gets homogeneous. Before
casting the specimens, machine oil was smeared on the inner surface of the cast iron mould. For mixes SBAO to
SBA30, concrete was poured into the moulds of sizel50mm x 150mm x 150mm and compacted thoroughly
using table vibrator. After casting, all specimens were left covered in the laboratory for 24 hours. The
specimens were then demoulded and cured under water for a period of 28 days.

Table 3. Mix Proportions of SBA Blended Cement Concrete

. Quantities
Mix SBA WI(C) or
Designation (%) W/(C+SBA) Water3 SBA , Cemer13t Sand , Aggregate
(Kg/m) (Kg/m’) (Kg/m) (Kgim) | (Kg/m’)

SBAO (Control) | 0 0.44 170 0 386.36 686 1245
SBA10 10 0.44 170 38.63 347.73 686 1245
SBA20 20 0.44 170 77.27 309.09 686 1245
SBA30 30 0.44 170 115.90 270.46 686 1245

3.4. SEM and EDS Analysis

Scanning electron microscopy (SEM) and Energy dispersive spectroscopy (EDS) was used in the analysis of
microstructure and chemical composition of blended cement concrete in the hardened state. After 28 days of
curing, the specimens (from SBAO to SBA30) were dried and then crushed under compressive testing machine
(CTM). A small portion of mortar part were removed from each mix around the coarse aggregates, then the
mortar was ground and only the cementitious matrix was used for SEM-EDS analysis. SEM images were taken
on the blended cement matrix to examine the microstructure properties. Before SEM and microanalysis, the
samples were coated with a layer of carbon in argon gas atmosphere at a high vaccum of 5.0X10°® Torrs, in
order to make them electrically conductive in nature. SEM (JSM-IT300) accompanied by an EDS analyzer,
supplied by JEOL Limited, was used for the image processing. The JSM-IT300 provides a large specimen
chamber which can accommodate specimens containing multiple samples at a time.

EDS analysis was also carried out to determine the elemental composition of cementitious matrix in the
transition zone. EDS spectra were acquired with the help of INCA system software which is used by the
Oxford spectrometer. The working distance was maintained at 13mm and the probe currents (64.8JUA-67JA) in
order for the EDS analyzer to work properly.

4. Results and Discussion
4.1. Physical Properties of SBA and OPC

Table 4 presents physical properties of SBA and OPC. The particle size distributions of SBA and OPC are as
shown in Fig. 1(a) and Fig. 1(b). The ashes exhibits similar particle size distributions with mean grain size as
1.3 nm. The mean particle size of OPC was found to be 1191.4 nm. This was further confirmed by specific
surface area of SBA and OPC. The surface area of SBA and OPC are found to be 7.832m?gm and 0.752m’/gm
respectively. The surface area of SBA is nearly about ten times that of OPC due to the presence of light weight
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fine particles. As a matter of fact, each particle will participate in hydration reactions based on the particle size

and surface area.

Table 4. Physical Properties of SBA and OPC

Physical " Material
sical proper!
y property SBA OPC
Mean grain size (nm) 1.3 1191.4
Surface area (m?gm) 7.832 0.752
Specific gravity 2.1 3.15
Density (kg/m®) 1025 410
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Fig.1(b). Particle size distribution of OPC
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4.2. Morphology and Elemental Composition of OPC (Ordinary Portland Cement) and SBA (Sugarcane

Bagasse Ash)



60 An Investigation on the Micro Structural and Elemental Composition of Sugarcane Bagasse
Ash Blended Concrete using SEM and EDS Technique

For identification and characterization of mineral phases and morphology of OPC and SBA particles, SEM-
EDS analysis is the best and most widely used method. Morphology of OPC and fine fibrous particles of SBA
are presented in Fig. 2(a) and Fig. 3(a). The cement particles were angular and irregular while SBA particles
had smooth surface with high porosity that is spongy in nature and large surface area. EDS analyses were also
used in conjunction with SEM to obtain the elemental composition of SBA and OPC. The EDS analysis of
selected area (see rectangle in Fig. 2(a)) shows that the OPC particles contains predominately calcium (Ca),
oxygen (O) and silica (Si) with trace amounts of aluminium (Al), iron (Fe), potassium (K), sodium (Na) as
shown in Fig. 2(b). Similarly EDS analysis of SBA (see rectangle in Fig. 3(a)) shows that the selected particles
contains predominately silica and oxygen with lesser amount of potassium, calcium, iron, chloride (CI),
phosphorus (P) and magnesium (Mg) as shown in Fig. 3(b).

Chemical properties of OPC and SBA are represented in Table 5. SEM-EDS analysis of OPC and SBA
shows similar chemical composition but variation in proportion is observed.

(a) SEM image of OPC (b) EDS analysis of OPC

Fig.2. SEM Micrographs and EDS Analysis of OPC Particles

l Spectrum 5

(a) SEM image of SBA (b)EDS analysis of SBA

Fig.3. SEM Micrographs and EDS Analysis of SBA Particles
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Table 5. Elemental Composition of SBA and OPC

Element OPC (wt %) SBA (wt %)
0 34.65 49.5
Si 7.92 41.16
S 1.25 0.45
Ca 46.70 0.53
Fe 4.32 0.19
Al 3.61 --

K 0.41 4.20
Mg 0.62 1.22
Na 0.51 --

Cl -- 2.75

4.3. XRF analysis of OPC and SBA

61

The oxide composition of OPC and SBA was determined using X-ray fluorescence spectrometer (XRF) and

the results are tabulated in Table 6.

Table 6. Chemical Characterization of SBA and OPC

Chemical composition (%) OPC SBA Requirement of ASTM C 618

SiO, 23.22 79.82
TiO, 0.30 0.25
Al,O3 5.89 1.88
MnO 0.00 0.04
Fe,03 2.06 1.09
CaOo 62.34 2.04
MgO 0.95 1.98
Na,O 0.19 0.19
K0 0.34 3.82
P,0s 0.41 1.36

SO3 0 0 <4

LOI 341 7.09 <10

SiO, + AlLO3 + Fe,03 82.79 >70

The XRF chemical analysis of OPC shows high calcium oxide (CaO) and silicon dioxide (SiO,) contents of

62.34% and 23.32% respectively. The oxide composition of SBA (Table 6) show that SBA is mainly composed
of silicon dioxide (SiO,), alumina (Al,O3) and iron oxide (Fe,O3) and it is found that the sum of SiO,, Al,O;
and Fe,O; for SBA is higher than the minimum requirement stated for Class N pozzolan (>70%) according to
ASTM C618 (2003). Moreover, the percentage of sulphur trioxide (SOs) and the loss on ignition (LOI) for
SBA is well below the maximum requirement of 4% and 10% respectively as specified by the ASTM C618
standard. The rest of the oxides such as titanium dioxide (TiO,), magnesium oxide (MgQO), potassium oxide
(K;0) and diphosphorus pentoxide (P,Os) are present in trace concentrations below 1.5%. It is important to
note that the content of sodium oxide (Na,O) in the ash is below 0.2%. The SBA shows a different composition
to those published previously, mainly in concentration of SiO, (79.82%), Al,O3; (5.89%) and Fe,O3; (2.06%)

[11].
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4.4, SEM and EDS Observation of SBA Blended Concrete

CONTROL

I Spectrum 15

10 ra 14 10 10 KeY

(a) SEM microstructure (b)EDS analysis

Fig.4. SEM Microstructure and EDS Analysis of Control Mix SBAO (i.e 100% OPC and 0% SBA) after 28 days of Curing

As mentioned earlier, the cementitious matrix was observed under SEM. Microstructure obtained by SEM
helped to determine the morphological structure of cement matrix sample. Fig. 4(a) presents the morphology of
reference concrete (SBAQ) sample containing 100 % OPC and 0% SBA by weight. SEM image shows that the
majority of particles are irregularly shaped and porous in nature. The marked rectangle area in Fig. 4(a) was
selected for EDS analysis. EDS analysis indicates the major elements are calcium, silica and oxygen in the
cement paste and the trace elements are sodium, iron and magnesium as shown in Fig. 4(b). This fact is
confirmed by the amount of whiter particles present in the cement matrix which indicates presence of large
number of hydrated cement grains. The presence of oxygen is due to the fact that the materials present silica
(SiOy) and calcium oxide (CaO).

l Spectrum 9

Kev

50pm

(a) SEM microstructure (b)EDS analysis

Fig.5. SEM Microstructure and EDS Analysis of SBA10 Blended Cement Concrete Mix (i.e. 90% OPC and 10% SBA\) after 28 days of
Curing
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Fig. 5(a) represents morphology of SBA10 blended cement concrete containing 90% OPC and 10% SBA by
weight of the cross-section of the fractured surface from the compressive testing machine after 28 days of
curing under controlled environment. The microstructure of SBA10 was very different from those of control
mix SBAO (as shown in Fig. 4a). SEM image (Fig. 5(a)) clearly indicates the dense microstructure and here
also trace amounts of white particles present in the blended cement matrix which indicates the presence of
hydrated cement grains. According to EDS analysis (marked rectangle area in Fig. 5(a)) shows the matrix of
reaction products was composed of calcium (Ca) and silica (Si) as major elements and the other trace elements
are magnesium (Mg), sodium (Na) and iron (Fe) as shown in Fig. 5(b). The Si concentration in the SBA10 is
higher than that registered in the SBAO mix. The increase in Si content is due to the fact that SBA exhibits
higher silica concentration (as seen in Table 5). The calcium concentration of SBA10 is lesser than that
registered in SBAO. The reason being, reduction in cement content in the SBA10 mix as compared control units
(SBAOD).

I Spectrum 20

eV

(a) SEM microstructure (b)EDS analysis

Fig.6. SEM Microstructure and EDS Analysis of SBA20 Blended Cement Concrete Mix (i.e. 80% OPC and 20% SBA) after 28 days of
Curing

Fig. 6(a) represents microstructure of SBA20 blended cement concrete containing 80% OPC and 20% SBA,
of the cross-section of the fractured surface from the compressive testing machine after 28 days of curing. The
SEM image of SBA20 indicates dense cementitious matrix and homogeneous compared to control mix (SBAQ)
as shown in Fig. 6a. This fact is confirmed by the particle size analysis reported previously in Fig. 1, the
presence of fine fibrous particles of SBA compared to OPC. The mean grain size of SBA and OPC are 1.3 nm
and 1191.4 nm respectively. Fig. 6(b) presents the EDS analysis corresponding to the marked rectangle region
in Fig. 6(a). As expected the major elements are silica (Si) and calcium (Ca) which mainly contribute from
sugarcane bagasse ash and also from cement. The EDS map (Fig. 6(b)) shows reduction in calcium
concentration compared to SBAO and SBA10 due to the reduction in cement content in SBA20 mix. On the
other hand there is significant increase in Si concentration due to the increase in SBA particles in the SBA20
mix. Other elements such as sodium, magnesium, iron, potassium were observed in trace quantities.
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(a) SEM microstructure (b) EDS analysis

Fig.7. SEM Microstructure and EDS Analysis of SBA30 Blended Cement Concrete Mix (i.e. 70% OPC and 30% SBA) after 28 days of
Curing

Fig. 7(a) section presents SEM image of microstructure of SBA30 blended cement concrete containing 70%
OPC and 30% SBA of the broken surface from compression testing machine after 28 days of curing the
specimen. It can be observed from Fig. 4 to 7, the microstructure of SBA30 is very different as compared to the
microstructures of SBAO to SBA20. This indicates the microstructure of SBA30 is less denser compared to
SBAO to SBA20. The EDS analysis was used for microanalysis to quantify the elements present in SBA30
blended cement concrete mix. According to the EDS spot analysis (rectangle marked in Fig. 7(a)) shows the
matrix of reaction products was composed mainly by silica and it was also observed that the calcium
concentration gradually decreases compared to SBAO, SBA10 and SBA20 mixes. The elemental composition
of the cement matrix around the blended cement paste indicates less concentration of sodium, magnesium,
chloride and iron as shown in Fig. 7(b).

5. Conclusions

The present study provides the microstructure and elemental composition of blended cement concrete at
different cement replacement levels by sugarcane bagasse ash. Based on the results obtained, the following
conclusions are drawn.

It is observed that SBA particles exhibit higher surface area and finer grain size as compared to OPC
particles. The morphology of SBA particles shows spongy in nature while OPC particles are angular and
irregular. Elemental analysis of SBA indicates that the fine fibrous particles contain predominately Si and O
with trace quantities of Ca, K, Fe, Cl, P and Mg. On the other hand, OPC particles contain predominately Ca, O
and Si with lesser amounts of Al, Fe and Na.

SEM images were taken on the fractured surface of blended cement mix (from SBAOQ to SBA30) to examine
the microstructure properties. Microstructure of blended cement mix presents dense matrix as the cement
replacement level increases by SBA. EDS analysis was also carried out on the selected area of SEM images to
determine the elemental composition of blended cement paste (from SBAO to SBA30). EDS maps shows
increase in Si concentration as the population of SBA particles increases in the cementitious matrix while that
of Ca concentration decreases.
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