
Introduction

FA has been in use throughout the world for more than 60
years for making variety of building materials. The ash is the
residue generated from the combustion of solid pulverized
fuel (coal) in big thermoelectric power plants. This ash is
most widely used in artificial pozzolana in USA as well as in
many other countries (McMillan and Powers, 1934 ;  Paya et
al., 1995). Davis et al., 1937 indicates that FA is a source of
pozzolana. Pozzolana is a material which itself may possess
little or no cementitious value but in presence of moisture,
reacts with Ca (OH)2 to form cementitious compounds. FA
reacts with lime to produce C-S-H (calcium silicate hydrate),
which is responsible for development of strength in brick or
block produced by utilizing FA (Chen et al., 2000). These
bricks/blocks are suitable for use in masonry instead of com-
mon burnt clay brick at lower cost. The interaction of FA and
CH has attracted the attention of several researchers and
extensive study was carried out on fly ash-lime reaction
(Huang Cheng, 1986; Kumar, 2003; Basumajumdar et al.,
2005). Joseph et al., 2001 studied the kinetics of reaction
between FA and Ca(OH)2 at temperature 25-60oC by using
Thermo Gravimetric Analysis (TGA). Huge quantity of
unused industrial wastes FA is generated in Barapukoria
Power Plant which can be reused by combing with lime in
the building industries. Lime can also be made available
either from mineral sources or may be collected from paper 

mill/fertilizer industries as lime sludge. The reactivity or the
availability of FA to combine with lime depends on the type
of FA as the composition of FA varies depending on the type
of coal (Vassilev and Vassileva, 2005). About ~316/188
minerals or mineral-groups have been identified in coals and
FA's respectively. The chemistry of the reaction between FA
and lime is not well understood and needs further
investigation. Therefore an attempt has been made to study
the reactivity of FA towards lime. 

Materials and Methods

a) Materials

1. Fly ash- FA was collected from Meghna Cement
Factory.

2. Lime: Lime, for making LA-lime paste was collected
from local market. 

3. Analytical grade reagents were used to carry out this
study and they were purchased from MERCK. 

b) Methods

1. The particle size distribution was carried out by ASTM
C 618 (sieve specification: ASTM, E 11 - 70).
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2. The specific gravity and specific surface area was deter-
mined by ASTM C 204 - 00 and ASTM C 188 - 95
respectively.

3. Chemical analysis- Chemical analysis involves fusion of
FA with Na2CO3 and subsequent analysis by gravimetric
method (ASTM). Iron oxide was determined by UV-
spectrophotometer. Lime was analyzed adopting the
same method. 

4. Solubility of FA in NaOH - The test was carried out by
taking fine powder sample (325- mesh) of FA and 0.5M
NaOH solution. 1.0g of FA was taken and NaOH solu-
tion was added. The solution was boiled for 10 minutes
and filtered through Whatman-42 filter paper. The
residue was washed with distilled water. It was then
ignited in a previously weighed platinum crucible. From
the difference in the weight of the crucible, solubility of
the ash sample in NaOH was determined. 

5. Electrical conductivity and pH measurements - 50 ml
saturated (11.4 mmolar) Ca(OH)2 solution (solution
temperature 28oC±1) was taken in a beaker. 0.0912g FA
was added to the solution under constant stirring. A dig-
ital pH meter and an electrical conductivity were used to
record the variations in pH value and electrical conduc-
tivity of the solution with time. The results are shown in
Fig. 1.

6. Kinetics of FA-Lime - The reactivity FA towards lime
was determined as follows. 0.0912g of FA was weighed
out into five 100mL conical flask. 50mL of saturated
lime (11.4mmolar) solution was added into each conical
flask and the flasks were preserved in desiccator covered
with aluminum foil to avoid contact with atmospheric

carbon dioxide. After 7 days the mixture was filtered
into a 250mL volumetric flask and the solution was
diluted up to the mark. Then the unreacted calcium ion
was determined by titration against standard 0.01M
EDTA with solochrome Black-T as indicator. Each titra-
tion was carried out five times and the results were taken
from the reproducible data. A blank was run before each
experiment. Similar method was followed for pre-deter-
mined times ranging 14 to 90 days. From the unreacted
calcium ion the percent of calcium that reacted with FA
was calculated. The Fig. 2 showed the percent reactivity
of FA with lime. 

Fig 2: Kinetics of FA-Lime reaction

7. The insoluble residue content was determined according
to Vogel.

8. X-ray diffractometer (XRD) Model-X'Pert- PW3040/60,
Philips using CuKα radiation with Ni filter was used for
determination of phases present in fine powder of FA
and FA-lime paste. Paste sample was prepared by mix-

304 Pozzolanic Activity of Fly Ash 45(4) 2010

 
 

Fig 1: Conductivity and pH measurements



ing FA and lime at 1:1 ratio and cured for 90 days. All
samples were tested using 40kV (30mA) at step size
0.02 degree/s and 2 θ values ranging from 5.01 to 90.00
degrees. Intensity and d-values were compared with the
values available in the data book of "Selected Powder
Diffraction Data for Minerals".

Results and Discussion

The particle size distribution showed that 50% of particles
are lower than 0.045mm and 48% particles are above than
0.045mm (Table I). This value showed disagreement with
ASTM C 618 [maximum sieve residue is 32% on 45µm].
The result indicates that FA used in present investigation did
not match with ASTM 618 specification as far as particle
size is concerned.

The specific gravity of FA was found to be 2.13. This value
is within the range for pulverized FA that is 1.9-2.4 (Oyetola
and Abdullahi, 2006). However, the value is less than the
cement which is 3.15. 

The specific surface area was found to be 183.14m2/kg, is
less than that of cement. According to ASTM C 618 the min-
imum specific surface (Blaine) for FA is 325m2/kg.

Chemical analysis mainly has been focused on the major and
minor oxides present in FA. According to ASTM C 618 the
sum of SiO2 + Al2O3 + Fe2O3 in FA should be 70% for the
application of pozzolana cements, concrete, lime/cement
based bricks/blocks and maximum sulfur content is 5%. The
maximum loss on ignition is 12%. From the analysis of FA
(Table II) it is evident that all the values are within the range.
Hence the experimental FA was categorized as Class F type
of FA. Analysis of lime indicated that it contains higher per-
centage of CaO (98.37%).

Results on solubility showed that FA contains 10.41% insol-
uble matter. The solubility of ash sample indicates the degree
of crystallinity as well as reactivity (Yeoh et al., 1979). XRD
results (Fig. 3) reveals that FA contains more crystalline
phases like crystalline quartz and mullite. However, silica 

and alumina are in fact less vulnerable to calcium hydroxide
when the compound is crystalline. As FA contains more crys-
talline phases the solubility of FA in NaOH is less.

The pH and electrical conductivity of saturated CH solution
at 27.9oC were 11.7 and 4.26 mS/cm respectively (Fig. 1).
After adding FA, the pH values remain unchanged up to 6
min and gradually decreases (Heikal et al., 2004) with time
until 15 min. Then again pH value remained constant until
50 min (11.42). Afterwards there is a drop in pH (10.92) after
300 min. It is evident from this experimental result that both
Ca2+ and OH- concentration of the solution were reduced
with time though very slowly, because pH is directly related
to the amount of free OH- anions in the solution. The
decrease in the pH value can be attributed to the interaction
between FA and CH. The electrical conductivity of CH satu-
rated solution at 0 min was 4.26. As FA was added the elec-
trical conductivity started decreasing very slowly, as FA
takes time to react with CH at room temperature. The elec-
trical conductivity reached 2.32 mS/cm after 300min. Hence,
both the electrical conductivity and pH test results indicate
the interaction between FA and CH.

The reaction between FA and saturated lime solution were
performed by determining the percent of CH reacted through
EDTA titration (Fig. 2). Both CH and FA were consumed as
the reaction progress. At the initial period the reaction is
slow as revealed by the percent of calcium reacted (16.66%).
This is because of the chemical composition of FA which
belongs to the CaO-SiO2-Al2O3 system, contains less CaO
compared to silica and alumina (Huang and Cheng, 1986).
The ability of FA to react with lime mainly depends in the
breaking of its glass phase (Fraay  et al. 1989).  After 14, 28,
60 and 90 days gradually the percent of CaO reacted was
increased. This increase is may be due to the breakdown of the den-
sified outer layer of FA particle leaving more 
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Table I: Particle size distribution

Size FA (%)
0.15 (100+ mesh) 6.43
0.075 (200+ mesh) 20.97
0.045 (325+ mesh) 21.25

(325- mesh) 49.28

Table II: Chemical composition of FA and lime 

Name of the FA Lime
compounds wt. (%) wt. (%)

Loss on Ignition 2.36 -
SiO2 61.07 0.35

(Insoluble residue)
Fe2O3 02.60 0.10
Al2O3 27.43
CaO 03.83 98.37
MgO 02.12 01.45
SO3 00.24 -



active sites exposed for CaO to react which takes some time
(Shi, 1999).  

Insoluble residue (IR) of FA-lime paste was illustrated in
Table III. It is known that a pozzolana is not soluble in HCl
solution; on the other hand silica originating from lime silica

reaction producing C-S-H is soluble in HCl. Therefore
increase in soluble silica and decrease in insoluble residue of
the Ash-lime composite cement is an indication of pozzolan-
ic reactivity. Gradual decrease in IR content may be due to
the dissolve of glass phase present in the firm network of sil-
icate or aluminate, in the basic pore solution (Hanehara et
al., 2001).

XRD Observation - Fig. 3 and 4 show the X-ray diffrac-
togram of FA and FA-Lime paste (1:1) respectively. From
the diffractogram of FA it is clear that it contains crystalline
quartz and mullite  (Chen et al., 2000).Only the major phases 
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Fig 3: XRD of FA

Table III: Insoluble residue of Ash-Lime composite
cements

Age (days) FA-Lime (1:1) (wt %)
1 67.44
28 43.22
60 30.00
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are illustrated in the Fig. 3. The main phases identified in the
paste sample comprise quartz, mullite, portlandite (calcium
hydroxide, CH), C-S-H (calcium silicate hydrate). When the
diffractogram of fly ash-lime paste was compared with the
FA, five major new peaks appeared at angle 2θ (18.07,
29.37, 34.12, 47.11, 50.81) with corresponding d-spacing
(4.904, 3.037, 2.625, 1.889 and 1.795)Å. Among them, peak
at 2θ 29.37 is responsible for C-S-H phase (Chen et al., 2004
and Qijun Yu et al., 1990) and rest of the peaks indicating
CH phase. Peak at 2θ 50.14 (d-spacing of 1.817Å) could be
assigned for C-S-H /quartz. As the peak-intensity of C-S-H
is very low it might be possible to overlap with the sharp-

quartz peak. However, it is not possible to determine the
actual structure of C-S-H by XRD that was formed during
hydration. Because all forms of C-S-H that are sufficiently
crystalline give peaks in these region, they are not diagnos-
tic to determine the structure (Chen et al., 2004). So, there is
the conclusive evidence for the formation of C-S-H in the
setting of fly ash-lime paste.

Conclusion
From the present investigation it appeared that

* The experimental FA was class F type FA in terms of its
chemical composition.

Fig 4: XRD of 90 days old FA:Lime (1:1) paste
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* About 10.41% of FA is insoluble in NaOH.

* Decrease in pH and conductivity indicates free OH-
reacted slowly with silica and alumina present in fly ash.

* The kinetics study indicated that initially pozzolanic
reaction between FA and Ca(OH)2 proceeded slowly and
later on at an appreciable rate. 

* Decrease in insoluble residue indicates the FA-lime reac-
tion proceeds with time and formation of C-S-H phase.

* XRD of FA-lime paste identified C-S-H phase which is
the main binding component of the pozzolanic cement.
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