
International Journal of Recent Technology and Engineering (IJRTE)  
ISSN: 2277-3878, Volume-8 Issue-5, January 2020 

1181 

 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: E5721018520/2020©BEIESP 
DOI:10.35940/ijrte.E5721.018520 
Journal Website: www.ijrte.org 
 

 
Abstract: Concrete is the construction material of highest 

exigency which, in turn, created a huge demand for ordinary 
Portland cement as a binder. Regrettably, its current production 
process is highly energy intensive, and at elevated temperature, 
when Calcination of Limestones takes place, it liberates embodied 
anthropogenic CO2 polluting the environment. Not only that, but 
it is also user-hostile and comparatively costly too. Therefore, 
construction industries looking at concrete research sectors to 
invent new, environmentally- compassionate durable, sustainable 
and cheap construction and binding materials instead of present 
ones. Nowadays, Geopolymer binders and composites are 
synthesized by activating alkali solution with Silica and Alumina 
rich pozzolanic material such as Fly ash, have emerged out as a 
brilliant substitute to conventional binders and composites 
through the process of Geopolymerization. The objective of the 
present study is to investigate the performance of Fly ash based 
geopolymer mortar in whereby there is 100% substitution of 
cement by Fly ash, i.e., the absolute absence of cement. The 
present study has examined the mix composition parameters 
comprise Sodium hydroxide concentration and aggregate to 
binder ratio, whereas process parameter included curing 
temperature. Also, the Carbonation tests were conducted along 
with microstructure investigations viz., X-Ray Diffractometry 
(XRD) and Scanning Electron Microscopy (SEM). 
 

Keywords : Geopolymer mortar; Carbonation; fly ash,; Waste 
tyre; Microstructure.  

I. INTRODUCTION 

In earlier times, ancient Egyptians were employing mortars 
which were made from burned Gypsum and Sand while 
subsequent advancement in mortar technology applied a 
blend of Lime and Sand which developed their strength at a 
snail's pace in the course of Carbonation. The significance of 
mortar strength is wide-ranging. It is far and extensively 
recognized that strength of construction structure relies upon 
the strength of mortar. It is a material employed in masonry 
type of constructions to plug and seal the irregular spaces 
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among the building blocks viz., bricks, stones, and concrete 
blocks together, etc. utilized in constructional and 
infrastructural works.  That means the key objective of mortar 
is to bind together the individual masonry units adhesively.  

Consequently, it protects against the penetration of air and 
water through the joints in a masonry assembly through 
bonding the non-masonry elements of an assembly like joint 
reinforcement and ties. A good balance of strength and bond 
is necessitated. This drives to both good structural 
performance and weather resistance. For these reasons, the 
durability of Geopolymer mortar is also a significant part to 
investigate in detail. It is a well-known fact that production of 
binder of conventional mortar, i.e., Ordinary Portland Cement 
(OPC), not only devours natural restricted resources as raw 
materials but also emits CO2- a primary Green House Gas 
(GHG), pushing a solemn dilemma of Global warming and 
polluting environment too [1-8]. This high temperature 
obtained by burning natural confined minerals Coals 
reactions consumes high energy [9-12]. Hence, researchers, 
engineers, scientists and concrete technologists are compelled 
to beat the bushes for the user and eco-friendly, sustainable 
and at same the time economical building materials [13-16]. 

 Quite recently, an innovative mortar of Geopolymeric 
origin has attracted the attention of researchers on account of 
its excellent attributes. Geopolymer mortar is an inorganic 
construction material which is found durable and sustainable 
by touching acceptance limits. Geopolymer construction 
technology has lent its hand in order to offer the same through 
the exhibition of their excellent strength, durability, thermal, 
freeze thaw, etc. attributes establishing them as novel 
promising sustainable construction materials. 

Geopolymers are inorganic Zeolite like materials which 
can be produced by reaction between pozzolanic Alumina and 
Silica rich precursor and alkali activators through an 
exothermic process of Geopolymerization at low temperature 
in alkaline medium [17,18]. Fly Ash is such an Alumina and 
Silica rich pozzolanic industrial by-product found in copious 
quantity filling lands and posing challenges of not only health 
hazards but also polluting air, soils, surface and sub-surface 
water. As a result, to get rid of such a titanic amount wastes of 
Fly Ash its systematic disposal management is the need of the 
hour. Thus, to use it for manufacturing of Geopolymer mortar 
can lend a hand to solve the purpose. Durability parameters of 
Geopolymer mortar through carrying out laboratory tests will 
direct to judge its sustainability which is highly desirable 
statistics to prove it as a sustainable material. That is the 
reason why the author has gone after investigations on a 
significant parameter of 
durability in the context of 
Geopolymer mortar. 
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II.  MATERIAL PARAMETERS  

Following materials were used to making fly ash based 
geopolymer mortar. Table -1 shows material characterization 
[8].  

 
Table-I: Material characterization 

Materials Value/Type 
Fly ash  Class-F  
Rice husk ash Locally available 
Fine aggregate, water absorption, 
fineness modulus, specific 
gravity  

0.5%, 2.56 and 2.61, 
respectively [3].  
 

Sodium silicate Water glass 
Sodium hydroxide flakes  having 98% purity in 

distilled water were used. 

III. INVESTIGATION OF THE APPARENT 

POROSITY AND WATER ABSORPTION OF 

GEOPOLYMER  MORTAR 

The porosity of mortar is a vital and necessary property for 
predicting its durability and strength. In this study, the 
influence of the aggregate binder ratio and curing temperature 
on the apparent porosity of the geopolymer mortar was 
examined.  

A. Test Method 

The apparent porosity can be predicted indirectly by 
calculating the bulk density. However, being a porous matrix, 
such as indirect methodology may produce erroneous results. 
In view of the above, Montes et al. [17] proposed a novel 
methodology to measure the porosity of mortar and concrete 
using Archimedes principle. The apparent porosity “n" can be 
expressed regarding weights as, 

   (1) 
Where, 
Mw = Weight of specimen after immersion in water for 48 h 
Md = Weight of specimen after drying in an oven at 85°C for 
24 h 
Ms = Weight of specimen when suspended in water 

In the present study, geopolymer mortar specimens were 
cast by mixing the various components in predefined 
proportions. The specimens had dimensions of 50 mm x 50 
mm x 50 mm. After air curing the mortar specimens for the 
duration of 28 days, the samples were placed in an oven for 
drying. The dry weight was measured at 24 h periods until the 
difference between dry weights measured in two subsequent 
drying durations was less than 0.05%. This final dry weight is 
Md. 

Further, the specimen was soaked in water for 48 h, and its 
saturated surface dry weight was measured. This process was 
repeated at 24 h intervals to a tolerance of 0.05%. The final 
saturated surface dry weight is Mw. Finally, the weight of the 
specimen was measured in suspension in the water, giving 
Mw. Finally, based on the above equation, the apparent 
porosity was calculated. 

B. Test Programme  

This test examined the effect of changes in the aggregate to 
binder ratio and curing temperature on the apparent porosity 
and water absorption capacity of the mortar. For this purpose, 
the test matrix in Table 1 was adopted. The average apparent 
porosity was calculated by measuring the apparent porosity of 
three specimens with identical compositions and curing 
conditions. The next section presents the results of all tests 
conducted to evaluate the apparent porosity and water 
absorption capacity of the specimens. 

C. Result Analysis and Discussion  

Fig.1 shows the variation in porosity concerning the 
aggregate to binder ratio and curing temperature. It can be 
seen that the porosity initially decreases as the aggregate to 
binder ratio increases; after a certain point, porosity increases 
with further increases in the aggregate to binder ratio. The 
initial decrease in porosity can be attributed to the proper 
compaction of the fine aggregates and binder into the mortar 
matrix. An increase in the curing temperature helps the mortar 
to achieve a densified matrix, and lower porosity, which is 
evident from Fig.1.   

 
 

Fig.1. Variation of porosity with aggregate to binder ratio 

 
Fig.2 Relation between compressive strength and 

porosity 
Fig.2 shows the relation between average compressive 

strength, average porosity, and curing temperature. Note that 
the compressive strength of the alkali-activated geopolymer 
mortar is inversely proportional to average porosity. With an 
increase in temperature, at approximately constant porosity, 
the average compressive strength increases.  
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The above relation can be fitted to a polynomial to obtain 
an empirical relation between the parameters. This relation 
could then be used to predict the average compressive 
strength of the geopolymer mortar. 

IV.  INVESTIGATION OF THE CARBONATION OF 

GEOPOLYMER MORTAR 

According to the literature, the durability of the mortar is 
significantly affected by exposure to CO2. To understand the 
process of carbonation and the effect of the mortar mix 
composition on the carbonation process, a series of 
experiments was conducted. This section describes the test 
method and programme adopted in the present study and 
presents the test results and discussion. 

A. Preparation of mortar specimen 

The carbonation of the mortar specimens was conducted 
according to the CPC18 standard [19]. 

Pre-defined proportions of the various components were 
blended manually to achieve the mix composition. The paste 
was poured into moulds to prepare specimens as shown in 
Fig.3. The beam specimens had a length of 160 mm, breadth 
of 40 mm, and height of 40 mm. After curing at room 
temperature for 300 min, the specimens were placed in an 
oven for 24 h to achieve curing due to heating.  

B.  Test procedure 

Accelerated carbonation tests were carried out in a 
chamber under specific experimental conditions: atmospheric 
pressure, the temperature of 20 ±2°C, relative humidity of 65 
±5%, and a constant concentration of CO2. The concentration 
of CO2 was maintained at 5% to allow for a reasonable test 
duration in the laboratory. The relative humidity was 
maintained at 65% using an ammonium nitrate saturated 
solution in the carbonation chamber. Specimens were placed 
into the carbonation chamber. 

After air curing, the specimens were painted on four faces 
using two layers as explained in CPC18 [7] shown in Fig. 4. 
The carbonation was quantified in terms of the variation in 
carbonation with depth. The carbonation depth can be used to 
compute the carbonation coefficient of the geopolymer 
mortar. To measure the carbonation depth, the beam 
specimens were split into two parts along their length after 
completion of the carbonation process. A phenolphthalein 
solution (prepared by mixing 1% phenolphthalein in 70% 
ethyl alcohol) was sprayed on the freshly broken surface. 

This solution is used to identify the change in pH of the 
freshly broken surface. In the presence of this solution, 
non-carbonated surfaces become pink, whereas carbonated 
surfaces remain colourless. The difference in the colour 
profile was then measured according to a predefined scale. 
Measurements of the carbonation depth were conducted 
according to CPC18 [19] guidelines. These guidelines 
recommend a certain methodology when the profile of the 
carbonation is undulating or curvy. 

C. Test Programme  

The test series for the carbonation experiments was termed 
Series B. A mix composition with a NaOH concentration of 
14M was selected. Further, parameters for the aggregate to 

binder ratio and curing temperature were varied while the 
values of other parameters were held constant. Table-I 
presents the test programme for series B and the 
corresponding parameter values.   

 
Table-I. Summary of the test programme adopted for 

Series B in the present study 
Mixes NaOH 

concentration 
aggregate to 
binder ratio 

Curing 
temperature 
(°C) 

C-1 14M 1:1 60 
C-2 14M 2:1 60 
C-3 14M 3:1 60 
C-4 14M 1:1 90 
C-5 14M 2:1 90 
C-6 14M 3:1 90 

D.   Results and Discussion 

In this study, the influence of the aggregate to binder ratio 
and curing temperature on the carbonation process of 
geopolymer mortar was studied. For this purpose, several 
samples with the mix compositions stated in Table-I were 
placed in the carbonation chamber. The samples were tested 
at specific times, and the carbonation depth was measured 
according to CPC18 [19]. 

V. INFLUENCE ON CARBONATION DEPTH 

Figs. 3 and 4 depict the variation in carbonation depth with 
time and aggregate content in the geopolymer mortar. As can 
be seen from Fig.4, the carbonation depth increases with 
carbonation time. The carbonation depth was found to be the 
smallest in samples with an aggregate binder ratio of 2:1. Note 
that the compressive strength test and porosity test indicated 
that the geopolymer made up of an aggregate to the sand ratio 
of 2:1 gave the maximum compressive strength and minimum 
porosity. Hence, the reduced amount of carbonation can be 
attributed to the decreased porosity and compact state of the 
geopolymer matrix. Similarly, the samples with an 
aggregate-binder ratio of 3:1 gave the maximum carbonation 
depths throughout the test. The higher amount of carbonation 
can be attributed to the increased porosity of the sample, as 
evident from the porosity test results reported in previous 
sections. 

 

 
Fig.5. Variation of carbonation depth with carbonation 

time (h) (curing temperature 60°C) 
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Fig.3 demonstrates the variations in carbonation depth with 
carbonation time for the samples cured at 90°C. It can be seen 
that a marginal decrease in carbonation depth was achieved at 
the higher curing temperature. This can be attributed to the 
solidification of the gel under the elevated temperature, 
resulting in a decrease in the porosity of the matrix. This 
decrease in porosity hinders the diffusion of CO2 into the 
matrix of the geopolymer mortar. Based on the results of the 
carbonation experiments, it can be concluded that the 
durability of geopolymer mortar against carbonation can be 
improved by tuning the mix composition of the mortar. It was 
found that the fine aggregate to binder ratio and curing 
temperature are vital mix composition parameters in dictating 
the durability of geopolymer mortar when subjected to 
carbonation. 

 
Fig.4 Variation of carbonation depth with carbonation 

time (h) (curing temperature 90°C) 
  

VI.   INFLUENCE ON MICROSTRUCTURE OF 

GEOPOLYMER MORTAR UNDER CARBONATION 

Figs. 5 and 6 present SEM images of the mortar before and 
after the carbonation process. These allow us to compare the 
microstructure of the surface of the mortar during 
carbonation. It can be seen that small depressions in the 
external surface of the mortar are present before the 
carbonation; these may be due to uneven geopolymerization 
of the mortar. In Fig. 5, it is interesting to note that the 
depression in the surface changed during carbonation. The 
carbonation caused the surface to deteriorate at the 
micro-level. As evident from the image, the deteriorated 
material was found in the particulate form. 

Figs.  7, 8 and 9 shows micrographs of the geopolymer 
mortar for aggregate to binder ratios of 1:1, 2:1, and 3:1. It 
can be seen that needle-type crystals form during the 
carbonation of the mortar. The formation of these crystals is 
most pronounced in the case of a 3:1 aggregate to binder ratio. 
The presence of different crystals can be further investigated 
with the help of XRD analysis. 

 
Fig.5 Micrograph of geopolymer mortar before 

carbonation 

 
Fig.6 Micrograph of geopolymer mortar after 

carbonation 

 
Fig. 7 Micrograph of carbonated samples with an 

aggregate to binder ratio of  1:1 
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Fig.8 Micrograph of carbonated samples with an 

aggregate to binder ratio of  2:1 

 
Fig.9 Micrograph of carbonated samples with an 

aggregate to binder ratio of 3:1 
 

 
Fig. 10 XRD pattern of carbonated geopolymer mortar 

(curing temperature 60°C) 

 
Fig. 11 XRD pattern of carbonated geopolymer mortar 

(curing temperature 90°C) 

XRD images of carbonated geopolymer mortar were 
obtained for various aggregate binder ratios (1:1, 2:1, and 
3:1) and curing temperatures (60°C and 90°C). The 
carbonation process significantly changes the pore chemistry. 
In this study, with the help of diffractograms, changes in pore 
solution chemistry could be identified. For this purpose, a 
mineral named nahcolite (N) was investigated. As shown in 
Fig.10  and 11, at the onset of carbonation, the pore solution 
chemistry changes and nahcolite (N) is formed. In parallel, 
sodium carbonate hydrate is also formed. During carbonation, 
under the prevalent thermodynamic and environmental 
conditions, nahcolite (N) is the most favourable formation 
product. Similar observations were observed in mortars with 
various aggregate-binder mix compositions and curing 
temperatures. 

VII. CONCLUSION  

From the results reported in this research paper, the 
following conclusions can be drawn: 
1) The carbonation depth was found to increase at lower 

curing temperatures. This highlights the importance of 
the curing temperature to arrest the possible degradation 
of mortar when subjected to carbonation, which in turn 
influences the long-term performance of the mortar. 

2)  Similarly, an aggregate-binder ratio of 2:1 was found to 
give the best performance against carbonation. This 
indicates the importance of an appropriate mix 
composition to ascertain the performance of geopolymer 
mortar. 
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