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Abstract

This research work focuses on the effectiveness of efflorescence control admixture in reducing efflorescence on
ordinary Portland cement mortar. Two different exposure conditions were set up to accelerate the development of
efflorescence on mortar specimens. Efflorescence was quantified by digital image processing using MATLAB. A total
of 132 mortar cubes of six-inch size were cast from 1:6 mortar with and without admixture. 108 specimens were
left in waterlogged soil and 24 were partially submerged in sodium sulfate solution for 28, 56, and 90 days, and
photographs of these specimens were processed. A comparison of 276 photographs of the specimens shows there is
a considerable reduction in efflorescence in the case of specimens in waterlogged soil, whereas in sodium sulphate
solution there was not much reduction in efflorescence. However, it is concluded that efflorescence control admixture
can effectively prevent efflorescence in normal environmental conditions.
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1 Introduction

EMENT mortar is extensively used as a bind-
C ing material in masonry as well as a protective
coating in the form of plastering. Ordinary portland
cement is manufactured from materials containing
calcium carbonate and clay. Presence of salts in one
of the materials of mortar cause efHorescence. Sand
obtained from the seashore or a river estuary contains
salt [20]. Ultimately a whitish layer of salt appears on
the surface of the mortar, badly affecting the aesthetic
look of the whole masonry. This whitish salt layer is
called efflorescence and is common in ceramic building
materials, and cement-based materials like mortar and
concrete [1], [2], [3]. Efflorescence in cement mortar
and concrete most commonly occurs due to the leach-
ing of soluble salts and most commonly due to calcium
hydroxide, through mixed water. When this dissolved
calcium hydroxide in water migrating through pores
reaches the surface, it reacts with carbon dioxide
from the atmosphere to produce calcium carbonate by
carbonation reaction, which often appears as a white
salt deposit on the surface of the structure [5], [6],
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[7]. Efflorescence is of two types; one which appears in
the early hydration period of cement is called primary
efflorescence and the other which appears after months
or years due to environmental effects is called sec-
ondary efflorescence. Secondary efflorescence appears
over a longer period for various factors and reasons [2].
As efflorescence is an aesthetic phenomenon rather
than a structural one, it is mostly not dangerous
for structures from a strength point of view [8]. The
appearance of efflorescence often creates controversies
between clients and constructors regarding the quality
of their work. Also, the removal of efflorescence is
a tedious and expensive job. Efflorescence should be
prevented before formation rather than removing it
by other means. Various materials have been used
to minimize the formation of efflorescence in cement.
An effective method of preventing efflorescence is
the use of efflorescence control admixtures (ECA),
which provide water repellency and crystal modifi-
cation thereby reducing the chances of efflorescence.
The use of hydrophobic admixtures also called ECAs
such as mineral oil, vegetable oils, paraffin waxes, long-
chain fatty acids, hydrocarbon resins, and bitumen
can effectively decrease water absorption and then
limit efflorescence in concrete or mortar. For example,
stearate-containing materials (e.g. calcium stearate)
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have been commonly used as ECA in concrete for-
mulations [24]. This research work aims to investigate
the role of admixtures in controlling efflorescence in
ce-ment-based materials and using the technological
approach to evaluate efflorescence such as the digital
image processing technique.

2 Literature Review

Many scholars have taken various efforts to study the
mechanism of the formation of efHorescence and its
miti-gation methods. Two main problems faced by
researchers are the lack of availability of standard-
ized methods for the quantification of efHorescence
and ambiguous methods of accelerated efflorescence
formation [1], [2]. The findings of previous studies are
summarized in Table 1

3 Material and Testing

In this study cubical specimens of sixinch size were
prepared from cement mortar with and without ECA.
Cement mortar was prepared from ordinary Portland
cement and locally available bolhari sand in a ra-
tio of 1:6, with a watercement ratio of 0.5. A total
of 132 mortar cubes were cast in two batches with
and without admixture. Triethoxyoctylsilane was used
as (ECA). Specimens were placed in two different
exposure conditions of waterlogged soil and sodium
sulphate solution for the period of 28, 56, and 90
days. After 7 days of curing, out of a total of 132
specimens, 108 Specimens were placed in the form of
stacks of three layers with six cubes in each layer in
waterlogged soil and 24 specimens were partially sub-
merged to 1-inch depth in a sodium sulphate solution.
The sodium sulphate Na2504 saturated solution was
prepared under controlled conditions (200C and 50%
relative humidity) and left for 24 hours to eliminate
any undissolved sulphate crystal. A measure of 172.4 g
salt in 1 litre of deionized water was added to saturate
the solution. The saline solution was kept in beakers
(110 ml solution in each beaker. After a specified
period photographs of specimens were taken with the
help of a digital camera at the same condition of light,
from the same height, and distance to avoid variation
in results between different batches. Digital image pro-
cessing was carried out to compare the proportion of
efflorescence on specimens. A total of 276 photographs
were taken and processed for the quantification of
efflorescence. In MATLAB digital photographs were
converted from RGB (Red, Green, Blue) color images
to grayscale images by using the rgb2gray function of
the toolbox. Then grayscale images were segmented
by thresholding. Gray thresholding was a critical step

in classifying the unaffected area of the specimens
and the area affected by efflorescence. To avoid errors
in results, unaffected areas were specified manually
by the user input method. After manually selecting
the unaffected area, the algorithm determined the
corresponding thresholding value for the rest of the
images based on user input. In addition, the algorithm
computes and indicates the degradation percentage
depending on the level of the affected area. In this way,
the area of efflorescence per total area of specimen was
determined and results were compiled.

4 Results and Discussion

MATLAB digital image processing results for the
specimens in two different exposure conditions are
tabulated and results are plotted for comparison.

It may be observed from Table 2 and Figure 1
that in the case of waterlogged soil, the average area
of efflorescence per total area of specimen in normal
mortar is greater than the efflorescence in a mortar
with ECA. Furthermore for normal mortar, there is an
increasing trend in efflorescence area with an increase
in exposure periods from 28 to 56 days. From 56 to
90 days there is a slight increment in the efflorescence
area. This is because most of the primary efflorescence
formed in the first 28 days of the exposure period.
Similarly, when we look at the trend line for mortar
with ECA, this increasing trend is not remarkable but
a very slight increment from 28 to 56 days is observed.
This is because efflorescence control admixture has
effectively prevented the development of efflorescence
over the exposure period. From Table 3, it can also
be observed that at 28 days there is 14.91% more
efflorescence in normal mortar as compared to the
mortar with ECA. Similarly, for 56 and 90 days, this
difference is 26.24% and 27.93%, respectively. On aver-
age there is a 23.02 percent reduction in efflorescence,
which is a considerable reduction of efHlorescence in a
mortar with ECA. It can also be observed from these
statistics that most of the efHorescence in a mortar
with ECA has developed in the first 28 days, and after
28 days, there is a very slight increase in efflorescence.
When specimens were placed in the form of stacks,
moisture rose by capillary and induced efflorescence.
Hence bottom layers showed more efflorescence as
compared to the middle and top layers. Average results
of the proportion of efflorescence are also compared
in Figure 3 for the bottom, middle, and top layers of
stacks of cubes in waterlogged soil.

It can be seen from Figure 77 that when cubes were
placed in the form of stacks in three layers, the bottom
layer of cubes showed slightly more efflorescence i.e.,
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TABLE 1: Summarised Literature Review
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S. No. | Researchers Year Parameters of Study Results

1 Dow et al. [1] (2003) | Investigated calcium carbonate efflo- | This study revealed the role of soluble alkalis in the
rescence on Portland cement and | formation of efflorescence on building materials. These
building materials. alkalis increase the solubility of hydrated lime which

ultimately forms calcium carbonate efflorescence.

2 Liu et al. [3] (2019) | Conducted Research on characteri- | The results show that the effects of colors in different
zation methods of efflorescence on | grey scales on mortar appearance can be distinguished
cement-based decorative mortar. by the image processing techniques and colors in ef-

florescence region would be affected when their grey
scales were 15 higher than that of matrix color.

3 Sutan et al. [12] (2014) | studied the effect of pozzolanic indus- | Results showed that 10% Silica fume (SF) reduced
trial by-products i-e silica fume and | efflorescence up to 52.9% in comparison to normal
fly ash in efflorescence mitigation on | mortar. The study also revealed that cement replace-
ordinary Portland cement mortar. ment of more than 30% is detrimental to efflorescence

mitigation. It might be due to the lack of water content
to initiate pozzolanic reaction because of the agglom-
eration of fine SF particles.

4 Kang et al. [8] (2017) | Studied Effects of red mud and Alkali- | The efflorescence area is less than 10% for the replace-
Activated Slag Cement on efflorescence | ment ratio of red mud up to 5%. However when the
in cement mortar. Paint.net software | replacement ratio of red mud increases over 10.0%
was used to analyze the efflorescence. efflorescence area rapidly increases.

5 Weng et al. [5] (2013) | Studied the effect of metakaolin on the | The inclusion of metakaolin decreased the extent of
strength and efflorescence quantity of | efflorescence in all specimens except for those with 20%
cement-based composites. Quantifica- | and 25% metakaolin. Specimens with 15% metakaolin
tion of efflorescence was done by MAT- | showed the least efllorescence.

LAB image processing.
6 Hennetier et al. (2001) | Quantification of efflorescence in ce- | According to the results of this study, the amount of
2] ramic building material was done by | efflorescence formed is greatly influenced by tempera-
Matlab image processing. ture and even more so by water pressure.
7 Cultrone et al. (2008) | Studied the influence of salt efflo- | All other Mortars caused efflorescence and salt weath-
[18] rescence on weathering of composed | ering. Only mortar with air entraining agent showed
building materials. Four types of mor- | less efflorescence because admixture created closed
tar were prepared (pure lime mortar, | porosity thereby reducing the rise of moisture through
mortar + air entraining agent, mortar | pores. Consequently, eflorescence was minimized.
+ pozzolana, mortar + air entraining
agent + pozzolana).
8 Kanduth et al. (2013) | Evaluation of efflorescence in mor- | Based on the laboratory results generated in this study,
[10] tar and concrete containing a Surface | the addition of OMYACARB did prevent efflorescence
treated calcium carbonate product was | by changing the water transport in the mortar mixes.
carried out. OMYCARB an efflores- | The addition of 10% OMYCARB was enough to pre-
cence control admixture was used to | vent efflorescence.
prevent efflorescence.

9 Delair et al. [4] (2007) | Studied efflorescence formation pro- | Based on this study 10% substitution of metakaolin
cess on cementitious materials. In this | with a particle size diameter of 4.7pm showed less
study, three types of metakaolin were | efflorescence as compared to other types.
used differing in particle size.

10 Zhang et al. [9] (2020) | Investigated the effect of carbonation | Based on this study it is concluded that pure CO2

curing on efflorescence formation in
concrete pavers. A CO2 chamber was
used for the carbonation of concrete
specimens and the MATLAB image
processing technique was used for the
quantification of efflorescence.

curing seemed to be successful in eliminating the
occurrence of efflorescence compared to the conven-
tional hydration-cured control specimens. in two dif-
ferent ways. First, the curing process consumed cal-
cium hydroxide, the necessary chemical component for
carbonate-based efflorescence. Second, the formation
of efflorescence requires water to migrate up to the
surface. The carbonation curing technique could den-
sify the concrete surface and decrease the absorption
consequently.

TABLE 2: SPECIMENS AND EXPOSURE CONDITIONS

. Exposure period ers
Specimens (in days) Exposure condition
28 56 90

s Controlled 4 4 4

» i . » . o .
Mortar Cubes. 6” size With ECA T T T Partially submerged up to 1” depth in a sodium sulphate solution.

s Controlled 18 18 18

» g . .
Mortar Cubes. 6” size With ECA 1] 1] 1] In the form of stacks of cubes in waterlogged soil.
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TABLE 3: AVERAGE AREA OF EFFLORESCENCE PER TOTAL AREA OF THE SPECIMEN IN

WATER-LOGGED SOIL (UNIT %)

Exposure period in days
28 days 56 days 90 days

Normal Mortar Normal Mortar Normal Mortar

Mortar | with ECA mortar with ECA mortar with ECA
Bottom Layer | 32.31 14.06 50.22 21.16 52.77 20.43
Middle Layer 28.43 13.72 45.92 19.99 48.77 21.37
Top Layer 24.66 12.90 43.90 20.18 45.21 21.15
Average 28.47 13.56 46.68 20.44 48.91 20.98
Difference 28.47-13.56 = 14.91 46.68-20.44 — 26.24 48.91-20.98 = 27.93
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TABLE 4: Average Area of efflorescence per total area of the specimen in sodium sulphate solution (unit %)

Exposure period in days
28 days 56 days 90 days

Normal Mortar Normal Mortar Normal Mortar

Mortar | with ECA mortar | with ECA mortar | with ECA
Cube 1 30.25 24.35 47.56 41.22 54.30 44.45
Cube 2 25.99 22.18 47.16 37.28 46.18 39.05
Cube 3 27.38 27.5 46.50 40.50 47.51 37.69
Cube 4 33.22 23.29 48.91 36.73 48.71 32.54

Average 29.21 47.53 49.17

Difference 29.21-24.33=4.88 47.53-38.93=8.6 49.17-38.43=10.74

7% to 8% more than the top layers in the case of nor-
mal mortar. This difference was negligible i.e 1% to 2%
for mortar with ECA, because admixture has resisted
efflorescence equally even in direct contact with soil
MATLAB image processing results for specimens in
sodium sulphate solution are also presented in Table 4
and results are plotted for comparison.

From Figure 3 it can be observed that in the
case of specimens partially submerged to a 1-inch
depth in sodium sulphate solution, there is not much
reduction of efHorescence by ECA. Furthermore, for
normal mortar, there is an increasing trend in the
efflorescence area with an increase in exposure periods
from 28 to 56 days, but from 56 to 90 days there is not
much increment in the efflorescence area. The same
trend of increase in eforescence is observed for mortar
with admixture. From Table 4 it can be observed that
at 28 days, there is only 4.88% more efflorescence in
normal mortar as compared to the mortar with ECA.
Similarly, for 56 and 90 days, this difference is 8.6%
and 10.74% and on average it is an 8.07% reduction
in efflorescence by admixture. Which is not a notable
reduction in efflorescence area in mortar by ECA.

5 Conclusion

Based on conducted research it can be concluded that
Triethoxyoctylsilane as ECA is effective to control the
initiation and propagation of efflorescence in cement
mortar in contact with waterlogged soil. However, it is
not much effective in a sodium sulphate solution.
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6 Recommendations

Based on the outcome of the image processing results
presented in this research work, it is recommended
that Triethoxyoctylsilane for normal exposure con-
ditions should be used as ECA. For aggressive en-
vironments like sulphate-bearing ground and marine
structures, oth-er more effective admixtures should be
developed for the reduction of efflorescence.

7 Limitations of Study

The main limitations are as follows, firstly, the defects
affect the image gray value such as color aberration
and small pits on the surface inevitably formed in the
process of mortar molding, but there is no effective
method to eliminate the influence of the above defects
on the image gray value. Secondly, The brightness of
the surface colors of mortar varies with the moisture
content of mortar, which will affect the grayscale
value of efflorescence re-gion color and the base color.
Thirdly, the image gray value varies with a deviation
of light in the process of photography and uneven
exposure of the image. There-fore, it is necessary to
make the mortar spread evenly, ventilate and dry to
a similar humidity, the same light in the process of
photography as far as possible.
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