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ABSTRACT  
To meet growing water demand, water is being produced from unconventional sources like 
brackish water from underground aquifer. Since salt is present, it is treated with desalination  
technique to produce potable water. The remaining water (brine) is disposed in solar ponds or by  
injecting it below the ground surface in an unsustainable way. This research study evaluated 
feasibility of disposing salt from brine as a construction material by partially replacing sand with  
sand in mortar. Since fly ash is used to enhance durability of concrete, fly ash was also added in  
mortar to minimize influence of salt on mortar performance by stabilizing salt. However, rate of 
fly ash reactivity in mortar matrix depends on particle size, chemical and mineral composition of  
fly ash as well as salts. Therefore, micro level (Laser Diffraction Technique, X-ray Diffraction  
and Scanning Electron Microscopy) and macro level (compressive strength) testing was 
performed to examine the influence of fly ash properties on mortar strength in the presence of  
salt. The results substantiated that fly ash median particle size larger than 10 µm and presence of 
inactive mineral like mullite, and less calcium oxide reduced 28-day compressive strength of  
mortar. In addition, mortar prepared with total dissolved solids (from water desalination) and fly  
ash exhibited higher compressive strength in comparison to mortar casted with total dissolved  
solid only. 
  
INTRODUCTION   
Water is an important resource for the survival of all human beings and the environment.  
However, current increase in population has raised the water demand exponentially. Mark et al. ]
1(2002) reported that water demand will be 3,750 BGD from 3,000 BGD, an increment of 25% 
from 1995 to 2025. To meet this growing water demand, more water is being harvested from  
nontraditional sources like brackish water from deep underground aquifers. Since the sources  
contain corrosive salts, drinkable water is produced by separating salt/TDS from water through a 
process commonly known as desalination. A typical desalination plant produces 50-90% potable 
water from brackish water 2 and the remaining water (brine) is disposed in evaporation ponds or 
by injecting it below the ground surface. To maximize the limited water supply, inland 
desalination plants have developed technologies to reduce brine production commonly known as  
zero liquid discharge (ZLD) technology. Although the technology allows maximum water  
recovery, the produced brine contains higher concentration of TDS (more than 10,000 mg/L of  
water) which makes current disposal practices unsustainable. The disposal of such a large 



 
 
 
quantity of salt in an economical and sustainable environmentally friendly manner can be 
achieved by using it as a construction material. Various industrial byproducts and waste products  
are commonly used as a construction material like fly ash, silica fume, etc. Since TDS (Total 
Dissolved Solids) is an industrial byproduct of desalination, it is proposed to use TDS/salt 
obtained from desalination plant as a construction material which partially replaces sand. The use  
of salt in place of sand may not be suitable in Portland cement concrete (PCC) where high 
compressive strength and/ or better durability are the requirement. Braberon et al.3(2005) have 
reported that the presence of free chloride ions inside pores of cement paste form different 
hydrate phase which hinders hydration; thus, reduce rate of strength gain. Therefore, the most  
logical place to dispose of salt is in mortar which can be used in civil infrastructure that requires 
lower strength like vertical moisture barriers or embankment fills, etc. 
 
Fly ash is a byproduct of coal combustion and its pozzolanic nature increases strength and  
durability of PCC. In a 2008 survey conducted by American Coal Ash Association, it was 
identified that 72.4 million tons of fly ash is produced annually of which 42 % is reused while  
58% of it is being disposed in landfill 4. Since unbounded fly ash is considered hazardous, it is  
necessary to utilize all of the fly ash being produced in an environmental friendly manner. Fly  
ash increases durability of PCC5 by creating C-S-H gel and plugging pores; therefore, it can be 
used in mortar consisting of salt for enhancing durability. 
  
Fly ash acquires its cementitious property due to its pozzolanic activity in the presence of 
moisture and improves the performance of concrete and mortar5. According to ASTM C618,  
there are two classes of fly ash C and F. Class F fly ash is available in the largest quantities and  
is generally low in lime, usually under 15 percent, and contains a greater combination of silica,  
alumina and iron (greater than 70 percent) than Class C fly ash. Class C fly ash normally comes 
from coals which may produce an ash with higher lime content generally more than 15 percent 
often as high as 30 percent. Elevated levels of CaO may give Class C unique self-hardening 
characteristics. Since fly ash is an industrial byproduct, the physical and chemical properties of 
obtained fly ash may not be consistent. Although ASTM C618 specifies chemical composition of  
fly ash, the gain in strength and increase in durability depends on particle size distribution  
durability, presence of inactive minerals, etc., which are not specified under specifications. 
According to Lane and Best 6, the shape of fly ash particles is also a function of particle size. It 
has been shown that the inter-grinding of fly ash with cement in the production of blended  
cement improves its contribution to strength7.  
 
Therefore, the focus of this study was to evaluate the suitability of using salt in the mortar and to  
evaluate effectiveness of fly ash in stabilizing salt in the mortar. To better understand influence  
of fly ash in the mortar, various micro level tests needs to be performed to identify influence of 
micro level properties on strength gain. 
 

RESEARCH SIGNIFICANCE  
The objective of this study is to analyze the influence of fly ash physical and chemical properties 
on strength of cement mortar and mortar consisting of TDS. To achieve this aim, Laser  
diffraction, XRD and SEM analysis of fly ash was performed. In addition, various proportions of  
fly ash were evaluated to identify the optimum fly ash content which provides maximum 
compressive strength. The obtained compressive strength of mortar was then compared with  



respect to fly ash particle shape and mineral compositions from the literature.   
  
Laser diffraction is widely used particle sizing technique for materials in a range from hundreds  
of nanometer to several millimeters in size. The particle size distribution (PSD) depends upon  
the angular variation in intensity of light scattered when a laser beam passes through a dispersion  
of particles in air or in liquid. The mean particle size of fly ash was determined using this  
technique. Also, scanning electron microscope (SEM) is a popular technique to produce images 
of materials. It used high focused beam of electron that interact with electron of sample to 
produce various strength of signals. These signals can be detected and implemented to get 
information about surface topography of sample and composition. SEM was used for that study 
to find the shape and size of particle and elemental information of fly ash sample. 

Moreover another micro scale testing X-ray diffraction (XRD) analysis makes it possible to 
determine the crystalline materials present in fly ash 8. Based on XRD analysis, fly ash can be
subdivided in two types: low calcium and high calcium fly ash. The XRD analysis of low 
calcium fly ashes identifies presence of relatively inactive crystalline phases, like mullite, ferrite 
spinel, and hematite 9. While XRD analysis of high calcium fly ash identifies the presence of the  
four phases plus anhydrite, alkali sulfate, dicalcium silicate, tricalcium aluminate, lime, melilite,  
merwinite, periclase, and sodalite 10 if present. These techniques were used to better understand 
fly ash characteristics and its influence on gained strength.  
 
 

EXPERIMENT DESIGN and SPECIEMEN PREPARATION  
To develop the test matrix, an initial investigation was performed to identify a suitable amount of  
sand that can be replaced with the salt. The evaluation was performed by replacing percent of  
sand with salt similar to the one performed for replacing cement with fly ash. The investigation 
showed that more than 5% of sand replacement with salt reduced the strength significantly 
(crumbling of specimen under loading). Therefore, it was decided to replace only 5% of sand  
with salt. Then an investigation was performed to identify class F fly ash particle size and 
crystalline properties using micro scale test. The class-F fly ash was selected because it is  
available in large quantity. To identify optimum fly ash content, 5, 10, 20, 30 and 40 percent of 
OPC was replaced with fly ash.  
  
The compressive strength tests were performed on 72 samples of 50 mm. cube specimens according to ASTM C 109-08. Strength of mortar was evaluated by performing tests after 3, 7, 35 
and 28 days of moist curing. To evaluate influence of each component on strength, three 
specimens were prepared and tested for each type. Since strength test is a standard test method, 
the procedures followed to perform are not discussed in this paper for the sake of brevity. The 
specimens were prepared by maintaining a Cement-Sand-water ratio of 1-2.75-0.49. One of the 
deviations from normal mortar was the use of sodium phosphate buffer instead of water. A study 
conducted by Halder11 identified that the specimens cured in sodium phosphate buffer in  
comparison to water did not influence in strength gain; therefore, mortar specimens were 
prepared using phosphate buffer for strength evaluation. The reason for using sodium phosphate 
buffer was to maintain appropriate pH levels needed for a separate study conducted by Halder11.  

Commercially available Type I/II Ordinary Portland Cement (OPC) was used throughout the  
study. It fulfills the requirement of ASTM C-150. Quickrete-All Purpose Sand was used as fine 



 
 
 
aggregate in the experimental program that meets the gradation requirements of ASTM C 33. A  
commercially available Class F fly ash was collected from Boral Material Technology in 
mixtures as a partial replacement of cement. This fly ash satisfies ASTM C 168 requirements and  
chemical composition result is shown in Table 1. 
  

TABLE 1— Properties of fly ash used1 
Component Results 

SiO2 50.69 % 
Al2O3 23.68 % 
Fe2O3 4.68 % 

SiO2+ Al2O3+ Fe2O3 79.05 % 
CaO 13.19 % 
MgO 1.62 % 
SO3 1.78 % 

Na2O 0.05 % 
K2O 0.90 % 

Total Alkalies (as Na2O) 0.64 % 
Loss of Ignition, % LOI 1.69 % 

Specific gravity 2.29 
  

 
Fig.1. XRD Analysis of TDS 

  
The TDS or salt was collected from reverse osmosis (RO) concentrate that was collected from 
the KBH Desalting Plant (El Paso, TX) and was grounded and sieved using a No. 16 sieve (1.18  
mm). Only the salt particles passing through the No. 16 sieve were used as a partial replacement 
of sand (or fine aggregate). The XRD analysis of the salt was performed using Bruker D8 X-ray  
                                                           
1 Source: Boral Material Technology 
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diffractometer and obtained XRD curve is shown in Figure 1. The XRD peaks observed can be  
indexed to that of halite (NaCl; rock salt), which crystallizes in a cubic structure with a lattice 
parameter a = 5.6402 Å. The most intense peak appeared at 2θ = 31.7896º. This peak  
corresponds to diffraction from (200) planes of NaCl. The other NaCl peaks were observed at 2θ  
of 27.2994º, 45.4771º, 53.9542º, 56.4509º, 75.2898º and 84.0925º which corresponds to 
diffraction from (111), (220), (311), (222), (420) and (422) crystal planes, respectively. The  
XRD analysis suggests presence of different phases of NaCl in the tested sample.  
  

EXPERIMENTAL RESULT AND DISCUSSION 
In this section microstructural analysis e.g. laser particle size distribution, scanning electron  
microscopy and X-ray diffraction of fly ash was performed to explain the behavior of mortar in  
micro scale point of view Also the mortar specimens prepared and cured were tested to identify  
strength of mortar and are discussed.   
 
Particle size distribution of fly ash  
The PSD of fly ash sample was measured with the Malvern instrument Mastersizer 2000 particle  
size analyzer. This instrument can analyze a particle size ranges from 0.02-2000 µm using laser  
light scattering principle. For particle size range above 0.4 µm, it uses Fraunhofer theory of laser 
diffraction and for the particle size below 0.4 µm, the Mie-theory of light scattering is used. The  
measurement is carried on dry powder. To measure PSD, 50 mg of representative sample is  
obtained using provided scoop and is placed into the vibratory hopper of Mastersizer. A stable 
and correct mass flow of particle concentration was obtained using a working pressure 4 bar,  
absorption 0.1, light obscuration 0.3, particle refractive index (RI) 1.680 and dispersant RI 1.0.   
  
The results of PSD evaluation are presented in Figure 2 and 3. Figure 2 shows the particle size  
distribution with respect to volume percentage. Figure 3 depicts particle size distribution with  
respect to cumulative volume (%).  
  

 
FIG. 2– Size Distribution Plot  
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FIG. 3–Cumulative Volume (%) vs. Particle Size (µm)  

  
The key findings of laser diffraction analysis are enlisted in Table 2.   
  

TABLE 2— Laser Diffraction Analysis Data  
Parameter Outcome 

D (0.1) 3.825 µm  
D(0.5) 24.062 µm 
D(0.9) 80.24 µm 

Surface weighted mean D[3,2] 7.359 µm 
Volume weighted mean D [4,3] 34.065 µm 

Specific surface area 815 m2/kg 
Particle size larger than 45 µm in 

volume 25 % 

Particle size larger than 10 µm in 
volume 70 % 

  

XRD Analysis of Fly Ash 

XRD pattern for fly ash sample is shown in Figure 4 which illustrates that the main crystalline  
phases are quartz (JCPDS# 01-074-1811) and mullite (JCPDS# 01-074-4143). The presence of 
large proportion of aluminosilicate glassy phase (mullite, Al4.44Si1.56O9.78) in fly ash is primarily 
due to rapid cooling at high temperature. Alumina to silica ratio of this mullite is about 5:2.   
Mullite is chemically inert in PCC or mortar 7. Beside these crystal phases, the XRD pattern of  
fly ash indicates that the other crystalline phase present are Hematite (Fe2O3) and Calcium Oxide 
(CaO). The patterns were matched with JCPDS #01-071-5088 and JCPDS# 01-070-5490,  
respectively. In Figure 4, presence of quartz, mullite, hematite and calcium oxide are represented  
by Q, M, H and CaO respectively. Very low intensity of calcium oxide in XRD pattern validates 
insignificant presence of calcium in fly ash sample. According to ACI, presence of quartz,  
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hematite, and calcium oxide increases strength and improves durability of PCC. Therefore, the 
gain in strength of mortar prepared with Class-F fly ash will be less and slow in comparison to  
fly ash consisting of higher calcium oxide. 
 
SEM Analysis of Fly Ash 

The particle shape and size of Class F fly ash sample was analyzed using Hitachi S-4800 HR-
SEM. The images obtained are presented in Figure 5. The particle sizes ranged from 1 µm to > 
100 µm and consisted mainly of solid spheres with irregular shape particles. In Figure 5 (a and  
b), some larger particles sizes (> 45 µm) were also noticed. The formation of these larger size  
particles may be a result of collision of the flame-borne particles of silica ash and sulfate fume in 
pulverized-coal-fired boilers 12. From Figure 5 d, it is apparent that the surface of these larger 
particles in fly ash does not have smooth texture. This surface has noticeable fissures with glassy 
phases. The presence of significant amount of small solid sphere particles that disperse over the 
surface of larger particles (Figure 5 d) was noted. The abundant solid sphere shape particles size 
ranges from 0.5 µm to 30 µm diameter. Formation of irregular shape particles (Figure 5 c) may 
be due to rapid cooling or inter-particle contact.  
  

  
FIG. 4– XRD Analysis of Class-F Fly Ash 
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FIG. 5: SEM Images of Fly Ash Samples  
  
To understand the microchemistry of finer fraction of fly ash, a spot analysis is performed over  
single solid sphere particle at 20 kV and at 10,000 magnifications using backscattering 
technique. The Energy Dispersive X-ray analysis is listed in Table 3. 
 

TABLE 3— EDS Analysis of Fly Ash 
Element Si Al Fe K Ca Na Mg S O 

Weight (%) at 
10,000 

magnification 
26 17 2.8 0.6 4.9 2.4 1.2 0.3 45 

  
From EDS analysis, it is apparent that silicon to aluminum ratio in the glass was low about 1.5 at  
10,000 magnifications that indicate formation of lower strong bonds of Al-O-Al or Si-O-Al than  
strong bonds Si-O-Si. That may yield lower compressive strength of specimens. Sulfur and  
potassium are detected as trace element. Sodium, magnesium, iron and calcium are minor  
elements (weight% <10) others are major elements. Presence of Mg verifies use of MgO to treat  
fly ash in order to induce formation of mullite, which facilitate fly ash use in ceramic industry 13. 
However, mullite is chemically inactive in concrete 7.  

(a) (b) 

 

(c) (d) Irregular 
  Shape 



From Laser diffraction analysis it was found that mean and median size of fly ash particle is 34  
and 24 µm respectively. Karim et al.(2011)14 evaluated impact of median fly ash particle size on 
compressive strength of mortar and reported that mortar mixed with fly ash (particle median size  
smaller than 10 µm) achieved almost similar or higher compressive strength (28 days) than a 
sample without fly ash. However, the influence of particle size diminished when compressive 
strength was measured after 90 days 14.   
  
Thus, it can be summarized from the analysis of fly ash that mean and median particle size of fly  
ash is greater than 10 µm and particle shape is spherical. The larger particle size will influence  
initial strength gain of the mortar.  
  
Specimen Preparation for Strength Measurement  
To evaluate strength of mortar, 50 mm. cubical specimens were prepared. Since strength was 
main criterion, the cubical specimens were prepared according to ASTM C-109-08 procedure.  
The amount of material require for six specimen preparations is listed in Table 4. The procedure  
proposes to use tamping rod 32 times per layer to prepare specimens of consistent density. A 
standard mortar proportion of one part of cement to 2.75 parts of standard sand by weight, and  
cement to sodium phosphate buffer (SPB) of 0.485 was maintained throughout all sample 
preparation. The SPB was prepared by mixing 8.2 grams of Sodium Phosphate (50mM Na3PO4,) 
in 1 liter of deionized water and its pH is maintained at 7.5 using concentrated HCl. When a fly  
ash amended mortar was prepared, cement was partially replaced with fly ash in such a way that 
the total weight of cement and fly ash was equivalent to the amount of cement required for 
normal mortar. Similarly for salt added sample salt and sand amount was adjusted. The 50 mm.  
cube samples were prepared in the mold. After 24 hours it was demolded and the specimens 
were cured by submerging them in water bath maintained at 25   C. 
 

TABLE 4— Amount of Mortar Components  

Specimen 

Size 
Mortar 

Components 

Material Amount 

Cement 
(C), 

grams 

Fly 
Ash(F), 
grams 

Sand (S), 
grams 

Salt 
(s), 

grams 

Phosphate 
Buffer (P), 

ml 

Amount 
of 

Materials 
required 

for Six-50 
mm. Cube 
Specimens 

CSP 500 --- 1,375.0 --- 242.5 
CSF(5%)P 475 25 1,375.0 --- 242.5 
CSF(10%)P 450 50 1,375.0 --- 242.5 
CSF(20%)P 400 100 1,375.0 --- 242.5 
CSF(30%)P 350 150 1,375.0 --- 242.5 
CSF(40%)P 300 200 1,375.0 --- 242.5 
CSs(5%)P 475 25 1306.3 68.7 242.5 

CSs(5%)F(5%)P 475 25 1306.3 68.7 242.5 
  

Compressive Strength Test Results  
As stated in section previously, the compressive strength testing of 50 mm. cube specimens was  
performed after 3, 7 and 28 days of curing. The average compressive strength was obtained from  
average of three samples. To explain influence of different components briefly, the following 
symbol was followed. The first term represents cement (C) while second term represents sand  



 
 
 
(S). The third term if present is salt (s). The fourth term if present is fly ash (F) and the last term  
is phosphate buffer (P). In addition, cement content replaced with fly ash or sand content  
replaced with salt is represented as percent in parenthesis after their respective notation. The test  
results of compressive strength at different ages are summarized in Figure 6 along with standard 
deviation error bar. Strength activity index (SAI) and strength growth rate of different mortar  
specimens is shown in Figures 7 and Figure 8, respectively. The mortar cubes prepared with  
cement, sand and sodium phosphate buffer (CSP sample) were used as a control sample.  
  
To identify optimum fly ash content, specimens were prepared by replacing 5, 10, 20 and 40 
percent of cement with fly ash. It was noticed from Figure 6 that increasing the amount of fly ash  
decreased the compressive strength of specimens at all three ages in comparison to samples 
prepared without fly ash (CSP). The sample CSF(5%)P prepared with 5 percent fly ash had about  
4.8 percent lower 28 day compressive strength (35.7 MPa) than sample without fly ash (CSP 
sample: 37.4 MPa). In case of 40 percent fly ash replacement, the 28 day strength (CSFP 40% 
sample: 27.9 MPa) of sample reduced by 34 and 28 percent than CSP and CSF(5%)P,  
respectively.  
  
The test results identified that increase in the amount of fly ash decreased the compressive 
strength of specimens at all three ages in comparison to samples prepared without fly ash.  
Conventionally, addition of fly ash (Class-C fly ash) increases or at least provides similar 28-day  
compressive strength with and without fly ash-amended mortars. However, the strength gain of  
PCC or mortar also depends on size of fly ash particles, on its crystalline properties and silicon to  
aluminum ratio. From XRD and Laser Diffraction and SEM image analysis of Class F fly ash, it  
had been found that this fly ash sample is predominant with mullite, lower Si/Al ratio and about  
70 percent particle sizes greater than 10 µm which results in slower pozzolanic reaction. As a  
result, the specimens gained lower compressive strength with increase of fly ash amount. ASTM 
C 618 suggests that more than 34% of fly ash particle size larger than 45 µm is not suitable for  
use in concrete. In this study, the class F fly ash used had about 25 percent of particle larger than  
45 µm which meets ASTM C 618 specification. According to a research study15, only 5% (by  
weight) of fly ash particle size larger than 45 µm is a good pozzolanic material. Halstead 16 
showed that the presence of class F fly ash, in most cases, increased the pozzolanic reaction 
proportional to the increase in particle size smaller than 45 µm. As class-F fly ash was used in 
this study contained particle size larger than 45 µm, more than 70 percent particle sizes larger  
than 10 µm, and contained lower calcium oxide and more inactive mullite, the specimens 
prepared with class-F fly ash partially replacing cement, gained lower 28-day compressive 
strength than control specimen CSP.   
  
From Figure 7, it is evident that Strength Activity Index (SAI), which is a ratio of percentage 
between the compressive strength of the mortar and control mortar at the same ages, is also  
lower for all mortar specimens prepared with fly ash than control mortar specimens (CSP).  
Replacement of 40% fly ash reduced reactivity by 25% in comparison to CSP sample. The 
results indicate that fly ash used in this study didn’t improve compressive strength of sample. It  
also suggests that the strength gain rate from 7 to 28 days, due to pozzolanic reaction of fly ash,  
is more when more than 20 percent fly ash was added (Figure 8). The samples prepared with 40  
percent replacement of cement by fly ash has more than 50 % strength gain rate from 7 to 28  
days, highest among the samples prepared with cement, sand and fly ash. Although it is possible   



  

 
  

FIG. 6– Compressive Strength of Different Samples
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FIG. 7– Strength Activity Index of Different Samples  

  
that 56 or 90 days compressive strength of mortar prepared with fly ash could be higher, it was 
decided to replace only 5% of cement with fly ash while adding salt in the mortar.  
 
To evaluate impact of addition of salt, the mortar specimens were prepared by replacing 5 
percent of sand with salt. The amount of each mortar component for CSs(5%)P and  
CSs(5%)F(5%)P is included in Table 4. From Figure 6, observing the strength of samples CSP,  
CSs(5%)P and CSs(5%)F(5%)P at different ages, it is clear that addition of salt considerably 
decreased the strength by 12, 11, and 13 MPa at 3, 7 and 28 days, respectively than control  
sample (CSP) due to presence of rock mineral, halite (NaCl). Berke et al. (1988) 17 reported that  
chloride ions presence in solution may weaken the integrity of cement matrix. It has been also 
identified that free cl- ions in cement paste disappears very fast due to chemical reaction with 
components of cement paste to form Friedel’s salt; thus, aluminium substituted in C-S-H gel  
does not contribute towards strength gain while Na+ ions doesn’t affect the hydration process 5.  
So, it is discerned that addition of salt slows the hydration reaction by about 5% (Strength  
growth rate from 7-28 days, CSP sample =14.3%, CSs(5%)P sample =9.4%, Figure 7). However, 
use of fly ash (5 percent) in presence of salt (CSs(5%)F(5%)P) not only improved the ultimate  
strength (30.6 Mpa) in comparison to samples prepared with salt (CSs(5%)P = 24.1 MPa) but 
CSs(5%)F(5%)P sample also gained strength at higher rate from 7-28 days by 23 percent. Also it  
is clear from Figure 8 that addition of salt with fly ash turns fly ash increases reactivity as 7-28 
days strength growth rate for CSs(5%)F(5%)P is almost similar to mortar sample prepared with 
30 percentage replacement of cement with fly ash. It substantiates that salt might have effect on  
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FIG. 8– Strength Gain Rate of Different Type of Mortar Specimen  

  
pozzolanic reaction and increase the rate of reaction when used with fly ash and can be attributed 
to change in pH. Moreover, Figure 7 showed that SAI value is 82 percent at 28 day of  
CSs(5%)F(5%)P sample which is far better than CSs(5%)P sample (SAI =64%). Thus, it can be  
concluded that addition of fly ash with salt increases the compressive strength of mortar  
specimens but not to the levels observed with control specimens CSP.   
  

CONCLUSIONS   
The following conclusions can be drawn from the investigation done throughout the study. 
  

1. Fly ash with median particle size larger than 10 µm, inactive mullite and lower calcium  
oxide content will cause slower pozzolanic reaction to yield lesser strength ultimate compressive  
strength of OPC due to lower specific surface are of fly ash. However, replacement of more than  
30 percent or more fly ash by cement can significantly increase pozzolanic reaction rate.  

 
2. Total dissolve solid (TDS) or salt can raise the pozzolanic reaction rate, so use of brine 

instead of water (completely or mix with water) can be an option to produce cement mortar or 
PCC. However still it does requires further research to dispose it as construction material in  
sustainable way.  
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The results of the study suggest that use of the supplementary material fly ash will not always  
produce higher compressive strength if larger particle sizes are present. In addition, presence of 
inactive mineral like mullite, lower Si/Al ratio and calcium oxide content can significantly 
influence strength of mortar. Although micro-level evaluation identified dependence of strength 
gain on various fly ash properties, it may be difficult to specify them because fly ash is an 
industrial by-product. So further detailed investigation is necessary to find out how fly ash can be  
effectively used in the production of sustainable mortar consisting of salt.  
  
  
FURTHER RESEARCH  
The findings presented in this study provided better understanding how fly ash particle size and 
its mineralogy influence on compressive strength of mortar. To better understand influence of it, 
the following issues need further investigation. 
  

 Fly ash with different median particle size can be blended with OPC to prepare 
specimens and the mechanical properties of specimens can be analyzed based on fly ash  
particle size and its mineralogy.  

 For larger median particle size with inactive minerals of fly ash, a ternary blend of fly 
ash with slag, metakaolin or silica fume can be evaluated to investigate the influence on 
compressive strength of OPC mortar.  

 SEM or other microstructure analysis can be performed on sample to verify the cause of  
increase of pozzolanic reaction rate when fly ash is used with TDS/salt. 

 The influence of various proportion of fly ash on strength gain and durability needs to be  
evaluated for longer age (56 or 90-day) to identify its benefit.  
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