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INTRODUCTION

Jordan is among the most water-scarce coun-
tries globally, with per capita water availability 
of approximately 150 m³ per year – far below the 
500 m³ threshold for absolute scarcity (Abualhai-
ja et al., 2020; Ghrair et al., 2020). This scarcity 
is aggravated by rapid population growth, limited 
precipitation, inadequate water management, and 
shared groundwater resources (Al-Houri and Al-
Omari, 2021; Kim et al., 2021). Non-convention-
al water sources, particularly treated wastewater, 
offer potential relief, yet their reuse is largely un-
regulated despite covering nearly 80% of the 80 
MCM generated annually (Abualhaija and Mo-
hammad, 2021; Almanaseer et al., 2020).

A major industrial consumer of freshwater in 
Jordan is the ready-mix concrete sector, which 
also generates large volumes of wastewater 

– estimated at 1.5 million m³ per year – containing
alkalis and heavy metals from equipment wash-
ing (Ghrair et al., 2020; Radaideh, 2022). With
no formal treatment protocols, this waste is often
discharged untreated into natural systems, pos-
ing serious environmental hazards (Abualhaija et
al., 2020). Internationally, similar practices incur
heavy penalties, highlighting the need for sustain-
able management strategies (Peterson, 2019).

In parallel with water concerns, the cement 
industry contributes approximately 8% of global 
CO₂ emissions, prompting a shift toward low-car-
bon alternatives like geopolymer concrete (Chen 
et al., 2022; Ali et al., 2011). Geopolymers, first 
conceptualized in the 1970s, are alkali-activated 
materials synthesized from silica- and alumina-
rich precursors (e.g., fly ash, slag, metakaolin) and 
alkaline activators such as NaOH or sodium sili-
cate (Hassan et al., 2019; Cong and Cheng, 2021). 
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These binders offer superior mechanical strength, 
chemical resistance, thermal performance, and up 
to 80% lower CO₂ emissions compared to Port-
land cement (Ahmad et al., 2021; Elyamany et al., 
2018; Luukkonen et al., 2018).

The key components of geopolymer concrete 
include low-calcium precursors (e.g., Class F fly 
ash, metakaolin), alkaline activators, and chemi-
cal admixtures to balance viscosity and strength. 
Admixtures such as naphthalene and polycarbox-
ylate superplasticizers enhance workability (Abd 
Elmoaty et al., 2019). Additionally, incorporating 
solid wastes like fireplace ash – rich in CaO, SiO₂, 
and Al₂O₃ – has shown to improve strength and 
reduce landfill burden (Martínez-García et al., 
2022; Li et al., 2019).

Recent research has highlighted the feasibility 
of using industrial waste streams – such as con-
crete wash water and wood ash – as viable com-
ponents in geopolymer synthesis (Fan, 2020; Huo 
et al., 2021; Jwaida et al., 2023). High pH in wash 
water can benefit geopolymerization, while ash 
improves microstructure and compressive perfor-
mance (Hamid and Rafiq, 2021). These develop-
ments align with the principles of circular econ-
omy, where waste materials are reintegrated into 
production cycles, contributing to environmental 
and economic sustainability (Naghizadeh et al., 
2024; Krishna et al., 2021; Benhelal et al., 2013).

This study builds upon these findings by in-
vestigating the synergistic use of concrete waste 
wash water and fireplace ash in geopolymer mor-
tar production. The goal is to optimize mix de-
signs for enhanced mechanical and microstruc-
tural performance, offering a viable solution to 
both water scarcity and construction sustainabil-
ity in Jordan and similar arid regions.

MATERIALS AND METHODS

Stage design

To achieve the goal of this thesis, which is to 
adjust the optimal ratios of the mixture to achieve 
the highest compressive strength, then held tests 
were conducted on 54 samples at the Arab Cen-
ter for Engineering Studies (ACES). The samples 
were divided into three stages as illustrated in 
Figure 1, which explains the details of each stage. 
Each stage tested the compressive strength & flex-
ural strength and then conducted microstructure 
analysis using SEM/EDX tests on the geopolymer 

mortar samples, additionally, X-ray crystallogra-
phy and X-ray fluorescence analyses. Finally, the 
mix design that performed the best is considered 
the new alkaline activated geopolymer concrete 
mix to replace Portland cement concrete.

Sampling and methods of analysis

Several samples of geopolymer mortar were 
prepared using specific materials and calculated 
masses as detailed in Table 1. The goal was to 
adjust the mixture’s optimal ratios to achieve 
the highest compressive strength. In the initial 
geopolymer mix design stage, all components 
will remain constant in each sample, except for 
the amounts of fresh water and concrete waste 
wash water, which vary by percentage. This was 
intended to determine which sample exhibits the 
best mechanical properties. Then begin by using 
fresh water as 100% of the water component, 
then adjust the percentage to 75%, 50%, 25%, 
and 0%, while using 25%, 50%, 75%, and 100% 
of concrete waste wash water, respectively. 
100% fresh water served as the control. Each 
geopolymer mortar sample, with a carefully 
measured mix design, that tested on the 7th, 28th, 
90th, and 120th days, with three samples per mix 
design, totalling 15 samples.

To prepare Geopolymer/Alkaline Activated 
mortar using concrete waste wash water, 
metakaolin, local sand, and fireplace ash. The 
mortar was tested on the 7th, 28th, and 90th day 
for compressive and flexural strength. The test 
results were compared with Portland cement 
mortar samples of the same age. Additionally, 
microstructure analysis was conducted on the 
geopolymer mortar samples using SEM/EDX 

Figure 1. Number of stages and the variable elements 
in each stage
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tests to study the chemical, mineralogical, and 
textural details. X-ray diffraction (XRD) analysis 
was also applied to identify the crystalline phases 
of the prepared geopolymers.

In the second stage of the Geopolymer mix 
design, all the components had the same amount 
in each sample, based on the best water content 
ratio from the previous stage. The only varying 
components were the amount of metakaolin and 
sand. This was done to determine which sample 
exhibits the best mechanical properties. The 
mixtures of metakaolin and sand that were used 
are as follows: (41.7, 0) for the control, (31.7, 
10), (21.7, 20), (11.7, 30), and (0, 41.7). Each 
Geopolymer mortar sample with a measured mix 
design was tested on the 7th, 28th, 90th, and 120th 
day, with three samples per mix design, totaling 
15 samples (Table 2). 

In the third Geopolymer stage, all components 
had the same amount in each sample as shown in 
Table 3, based on the optimal water, metakaolin, 
and Sand percentages from previous stages. The 
only variables were the amount of fireplace ash 
and lime. This helped determine which sample ex-
hibits the best mechanical properties. Then started 
by using fireplace ash as a 5% component, then 
increased the percentage to 10%, 15%, 20%, 25%, 
30%, and 40%. These percentages correspond to 

36.7%, 31.7%, 26.7%, 21.7%, 16.7%, 11.7%, and 
1.7% of sand, respectively, with 41.7% Lime. A 
control sample with 0% sand and 41.7% lime was 
also compared. Each geopolymer mortar sample 
would undergo testing on the 7th, 28th, 90th, and 
120th day, with three samples per mix design, to-
taling 25 samples. 

Laboratory test

Materials used 

Various materials were utilized in this study 
to detail the guidance for obtaining each mate-
rial. Please refer to Tables 4 and Table 5 for the 
test locations.

Test specifications 

Test specifications for the flexural and com-
pressive strength of concrete have been conduct-
ed following the standards BS EN 196-1:2016, 
BS EN 12390-3:2019, and BS EN 12390-5:2019. 
The dimensions of the samples used are 15 × 15 × 
15 cm for the cubes and 16 × 4 cm × [appropriate 
third dimension] for the beams.

X-ray crystallography and X-ray fluorescence 
analyses were conducted using the Panalytical 
Empyrean X-ray diffraction device and the Axios 
Minerals PW4400 X-ray fluorescence device, 

Table 1. Stage number one in the samples mix design

No. Metakaolin % Gypsum % Lime % Sand %
Fireplace

ASH%

Mixing water

Freshwater Waste wash water

1 41.7 16.6 41.7 0 0 40 0

2 41.7 16.6 41.7 0 0 30 10

3 41.7 16.6 41.7 0 0 20 20

4 41.7 16.6 41.7 0 0 10 30

5 41.7 16.6 41.7 0 0 0 40

Table 2. Stage number two in the sample mix design

No. Metakaolin % Gypsum % Lime % Sand % Fire place ash %
Mixing water (50%)

Freshwater Waste wash water

1 M 16.6 41.7 S 0 F WW

2 M 16.6 36.7 S 5 F WW

3 M 16.6 31.7 S 10 F WW

4 M 16.6 26.7 S 15 F WW

5 M 16.6 21.7 S 20 F WW

6 M 16.6 16.7 S 25 F WW

7 M 16.6 11.7 S 30 F WW

8 M 16.6 1.7 S 40 F WW
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respectively. The analyses relied on the pressed 
pellets standard less method, which involves com-
pressing a powdered sample into a dense, uniform 
pellet using a hydraulic press and a die set. This 
process ensures the sample is evenly distributed 
and compacted, which is crucial for obtaining ac-
curate and reproducible analytical results.

Microstructural analysis, particularly using 
Scanning Electron Microscopy, is crucial for un-
derstanding the intrinsic properties and behavior of 
concrete. For more detailed images, Versa 3D utiliz-
es focused ion beam scanning electron microscopy.

Compressive strength and flexural tests 

On the 7th, 28th, 90th, and 120th days, the 
compressive and flexural strength of the samples 
(as shown in Figure 2 to 4) was evaluated by sub-
jecting them to a load until failure at a rate of 1 kN/
sec. tests done by concrete compression machine 
1300 kN semi-automatic, Cyber Plus progress & 
flexural testing machine 150 kN from (MATEST). 
This test was conducted on both cube and beam 
samples, as shown in Figures 2 and 3, respec-
tively. The compressive and flexural strength was 

calculated using the provided Equation 1. The test 
was repeated for various samples, and the average 
was calculated using Equation 1:

 𝐹𝐹 = 𝑃𝑃𝑃𝑃
𝑏𝑏𝑑𝑑2 

 

 

 (1)

where: F – compressive strength (MPa), P – load 
at failure (KN), B – breath of the sample 
(mm), d – depth of the sample (mm)

Table 3. Stage number three in the sample mix design

No. Metakao-lin% Gyps-um% Lime% Sand% Firepla-ce ash%
Mixing water

Freshwater Waste wash water

1 41.7 16.6 41.7 0 0 F WW

2 31.7 16.6 41.7 10 0 F WW

3 21.7 16.6 41.7 20 0 F WW

4 11.7 16.6 41.7 30 0 F WW

5 0 16.6 41.7 41.7 0 F WW

Table 4. Materials obtained for the study
Material Obtain guidance

Kaolin & metakaolin Kaolin was collected from the Ma’an District (Butan Ghoul area) and then burnt in 
an oven at the University of Jordan at 95 degrees Celsius to produce Metakaolin.

Wood ash By burning wood, a fireplace

Wash wastewater From Al-Mamlka Concrete Company

Other material By buying from the market

Table 5. The test location 
Test Location

Compressive & flexural strength Arabic central for tests

Microstructure University of Jordan at the cell therapy center

Electron microscope Royal scientific society

X-ray crystallography (XRD) & X-ray fluorescence (XRF) Royal scientific society

Figure 2. Prepare samples for tests 
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X-ray crystallography (XRD) and X-ray 
fluorescence (XRF)

XRD and XRF analyses were conducted to 
assess the mineralogical composition of the geo-
polymer mortars. These techniques are powerful 
tools for identifying the crystalline phases and 
chemical composition of various materials. The 
effectiveness of XRD and XRF analysis depends 
on several factors, including sample preparation, 
scanning range, scanning speed, and data analy-
sis. Both methods work through the interaction 
of waves with crystalline materials, producing 
characteristic diffraction patterns that reveal the 
crystalline phases present in the samples. The 
difference between XRD and XRF is that XRD 
analyzes the crystal structure of materials, while 
XRF determines their elemental composition.

For the X-ray diffraction test, we obtained 
the results by grinding the powder sample after 

crushing the samples, which provided the best re-
sults across all stages. We then utilized a grain 
size of less than 40 microns and 70 microns for 
XRF and analyzed the sample using an instru-
ment with a θ – 2θ system, subsequently compar-
ing the phases to acquire the final results.

X-ray crystallography and X-ray fluores-
cence analyses were conducted using the Pana-
lytical Empyrean X-ray diffraction device and 
the Axios Minerals PW4400 X-ray fluorescence 
device, respectively.

Microstructure analysis 

Microstructural analysis plays a vital role in 
evaluating the condition of concrete pavements. 
It enables the assessment of the internal structure 
and the identification of potential discontinuities 
through computed tomography scans. Further-
more, the density observed during microstructural 

Figure 3. Compressive strength test for a cube (a), compressive strength machine for cube (b)
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analysis correlates with the compressive strength, 
indicating that denser structures exhibit higher 
strength. Proper sample preparation is of utmost 
importance, as sawn, unpolished and fractured 
surfaces often prove superior for revealing crack-
ing patterns and crystal formations that may be 
obscured or destroyed by traditional polishing 
methods. To analyze the samples’ microstructure, 
the samples that yielded the best results in all pre-
vious stages were analyzed using both an electron 
microscope and the Versa 3D instrument.

RESULTS AND DISCUSSION 

Results of the first stage for compressive  
and flexural strength

The mortar samples underwent testing and 
analysis to measure their mechanical characteris-
tics. Figures 5 and 6 below show display Labora-
tory results for strength for the compressive and 
flexural samples, where trials 1 to 5 show the 
different ratios of waste wash water (where: vari-
ables: the independent variable is the percentage 

Figure 4. Flexural strength test for the beam (a), flexural strength machine for the beam (b) 
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of fresh water replaced by concrete waste wash 
water. the dependent variables are the mechani-
cal properties of the geopolymer mortar samples, 
measured through beam and cube tests at differ-
ent curing periods; control: the control group uses 
100% fresh water; samples: fifteen samples are 
prepared, each with a different mix design based 
on the percentage of fresh water and concrete 
waste wash water. Three samples are tested for 
each mix design).

At 7 days, the average flexural strength for 
the specimens ranged from 2.3 to 2.6 MPa, while 
the average compressive strength ranged from 
7.9 to 13 MPa.

As the percentage of concrete waste wash 
water increases, the specimens’ flexural and com-
pressive strength slightly rise compared to the 
control sample (which used 100% freshwater). 
However, the differences in strength at this ear-
ly stage of curing appear minimal. Compared to 

another researcher’s findings at 7 days, the pres-
ent study’s specimens exhibited slightly lower 
flexural strength, while the compressive strength 
values were comparable (Purwanto et al., 2018).

After 28 days, the flexural strengths for the 
specimens range from 2.6 to 8.6 MPa, and for 
compressive for, the specimens range from 19 to 
26 MPa. Similar to the 7-day results, there is a 
trend of slightly increasing compressive strength 
with higher percentages of concrete waste wash 
water. The difference in compressive strength 
between samples becomes more pronounced at 
this stage, suggesting potential long-term effects. 
Comparing the 28-day results to those reported 
by another researcher, the flexural strengths of 
the specimens in this study were found to be 
slightly lower, while the compressive strength 
values were similar (Purwanto et al., 2018). This 
difference may be attributed to the higher grade 
of concrete used in the other researcher’s study.

Figure 5. Comparison of compressive strength of first-stage mixtures over 7, 28 and 90 days

Figure 6. Comparison of flexural strength of first-stage mixtures over 7, 28 and 90 days
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For 90 days, the compressive strengths & 
flexural strengths for the specimens range from 
23.3 to 26.9 MPa. After 90 days, the differences 
in compressive & flexural strength between 
samples are more noticeable. Samples containing 
higher percentages of concrete waste wash 
water continue to show similar or slightly higher 
compressive & flexural strengths compared to 
the control sample. Comparing the results from 
this study to those of other researchers who used 
similar materials, it was found that the flexural 
strength values were comparable, while the 
compressive strength values were consistent with 
the previous findings (Eloget et al., 2021; Mishra, 
2019; Sathawane et al., 2013; Shoaei et al., 2019).

The compressive and flexural strengths of the 
geopolymer mortar samples are relatively low after 
7 days, as the material is still undergoing initial 
hydration and setting. We observed variations in 
the samples, which could be due to differences in 
curing conditions, mixing consistency, or inherent 
material variability. At this early age, there is no 
clear trend regarding the influence of concrete 
waste wash water on strength. 

The strength of mortar typically increases 
significantly by 28 days as a result of ongoing 
hydration and the formation of the cementitious 
matrix. It seems that certain mortar mix designs 
using waste wash water are comparable to the 
control group (using 100% fresh water). This 
implies that waste wash water from mortar can 
potentially be used to replace some fresh water 
without significantly affecting strength. Strength 
development continues, although at a slower rate 
compared to earlier stages. The variability in 

results persists, highlighting the importance of 
consistency in mixing and curing procedures.

When comparing the mixing ratio samples 
to the control sample, it was observed that using 
waste wash water resulted in a compressive 
strength nearly identical to that of the sample with 
75% mixing water. Additionally, it demonstrated 
higher compressive and flexural strength than the 
control sample with 50% mixing water.

Results of the second stage for compressive 
and flexural strength

Figure 7 and 8 below show the results from 
the laboratory for both compressive and flexural 
samples, where trials 1 to 5 illustrate varying ra-
tios of metakaolin and sand mixing amounts

The results indicate the following key points 
regarding compressive strengths and flexural 
strengths at different curing durations:

At 7 days, the flexural strengths for the speci-
mens range from 5.8 to 19.6 MPa, while the com-
pressive specimens show strengths between 6.7 
and 18 MPa. On the other hand, at 28 days, the 
flexural strengths for the specimens range from 
5.7 to 24 MPa, whereas the compressive strength 
for the specimens has strengths ranging from 
7.8 to 20.73 MPa. Then, at 90 days, the flexural 
strengths of the specimens are between 9.3 and 
25.03 MPa, and for compressive strength speci-
mens, they range from 12 to 27.8 MPa. 

To analyse these results, we need to consider 
the factors involved in the stage, which include the 
type of sample (compressive or flexural) and the 
duration of curing (7 days, 28 days, and 90 days).

Figure 7. Comparison of compressive strength of 2nd-stage mixtures over 7, 28 and 90 days
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At 7 days, both flexural and compressive 
strength for mortar specimens show relatively 
low strength, which is typical as mortar gains 
strength gradually over time. There is variation in 
strength across different mix designs, with those 
containing higher metakaolin content tending to 
exhibit slightly higher strengths, although the 
differences are not significant at this stage. Com-
pared to previous studies, such as (Haruna et al., 
2021), the compressive strength values reported 
in this work are relatively lower, potentially due 
to the utilization of concrete waste wash water as 
a mixing ingredient.

By 28 days, significant improvements in 
strength are observed across all mix designs as 
the mortar continues to gain strength during the 
curing process. Mix designs with higher metaka-
olin content generally demonstrate slightly bet-
ter performance, particularly in compressive 
& flexural tests for the specimens compared to 
control samples that only have sand. The labo-
ratory results indicate that the compressive and 
flexural strength values and development pat-
terns of the mortar samples are similar to those 
reported in (Haruna et al., 2021) and other rel-
evant studies. The control specimens containing 
only standard sand exhibited comparable per-
formance to the samples incorporating a combi-
nation of metakaolin materials.

At 90 days, mortar strength further increas-
es, although the rate of increase might start to 
slow down. Mix designs with higher metakaolin 
content continue to show better performance, 
though the differences might be diminishing 
over time. The variation in metakaolin and sand 

ratios influences the mechanical properties of 
geopolymer mortar. The strengths of geopoly-
mer mortar increase significantly from 7 to 28 
days, indicating the progress of pozzolanic re-
actions and the development of a more refined 
microstructure. Beyond 28 days, the rate of 
strength gain slows down, with strength reach-
ing a plateau by 90 days. The laboratory results 
of this study are consistent with those reported 
by other researchers (Haruna et al., 2021; Kotwa 
and Spychał, 2019). They found that increasing 
the percentage and ratio of metakaolin can influ-
ence the early-age strength development of the 
mortar, particularly at 7 and 28 days. However, 
the optimal performance is observed at the 90-
day testing period.

The relatively stable strengths observed at 90 
suggest that the mixed designs have achieved a 
mature state. This stability is crucial for assess-
ing the long-term durability and performance of 
geopolymer mortar structures.

It’s noteworthy that compressive and flexural 
test specimens might exhibit slightly different 
strengths due to variations in stress distribution 
during testing. However, the overall trends in 
strength development should be consistent be-
tween the two types of specimens.

These results suggest that the choice of mix 
design can influence the mechanical properties 
of geopolymer mortar, with variations observed 
in both compressive and flexural strengths 
across different compositions and curing peri-
ods. Further experimentation and analysis may 
be needed to optimize mix designs for desired 
properties.

Figure 8. Comparison of flexural strength of 2nd-stage mixtures over 7, 28 and 90 days
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Results of the third stage for compressive  
and flexural strength

Figure 9 and 10 below display laboratory re-
sults for compressive strength & flexural samples, 
where trials 1 to 8 show different ratios of adding 
fireplace ash and lime. From the results above, we 
can highlight the following.

At 7 days, the compressive strengths of the 
beam specimens range from 5.6 to 19.88 MPa, 
while the cube specimens range from 5.33 to 
19.33 MPa. While in at 28 days, the compres-
sive strengths for the beam specimens range from 
12.03 to 37.6 MPa, and for the cube specimens, 
they range from 9.6 to 34.26 MPa. On the other 
hand, at 90 days, the compressive strengths of the 

beam specimens range from 17 to 39.33 MPa, 
whereas the cube specimens range from 20 to 
44.9 MPa. The compressive strength results ob-
tained in this study are similar to those reported 
in previous research (Chithambaram et al., 2018; 
Hui-Teng et al., 2018)

Based on the data, samples with the highest 
lime ratio and the least amount of fire ash dem-
onstrate the best compressive strength. Notably, 
mortar with a compressive strength exceeding 
40 MPa is considered relatively high compared 
to normal mortar.

The optimal mixing ratio, substituting 50% of 
freshwater, demonstrated the most favourable out-
comes in both flexural and compressive strength 
assessments during the initial stage. Further 

Figure 10. Comparison of flexural strength of third-stage mixtures over 7, 28 and 90 days

Figure 9. Comparison of compressive strength of third-stage mixtures over 7, 28 and 90 days
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enhancements in stage two incorporated 41.7% 
metakaolin, followed by the addition of 1.7% lime 
and 40% fireplace ash in the third stage.

Results of the XRD, XRF and microstructure

Results for XRD analysis

Figure 11 and 12 below show the XRD 
analysis results for both the compressive & 
flexural test samples, which produced the highest 
compressive strength in the previous stages. 

In the XRD results for flexural samples, calcite 
exhibits the highest percentage, 45%, followed 
by gypsum and quartz, 24.9% and 18.7%, 
respectively. There are also small percentages of 
dolomite, kaolinite, and brookite.

For the compressive samples, the XRD 
analysis results show that calcite has the highest 
percentage at 44.8%, followed by gypsum at 
24.9% and quartz at 18.7%. There are also small 

percentages of dolomite, kaolinite, brookite, 
basanite, and ikaite.

XRD analysis for both flexural and beam 
samples was nearly identical, as both samples 
consist of the same mixed materials. The XRD 
results indicate the optimal mineral composition 
that contributes to the best compressive strength 
when using waste wash water. 

Aligning with the findings reported in a 
previous study (Narloch et al., 2020) and other 
like (Wan et al., 2017), it can be seen that the 
additional components found may be forming 
polysialates due to the chemical composition 
of the water-wash used, the XRD analysis for 
both flexural and compressive test samples 
exhibit a nearly identical mineral composition, 
as the samples were comprised of the same 
mixed materials. The XRD results suggest that 
the optimal mineral makeup contributes to the 
highest compressive strength when incorporating 
waste wastewater. 

Figure 12. XRD analysis for flexural samples

Figure 11. XRD analysis for compressive samples
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There are common mineral components 
of mortar, water, and geopolymers, such as 
gypsum and calcite. However, there are also new 
components, like brookite and basanite, which 
can form even in small amounts. 

Results for XRF analysis

The XRF analysis results for flexural indicate 
that CaO has the highest concentration at 45.6%, 
followed by SiO2 at 23.8%. SO3 accounts for 
16.9%, while Al2O3 is at 10.26%. There are also 
small percentages of Fe2O3, MgO, Na2O, K2O, 
and P2O5 present.

The XRF analysis results for the samples indi-
cate that the highest oxide present in the Compres-
sive test samples is calcium oxide (CaO), which 
comprises 45.96% of the total. This is followed 
by silicon dioxide (SiO2) at 23.6%. Sulfur triox-
ide (SO3) accounts for 15.3%, while aluminium 
oxide (Al2O3) makes up 9.8%. Additionally, there 
are small percentages of iron (III) oxide (Fe2O3), 
magnesium oxide (MgO), sodium oxide (Na2O), 
potassium oxide (K2O), and phosphorus pentox-
ide (P2O5) in the samples. The XRF analysis in-
dicates that the flexural samples exhibit a slight 
variation in oxide percentages compared to the 
beam samples. The flexural samples show high-
er concentrations of CaO, SiO₂, SO₃, and Al₂O₃, 
which contribute to the enhanced compressive 
strength. The XRF analysis results demonstrate 
that the sample’s chemical composition is con-
sistent with that of effective geopolymer mate-
rials, as evidenced by comparison with findings 

from prior studies (Jiang et al., 2018; Kürklü and 
Görhan, 2019; Silva et al., 2014)

The XRF test results for both the flexural and 
compressive samples are nearly identical, as both 
consist of the same mixed materials. These results 
indicate that the optimal oxide composition 
contributes to the highest compressive strength 
when utilizing waste wash water.

It has been observed that some unusual oxides, 
such as MgO, K2O, and P2O5, are present in the 
samples. K2O, or potassium oxide, can enhance 
the early strength development of mortar. P2O5, 
also known as phosphorus pentoxide, serves as a 
powerful dehydrating agent.

Results for microstructure analysis

The presented images depict the results 
of two microstructure analysis examinations 
conducted using an electron microscope (Fig-
ure 13) and the more detailed Versa 3D instru-
ment (Figures 14 to 17).

The type, size, quantity, shape, and distribu-
tion of phases within a solid define its microstruc-
ture at the microlevel. The microstructure of con-
crete can be described through three key aspects: 
(i) hydrated cement paste, which consists of the 
hydration products resulting from the reaction 
between cement and water, primarily the calcium 
silicate hydrate (C-S-H) gel; (ii) pore structure, 
which encompasses gel pores, capillary pores, 
and voids; and (iii) the interfacial transition zone 
(ITZ), which delineates the boundaries between 
the cement paste and the aggregate particles. 

Figure 13. Electron microscope image of pores at close
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When analyzing microstructure, the char-
acteristics of cement phases, supplementary 
cementitious materials, and other components 
play a crucial role.

The participants participated in the analysis 
of microstructures, component parts, component 
materials, and the effect of components on the 
analysis of microstructures.

It has been suggested that C-S-H displays a 
variety of microscopic shapes: (a) plate-like crys-
tals; (b) irregular hexagonal panel crystals; and 

(c) dense C-S-H paste (refer to Figure 14). Re-
garding the volume of capillary voids in hydrated 
cement paste, this volume decreases as the w/c 
ratio decreases or as the hydration age increases.

The inclusion of fireplace ash results in a 
decreased pore proportion within the enlarged 
interfacial transition zone (ITZ), along with a re-
duction in calcium hydroxide (CH) crystals and 
ettringite formations. This addition has contrib-
uted to the observed presence of a denser calcium 
silicate hydrate (C-S-H) gel. Figure 14 illustrates 

Figure 14. Microstructure image at 5 µm with pores measures

Figure 15. Microstructure image at 5 µm with pores measures
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the hydrated cementitious products found in ce-
ment mortars treated with fireplace ash. Analysis 
of Figures 14 through 17 reveals the presence of 
both small and large crystals. 

From this information, it can be concluded 
that the microstructure of high-performance mor-
tar is microscopically more homogeneous and ex-
hibits fewer defects compared to ordinary mortar. 

Microstructural examination plays a crucial 
role in assessing the condition of concrete pave-
ments. It facilitates the evaluation of the inter-
nal structure and the identification of potential 

discontinuities through a computed microscope 
scan. As illustrated in Figures 14 and 17, the scans 
reveal no apparent features or defects. Further-
more, the density observed during microstructur-
al analysis correlates positively with the compres-
sive strength, suggesting that denser microstruc-
tures exhibit enhanced structural integrity. 

Comparing the results of microstructure 
investigations with other studies indicated a similar 
outcome, where the use of concrete waste wash 
water and fireplace ash achieved denser particle 
packing (Heinz, 2021; Kannan et al., 2017).

Figure 16. Microstructure image at 10 µm

Figure 17. Microstructure image at 5 µm with pores measures
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CONCLUSIONS

This study investigated the recycling of con-
crete waste wash water in the geopolymer/alka-
line activated concrete production and the use of 
fireplace ash as a supplementary material. Re-
sults showed that concrete waste wash water can 
be efficiently treated and used in geopolymer/
alkaline activated concrete. Not only can this 
approach solve the environmental issues caused 
by concrete waste wash water disposal, but also 
contribute to the sustainable management of wa-
ter resources in Jordan.

The developed mortar showed good physical 
and chemical properties, making it suitable for 
various applications. Such properties include bet-
ter compressive strength, lower permeability, and 
more resistance to aggressive substances, thus 
showing the opportunity of the geopolymer/alka-
line activated concrete as a sustainable substitute 
to traditional Portland cement-based concrete. Ad-
dition of fireplace ash as a potential raw material in 
geopolymer/alkaline activated concrete has shown 
encouraging outcomes. In addition, this process is 
capable of recycling not only the solid waste from 
the landfill but also the concrete itself, which im-
proves its properties, performance, and durability.
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