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Abstract 
This research studies the impact of different types of coarse aggregate on the 
behavior of geopolymer concrete based on both fly ash (FA) and ground 
granulated blast furnace slag (GGBFS) in different marine environments. 
Aiming to solve the problems caused by the construction and demolition 
waste and the depletion of natural aggregates, in the present study coarse re-
cycled aggregates is used to produce new green concrete with a fly ash-slag 
based geopolymer. By this examination, the research seeks to improve the 
quality and productivity of concrete used in construction and hydraulic 
projects. For this research, four mixtures containing different types of coarse 
aggregate in two different water environments were used. The utilized mix-
tures contained natural aggregate concrete (NAC) such as basalt and crushed 
marble. Also, recycled coarse aggregate concrete (RAC), which totally re-
placed natural aggregate, was presented in this paper such as crushed con-
crete and crushed ceramic. For this study, in the sieve analysis; specific and 
unit weights, was recorded. Furthermore, the mechanical properties were de-
termined, using a compressive test that was conducted on the 7th, 28th, 56th 
and 90th days at different water environments; potable water (PW) and sea 
water (SW). Durability test was also performed for total absorption mea-
surement. Results indicated that geopolymer concrete exhibits better strength 
in marine environments than in those of potable water. Results also showed 
that crushed marble (CMA) exhibits higher compressive strength and dura-
bility. 
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(GGBFS), Sea Water, Natural Aggregate Concrete, Recycled Concrete  
Aggregate, Compressive Strength and Durability 

 

1. Introduction 

Concrete is an essential component in hydraulic construction projects all over 
the world. It is one of the elements that account for the highest cost in any con-
struction project [1]. Annually, humankind consumes huge amounts of concrete 
resources and produces vast quantities of waste and pollution as a result of this 
consumption process [2]. However, for an effective utilization of concrete waste, 
it is necessary to use the recycled aggregate as concrete aggregate. The practical 
usage of the recycled aggregate concrete, produced by crushing concrete waste, 
reduces the consumption of natural aggregate. Using Portland cement in con-
crete contributes remarkably to greenhouse gas emissions. The total of annual 
emissions caused by cement production is estimated to be about 1.35 billion tons 
[3]. Geopolymer concrete is provided as one of the solutions formed by using 
source materials that contain both reactive silica (SiO2) and alumina (Al2O3) ac-
tivated with alkali solutions. The source of these materials can be derived from 
low-cost substances or industrial wastes, such as metakaolin, fly ash, rice husk 
ash, and furnace slag [4] [5] [6] [7]. Geopolymers concrete can be characterized 
by high compressive strength, low shrinkage, good acid resistance, and good fire 
resistance [8] [9]. 

The permeability of geopolymer concrete affects its durability in salt water. 
This feature is the main factor for determining the durability of concrete in ma-
rine environment. Accordingly, denser concrete will lead destructive agents to 
penetrate and flow through the pores [10]. Yet, in sometimes, the chloride envi-
ronment can increase the compressive strength of the geopolymer concrete [11]. 
It is important to mention that some previous studies stated that fly ash-based 
geopolymer concrete has better durability than Portland-based concrete in ag-
gressive environment such as sulphate, acid, and fire [12] [13]. 

The current research examines the mechanical properties of hand-mixed 
based geopolymer concrete. It also studies the effect coarse recycled aggregates 
has on geopolymer concrete (RAGC) in different marine environment, in com-
parison to the properties of geopolymer concrete made with natural aggregate 
concrete (basalt). Furthermore, the research studies their effect on the properties 
of geopolymer concrete in different water environments; sea and tap water. 

2. Background 

In order to formulate a good GPC mix-design, it is essential to know the differ-
ent factors that will affect the properties of fly ash/slag which are based on GPC. 

2.1. Aluminosilicate 

Fly ash (FA) is considered to be one of the main sources of silica (SiO2) and 
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alumina (Al2O3) in GPC. Regarding ASTM C618, FA is classified based on its 
chemical composition, in which the main difference is the calcium amount [14] 
[15] [16]. Due to improved mechanical and microstructural properties, ground 
granulated blast furnace slag (GGBFS) becomes one of the most common com-
ponents in geopolymer mortar and concrete [15]. However, adding GGBFS 
causes poor workability as a result to the higher viscosity [17]. A previous study 
shows that the significant improvement in both setting time and compressive 
strength can be obtained by adding ground granulated blast furnace slag in the 
mixtures [18]. 

2.2. Alkaline Solution 

Alkaline solution is utilized to activate aluminosilicate base materials in order to 
obtain geopolymer concrete. For the alkali-activators, several choices are adopted. 
Silicate and aluminum silicate enrich the alkaline activator species in a notable 
way. Theoretically, as mentioned in reference[19], any alkali element can be used 
in geopolymerisation reactions; however, most of the studies have focused on 
the effect of sodium (Na+) and potassium (K+) ions [19]-[30]. 

The durability of structure started to decrease since the first year (2005), when 
research was conducted, and kept on increasing throughout 20 years of investi-
gation. A previous research calculated the safety factor needed to obtain the 
structure’s performance in sea water [31]. It was found that the protection of the 
structure has been declined gradually year by year. Reference [11] finds that 
geopolymer concrete that is cured in sea water provides a higher compressive 
strength than the other curing systems that employ fresh water and room tem-
perature. Reference [32] shows that there is abundance of Na+ in the surround-
ing area in salt water curing. It is probably that Na+ as well as other cations 
(Ca2+) in the sample are less exposed to leaching. These excess cations in the 
surrounding curing solution and in the sample will help to promote the me-
chanism’s reaction and geopolymer formation. 

3. Materials and Experimental Techniques 
3.1. Materials 
3.1.1. Coarse Aggregate (C.A) 
The used coarse aggregate in this research are: 
 Natural aggregate (Baslt); 
 Recycled aggregate (crushed concrete, crushed marble and crushed ceramic). 

Well graded coarse aggregate was used with the maximum size of 19 mm.  
1) Natural aggregate (NCA) 
The researcher used natural coarse aggregate as basalt; supplied from Elminia 

quarries. This coarse aggregate is characterized by a specific gravity 2.63, Vo-
lume Weight 1.61 (t/m3), and Absorption 0.8% as shown in Figure 1. 

2) Recycled coarse aggregate (RCA) 
a) Crushed marble 
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Figure 1. Different types sample of aggregate. 

 
The used crushed marble is supplied from residues of broken marble. It is of a 

specific gravity 2.62, Volume Weight 1.62 (t/m3), and Absorption 0.4%. Table 1 
shows the results of Sieve Analysis Test for crushed marble. And Table 1 shows 
the Chemical Composition of crushed marble. 

b) Crushed concrete 
The used crushed concrete is supplied from residues of ceramic factories. It is 

characterized by a specific gravity 2.5, Volume Weight 1.47 (t/m3), and Absorp-
tion 6.19%. 

c) Crushed ceramic 
The used crushed ceramic in this study is supplied from residues of ceramic 

factories. The specific gravity of the crushed ceramic is 2.12, Volume Weight is 
1.15 (t/m3) and Absorption is 10.62%. Table 2 shows the chemical composition 
of crushed ceramic. Table 3 shows the results of Sieve Analysis Test for different 
types of aggregate while Figure 1 shows different types sample of the aggregate. 

3.1.2. Fine Aggregate (F.A) 
The used fine aggregate in this research was natural sand from 6 October qua-
rries as shown in Figure 2. This fine aggregate’s specific gravity is 2.55, Volume 
weight is 1.52 (t/m3), and Fineness modulus is 2.57. 

3.1.3. Fly Ash 
Fly ash is a by-product which is the outcome of coal’s combustion. Fly ash used 
in the study was low-calcium (ASTM Class F); dry fly ash brought from a factory 
in Sadat City-Egypt as shown in Figure 3. The specific gravity of the used fly ash 
is 1.9. Fly ashes are produced from bituminous and sub bituminous coals. They 
also contain alumina silicate glasses as active components. Figure 4 shows XRD 
of fly ash. This fly ash has a pozzolanic nature and contains less than 10% lime 
(CaO). Table 4 summarizes the chemical structure of fly ash as per the manu-
facturer. 
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Figure 2. Sand sample. 

 

 
Figure 3. Fly ash sample. 

 

 
Figure 4. XRD of fly ash. 

 
Table 1. Chemical composition of crushed marble. 

Sample Fe2O3 MnO Na2O MgO K2O Al2O3 CaO SiO2 

Crushed marble 5.22 0.07 1.5 1.33 2.33 14.36 1.28 75.25 

 
Table 2. Chemical composition of crushed ceramic. 

Sample SiO2 Al2O3 Fe2O3 CaO MgO SO3 Na2O K2O TiO2 MnO P2O5 

Crushed ceramic 54.97 14.28 4.77 11.14 3.36 2.07 1.27 3.08 0.55 0.06 0.17 
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Table 3. Results of sieve analysis test for different types of aggregate. 

Sieve Size (mm) 19 16 9.5 4.75 

Basalt 

% passing 

98.34 91.45 70.23 34.71 

Crushed marble 40.76 26.01 9.55 0.24 

Crushed concrete 42.80 28.05 11.58 1.66 

Crushed ceramic 23.68 13.38 2.63 0.17 

 
Table 4. Chemical composition of fly ash. 

Sample SiO2 Al2O3 Fe2O3 CaO MgO SO3 Na2O K2O 

Fly Ash 58.34 35.95 3.59 2.62 1.13 0.2 0.2 0.85 

3.1.4. The Ground Granulated Blast Furnace Slag (GGBS) 
GGBFS is an industrial by-product which results from rapid water cooling of 
molten steel as shown in Figure 5. Ground granulated blast furnace slag mate-
rials have been composed of amorphous constituents. Figure 6 shows XRD of 
the slag. This material has favorable properties for cement industry as they are 
both relatively inexpensive and highly resistant to chemical attack. Table 5 
shows the chemical composition of a slag with a specific gravity 3.2 that is avail-
able in Iron and Steel Factory and supplied from Helwan Governate. 

3.1.5. Activator Solution 
The utilized alkaline activator in this study was made as result of the combina-
tion of sodium silicate and sodium hydroxide solution. However, the activator 
that was made as a combination of the sodium silicate solution (Na2O = 12.6%, 
SiO2 = 29.39%, water = 57% by mass) and sodium hydroxide (NaOH) in flakes 
or pellets-shape with 99% purity was prepared according to the reference. 

3.1.6. Super Plasticizer 
The current research used super plasticizer to reduce the early setting time of the 
concrete, the matter which in turn improves the mechanical behavior of GPC. 
For the work needs, the study used a high Range Water Reducing (HRWR) po-
lymer-based super-plasticizer Naphthalene Sulfonate (BVS) that is supplied 
from CMB. Also, super plasticizers of 2% weight from binder were added. Table 
6 shows the characteristics of the used admixture. 

3.2. Testing Method 
3.2.1. Strengths Measurements 
The hardening of concrete was accessed from this test using cube specimens of 
100 × 100 × 100 mm size. Figure 7 shows casting and testing of cube specimens 
ASTM: C109/C109M-13. 

The research obtained the splitting tensile strength from the cylindrical spe-
cimen of diameter 150 mm and 300 height. Figure 8 shows the casting and test-
ing of cylinder specimens [33]. 
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Figure 5. Ground granulated blast furnace slag sample. 

 

 
Figure 6. XRD of slag. 
 

 
Figure 7. Casting and testing of cube specimens. 
 

 
Figure 8. Casting and testing of cylinder specimens. 
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Table 5. Chemical composition of slag. 

Sample SiO2 Al2O3 Fe2O3 CaO MgO SO3 Na2O K2O 

Fly Ash 37.83 10.4 0.48 34.44 4.47 1.61 0.93 0.43 

 
Table 6. Properties of superplasticizer. 

Properties Measured values 

Color Brown 

Specific gravity 1.15 

Density (at 20˚C) 1.2 kg/liter 

Shelf life (month) 12 

3.2.2. Water Absorption 
Water absorption feature of geopolymer concrete plays a significate role for du-
rability. The test was performed to evaluate the water absorption of geopolymer 
with different type of aggregate. In the test, the specimens of compressive 
strength and change in mass were 100 × 100 × 100 mm cubes of geopolymer 
concrete. Specimens for each test were prepared to change the mass average re-
sult of each specimen.  

Test Procedure 
The specimens that were used in the test were oven-dried at 1050˚C for 24 

hours. After the oven-drying, the specimens were immersed in water for another 
24 hours. Absorption of geopolymer concrete with different aggregate was 
measured by evaluating the difference in weight of specimen after both the com-
pletion of the oven-drying process at 1050˚C, and immersion in water [34]. 

3.2.3. Permeability of Geopolymer Concrete 
The specimens were tested with permeability machine as shown Figure 9. The 
specimens were placed in the apparatus and a water pressure of (500 ± 50) Kpa 
was applied for 72 hours. The specimens were exposed to water pressure from 
one side after 28 days, then permeability factor and high water in side of the 
cupe were evaluated [35]. 

3.2.4. X-Ray Diffraction (XRD) 
The present study adopted powder method of X-ray diffraction. For this me-
thod, a Philips diffractometer PW 1730 with X-ray source of Cu kα radiation (λ 
= 1.5418 Å) was used. The scan step size was 2θ, the collection time was 1 s, and 
in the range 2θ from 5˚C to 65˚C. The current and X-ray tube voltage were fixed 
at 40 KV and 40 mA respectively [36]. 

3.2.5. SEM Examinations 
The paste samples were examined by SEM to show the morphology of these ma-
terials. The Scanning Electron Microscope (SEM), model quanta 250 FEG (Field 
Emission Gun) are attached to EDX unit (Energy Dispersive X-ray Analyses), 
accelerating voltage of 30 KV. They are also with a magnification power 14× up  

https://doi.org/10.4236/jmmce.2019.75023


S. Y. Megahed et al. 
 

 

DOI: 10.4236/jmmce.2019.75023 338 J. Minerals and Materials Characterization and Engineering 
 

 
Figure 9. Permeability machine. 
 
to 1,000,000 and resolution for Gun.1n, FEI Company, Netherlands. To study 
the specimen’s morphology without any coating, Backscattered electron detector 
(BSED) imaging was used [37]. 

3.2.6. Near Infrared Spectroscopy IR 
Near Infrared Spectroscopy is a very sensitive tool for investigating the state of 
water in different systems. This tool is also used in cementing systems to inves-
tigate if hydration cements could pave the way for a future utilization in order to 
evaluate and compare this evolution among hydrating cementing systems. 
Therefore, the effect of additives on hydration kinetics can be estimated. Simi-
larly, the quality of products can be examined. As this technique is regarded as 
an innovative one, other techniques have been used to compare and to confirm 
the effective validity of the results. 

The NIR Spectrometer was a FT-MPA Bruker Optics; the reflection sphere 
sampling method was used to perform all the measurements. Specimens were 
prepared inapposite flat-bottomed glass vials; a weighed amount of cement was 
placed inside the vial. Then demineralized water was added with a pipette and 
mixed with a Vortexshaker. In order to guarantee a high reproducibility in the 
preparation of the samples, both mixing time and rate were kept constant for all 
the samples. Vials were then stored in a climatic room (T = 20˚C and relative 
humidity [95%]) to the point they reached the desired age. After that, the vial 
was broken and the cylinder-shaped cement sample was extracted. This sample 
was then cut in the middle and the NIR measurement was performed on the in-
ternal surface. All these precautions were taken so it would be possible to have a 
sample representative of the bulk of the specimen. Regarding the chemical tests, 
they were performed in National Research Center in Egypt [38] [39] [40] [41] [42]. 

3.3. Curing Water 

Geopolymer concrete treatment was done using curing in potable water and sea 
water. The treatment lasted for 28 days, then an immersion in different water 
environments (potable water & sea water from the Qaroun Fayoum Lake) took 
place. The chemical analysis of Qaroon Lake water is given in Table 7. 

Mix properties 
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Table 7. Chemical analysis of Qaron’s lake water. 

Content Quantity Content Quantity 

Density (gm/cm3) 1.025 Sulfates (g/l) 9.712 

Soluble salts (g/l) 35.438 Chlorides (g/l) 12.985 

Ions - Calcium ions (g/l) 0.500 

Carbonates (g/l) 0.030 Magnesium (g/l) 1.325 

Bicarbonates (g/l) 0.305 Sodium (g/l) 10.109 

Others 0.472   

 
Table 8 shows mixed properties, ratio that varies from sand to coarse aggre-

gate (1:2). The table also shows 2% of super plastizer from total binder. The used 
alkaline activator has been formulated based on the combination of sodium sili-
cate and sodium hydroxide solution. The laboratory experience stated that the 
ratio of sodium silicate solution-to-sodium hydroxide solution was taken as 
2.33:1 by mass, 12 ml concentration of Sodium hydroxide solution. Both fine 
aggregate and coarse aggregate were mixed and a small proportion of water, 10% 
of the cementitious material (fly ash), was added. Then the alkaline activator so-
lution and fly ash were added to the wet mixture. For a proper bonding, the 
mixing lasted for4 to 5 minutes. After the mixing took place, specimens were 
poured by giving the proper compaction. Four mixes were immersed in sea wa-
ter (SW) and tab water (PW) for 60 days after curing. It was observed from the 
past studies that the quantity of the total binder was 450 kg/m3 (80% fly ash and 
20% slag). 

4. Results and Discussion 
4.1. Compressive Strength 

Table 9 and Figure 10 showed that geopolymer concrete used in crushed marble 
has a higher compressive strength than other mixes in salt water. Geopolymer 
concrete with basalt was used as a controlling specimen to compare its compres-
sive strength with recycled aggregate geopolymer concrete. It is proved that salt 
water influences the strength of geopolymer concrete. Figure 10 points at the 
increases in compressive strength of geopolymer throughout 60 days when im-
mersed in tab water. The figure also shows how this increasing behavior is re-
flected up throughout 90 days. For controlling the specimen at the 28th day, the 
compressive strength of the concrete was immersed in sea water, 46.3 N/mm2, 
yet it increased drastically from 50.67 N/mm2 on the 56th day to 55.3 N/mm2 on 
the 90th day. 

According to the above, it is proved that the geopolymer concrete in sea water 
is more resistant than in tab water.  

4.2. Split Tensile Strengths 

Split tensile strengths for various mixes were obtained from the cylinder specimens  
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Figure 10. Comparison for compressive strength with different aggregate in geopolymer 
concrete with different water environments. 
 
Table 8. Mix properties of different coarse aggregate in geopolymer concrete. 

Mix 
Aggregate 

type 
Fly ash 
(kg/m3) 

Slag 
(kg/m3) 

CA 
(kg/m3) 

Fine 
aggregate 
(kg/m3) 

Activator 
solution 

(ratio/binder) 

Sodium 
silicate 
(kg/m3) 

Sodium 
hydroxide 

12 M (kg/m3) 

M1 Basalt 360 90 1133.13 566.56 0.38 119.7 51.3 

M2 
Crushed 
concrete 

360 90 1081.94 540.97 0.4 126 54 

M3 
Crushed 
marble 

360 90 1133.63 566.8 0.37 116.55 49.95 

M4 
Crushed 
ceramic 

360 90 951.6 475.79 0.43 133 57 

 
Table 9. Compressive strength for different types of coarse aggregate in geopolymer con-
crete. 

Mix sample 
Type of 

aggregate 

Compressive strength (N/mm2) 
Type of 

immersed water 7 Age 
(days) 

28 Age 
(days) 

56 Age 
(days) 

90 Age 
(days) 

M1 Basalt 
21.0 44.8 49.08 47.08 potable water 

21.0 46.3 50.67 55.3 Sea water 

M2 
Crushed 
concrete 

13.1 39.0 42.5 38.17 potable water 

13.1 41.9 44.09 44.6 Sea water 

M3 
Crushed 
marble 

23.0 47.8 51.7 49.5 potable water 

23.0 52.3 54.05 58.2 Sea water 

M4 
Crushed 
ceramic 

10.7 28.5 43.7 41.8 potable water 

10.7 31.8 44.3 48.3 Sea water 

 
on the 28th day with a replacement of coarse aggregate. A similar trend like 
compressive strength was also noticed in case of the split tensile strength on the 
28th day. Figure 11, Table 10 show that the used geopolymer concrete in 
crushed marble has higher split tensile strength than other mixes. Geopolymer  
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Figure 11. Comparison for split tensile strength with different aggregate in geopolymer 
concrete. 
 
Table 10. Split tensile strength for different types of coarse aggregate in geopolymer con-
crete. 

Mix sample Type of aggregate Splitting tensile strength at 28 days (N/mm2) 

M1 Basalt 
4.39 potable water 
4.41 Sea water 

M2 Crushed concrete 
3.7 potable water 

3.75 Sea water 

M3 Crushed marble 
4.9 potable water 

5.18 Sea water 

M4 Crushed ceramic 
2.54 potable water 

2.67 Sea water 

 
concrete with basalt that was used as a controlling specimen recorded 4.39 
N/mm2 to compare its split tensile strengths with recycled aggregate geopolymer 
concrete which was increased by 15.7% and 42.1% for both crushed concrete and 
crushed ceramic, and decreased by 11.62% for crushed marble which curing by 
potable water. 

4.3. Mineralogical Composition 
4.3.1. Scanning Electron Microscopy for Different Coarse Aggregate  

(SEM) 
The SEM-photographs and digital photos of geopolymers are displayed in Fig-
ure 12. Figures (a)-(c) obviously show SEM at two magnification scales as well 
as (5 & 50 µ) digital photos of crushed concrete, crushed marble and crushed 
ceramic (from top to bottom). The SEM-photographs and digital photos showed 
that the pores’ content and sizes decrease with marble content and W/CA ratio.  
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(a) 

 
(b) 

  
(c) 

Figure 12. SEM-photographs and digital photos of different aggregate of geopolymers. 
(a) Crushed concrete; (b) Crushed marble; (c) Crushed ceramic. 
 
It was observed that pores’ size in ceramic and concrete is large compared to 
marble due to the high level of microstructure formation. Accordingly, both the 
positive impact of chemical compassion of marble with fly ash and slag, and the 
enhancement of pores formation were confirmed. The results of compressive 
strength, porosity, and SEM-photographs are harmonious with each other. From 
ecological science perspective, the used technique in this work is a CO2 emis-
sion-free technique. Also, in this work, geopolymer binder is used as main pre-
cursor in the production of thermally insulating materials instead of Portland 
cement (which strongly contributes in global warming Potential).  

4.3.2. Microstructure of Different Aggregate Base Geopolymer (Infrared  
Analysis (IR)) 

Figure 13 showed the near-, mid-, and far-infrared (IR) spectra of synthetic,  
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Figure 13. IR spectra of fly ash and slag based geopolymer with different coarse aggre-
gate. 
 
single-phase calcium silicate hydrate (C-S-H) were analyzed to study the struc-
ture of the hydrates and provide new significant insights into their H2O and OH 
environments. The C-S-H had Ca/Si (C/S) ratios of 0.41 - 1.85, 1.4 nm tobermo-
rite, 1.1 nm tobermorite, and jennite. The main mid-IR bands occurred at 950 - 
1100, 810 - 830, 660 - 670, and 440 - 450/cm consistent with single silicate chain 
structure. In the near-IR region, the combination band at 4567/cm due to Si-OH 
stretching plus O-H stretching decreased in intensity and was absent at C/S 
greater than approximately 1.2. In the far-IR region, the C-S-H samples with C/S 
greater than approximately 1.3 increased the absorption intensity at approx-
imately 300/cm. 

The mid-, close to-, and some distance-infrared (IR) spectra of synthetic, sin-
gle-phase calcium silicate hydrates (C-S-H) with Ca/Si ratios (C/S) of 0. Forty 
one—1.85, 1.4 nm tobermorite, 1.1 nm tobermorite, and jennite confirm the si-
milarity of the structure of these phases and provide vital new perception into 
their H2O and OH environments. The predominant mid-IR bands arise at 950 - 
1100, 810 - 830, 660 - 670, and 440 - 450 cm−1, consistent with unmarried silicate 
chain systems. For the C-S-H samples, the mid-IR bands trade systematically 
with increasing C/S ratio, regular with reducing silicate polymerization and with 
an increasing content material of jennite-like structural environments of C/S ra-
tios > 1.2. The 950 - 1100 cm−1 institution of bands due to Si-O stretching shifts 
first to decrease wave quantity due to reducing polymerization after which to 
higher wave numbers, in Figure 13, it is proven that the beaten marble shits to 
better wave wide variety and lower choices compared by way of crushed ceramic 
and concrete because of extra polymerization in marble. The 660 - 670 cm−1 
band due to Si-O-Si bending broadens and reduces in depth for samples regular 
with depolymerization and decreased structural order in figure shown that the 
beaten marble decrease choices as compared by means of overwhelmed ceramic 
and urban due to more polymerization and increases in depth of marble. 
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The close to-, mid-, and some distance-infrared (IR) spectra of synthetic, pro-
vide the idea for a greater whole structural version for this form of C-S-H, that is 
defined calcium silicate hydrate (C-S-H) have been analyzed to have a look at 
the shape of the hydrates and offer new big insights into their H2O and OH 
environments. The C-S-H had Ca/Si (C/S) ratios of 0.41 - 1. The major mid-IR 
bands befell at 950 - 1100, 810 - 830, 660 - 670, and 440 - 450/cm regular with 
single silicate chain structure. In the close to-IR region, due to Si-OH stret-
ching plus O-H stretching decreased in depth in the long way-IR location, the 
C-S-H samples accelerated the absorption intensity at approximately three 
hundred/cm. That indicted the marble is extra polymerization more than other 
concrete [38] [39] [40] [41] [42]. 

4.3.3. X-Ray Diffraction XRD 
The X-ray diffraction XRD was used to study the transformation in crystalli-
nityof geopolymer source materials (GSMs) after treatment with distinctive 
amounts of sodium silicate Figure 14. At the day 28, XRD patterns show the 
presence of the primary materials of the beginning raw material which in-
cludes calcite, quartz, and mullite in addition to hydration products and an 
amorphous geopolymer. For the geopolymer end products, the large hump 
shows that there is amorphous geopolymer shaped. An extensive hump be-
tween 18˚ and 36˚ 2θ is the representative form of amorphous geopolymers. 
Regarding the length of the extensive hump between 18˚ and 36˚ 2θ for Mar-
ble, there may be a growth in the length of the extensive hump in case of blend 
which comprises Marble that is similar to the formation of hydration product 
which includes C-S-H (Calcium silicate hydrate). The presence of C-S-H im-
proves the mechanical houses. These results match previous effects received 
from compressive strength. 
 

 
Figure 14. XRD patterns for the starting raw material at 28 days (M: Mullite, Q: Quartz, 
A: Amorphous geopolymer, C: Calcite, C-S-H: Calcium silicate hydrate). 
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4.4. Permeability of Geopolymer Concrete with Different  
Aggregate 

In this examination, to study the permeability of geopolymer concrete with dif-
ferent types of aggregate, four different samples were prepared; basalt, crushed 
concrete, crushed marble and crushed ceramic respectively. Figure 15 demon-
strates the permeability factor of geopolymer concrete with basalt concrete 
which was 0.605 × 10−6, yet decreased by 25.6% and 131.4% for crushed concrete 
and crushed ceramic; however, it increased by 14.9% for crushed marble as 
shown in Table 11. Figure 16 shows High of water in all samples, Figure 17 
shows permeability sample with different types of aggregate. 

To calculate permeability factor let parameter in equation: 
 

 
Figure 15. Permeability of all samples. 
 

 
Figure 16. High of water in all samples. 
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Figure 17. Permeability sample with different type of aggregate. 

 
Table 11. Permeability factor for sample with different type of aggregate. 

Mix sample 
Type of 

aggregate 
Notation 

Water high of 
sample cm 

Permeability 
factor mm/s 

Standard 
classification 

M1 Basalt 
M1-1 6.3 0.59 × 10−6 

impermeability 
M1-2 6.8 0.62 × 10−6 

M2 
Crushed 
concrete 

M2-1 6.5 0.75 × 10−6 
impermeability 

M2-2 7.1 0.77 × 10−6 

M3 
Crushed 
marble 

M3-1 5.23 0.51 × 10−6 
impermeability 

M3-2 5.81 0.52 × 10−6 

M4 
Crushed 
ceramic 

M4-1 7.1 0.10 × 10−5 
low permeability 

M4-2 7.67 0.18 × 10−5 

 

permeability factor mm sCc H
T A P

×
=

× ×
 

where: 
Cc: volume of water in pipe customization throw 72 hr∙cm3; 
H: high of sample; 
T: time by second; 
A: area exposes to water pressure; 
P: water pressure by cm (5 - 6) bar;  
For basalt geopolymer concrete: 
Sample M1-1: 

( )
6

1370 15 10permeability factor K1 for
225 72 60 60 6 1000
0.59 10 mm s−

× ×
=

× × × × ×
= ×

 

where: 
Cc: 1370 cm3, H: 15 cm, A: 15 × 15 cm2, T: 72 hr, P: 6 bar (5 - 6) bar; 
Sample M1-2: 
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( )
6

1450 15 10permeability factor K1 for
225 72 60 60 6 1000
0.62 10 mm s−

× ×
=

× × × × ×
= ×

 

where: 
Cc: 1450 cm3, H: 15 cm, A: 15 × 15 cm2, T: 72 hr., P: 6 bar (5 - 6) bar. 
For crushed concrete geopolymer concrete: 
Sample M2-1: 

( )
6

1750 15 10permeability factor K2
225 72 60 60 6 1000
0.75 10 mm s−

× ×
=

× × × × ×
= ×

 

where: 
Cc: 1750 cm3, H: 15 cm, A: 15 × 15 cm2, T: 72 hr, P: 6 bar (5 - 6) bar.  
Sample M2-2: 

( )
6

1800 15 10permeability factor K2
225 72 60 60 6 1000
0.77 10 mm s−

× ×
=

× × × × ×
= ×

 

where: 
Cc: 1800 cm3, H: 15 cm, A: 15 × 15 cm2, T: 72 hr, P: 6 bar (5 - 6) bar.  
For crushed marble geopolymer concrete: 
Sample M3-1: 

( )
6

1190 15 10permeability factor K3
225 72 60 60 6 1000
0.51 10 mm s−

× ×
=

× × × × ×
= ×

 

where: 
Cc: 1190 cm3, H: 15 cm, A: 15 × 15 cm2, T: 72 hr, P: 6 bar (5 - 6) bar. 
Sample M3-2: 

( )
6

1210 15 10permeability factor K3
225 72 60 60 6 1000
0.52 10 mm s−

× ×
=

× × × × ×
= ×

 

where: 
Cc: 1210 cm3, H: 15 cm, A: 15 × 15 cm2, T: 72 hr, P: 6 bar (5 - 6) bar.  
For crushed ceramic geopolymer concrete: 
Sample M4-1: 

( )
5

2430 15 10permeability factor K4
225 72 60 60 6 1000
0.10 10 mm s−

× ×
=

× × × × ×
= ×

 

where: 
Cc: 2430 cm3, H: 15 cm. A: 15 × 15 cm2, T: 72 hr, P: 6 bar (5 - 6) bar. 
Sample M4-2: 

( )
5

2750 15 10permeability factor K4
225 72 60 60 6 1000
0.18 10 mm s−

× ×
=

× × × × ×
= ×
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where: 
Cc: 2750 cm3, H: 15 cm. A: 15 × 15 cm2, T: 72 hr., P: 6 bar (5 - 6) bar. 

4.5. Absorption Percentage of Geopolymer Concrete with  
Different Types of Aggregate 

Water absorption of the geopolymer concrete plays an important role for the 
durability of the structure. Ingress of water deteriorates concrete and in rein-
forced concrete structure. Table 12 shows Weight before sub-margin, Weight 
after submerge in water for 24 hours. The result demonstrates that water absorp-
tion of geopolymer concrete with basalt aggregate was, 45%, then decreased by 
11.1% and 44.4% for crushed concrete and crushed ceramic. It also increased by 
21.11 for crushed marble as shown in Table 12, Figure 18. 

W2 W1% absorption
W1
−

=  

where: 
W1: Weight before sub-margin; W2: Weight after submerge for 24 hr. 
For basalt geopolymer concrete: 
Sample M1-1: 

 

 
Figure 18. Water absorption of geopolymer concrete with different aggregate. 
 
Table 12. Mix samples for absorption. 

Type of aggregate Notation 
Weight before 

Submargin (W1) 
Weight after 

Submargin (W2) 
% absorption 

Basalt 
M1-1 8.495 8.532 0.44% 

M1-2 8.499 8.538 0.46% 

Crushed concrete 
M2-1 8.348 8.391 0.52% 

M2-2 8.275 8.315 0.48% 

Crushed marble 
M3-1 8.873 8.905 0.36% 

M3-2 8.899 8.930 0.35% 

Crushed ceramic 
M4-1 8.136 8.190 0.66% 

M4-2 8.168 8.220 0.64% 
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8.532 8.495% absorption 0.44%
8.495
−

= =  

Sample M1-2: 

8.538 8.499% absorption 0.46%
8.499
−

= =  

For crushed concrete geopolymer concrete: 
Sample M2-1: 

8.391 8.348% absorption 0.52%
8.348
−

= =  

Sample M2-2: 

8.315 8.275% absorption 0.48%
8.275
−

= =  

For crushed marble geopolymer concrete: 
Sample M3-1: 

8.905 8.873% absorption 0.36%
8.873
−

= =  

Sample M3-2: 

8.930 8.899% absorption 0.35%
8.899
−

= =  

For crushed ceramic geopolymer concrete: 
Sample M4-1: 

8.190 8.136% absorption 0.66%
8.136
−

= =  

Sample M4-2: 

8.220 8.168% absorption 0.64%
8.168
−

= =  

5. Conclusions 

This experimental study examined the impact of sea water on recycled coarse 
aggregate, which is obtained from the materials’ waste, on both hardness and 
durability of the geopolymer concrete. Main conclusions derived based on the 
present study could be summarized as follows: 

1) Geopolymer concrete in salt water has higher compressive strength than 
geopolymer concrete in potable water. This matter proves that geopolymer con-
crete is durable in marine environment since there is abundance of Na+ in sea 
water. The maximum value of compressive strength at 90 days for geopolymer 
concrete utilized crushed marble in salt water increased percentage than geopo-
lymer concrete utilized crushed marble in potable water by 14.86%.   

2) Geopolymer concrete reaches its strength at higher rate in early stages (7 
days age), and reaches a ratio of about 55 to 65 % of the compressive strength at 
28 days. 
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3) Geopolymer concrete utilized in crushed marble has higher compressive 
strength than other mixes, increasing percentage by 5%, 23,37% and 17% for 
basalt, crushed concrete and crushed ceramic . 

4) The presence of sodium in crushed ceramic improves compressive strength. 
5) Permeability and water absorption for geopolymer concrete with marble 

have better durability than other mixes. 
6) Geopolymer concrete with crushed marble has an excellent quality in hy-

draulic buildings and buildings under water such as dams, tanks, channels, pier 
and bridges. 
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