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Abstract 
 
This work investigated cement mortars with Nano- SiO2 in terms of features. 

It also analyzed the mechanical features of cement mortars after adding 

Nano-SiO2. Nano SiO2 could react with cement to produce new strong 

bonds to strengthen the concrete. First, hydrophobic Nano SiO2 (HPS) was 

added to the cement mortars by 0.2, 2.5, 3, 3.5, and 4 wt.% for mixes (M2-

M6). Then, the same amounts of hydrophilic Nano SiO2 (HLS) were added 

to mixes (M7-M11). The results indicate that 2.5% of HLS gave the greatest 

strength which relies on the chemical and physical HLS manufacturers. The 

HPS was converted into HLS by exposing the sample to a high temperature 

about (1000 ±2) C0 to break down the monolayer organic chain covering the 

Nanoparticles. This was to produce high-performance concrete. Mechanical 

and chemical methods were used to manufacture HLS from waste materials. 

These materials are compared with the silica extracted in its ideal condition 

(commercial) consisting of 99.1% SiO2.The addition of 2.5% wt. HLS 

(commercial) containing 99.1% SiO2 increased the mortar strength by 100%. 

However, with the addition of 2.5% wt Nano waste ceramic (HLCPS), which 

includes 65% SiO2, the mortar is stronger than the reference mix by 60%.  

Also, it the addition of 2.5% wt  strengthen the mortar by 80%. The Nano 

silica is a synthesis of barley wastes (HLBGS), Nano SiO2 by HNO3 acid 

10% w/v, and 80% SiO2.SiO2 reacted with calcium hydroxide formed from 

calcium silicate hydration. The pozzolanic reaction was proportional to the 

surface area available for reaction. This work attempted to test the effects of 

the addition of Nanoparticles on cement mortars and to compare (HLS) and 

(HPS) effects on enhancing the compressive strength of the concrete mortar. 
Journal of Green Engineering, Vol. 10_7, 3983–4005. 
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It also aimed to examine the physical and chemical manufacturing features of 

Nanoparticles from waste materials.    

 

Keywords: Hydrophobic silica, Hydrophilic silica, Nano-SiO2, Mortar, 

Waste barely, Nano-ceramic. 

 

1 Introduction 
 

The general ingredients of concrete mortar are cement, fine aggregate 

and, water. They are mixed to obtain cement mortars and are hydrated. 

Mortars are used for building work, plastering in brickwork, block working, 

and stone working. Nanoparticles are used in different applications and have 

received specific attention in the manufacturing of materials with new 

functionalities. They are integrated into concrete mortars with excellent 

characteristics compared with conventional materials. These cementitious 

materials (Nanoparticles) can be mixed with cement mortars depending on 

the performance and the bond strength. These particles enter the interfacial 

zone between the sand and cement [1, 2]. 

Nanotechnology is used to make concrete denser. The density increases 

when compared with no Nanoparticles concrete. When nanometer-sized 

grains between particles are filled with Nanoparticles, the concrete becomes 

denser and more durable than the conventional counterparts. When the pores 

of the concrete are filled with nanomaterial, the mechanical properties and 

durability of concrete improve [3, 4]. 

The HPS acquired by adjusting the surface of Nano silica has been 

applied in different industries, such as thermosetting plastics, silicone rubber, 

traditional coatings, and many other productions [5, 6]. When more HPS is 

added, the cement mortar porosity increases [7]. 

The compressive strength seems to be a proper factor to establish the 

general porosity of HCP since it decreases with the whole porosity decrease. 

However, the structure and quantity of C-S-H and the pore distribution can 

influence the overall porosity [8-10]. 

The monolayer organic chain is wrapped around the Nano silica to 

prevent water from entering the pores. All the bonds have energy and are 

broken at a specific temperature. The organic chain contains carbon, 

hydrogen, and oxygen atoms. When the flying carbon atoms disintegrate, the 

bonds connect with each other and the materials are converted from 

hydrophobic into hydrophilic. Fumed silica (Aerosol) consists of tiny 

particles of amorphous SiO2 core with a hydroxylated surface; both of which 

are water insoluble. 
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The effectiveness of these materials is significantly dependent on Nano 

sized solid particles. SiO2 nano-particles could bridge the gap between 

particles of gel of C-S-H, acting as a Nano-filler. Furthermore, with the 

reaction of the pozzolanic with calcium hydroxide, the quantity of C-S-H 

improves, resulting in highly dense concrete. This density adds more strength 

and durability to the material. Nano-silica particles impact C3S hydration. 

When comparing Nano-silica with fumed silica over a set period of time, 

bleeding and segregation decrease in the mortar and the cohesiveness of the 

mixtures improves [11, 12]. 

The current study aimed to examine the influence of the physical and 

chemical features of Nano-SiO2 on cement mortars produced from waste 

material compared with the local commercial Nano-silica. The study also 

attempted to assess the conversion of the hydrophobic into hydrophilic Nano-

silica effects on the features of the cement mortar in mechanical terms. 

Furthermore, this work studied the mechanicals and microstructure properties 

such as compressive strength, flexural strength, loss of ignition, and water 

absorption. It also applied the flow test, BET, XRD, XRF, and FESEM of the 

prepared mixture.  

 

1.1 Manufacture HLS from Ceramic Powder [HLCPS] 
 

In the production of ceramics, nearly 15%-30% of the materials are 

wasted. Today, this waste is not recyclable at all, although it is durable, solid, 

and can resist degradation forces biologically chemically, and physically 

[13]. 

For a long period of time, high-energy ball milling has been involved in 

the production of ultra-fine powders of Nano and submicron sizes. Applying 

severe and intense mechanical influences on the solid surfaces could alter the 

physics and chemistry   of the surface of the solid. In general terms, these 

impacts in solids are called as the mechanochemical effects. This method is 

utilized to synthesize inorganic materials in the modern day because of its 

advantages, such a lower sintering temperature [14]. 

The Nanoceramic was obtained by grinding waste ceramic using a 

miller.   The grinding processes continue until the particle size becomes 

No.200 sieve (75µm). After that, 100 g with (5 ceramic ball size ½ inches, 10 

ceramic balls ¼ inches and 10 ceramic balls smaller than ¼ inch) was put in 

a device that was operated at a speed of 1250 rpm. The operation of the 

device continued, for 5 hours, until the sound of ceramic balls falling in the 

middle of the cylinder was heard. Then, the cylinder container with ball and 

powder was p    n an o  n a         o     o   . T   p o       o     n  n  

were repeated and the container cylinder was put in a dry oven for 50 hours. 
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Figure 1: ball mill machine 

 

1.2 Synthesis HLS from Iraqi Barely Waste (HLBGS) 
 

All the chemical materials are used from nature and laboratories directly 

without any purification. The barley main contents are highly organic 

components with a high amount of silica [15].   

The materials are HNO3 and deionized water. The barley waste was 

collected from Mosul city, Iraq. The other substances and kits of this study 

were found in the environmental laboratory of the Northern Technical 

University in Mosul. 

According to Augustine et.al [15], the HLBGS synthesis depends on the 

acidic treatment of the waste barley grains. The grains were washed using 

distilled water to remove the soil particles.  

For a period of 24 hours and  n     o  n a       , t    ampl           n 

     . T   n       p  a     n  n       ampl  an   o l        om      ampl  

 n     ml o   a            H     o      o   . W    ma n             a      

 pm a           n       on  n         Hno   a  kept over 24 hours. The acid 

is isolated from silica into 2 layers. When the waste barley treatment settled 

beneath and the acid at the top, the solution was removed from the top layer 

while maintaining the silica at the bottom and replacing it with hot d    ll   

 a   . T    ampl   a  l     o    ola  on an      p o      a    p a    mo   

  an   n   m    n  l     pH  al      am        n    –   . I   a  p    n     

o  n  o     o    a         o   y      ol   on an  p        ampl   n        na   

a         o     ours to obtain the Nano silica. The total of 38g of HLBGS 

was from 50 g barley grain powder. 
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Figure 2:  Procedure manufacture HLBGS 

 

2 Experiment 
 
2.1 Materials 
 
2.1.1 Cement (O.P.C)  
 

The type of the study cement was ordinary Portland (Al-Mass company). In 

terms of physics and chemistry, Technische Universität München/department 

of inorganic chemistry suppled the composition as in tables 1a, 1b, and 1c. 

also shown in figure 3 particle size distribution of cement. 
Table 1a: Chemical composition of Portland cement 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            

 
*determined by the thermogravimetry 

Chemical compounds Wt % 

C3S , 49.68 

C2S , 33.12 

C3A, c 5.21 

C3A , o 0.09 

C4AF, o 4.92 

Free lime ( Rietveld) 0.23 

Free lime ( Franke) 1.29 

Periclase 1.52 

Anhydrite 0.09 
*
Hemlhydrate

 
0.4 

Dihydrate 0.00 

Calcite 0.82 

Quartz 0.09 

Portlandite 2.47 

Dolomite 0.07 

Sum 100.00 
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As shown in table (1a), the Orthorhombic C3A (sometimes called alkali-

aluminate) is formed when alkalis (particularly Na) is incorporated into the 

C3A crystal lattice. This occurs when there is an excess of alkalis over 

sulphur in the raw materials (incl. fuel ash and waste streams)  

Orthorhombic C3A is more reactive than its cubic counterpart and, if too 

much orthorhombic C3A is present, this can cause problems with setting 

times and workability. Thus, orthorhombic C3A forms ettringite faster and 

increases the stiffness of the paste i.e. it increases water consistency with 

orthorhombic C3A. 

In order to verify the low contents of the sulfates, the initial set of cement 

is determined according to ASTM C191 (table 1b) [16] with a Vicat needle 

apparatus. The results are summarized in table (1b) below:  
Table 1b:  Setting time 

Initial setting  1 hr 49 min 

Final setting  3 hr 32 min 

 

Table 1c: Physical properties of the cement 

Property  Unit Value 

Specific surface area 

(Blaine)  

cm
2
/g 3.556 

D10 Value  µm 1.09 

D50 Value  µm 16.69 

D90 Value  µm 54.71 

Density  g/cm
3
 3.18 

 

 

Figure 3: Particle size distribution of cement 
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2.1.2 Aggregate 
 

The study employed existing natural fine and coarse aggregates and 

tables 2a and 2b show their features.  

 
Table 2a: Grading of fine aggregate 

Sieve size  

(mm) 
    Percentage passing 

Limit of specification (IS 383 

:1980) 

9.5 100 100 

4.75 99 95-100 

2.36 95 80-100 

1.18 82 50-85 

0.6 57 25-60 

0.3 23 5-30 

0.15 3 0-10 

 

Table 2b: properties of fine aggregate 

Property Unit Value 

Bulk Specific gravity  …….. 2.61 

Absorption  % 0.65  

 

2.1.3 Nano-silica  
  

2.1.3.1 Hydrophobic Silica Nanoparticles (HPS) 
 

 The size of the particles is 20-30nm, <100nm, 99.1% 

 The particles are hydrophobic (water repellent) silica. They are 

produced from the chemical reaction of the hydrophilic fumed silica reactive 

silanes such as chlorosilanes or hexamethyldisilazane amine oxide. They are 

not water dispersed.  

 This product is characterized by lower moisture absorption, good 

dispersion, rheology, and polar system regulation.  

  
Table 3: HPS properties 

Property Value 

Surface area (m
2
/gm)  200 ± 50  

Particle size  (nm) 20-30 

Melting point or range >2000 °C (>3632 °F) 

Boiling point or range 2980 °C (5396 °F) 

pH-value at20°C (68°F) 6 

Solubility in / Miscibility with Water Insoluble. 

Surface modification Monolayer organic 

chain, Hydrophobic 

oleophilic 
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2.1.3.2 Hydrophilic Silica Nanoparticles 
 
2.1.3.2.1 Commercial Nano Silica (HLS) 
 

 The size of the particles is 20-30nm, <100nm, 99.1%, and shows 

superfluidity. 

 It is water repellent liquid phase silica produced form the 

hydrolysis of a volatile chlorosilanes in the flame of oxyhydrogen. 

 Its synthesis is silica as a white powder of high purity amorphous 

silica. It moistened with (and dispersed in) water and its surface is not 

untreated. 

 The silica is characterized by being a high reactive pozzolana 

produced for some uses. Fumed silica is synthesized from the silicon 

Tetrachloride vapour phase hydrolysis in a hydrogen-oxygen flame. The 

reactions are: 

                                                                                    (1)       

                                                               (2) 

Overall reactions are 

                                   (3) 

The combustion makes silicon dioxide molecules, which are condensed 

to particles. There are many used of fumed silica such as pharmaceuticals, 

paints, adhesives and sealants, plastics, rubber, and ink. HLS properties are 

shown in table (4). Nanoparticles are more affected when the small particle 

size and a high amount of surface area are used [11].  
Table 4: HLS properties from company manufacture Emeishan Changqing New 

Material Co., Ltd. 

Property Value 

SiO2 content  99.1 % 

Surface area  (m
2
/gm ) 190 

Particle size  (nm) 20-30 

Melting point/Melting range >2000 °C  

Retaines on 325 sieve(45 um) 0.009 

Solubility in / Miscibility with water Soluble 

Specific gravity 2.4 

 

2.1.3.2.2 Nano Ceramic Powder (HLCPS) 
 

The ceramic powder passing from 75 µm and using the ball mill in the 

Northern Technical University in Mosul /Iraq is shown in figure (1) above. 

The FESEM test in figure (4) was conducted at the Amir Kabir University of 

Technology in Tehran/Iran. The physical and chemical properties (see table 

5) were provided by the Technische Universität München/Department of 

Inorganic Chemistry. 
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Figure 4: FESEM of HLCPS 

 

 

 
 

Figure 5:  X-ray diffraction of HLCPS 

 

Q :Quartz (SiO2),  F:  Feldspar (Na-component) (Na(AlSi3O8)) ,  M: 

Marcasite (FeS2) A: Anhydrite (CaSO4)       B:  Baryte (BaSO4) ,      D:  

Dolomite (CaMg(CO3)2)  E:  Epidote (Ca2(Al2Fe)Si2O7SiO4O(OH)) ,    

G:  Gehlenite (Ca2Al2SiO7)  

Figure (4) reveals that most of the particles are less than 200 nm. 

However, the particles agglomerated because of the hydrophobic property 

and the high humidity in the atmosphere. 
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Table 5: HLCPS Properties 

 Value (%)  Value 

(%) 

Na2O 1.68 ZnO 0.43 

MgO 0.58 SrO 0.02 

Al2O3 17.61 ZrO2 0.41 

SiO2 61.11 BaO 0.41 

P2O5 0.10 Cs2O 0.08 

SO3 0.17 Rb2O 0.02 

Cl2 0.06 Loss on ignition (LOI) 10.6 

K2O 1.89 Sum 104.36 

CaO 6.79 Surface area  (m
2
/gm ) 420 

TiO2 0.71 Retaines on 325 sieve(45 um) 010.0 

Fe2O3 1.9 Solubility in / Miscibility with 

Water 

Soluble. 

NiO 0.03 Specific gravity .11 

 

Table (5) reveals the main chemical compounds made the concrete 

 S     Al     F     ….    .     on   . T       n     a  almo   mo     an 

80% and the surface area was more than HLS but remains in the Nano-Size 

range.  

 

2.1.3.2.3 Nano Silica from Waste Barley Grain (HLBGS) 
 

The HLBGS features are seen in the table (6). The procedures to 

manufacture HLBGS in figure 6 showing SEM (Scanning electronic 

microscope). 

 
Table 6:  HLBGS properties 

Property Value 

SiO2 (%) 82.51 

Al2O3(%) 7.61 

SO3(%) 0.97 

CaO(%) 0.25 

Fe2O3 (%) 7.58 

Loss on ignition (LOI) (%) 3.1 

Sum (%) 101.96 

Surface area  (m
2
/gm ) 270 

Retains on 325 sieve(45 um) 0 

Solubility in / Miscibility with water soluble. 

Specific gravity .11 
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Figure 6: HLBGS SEM 

 

2.1.4 Water  
 

Portable drinking water was used. 

  

2.1.5 Superplasticizer Admixture 
 

The study uses high range water reducing admixtures (HRWRA). This 

water complies ASTM C-494 [17]. Types are A and F. 

In addition, the study used set retarding or high range water reduction 

and superplasticizer admixture. This set also conforms ASTM C-494 type G 

which is a set retarding / high range water and superplasticizer admixture 

standards as shown in table 7.  
Table 7: superplasticizer propertied 

Property  

Structure of the material  Polycarboxylate ether-based 

Color Yellow  

Density 1.148–1.208 kg/L  

Chloride content   > 0.1 

Alkaline content  > 5 

  

2.2    Concrete Mortar: Mixing and Casting  
 

This section shows the two-stage in the preparation of the material (table 

8): The first stage was to find the optimization ratio between HLS & HPS. 

This stage also involved the method of changing the hydrophobic property 

into the hydrophilic property (thirteen mortar mixes). 

In the second stage, HLBGS and HLCPS were used with the 

optimization ratio from the first stage and compare the two mortar mixes.  
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Fifteen different proportions of mortar mixes including the control 

mixture were made from different quantities of Nano-particles with 110% 

constant flows (ASTM C-1437) [18]. This was to obtain the optimum 

quantities to get high compressive strength and dense concrete. For the 

compression test, the materials were mixed and cast on a cube whose 

dimensions are 5 x 5 x 5 cm and prism 4 x 4 x 16 cm. When cast, the whole 

samples were kept at room temperature. After 24 hours, they were de-

molded. They were then put into a water-curing tank at 24–34°C before 

conducting the test. Every trial mix percentage has three samples cast for 7 

days.  

Cement mortars containing HLS, HPS, HLCPS, and HLBGS were 

prepared with the same flow capacity through the adjustment of 

superplasticizer (table 8). The amounts of (2, 2.5, 3, 3.5, and 4 %) of each 

HLS and HPS were separately added in a mortar. This was an attempt to find 

the optimum compressive strength and to compare HLS with HPS. 

 
Table 8:  Mix Proportion 

 

2.3 Tests Used  
  

2.3.1 Flow Test of ASTM C1437  
 

The Flow test was fixed at 105-110 mm as seen in the table (8). The W/c 

changed in order to maintain the flow value.  

Mix 

number 

HLS 

% 

HPS 

% 

HLCPS HLBGS Compressive 

7 days 

Compressive 

28 days 

Flexural 

7 days 

Flexural 

28 days 

M1 0 0 0 0 32.25 38.54 6.14 7.24 

M2 0 2% 0 0 28.24 30.65 5.39 6.36 

M3 0 2.5

% 

0 0 24.57 27.21 4.69 5.53 

M4 0 3% 0 0 21.155 22.613 4.04 4.76 

M5 0 3.5

% 

0 0 14.26 17.548 2.72 3.21 

M6 0 4% 0 0 12.56 15.84 2.40 2.83 

M7 2% 0 0 0 43.658 52.38 7.03 7.73 

M8 2.5% 0 0 0 49.94 56.468 8.04 8.85 

M9 3% 0 0 0 46.45 54.658 7.48 8.23 

M10 3.5 % 0 0 0 44.843 51.345 7.22 7.94 

M11 4 % 0 0 0 40.279 47.65 6.49 7.13 

M12** 0 2.5 

% 

0 0 50.35 57.21 8.11 8.92 

M13** 2.5 % 0 0 0 49.62 56.94 7.99 8.79 

M14 0 0 2.5% 0 38.128 44.84 6.34 6.98 

M15 0 0 0 2.5% 44.458 52.46 7.40 8.14 

      n n      H S an  H S on        na   a          a     o    
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2.3.2 Compressive Strength in Relation to ASTM C109 / 109 M 
[19]  
 

In the 7th and 28th days, there were various values of the compressive 

strength on the cubic concrete as shown in table(9). Also, figures (6a,7a) 

show the different mixes at the load speed of 0.3 Mpa/sec. 
 Table 9: Compressive and Flexural strength 

 

 2.3.3 Flexural Strength (One-Point Load) According to ASTM C-
293 [20] 
 

Flexural strength was the stress that appeared just before the yielded 

failure called modulus of rupture or transverse rupture strength as shown in 

figures (6b, 7b). For the different mixes, the load speed was 0.3 Mpa/sec. 

 

2.3.4 Water Absorption According to ASTM C642 [21]  
  

This test has performed on all mixes and obtains the result shown in 

figure (8) according to ASTM C642 and it had conducted in the Northern 

Technical University laboratories 

 
2.3.5 Loss of Ignition According to ASTM D7348 [22] 
 

This test was done at the Technical Institute in Mosul/Department of 

Chemical Industries and the result is explained in the table (10).  

Mix 

number 
Cement 

(gm) 

 

HLS 

% 

 ( gm ) 

HPS 

% 

 ( gm ) 

HLCPS 

% 

 ( gm ) 

HLBGS 

% 

 ( gm ) 

Sand  

(gm) 
Water 

Super 

plasticizer 

M1 1325 0 0 0 0 2750 0.3 1.25% 

M2 1298.5 0 2% (26.5) 0 0 2750 0.32 1.25% 

M3 1291.8 0 2.5%( 33.2) 0 0 2750 0.33 1.25% 

M4 1285.25 0 3% (39.75) 0 0 2750 0.36 1.25% 

M5 1278.62 0 3.5%(46.38) 0 0 2750 0.37 1.25% 

M6 1272 0 4%(53) 0 0 2750 0.4 1.25% 

M7 1298.5 2% (26.5) 0 0 0 2750 0.35 1.25% 

M8 1291.8 2.5%( 33.2) 0 0 0 2750 0.38 1.25% 

M9 1285.25 3%(39.75) 0 0 0 2750 0.42 1.25% 

M10 1278.62 3.5%(46.38) 0 0 0 2750 0.45 1.25% 

M11 1272 4%(53) 0 0 0 2750 0.5 1.25% 

M12** 1291.8 0 2.5%( 33.2) 0 0 2750 0.38 1.25% 

M13** 1291.8 2.5%( 33.2) 0 0 0 2750 0.38 1.25% 

M14 1291.8 0 0 2.5%(33.2) 0 2750 0.38 1.25% 

M15 1291.8 0 0 0 2.5%(33.2) 2750 0.36 1.25% 

                    ** Burning the HLS and HPS on the f  na   a          a     o    
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3 Results and Discussion  
 

Table (8) shows the mixed proportions while the strength of this mixture 

is shown in table (9). The M1 is the reference mix. In M2 to M11, the 

optimization of HLS and HPS is in figures (6a and 6b).  

In mixes (M12 and M13), temperature affected converting HPS into HLS 

and M14 and M15 which mix 2.5% wt of HLCPS and HLGBS. This 

percentage is similar to those of M2 to M11. The figures (7a,7b) compare the 

mixes.  

The Nano-silica impact on the mortar mixes are explained in the table (9) 

and figures (6a, 6b, 7a, and 7b). When the hydrophobic Nano-silica had been 

added to the mortar, the membranes covering the Nanoparticles prevented 

water from contacting the silica molecules. As a result, water could not take a 

part in the hydration of cement. However, when treated by heat and furnace, 

all the hydrophobic properties were converted into hydrophilic property. This 

conversion is clear when the optimum amount of the trail mix and applicants 

in other mixes are compared with MLCPS or MLBGS. The difference in 

strength resulted from the differences in the SiO2 contents. 
Table 10: Weight Loss on Ignition 

Type Value (%) 

HPS 6.7 

HLS 2.06  

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6a: Compressive strength from (M2 to M11) 
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Figure 6b: Flexural strength from (M2 to 

M11)

 
 

Figure 7a: Compressive strength from (M3, M8, M12 to M15) 

  

 

 



                                                                                                                  
 

 

 

 

 

 
      3998 Omar S. Zinad et.al 

 

 
Figure 7b:  Flexural strength from (M3, M8, M12 to M15) 

 

The work plan was divided into main parts to be discussed and 

relationships between them are created (see table 9). 

 

3.1 Optimization of HBS 
 

The amounts of HBS added were as follows: 2% HPS was added to M2, 

2.5% to M3, 3% to M4, and 3.5% to M5. Following these additions, 

compressive and flexural analysis were conducted to get the optimum 

percentage of HPS to achieve the highest strength. The compressive strength 

decreased with the increase of HPS because the hydrophobic membrane 

property of Nanoparticles prevented water reaction to Nanoparticles.  This 

means the interaction between Ca (oh) 2 and SiO2 was prevented. It was also 

noticed that the resistance decreased by half when adding 4% to the reference 

mixture as shown in table (9) and figures (6b,7b). Due to the strong repulsion 

between water and Nanoparticles, water absorption reduced when HPS rose. 

 

3.2 Optimization of (HLS) 
 

In addition to HPS, HLS amounts were also added. For M7, 2% was 

added, 2.5%, for M8, 3%, for M9, 3%, for M 10 and, 4% for M11. 

Compressive and flexural tests were performed to obtain the optimum 

percentage of HLS to achieve the highest strength. The compressive strength 

then fluctuated.  
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This was due to the optimization of the percentage of the addition 

obtained at a ratio of 2.5 % which double enlarged the compressive strength 

of the control mix (M1). Then the flexural strength with an approximate 

increase of 130% was noticed in relation to the control mix (M1). The 

optimum additive ratio is shown in table (9) and M8 was the optimal mixture 

that gave the largest compressive strength and the largest flexural strength: 

1. Ca(oh)2 (resulting from the interaction of cement with water, which is 

a by-product) reacted with Nano silica and produced a new binding force (c-

s-h). After running out of this quantity, the presence of nanoparticles was 

negative because it separated the molecules and became ineffective, 

2. The void ratio approached zero because the Nanoparticles closed all 

the void ratio (see figure 8). The percentage of water absorption was 4.2 % 

because the materials such as sand and HLS are water absorbent.  

 

3.3 Characteristics Change from Hydrophobic to Hydrophilic 
Property  
 

The compressive strength of the mix (M12) increased, because of the 

minor volatile materials released while burning in (1000) C0 and because of 

the dissolution of the outer membrane that made silica hydrophobic (Table 

3). The HPS melting point was more than (2000) C0. Table (3) shows that 

the hydrophobic membranes encasing the silica consist of monolayer organic 

chain and hydrophobic oleophilic. These kinds of covers could be formed 

from organic bonds (C-H-O) in different ways (ionic, contribution) and every 

bond could be broken down at a specific temperature. While combusting 

HPS, those bonds were broken down, due to the volatile carbon matters at 

(700) C0, and the Nano-silica had become similar to HLS used in M13. In 

order to protect them, the fine silica particles were enveloped by certain 

membranes during the production, and while breaking down these covers by 

burning in (1000) C0. The material was affected because of the moisture 

absorption and the attraction between the particles to form large assemblages 

which must be crushed to retain the original size (see figure 9). 

 

3.4 Effect of HLCPS on Concrete Mortar  
      

For M14, the silica oxide of the ceramic powder was more than 60 % and 

its surface was (420 m2/g) as in table (5). These properties were responsible 

for distributing the Nanoparticles in the interaction zone where sand and 

cement reacted with silica oxide to produce the new bond (C-C-H). On other 

hand, the Nanoparticles or other materials could be inactive and fill the void 

ratio. HLCPS is manufactured from sustainable materials such as waste 

ceramic powder after grinding it by a ball mill machine. The product of 

Nanoparticles is depicted in figure (4a) for the FESEM machine.  
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Table (9) and figures (6b,7b, and 8) illustrate the compressive strength 

compared with the control mix (M1). This strength increased up to 15% at  

7th and 28th days. This entails the high activity of HLCPS. On the other 

hand, this increase is less than HLS and refers to the amount of silica oxide 

content in HLCPS 60% compared with that of HLS 99.1%. This strength 

recorded an approximately up to 25 % increase in the compressive and 

flexural strength. The hydrophilic ceramic property and the absorption of a 

large quantity of water made M14 more absorbent than M8. 

 

3.5 Effect of HLBGS on Concrete Mortar  
      

For mix (M15), the waste barely has a high silica oxide content of more 

than 80 % and a high surface area of 270 m2/g as shown in table (6). These 

properties are responsible for spreading these Nanoparticles in the interaction 

zone between sand and cement with silica oxide to produce the new bond (C-

S-H). However, these Nanoparticles will be inactive and fill the void ratio. 

HLBGS is synthesized from sustainable material (waste barley) after acid 

treatment. Then, the Nano silica by a strong acid dissolved in the unwanted 

compounds as shown in figures (2, 5a), and the particle size is tested by SEM 

in figure (5b). 

As shown in table (9) and figures (6b,7b, and 8), the compressive 

strength was bigger than the control mix (M1) and reached up to 35% on the 

7th and 28th days. This indicates that HLBGS was highly active. However, 

this increase was less than for HLS referring to 80% of the silica oxide 

content in HLGBS while HLS is 99.1%. This strength showed about 8% 

increase in the compressive and flexural strength. HLBGS after acid 

treatment behaves similarly to Nano silica as shown in figure (8). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
      Figure 8: Water absorption 
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Figure 8 explains that the clay compounds in HLCPS made the cement 

mortar more absorbent than M1 while the M6 absorbed less water because all 

the Nanoparticles reacted or entered the void and reduced the void ratio to 

water absorption.  When HPS was added to M7 -M11, the water absorption 

increased because of the repulsion of the particles. Also, the void ratio 

increased.    

 

4 Conclusions  
 

As in table (3), the HPS was not soluble in water due to the presence of 

the surrounding membrane monolayer organic chain in the surface 

modification. At a temperature of 1000 C0, the SiO2 was not affected 

because the melting point, as indicated in the table (3), was higher than this 

temperature [25,26]. 

The main useful chemical compounds for concrete were SiO2, Fe2O3, 

Al2O3 (see table 4). The strength in the HLS was higher than in other 

correspondents because of the purity of the commercially manufactured 

material. However, an increase in the price of this product is a negative 

indicator. 

In the table (5), 20 % of HLCPS properties were useless. In the strength 

and organic material, 10% of the ignition was lost.  This means that HLCPS 

was less pure than other types and included clay compounds which made the 

cement mortar more absorbent and had low So3 content. These features 

helped to prevent effloresces and steel corrosion. 

Up to 10% HLGBS properties in the table (5) are not useful in the 

strength and organic materials. These materials lost about 3% of the ignition.  

Thus, HLGBS has less purity than HLS. 

     As water was mixed with the cement, each of the compounds hydrated 

and helps the production of the final concrete substance. Only the calcium 

silicates contributed to strength. Tricalcium silicate was responsible for most 

of the early strength (first 7 days)  

               (4) 

In addition, the strength of the concrete is affected by the dicalcium 

silicate when hydrated. Dicalcium silicate reacted with water in a similar 

manner compared to tricalcium silicate, but much more slowly [23-25]. 

       (5) 

The hardened cement paste consisted of Ettringite ranging between 15 to 

20% with Calcium silicate and CSH ranging 50-60%. It also included 

calcium hydroxide (lime)  of 20 to 25% and 5-6% Voids in the form of 

capillary voids and entrapped and entrained air [7, 26]. 

All the material added to the concrete mix strengthened the bond (C-S-

H). This bond has been enhanced by the addition of some materials that 

reacted with Ca(OH)2 to form a new bonding besides the original bond.  
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There were more calcium hydroxide reactions in C3S than the other 

compunds. This means that the effects of materials of cement were 

anticipated at an early age (7 days). 

 

 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9: Nanoparticles effect in cement mortar [29] 
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