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ISSN: 2582-1598 Abstract: The heat of hydration, water of consistency, setting times, free lime and bound water contents, density, 
porosity and the compressive strength development of the various blended cements containing the natural pumice 
(NP) and/or granulated blast furnace slag (GbfS) have been experimentally investigated. There are two groups of 
blended cements were prepared. The first was containing NP alone, while the second was containing both NP and 
GbfS. The results proved the w/c ratio as well as setting times increased as the NP and/or GbfS contents increased. The 
bound water contents, density and compressive strength increased as NP or NP with GbfS contents increased, only up 
to 20 wt. % NP (P4) in the first group, and up to equal amounts of both NP and GbfS (PS4) in the second, and then 
decreased with further increase. Contrary, the apparent porosity gradually decreased, and then increased. The free 
lime content of the blank cement increased with hydration time continuously. In presence of NP, the free lime content 
reduced gradually up to 90 days, while in combination of GbfS, the free lime content at first enhanced up to 3 days of 
hydration, and then decreased onward. So, both NP and GbfS acted as pozzolanic materials.  Moreover, the NP and 
GbfS could be reduced the heat of hydration of all blended cement pastes when compared to that of the blank. The 
values of the heat of hydration of Group II were slightly lower than those of the first. Also, the heat of hydration 
reduced more with increasing the NP and/or GbfS ratios. 
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1. Introduction 

On account of the global warming, the need to reduce energy 

consumption has been increased worldwide to a large extent, and its 

impact could be influenced everyone on the planet. High levels of 

energy are required to produce cement, which always releases large 

amounts CO2 and also contributes to the greenhouse gases. 

Atmospheric levels of CO2 have been increased by > 30 % over the 

past 100 years.
[1]

 Each year, about 120 million tons of the controlled 

wastes from household, commercial and industrial wastes are 

disposed of in the landfill sites in many countries causing a rise in 

landfill costs and environmental problems.
[2]

 

When the cement powder is being in contact with water, the 

heat is released. This heat is known as the heat of hydration. The 

evolved heat of hydration is the result of several exothermic 

chemical reactions between cement and water. The heat generated 

due to the hydration of the major cement phases increases the 

temperature of concrete. Understanding the mechanism of heat 

generated in the cement is the key to control the temperature of the 

concrete mass.
[3-6]

 The physical and/or chemical reactions of the 

cement after contacting with water determine the setting and 

hardening properties of the cement pastes and/or concrete. The rate 

of the heat of hydration of the cement plays an important role to 

determine the mechanical properties and durability of cement or 

concrete. The rate and amount of heat released are greatly 

depending on the cement type, the chemical composition and 

physical properties of the cement, the w/c- ratio, and the added 

supplementary cementitious materials to the cement, such as 

granulated blast furnace slag (GbfS), silica fume (SF), fly ash (FA), 

natural pumice (NP), chemical admixtures, curing conditions and 

atmospheric temperature.
[7-11]

 Cement hydration at higher 

environmental temperatures is accelerated at early ages but 

decelerated thereafter. The heat of hydration and heat reactions of 

the cement are faster and increase with the increase of water curing 

temperature. The heat of hydration could be used to characterize the 

setting and hardening of the cement and also to predict the 

temperature rise.
[10-15]

 

Cement and/or concrete structures is the most widely used 

material in the construction industry for various purposes due to its 

ability to withstand high loads, its ability to be cast in any shape and 

its good resistance against wear and tear.
[16-18]

 Finer cement particles 

result in faster and more complete hydration. However, an increase 

in cement fineness and cement content in concrete raises the 

adiabatic temperature of these structures.
[19-22]

 In order to save 
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energy and to reduce emission, the cement industry is confronted 

with extensive press coverage. To save energy and reduce emissions 

for cement industry, and in addition to improve equipment, it must 

increase the grind ability of the cement using a grinding agent. 

Thereby, it could be reduced the power consumption.
[4]

  

To improve the characteristics of the cement, supplementary 

cementitious materials are quite common today in cement and/or 

concrete industry.
[5-7]

 Pozzolanic reactions are known to take place at 

later stages involving a low rate of hydration.
[9,10]

 The partial 

substitution of Portland cement with one or more of these 

supplementary cementitious materials such as GbfS does not only 

improve the mechanical and durability properties of cement or 

concrete, but also reduces the development of heat of 

hydration.
[10,11]

 As the fineness of the GbfS increases, the total 

surface area of the cement as a whole increases too. This results with 

an increased rate of hydration. This is mainly due to the pozzolanic 

reactions of GbfS with the generated free lime, Ca (OH)2 coming from 

the hydration of calcium silicate phases of the cement (C3S and β–

C2S).
[13]

 Recently, there has been increased interest to use a natural 

pozzolan like perlite, pumice and an artificial pozzolan like fly ash 

(FA), silica fume (SF) and granulated slag (GbfS) as supplementary 

cementitious materials.
[14-18]

  

Natural pumice (NP) is a fine natural pozzolan containing glass 

shards, mineral phases and a small amount of volcanic rock. The 

essential minerals in NP are feldspar, quartz and biotite.
[18-21]

 GbfS is 

a glassy granular material that is formed when molten blast-furnace 

slag is rapidly chilled by immersion in water. GbfS is a non-metallic 

product consisting of silicates and alumino-silicates of calcium and 

other bases, developed in a molten condition simultaneously with 

iron in a blast furnace. GbfS has been used for many years as a 

supplementary cementitious material in Portland cement pastes 

and/or concrete, either as a mineral admixture or as a component of 

blended cement.
[22-24]

 

The heat of hydration decreases proportionally with the content 

of slag in the cement blends. The use of high contents of slag in the 

cement is very common and represents a suitable alternative to 

produce low heat Portland cement.
[25-28]

 Low heat cements are not 

allowed to evolve more than 270 J of heat per gram of cement in the  

 

 

 

 

 

 

 

 

 

 

 

 

first 7 days after mixing with the water. These cements are used 

more particularly for mass concrete structures, which, if made with 

ordinary cement, might undergo an excessive rise in temperature, 

causing stress and cracking.
[28-31]

 

As all chemical reactions are nearly followed by releasing of a 

heat, the hydration of blended cements can be quantified by their 

heat of hydration. Also, the pozzolanic reactions of pumice/slag 

blended cements are known to take a vital action at later stages 

involving a low heat rate. So, the bound water and free lime 

contents, density, apparent porosity and strength development were 

investigated. The obtained results could be confirmed by measuring 

the heat of hydration. 

 

2. Experimental Section 

2.1. Raw materials 

The used raw materials in the present research are Ordinary Portland 

cement (OPC Type I- CEM I 42,5R), granulated blast furnace slag 

(GbfS) and natural pumice rock (PC) as a source of nanosilica  having 

the blaine surface area or fineness 3400, 5455 and 6650 cm2/g, 

respectively. The blaine surface area was conducted by the “Air 

Permeability Apparatus”. The OPC sample was supplied from El-

Amrya cement factory, Alexandria, Egypt, while GbfS sample was 

supplied by Iron and Steel Company, Helwan, Egypt. The pumice 

sample was collected from the northern coast of the Mediterranean 

Sea at El-Ariesh, North Sinai, Egypt.
[32]

 The natural pumice rock was 

collected from excavations in North Sinai, Egypt which it is parallel to 

the coast line. Pumice could be considered to be more or less similar 

to a glass. This is attributed to that it has no crystal texture. It is often 

formed during volcanoes, i.e. volcanic eruptions when the molten 

lava was shot in the air. During its cooling, it solidifies into what is 

known as pumice. Pumice is an unusual light rock due to the many air 

bubbles inside it. It varies in density according to the thickness of the 

solid material between the bubbles. Therefore, samples of pumice 

always float in water. Then, Both GbfS and PC samples were 

subjected to crushing and well grinding till reach to nano-grain size 

particles. The resulting nano-slag and pumice materials were 

screened to pass through 300 μm standard sieve. The chemical 

analysis of the OPC, GbfS and PC as taken from X-ray florescence 

technique (XRF) is listed in Table 1, while the mineralogical 

constituents of both OPC and GbfS as determined from Bogue 

equation are tabulated in Table 2. The XRD patterns of the natural 

pumice (PC) were shown in Fig. 1. 

 

 

 

 

 

 

 

 
Fig. 1. XRD patterns of the natural pumice pozzolana. 

Table 2. Mineralogical composition of the OPC and GbfS 

Phase Materials C3S C2S C3A C4AF 

OPC 65.78 8.67 8.24 11.71 
GbfS 60.51 7.63 8.15 11.94 

 

                                      Table 1. Chemical analysis of the OPC, GbfS and PC raw materials, mass %. 

Oxide Material SiO2 Al2O3 Fe2O3 CaO MgO MnO SO3 Na2O Ti2O K2O LOI 

OPC 20.12 4.25 1.29 63.13 1.53 0.36 2.54 0.55 0.19 0.30 2.64 
NP 53.89 11.31 2.82 12.57 6.94 0.17 0.13 2.36 0.12 ---- 3.74 

GbfS 40.95 11.77 1.78 32.91 2.17 2.42 3.51 1.52 ---- 0.76 0.43 
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2.2. Preparation and methods 

The blended cements were prepared using one type of cement 

(OPC), one type of a natural pozzolan (NP) and an artificial pozzolan 

(GbfS). So, there are two blended cement mix groups composed from 

OPC, NP and GbfS. The first is PC and was composed of OPC and NP 

as 100:0, 96:5, 90:10, 85:15, 80:20 and 75:25 having the symbols: 

NP0, NP1, NP2, NP3, NP4 and NP5, respectively. The second is PS and 

was composed of OPC, NP and GbfS as 100:0:0, 95:5:0, 90:5:5, 

85:10:5, 80:10:10, 75:15:10 and 70:20:10 having the symbols 

PS0,PS1, PS2, PS3, PS4, PS5, PS6 AND PS7,  respectively. The 

composition of the cement blends of the first group is illustrated in 

Table 3, whereas that of the second group is shown in Table 4, 

respectively. 

The blending process of the various cement batches was firstly 

done in a porcelain ball mill using three balls for two hours to assure 

the complete homogeneity of all cement batches. The standard 

water of consistency
[4,33]

 and setting times
[4,34]

 of the various cement 

pastes were directly measured using Vicat Apparatus. The water of 

consistency could be calculated from the following relation: 

 

WC, % = A / C x 100                                                                                (1) 

 

Where, A is the amount of water taken to produce a suitable 

paste, C is the amount of cement mix (300 g). During mixing, the 

correct predetermined w/c-ratio (water of consistency) was poured 

into the cement portion inside the mixer step by step, and then the 

mixer was run for 5 minutes at an average speed of 10 rpm in order 

to have perfect homogenous pastes. Before casting of cement cubes, 

the moulds were delt with a thin film of a motor engine oil to 

facilitate the release of the cement cubes from the moulds during 

the de-moulding process. The cement pastes were then moulded 

into one inch cubic stainless steel moulds (2.5 x 2.5 x 2.5 cm
3
) using 

about 500 g from the cement powder batch, vibrated manually for 

three minutes, and then on a mechanical vibrator for another three 

minutes to remove all air bubbles tapped inside the cement pastes. 

The moulds were filled to the top surface and smoothed with a flat 

stainless steel trowel or a suitable spatula to obtain a flat and smooth 

surface.
[4,35-38]

 After casting of samples, they were covered with a wet 

sheet during the first 24 hours to prevent moisture loss. The moulds 

were then kept in a humidity chamber for 24 hours under 95 ± 1 

relative humidity (RH), and room temperature (23 ± 1), demoulded in 

the following day and soon cured by the total immersion in water at 

an ambient laboratory temperature till the time of testing for heat of 

hydration, bulk density, apparent porosity, compressive strength, 

combined water and free lime contents at 1, 3, 7, 28 and 90 days. 

This is necessary for the cement cubes as it facilitates the proper 

hydration of cement phases. 

The bulk density (BD) and apparent porosity (AP) of the hardened 

cement pastes
[35-37, 39]

 were calculated from the following equations: 

 

B.D, (g/cm
3
) = W1/ (W1–W2) × 1                                                             (2)  

A.P, % = (W1 – W3)/ (W1–W2) × 100                                                      (3)    

   

 Where, W1, W2 and W3 are the saturated, suspended and dry 

weights, respectively. The compressive strength (CS) of the various 

hardened cement pastes
[40,41]

 was measured and calculated from the 

following relation: 

 

CS = L (KN)/Sa (cm
2
) KN/m

2
 x 102 (Kg/cm

2
)/10.2 (MPa)                      (4) 

 

Where, L is the load taken, Sa is the surface area. Thereafter, 

about 10 grams of the broken specimens were first well ground, 

dried at 105ºC for 30 min. and then were placed in a solution mixture 

of 1:1 methanol: acetone to stop the hydration.
[6,25,36,37,39,42]

 The 

kinetics of hydration in terms of chemically bound water and free 

lime contents were also measured. About one gram of the sample 

was first dried at 105ºC for 24 hours and then the bound water 

content
[6,36-38,40,42-44]

 at each hydration age was determined on the 

basis of ignition loss at 1000ºC for 30 minutes soaking where about 

10 grams of the broken specimens from the determination of 

compressive strength were first well ground, dried at 105ºC for 30 

minutes and then were placed in a solution mixture of 1:1 methanol: 

acetone to stop the hydration.
[5,17,44]

 The kinetics of hydration in 

terms of chemically bound water and free lime contents were also 

measured. About one gram of the sample was first dried at 105ºC for 

24 hours, and then the chemically-bound water content (CBn) at 

each hydration age was determined on the basis of ignition loss at 

1000ºC for 30 minutes
[5,44]

 from the following equation: 

 

CBn, % = W1-W2/W2 x 100                                                                      (5) 

 

Where, CBn, W1 and W2 are combined water content, weight of 

sample before and after ignition, respectively.  

The free lime content (FLn) of the hydrated samples pre-dried at 

105°C for 24 hours was also determined. About 0.5 g sample + 40 ml 

ethylene glycol → heating to about 20 minutes without boiling. 

About 1–2 drops of pH indicator were added to the filtrate and then 

titrated against freshly prepared 0.1N HCl until the pink color 

disappeared. The 0.1 N HCl was prepared using the following 

equation:  

 

V1 = N × V2 × W × 100/D × P × 1000                                                        (6) 

 

Where, V1 is the volume of HCl concentration, V2 is the volume 

required, N is the normality required, W is the equivalent weight, D is 

the density of HCl concentration and P is the purity (%). The heating 

and titration were repeated several times until the pink colour did 

not appear on heating. The free lime content
[11,15,17,44-46]

 was 

calculated from the following relation: 

Table 3. Mix composition of the first group composed of OPC and NP 
(PC). 

 Group I (PC) 

Mix Materials NP0 NP1 NP2 NP3 NP4 NP5 

OPC 100 95 90 85 80 75 
NP 0 5 10 15 20 25 

 Table 4. Mix composition of the second group composed from OPC, NP 
and GbfS (PS). 

 Group II (PS) 

Mix 
Materials 

PS0 PC5 PS5 PC10 PS10 PC15 PC20 

OPC 100 95 90 85 80 75 70 
NP 0 5 5 10 10 15 20 
GbfS 0 0 5 5 10 10 10 
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FLn, % = (V × 0.0033/1) × 100                                                                   (7) 

 

Where, FLn and V are the free lime content and the volume of 

0.1 N HCl taken on titration, respectively. 

The heat of hydration of the prepared blended cement pastes 

has been experimentally investigated to confirm the obtained 

results.
[47]

 

 

3. Results and Discussions 

3.1. Water of consistency 

The water of consistency of the blended cement pastes of the 

Groups I and II are represented in Figs. 2 and 3, respectively. The 

experimental results showed that to produce a suitable cement 

pastes with a good workability for each group, the water of 

consistency gradually increased as the added NP ratio alone (Group I) 

and/or both NP and GbfS ratios (Group II) increased in the cement 

blend. This is mainly due to that either NP or GbfS is too greedy for 

water to a large extent.
[4,6,14,48,49]

 Moreover, the fineness of the 

whole cement blend enhanced as the content of both NP alone 

(Group I), and/or together with GbfS (Group II) increased. This 

reflected by the continual increase of mixing water.
[5-7,27,36-38]

 It can 

be inferred that the water of consistency of the blended cements of 

the Group II is higher than those of the first one. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2. Setting times 

The setting times (initial and final) of the various blended cement 

pastes of Groups I and II are shown in Figs. 4 and 5, respectively. It is 

worth noting that the same trend was displayed in setting times of 

the two groups as in case of water consistency, and also is due to the 

same reasons previously mentioned. In addition, the very low 

temperature of the atmosphere during casting of the samples helped 

to increase the times of setting.
[4,5,7,38,48,49]

 

 

3.3. Chemically-bound water contents  

The bound water contents of the various blended cement pastes of 

the two groups (I and II) are shown in Figs. 6 and 7, respectively. 

Generally, the bound water contents of the various cement blends 

increased as the hydration time proceeded up to 90 days. This is 

mainly due to the occurrence of the hydration process between the 

major cement phases (C3S, β-C2S, C3A and C4AF with water.
[4-8]

 The 

bound water contents of the Group I containing different ratios of PC 

(Fig. 6) are slightly higher than those of the blank (NP0) at all 

hydration times up till 20 wt. % PC (P4), and then decreased with 

further increase of PC (NP5). The increase of bound water in 

essentially attributed to the pozzolanic reactions that took place 

between the constituents of NP and the free lime, Ca(OH)2 released 

from the hydration of calcium silicate phases of the cement (C3S and 

β-C2S) with water as follows:- 

 

 
Fig. 2. Water of consistency of the first group (PC) containing NP alone. 

 
Fig. 3. Water of consistency of the second group (PS) containing NP in 

combination with GbfS. 

 

 
Fig. 4. Setting times of the first group (PC) containing the NP alone. 

 
Fig. 5. Setting times of the second group (PS) containing NP in 

combination with GbfS. 
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3 C3S     +   6 H2O → C3S2H3 + 3 Ca(OH)2                                                  (8)             

2 β-C2S +   4 H2O → C3S2H3 +    Ca(OH)2                                                   (9)           

  

Therefore, the bound water contents improved and enhanced 

more than those of the blank. So, it appeared slightly higher. While 

the decrease of bound water content is principally contributed to the 

higher deficiency of the main binding material of the cement, and 

moreover the higher quantities of NP stood as an obstacle that 

hindered and ceased the formation of more hydration products.
[35-

37,39]
 As a result, the higher amounts of the additive materials must 

be rejected. 

On the other side, the bound water contents of the Group II 

containing different ratios of NP and GbfS (Fig. 7) also increased as 

the hydration time progressed up to 90 days. This is due to the 

normal hydration process of the cement phases, and also for the 

pozzolanic reactivity of both NP and GbfS.
[5,8,18,20]

 The combination of 

NP with GbfS improved and increased the rate of the hydration 

process than in case of NP alone. This may be attributed to the 

increase of pozzolanic reactions due to the presence of the two 

pozzolanic materials. The cement blend containing equal ratios from 

NP and GbfS achieved the best results. So, it was selected to be the 

optimum cement blend. Furthermore, the results of Group II are 

slightly higher than those of Group I. This is mainly due to the 

presence of two pozzolanic materials together.
[8,20,35-37]

 

 

3.4. Free lime content 

Figs. 8 and 9 illustrate the results of free lime contents of Groups I 

and II, respectively, which were represented as a function of 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

hydration time up to 90 days. It is obvious that the free lime content 

of the pure OPC pastes increased continuously with hydration time. 

But in presence of NP, the free lime content soon decreased with 

hydration time since the first moment of contacting with water, 

where it decreased sharply on the early ages of hydration up to 7 

days, and then slightly decreased onward (Fig. 8). In case of NP in 

combination of GbfS, the free lime content increased slightly only up 

to 3 days and then decreased onward (Fig. 9). The increase of free 

lime content is mainly due to the normal hydration of the calcium 

silicate phases of the cement.
[4,6,8,17,20]

 The decrease of free lime 

contents is essentially contributed to the pozzolanic reaction by the 

NP and also GbfS.
[4,6,32]

 Moreover, the nanoparticle size of NP and/or 

GbfS is another factor to activate the action of these materials to 

reacted with the free lime, which in turn reduced the free lime 

content.
[27,30]

 

 

3.5. Bulk density and total porosity 

The bulk density of the various blended cement pastes of the two 

groups (I and II) are graphically plotted in Figs. 10 and 11, 

respectively. As a general sense, the bulk density of the various 

blended cement pastes of Group I increased with the hydration ages 

up to 90 days. This is mainly due to the normal hydration process of 

the main cement phases.
[4-6,49,50]

 Also, as the NP content increased in 

the cement blends, the bulk density increased too, but up till the 

cement blend containing 20 wt. % NP (NP4), and then decreased 

suddenly. The increase of the bulk density with the increase of NP 

addition is essentially contributed to the pozzolanic action of NP with 

the resulting Ca (OH)2 that is coming from the hydration process of 

 
Fig. 6. Bound water contents of the first group (PC) containing NP alone. 

 
Fig. 7. Bound water contents of the second group (PS) NP in combination 

with GbfS. 

 
Fig. 8. Free lime contents of the first group (PC) containing NP alone. 

 
Fig. 9. Free lime contents of the second group (PS) containing NP in 

combination with GbfS. 
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the major silicate phases of the cement to form additional CSH 

products. These hydration products often raised the bulk mass of the 

hardened cement pastes. This is in turn improved and enhanced the 

bulk density. The decrease of the bulk density is due to the higher 

lack and deficiency of the main binding material of the cement. 

The same trend was displayed with the hardened blended 

cement pastes of Group II (Fig. 8), i.e. the bulk density was improved 

and enhanced up to equal ratios of 10 % of both NP and GbfS (PS4), 

then decreased and adversely affected with further increase of the 

two additives. It is good mention that the values of bulk density of 

Group II are slightly higher than those of Group I at all hydration 

ages. This is due to the presence of two pozzolanic materials in 

Group II, while Group I contains only one.
[5,8,20,49]

 

 

3.6. Apparent porosity 

The apparent porosity of the various blended cement pastes of the 

two groups (I and II) are shown in Figs. 12 and 13, respectively. It is 

obvious that the apparent porosity was generally decreased as the 

hydration ages increased up to 90 days due to the normal hydration 

of the main cement phases, and also due to the pozzolanic action of 

the used pozzolanic materials.
[4-7,18,32,48,49]

 In case of Group I, this 

trend was continued till the blended cement pastes containing 20 wt 

% NP (NP4), but with further increase of NP (NP5), the apparent 

porosity started to increase at all hydration ages up to 90 days, while 

in case of Group II this trend was continued till the cement blend 

containing equal amounts of both materials (PS4), and then begins to  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

increase. The cement blends NP4 and PS4 achieved the lowest 

apparent porosity. Therefore, they were selected as optimum blends 

in the two groups. As a result, the higher quantities from any of the 

additive alone or both together are undesired.
[18,22,26,30,35-37,39]

 

 

3.7. Compressive strength 

The compressive strength of the various hardened blended cement 

pastes of the two groups (I and II) are represented as a function of 

hydration time in Figs. 14 and 15, respectively. The compressive 

strength enhanced with hydration times up to 90 days as a general 

trend for all samples. Moreover, the compressive strength also 

increased more with either NP or together with GbfS. In the first 

group, the compressive strength increased only up to 20 PC content 

(NP4), and then decreased (NP5), while with the second group, the 

compressive strength enhanced up to equal levels of NP and GbfS 

(PS4), and then decreased with further increase of NP and/or GbfS 

content (PS5 and PS6). The increase of the compressive strength is 

mainly due to many factors.
[4-7,15,17,26,30,50]

 As the hydration 

proceeded, the hydration process begins forming hydration products 

which soon deposited in the pore system of the hardened cement 

pastes. This will decrease the porosity which in turn increases the 

bulk density.
[32,34-39,48-51] 

This often reflected positively on the splitting 

strength, i.e. the splitting strength improves and enhances. Also, the 

pozzolanic action of the two pozzolanic materials by which it reacted 

with the free lime to form addition hydration products that 

precipitated in the pore structure. This decreased the porosity and 

 
Fig. 10. Bulk density of the first group (NP) containing NP alone. 

 
Fig. 11. Bulk density of the second group (PS) containing NP in 

combination with GbfS. 

 
Fig. 12. Apparent porosity of the first group (PC) containing NP alone. 

 
Fig. 13. Apparent porosity of the second group (PS) containing NP in 

combination with GbfS. 
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increased the bulk density. Accordingly, the compressive strength 

was more improved and enhanced.
[32,48-51]

  Moreover, the fineness of 

the cement blends increased with the increase of either NP (Group I) 

or NP and GbfS (Group II). So, the rate of hydration increased too, 

and reflected positively on the mechanical strength
[7,8,15,17,18,27,30,31]

 

On this basis, the optimum NP content is 20 wt % in case of Group I, 

and 10 wt % from NP and GbfS in case of Group II. 

 

3.8. Heat of hydration 

The heat of hydration of the various blended cement pastes of the 

two groups (PC and PS) are shown in Figs. 16 and 17, respectively. 

Results demonstrated that as soon as the various cement powders 

become in contact with water, the heat of hydration generated 

immediately. The heat of hydration of all cement pastes was 

generally increased with the hydration time up to 90 days.
[32,35-

37,39,48,49]
 The same trend was displayed by all cement pastes in both 

Groups. This is mainly attributed to the increase of the rate of 

hydration of cement phases. This was accompanied by a gradual 

generation of heat.
[31,39,45,46]

 Moreover, the rate of the generated 

heat of hydration sharply enhanced at early ages from 7 days 

onward. This is essentially attributed to the activation effect of the 

hydration reaction mechanism of C3S by the very fine NP and GbfS 

particles. At later ages (28-90 days), the rate of hydration reaction as 

well as the evolved heat of hydration increased slightly and seemed 

to be constant. This may be due to the non-activation effect of C3S 

and the slight activation action mechanism of β-C2S at later 

ages.
[3,23,25]

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The heat of hydration decreased as the content of NP increased. 

So, at any hydration time, lower values of heat of hydration were 

exhibited than those of the previous cement blends including NP0, 

i.e. the data of heat of hydration of all cement blends of the two 

Groups were lower than those of the blank (NP0 or PS). This was 

contributed to the dilution effect of the main binding material (OPC), 

and the retardation effect of the higher quantity of NP and/or GbfS 

at the expense of the OPC portion.
[7,8,18,20,37,48-51]

 Moreover, the 

values of heat of hydration of the various blended cement pastes of 

Group I are little higher than those of Group II. This may be 

contributed to the presence of two added materials. 

 

4. Conclusions 

i. The surface area or fineness of the cement mixtures increased 

with the increase nanosized particles of either NP or GbfS. 

ii. The w/c ratio or consistency as well as setting times increased 

as the amount of NP or GbfS increased because these are very 

insatiable for waster. 

iii. The chemically bound water content, bulk density and 

compressive strength improved and enhanced with increasing 

NP alone or in combination with GbfS up only to 20 wt % NP, 

or with equal amounts of both NP and GbfS (10 wt % of each), 

but then decreased with further increase of both. 

iv. The free lime content of the blank increased continuously up 

to 90 days. In presence of nanoparticles of NP, the free lime 

content shortened onward continuously, while in combination 

 
Fig. 14. Compressive strength of the first group (PC) containing NP 

alone. 

 
Fig. 15. Compressive strength of the second group (PS) containing NP in 

combination with GbfS.  

 

 
Fig. 16. Heat of hydration of the first group (PC) containing NP alone. 

  
Fig. 17. Heat of hydration of the second group (PS) containing NP in 

combination with GbfS. 
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of Gbfs the free lime content enhanced up to 3 days and then 

decreased onward. 

v. The apparent porosity was generally decreased with the 

hydration time up to 90 says, but only up to 20 wt % NP (P4) 

as shown with Group I and up to equal replacement of NP and 

GbfS (PS4) as noted in Group II. Then, the apparent porosity 

started to increase with further substitution of NP or with 

GbfS as shown in P5 in group I and PS5 and PS6 an Group II. 

vi. In each group, the cement pastes of mixture 20 wt % NP (P4) 

as in the first group, or 10 wt % of NP and GbfS (PS4) as in the 

second group were selected to be of the optimum mixtures. 

vii. It is good mention that the optimum mixture of the second 

group containing NP and GbfS is better than that of the first 

containing only NP. 

viii. The heat of hydration continuously decreased with the 

incorporation of either NP or GbfS. Therefore, the prepared 

blended cement pastes are considered as low heat cements. 

 

Acknowledgements 

The author wishes to express his deep thanks to National 

Research Centre for helping to obtain materials, processing, 

preparing, molding and measuring all of the obtained data of 

the study, and moreover  for financial assistance. 

 

Conflicts of Interest 

The authors declare no conflict of interest. 
 

References 

1 Yoon I.S.; Çopuroğlu O.; Park K.B. Effect of Global Climatic Change on 
Carbonation Progress of Concrete. Atmos. Environ., 2007, 41, 7274-
7285. [CrossRef] 

2 Manchester Metropolitan University, Atmosphere, Climate and 
Environment Information Programme (2005) Atmosphere, Climate & 
Environment [online]. Manchester: Manchester Metropolitan 
University, [cited 28th September 2007] 

3 Kim S.G. Effect of Heat Generation from Cement Hydration on Mass 
Concrete Placement. Graduate Theses and Dissertations. 11675.2010. 
[CrossRef] 

4 Neville A.M. Properties of Concrete, 5th Edn, Longman Essex (UK), 
2011. [Link] 

5 Darweesh H.H.M.; Abo-El-Suoud M.R. Quaternary Cement Composites 
from Industrial Byproducts to Avoid the Environmental Pollution. EC-
Chemistry, 2015, 2, 78-91. [Link] 

6 Hewlett P.; Liska M. eds. Lea's Chemistry of Cement and Concrete. 
Butterworth-Heinemann, 2019. [Link] 

7 Darweesh H.H.M. Characteristics of Portland Cement Pastes Blended 
with Silica Nanoparticles, To Chemistry Journal, 2020, 5, 1-14. [Link] 

8 Darweesh H.H.M. Geopolymer Cements from Slag, Fly Ash and Silica 
Fume Activated with Sodium Hydroxide and Water Glass. Interceram-
Int. Ceram. Rev., 2017, 66, 226-231. [CrossRef] 

9 Darweesh H.H.M. Utilization of Ca–Lignosulphonate Prepared from 
Black Liquor Waste as a Cement Super Plasticizer. J. Chem. Mater. 
Res., 2014, 1, 28-34. [Link] 

10 Topçu İ.B.; Ateşin, Ö. Effect of High Dosage Lignosulphonate and 
Naphthalene Sulphonate Based Plasticizer Usage on Micro Concrete 
Properties. Constr. Build. Mater., 2016, 120, 189-197. [CrossRef] 

11 Mohammed T.U.; Ahmed T.; Apurbo S.M.; Mallick T.A.; Shahriar F.; 
Munim A.; Awal M.A. Influence of Chemical Admixtures on Fresh and 
Hardened Properties of Prolonged Mixed Concrete. Adv. Mater. Sci. 
Eng., 2017, 2017. [CrossRef] 

12 Heikal M.; Ali A.I.; Ismail M.N.; Ibrahim S.A.N. Behavior of Composite 
Cement Pastes Containing Silica Nano-Particles at Elevated 
Temperature. Constr. Build. Mater., 2014, 70, 339-350. [CrossRef] 

13 Balagopal V.; Viswanathan T.S. Effect of Elevated Temperature on 
Performance of Concrete Containing Supplementary Cementitious 
Material Derived from Coir Industry. Int. J. Emerging Trends Eng. Res., 
2020, 8, 4496–4501. [CrossRef] 

14 Felekoğlu B.; Türkel S.; Baradan B. Effect of Water/Cement Ratio on 
the Fresh and Hardened Properties of Self-Compacting 
Concrete. Building and Environment, 2007, 42, 1795-1802. [CrossRef] 

15 Stefanidou M.; Papayianni I. Influence of Nano-SiO2 on the Portland 
cement Pastes. Compos. Part B: Eng., 2012, 43, 2706-2710. [CrossRef] 

16 Sabet Divsholi B.; Lim T.Y.D.; Teng S. Ultra Durable Concrete for 
Sustainable Construction. Adv. Mater. Res., 2012, 368, 553-556. [Link] 

17 Amin M.; Abu el-Hassan K. Effect of Using Different Types of Nano 
Materials on Mechanical Properties of High Strength Concrete. Constr. 
Build. Mater., 2015, 80, 116-124. [CrossRef] 

18 Darweesh H.H.M. Utilization of Perlite Rock in Blended cement-Part I: 
Physicomechanical Properties. Direct Res. J. Chem. Mater. Sci., 2014, 
2, 1-12. [Link] 

19 Riding K.A.; Poole J.L.; Schindler A.K.; Juenger M.C.; Folliard K.J. 
Evaluation of Temperature Prediction Methods for Mass Concrete 
Members. ACI Mater. J., 2006, 103, 357-365. [Link] 

20 Darweesh H.H.M. Setting, Hardening and Strength Properties of 
Cement Pastes with Zeolite Alone or in Combination with 
Slag. InterCeram-Int. Ceram. Rev., 2012, 1, 52-57. [Link] 

21 Zareei S.A.; Ameri F.; Dorostkar F.; Ahmadi M. Rice Husk Ash as a 
Partial Replacement of Cement in High Strength Concrete Containing 
Micro Silica: Evaluating Durability and Mechanical Properties. Case 
Stud. Constr. Mater., 2017, 7, 73-81. [CrossRef] 

22 Darweesh H.H.M. Mortar Composites based on Industrial 
Wastes. International Journal of Materials Lifetime, 2017, 3, 1-8. [Link] 

23 Tydlitát V.; Zákoutský J.; Volfová P.; Černý R. Hydration Heat 
Development in Blended Cements Containing Fine-Ground 
Ceramics. Thermochim. Acta, 2012, 543, 125-129. [CrossRef] 

24 Atiemo E.; Boakye K.A.; Sarfo-Ansah J. Hydration and Mechanical 
Properties of Portland cement Blended with Low-CaO Steel Slag. J. 
Phys. Sci. Appl., 2014, 4, 444-449. [Link]  

25 Divsholi B.S.; Lim D.T.; Teng S. Evaluation of Heat of Hydration for 
High Performance Concrete Incorporating Normal and Ultra Fine 
Ground Granulated Blast Furnace Slag. In 37th Conference on Our 
World in Concrete & Structures, 2012. 

26 Binici H.; Aksogan O.; Kaplan H. A Study on Cement Mortars 
Incorporating Plain Portland cement (PPC), Ground Granulated Blast-
Furnace Slag (GGBFS) and Basaltic Pumice. Indian J. Eng. Mater. Sci., 
2005, 12, 214-220. [Link] 

27 Hu J.; Ge Z.; Wang K. Influence of Cement Fineness and Water-to-
Cement Ratio on Mortar Early-Age Heat of Hydration and Set 
Times. Constr. Build. Mater., 2014, 50, 657-663. [CrossRef] 

28 Celik I.B.; Oner M.Ü.C.A.H.İ.D.E.; Can N.M. The Influence of Grinding 
Technique on the Liberation of Clinker Minerals and Cement 
Properties. Cem. Concr. Res., 2007, 37, 1334-1340. [CrossRef] 

29 Binici H.; Arocena J.; Kapur S.; Aksogan O.; Kaplan H. Microstructure of 
Red Brick Dust and Ground Basaltic Pumice Blended Cement Mortars 
Exposed to Magnesium Sulphate Solutions. Can. J. Civ. Eng., 2009, 36, 
1784-1793. [CrossRef] 

30 Binici H.; Temiz H.; Köse M.M. The Effect of Fineness on the Properties 
of the Blended Cements Incorporating Ground Granulated Blast 
Furnace Slag and Ground Basaltic Pumice. Constr. Build. Mater., 2007, 
21, 1122-1128. [CrossRef] 

31 Binici H.; Aksogan O.; Cagatay I.H.; Tokyay M.; Emsen E. The Effect of 
Particle Size Distribution on the Properties of Blended Cements 
Incorporating GGBFS and Natural Pozzolan (NP). Powder 
Technol., 2007, 177, 140-147. [CrossRef] 

32 Elmaghraby M.S.; Mekky H.S.; Serry M.A. Light Weight Insulating 
Concrete Based on Natural Pumice Aggregate. Interceram, 2012, 61, 
354-357. [Link] 

33 ASTM-C187-86. Standard Test Method for Normal Consistency of 
hydraulic Cement, 1993, 148-150. 

34 ASTM-C191-92. Standard Test Method for Setting Time of Hydraulic 
Cement, 1993, 866-868. 

https://doi.org/10.1016/j.atmosenv.2007.05.028
https://doi.org/10.31274/etd-180810-763
https://www.scribd.com/doc/208961369/Properties-of-Concrete2-5th-Edition
https://www.ecronicon.com/ecch/pdf/ECCH-02-000014.pdf
https://books.google.co.in/books?hl=en&lr=&id=0cxPCgAAQBAJ&oi=fnd&pg=PP1&dq=Lea%E2%80%99s+Chemistry+of+Cement+and+Concrete&ots=dzwbITETY_&sig=Q4W8TMgvnDi9aJHQnaqV3NJAQGc&redir_esc=y#v=onepage&q=Lea%E2%80%99s%20Chemistry%20of%20Cement%20and%20Concrete&f=false
https://www.purkh.com/articles/characteristics-of-portland-cement-pastes-blended-with-silica-nanoparticles.pdf
https://doi.org/10.1007/BF03401216
https://www.slideshare.net/SaidBenramache/vol-1-2-2014-2834
https://doi.org/10.1016/j.conbuildmat.2016.05.112
https://doi.org/10.1155/2017/9187627
https://doi.org/10.1016/j.conbuildmat.2014.07.078
https://doi.org/10.30534/ijeter/2020/73882020
https://doi.org/10.1016/j.buildenv.2006.01.012
https://doi.org/10.1016/j.compositesb.2011.12.015
https://www.scientific.net/AMR.368-373.553
https://doi.org/10.1016/j.conbuildmat.2014.12.075
https://directresearchpublisher.org/drjcm/files/2014/04/Darweesh.pdf
https://krex.k-state.edu/dspace/bitstream/handle/2097/4496/RidingACIMJ2006.pdf?sequence=1
https://www.researchgate.net/publication/286503831_Setting_hardening_and_strength_properties_of_cement_pastes_with_zeolite_alone_or_in_combination_with_slag
https://doi.org/10.1016/j.cscm.2017.05.001
http://pubs.sciepub.com/ijml/3/1/1/index.html
https://doi.org/10.1016/j.tca.2012.05.022
https://wenku.baidu.com/view/27e5ad65b8f67c1cfad6b899.html
http://nopr.niscair.res.in/bitstream/123456789/8438/1/IJEMS%2012%283%29%20214-220.pdf
https://doi.org/10.1016/j.conbuildmat.2013.10.011
https://doi.org/10.1016/j.cemconres.2007.06.004
https://doi.org/10.1139/L09-103
https://doi.org/10.1016/j.conbuildmat.2005.11.005
https://doi.org/10.1016/j.powtec.2007.03.033
https://www.researchgate.net/publication/288819256_Light_weight_insulating_concrete_based_on_natural_pumice_aggregate


 

 
46 

H. H. M. Darweesh  Nano Progress 

Nano Prog., (2021) 3(5), 38-46. 

 

35 Darweesh H.H.M.; El-Suoud M.A. Influence of Sugarcane Bagasse Ash 
Substitution on Portland cement Characteristics. Indian J. Eng., 2019, 
16, 252-266. [Link] 

36 Darweesh H.H.M.; El-Suoud M.A. Palm Ash as a Pozzolanic Material 
for Portland cement Pastes. To Chemistry Journal, 2020, 4, 72-85. 
[Link] 

37 Darweesh H.H.M. Influence of Sun Flower Stalk Ash (SFSA) on the 
Behavior of Portland cement Pastes. Results in Engineering, 2020, 
100171. [CrossRef] 

38 Darweesh H.H.M.; El Suoud M.A. Effect of Agricultural Waste Material 
on the Properties of Portland cement Pastes. Research & 
Development in Material Science, 2020, 13, 1360-1367. [CrossRef] 

39 Darweesh H.H.M.; El-Suoud M.A. Saw Dust Ash Substitution for 
Cement Pastes-Part I. Am. J. Appl. Sci. Res., 2017, 3, 63. [Link] 

40 ASTM- C170-90. Standard Test Method for Compressive Strength of 
Dimension Stone, 1993, 828-830. 

41 ASTM-C109M. Standard Test Method for Compressive Strength of 
Hydraulic Cement Mortars (Using 2-in. Or [50-mm] Cube Specimens), 
Annual Book of ASTM Standards. ASTM International, West 
Conshohocken, PA, 2013. 

42 Darweesh H.H.M.; El-Suoud M.A. Setting, Hardening and Mechanical 
Properties of Some Cement/Agrowaste Composites-Part I. Am. J. 
Mining Metall., 2014, 2, 32-40. [Link] 

43 Raheem A.A.; Adedokun S.I.; Adeyinka E.A.; Adewole B.V. Application 
of Corn Stalk Ash as Partial Replacement for Cement in the Production 
of Interlocking Paving Stones. Int. J. Eng. Res. Afr., 2017, 30, 85-93. 
[CrossRef] 

44 Binici H.; Ortlek E. Engineering Properties of Concrete Made with 
Cholemanite, Barite, Corn Stalk, Wheat Straw and Sunflower Stalk 
Ash. Eur. J. Eng. Technol., 2015, 3, 23-34. [Link] 

45 Karim M.R.; Zain M.F.M.; Jamil M.; Lai F.C.; Islam M.N. Strength of 
Mortar and Concrete as Influenced by Rice Husk Ash: A Review. World 
Appl. Sci. J., 2012, 19, 1501-1513. [Link] 

46 Aleem S.A.E.; Heikal M.; Morsi W.M. Hydration Characteristic, 
Thermal Expansion and Microstructure of Cement Containing Nano-
Silica. Constr. Build. Mater., 2014, 59, 151-160. [CrossRef] 

47 ASTM- Standards C186-80. Standart Test Method for Heat of 
Hydration of Hydraulic Cement, 1980. 

48 Aydin A.C.; Gül R. Influence of Volcanic Originated Natural Materials 
as Additives on the Setting Time and Some Mechanical Properties of 
Concrete. Constr. Build. Mater., 2007, 21, 1277-1281. [CrossRef] 

49 Mehta P.K. Natural pozzolans: Supplementary cementing materials. 
In Proc., Int. Symp. on Advances in Concrete Technology, 1987, 407-
430. CANMET, Athens, Greece. 

50 Eckart A.; Ludwig H.M.; Stark J. Hydration of the 4 Main Portland-
cement Clinker Phases. Zement-Kalk-Gips, 1995, 48, 443-452.  

51 Darweesh H.H. Effect of the Combination of Some Pozzolanic Wastes 
on the Properties of Portland cement Pastes. IIC, 2005, 808, 298-311. 

 
 
 

 

© 2021, by the authors. Licensee Ariviyal Publishing, India. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license 
(http://creativecommons.org/licenses/by/4.0/). 

 

https://www.discoveryjournals.org/engineering/current_issue/2019/A22.pdf
https://core.ac.uk/download/pdf/322551679.pdf
https://doi.org/10.1016/j.rineng.2020.100171
http://dx.doi.org/10.31031/rdms.2020.13.000802
http://www.sciencepublishinggroup.net/journal/paperinfo?journalid=395&doi=10.11648/j.ajasr.20170305.13
http://www.sciepub.com/ajmm/abstract/2474
https://doi.org/10.4028/www.scientific.net/JERA.30.85
http://www.idpublications.org/wp-content/uploads/2015/04/ENGINEERING-PROPERTIES-OF-CONCRETE-MADE-WITH-CHOLEMANITE-BARITE-CORN-STALK.pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.390.1865&rep=rep1&type=pdf
https://doi.org/10.1016/j.conbuildmat.2014.02.039
https://doi.org/10.1016/j.conbuildmat.2006.02.011
http://creativecommons.org/licenses/by/4.0/

