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ABSTRACT 

The purpose of this article is studying the effect of physico-mechanical and fire-resistance of cement composite that 

contain ZnO-nanoparticles NZnO. ZnO-nanoparticles are prepared by combustion method. The composite cements are 

prepared with different amounts of NZnO 0.0, 0.1, 0.2, 0.4, 0.6 mass %. From one day to 90 days, the hydration kinetics’ 

behavior was studied. After the specimens were subjected to thermal treatment at 200, 400, 600, 800 and 1000 
o
C, with a 

rate of heat 5
o
C per minute for two hours, the composite cement pastes’ thermal resistance was investigated. With a 

NZnO content of up to 0.6 mass percent, the compressive strength of OPC–NZnO cement pastes increased. The 

compressive strength of the thermally treated mixes with 0.6 % N-ZnO (NZTU4) is higher than that of the other mixes up 

to 1000 
o
C. It can be concluded that OPC–N ZnO pastes that contain 0.6 mass% NZnO have an optimal mix composition 

that has a better firing resistance than those of other pastes. 

 

Keywords: Zinc oxide nanoparticles, cement, composite, transmission electron microscope Scanning electron 

microscope, x-ray diffraction 

 

1. Introduction 

New scientific fields called nanotechnology aim to 

comprehend and control matter at the nanoscale [1]. 

Unusual physical, chemical, and biological behavior can 

be seen in nanomaterials. An explosion of applications 

for nanomaterials in a variety of fields, including 

medicine, the environment and energy, chemistry, 

electronics, construction and automotive manufacturing, 

has resulted from the development of more effective 

nanoscale characterization methods. The microstructure 

of concrete, the physical and chemical reactions that 

take place in it, the improvement of these concretes, and 

the implementation of novel methods that make use of 

materials with nanoscale dimensions are those that are 

smaller than 100 nm. These nanomaterials are able to 

effectively fill the nano-pores that are present in the 

open vacant system of hydrated cement pastes. They 

also have the ability to increase the mechanical strength 

of pastes, mortar-fibers interfaces, and contact area’s 

structural properties as well as concrete’s durability [2-

7]. The mechanical and durable properties of cement 

based materials containing nanoparticles have been the 

subject of several studies [8]. Nanoparticles were found 

to improve the mechanical properties of cement based 

materials, according to studies. New cement hydration 

accelerators are increasingly focusing on nanoparticles 

[9,10]. Due to their photocatalytic properties, ZnO 

nanoparticles have been used in self-cleaning concrete 

structures [11]. Nano-ZnO is an effective agent for 

enhancing the microstructure of cement pastes as well 

as a promoter of  the pozzolanic reaction. It also serves 

as a filler to enhance the microstructure of cement [12]. 

As a result of addition of low concentrations of nano-

ZnO with Portland cement, it enhances the mechanical 

properties and the microstructure of high strength 

cement pastes. This enhancement of pastes is due to an 

increase in particle packing and durability [13-17]. Due 

to the increased pozzolanic action, filling effect and 

improved the microstructure of cement pastes, the 

incorporation of Nano-ZnO increased the compressive 

strength and tensile strength of cement pastes [18]. 

Nano-ZnO accelerates the hydration reactions of cement 

phases because the particles fill the pores of the CSH by 

decreasing the crystal size of Ca(OH)2 and acting as 

nucleation centers [19,20]. Additionally, NZnO’s 

immediate reaction with cement pastes resulted in the 

formation of gels with high water retention capacities, 

which reduced the mix’s workability [21]. The 

utilization of NZnO in concrete better the compressive 

strength, diminished of the porosity, because of adding 

ZnO prompted the utilization of portlandite (Ca(OH)2) 

in the pozzolanic reaction, consequently enhancing the 

concrete microstructure to be strong and dense [22]. The 

effects of nano-materials in cement-based materials 

were the subject of several studies [13,23-31]. 

               One of the major dangers that destroy building 

structures is fire. Exposing concrete to a higher 

temperature that has been thermally treated (for 

example, as a result of an accidental fire etc.) causes 

extensive deterioration and a variety of transformations 

and reactions, resulting in the gradual breaking of 

cementitious gel structure, decreased durability, an 

improved structural cracking and drying shrinkage [32].  

            Nano-modified cements were prepared by 

partially replacing OPC with 0.1, 0.2, 0.4, 0.6% by mass 

N-ZnO. The physico-chemical and mechanical 

properties of the produced nano-cements were examined 

by determining Wn%, FL%, bulk density and 
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compressive strength. XRD, DTA/TGA and SEM 

techniques were used to identify a few selected pastes. It 

was found that the compressive strength of the cement 

paste containing nano-ZnO particles was greater than 

that of a conventional cement paste. OPC-NZ pastes, 

which contain 0.6% by mass  of NZnO, have an optimal 

mixture composition, which has  good burning 

resistance than  other pastes [33,34,35].  

2. Materials and experimental techniques 

 The starting materials utilized were Type (I) 

ordinary Portland cement (OPC) and nano-zinc oxide 

(NZnO). Lafarge Cement Company, EGYPT, provided 

the ordinary Portland cement (OPC). Table 1 displays 

the chemical analysis. The Blaine surface area of OPC 

was 3350 cm
2
/g. 

Nano ZnO (NZ) were prepared by a gel combustion 

method. In this method we used zinc nitrate as oxidizing 

power and used fuel (tartaric acid+ urea) as reducing 

power. Zinc nitrate and fuel (tartaric acid+ urea) were 

dissolved in distilled water and homogenized on a 

magnetic stirrer. We controlled the pH using ammonia 

solution. The mixed solution was undergone heating at 

ca. 80 °C and stirring until the sol was turned into 

highly viscous gel. The temperature was then increased 

to ca. 300 °C, and this resulted in an exothermic 

combustion process.  During this process, the fuel 

worked as a reducing agent and nitrate salts worked as 

oxidation agents.  The combustion process brought 

about gray fine and intensively porous substance, which 

calcined at 600 °C ZnO nanoparticles were produced. 

The crystallite size of NZnO which was prepared 

was 30.2 nm. As depicted in Figure. 1A and B, The 

mineralogical composition, crystal structure and micro-

structure of NZnO were investigated using XRD and 

SEM. Table 2 depicts the characteristics of NZnO 

particles. 

  

Table (1) Chemical composition of OPC, mass%. 

 

SiO2 Al2O3 Fe2O3 CaO MgO SO3 Na2O K2O TiO2 L.O.I Total 

20.22 5.02 3.44 63.21 1.77 2.57 0.39 0.25 0.51 2.75 100 

 Table (2) The properties of ZnO nanoparticles. 

 

 

 

Table (3) Raw material characteristics. 

 

Formula Purity(%) Diameter(nm) Crystal phase 

ZnO >99.9(wt%) 25±5 (hexagonal) 

Raw materials Formulation Molecular 

Weight(g\mol) 

Purification(%) Physical state 

Zinc Nitrate Zn(NO3)2.6H2O 297.46 99 Solid 

Tartaric acid C4H6O6 150 99 Solid 

Urea NH2CONH2 60 99 Solid 



Mohamed Heikal, MY Nassar, S. Abd El-ALeem, A.M.El.Sharkawy, El-Hassan Desoki and Sahar M Ibrahim   117 

 

Benha Journal Of Applied Sciences, Vol. (7) Issue (12) (2022( 

Fig. (1) Spectroscopic analytical techniques of prepared nano-ZnO (A) XRD, and (B) SEM 

 Table (4) Mix compositions of the prepared composite cements, mass% 

 

A rotational mixer was used to mix the cement 

blends together. The procedure for mixing was as 

follows; The required water of standard consistency was 

used to stir the NZnO particles for one minute at a high 

speed (120 rpm). After the cement is added to the mixer, 

it is mixed for another 30 seconds at medium speed (80 

rpm). The mixture was permitted to rest for 90 s and 

afterward mixed for one min at high speed. Table 4 

displays the mix composition of the prepared cement 

blends.  

The pastes were manually pressed into 2.45 × 2.45 

× 2.45 cm cubic molds.  Before being submerged in tab-

water for 1, 3, 7, 28 and 90 days, the specimens were 

cured at a steady temperature 25±1 °C for the initial 24 

hrs in 100% RH chamber. The hydration of cement 

pastes was stopped by pulverizing 10 g of representative 

sample in a beaker containing 1:1 (v/v) methanol-

acetone mixture, and then mechanically stirred for one 

hour. The mixture was filtered through sintered glass 

G4, after washing two times with the stopping solution 

and diethyl ether, then dried at 70 °C for two hours, then 

collected in polyethylene bags; sealed and stored in 

desiccators for analysis [36]. 

   Using the following equation, the combined water 

content, or Wn, which represents the percentage of 

ignition loss in the pre-dried sample, was calculated: 

Wn, % = [(Wo – Wi)/Wi] × 100 

Where Wo is the dried sample’s mass(g) before 

ignition and Wi is the ignited sample’s mass (g) [37,38].   

The hydrated cement pastes’ free protlandite 

content can be determined. About 0.5 g of the sample is 

placed in small conical flask with 30 ml (glycerol: 

ethanol) solution (1:3) then we add strontium nitrate 

Sr(NO3)2 as indicator. The conical flask is placed on 

heater at 100°C for 10 min. the color of solution change 

to pink. The filtrate is titrated with a standard 0.1 N 

benzoic acid till a grey color appear (end point). 

   Before determining the specimens’ compressive 

strength, the Bulk density was measured. Three similar 

cubes from same mix compositions and curing time 

were used for each measurement at least [39]. 

According to ASTM Designation:C-150, 2007, the 

compressive strength was determined [40]. A 

compressive strength machine of SEIDNER, Riedinger, 

Germany, with maximum capacity of 500 kN force was 

used to test a set of three cubes.  

    With the help of the XRD technique from 

BRUXER- Axs D8 ADVANCE A8 and the 

GERMANY Diffractometer, the crystalline phases of 

cement pastes were identified. The samples were finely 

ground to pass a 200- mesh sieve. Computer aided 

research of the pdf database took from the Joint 

Committee on Powder Diffraction Standards 

International Center for Diffraction Data (JCPDA-

ICDD), 2001, confirmed that each sample had been 

identified. 

The samples subjected to thermally treated 

temperature were demolded after 24 h, cured for 28 

days under tap water, dried for 24 hrs at 105 °C, and 

then subjected to thermal treatment for 2 hrs at 200, 

400, 600, 800 and 1000 °C with heating rate 5 °C /min, 

then cooled to room temperature in the furnace 

atmosphere. Bulk density and compressive strength of 

thermally treated cement pastes were determined after 

immersing the pastes overnight under Kerosene 

according to ISO-50/8, 1983. 

  DTA-50 Thermal Analyzer (Schimadzu Co., 

Tokyo, Japan) was used for thermal gravimetric analysis 

(TGA). Under nitrogen atmosphere, around 50 mg of a 

dried sample was utilized at rate of heat 20°C per 

minute. 

  The energy dispersive X-ray analyzer (EDX), 

Inspect S (FEI Company, Holland) was used to 

investigate the scanning electron microscope (SEM).  

The fractured composites’ microstructure was examined 

with SEM at a Power zoom magnification up to 

300,000× and an accelerating voltage of 200–30 kV 

  

3. Results and discussion 

3.1. Hydration behavior of composite cement pastes 

3.1.1 Compressive strength 

       Figure 2 depicts the effect of NZ contents on the 

compressive strength of hydrated cement pastes that 

have been hydrated for up to 90 days. Due to the 

continuous hydration and formation of successive 

amounts of hydrated products (C-S-H, C-A-H, C-A-S-H 

and Portlandite), the compressive strength of all 

hydrated cement pastes increases with the curing time. 

These hydrates settled into the open pores that were 

available, resulting in a closed compact structure. The 

compressive strength of OPC-NZnO cement pastes 

increase with NZnO content up to 0.6% (NZTU4) mix 

Mix No. OPC% NZ% W/C % 

NZ0 100.0 0.0 0.27 

NZ1 99.9 0.1 0.27 

NZ2 99.8 0.2 0.27 

NZ3 99.6 0.4 0.27 

NZ4 99.4 0.6 0.27 
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than those of OPC paste. There are two reasons why NZ 

increases the compressive strength of hardened cement 

pastes. The first factor, NZnO acts as activator to 

facilitate the pozzolanic reaction with CH that is 

released during cement hydration to form additional 

hydrated products of CSH, CAH and CASH. The 

second factor is due to NZnO improves the interfacial 

transition zone and acts as a filler and packing factor 

into interstitial spaces [41-44]. The inclusion of 0.6 

mass% NZnO increases the compressive strength from 

264 to 452 Kg/cm
2
 after 1 day of hydration, whereas, 

the compressive strength increases from 831 to 1021 

Kg/cm
2
 at 90 days. 

3.1.2. Bulk density  

       Figur. 3 shows the values of the bulk density of 

NZnO-OPC cement pastes that have been hydrated for 

up to 90 days. Increasing the curing time from one day 

to 90 days the bulk density values of OPC-NZnO 

composite cement pastes increases up to 0.6 mass%. 

The bulk density of NZTU4 mix is higher than those of 

other composite cement pastes from one day up to 90 

days; this is due to the higher pozzolanic activity of 

NZnO particles. However, strength values of NZTU1 

mix with 0.1 mass% of NZ are lower than those of neat 

OPC pastes for up to 90 days. NZnO increases the 

pozzolanic activity, resulting in an excessive increase in 

the formation of crystalline CSH hydrates; these 

hydrates, which function as nano-fillers, increase the 

total contents of binding centers and reduce the total 

porosity [45-46]. 

 
Fig. (2) Compressive strength of the hydrated NZnO–OPC cement pastes 

 
Fig. (3) Bulk density of NZ–OPC cement pastes as a function of curing time 
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Fig. (4) Chemically combined water contents of hydrated ZnO-cement pastes up to 90 days 

 

3.1.3. Chemically combined water contents 

       Figure 4 depicts Chemically combined water 

contents of hydrated ZnO-cement pastes up to 90 days. 

The amounts of chemically combined water can be used 

to determine the level of hydration. Due to the 

continuous of the hydration, the chemically combined 

water contents of all hydrated NZnO-cement pastes rise 

with increasing curing age, resulting in the precipitation 

of larger quantities of hydrated products in the hardened 

cement pastes’ accessible open pores. When compared 

to the values of neat-OPC paste for up to 90 days, the 

chemically combined water contents’ values rise with 

rising the content of NZnO to 0.6 mass, indicating an 

increase in hydration reaction rate. Additionally, the 

cement’s hydration was sped up by the high activity and 

nucleating effect of NZnO particles. At all curing ages, 

the composite cement (NZTU4) mix with 0.6 mass% of 

NZnO has the highest values of chemically combined 

water contents. 

3.1.2 Free protlandite contents 

      Figure 5 depicts the free lime contents (FL%) of 

NZnO-cement pastes with varying NZnO percentages 

for up to 90 days. The results indicated that the neat-

OPC paste’s free protlandite values rise to 90 days; The 

hydration continuously of the main phases of cement 

(C3S and βC2S) is the cause of the rise in free 

protlandite values for up to 90 days. Due to the higher 

pozzolanic activity of NZ or the rate of consumption is 

higher than that of liberation, the free lime content of a 

composite containing OPC–NZnO decreases for up to 

90 days. NZ is extremely reactive because it forms CSH 

condensed gel through pozzolanic reaction and its high 

special surface. The free lime contents of OPC-NZ 

composite cement pastes decrease with NZnO content, 

reaching a maximum of 0.6 mass%. In addition, the 

amount of free protlandite content in composite cement 

pastes decreases significantly as the percentage of 

NZnO replacement level rises.  
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Fig. (5) contents of free protlandite in hydrated NZnO cement pastes that can cure for up to 90 days. 

 

3.1.3 Total porosity contents 

Figure 6 shows the variations of total porosity (TP) 

of composite cement pastes   with 0.1%, 

0.2%,0.4%,0.6% NZnO hydrated for up to 90 days. The 

results showed that the porosity content of OPC paste 

decreased with curing time for up to 90 days. This is 

because 

the hydration reaction of the cement phases continued, 

resulting in an excessive amounts of 

the ore-dense structure of hydrates. Cement-pastes 

containing 0.6 % NZnO ( NZTU4) mix have a lower TP 

than neat-OPC and the other-mixes. The results 

concluded that physico-mechanical properties, namely 

CS, chemically combined water, TP, and BD are in 

good agreement with each other. Where the physico-

mechanical properties show an increase in the values of 

CS, chemically combined water, and BD from one days 

up to 90-days. 

3.1.4. XRD diffraction patterns: 

Figure 7A-C represented XRD patterns of OPC and 

NZnO-composite cement hydrated at 28 days and 90 

days. Figure7A illustrates the XRD diffraction patterns 

of OPC cement paste (NZTU0) mix at 28, 90 days. The 

diffraction patterns showed the presence of diffraction 

lines corresponding to hydrated and anhydrated cement 

phases namely, C-H, βC2S, C3S, CaCO3 (C-C) and CSH 

gel. The XRD diffraction patterns showed the peak 

intensity of CSH, C-H,  and CC increased with curing 

time at 90 days. So the compressive strength value of 

OPC paste (NZTU0) at 90 days more than 28 days. 

Figure 7B shows the XRD diffractograms of the 

hardened mixes NZTU0, NZTU1, NZTU2, NZTU3 and 

NZTU4 hydrated for 28 days. Mix NZTU4 exhibit 

lower intensities of diffraction lines corresponding to C-

H in comparison with those of NZTU2. Therefore, the 

rate of lime consumption and formation of CSH 

increases in the presence of mix NZTU4. This 

result confirms the increase of compressive strength and 

bulk density as shown above in Figures 2 and 3. 

Figure 7C illustrates the XRD diffraction patterns 

of OPC-NZnO composite cement paste containing 0.6 

mass% NZnO (NZTU4) mix hydrated up to 90 days. 

The diffraction patterns showed the presence of 

diffraction lines corresponding to hydrated and 

anhydrated cement phases namely, CH, β-C2S, C3S, 

CaCO3 (CC) and C–S–H. The diffraction peak intensity 

corresponding to CSH increased, whereas intensities of 

the diffraction peaks corresponding CH decreased with 

curing time due to the pozzolanic reaction with NZ, 

leading to the consumption of CH and formation of 

additional C–S–H, C–A–H and C–A–S–H hydrated 

products. So the compressive strength values of mix 

containing 0.6mass %NZnO (NZTU4) mix increased 

with curing time.   

 
 

Fig. (6) Porosity contents of hydrated composite cement pastes containing NZ with curing time up to 90 days. 
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Fig. (7) XRD patterns of hardened OPC-NZnO composite cement pastes; (A) NZTU0 at 28 days and 90 days; (B) mixes 

NZTU0, NZTU1, NZTU2, NZTU3, and NZTU4; (C) mix NZTU4 at 1, 28, and 90 days.C-H = 1; C-C= 2; CSH = 3; β-

C2S = 4; C3S = 5 

 

3.1.5. Scanning electron microscopy. 

Figure 8 (A, B) represents the SEM images of 

OPC(NZTU0) mix at 28 and 90 days, the micrograph 

represented the formation of CSH and ettringite 

hydrated products at 28 and 90 days. 

SEM micrograph reveals the formation of much 

denser microstructure at 90 days .The structure was 

found to be a compact dense matrix.  

Figure 9 (A-D) represents the SEM images of the 

hardened mixes NZTU1, NZTU2, NZTU3 and NZTU4 

hydrated for 28 days. The micrograph represented 

formation of CSH, CAH and CASH and these 

compounds are much denser microstructure at NZTU4. 

Figure 10A ,B ,C. represents the SEM micrographs 

of OPC-NZnO composite cement paste containing 0.6 

mass% NZnO (NZTU4) hydrated at 1, 28, 90 days. The 

micrograph represents the formation of CSH, CAH and 

CASH. These hydrated products showed more progress 

and intensified at 28and 90 days.  
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Fig. (8) SEM of NZTU0 mix cured for: (A) 28 days; (B) 90 days 

 

Fig. (9) SEM of NZnO-composite pastes at 28 days: (A) NZTU1 mix; (B) NZTU2 mix; (C) NZTU3 mix; (D) NZTU4 

mix 
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Fig. (10) SEM of NZTU4 mix cured for: (A) 1 day; (B) 28 days; (C) 90 days 

 

3.2. Behavior of composite cement pastes at elevated 

temperature 

3.2.1 Weight loss 
         Fig. 11 depicts the weight loss of the hardened 

OPC-NZ composite cement pastes at temperatures up to 

1000 °C. Due to the chemical processes stimulated by 

treatment temperature in the various phases of cement 

pastes, the weight loss increases with temperature. At 

105 °C, the evaporable water was removed, and around 

200 °C, sulphoaluminate hydrates, CSH and CAH were 

partially decomposed. Gehlenite hydrate (C2ASH8) 

decomposition at temperatures above 200 °C. C-H was 

dehydroxylated between 400-550 °C. Between 650 and 

800 °C, the decarbonation of calcium carbonate 

occurred. The results indicated that elimination of 

adsorbed, free, bound water of cement pastes 

significantly rises weight loss to 250°C. Up to 1000°C, 

the weight loss slightly increased with temperature. This 

is because of the dehydration of CH at temperatures 

between 400-500 °C and the breakdown of some 

hydrated products like C–S–H, calcium 

sulphoaluminate, and gehlenite like hydrate (C2ASH8). 

As the substitution of OPC increased up to 0.6% NZ, 

the weight loss of cement pastes up to 1000 °C, this is 

due to higher consumption of liberated CH with the 

formation of additional hydrarated products, which fill 

the open pores forming interlocking close and compact 

nanostructure [39,47]. 
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Fig. (11) Weight loss of NZnO- containing hardened composite cement pastes at temperatures to 1000°C 

 

3.2.2. Compressive strength 

    Figure 12 depicts graphically the variations in 

compressive strength of the hardened OPC–NZ 

composite cement pastes as a function of treatment 

temperature up to 1000 °C. Up to 400 °C of thermal 

treatment raises the compressive strength [39,48,49]. At 

all temperatures of thermal treatment up to 1000°C, the 

compressive strength of 0.6 NZ is at its highest. 

Enhancing the hydration of unhydrated cement clinker 

results in an increase in the compressive strength of 

OPC–NZnO composite [50]. The high temperature 

result in flow of steam from removal of physically, 

capillary, adsorbed and bound water in cement pastes 

that create hydration products due to internal 

autoclaving reaction ,in addition to enhancement of 

pozzolanic reaction of NZ with C-H to form extra CSH 

with high strength [39,51,52]. At 600–1000 °C, the 

compressive strength decreases, possibly as a result of 

the decomposition of cementitious materials like C–S–

H. These hydrates undergo thermal treatment at 

temperatures to 1000°C, resulting in the formation of 

wallastonite crystalline phases and a crystalline 

structure resembling that of C2S. The pore system is 

opened by these crystalline phases, resulting in an 

increase in porosity and a decreases in compressive 

strength. It can be included that NZ with a mass of 0.6% 

is more resistant to fire than any other composite cement 

pastes. 

 
Fig. (12) Compressive strength of NZ- containing hardened composite cement pastes at temperatures to 1000°C 
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3.2.3. Bulk density 

      Figure 13 depicts bulk density of NZ-containing 

hardened composite cement pastes at temperatures to 

1000°C.The variations of bulk density of thermally 

treated OPC-NZ pastes occur in different steps. The 

self-internal autoclaving reaction that results in the 

formation of additional hydration products from an 

anhydrous cement and the pozzolanic reaction of NZnO 

with CH that results in the formation of additional C-A-

H, CZH and C-A-S-H hydrated products both increase 

the bulk density at the first step up to 200 °C. The 

elimination of adsorbed, free, chemically combined 

water of calcium aluminosilicate hydrates, CAH and 

CSH results in a bulk density decreases of up to 400 °C 

during the second step. The decomposition of calcium 

carbonate into CaO and CO2 results in an increase in the 

bulk density values between 400 °C and 600 °C (the 

third step). Up to a temperature of 1000 °C, the bulk 

density of the (NZTU4) mix is higher. This is because 

the the hydration products from the cement clinker 

phases have higher values. the pore size distribution 

were strongly losses and coarsening because of raising 

temperature above 600–1000 °C [47,53,54]. this results 

in the formation of a denser structure and the shrinkage 

that goes along with it, consequently, both the total 

porosity and bulk density increase. The dense mater 

produced by sintering from solid state results in an 

increase in bulk density. 

3.2.4. Total porosity 

       Figure 14 depicts the OPC–NZ composite cement 

pastes’ total porosity as a function of treatment 

temperature. The temperature of thermal treatment 

increases the hydration of un-hydrated cement phases 

and the reaction of NZnO with C-H to create extra 

hydration products that fill up the existing pores, both of 

which reduce total porosity up to 200 °C [53,55-57]. For 

all cement pastes, the total porosity rises abruptly with 

treatment of temperature from 200°C to 1000°C because 

of the creation of microcracks and rise of crystallinity 

degree of the hydrates that are formed, which results in 

a kind of opening in the pore system of the cement 

pastes [55,56]. NZnO content decreases total porosity; 

this is because CH is used to create more hydration 

products. Additionally, a significant increase of micro-

cracks causes a sharp increase in porosity between 600 

and 800 °C. The degredation of C-H at 600°C increase 

porosity. Because of the degredation of some 

carbonated CSH as well as the other hydration products, 

the porosity increases after 600°C to 1000°C. Sintering 

caused significant coarsening and loss of strength at 

exposed temperatures up to 1000 °C. The distribution of 

pore size is affected by the rising temperature. The 

increase in total porosity can be linked to the decrease in 

compressive strength.  

 

 
 

Fig. (13) Bulk density of NZ-containing hardened composite cement pastes at temperatures to 1000°C. 
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Fig. (14) Total porosity of NZnO- containing hardened composite cement pastes at temperatures to 1000°C. 

3.1.4. XRD diffraction patterns: 

Figure 15A shows the diffraction lines of mixes 

NZTU0, NZTU2 and NZTU4 containing 0, 0.2, and 0.6 

mass% NZnO hydrated at 28 days. X-ray diffractograms 

show the presence of C-H, βC2S, C3S, CC, and CSH. 

The peak height of CSH, and C-H phase corresponding 

to 0.6 mass% NZnO decreases than those of peak 

containing 0 and 0.2 % NZnO. 

Figure 15B shows XRD diffraction patterns of 

NZTU4 mix contains 0.6 mass% NZnO at 400,600, 

and1000 °C. XRD diffraction patterns of 0.6% NZnO 

(NZTU4 mix) at 400 °C demonstrates the main phases 

as CSH gel, unhydrated C3S ,and β-C2S, C-H and C-C. 

The diffraction lines because of C-H, demonstrated that 

the intensities of diffraction lines corresponding to C-H 

of mix NZTU4 at 400 °C are more than the intensities of 

diffraction lines corresponding to CH at 600 °C are 

more than the intensities of diffraction lines 

corresponding to CH at 1000 °C. Moreover, the 

intensity of diffraction lines corresponding to CSH at 

400 °C are more than that of C-S-H at 600 °C and at 

1000 °C .The peak intensity of (C3S and β-C2S) at 400 

less than 600 °C less than 1000 °C. It was concluded 

that NZnO at 400 °C has more hydration products than 

at 600 and 1000 °C. There is an overlap between the 

lines of C-C and the lines of CSH.  

The intensity of C-C peak that was removed at 

1000°C because of partial decomposition into CaO. At 

1000°C CSH has completely disappeared because of the 

change to crystalline anhydrous calcium silicate phases.  

 

Fig. (15) XRD diffraction patterns of OPC-NZnO composite cement pastes at temperatures up to 1000 
O
 C; (A) mixes 

NZTU0, NZTU2, and NZTU4; (B) mix NZTU4 at 400, 600, and 1000 
O
 C; CH = 1; CC 2; C-S-H =3; β-C2S = 4; C3S = 5 
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3.1.5. Scanning electron microscopy 

Figure 16 (A-C) represented SEM micrographs of 

mixes NZTU0,NZTU2 and NZTU4 at 400°C. The 

micrograph displays a combination of 

CSH,CAH,CSAH. These compounds are a denser at 

NZTU4. 

Figure 17 (A-C) represents SEM micrographs of 

mix NZTU4 at 400,600, and1000 °C 

A combination CSH and hexagonal sheet of 

Ca(OH)2 with a porous-structure morphology is 

displayed in the micrograph. The large amount of 

hydrates are decomposed because of increasing of the 

thermally treated temperature to 1000 °C, these hydrates 

leads to open the pore matrix ,so compressive strength 

decreased at 1000 °C 

 

 

Fig. (16) SEM of NZnO composite cement pastes treated at 400 °C (A) NZTU0 ; (B) NZTU2 ; (C) NZTU4 

 

Fig. (17) SEM of NZTU4 treated at: (A) 400 °C ; (B) 600 °C ; (C) 1000 °C 
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4. Conclusions 

From the above findings it can concluded that: 

1. The compressive strength of OPC–NZ cement pastes 

increase with NZnO content up to 0.6%. 0.6 mass% 

NZnO nano-particles is appropriate amount, which 

improves the compressive strength of OPC paste 

with   29.12% 

2. Chemically combined water contents increased by up 

to 0.6 mass% as NZnO content increased. At all 

curing ages, the OPC-NZ composite cement with 0.6 

mass% NZ (NZTU4) has the highest chemically 

combined water contents. 

3. OPC–NZ’s free lime content decreased for up to 90 

days. 

4. Because of increasing pozzolanic activity necessary 

to generate additional CSH hydrated products, 

mixtures containing OPC-NZ exhibit an increase in 

ignition loss between 200 and 400 
O
C.  

5. With cement pastes containing 0.1, 0.2, 0.4, and 0.6% 

NZnO, the compressive strength increases by 12.65, 

21.9, 23.16, and 25.94 % as the thermally treated 

temperature rises from 25 °C to 450 °C, respectively. 

6. The compressive strength of 0.6% NZ was highest at 

all temperatures of thermal treatment up to 1000 °C. 

It can be concluded that 0.6mass% NZ has a higher 

resistance to fire than all composite cement pastes. 

7. Bulk density values are highest in mixes (NZTU3 and 

NZTU4). 

8. The data demonstrated that, up to a temperature of 

1000 °C, the total porosity of (NZTU3 and NZTU4) 

mixes is lower than that of other composite cement 

pastes. 
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