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Abstract— This research project focuses on evaluating the antimicrobial properties of a composite material composed of Portland 

Cement and Zinc Oxide (ZnO). The study assesses the antibacterial activity of this composite by using Escherichia coli (E. coli) as the 

test microorganism. Bacterial growth assessment is carried out through the Total Plate Count (TPC) method. The investigation involved 

varying the concentration of ZnO within the Portland Cement composite, specifically at levels of 0%, 1%, 3%, and 5%. The study 

primarily centers on generating reactive oxygen species (ROS) by ZnO, and this evaluation was conducted under both UV light exposure 

and without it. This dual approach allows for a comprehensive examination of ROS activity. Furthermore, the research project involves 

material characterization using X-ray Diffraction (XRD) to determine the nanoparticle size of ZnO and identify the crystal structures 

present within the composite material. Additionally, morphological analysis is performed using Scanning Electron Microscopy (SEM) 

to visualize the structural properties of ZnO embedded within the Portland Cement. SEM analysis is conducted at various 

magnifications, including 1000x, 2500x, 5000x, and 10,000x, to provide a detailed view of the ZnO's structural properties. In summary, 

this research project explores the antimicrobial potential of a composite material incorporating Portland Cement and ZnO, focusing 

on ROS generation and the composite material's structural properties. The findings will contribute to our understanding of the 

material's suitability for applications in antimicrobial environments. 
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I. INTRODUCTION 
Composite cement production, used to make cement 

mortar and concrete, is one of the most significant branches 
in the building materials industry today. Nanoparticles are 
used in electronics, cosmetics, the food industry, agriculture, 
and building materials (especially those made from composite 
cement). One form of composite cement is Portland cement 
[1], [2]. The basic ingredients of cement are divided into three 
types, namely clinker 70%-95%, which is the result of 
burning limestone, silica sand, iron sand, and clay, then about 
5% gypsum is used. as a retarder, and third material, such as 
limestone, pozzolan, fly ash, etc. [3], [4].  

Portland cement is made in several stages; the first is 
limestone/coral obtained in the coal firing process, broken 
down to a size of < 50mm. The second is limestone tested with 

a predetermined size mixed with clay, sand, and iron ore. In 
the third process, after mixing, the results are brought to the 
ball mill and mixed with water, and then a concentrated 
solution with a texture-like texture is formed. In the usual 
slurry, in the fourth process, testing is carried out according 
to specifications.  

TABLE I 
COMPOUNDS CONTAINED IN PORTLAND CEMENT [7] 

Chemical Properties Percentage (%) 

Loss on Ignition 2.05 
Insoluble Residue 4.10 
Chloride 0.07 
SiO2 28.7 
Al2O3 13.5 
CaO 53.6 
MgO 2.21 
Fe2O3 2.27 
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The last process after testing is carried out by burning the 
slurry in a rotating kiln with a temperature of 15000°C. Then, 
clinker, which contains chemical compounds, is produced [5], 
[6]. The percentage of compounds contained in Portland 
Cement is in Table 1. 

Table 2 shows a notation of Portland cement compounds. 
However, most cements have a brittle structure, full of 
capillary cavities, with porous spaces. Because of that, in a 
period when the weather tends to be challenging to predict, 
the influence of rainfall and harsh conditions such as normal 
temperatures allow the cycle of freezing and thawing water 

seepage to begin to occur in the cement structure, long-term 
water intrusion into the cement structure will be accelerated, 
and the structure gradually decays. In addition to water 
incursion, moisture left for an extended period on the surface 
of a cement structure will encourage the growth of bacteria, 
fungi, and insects. Escherichia coli is one of the most 
prevalent microbiological infections. It spreads, having 
negative impacts on the environment as well as adverse health 
conditions such as upper respiratory tract symptoms (cough, 
sore throat), meningitis, and asthma [9]–[11]. 

TABLE II 
NOTATION OF PORTLAND CEMENT COMPOUNDS [8] 

Oxide CaO SiO2 Al2O3 Fe2O3 K2O MgO Na2O SO3 CO2 TiO2 

Notation C S A F K M N S' C' T 

It is known that ZnO material shows efficiency and better 
antimicrobial with good photochemical stability. This 
antimicrobial efficiency is closely related to the 
superhydrophobicity of ZnO and its high oxidizing power. 
Reactive oxygen species (ROS) are poisonous and capable of 
killing bacteria when produced by ZnO in aqueous 
environments during sun irradiation [12]–[15]. Other benefits 
or advantages of ZnO are its excellent stability in both acidic 
and alkaline conditions, biosafety, ecological safety, and 
relative affordability [16]–[19]. Besides, the antibacterial 
activity of ZnO nanoparticles has been correlated with its 
small size and low cost, wide surface-to-volume ratio, 
encouraging them to interact directly with bacterial 
membranes [20]–[22]. This research aims to evaluate the 
antibacterial properties of a Portland Cement composite with 
varying concentrations of Zinc Oxide, using E. coli as a test 
organism and analyzing the reactive oxygen species' activity, 
complemented by structural characterization through XRD 
and SEM. 

II. MATERIAL AND METHODS

A. Material and Methods

Tools and materials needed are a beaker, measuring cup,
analytical balance, stirring rod, dropper pipette, petri dish, 
filter paper, ultrasonic digital, falcon tube, vortex, ZnO 
hexahydrate, acetone, Portland cement, Escherichia coli 
bacteria, Aquades, Nutrient Agar and NaOH. 

B. ZnO Synthesis

To synthesize ZnO nanoparticle powder, following the
previous procedure with modification [23]. A total of 7 grams 
of [Zn(NO3)2.6H2O,(Brand, 99.0%)] was dissolved in 117 ml 
of solution, then added 4 M aqueous solution of NaOH 
dropwise with constant stirring until it reaches a pH of 12 
from which precipitation is reached. Furthermore, after the 
filtering process, the precipitate formed is washed several 
times with distilled water, then a few drops of acetone, then a 
white powder is formed. Then, the white powder was dried in 
an oven at 110°C for 5 hours. 

Fig. 1  Schematic process of nanomaterial dispersion methods in the preparation of cement-based composites 

White cement and ZnO were mixed tightly utilizing digital 
ultrasonic technology for two hours under a 30-watt UV light 

to achieve uniform mixing. The same procedure was carried 
out without UV light or the dark [24], [25]. 

UV light 30 watt 
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C. Mixing Process of ZnO powder and Portland Cement 

After synthesizing ZnO, ZnO powder was obtained, and 
four beakers containing cement composite were prepared. 
ZnO was added in the four composites with variations in 0%, 
1%, 3%, and 5% by weight ratio. When making the composite 
pellets, first combine the ZnO and white cement in the proper 
quantity, keeping the overall weight of the cement at 1 gram and 
adding the variation, and then combine with several milliliters of 
distilled water, which serves as a solvent [26], [27]. 

D. Antibacterial Test against Escherichia coli 

Prior to the bacterial test, the Nutrient Agar medium was 
made by weighing 2.8 g of NA media and dissolved in 100 
mL of distilled water, then heated on a magnetic stirrer until 
homogeneous, then sterilized in an autoclave at 121°C for 1 
hour. to prevent the growth of unwanted microorganisms. 
After sterilization, the media can be poured aseptically into 
sterile petri dishes for use. Before pouring the media, wait 
until it is lukewarm (± 40˚C), then leave it at room 
temperature until the media solidifies completely. This was 
followed by a bacterial test in which the mixed sample was 
prepared and weighed with a weight of 0.2 g each, then a 
sample of Semen-ZnO weighing 0.2 grams was put into a 
falcon tube followed by 1 ml of a sample of Escherichia coli 
bacteria and then vortexed for several minutes to directly 
contact the bacteria with the Cement-ZnO composite [28], 
[29]. 

This is followed by a gradual dilution that aims to reduce 
the number of microbes suspended in the liquid. Furthermore, 
1 ml of the diluted sample was poured into the media using 
the Spread Plate method and then incubated for 2x24 hours at 
room temperature. Evaluation/calculation of the number of 
colonies was carried out using the TPC (Total Plate Count) 
method with the help of a colony counter, the formula 
equation: 
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E. XRD Instrument Sample Characterization 

Characterization results of the ZnO synthesis and Cement-
ZnO were carried out by the way it worked; namely, 2 X-ray 
beams with identical wavelengths and phases hit the solid 
sample, thus forming an angle with the atomic plane. 
Different atoms distort these X-rays, which causes the 
refracted beams to interact. In a certain direction, the 
interference is conductive. In this study, the XRD instrument 
aims to determine the type of crystal formed in ZnO and the 
type of mineral in cement, in addition to obtaining crystal size 
data on ZnO using the equation: 

 � =
�ʎ

�.����
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where the wavelength of the incident X-ray beam, d, the 
crystal size in nanometers, K, the Scherrer constant, and the 
entire width at half the maximum intensity of the reflection 
peak [30], [31]. 

F. SEM Instrument Sample Characterization 

The ZnO-cement sample was characterized by a working 
method; namely, the electrons from the gun contained in the 

SEM were directed by a magnetic lens to the sample and then 
received back by the secondary backscatter detector to 
produce morphological and topographical image information 
of the sample [32], [33]. 

III. RESULT AND DISCUSSION 

A. ZnO Synthesis 

Pure ZnO powder is produced from a mixture of ZnO 
nitrate hexahydrate with 0.2 M NaOH and the addition of 
NaOH with a maintained pH of 12. Adding NaOH separates 
ZnO from nitrate to form Zinc Hydroxide and Sodium Nitrate. 
Then, the solution is filtered for cleaning purposes. 
Alternatively, the separation of solid particles from a 
solution/fluid by passing them through a filtering medium or 
septum that holds the solids in place. The solid formed was 
dropped by drops of acetone, which aims to remove nitrate in 
ZnO, and was occasionally given aquabides to clean the 
impurities, and was baked for 5 hours with the following 
reaction: 

 
A white powder was produced after filtering and washing 

the precipitate many times with distilled water and then 
acetone, producing 3.2 grams of pure ZnO powder. 

B. Mixing Process of ZnO powder and Portland Cement 

Adding small amounts of nanoparticles and functional 
qualities like self-sensing, self-healing, and antibacterial 
activities dramatically influences cement-based composites' 
mechanical characteristics and durability. By solving 
intermolecular processes, the sonication process quickens the 
disintegration of a substance, resulting in the formation of 
nanoparticles. The sample was subjected to sonication with 
and without UV light, using a 30-watt UV light with a 
maximum wavelength of 365 nm and a light intensity of 144 
W/m2.  

According to the relative importance of photoactivation 
(ROS generation) and particle dissolution (including the 
capacity to accelerate photo-dissolution) in determining the 
toxicity of ZnO nanoparticles under UV radiation, UV 
radiation aids in speeding up the dissolution of ZnO 
nanoparticles. To help understand the function of ROS 
formation and dissolution in ZnO toxicity, the dissolution of 
these nanoparticles under various conditions was studied in 
terms of time. On the other hand, the antibacterial activities 
of ZnO without UV light or a light source stemmed from Zn2+ 
ions released in water [34], [35]. 

On the utilized catalyst, UV light comprises photons that 
are helpful in the process of electron excitation from the 
valence band to the conduction band. If the electrons in the 
catalyst have sufficient energy to transition from a lower 
energy (valence band) to a higher energy (conduction band), 
they will become excited. A hydroxide radical is created when 
a photocatalyst interacts with a water molecule. This occurs 
because the electrons in both bands are unstable due to one 
valence band electron moving to the conduction band.
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Fig. 2  ROS Mechanism 

 

Electrons in the valence band will interact directly with water 
molecules to form hydroxide ions radicals while electrons in the 
conduction band react first with oxygen so that they will form 
superoxide radical anions, which in turn produce ROS from ZnO 
nanoparticles which are smaller than the pores bacteria will 
penetrate and destroy the bacterial cell wall [36], [37]. 

C. Application of Semen-ZnO against Escherichia coli 

bacteria with UV light 

After forming a composite between Cement-ZnO, which 
has previously been varied with variations of 0%, 1%, 3%, 
and 5%, the resulting product is applied to bacteria, which 
aims to see the effectiveness of the product in evaluating 
bacteria, the following table presents the results of bacterial 
evaluation to the sample. 

TABLE III 
RESULT OF ANTIBACTERIAL APPLICATION WITH UV LIGHT 

No. 
Cement-ZnO 

variation 

No. of 

Colonies 
(CFU/ml) 

1. 0% 285 2.85x106 

2. 1% 203 2.03x106 

3. 3% 109 1.09x106 

4. 5% 48 0.48x106 

 

 
Fig. 3  The curve of survival percentage of Cement-ZnO composite against 
E.coli  with UV light 

 
The results obtained in cement with a variation of 0% 

ZnO obtained the amount of bacterial contamination of 
2.85x106, which can be said to be on the threshold with a 
maximum total colony of 300, at a variation of 1% obtained 
the amount of microbial contamination of 2.03x106, it can 
be assumed that the addition of variations resulted in the 

value of bacterial survival decreases, then in the 3% 
variation, the amount of microbial contamination is 
1.09x106, this shows that the survival of bacteria is 
decreasing, the last variation is 5%, the data on the amount 
of microbial contamination is 0.48x106. 

 

 

From the curve, it can be concluded that the level of 
bacterial life in colony-forming units per volume (CFU/ml) 
of Escherichia coli with variations in ZnO with the help of 
UV light. With the added variation of ZnO, the survival rate 
of bacteria decreased. From the smallest variation of 0% to 
the largest variation of 5%, a significant decrease was 
experienced. 

D. Application of Cement-ZnO against Escherichia coli 

bacteria without UV Light 

The sonication process was carried out on Cement-ZnO 
without the help of UV light. The beaker containing the 
Cement-ZnO composite was coated with aluminum foil to 
prevent contact with outside light so that the evaluation 
results were obtained in Table 4 below. 

TABLE IV 
RESULT OF ANTIBACTERIAL APPLICATION WITHOUT UV LIGHT 

No. 
Cement-ZnO 

variation 

No. of 

Colonies 
(CFU/ml) 

1. 0% 285 2.85x106 

2. 1% 203 2.03x106 

3. 3% 109 1.09x106 

4. 5% 48 0.48x106 

 
 

 
Fig. 4  E.coli survival percentage curve for Cement-ZnO composite without 
UV light 
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The results obtained in cement with a variation of ZnO 
0%, the amount of microbial contamination that cannot be 
calculated/undefined, it can be said that this number exceeds 
the limit with a maximum total colony of 300, at a variation 
of 1% the amount of bacterial contamination is 2.83 x 106. 
It can be assumed that the addition of the ZnO variation 
resulted in a decrease in the survival value of the bacteria, 
then at the 3% variation, the amount of microbial 
contamination was 2.39 x 106. This indicates that the 
survival of the bacteria was decreasing. With the added 
variation of ZnO, it was found that the bacterial survival rate 
decreased. But not too significant. The decrease was not too 
significant, going from the smallest variation of 0% to the 
largest variation of 5%. This was because it was without the 
help of UV light. 

E. XRD Instrument Characterization 

The characteristic test of Cement-ZnO aims to determine 
the shape or type of ZnO crystals found in Portland Cement. 
On the other hand, it is necessary to know the size of the 
nanoparticles of ZnO itself contained in Portland Cement. 

 
Fig. 5  XRD Pattern of Cement-ZnO 

In the XRD results, the ZnO crystal form is hexagonal 
wurtzite which is proven by the field by confirming the high 
purity properties of the synthesized powder, and the structure 
results are almost the same as in previous studies [38], [39], 
where the peaks were found at angles of 32.769°, 34.2976°, 
36.0389°, 39.417°, 41.3164°, and 43.1495° with hkl values (1 
0 0), (0 0 2), (1 0 1), (1 0 3), (1 1 2) , and (2 0 1). 

The sharpness of the XRD spectrum graph is related to 
the quality of its crystallinity. The peak sharpness is also 
related to the curve's width or what is commonly referred to 
as the full width at half maximum FWHM (full-width half 
maximum). The FWHM value is related to the size of the 
crystal diameter. The larger the FWHM, the smaller the 
crystal diameter obtained [40], [41]. 

TABLE V 
ZNO CRYSTALLINE SIZE CALCULATION 

Sample 
Theta 2  
(°) 

F.W.H.I.M. 

(°) 

Sample 

Crystalline Size 

(nm) 

Pure ZnO 
Powder 

32.7690 0.3070 26.95803 
34.2976 0.3070 27.08113 
36.0389 0.4093 20.41056 
39.4170 0.3070 27.48736 
41.3164 0.6140 13.82768 
43.1495 0.3070 27.82674 

 
The results of the crystal diameter measurement can be 

shown in Table 5. It is known that based on the results of 
calculations using the Debye-Scherrer formula, the 
crystalline size of ZnO powder obtained nanoparticle size 
average is 23,483 nm. 

F. SEM Instrument Characterization 

The morphology of the cement-ZnO composite (5%). At 
1000x magnification, Figure 6(a) shows a sample of white 
cement. The images reveal that the white cement has a 
porous and heterogeneous structure. Figure 6(b) shows two 
types of morphology; one sample of white cement is similar 
to Figure 6(a), and the other is similar in structure to a needle 
or rod. The needle/rod structure is made of ZnO, which the 
researchers used as a cement filler or material. The 
microstructure of Figure 6(b) reveals that the ZnO 
needles/rods are solidly embedded in the white cement, and 
in the image reveals that the micro/nanostructure of ZnO is 
typical tubular microstructure/nanotubes have a hexagonal 
shape. The brightness contrast between the middle and the 
edges indicates the tube structure is hollow, under the SEM 
results, which can be drawn that the appearance of the 
hexagonal-shaped ZnO material was found [42]–[44].

 

  
(a) (b) 

Fig. 6  Cement ZnO Morphology 

IV. CONCLUSION 

The effect of adding ZnO to Portland Cement with the help 
of UV light resulted in a significant decrease in bacterial 

survival, but without UV light, the survival of bacteria also 
decreased but not significantly. The results of the synthesis of 
ZnO were characterized by XRD formed hexagonal wurtzite 
crystals with peaks formed at angles of 32.769°, 34.2976°, 
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36.0389°, 39.417°, 41.3164°, and 43.1495°. The ZnO-cement 
composite (%) was successfully created, as seen from the 
SEM images, and XRD examination revealed no interaction 
between ZnO and white cement in the composite. In the ZnO-
cement (%), no further phase development, absorption, or 
bonding was seen. 
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