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Abstract

This study focused on enhancing the properties of interior coatings by incorporating natural additives to minimize potential health 

impacts associated with traditional additives. Organic additives such as Euphorbia condylocarpa, poplar tree bark, and zircon silicate 

were employed by utilizing Design Expert for optimization. The optimized formulation demonstrated impressive attributes including the 

prevention of bacterial and mold growth, high corrosion resistance, effective coverage and adhesion, and resistance to dirt retention. 

The recommended optimum formulation, Euphorbia condylocarpa (1%), poplar tree bark (1%), and zircon silicate (1%) by using the 2FI 

model, exhibited an R2 value of 0.9838, indicating a remarkable predictability of the variability in the experimental data. This result 

emphasized the effectiveness of the proposed model in optimizing the properties of nanosized organic coatings for various industrial 

applications. Thermogravimetric and differential thermal analysis (TG-DTA) revealed that the additives contributed to the development 

of flame-retardant properties as the temperature increased and morphology of coating was obtained with optical microscope and 

scanning electron microscope (SEM). Specifically, Euphorbia condylocarpa exhibited antibacterial, flame-retardant, and hydrophobic 

properties. The study concluded that the incorporation of euphorbia plant, poplar tree bark, and zircon silicate substances positively 

impacted the performance of coatings offering a more health-conscious and technologically advanced alternative.
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1 Introduction
Nanomaterials, as a novel class of materials, garnered sub-
stantial attention from both governments and researchers 
since their introduction. The unique properties inherent in 
nanomaterials indicated a promising array of applications 
across various fields. The manipulation and modification of 
matter between 0.1 and 100 nanometers in size was the 
focus of nanotechnology. The specific physical and chemi-
cal characteristics inherent to the nanoscale size contrib-
uted to these advancements [1]. Its characteristic led to the 
integration of nanomaterials in various applications, 
including optical, thermal, chemical, mechanical, mag-
netic, and energy conversion/storage applications [2]. 
The widespread utilization of nanomaterials was evident 
across diverse sectors including chemical, ceramics, met-
allurgy, and electronic communication [3, 4] It explored 
materials with morphological features at the nanoscale, 
particularly those showcasing unique properties derived 

from their nanoscale dimensions [5]. The field of nanotech-
nology presented a promising opportunity for the develop-
ment of high-performance or even innovative functional 
coatings often referred to as nanocomposite coatings [6]. 
The coating industry was quick to leverage the potential of 
nanotechnology as the addition of nanoparticles to coat-
ings can enhance numerous properties of the coating sys-
tem resulting in versatile coatings with minimal cost dif-
ferences. Such coatings, sometimes composed of 
self-assembling monolayers, found applications ranging 
from scratch resistance [7]. According to the standards, a 
"coating" referred to a layer formed from a single or multi-
ple applications of a coating material to a substrate [8]. 
A diverse range of products permeated in daily lives and 
critical sectors such as transportation vehicles, aircraft, 
marine equipment, machinery, as well as the design of res-
idential and commercial spaces, furnishings, and 
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information storage appliances. These items often featured 
thin coatings to shield them from mechanical and chemical 
impacts, ensuring resilience against weather effects [9]. 
Coatings played a crucial role in safeguarding materials 
from environmental factors such as corrosion, gas perme-
ation, tribological effects and thermal barriers all while 
maintaining an economical advantage. Significant 
advancements in the development and formulation of 
industrial coatings and paints were anticipated driven nota-
bly by the integration of nanotechnology [5]. The remark-
able expansion was closely linked to heightened demand in 
various consumer sectors such as healthcare, automobile 
engineering, building materials and construction, electron-
ics, shipbuilding, power industry, water treatment, and 
packaging [10]. It was crucial to note that in the realm of 
coatings, the term "nano" referred to the ingredients within 
the coating, not the coating itself a distinction frequently 
emphasized [11] and obtained results of suggestion that the 
multifunctional coating showed high mechanical stabil-
ity [12]. The development of coating technology hinged on 
the interplay between the final coating materials and the 
surface properties of the substrate. This relationship was 
governed by the meticulous selection of base materials, sol-
vents, and additives in the coating formulation. The incor-
poration of specific functional additives in the formulation 
determined the characteristics of the coating system [13]. 
The multifunctional properties of nanocomposites 
extended to being anticorrosive, self-cleaning, eco-
friendly, wear resistance, heat and radiation effects, fric-
tion, antireflection, and flame retardancy, anti-radiation, 
anti-microbial, barrier, waterproofing, anti-scratch, etc. 
making them pivotal for surface treatments that contrib-
uted superior physical effects to products [14]. 
Nanocomposite coatings were advanced offering various 
functionalities from simple barrier protection to smart 
auto-responsive and self-healing capabilities finding appli-
cations in both industrial and domestic settings. 
Nanocomposite coatings emerged as a modern and 
high-performance category of materials with exceptional 
properties that significantly enhanced the mechanical, tri-
bological, and anti-corrosion characteristics of metallic 
substrates [15]. Traditionally, organic coatings served as a 
physical layer to insulate materials from the surrounding 
environment [16]. Coatings offered a plethora of desired 
and achievable properties on surfaces, including being dirt 
or water repellent, non-stick, hydrophobic, conductive, col-
ored, transparent, decorative, anticorrosive, with good 
adhesion, high chemical and temperature resistance, effec-
tive diffusion barriers for certain metal ions, easy to clean/

self-cleaning, scratchproof, insulating, antimicrobial [17]. 
The advantages of water-based paint coatings over sol-
vent-based paints were that they were environmentally 
friendly, contained fewer volatile organic compounds, and 
had less odor. Water-based paint coatings were generally 
preferred as a safer and more environmentally friendly 
option [18, 19]. Corrosion was a phenomenon that threatens 
the long-term sustainability of industrial structures and 
causes serious economic losses. The studies carried out 
examined the costs and environmental effects caused by 
corrosion and tried to prevent metal structures from being 
affected by corrosion. Bio-based nanocomposite coatings 
were environmentally friendly nanomaterials that provided 
anti-corrosion and mechanical reinforcement [20, 21]. 
Anti-corrosion pigments in organic coating systems, espe-
cially when defected develop through the film, offer effec-
tive corrosion protection [22]. In recent years, the funda-
mental requirements for achieving strong and long-lasting 
coatings in various conditions are self-cleaning surfaces 
that could eliminate pollutants to lessen corrosion 
impacts [23]. The use of various coatings, both inorganic 
and organic (paints, enamels, and lacquers), was developed 
because of modern technological advances, with research 
contributing to these scientific developments conducted on 
corrosive degradation. Inorganic sol-gel coatings, such as 
zirconium, titania, and silica, were notable for corrosion 
mitigation. Zirconia-based coatings with self-healing prop-
erties were of interest. These inorganic compounds 
enhanced the long-term stability of coating materials, 
resistance to wear, and prevent electrical short circuits 
when deposited as interlayers in superconducting materi-
als [24]. Zircon silicate was a high temperature material 
widely used in refractory applications. The reason for this 
was that it has features such as high melting temperature, 
high thermal shock resistance, resistance to corrosion and 
abrasion, high resistance to acidic chemicals, slag and 
glass, and thermal expansion coefficient close to iron-based 
materials [25]. Zirconia was modified at high temperatures 
and provided a fire-retardant effect when used as an addi-
tive material. It was preferred to use the powder form of 
zirconia in intumescent coating for easy dispersion in the 
coating material [26]. A coating's composition could not 
endanger human health or the biological systems of the 
surrounding environment. Therefore, biocompatibility 
evaluation was a critical factor in coating material selec-
tion and had an impact on the antibacterial property of the 
coating [27]. Natural fibers began to take their place in the 
industry to create lighter and more durable composite coat-
ings. The use of natural fiber reinforcement in coatings 
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affected the hydrophobicity of the product [28]. In natural 
fiber composites, organic fillers could improve mechanical 
characteristics and raise the composite's flammability and 
heat resistance [29]. Additionally hydrophobic coatings, 
inspired by natural surfaces like the lotus leaf [30], offered 
unique characteristics such as self-cleaning, water repel-
lence, anti-icing, anti-corrosion, and oil-water separa-
tion [31, 32]. These coatings could limit the ingress of water 
and salt solutions into concrete, contributing to the durabil-
ity of hydrophobic surface treatments [33]. Nanoparticles 
in hydrophobic coatings improved penetration into sub-
strate surfaces, making them hydrophobic and water repel-
lent facilitating easy cleaning [34]. In literature, there were 
some sources of phytochemicals including compounds 
with antioxidant activity [35]. The family Euphorbiaceae 
was the largest family of angiosperms and contained acrid 
and milky or colorless juice. The genus Euphorbia was the 
best-known species within the plant family Euphorbiaceae 
which included approximately 2000 species. Studies on 
Euphorbia condylocarpa had revealed the presence of phy-
tochemicals such as flavonoids, tetracyclic triterpenoids 
and trifoline in different parts of the plant. Antibacterial 
and cytotoxic activities of various species reported in dif-
ferent studies [36, 37]. Poplar (Populus euramericana) was 
a fast-growing tree with a short growing period and was 
used primarily to make paper, veneer, and sawn wood. 
In addition to its use as a raw material, poplar wood was 
also used to increase mechanical strength and other struc-
tural properties [38]. One of the most important character-
istics of wood bark was its hydrophobicity, which is in 
addition to the conventional factors that indicated whether 
this material was proper for energy purposes. The hydro-
phobic properties of the bark were due to the nature of 
hydrophobic extracts, which were bioactive compounds 
found in the bark. Biomass materials characterized by their 
hydrophobic nature were highly valued in the sector [39].

The present study was aimed to optimize the effective 
additive parameters in organic coating by using viscosim-
eter to improve different properties of interior coatings. 
Euphorbia condylocarpa, zircon silicate and poplar tree 
bark were examined by utilizing Box Benhken optimiza-
tion method in the Design Expert program.

2 Materials and method
2.1 Materials
Euphorbia condylocarpa plant and poplar tree bark were 
collected from the plateau of Gündoğmuş district of 
Antalya. In first step for cleaning of plants, any visible dirt 

was removed from the collected Euphorbia condylocarpa 
plants, poplar tree barks and rinsed thoroughly with dis-
tilled water to eliminate any surface contaminants. In sec-
ond step, the cleaned Euphorbia condylocarpa plants and 
poplar tree barks in a well-ventilated area were dried. After 
dried, a proper grinder was used to reduce the Euphorbia 
condylocarpa plants and poplar tree barks into smaller to 
uniform particles. In sieving step, the ground plant materi-
als were sieved through a series of sieves with progressively 
finer mesh sizes. Sieving helped to separate larger particles 
from the desired finer particles by ensuring uniformity in the 
sample. Zircon silicate (Thermo Fisher Scientific, Dublin, 
Ireland) was utilized to improve the flame-retardant prop-
erties of coating. Chemical composition of reference coating 
consisted of 1-isopropyl-2,2-dimethyltrimethylene diisobu-
tyrate methylisothiazoline (<3%), N-butyl acrylate (≤0,1%), 
5-chloro2-methyl-4-isothiazolin-3-one and 2-methyl-2H-
isothiazol-3-one (<0,0015%) and methanol (<0,1%).

2.2 Method
A user-defined trial design was applied to examine the 
optimization of the desired quality properties of addi-
tives and the interactions of independent variables with 
each other. Design Expert (Stat-Ease v7.0.0 package pro-
gram) [40] was used to determine the proportions of addi-
tives and achieve the best result with minimum number of 
experiments. Box Behnken experimental design was uti-
lized to determine the experimental points by moving away 
from the middle levels of the independent variables [41]. 
Regression analysis was performed to evaluate the exper-
imental data. The analysis was used to determine the rela-
tionship of the independent variables (additives) and depen-
dent variable (coating properties). It was evaluated how the 
additives affected the coating properties using regression 
analysis, Analysis of Variance (ANOVA) was used to deter-
mine whether there was a statistically significant difference 
between different experimental groups and to determine 
where the differences between experimental results origi-
nated. In industrial applications, the highest rate that could 
be utilized statically to achieve maximum efficiency in coat-
ing additives was 6%. A total of 17 trial patterns were used 
with 5 repetitions in the center and three-variable pattern. 
Three levels in Box-Behnken design were coded as −1, 0, 1. 
After all experiments were prepared, the viscosity of each 
experiment was measured and recorded. The effect of the 
coating additives on the coating's viscosity was measured 
using a rotational viscometer (RM 100 Lamy Rheology, 
Rotating Springless Viscometer, France). The viscosity of 



Yılmaz et al.
Period. Polytech. Chem. Eng., 68(3), pp. 398–408, 2024 |401

each solid addition test was evaluated after the viscosity 
of the reference coating without additives was determined. 
The coating samples were rotated at 500 rpm for 20 s while 
kept at room temperature to determine viscosity. The addi-
tive coatings, which formulations were indicated from 1 to 
17, were applied on iron plates cut into 10 × 10 cm pieces 
(wall thickness 2 mm) by pulling them with the use of a film 
applicator with a thickness of 150 µm.

3 Tests
3.1 Cross-cut test
The cross-cut test method was used to measure the adhe-
sion resistance of the coating applied to the surface. Cross-
cut testing was a method to determine the resistance with 
separation from substrates by using a tool to cut an angled 
lattice pattern into the coating, penetrating down to the 
substrate. With this method, the success or failure of the 
sample could be quickly tested. When testing a multilayer 
system, the determination of the resistance to separation 
of different layers could be carried out. At the beginning 
of the test, 6 deep scratches, 3 horizontal and 3 verticals, 
were made on the reference coating and optimum formu-
lation on the metal surface using a utility knife. Duct tape 
was firmly applied to the scratches and removed firmly.

3.2 Corrosion test
The salt test method was utilized to test the corrosion 
resistance of the developed coating. For this purpose, the 
reference coating, and the optimum formulation, which 
were drawn onto the plates and waited to dry, were kept 
in the prepared 5% salt solution for 2 h. Meanwhile, the 
water was boiled, and the water bath system was filled. 
A grid was placed in the system filled with water, plates 
were placed on the grid and the system was covered. The 
coatings were left in this system for 24 h. At the end of 
24 h, the plates removed from the experimental setup were 
examined and corrosion rates were compared.

3.3 Dirt test
To test the dirt-repellent properties of the coatings, 
ketchup, cooking water, coffee, tea, and fruit juice were 
provided. The selected materials were applied sequentially 
to the reference and optimum formulation, which were 
drawn onto the plates and dried, and were cleaned with a 
wipe after waiting for 2 min. By comparing the dirt reten-
tion properties of the coatings, the dirt retention capacity 
of the optimum formulation was determined.

3.4 Antibacterial test
Molds on the wall coating were collected to perform the 
antibacterial test. The collected molds were weighed, and 
masses recorded. Then, the weighed mold samples were 
placed in small pieces on the plates. The system was covered 
and left to stand for 24 h. The aim was to provide proper 
conditions for the collected molds to multiply and to mea-
sure the capacity of the coatings to prevent the growth or 
survival of molds. After waiting for 24 h, the mold samples 
on each plate were weighed, and as a reference, the weights 
of the samples that were not kept in the water bath were mea-
sured. Samples taken from each sample were prepared for 
examination with a microscope. The samples taken from 
the plates were placed in methylene blue and shaken well to 
stain the bacteria and made easier to observe.

3.5 SEM 
Scanning electron microscopy (SEM) was used to take 
500x, 1000x, 5000x and 10000x images (Zeiss brand EVO 
LS 10, Carl Zeiss, Germany). The microscope was oper-
ated at 10.00 kV. Regions in the range of WD = 11 ± 1 mm 
were selected from the images (where WD (working dis-
tance) was space between the specimen surface and the 
bottom of the objective lens and it played a pivotal role 
in determining the quality of the SEM image). In analy-
sis method, coating samples were placed in the device by 
coating gold under vacuum to prevent glare and reflection.

3.6 TG-DTA 
Thermogravimetric and differential thermal analy-
sis (TG-DTA) analysis was performed to characterize sam-
ples with nitrogen gas at 10 °C/min increments from 25 °C 
to 600 °C. TG-DTA was performed on TA Instruments, SDT 
Q600 device (METTLER TOLEDO, New Castle, DE, USA).

4 Results and discussion
The Box Behnken approach was used to determine the opti-
mum formulation depending on the viscometer response. 
The measured viscosity values were proceeded into Design 
Expert program, and it was decided that experiment num-
ber 11 was the optimum formulation considering the val-
ues of 1-2 Pa s which was the most suitable viscosity range 
for an ideal coating. The levels were accepted as equal to 
0.00 (0%), 1.00 (1%), −1.00 (2%) (Table 1). A: Euphorbia 
condylocarpa, B: poplar tree bark, C: zircon silicate 
(ZrO·SiO2). The proposed model, together with the R2 
values and other information found for each model, were 
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shown in Table 2. The model recommended for optimum 
formulation number 11 was the 2FI model. The R2 value of 
the model was found to be 0.9838 indicating that 98.38% of 
the variability in the experimental data could be explained 
by this model. The adjusted R2 value was found to be 
0.9741 indicating a high agreement rate between predicted 
and experimental values. The expected R2 value of 0.9291 
showed that this model could explain 92.21% of the vari-
ability in the prediction of new observations. Since the dif-
ference between the expected R2 value and the corrected 

R2 value was small, it showed acceptable compatibility with 
each other. Therefore, this appropriate model was found 
sufficient to predict new observations (Fig. 1) [42].

The model F value of 101.46 indicated that the model 
was significant. p < F values less than 0.05 indicated 
that the model terms were significant. In this case, A, B, 
AB were meaningful model terms (where AB showed 
the combined effect of A and B parameters on viscos-
ity). Values greater than 0.1 indicated that model terms 
were not significant. When the coefficients and response 
surface graphs (Fig. 1) of the variables in the regression 
model created for the viscosity of coatings with additives 
were examined, it was observed that as the ratio of zircon 
silicate and poplar tree bark (B) contained in the coating 
increased due to the negative effects of the zircon silicate 
ratio (C) and the poplar bark/zircon silicate ratio (BC). 
The 2FI regression model determined for viscosity was 
shown in Eq. (1).

Viscosity � � � � � �
� � � � �

1 468 18 342 00 417 38

11 37 117 25 11

, . . .

. .

A B

C AB .. .25 11 50� � �AC BC
 (1)

The visual results of the analyses for the optimum and 
reference coatings were shown in Fig. 2. It was concluded 
that the corrosion resistance of the optimum formulation was 
higher than the reference. Viscosity determined the fluidity 
of a coating material. Lower viscosity coatings were more 
fluid and easier to apply. Coatings with higher viscosity could 
formed a thicker layer, but application difficulties could be 
encountered. In this case, the viscosity of a coating mate-
rial considered along with other properties such as corrosion 

Table 1 Rates of independent variables and measured viscosity values

No A (%) B (%) C (%) Viscosity (Pa s)

1 1 2 0 1.837

2 0 0 1 0.784

3 1 2 2 1.799

4 2 0 1 1.172

5 1 1 1 1.470

6 0 1 2 1.126

7 1 1 1 1.477

8 1 0 0 1.069

9 1 1 1 1.519

10 2 1 0 1.810

11 1 1 1 1.505

12 1 0 2 1.077

13 0 1 0 1.088

14 1 1 1 1.526

15 2 2 1 2.332

16 0 2 1 1.474

17 2 1 2 1.893

Table 2 Statistical parameters and variance analysis findings for viscosity model compatibility

Model Standard deviation R2 Adjusted
R2

Expected 
R2 PRESS*

Linear 85.59 0.9607 0.9517 0.9207 1.922E+005

2FI 62.61 0.9838 0.9741 0.9291 1.719E+005

Quadratic 64.61 0.9881 0.9729 0.8250 4.244E+005

Cubic 24.95 0.9990 0.9959 +

Source of Variation Sum of squares F-value p-value

Model 2.386E+006 101.46 <0.0001

A-A 9.357E+005 238.70 <0.0001

B-B 1.394E+006 355.51 <0.0001

C-C 1,035.13 0.26 0.6185

AB 54,990.25 14.03 0.0038

AC 506.25 0.13 0.7268

BC 529.00 0.13 0.7210

Residual 39,200.72 - -

Lack of fit 36,711.52 9.83 0.0222

Pure error 2,489.20 - -

Total 2.426E+006 - -

* PRESS: Predicted Residual Error Sum of Squares
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resistance and antibacterial properties. If the coating was not 
applied properly to the surface, corrosion resistance could 
decrease, and the metal surface could corrode over time. 
Therefore, viscosity could affect the uniform application 

of material to the surface and thus the corrosion resistance. 
A high viscosity coating could form a rough coating on the 
surface, which could allow bacteria to grow and take hold 
and reduce the effectiveness of antibacterial properties.

Fig. 1 3D response surface plots for viscosity and comparison of predicted values with experimental values

Fig. 2 Optimum and reference coatings drawn on the plates: A) drying test, 1. optimum, 2. reference; B) corrosion test, 1. optimum, 2. reference; C) 
adhesion test, 1. optimum, 2. reference; D) hydrophobicity test, 1. optimum, 2. reference

A) B)

C) D)
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As a result of the cross-cut test, the surface adhesion 
resistance of the optimum formulation was higher than the 
reference. The weights of the mold samples on the plates 
and the samples that were not kept in the water bath were 
weighed as a reference. As a result of weighing, it was seen 
that the decrease in the weight of the optimum formulation 
was greater than the weight decreasing in the reference. 

Samples taken from each sample were examined under 
a microscope to measure the coatings' ability to inhibit 
the growth or survival of molds. The samples taken from 
the plates were placed in methylene blue and shaken well 
to stain the bacteria.

The hydrophobicity test was performed by visual 
inspection. For the hydrophobicity test, firstly, two drops 
of water were dropped on the coatings dried on the plates 
with a Pasteur pipette. The plates were slowly brought to 
an upright position and the flow of water on the coating 
was examined. It was observed that there were no negative 
consequences such as softening, lifting, deterioration or 
color change on the surface of the samples.

By comparing the dirt-holding properties of the coat-
ings, the dirt-holding capacity of the optimum formulation 
was determined and shown in Fig. 3. According to results, 
the dirt retention test of the optimum formulation could 
compete with the reference coating. With the optimum for-
mulation, fruit juice, coffee, tea, and ketchup stains could 
be cleaned easily and without leaving any traces. However, 
the cooking water stain was a little difficult to clean and left 
a mark. Natural coatings were utilized not only in colour-
ing textile products, but also in many other areas such as 
pharmacy, cosmetics, and food. Advantages such as being 
obtained from edible sources, being compatible with nature 
and being easily degraded, protection from UV rays, and 
antibacterial properties made natural coatings as attrac-
tive. Natural coating applications went beyond known tra-
ditional applications because of scientific and technolog-
ical developments and interdisciplinary studies between 
different branches of science such as chemistry, physics, 
biology, biotechnology, electrical and electronics [43].

The optimum formulation, the molds on the reference coat-
ing on the plate, and the mold that was not kept on the plate 
as a reference were examined separately and the resulting 
images were recorded. As a result of the examination, spores 
indicating the growth of bacteria were clearly observed in the 
mold sample. When the sample kept on the plate on which 
pure coating was examined, it was shown in Fig. 4 that the 
spores on the mold were fewer, and the spores on the mold on 
which the optimum formulation were almost absent.

Samples were examined with SEM analysis at 10 kV 
and 1000x, 1000x and 500x respectively given in Fig. 5. 
Thermogravimetry measured the change in the mass of the 
substance to be examined depending on temperature or time 
using a thermal balance. In the differential thermal analysis, 
the heat absorbed in the system was observed by measuring 
the temperature difference between a chemical system and 
an inert reference compound. In the analysis, the tempera-
tures of the system and the reference were increased at a con-
stant rate. The temperature difference between the exam-
ined sample and the reference was examined as a function of 
temperature [44, 45]. TG-DTA results were given in Fig. 6. 
In thermogravimetric analysis, the sample to be examined 
was heated at a constant rate in nitrogen atmosphere and 
the change in its weight was recorded depending on time 

Fig. 3 Results of dirt retention test: A) coffee stain; B) fruit juice stain; 
C) cooking water stain; D) tea stain; E) ketchup stain
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or temperature. When the TG-DTA graphs obtained for the 
optimum formulation and the reference coating were com-
pared, in the TG graph, 65% of the sample was degraded 

at 500 °C in the reference coating, while 50% of the sample 
was degraded at 800 °C in the optimum formulation. In the 
optimum formulation, the decrease in the amount of sub-
stance started at 400 °C, while in the reference it started at 
approximately 350 °C. The DTG curve indicated that the 
mass loss rate was a function of temperature and time [46]. 
In both samples, the highest peak in DTG was observed 
at 400 °C. After this temperature, a sharp loss of substance 

Fig. 4 Samples examined under the microscope (reference, sample kept in normal coating, sample kept in optimum formulation), respectively

Fig. 5 SEM analysis for optimum formulation

Fig. 6 TG-DTA analysis: A) Water-based reference coating, B) Water-
based coating containing optimum formulation
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amount was observed in both graphs. When the DTA curves 
were examined, both samples underwent a reversible endo-
thermic transition around 350 °C. For the optimum formu-
lation, the second endothermic transition was observed at 
450 °C, while in the reference coating it was also observed 
around 450 °C. In line with these results, the flame-retar-
dant property of the optimum formulation was better than 
that of the reference coating and the targeted flame retar-
dancy enhancement feature was achieved. 

5 Conclusion 
The study aimed to improve interior coating properties by 
using natural additives as Euphorbia condylocarpa, pop-
lar tree bark, and zircon silicate. The optimized formulation 
showed impressive properties as bacterial and mold preven-
tion, effective coverage, and dirt retention. The corrosion 
results demonstrated that the corrosion resistance of the 
optimized formulation surpassed that of the reference. The 
additives also contributed to flame-retardant properties as 
temperature increased. In reference coating, 65% of the sam-
ple degraded at 500 °C, whereas in optimum formulation, 
50% of the sample degraded at 800 °C The study concluded 
that these natural additives offered a more health-conscious 
and advanced alternative to traditional additives. Sample 11, 

which 1% Euphorbia condylocarpa, 1% poplar tree bark, 
and 1% zircon silicate, was found to be optimum. The 2FI 
model identified formulation 11 as the recommended opti-
mum showcasing a remarkable predictability of experimen-
tal data variability with an R2 value of 0.9838.
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