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ABSTRACT

With the increasing population, a fire-protection of buildings has become 
necessary. Therefore, water-based indoor paints, which reduce the rate of the 
fire and offer the chance to intervene before the flames spread, have received 
attention; however, the performance and flame retardant property of these paints 
need to be improved. In this study, boric acid (H3BO3), which is the product of 
boron (B), was used as an additive for a flame retardant in the prepared water-
based indoor paints. In order to investigate the effect of different weight ratios of 
H3BO3, the paints have been prepared with the addition of 5%, 10%, and 20% 
(w/w) of H3BO3. In addition, the synergistic effect of H3BO3 and melamine (C3H6N6) 
on the flame retarding performance of the prepared paints was also investigated. 
The physicochemical properties, flammability characteristics and thermal 
properties were analyzed by Fourier transform infrared spectroscopy (FTIR), 
limiting oxygen index (LOI), and thermogravimetric analysis (TGA), respectively. 
The results demonstrated that the characteristic peaks of H3BO3 were observed 
in the prepared paints. When the flammability behavior of the paint samples were 
compared, the sample (P6) containing 20% (w/w) of H3BO3 showed the highest 
fire resistance property. Moreover, the results of the thermogravimetric analysis 
demonstrated that the prepared paints containing H3BO3 decomposes into B2O3 
and water, which suppresses the fire. It can be concluded that the prepared paint 
(P6) can be used as a suitable alternative for the water-based indoor paints.

1. Introduction

With the developing technology and the increase in ur-
banization, the risk of a fire has been a growing threat. 
In order to diminish this possible serious risk, fire pro-
tection in construction materials has become crucial 
with the increasing requirements for safety regulations 
[1]. These regulations make the most urgent need to 
develop new materials that can provide flame retar-
dancy at high temperatures in the construction indus-
try.

Recent innovations on fire-protection of construction 
materials cost more in terms of labor, raw materials, 
and coating, etc. Therefore, in order to lower this bur-
den, the current research has moved towards the de-
velopment of new products with a sustainable design 
in construction [2]. The design of a fire-protection of 
the construction materials for buildings can be per-

formed actively or passively. While the active strategy 
is composed of mechanical and electrical systems, the 
passive one refers to limit the spread of flames within 
the elements of the buildings such as columns, coat-
ing, etc. [3].

The paint and coating industry has been changing 
with technology. This industry is separated into three 
groups such as architectural coatings, industrial coat-
ings, and maintenance coatings. The architectural 
coatings include all paints, varnishes, and lacquers 
[4]. During a fire, to extend the time of interfering with 
a building, indoor paints have taken attention among 
other elements [2].

Indoor paints are chemical materials that create pro-
tective and decorative thin layers at different surfaces 
with several application methods [5]. However, most 
of these paints, composed of halogen- or phosphor-
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based flame retardants in formulations, are inflamma-
ble, not ecologically friendly, and release toxic gases 
and smoke in case of fire [2]. Thus, considerable at-
tention to phosphor-or halogen-free paints should be 
given to solve these disadvantages [6].

Turkey has the highest boron (B) reserves in the world 
with 73.4% of the total reserves [7,8]. Many countries 
that have taken it as a raw material from Turkey trans-
form this raw material into remarkable refined boron 
products, and then, they sell it back into the global 
market with higher prices [9]. Therefore, there will al-
ways be an increasing need for boron demand [10], 
and in order to obtain higher economic benefits from 
these reserves, Turkey should sell refined boron prod-
ucts.

Current interest in flame retardants has focused on 
developing nontoxic and environmentally-friendly sys-
tems as well as preventing further spreading of fire 
[11]. It is well known that boron compounds like H3BO3 
and borax are flame retardants and smoke suppres-
sants [6]. During combustion, boron-based flame re-
tardants generate a protective intermediate layer be-
tween a surface and a heat source. This impenetrable 
layer, named char, covers the surface and acts as an 
oxygen barrier preventing further fire propagation [12]. 
Moreover, boron compounds have low toxicity com-
pared to toxic halogen-or phosphorus-based flame 
retardants and are also odorless and colorless [6]. 
However, there are fewer studies done on boron and 
its compounds. Xu et al. have found that the addition 
of 10% of H3BO3 as a flame retardant agent into their 
product increased the value of the limiting oxygen in-
dex (LOI) by 33.1% [13]. Uddin et al. have shown that 
the addition of H3BO3 into chitosan films enhanced the 
fire retarding property when compared to single chi-
tosan films [14]. On the other hand, one of the flame 
retardants is melamine (C3H6N6), which has low cost 
and is nontoxic during combustion [15].

The aim of this study is to improve the effect of H3BO3 
on the flame retarding performance of water-based 
indoor paints. In order to compare its effect, C3H6N6 
and also calcium carbonate (CaCO3) were utilized in 
the prepared paints. The physicochemical properties, 
flammability characteristics and thermal properties 
were investigated and characterized by Fourier trans-
form infrared spectroscopy (FTIR), limiting oxygen in-
dex (LOI), and thermogravimetric analysis (TGA), re-
spectively. The findings of this study contribute to the 
construction industry as a suitable option to halogen-
based paints for the enhancement of the flame retar-
dancy of the water-based indoor paints.

2. Materials and Methods

2.1. Materials

Water-based indoor paints (P1-P6) were prepared 

with the help of Ortaç Boya Ltd. Sti. (Ankara, Turkey) 
according to the standards of ISO and the Turkish 
Standard Institute (TSE). CaCO3, used as filling mate-
rial in the paint, was obtained from NİDAŞ A.Ş. (Niğde, 
Turkey) by 99.6% pure and at 3µ of the particle size. 
H3BO3 was kindly supplied from Eti Maden (Ankara, 
Turkey) as almost 99.9% pure. C3H6N6 was purchased 
from OCI (Netherlands) by 99.8% pure.

2.2. Preparation of the Samples

Figure 1 represents the preparation procedure of the 
samples. Firstly, in order to prepare P1, 0.005 g of pH 
regulator, 0.04 g of hardness modifier, 0.015 g of thick-
ener, 0.024 g of the other auxiliary chemicals, and 1.88 
g of water were mixed thoroughly in the mixer at 25°C 
with a speed of 800 rpm for 6 min. Then, 1.18 g of 
TiO2, which is used to provide the balance of the white 
color of the paints for the filling process, was added to 
the mixer with the addition of 0.1 g of the matting agent 
and 0.24 g of the stabilizer. After the speed of the mix-
er was reduced to 700 rpm, the inhibitors of mold/fun-
gus and antifreezing agent were also added, and the 
solution was mixed for 8 min. In the last step, 1.33 
g of the binder and 0.01 g of defoaming agent were 
added to the mixer whose speed was reduced to 600 
rpm and the final mixture was mixed thoroughly for 6 
min. This composition of the sample (P1) is the basic 
formulation, which the compositions and the speed of 
the mixer in each step were determined by Ortaç Boya 
Ltd. Sti. with respect to TSE and ISO standarts.

In order to prepare the other samples from P2 to P6, 
the same procedure was followed at 25°C. However, 
when the speed of the mixer was reduced to 700 rpm, 
CaCO3, H3BO3 and C3H6N6 were added to the mixer. 
This step was repeated for all the prepared samples 
at different percentages of H3BO3, 5%, 10%, 20%, re-
spectively, and the mixture containing 10% H3BO3 and 
10% C3H6N6. In the last stage, 0.933 g of the binder 
and 0.01 g of the defoaming agent were again added 
to the mixer at 25°C with a speed of 600 rpm for 6 min. 
During the whole process, the temperature was kept 
constant at 25°C.

The basis of the compositions was determined accord-
ing to the preliminary studies in Ortaç Boya Ltd. Sti. 
The value of the compositions of all the other chemi-
cals except CaCO3, H3BO3 and C3H6N6 were kept con-
stant for all the samples. However, in order to prepare 
from P2 to P6, the compositions of CaCO3, H3BO3 and 
C3H6N6 were changed according to the composition 
of H3BO3 used at different percentages of 5, 10 and 
20% wt. In our preliminary stability tests performed 
at different temperatures (at room temperature and 
in the oven at 52±1°C), at above 20% wt. of H3BO3, 
the prepared paints showed more viscous nature and 
started to dry much fast. Therefore, the highest value 
of H3BO3 was chosen as 20% wt. Table 1 shows the 
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compositions of each prepared sample, which gives 
100% for each sample.

2.3. Characterization of the Samples

The mixing process of the paint and the additives were 
performed by Sozer/SM 1-130 machines (Sozer Maki-
na, Kocaeli, Turkey), and then, the prepared paints 
were kept at KP-EY11 boxes for storage. 

The chemical bonding of the samples was charac-
terized by a Fourier-transform infrared spectroscopy 
(FTIR, Nicolet Avatar 370; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) in the range of 4000-400 
cm-1 at room temperature. 

Limiting oxygen index (LOI) measurements were per-
formed using a Dynisco Polymer Test Limiting Oxygen 
Index Chamber (Dynisco Europe, Heilbronn, Germa-
ny) according to ASTM D 2863-19. In the test, each 
sample was dried and placed in templates of 10 cm 
x 1 cm x 0.4 cm according to TS EN ISO 4589-2 for 
three days at 35°C, and then gas flow was adjusted to 
confirm the standard test technique. 

The thermal characterization of the samples was de-
termined by thermogravimetric analysis (TGA, Per-
kin Elmer, Inc., Simultaneous Thermal Analyzer STA 
6000, Waltham, MA, USA) in the temperature range of 
25-800°C under nitrogen atmosphere at a heating rate 
of 10°C min−1.

Figure 1. The preparation procedure of the samples.

Composition 
(weight ratio %) 

Sample Code 

P1 P2 P3 P4 P5 P6 

Water 38.5 17.6 17.6 17.6 17.6 17.6 

TiO2 23.6 15.7 15.7 15.7 15.7 15.7 

Binder 26.6 19.0 19.0 19.0 19.0 19.0 

Defoaming agent 0.2 0.2 0.2 0.2 0.2 0.2 

Other auxiliary chemicals 11.1 11.1 11.1 11.1 11.1 11.1 

CaCO3 - 36.4 31.4 26.4 16.4 16.4 

H3BO3 - - 5.0 10.0 10.0 20.0 

C3H6N6 - - - - 10.0 - 
 

Table 1. The compositions of each prepared sample.
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3. Results and Discussion

3.1. Characterization of the Samples

The chemical bonding of the prepared paints was char-
acterized by FTIR from 4000 to 400 cm-1 in wavenum-
ber in Figure 2. The FTIR spectra of pure paint (P1) 
without any additives or filling materials revealed that 
O-H stretching, C-H stretching vibrations, C=O stretch-
ing, C-H bending, C(=O)-O asymmetric stretching 
vibration was at about 3700 cm-1, between 2900 and 
2800 cm-1, between 1800 and 1700 cm-1, about 1400 
cm-1, between 1270 and 1200 cm-1, respectively [16]. 
In case of P1, the stretching vibration peak at 3500-
4000 cm-1, which ascribed to OH bonds, likely owing 
to the absorption of moisture from the atmosphere, 
was more intense than the other paints. A broad and a 
sharp absorption bands owing to asymmetric stretch-
ing band of CO3

2− between 1400-1500 cm−1 and at 877 
cm-1, respectively, were the specific peaks of CaCO3 
that was added in all the prepared samples [17]. The 
intensity of this peak was decreased with decreasing 
the addition amount of CaCO3 in the prepared paints 
from P2 to P6. On the other hand, in the FTIR spectra 
of H3BO3, the broad band at 3200 cm-1 and the nar-
row band at 1190 cm-1 were referred to the absorption 
of B-OH; the band at about 1400 cm-1 was assigned 
to B-O vibration absorption [6,18]. In Figure 2, FTIR 
spectra of the samples containing only H3BO3 additive 
among with the sample without any additives or filling 
materials are shown. As seen in Figure 2, the intensity 
of characteristic H3BO3 peaks increased by increasing 
the amount of H3BO3 in the paints prepared.

3.2. LOI Test

Limiting Oxygen Index (LOI) is the most primary, fast 
and effective technique for investigating the flammabil-
ity characteristics of the prepared samples [19]. The 
instrument of the limiting oxygen chamber determines 

the minimum oxygen requirement to burn these sam-
ples, and the results are displayed in Figure 3. The 
LOI value of P1, which contains no additives and no 
filling materials, was measured and found to be 24%, 
and it had the lowest value. When the filling material, 
CaCO3, was only added to the pure paint, the LOI val-
ue of P2 increased and reached an LOI value of 27%. 
However, when the LOI value of the samples is lower 
than 28%, these samples are defined as flammable 
[19]. Thus, the sample P2 was found as flammable. 
On the other hand, besides CaCO3, with the addi-
tion of 5% of H3BO3, the LOI value of P3 increased to 
30%. In addition, with the increasing amount of H3BO3 
from 5% to 10%, the LOI value of P4 rose from 30% 
to 33%. With the addition of 10% of H3BO3 and 10% 
of C3H6N6, the LOI value of P5 demonstrated a moder-
ate increase to 39%. Yildirim and Celik examined the 
flame retardant properties of their prepared composite 
coatings reinforced with H3BO3 according to the pure 
paint. They reported that whereas the combustion re-
action was observed in the coating containing 1% of 
H3BO3, the other coatings including 3%, 5%, 10%, and 
15% of H3BO3 were not shown any combustion reac-
tions [20]. Furthermore, Figure 3 obviously represents 
that the LOI value of P6 displayed a surprising boom 
from 39% to 55%, which contains 20% of H3BO3. It can 
be concluded from the data that P6 is a highly effec-
tive flame retardant and can provide excellent flame 
retardancy to the water-based indoor paints at 20% 
of H3BO3 content. These findings are consistent with 
the literature where the fire resistance increased when 
H3BO3 is used as a fire retardant material [11,21].

3.3. Thermal Analysis

The thermal analysis of all the prepared samples was 
examined by the thermogravimetric analysis system. 
Figure 4 shows the TGA curve of P1, which contains 
no additives and no filling materials, and P2, which 
contains only CaCO3 as a filling material.

As shown in Figure 4, the first prepared sample, P1, 
showed about 30% weight loss below 403.7°C; how-
ever, P2 sample showed three decomposition stages: 

Figure 3. The results of LOI of the prepared paints (from P1 to P6).

Figure 2. FT-IR spectra of the prepared samples (from P1 to P6).
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Figure 4. The thermal decomposition patterns for P1 and P2.

Figure 5. The thermal decomposition patterns for P3, P4 and P6.

Figure 6. The thermal decomposition patterns for P4, P5 and P6.

a weight loss of 2% at about 116.1°C by the evapora-
tion of water in the matter, 15% at 400.7°C by losing 
volatile components in the paint, and a large weight 
loss of about 40% at about 772.6°C indicating the de-
composition of CaCO3 to CaO and CO2. This was de-
fined by Deepika et al. [22].

Figure 5 shows the TGA curve of the prepared samp-
les from water-based indoor paints that contain dif-
ferent amounts of H3BO3 as an additive (P3, P4 and 
P6). There were three mass-losses in TGA profiles of 
all the prepared paints. However, the decomposition 
temperatures and the amounts of weight loss were 
different due to the different amounts of H3BO3 in the 
prepared paints. When compared to the thermal de-
composition patterns of P3, P4 and P6, the first de-
composition temperature was obtained as almost 1% 
at about 155.4°C for P3; however, the first weight los-
ses of P4 and P5 were found at 116.2 and 112.5°C as 
2% and 10%, respectively. This slightly weight reducti-
on at an early stage was attributed to the desorption of 
physically bound water molecules [23]. Then, a sharp 
decrease in weight loss of P3, P4 and P6 were about 
15%, 20% and 30% between 300-400°C, respectively 
due to the thermal decomposition of the auxiliary che-
micals [22]. In addition, when the heating temperatu-
re was higher than 720°C, the TGA curve of all the 
samples demonstrated a final third weight loss due to 
the thermal decomposition of CaCO3. It can be clearly 
seen from Figure 5 that the weight loss of the samples 
increased directly as the amount of H3BO3 increased. 
It can be explained that there might be the conversion 
reaction of H3BO3 to HBO2 and then into boron oxide 
(B2O3). This result was confirmed by the study car-
ried out by Uner and coworkers [24]. They reported 
that the H3BO3 is transformed into HBO2 when there 
is due to dehydration happened below 150°C. Then, 
metaH3BO3 is transformed into B2O3 after all water is 
removed. Whereas crystalline boron oxide melts at a 

specific temperature (at 450°C), amorphous boron oxi-
de does not, but only softens at 325°C [24]. Therefore, 
the peaks at 300-400°C may be defined as the transi-
tion of crystalline boron oxide to amorphous B2O3 [25].

On the other hand, Figure 6 illustrates the TGA mass-
loss profiles of the prepared samples with H3BO3 (P4 
and P6), and H3BO3/C3H6N6 (P5). It can be seen that 
above 400°C, decomposition of C3H6N6 occurs and 
releases ammonium and water, which then sublimes 
or decays [26]. Furthermore, the study of Ullah et al. 
[27] showed that the addition of C3H6N6 increased the 
expansion of a char layer up to 1100% at 375°C while 
the addition of H3BO3 increased to 300%. Therefore, 
the addition of both additives (H3BO3 and C3H6N6) as 
flame retardancy increased the decomposition stages 
of the samples. This result confirms that C3H6N6 has 
the positive effect on the property of flame retardancy 
of indoor paints.
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[5] Ceyhan, L. (2001). Examination of paint industry and 
sectorial analysis [M. Sc. thesis, Hacettepe University, 
Graduate School of Social Science]. Council of Higher 
Education Thesis Center (Thesis Number 100456).

[6] Cheng, X. W., Wu, Y. X., Huang, Y. T., Jiang, J. R., 
Xu, J. T., & Guan, J. P. (2020). Synthesis of a reac-
tive boron-based flame retardant to enhance the flame 
retardancy of silk. Reactive and Functional Polymers, 
156, 104731.

[7] Eti Maden İşletmeleri Genel Müdürlüğü [Eti Mining 
Operations General Directorate]. (2014). Bor Sektör 
Raporu 2013 [Boron Sector Report 2013].

[8] Özkan, Ş. G., Tombal, T. D., Kurşun Ünver, İ., & 
Osmanlioğlu, A. E. (2016). Bor bileşiklerinin özellikleri, 
üretimi, kullanımı ve nükleer reaktör teknolojisinde 
önemi [Properties, production, uses of boron com-
pounds and their importance in nuclear reactor tech-
nology]. Journal of Boron, 1(2), 86-95.

[9] Yılmaz Aydın, D. (2015). Synthesis of zinc fluoroborate 
and usability as flame retardant [M. Sc. thesis, Gazi 
University Graduate School of Natural and Applied 
Science]. Council of Higher Education Thesis Center 
(Thesis Number 395758).

[10] Özkul, C., Çiftçi, E., Tokel, S., & Savaş, M. (2017). 
Boron as an exploration tool for terrestrial borate de-
posits: A soil geochemical study in Neogene Emet-
Hisarcık basin where the world largest borate deposits 
occur (Kütahya-western Turkey). Journal of Geochem-
ical Exploration, 173, 31-51.

[11] Donmez Cavdar, A., Mengeloğlu, F., & Karakus, K. 
(2015). Effect of boric acid and borax on mechanical, 
fire and thermal properties of wood flour filled high 
density polyethylene composites. Measurement, 60, 
6-12.

[12] Alongi, J., Horrocks, A. R., Carosio, F. & Malucelli, G. 
(2013). Update on Flame Retardant Textiles: State 
of the Art, Environmental Issues and Innovative So-
lutions (1st Ed.). Smithers Rapra Publishing. ISBN 
9781909030176.

[13] Xu, W., Chen, R., Xu, J., Wang, G., Cheng, C., & Yan, 
H. (2019). Preparation and mechanism of polyure-
thane prepolymer and boric acid co-modified phenolic 
foam composite: Mechanical properties, thermal sta-
bility, and flame retardant properties. Polymers for Ad-
vanced Technologies, 30, 1738-1750.

[14] Uddin, K. M. A., Ago, M., & Rojas, O. J. (2017). Hybrid 
films of chitosan, cellulose nanofibrils and boric acid: 
Flame retardancy, optical and thermo-mechanical 
properties. Carbohydrate Polymers, 177, 13-21.

[15] Członka, S., Strąkowska, A., Strzelec, K., Kairytė, A., 
& Kremensas, A. (2020). Melamine, silica, and ionic 
liquid as a novel flame retardant for rigid polyurethane 
foams with enhanced flame retardancy and mechani-
cal properties. Polymer Testing, 87, 106511.

[16] Ortiz-Herrero, L., Cardaba, I., Setien, S., Bartolomé, 
L., Alonso, M. L., & Maguregui, M. I. (2019). OPLS 
multivariate regression of FTIR-ATR spectra of acrylic 
paints for age estimation in contemporary artworks. 
Talanta, 205, 120114.

[17] Germinario, G., van der Werf, I. D., & Sabbatini, L. 
(2016). Chemical characterisation of spray paints by 
a multi-analytical (Py/GC–MS, FTIR, μ-Raman) ap-
proach. Microchemical Journal, 124, 929-939.

4. Conclusions

The indoor paint samples containing CaCO3, C3H6N6, 
and H3BO3 were successfully prepared, and the cha-
racterization of the prepared paints was performed by 
FTIR. The addition of these potential flame retardant 
additives in the paints resulted in an enhancement in 
the flammability characteristic and thermal property 
characterized by LOI test and TGA, respectively. The 
characteristic peaks of CaCO3, C3H6N6, and H3BO3 
were observed in the FTIR spectra of the prepared 
paints. When H3BO3 was added at 20% (w/w) weight 
fraction, the prepared paint showed more significant 
enhancement in flammability behavior from 24% to 
over 55% than that of containing C3H6N6 and H3BO3. 
In addition, in the thermogravimetric analysis, the pre-
pared paints containing H3BO3 decomposes into boron 
oxide and water, which suppresses the fire. Based on 
these results, it can be said that the prepared paint, 
P6, that contains 20% of H3BO3, can be used as a sui-
table alternative in the water-based indoor paints.
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