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Abstract

Background and Objective: Scientific research to produce new fabrics
with special capabilities has been started a long time ago and today with
the advancement of smart fabric technology, smart fabric is produced.
The aim of the present study was to design and produce in the laboratory
a black fabric with the ability to repel the heat energy of sunlight.

Methods: This study is laboratory-based. In this study, two types of
100% Iranian-made black wool fabrics measuring 0.5 by 0.5 meters were
prepared as sample fabrics. After placing hollow glass microspheres on
the fabric, the experiments were conducted in an air atmosphere with a
heating rate of 10 degrees Celsius per minute up to a maximum
temperature of 700 degrees Celsius. The samples were placed on a hot
plate with a surface temperature of 50 degrees Celsius and at different
time intervals the thermal radiation of the fabrics was compared with the
initial state using thermal images. All ethical considerations were
observed in the present study and the authors of the article reported no
conflicts of interest.

Results: In the present study, four sample groups were examined, which
included ordinary fabric without hollow glass microspheres, and fabric
with 5%, 15%, and 25% hollow glass microspheres. The thermal
resistance values showed that the ordinary fabric had 0.87, the fabric with
5% hollow glass microspheres had 1.05, the fabric with 15% hollow glass
microspheres had 1.18, and the fabric with 25% hollow glass
microspheres had a thermal resistance of 1.52. On the other hand, the p-
value indicates that the probability of the observed differences between
groups being due to chance is very low. Furthermore, the results
demonstrated that increasing the amount of hollow glass microspheres led
to an increase in thermal resistance. Finally, adding hollow glass
microspheres to the fabric at all three levels (5%, 15%, and 25%)
increased thermal resistance, with the greatest increase corresponding to
25% hollow glass microspheres. Based on the statistical test, these
differences are statistically significant (P< 0.05).

Conclusion: The results of this study showed that the coating of pigment
nanoparticles on hollow glass microspheres leads to a core-shell
composite material that helps to repel solar radiation and not absorb it on
the fabric. Therefore, the development of hollow glass microspheres and
the investigation of their optical properties are very valuable.
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Summary

Background and Objective

Clothing has always been one of the fundamental
and essential human needs. Beyond providing
physical coverage, its function has expanded over
time, becoming a symbol of psychological
comfort, personal aesthetics, and social
adornment. In many cultures, attire reflects an
individual's social status, economic class,
profession, lifestyle, and religious beliefs. Among
divine religions, Islam assigns a specific and
serious significance to body covering, defining it
within a framework of ethical, devotional, and
social values. Consequently, choosing appropriate
clothing, especially that which complies with
religious and climatic requirements, is crucial for
realizing these values. From this perspective, any
research, innovation, and development in
designing fabrics and garments compatible with
the needs of Muslim women, particularly to
facilitate adherence to hijab, is considered a
cultural and strategic initiative. Given that a
significant number of Islamic countries are
located in hot, arid, or semi-arid regions,
designing textiles suitable for warm climates for
Islamic attire is proposed as a scientific-cultural
strategy and an essential need to improve the
quality of life for Muslim women (1-3). The aim
of the present study is the laboratory-based design
and production of black fabric that can repel solar
thermal energy for the comfort of veiled women.

Methods

This laboratory-based study utilized two types of
100% black wool fabric (0.5 x 0.5 m) as sample
fabrics. Titanium dioxide particles reflect visible
and ultraviolet light. Titanium dioxide colloid is
widely used in sunscreens and skincare products
due to its high ability to repel and scatter sunlight.
On the other hand, hollow glass microspheres
(also called bubbles, micro-bubbles, or micro-
balloons) offer advantages such as low density
and high chemical resistance (4). Due to their
spherical and hollow structure, hollow glass
microspheres effectively reflect and scatter
sunlight.  This property prevents harmful
ultraviolet rays and even visible light from being
absorbed by the skin. A two-step coating approach
was used to develop the fabric coating. First, the
fabrics were immersed in a titanium dioxide
colloid for 30 seconds, followed by a padding
process. A neutralization step was then performed
using ammonium hydroxide (25%) vapor to
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achieve a neutral pH on the fabric surface. After
drying the samples under a hood, the coated
samples were cured at 120°C for 3 minutes.
Subsequently, the fabrics were coated three times
with the prepared coating formulation using the
blade coating method. The coating based on
hollow glass microspheres was applied only on
one side of the fabric. After the coatings dried, the
fabrics were cured at 150°C for 10 minutes to
complete the cross-linking reactions between the
fabric and the self-crosslinking acrylic emulsions.

The thermal stability of the fabrics was
evaluated +based on thermogravimetric analysis.
Samples of the coated black fabrics were tested,
and average values are reported. The thermal
radiation of the fabrics was also monitored using a
thermal imaging camera. The samples were
placed on a hot plate with a surface temperature of
50°C, and the thermal radiation of the fabrics was
compared to the initial state at different time
intervals using thermal images. The reduction in
heat energy absorption on the fabric surface was
found to be entirely significant.

Results

The present study investigated four sample
groups: plain fabric without hollow glass
microspheres, fabric with 5% hollow glass
microspheres, fabric with 15% hollow glass
microspheres, and fabric with 25% hollow glass
microspheres. The recorded thermal resistance
values (value multiplied by 100) were found to be
as follows: plain fabric had 0.87, fabric with 5%
hollow glass microspheres had 1.05, fabric with
15% had 1.18, and fabric with 25% had 1.52 a
thermal resistance. On the other hand, the P-value
indicates that the probability of the observed
difference between the groups being random is
negligible. Typically, a p-value less than 0.05 is
considered statistically significant. In our study,
the p-value was much smaller than 0.05.

Conclusion

The aim of the present study was the laboratory-
based design and production of black fabric with
solar heat-repelling capability. Since women hold
an exalted position in the Islamic worldview,
observing hijab and modest dress, as a symbol of
chastity and religious commitment, is considered
a divine obligation for Muslim women, just as it is
for men. Adherence to hijab is not only a religious
duty but also a manifestation of the dignity, grace,
and elevated character of a Muslim woman.
Although Islamic law does not prescribe a
specific, fixed form of dress for women, it
emphasizes principles such as covering the entire
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body and avoiding attracting  attention.
Nevertheless, implementing this divine command
in specific climatic conditions, such as during
summer, can present challenges. The results of
this research demonstrate that using fabric coated
with reflective nanoparticles—particularly in the
visible and near-infrared regions—can effectively
reduce the absorption of solar thermal energy,
consequently lowering the temperature of the
fabric surface and the adjacent skin. This finding
aligns with previous studies that used various
nanoparticles (e.g., ZnO, TiO,, Ag) to improve
the optical and thermal properties of textiles. For
instance, a study applying zinc oxide
nanoparticles showed that coating cotton fabrics
with these nanoparticles could reduce ultraviolet
radiation transmission by approximately 95% and
provide significant UV  protection (27).
Furthermore, studies coating linen-polyester
fabrics with titanium dioxide nanoparticles
showed that the Ultraviolet Protection Factor
(UPF) increased from about 3.67 in the uncoated
sample to approximately 55.82 after coating,
without adversely affecting water vapor
permeability (perspiration) (30).

Smartening textiles is crucial for providing
complete and comfortable hijab. In the present
study, samples of coated black fabrics were tested,
and the reduction in heat energy absorption on the
fabric was significant. The coating of pigment
nanoparticles on hollow glass microspheres
results in a core-shell composite material that aids
in repelling solar rays. Therefore, the development
of hollow glass microspheres and the investigation
of their optical properties are highly valuable.
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