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ABSTRACT

Natural zeolites are crystalline aluminosilicate minerals, the occurrence of which is natural and has a 3D microporous
structure, high cation exchange capacity and high adsorption capacities. These mineralogical characteristics render
zeolites more important in cosmetic science, especially in cases of using them in detoxification, oil control and purifying
the skin. This is a review article on the mineralogy of zeolite minerals with particular focus on those found on stibite-
bearing hydrothermal systems, their formation, structure, and physicochemical stability. The cosmetic utility of zeolites
is tested by using them as ingredients in cosmetics like face masks and cleansers and they are used as natural detoxifiers,
mild exfoliators and absorbents of surplus sebum and environmental wastes. Formulation studies are experimental data
that are relatively evaluated to learn the impact of mineral purity, particle size distribution, and adsorption capacity on
the performance of a product. Safety parameters are also addressed, such as compatibility with pH and potential
irritation of the skin, to be sure that it is suitable for the consumer. The data show that mineralogically refined zeolites,
especially those with fine granulometry and limited impurities present improved efficacy of cosmetics and their
stability. On the whole, this review signals the need to combine mineralogical assessment and formulation science to
make the best use of zeolite minerals in contemporary cosmetic uses.
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INTRODUCTION atoms. This structure forms a network of uniform

) ) ) micropores and channels and allows zeolites to
In contemporary cosmetic science, mineral-based

ingredients have become of significant importance as

immobilize ions, molecules and impurities in
adsorption and ion-exchange reactions. The overall

more and more customers are inclined toward

chemical structure of zeolites may be represented as
M 8/n [(AlO2)5(Si02) m] mH>O, where M is
exchangeable cations (Na*, K™ or Ca®"). These are the

products that are natural, sustainable, and skin-
compatible. In contrast to synthetic additives,

minerals have natural stability, low toxicity, and . 1.1 features that make them perform  their

multifunctional effects, and thus are very effective in
Out
constituents, the zeolite minerals have become a
promising group due to their distinct structural and

formulating cosmetics. of many mineral

physicochemical as well as adsorption qualities. The
rising use as ingredients in skincare products,
including face masks, cleansers, scrubs, and
deodorants is a reflection of the increasing role of
mineralogy in cosmetic innovation. [1].

Zeolites are hydrated aluminosilicate minerals which
are found naturally and have a three-dimensional
crystalline structure consisting of tetrahedrons of SiO4
and AlO4 connected to each other via shared oxygen

function in cosmetic formulations.

Mineralogically, zeolites are widespread in volcanic
and sedimentary settings, where volcanic ash is
changed in an alkaline ground water scenario. They
are also commonly related to hydrothermal systems,
where they are coexisting with sulfide minerals
(stibite, Sb 2 S 3 ). The presence of both zeolites and
stibite suggests low and moderate temperature
hydrothermal activities and complex geochemical
reactions between fluids and rocks [2]. Stibite is not
used directly in cosmetic products because of its
toxicity, but its geological relation is significant to the
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study of the genesis, purity, and distribution of trace
elements of zeolites, which are essential parameters in
selecting the mineral components used in cosmetics.

Zeolites are mostly important in cosmetic science due
to their large adsorption capacity, oil-absorbing
properties and detoxifying properties. They can
remove excess sebum, environmental pollutants,
heavy metals and metabolic toxins and heavy metals
at the skin surface by their microporous structure.
This ensures that zeolites are especially useful to oily,
acne prone and sensitive skin types [3]. They are also
mildly abrasive, which means that they can act as
gentle exfoliating agents and not have a mechanical
irritation on the skin, as harsh mineral abrasives do.

Zeolites would make another great contribution to the
cosmetic industry; that is, they are both chemically
and thermally stable, and therefore, allow the integrity
of formulations to be maintained over a long period of
time. Zeolites are non-reactive, inert, and can stabilize
the pH of the skin in the range of pH that is friendly
to the skin (pH 5.5-6.5). Their compatibility with
typical ingredients of formulations like clays,
emulsifiers, surfactants and humectants increases
their applicability in both the rinse off and leave on
products [4].

Zeolites have a high sensitivity in their performance
in the cosmetic industry due to mineral purity, particle
size distribution, surface area, and cation-exchange
capacity. The small size of the particles enhances the
skin feel and the adsorption capacity and zeolites of
higher purity reduce the chances of irritation and
contamination. Hence, X-ray diffraction (XRD),
scanning electron microscopy (SEM) as well as
chemical analysis methods of mineralogical

characterization have become important in
determining the suitability of zeolites in cosmetics
application [5]. These analysis methods fill the gap

between mineral science and formulation technology.

Although the commercial exploitation of zeolites is
rising, there is a lack of comprehensive reviews
incorporating the mineralogical origin, geological
connections (such as stibite-bearing systems), and the
cosmetic performance assessment. The majority of
literature is dedicated to the industrial or ecological
use of zeolites, and relatively less information is
devoted to the purpose of zeolites in the cosmetic
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formulations with the help of experimental and
formulation-providing data.

This gap is to be filled by the present review which is
focused on discussing zeolite minerals in the light of
mineralogical framework and assessing their use in
cosmetic products like face masks and cleansers. The
stress is put on the formulation performance, safety
evaluation, and comparison with the measurable
parameters, including pH, adsorption efficiency, and
skin compatibility. This research combines
mineralology with cosmetic science to point out the
opportunities of zeolites as a multifunctional and
sustainable ingredient in contemporary cosmetic
preparations.

Objectives of the Study

1. To examine the mineralogical characteristics and
structural properties of zeolite minerals relevant
to cosmetic applications.

2. To analyze the geological association of zeolites
with stibite-bearing hydrothermal systems and its
significance for mineral purity.

3. To evaluate the functional role of zeolites in
cosmetic formulations such as face masks and
cleansers.

4. To assess formulation performance and safety
parameters using experimental and comparative
data.

5. To establish the relevance of mineral-based
approaches in developing effective and skin-
friendly cosmetic products.

MINERALOGY OF ZEOLITES

Zeolites are crystalline and hydrated aluminosilicate
minerals that are typified by a three-dimensional
network of interlinked SiO 4 and AlO 4 tetrahedra.
These tetrahedra are connected by oxygen atoms to
form inflexible but porous lattice with channels and
cavities of molecular size. Replacement of Al 3+ by
Si 4+ in framework leads to a net negative charge
compensated by loosely held exchangeable cations,
including Na +, K +, Ca 2+ and Mg 2 +. Such a
distinctive structural framework is the cause of
outstanding adsorption, ion-exchange, and molecular
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sieving characteristics of zeolites, which are useful in
the industrial and cosmetic field [6].

Mineralogically, zeolites are found as several
different species, such as: clinoptilolite, mordenite,
chabazite, and analcime, varying with pore size,
channel geometry and cation composition. Such
variations have a very profound impact on their
physicochemical  behavior. ~ Within  cosmetic
formulations, zeolites having a great surface area and
well-developed microporosity are desired, since these

have a greater oil absorption and detoxification ability
and do not react harshly with the skin [1].

Figure 1 Microscopic thin section of stilbite
zeolite mineral (10x)

1. Geological Occurrence and Association with
Stibite

The minerals of zeolites are usually formed at low
temperatures in geological setting most often by the
hydrothermal transformation of volcanic ashes, tuffs
and basaltic lava. These conditions are commonly
linked to epithermal and hydrothermal systems in
which sulfide minerals, such as stibite (Sb,, S3), may
also exist. The presence of zeolites and stibite implies
the flow of mineral-bearing fluids at certain
temperature and pressure rates. Even though stibite in
its pure form is not a material useful in cosmetic
making because of antimony intoxication, it is
mineralogically important because of its association
with zeolite-bearing deposits. The zeolites that
develop in these mineralized areas can take trace
elements of the surrounding fluids thus requiring
thorough mineral beneficiation and purification to be
used as cosmetics. The complex methods of
processing used include acid washing, ion-exchange
treatment and thermal activation in order to eliminate
impurities that are not wanted and to be in line with
the cosmetic safety requirements [7]. It is therefore
important to know the geological background of the
formation of zeolites to use high-purity sources of
minerals in personal care products. In below fig. 2
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2. Crystallinity, Surface Properties, and Cosmetic
Relevance

The crystallinity and surface properties of zeolites are
important factors to be considered in the functional
performance of zeolites in cosmetic formulations.
Zeolites with a high level of crystallinity have regular
pore structures and rigid frameworks, which lead to
the increase in the selective adsorption of sebum,
toxins, and environmental pollutants of the skin
surface. On the other hand, the amorphous or poorly
crystalline materials might still have erratic behavior
and less efficiency [8]. Mineralogical parameters are
also the particle morphology and size distribution.
Cosmetics prefer fine, micron sized zeolite particles
that are smooth on the edges because they produce
exfoliation without mechanical irritation. Also, high
specific surface area enhances availability of active
adsorption sites, which enhances cleaning and
detoxification capabilities of face masks and cleansers
[9]. Mineral processing techniques like micronizing
and controlled milling are usually adopted in order to
maximize these properties to be used as a topical.

3. Ion-Exchange Capacity and Safety

Considerations

Ion-exchange capacity is one of the mineralogical
characteristics of zeolites that are characterized by the
reversible exchange between the framework-
balancing cations and the ions in the surrounding
media. In cosmetics, the property is used in removing
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heavy metals and impurities on the skin surface.
Nevertheless, it also requires thorough regulation of
zeolite composition in order to avoid the undesirable
release of ions [10]. The zeolites used as cosmetics are
thus under strict quality control to make sure that only
cations that are skin-compatible are provided.
Regulatory standards include the focus on the mineral
purity, the lack of toxic traces, and the regulation of
physicochemical characteristics. When carefully
refined, even stibite-related mineralogical locations
can be made safe and efficient as cosmetics by the
zeolites obtained by them [11].

In general, the mineralogy of zeolites, including
structure, geological genesis, and surface properties
have a direct impact on its applicability and use in
cosmetic formulations. To reduce the gap between the
materials of geology and the use of these materials in
contemporary  cosmetic science, a detailed
mineralogical assessment is needed.

RESEARCH METHODOLOGY
1. Study Design

The review article has an integrated qualitative and
quantitative research design that aims to
systematically assess the use of zeolite minerals in
cosmetic preparation although focusing on the
properties and formulation
performance of zeolites. The qualitative part is based

on the thorough examination of published sources

mineralogical

connected to the phenomenon of zeolites mineralogy,
geological formation, association with the stibite-
bearing hydrothermal system, and their functional
characteristics in terms of the cosmetic science. To
develop a theoretical basis of zeolite application in
personal care products, peer-reviewed journals,
mineralogical databases, and cosmetic formulation

studies were reviewed.

The quantitative part will combine experimental data
at the formulation level which is reported by previous
researchers, the parameters to be incorporated are
adsorption capacity, oil absorption efficiency,
compatibility with pH and indicator of skin safety.
Comparison of data of face mask and cleanser
formulations of zeolite was examined to establish the
difference in performance in terms of particle size,
purity, and mineral composition. The data were
tabulated to provide an opportunity to graphically
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assess important parameters like the efficiency of
detoxification and reduction of sebum. The
correlation of mineralogical properties and cosmetic
efficacy is possible using this mixed-method design,
providing a comprehensive evaluation of zeolites as
functional mineral ingredients. It is anticipated that
the adopted study design will enhance the soundness
of the conclusions because it connects geological
attributes and realistic cosmetic results [12].

2. Materials
Natural Zeolite Powder (Cosmetic Grade)

The cosmetic-grade natural zeolite powder was
chosen as the main mineral ingredient because of its
great adsorption capacity, ion-exchange, and
tolerance to the skin [6]. The zeolite source was
obtained through purified deposits and refined to
obtain controlled particle size, high surface area, and
low heavy-metal levels in order to meet the
requirements of cosmetic safety. The mineralogical
purity is essential, particularly of zeolites connected
to stibite-bearing areas, where the residual traces of
the toxic elements have to be eliminated during the
beneficiation and refining. Due to their high affinity
toward detoxification, oil absorption, and removal of
impurities in topical applications, such zeolites have
attracted a lot of attention in topical applications,
hence their applicability in facial formulations [2].

Supporting Cosmetic Excipients (Glycerin, Clays,
Surfactants)

Cosmetic excipients (glycerin, natural clays e.g.,
kaolin), weak surfactants were also supported to
improve stability of formulations, hydration and
cleansing efficacy [3]. Glycerin is a humectant, which
enhances the moisturization of the skin and decreases
the dehydration of the skin due to the mineral
adsorption. The use of clays to complement zeolites
offers exfoliation softening and further oil-binding
properties while surfactants enhance the process of
cleansing and dispersing the minerals particles. The
choice of excipients was dictated by its compatibility
with zeolite minerals, non-irritating effect, and high
popularity in cosmetic formulations [13].

Standard Laboratory Equipment for
Irritation, and Adsorption Testing

pH,

INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH AND TECHNOLOGY

The evaluation of the quality of formulations, safety,
and their performance was conducted using standard
laboratory equipment [14]. Digital pH meters were
employed to maintain ph-friendliness, whereas patch
testing materials verified the initial irritation
evaluation. The detoxifying capacity of the zeolite-
based formulations was measured through the
gravimetric and oil-uptake analysis techniques to
determine the adsorption efficiency. They are
essential  analytical tools to correlate the
mineralogical properties with cosmetic functionality
and also to guarantee regulatory compliance,
reproducibility, and consumer safety during mineral-
based cosmetic research [15].

3. Methods

Mineralogical Assessment: The mineralogical
assessment turns to the cognizance of the crystal
structure, nativism, and mineral associations of
zeolites incorporated into cosmetic compounds.
Zeolites are framework aluminosilicates, i.e. three
dimensional networks of SiO 4 and AlO 4 known as
tetrahedra that form uniform channels and cavities
when it comes to adsorption and ion exchange
properties. Their development is widely associated
with hydrothermal modification of volcanic ash,
sulfide

mineralization areas that contain minerals like stibite.

usually along the same direction as
Even though stibite cannot be used in cosmetics, its
geological relationship is important to trace the origin
of zeolites as well as the purity determination.
Crystallinity, surface area, particle morphology and
cation composition were examined as parameters
because they directly affect the adsorption efficiency

and skin compatibility during cosmetic use [16].

Formulation Assessment: Formulation assessment
consisted of the development and testing of face mask
and cleanser systems made of zeolite using cosmetic
grade natural zeolite. The active mineral ingredient is
zeolite, which was included because of its detoxifying
effect and oil-absorbing capabilities, and supportive
excipients like glycerin, clays, surfactants and
emulsifiers were added to stabilize the ingredient and
improve the skin feel. The uniformity of the
dispersion of zeolite particles to prevent aggregation
and uniformity in performance was stressed in the
formulation process. Qualitative analysis was done on
rheological behavior, texture and homogeneity to
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ascertain the acceptability of the product by the
consumer. It was found that zeolite particle size and
concentration was determined to have a role in
formulation stability and functional performance as a
multifunctional mineral ingredient when used in
topical cosmetic products [4].

Performance testing: Performance testing was
performed to test the functional efficiency of
formulations that contain zeolites. The most important
parameters were pH value to guarantee skin
compatibility, oil adsorption capacity to determine the
possibility of sebum control, and impurity removal
capacity to evaluate the level of detoxification. pH
values were held at the skin-friendliness level to avoid
irritation. The tests of oil adsorption proved that the
porous structure of zeolite is capable of binding
excessive lipids which makes it especially appropriate
to oily and acne-sensitive skin. The evaluation of
impurity removal was done based on adsorption
behavior with reference to model contaminants,
which is the ability of zeolite to entrap toxins and
pollutants. A combination of these performance
indicators confirms the usefulness of zeolite as any
functional mineral ingredient in cosmetic systems
[17].

Safety Testing: The safety testing mainly included
the irritation testing and patch testing to determine the
compatibility of the zeolite-based formulations on the
dermatological level. Patch tests were done on a small
piece of skin and observed with a set time span
whether it was red, itchy, or inflamed. The purified
zeolite minerals were inert with some level of control
in the particle size and suitable formulation pH, which
led to low irritation potential. Executing special care
was to avoid toxic mineral impurities with which
some geological surroundings could provide. A
finding that zeolite-based cosmetics are topically safe
and repeatable indicated that when engineered and
purified, they can be used as a topical cosmetic in the
future and can be applied repeatedly, based on their
suitability as natural and skin-friendly cosmetic
ingredients.

4. Data Analysis

The review method of analysis of the data was aimed
at the organization and interpretation of quantitative
parameters that were associated with the performance
of the zeolite minerals and the behavior of cosmetic
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formulations. The results of experimental values,
which were determined during adsorption efficiency
tests, pH stability tests, and formulation consistency
tests have been systematically tabulated so that it
makes it easy to understand and reproduce. These
were organized in such a way that they could be
represented graphically through bar graphs to
compare the adsorption efficiency and line graphs to
trace the stability of the formulation with time. These
visual aids make it easier to compare the various
formulations and concentrations of zeolite and
indicate the pattern in terms of oil absorption, removal
of impurities and pH change. Descriptive analysis was
the only way of obtaining statistical significance, as
the study was mainly done to determine the pattern of
performance, and not to test causal relationships.
Graphical analysis also helped in the realization of the
best formulation regimes that can be applied in the
cosmetic industry and still retain skin-friendly
parameters. This is a systematic method of analysis
that improves the quality of conclusions made about
the applicability of zeolite minerals in cosmetic
products and allows assessing their functionality
based on evidence [18].

COSMETIC APPLICATIONS OF ZEOLITES

The uses of zeolites in cosmetics are detoxifying
agents, oil absorbers, mild exfoliants and deodorizing
materials. They are porous making them effective in
removing heavy metals and pollutants on the skin
surface. When used in face masks, zeolites increase
deep cleansing whereas when used as cleansers they
increase the ability of removability of impurities with
mildly formulated cleansers.

DATA TABLES FOR EVALUATION

Table 1: Mineralogical Properties of Cosmetic-
Grade Zeolites

Property Value
Average Particle Size (um) 5-10
Surface Area (m*/g) 30-60

Cation Exchange Capacity (meq/100g) | 100-150
Moisture Adsorption (%) 20-25

Line Graph: Variation of Zeolite Properties for
Cosmetic Performance
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Variation of Zeolite Properties for Cosmetic Performance
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Table 2: Qil Absorption Efficiency of Zeolite-
Based Products

Product Type Qil Absorption (%)
Zeolite Face Mask 78
Zeolite Cleanser 65
Clay Mask (Control) 60
Non-mineral Cleanser 48

Graph: Comparative Oil Absorption Efficiency of
Mineral and Non-Mineral Cosmetic Products

Oil Absorption (%)
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Zeolite
Cleanser
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This graph shows the percentage capacity of various
cosmetic formulations to absorb oil as compared to
that of zeolite-based products and conventional
products. The oil absorption efficiency is the highest
in zeolite face mask, which means the high adsorption
capacity of minerals belonging to zeolites because

()]
&

they possess microporous structure and a high surface
area. The zeolite cleanser also shows better
performance in relation to the clay mask (control), and
the non-mineral cleanser. The trend towards the
downward linearity demonstrates less oil uptake in the
formulations without zeolite or mineral based
adsorbents. On the whole, the plot proves the fact that
the effectiveness of zeolite incorporation in the case
of oil control is significantly increased, and it can be
used in particular the oil and acne-prone skin
formulations.

Line Graph: Qil Absorption Efficiency Trend

Oil Absorption (%)
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Mask Cleanser (Control) Cleanser
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This line graph shows the relative oil absorption of
cosmetic formulations. The best oil
absorption is exhibited by the zeolite based products
and the zeolite face mask is the most effective and the

various

zeolite cleanser comes next. The Clay mask (control)
has moderate absorption whereas the non-mineral
cleanser has the least performance. The decreasing
tendency of the trend shows how this best adsorption
is improved by the high surface area and the existence
of bends or holes in the zeolite minerals which enables
them to be especially useful in the case of oil control
and cleaning the skin in cosmetics..

Table 3: pH and Skin Compatibility Results

pH Irritation

P t
roduc Range Result

Zeolite Face Mask 5.6 No irritation

Zeolite Cleanser 6.2 No irritation

Conventional

6.8 Mild irritation
Cleanser
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Bar Chart: Comparative pH and Skin Irritation Profile of Zeolite-Based Cosmetic Products
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This chart provides a relative analysis of the pH scope
and irritation reaction of zeolite-based cosmetic
preparations and a typical cleanser. The zeolite face
mask depicts the lowest pH (approximately 5.6),
which is very similar to the skin pH and, therefore, it
shows a high compatibility of the skin to the mask.
The zeolite cleanser has a slightly greater though still
skin-friendly pH (~6.2) and the conventional cleanser
has the most pH (~6.8), which is associated with a
mild irritation observed. The dotted linear trend line
shows that there is a slow rise in the pH of the
products. On the whole, the number indicates that
formulations containing zeolites have a balanced pH
and are better tolerated by the skin than traditional
ones, which justifies their applicability to sensitive
and everyday use cosmetic products..

Line Graph: pH Comparison of Zeolite-Based and
Conventional Cosmetic Products

pH Comparison of Zeolite-Based and Conventional Products
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Cleanser

The comparison line graph shows the relative pH of a
face mask made of zeolites, zeolite cleanser and a
traditional cleanser. The pH values (5.6 -6.2) of
products containing zeolites are in the optimal range
of skin friendliness and do not irritate subjects during
patch testing. Conversely, the traditional cleansing
agent has an elevated pH (6.8), which is correlated
with slight irritation. This shows that zeolite minerals
are appropriate in preserving skin-compatible
formulations and enhancing the safety of the product.
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RESULTS AND DISCUSSION

The relative analysis of cosmetic formulations in
zeolites had shown definite superiority to traditional
products in regards to pH compatibility, oil
absorption, as well as skin safety. The pH test
revealed that the face mask (pH 5.6), as well as the
zeolite cleanser (pH 6.2), are far inside the range of
pH levels that do not harm the skin, but the
conventional cleanser had a higher pH (pH 6.8) and
low irritability. This affirmation is that mineral based
formulation when formulated appropriately has an

advantage of sustaining the natural acid mantle of the
skin.

The studies on oil absorption also emphasized the
functional excellence of the products containing
zeolites. The zeolite face mask revealed the most oils
absorption efficiency and next the zeolite cleanser and
lower was the clay mask (control) and non-mineral
cleanser. This tendency can be seen in both the bar
and line graph and is a characteristic of high surface
area and cation-exchange capacity of zeolite minerals
that allow adsorbing excess sebum and impurities.

Mineralogically, fine particle size, and sufficient
surface features were significant in increasing
adsorption without making it abrasive. Patch testing
shows no irritation, and this indicates the safe
cosmetic applicability of purified zeolites, even in
case of extraction of complex mineralized habitats.
Comprehensively, the findings support the use of
zeolites as effective and skin-appropriate mineral
products with a high probability in innovative
cosmetic products.

Zeolite Cleanser Review

User Name

1. “The cleanser exfoliates well and gives an instant whitening
effect, but the grains felt slightly rough. I think finer particles
would improve the experience.”

Akanksha Gawande

’

minutes.’

2. “Itwas actually effective! We could see the results within

Alvira Sayed

3. “The particles are a bit gritty, so you can really feel the
exfoliation. After the first wash, my skin looked clean and
refreshed with a subtle whitening effect.”

Ashmi Gupta

4. “Atfirst try, 1 felt the fine grains exfoliating my skin. After
washing, my face felt smooth and looked lighter.”

Vidisha Vembakkam

5. “The zeolite powder scrub exfoliates gently and it gives a cooling
effect on the skin after applying. When I washed it, my skin felt
soft, and it also gave a whitening effect.”

Snehal Joshi

keep using it.”’

6. “I've only tried it once, but I already like how clean and soft my
skin feels. Particle size should be reduced. Definitely curious to

Alandi Bhumbar

>

nicer.’

7. “First try was okay overall. The exfoliation worked, but the
particle size felt a little harsh. A smoother texture would be

Samruddhi Deshmukh

8. “It exfoliates effectively, but on first try, the grains felt a bit
strong on my skin. Improving the particle size would help.”

Purva Chordia

9. “I could feel the tiny particles while washing my face. It gently

irja Deshmulkh
exfoliated my skin and gave an instant whitening effect.” Nirja Deshmu
10. T ried it once and the exfollatmg partzc.les st0f)d out: It gave n?/ Sanika Patni
skin a clean, smooth feel and an immediate brightening effect.”.
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SUGGESTIONS

1. Emphasis on  Mineral and

Standardization:

Purity

The next generation of cosmetic formulations with
zeolites must focus on the high purity of minerals and
the homogeneity of physicochemical properties.
Inequality of natural deposits, or that related to sulfide
bearing zones, may affect adsorption performance,
and safety. The standardization of purification and
grading procedures will guarantee the homogeneity of
particle sizes, surface area, and ion-exchange
capacity. This will not just contribute to the
performance of the product but it will also contribute
to reproducibility between batches. To achieve this,
cosmetic manufacturing companies ought to engage
mineral processing firms to come up with the standard
of cosmetic grade zeolites that are in compliance with
the required regulations and dermatological standards
without altering the functional properties of the
mineral.

2. Optimization of Particle Size for Skin
Compatibility:

Particle size is of great importance as it makes the
difference between efficacy and comfort of the skin.
Fine particles increase the effectiveness of contact
with the surface and adsorption, however, too small
particles can raise the risk of irritation. Future work
should therefore be on the optimization of particle
sizes that are oil-absorbing and are also not rough to
the skin. This balance can be attained using controlled
micronization procedures and surface modification
procedures. Customization of the particle size to suit
particular tasks like masks, cleaners or scrubs will
also enhance the performance of the products and
their acceptance by the users.

3. Expansion into Multifunctional Cosmetic

Products:

Zeolites can be used in more multifunctional cosmetic
products than masks and cleansers. Their de-oil
properties, detoxing and deodorizing qualities make
them apply to sunscreens, anti-acne products, and
pollution-defensive cosmetic products. The research
on zeolites and botanical extracts should focus on
synergies between the zeolites and antioxidants and
the zeolites and moisturizing agents in the future
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products development. These combinations will be
able to add to the total benefits of the skin and
preserve the natural and mineral look that consumers
are starting to appreciate.

4. Long-Term Safety and Stability Evaluation:

Although short-term tests of irritation show good
compatibility of the skin, long-term safety and
stability tests are necessary. Extended use trials can be
used to gain understanding of cumulative skin effects
particularly in the case of day-to-day products such as
cleansers. Also, stability of formulations in different
storage conditions must be determined to maintain
stability in pH, texture and adsorption characteristics
with time. The scientific basis of commercial use will
be enhanced by the incorporation of accelerated
stability testing and repeated application studies, and
this will boost the confidence of the consumers.

5. Integration of Mineralogical Knowledge in
Cosmetic Research:

Further incorporation of mineralogical science in
cosmetic research can contribute major improvements
to the formulation design. The knowledge of
geological origin, crystal structure and surface
chemistry of zeolites provides a better means of
The
interdisciplinary approach to mineralogy, cosmetic
chemistry, and dermatological science should be
implemented in future research. This combination

selecting the mineral source of zeolites.

will help in the creation of safer more effective
cosmetics made of mineral ingredients and also help
in developing innovation based on basic material
science and not solely on trial-and-error formulation.

CONCLUSION

The zeolite minerals make one of the most valuable in
the cosmetic science field as they are unique
crystalline framework, surface area, and adsorption
properties. They are highly effective in trapping
surplus oils, environmental pollutants, toxins, and
skin impurities in their microporous form of
aluminosilicate structure, and are therefore especially
useful in face mask, cleansers, scrubs and detoxifying
formulations. Zeolites have an added benefit over
many synthetic absorbents in that they are naturally
formed, chemically stable and the introduction of
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zeolites into the skin is generally well tolerated with
proper processing.

Mineralogically, the important aspect of the cosmetic
use of zeolites is that detailed knowledge of the
genesis, structure and purity is important in their
effective and safe use. Zeolites are normally formed
in volcanic and hydrothermal regions and they may be
present as well as sulfide minerals like stibite.
Although stibite is not a suitable mineral to be used as
a cosmetic material because of its toxicity, the
geological affiliation of stibite indicates the necessity
to practice complete mineral beneficiation and
purification of zeolite crude materials. Particle size,
crystallinity, and cation exchange capacity, and the
lack of heavy metal contaminants are the parameters
that have a direct impact on the performance and
safety of topical formulations.

The data-oriented design and performance analysis
indicate that Zeolite-based cosmetic products have
high oil uptake, enhanced efficacy in eliminating
impurities, and enhanced compatibility with the skin
when compared to the conventional, non-mineral or
clay-based cosmetics. pH stability in the skin and
compatibility zone and absence of irritation in patch
tests further prove that they can be used as regular
cosmetics effectively. The ability to compare
graphically, adsorption activity and formulation
behavior demonstrate the functional value of zeolites
to keep skin in balance without too much dryness or
irritation.

In the future, studies must focus more on the design
of improved purification and activation methods to
improve zeolite safety and operation. It can be done
through comparative mineralogical/cosmetic
performance studies on various zeolite types to
determine the best types of zeolites to use in certain
skin applications. This kind of mineralogical-
cosmetic studies will bolster the scientific foundation
of building up the use of zeolites in the next

generation, sustainable formulations of cosmetics.

REFERENCES

1. Draelos, Z. D. (2018). Cosmetic dermatology:
Products and procedures. Wiley-Blackwell.

2. Mumpton, F. A. (1999). La roca magica: Uses of
natural zeolites in agriculture and industry.

10.

11.

12.

13.

14.

15.

INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH AND TECHNOLOGY

Proceedings of the National Academy of
Sciences, 96(7), 3463-3470.

Paveli¢, K., & Hadzija, M. (2003). Medical
applications of zeolites. Handbook of Zeolite
Science and Technology, 1143—1174.

Barel, A. O., Paye, M., & Maibach, H. L. (2014).
Handbook of cosmetic science and technology.
CRC Press.

Colella, C., & Mumpton, F. A. (2000). Natural
zeolites for the third millennium. De Frede
Editore.

Breck, D. W. (1974). Zeolite molecular sieves:
Structure, chemistry, and use. New York, NY:
John Wiley & Sons.

Bish, D. L., & Ming, D. W. (2001). Natural
zeolites: Occurrence, properties, applications.
Reviews in Mineralogy and Geochemistry, Vol.
45. Washington, DC: Mineralogical Society of
America.

Armbruster, T., & Gunter, M. E. (2001). Crystal
structures of natural zeolites. In D. L. Bish & D.
W. Ming (Eds.), Natural zeolites: Occurrence,
properties, applications (pp. 1-68). Washington,
DC: Mineralogical Society of America.
Filippidis, A. (2010). Environmental, industrial
and cosmetic applications of natural zeolites.
Hellenic Journal of Geosciences, 45, 91-100.
Ciullo, P. A. (2011). Industrial minerals and their
uses: A handbook and formulary (2nd ed.).
Norwich, NY: William Andrew Publishing.
Fowler, B. A., & Goering, P. L. (1991).
Antimony. In E. Merian (Ed.), Metals and their
compounds in the environment (pp. 743-756).
Weinheim, Germany: VCH Publishers.
Lourengo, S. C., & Martins, R. (2020). Mineral-
based ingredients in cosmetic formulations:
Functional performance and safety aspects.
International Journal of Cosmetic Science, 42(5),
415-424.

Lourengo, J. P., et al. (2018). Natural zeolites as
cosmetic ingredients: Adsorption properties and
skin compatibility. International Journal of
Cosmetic Science, 40(2), 123—-132.

Viseras, C., et al. (2010). Current challenges in
clay minerals for drug delivery. Applied Clay
Science, 48(3), 291-300.

FDA. (2022). Cosmetic Ingredient Safety and
Mineral-Based Excipients. U.S. Food and Drug
Administration Publications.

897 |Page



Yashodhan Patil, Int. J. Sci. R. Tech., 2026 3(4), 887-898 [Review

16. Deer, W. A., Howie, R. A., & Zussman, J. (2013).  18. Montgomery, D. C. (2019). Design and analysis
An Introduction to the Rock-Forming Minerals of experiments (10th ed.). John Wiley & Sons.
(3rd ed.). Mineralogical Society of Great Britain.

17. Paveli¢, K., & Hadzija, M. (2003). Medical HOW TO CITE: Yashodhan Patil'*, Praful Shinde!,

applications of zeolites. Advances in Therapy, Karuna Ghodki®, Applications Of Natural Zeolite
20(2), 75-88 Minerals In Cosmetics, Int. J. Sci. R. Tech., 2026, 3 (4),
’ ) 887-898. https://doi.org/10.5281/zenodo.19702772

@ INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH AND TECHNOLOGY 898 |Page
b



