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Abstract

Sulfur-based dermatological formulations are widely used due to their
antimicrobial, keratolytic, and anti-inflammatory properties. Silicic acid gels,
produced via sol—gel processes, offer high adsorption capacity and serve as effective
carriers for active substances. This study investigates the production technology of
composite sulfur—silicic acid gels for the treatment of skin disorders such as acne,
seborrheic dermatitis, and fungal infections. The research focuses on formulation
methods, gel structure, stability, and controlled release behavior. The results
demonstrate that the integration of sulfur into a silicic acid gel matrix significantly
enhances therapeutic efficacy and physicochemical stability.

1. Introduction

Skin disorders require topical formulations that provide antimicrobial action,
moisture balance, and controlled drug release. Traditional sulfur-based treatments,
although effective, often suffer from poor dispersion and instability.

Silicic acid gels present a promising solution due to:

. High surface area and porosity

. Adsorptive and carrier properties

. Biocompatibility

The combination of sulfur with silicic acid gels results in a hybrid

dermatological system with improved performance.
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2. Theoretical Background
2.1 Properties of Sulfur

. Antibacterial and antifungal activity
. Keratolytic action (promotes exfoliation)
. Sebum regulation

2.2 Sol-Gel Formation of Silicic Acid
NasSi10y + 2H™ — HaS5:04 4+ 2Na™

Silicic acid undergoes polymerization to form a gel network with high porosity.

3. Materials and Methods
3.1 Raw Materials

. Sodium silicate solution (Na2Si10s)

. Mineral acid (HCI or H2SOa4)

. Elemental sulfur (micronized)
. Distilled water
. Stabilizers (glycerol, carbomers, surfactants)

4. Production Technology
4.1 Preparation of Silicic Acid Gel

1. Dilution of sodium silicate solution

2. Controlled acidification (pH 2—4)

3. Formation of silicic acid sol

4. Gelation under controlled temperature (20—40°C)
5. Aging to develop gel structure

4.2 Sulfur Incorporation
. Micronization (particle size <10 pum)

. Dispersion into gel using:
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o High-shear mixing
o Ultrasonication

. Use of surfactants to stabilize dispersion

4.3 Final Formulation

. Adjustment of pH to 5-6.5 (skin-compatible range)
. Addition of humectants (glycerol)

. Homogenization

. Packaging under hygienic conditions

5. Structural and Physicochemical Properties
Key parameters:

. Gel viscosity (rheology)

. Porosity and surface area
. Particle size distribution
. Stability (sedimentation, phase separation)

6. Controlled Release Mechanism

Diffusion of sulfur through the gel matrix follows:

0Cot=D02Cox2\frac{\partial C} {\partial t} = D \frac {\partial*2 C} {\partial
x"2}0toC=Dox202C

Where:

. CCC = concentration of sulfur

. DDD = diffusion coefficient

. ttt = time

This model ensures sustained release of active components.

7. Results and Discussion

7.1 Antimicrobial Activity

. Effective against Cutibacterium acnes and fungi

. Enhanced activity due to uniform sulfur dispersion
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7.2 Skin Compatibility

. Neutral pH reduces irritation

. Gel matrix provides hydration

7.3 Stability

. Improved suspension stability compared to conventional sulfur
ointments

. Reduced aggregation of sulfur particles

8. Advantages and Limitations

Advantages

. Controlled release system
. Improved bioavailability

. Reduced irritation

. Eco-friendly formulation

Limitations

. Sulfur odor
. Sensitivity to pH changes
. Moderate shelf-life without stabilizers

9. Applications

. Acne treatment gels

. Antifungal topical formulations
. Seborrheic dermatitis therapy

. Cosmetic dermatology products

10. Future Developments

. Nano-sulfur formulations

. Hybrid silica-polymer gels

. Drug-loaded multifunctional systems

. Clinical validation and pharmacokinetics

11. Conclusion

The production of sulfur and sol-silicic acid gels represents an advanced

approach in dermatological formulation technology. The combination of
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antimicrobial sulfur and structured silica gel matrix provides improved stability,
controlled release, and enhanced therapeutic effectiveness. This technology offers a
promising direction for modern topical treatments.
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