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A detailed cost analysis comparing hybrid hydrodynamic cavitation-supercritical CO2 silver
nanoparticle production to conventional chemical and thermal synthesis methods. Includes

per-gram and per-kilogram production cost estimates, highlighting efficiency, purity, and
operational advantages.
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Silver nanoparticles command high prices in global markets due to their antimicrobial, catalytic, optical, and electronic applications. However, conventional production methods rely on large chemical
inventories, stabilizers, reductants, energy-intensive reactors, and complex purification steps. These factors keep costs high and limit scalability. A hybrid hydrodynamic cavitation-supercritical CO2
(sCO2) production system addresses these issues through intensified mixing, continuous-flow processing, and solvent-free extraction.

Traditional chemical synthesis typically operates in batch mode using silver nitrate, sodium borohydride, citrate, polymers, and stabilizers, followed by centrifugation and washing. Energy
consumption, hazardous chemicals, and waste stream treatment significantly increase per-gram cost. Thermal reduction and photochemical methods also demand specialized equipment and long
reaction times, translating to high operating expenses.

By contrast, a hybrid cavitation-sCO2 reactor achieves nucleation under intense micro-mixing conditions generated by collapsing cavitation bubbles. The resulting uniform nuclei move directly into a
supercritical CO2 phase where controlled growth and solvent-free extraction occur. This eliminates most stabilizers, reduces chemical consumption, and allows continuous production with minimal
labor.

Below is the cost comparison.

Cost Comparison (Per Gram and Per Kilogram)

These values represent typical market and production cost ranges for high-purity silver nanoparticles (20 to 80 nm range).
1. Traditional Chemical Reduction

Chemical Inputs: High

Energy Demand: Moderate to high

Purification Costs: Very high

Batch Labor Costs: High

Estimated Production Cost:

Per gram: 4.50 to 7.00 USD

Per kilogram: 4,500 to 7,000 USD

Market Price: Often 10 to 45 USD per gram depending on grade
2. Thermal or Photochemical Synthesis

Energy Demand: Very high

Reaction Time: Long
Purity: Moderate to high

COST COMPARISON OF SILVER
NANOPARTICLE PRODUCTION

PER GRAM:
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HYBRID CAVITATION-SUPERCRITICAL
CO, REACTOR

for Advanced Silver Nanoparticle Production

Enhanced Nucleation Control
Cavitation generates uniform
silver nuclei

Improved Safety
Oxygen-free sCO,, stabilizes
and extracts nanopartices

HYDRODYNAMIC
CAVITATION

Lower Energy Consumption

Supercrific-
[
Intensive mixing and solvent-free

L X processing reduce costs
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Nanoparticles

Silver

Continuous-flow operation
increases throughput
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