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2. VOC Abatement via Adsorption

Selective retention of pollutant molecules from waste streams on the surface and pores of porous materials.
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» VOC recovery possible, wide range of loading. « Expensive carbon bed regeneration

Volatile Organic Compounds (VOC) * High efficiency and low energy demand. « Irregular bed saturation due to VOC mixtures
Other
« Easy installation/maintenance. « Understudied technoeconomic optimisation.3

« API manufacturing solvents.
Industrial Adsorption Unit

Research Gap
« Literature not relevant to reality

« Toxic for humans and environment.

voc ion in | Up: Manuf: ing Exhaust stack
« Distillations for solvent separations are the main cause of VOC emissions.
« High environmental repercussions highlight need for efficient, cost-effective VOC control technology.

* Industrial case studies needed

Modelling & Optimisation
« Improved process efficiency.
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3. Nonisothermal Multicomponent Adsorption Model § 4. Langmuir Model Parameter Estimation

Langmuir Isotherm parameters are estimated via the non-linear curve fitting function of ORIGIN.
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Simulations executed using gJPROMS Academic 2.0.0 (CPU: i7 and RAM: 32 GB). -
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Model assumptions

» Radial temperature gradients and concentrations are negligible.

»  Wall temperature is constant and equal to surrounding temperature.
« Adsorbent particles and gas phase are in thermal equilibrium.
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5. Breakthrough Simulations 6. Key VOC Capture Bed Design Metrics

77777 7R ass Breakthrough onset: the time point the outlet concentration reaches 5% of the inlet concentration.
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« Weakly adsorbed component breaks through before strongly adsorbed VOC.

Breakthrough onset/Bed Length (s/m)

« Breakthrough time and pressure drop increase with increasing bed length. 60000 60000
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« Temperature peaks signify adsorption taking place (exothermic process). « Increasing bed length leads to steeper breakthrough onset increase for acetone.
« Competitive adsorption: outlet concentration exceeds feed conditions (roll-up). « Breakthrough onset time changes reach plateau with increasing bed length.
Exponential Grid Transformation 8. Conclusions
Spatial grid discretisation optimisation: DCM-Acetone at L = 0.1-0.8 m « Simulations of APl manufacturing solvent abatement crucial for environmental impact mitigation.

Lack of published literature on VOC adsorption under industrially relevant conditions.

Establishment of pharma-relevant VOC Langmuir Isotherm parameter database.

Acetone demonstrates preferential adsorption over dichloromethane.
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—vawrars Larger bed length leads to longer breakthrough onset times for dichloromethane and acetone.
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Breakthrough onset increase not analogous to bed length increase for both VOCs.
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Plateau of change of breakthrough onset with increasing bed length.

- E tial spatial grid transformation essential to reliable industrial-scale simulations.
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Current efforts focused on process optimisation via Mixed Integer Linear Programming (MILP).
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Grid with 5 discretisation points vs Grid with 10 points & exponential transformation 9. References
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