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Problem Statement: Aspen Plus Simulation of Ethylene Oxide Production via Direct
Oxidation of Ethylene

Objective:

To design and simulate a chemical process for the production of ethylene oxide (EO) using
ethylene and oxygen as reactants in the presence of a silver-based catalyst, employing Aspen
Plus for detailed process modeling. The project aims to generate mass and energy balances,

design essential unit operations, and conduct an economic evaluation to assess the financial
viability of the process.

Process Description:

1. Feed Preparation:

o A gas mixture containing ethylene and air (or pure oxygen) is preheated and

compressed to appropriate reaction conditions (typically 200-300°C and 1.5-3
MPa).

o An inert gas such as nitrogen may be added to control the flammability limits.

2. Reactor (Direct Oxidation over Silver Catalyst):

o The feed gas enters a fixed-bed catalytic reactor packed with a silver-based
catalyst.

The primary desired reaction is:

CsHy + %{}3 — CyHy O AH = —105kJ/mol

The main side reaction is the complete combustion of ethylene:
CoHy + 303 — 2002 + 2H,0 AH = —1323kJ/mol

o Selectivity is a key issue and must be optimized (~65-75% typical for EO).

3. Effluent Treatment and Separation:
o The hot reactor effluent is cooled to condense ethylene oxide and water.
o Unreacted ethylene is separated and recycled.

o Gaseous by-products such as CO: are vented or sent for treatment.



o Ethylene oxide is purified via distillation or absorption/desorption techniques.

Simulation Tasks in Aspen Plus:
o Use a RPlug reactor to model the catalytic oxidation with defined selectivity.
o Implement recycle streams for unreacted ethylene.
e Design heat exchangers for energy integration and cooling.
o Perform mass and energy balances across all units.

e Include realistic separation units for EO purification (e.g., absorption column or flash
separator).

e Simulate emissions and waste streams, if any.

Economic Evaluation:
e Estimate:

o Capital costs for major equipment (reactor, compressors, separators, heat
exchangers).

o Operating costs, including utilities (steam, electricity), raw materials (ethylene,
oxygen), and labor.

o Product revenue from ethylene oxide based on current market prices.
e Perform financial analysis:

o Net Present Value (NPV)

o Internal Rate of Return (IRR)

o Payback Period

o Break-even Analysis

o Conduct sensitivity analysis on factors such as catalyst performance, selectivity,
ethylene price, and utility costs.

Expected Outcomes:
o A fully developed Aspen Plus flowsheet with all unit operations and recycle loops.

e Detailed mass and energy balances for the entire process.



A clear understanding of reactor performance and product yield as a function of
selectivity and conversion.

An economic assessment that identifies whether the process is financially viable under
realistic market and process assumptions.



