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Problem Statement
Project Title

Simulation and Economic Assessment of Pyridine Production from Acetaldehyde,
Formaldehyde, and Ammonia Using Aspen Plus

Background

Pyridine (CsHsN) is a basic heterocyclic organic compound with applications in
pharmaceuticals, agrochemicals (e.g., herbicides), rubber processing, and as a solvent. A
prominent industrial route to pyridine is the Chichibabin synthesis, which involves the reaction
of acetaldehyde, formaldehyde, and ammonia in the vapor phase over a solid acid catalyst
(typically silica-alumina or zeolites).

This project focuses on modeling this process in Aspen Plus, determining the mass and energy
balances, and performing a detailed economic analysis to assess feasibility for industrial
implementation.

Objectives

1. Simulate the production of pyridine from acetaldehyde, formaldehyde, and ammonia in
Aspen Plus.

Develop a process flow diagram (PFD) and define the main unit operations.
Perform mass and energy balances for all major process streams.

Generate stream tables and determine key operating conditions.

A

Carry out an economic evaluation using:
o Net Present Value (NPV)
o Internal Rate of Return (IRR)
o Payback period
o Cash flow analysis

6. Determine the financial viability and provide optimization recommendations.



Process Chemistry

Main Reaction — Vapor-Phase Cyclization

A simplified representation of the pyridine formation reaction is:

CHsCHO (acetaldehyde) + HCHO (formaldehyde) + NHs — CsHsN (pyridine) + 2H20
o Reaction Type: Vapor-phase catalytic condensation
o Catalyst: Silica-alumina or zeolite

e Side Products: Picolines (a-, B-, y-picoline), heavier pyridine bases, water

_* Conceptual Process Flow Diagram (PFD)
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l
R-101: Vapor-Phase Reactor

!
V-101: Flash Separator

S
T-101: Distillation Column

l !

Pyridine Product Ammonia Recycle or Vent

Aspen Plus Simulation Setup
1. Thermodynamic Model
o Peng-Robinson or SRK for vapor-phase modeling

o Ifliquid-phase separation: NRTL for polar mixtures

2. Components
Compound Formula Role

Acetaldehyde CH3;CHO Feed



Compound Formula Role
Formaldehyde HCHO  Feed

Ammonia NHs Feed

Pyridine CsHsN  Desired product
Water H-0 Byproduct

Side-products CsH7N+ Picolines and others

3. Reactions
Use RStoic or RPlug block in Aspen Plus with conversion-based or kinetic data.
Main reaction:
CH3CHO + HCHO + NH3 — C5H5N + 2H20
Side reactions (if modeled):
CH3CHO + NH3 + HCHO — CH3C5H4N (a-picoline) + 2H20
Typical Yields:
e Pyridine: 40-60%
e Picolines: 20-30%

e Water: Byproduct from all reactions

4. Process Units in Aspen

Unit ID Type  Description

M-101 Mixer Feed preparation

R-101 RPlug Catalytic reactor

E-101 HeatX Reactor outlet cooling

V-101 Flash2 Condensation of water and byproducts

T-101 RadFrac Pyridine purification

5. Operating Conditions (Typical)



Unit Temperature Pressure Notes
R-101 350-500°C  1-10 atm Vapor-phase catalytic reactor
V-101 30-80°C ~1 atm Condensation & separation

T-101 100-150°C ~I1 atm Pyridine separation/distillation

~~ Economic Evaluation Framework
A. Capital Expenditure (CapEx)
o Reactor cost (high-temp design)
e Distillation system
o Heat exchangers and separation units
o Installation, piping, instrumentation, and contingency
B. Operating Expenditure (OpEx)
o Feedstock costs:
o Acetaldehyde: ~$0.7-1.0/kg
o Formaldehyde: ~$0.5-0.9/kg
o Ammonia: ~$0.3-0.5/kg
o Utilities: Steam, cooling water, electricity
o Catalyst replacement (every 23 years)

e Labor, maintenance, waste handling

C. Financial Indicators

Metric Purpose
IRR Return rate based on project cash flow
NPV Net present value over project life

Payback Period Time to recover investment

Cash Flow Year-by-year profit and investment overview

D. Assumptions for Economic Model



Parameter Value

Project life 15-20 years
Discount rate 10-12%
Construction time  1-2 years
Operating days/year 330

Plant capacity 5,000-10,000 TPA

Depreciation Straight-line

Project Deliverables

1. Aspen Plus Simulation File:

o Stream results, convergence, and reactor block setup
Process Flow Diagram (PFD)
Stream tables (flowrate, temperature, pressure, compositions)

Equipment list and utility consumption

A

Excel-based economic model:
o Cash flow sheet
o NPV, IRR, payback period calculations

6. Report with conclusions and optimization suggestions



