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Who is NORAM?

• Based in Vancouver

• Founded in 1988

• 100 employees – chemical and mechanical

• Performed over 144 acid plant studies

• Supplied over 150 acid plant components

• Own a fabrication shop, 80 employees

• Licensor to Simon Carves UK -

450 mtpd acid plant UAE

• Licensor to Bateman South Africa –

Two 2850 mtpd acid plants Madagascar



NORAM’s Sulfuric Acid Equipment
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• Allows you to change process inputs and see how your 

plant will perform

• Identify process bottlenecks 

• Determine benefits of new equipment

• Confirm accuracy of process measurements

• Improve plant control; parametric analysis

In general, allows a better understand of your acid plant

Sounds great, but… it ain’t easy to model and get the above 

benefits!

Why Simulate Your Acid Plant ? 



Generic Sulphuric Acid Plant
Sulphur Burning

Gas Process Flow Diagram



• Don’t trust all your process readings (some are 

flakier than others)

• Missing important equipment information

• Don’t know what software to use

• Software may not be easy to use

• Don’t have time

Challenges in Simulating Your Acid Plant



• In-House Process Simulators

• Popular 1960’s-1980’s

• Created by in-house engineers of major oil & gas, chemical companies

• Ran on computer mainframes

• Simulation Sciences, Process, later, PRO/II
• Process Ran on Main Frame

• Appeared on the scene late ’70’s

• PRO/II came out about 1990.  PC-based batch operation

• Hyprotech, Hysim, later Hysys
• First major PC Based Simulation

• Calgary Based, U of C, appeared in mid ’80’s

• Interactive, backward calculation capability gave increased flexibility

• Hysys introduced in the ’90’s was Windows version of Hysim

• NORAM used it for gas side. Acid side done on spreadsheet

History of Process Simulators



• Aspen Technology Inc. Aspen Plus, & Hysys, 

• Created in 1981. Joint research project MIT and US DOE. Advanced 

System for Process Engineering (ASPEN)

• Acquired Hyprotech in 2004 and divested Hysys code to Honeywell (FTC)

• Offer suite packages 

• Honeywell, UniSim, formerly Hysys 
• Bought the code to Hysys in 2004

• Markets under the name UniSim

• Offer suite packages  

The suite packages offered include steady state, dynamic modeling, 

special physical property packages, heat exchangers, pipe pressure 

drop, plant optimization, basic engineering, … next presentations for 

sulphuric acid plant courses

History of Process Simulators (cont’d)



• Commercial Generic Simulators

• Aspen Hysys, Apen Plus, Honeywell Unisim

• Need to develop equipment models and select property packages

• Somewhat flexible for new equipment

• Lease costs can be high

• Third Party Dedicated Software

• Shiv Shukla, India Sulphuric, and others

• Limited in flexibility

• Pre-configured

• Relatively low cost <$2000

Tools Available
(for Process Simulation) 



• User Created Spreadsheet Models
• User creates models of individual equipment or entire acid plant

• Requires good understanding of unit operations

• Requires source of physical property data correlations

• Provides good flexibility in data input/output

• Requires checking of connectivity 

• Requires good documentation and internal notes for use by others

Tools Available (cont’d)
(for Process Simulation) 



Tools Available (cont’d)

Suite Packages



Tools Available (cont’d)

Suite Packages



Tools Available (cont’d)

Hysys vs Aspen Plus



Various Equations of State 

1. Overview

2 Historical 

2.1 Boyle's law (1662) 

2.2 Charles's law or Law of Charles and Gay-Lussac 

(1787) 

2.3 Dalton's law of partial pressures (1801) 

2.4 The ideal gas law (1834) 

2.5 Van der Waals equation of state 

3 Major equations of state 

3.1 Classical ideal gas law 

4 Cubic equations of state 

4.1 Van der Waals equation of state 

4.2 Redlich–Kwong equation of state 

4.3 Soave modification of Redlich-Kwong 

4.4 Peng-Robinson equation of state 

4.5 Elliott, Suresh, Donohue equation of state 

5 Non-cubic equations of state 

5.1 Dieterici equation of state 

6 Virial equations of state 

6.1 Virial equation of state 

6.2 The BWR equation of state 

7 Multiparameter equations of state 

7.1 Helmholtz Function form 

8 Other equations of state of interest 

8.1 Stiffened equation of state 

8.2 Ultrarelativistic equation of state 

8.3 Ideal Bose equation of state 

9 Equations of state for solids 

Physical Property Prediction

• Important part of simulation is 

ensuring accurate physical 

property prediction

• In simple terms, Equations of 

State are formula and 

coefficients used to predict 

component and stream physical 

properties under varying 

conditions

• For sulphuric acid plants, gas, 

steam and acid generally  use 

separate equations of state to 

predict Cp, Volume, Density, 

conductivity, and so forth



Physical Property Prediction (cont’d)
Reference: AICHE Conference, Salt Lake City, UT; 7Nov2007



Modeling an Acid Plant

Unit Operations

• Sulphur Furnace – Gibbs or Conversion model reactor

• Acid Towers – Component splitter, absorption module

• Blower – Compressor module

• Heat Exchanger/Acid Cooler – Heat exchanger module 

• UA input and predict two temperatures, or,

• Three of four temperatures are input and fourth predicted

• Converter – Reactor module

• Conversion.  Input conversion.

• Equilibrium.  Input approach to equilibrium



Modeling an Acid Plant

Building a model of the plant

• Get out plant process flow diagrams and piping and 

instrument diagrams

• Get exchanger drawings or rating sheets

• Take pressure profile and gas flow for starting point of 

model

• Record temperatures and flows of plant streams

• Enter stream and equipment data

• Model plant

It’s that easy.  But most likely not!



Modeling an Acid Plant
Modeling blower performance from blower curve



Custom-built Spreadsheet

• Spreadsheet Set-Up

• Mass and energy balances are simulated for the equipment components

• Gas: Cp vs. Temperature for each component is from validated references

• Acid: Solution enthalpy vs. Concentration and Temperature

• Water: Cp is from steam tables

• Columns in spreadsheet are for streams

• Unit operations carried out on the components in the streams

• For SO2 to SO3 reaction enter approach to equilibrium  or conversion
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Modeling an Acid Plant



• User Created Spreadsheet Models

Modeling an Acid Plant (cont’d)



• User Created Spreadsheet Models

Modeling an Acid Plant (cont’d)



• User Created Spreadsheet Models

Modeling an Acid Plant (cont’d)



• User Created Spreadsheet Models

Modeling an Acid Plant (cont’d)



Custom-built Process Simulation



Commercial Simulation Process Flow Diagram



Dynamic Modeling an Acid Plant

• Useful when conditions fluctuate

• Can help setup process controls

• Requires all the information for steady state simulation plus

• Thermal mass

• Residence time

• Valve description

• Use commercial package or create your own



Custom Built Dynamic Process Simulation



Commercial Program for Dynamic Simulation



Commercial Program for Dynamic Simulation



Summary

• Process simulation tools can be useful

• Require work for meaningful results

• Plants have several options for simulation

• May require consultant for assistance 

(unbiased promotion!)



Thank You
and Good Day 


