
PROCESS ENGINEERING

Comprehensive Design and Simulation of Sulfuric Acid 
Plants Using Aspen HYSYS: A Technical Manual
Published: December 2, 2025  |  Index ID: #362

In the modern chemical process industry, sulfuric acid (H2SO4) remains the most produced chemical by volume 

globally, often serving as a primary indicator of a nation's industrial strength. Its applications span across fertilizer 

production, mineral processing, oil refining, and wastewater treatment. Given the complexity of the Contact 

Process—the primary industrial method for producing sulfuric acid—and the rigorous thermal management 

required, Aspen HYSYShas emerged as an indispensable tool for engineers. This article provides an in-depth

technical analysis of simulating a sulfuric acid plant, focusing on the Double Contact Double Absorption (DCDA)

configuration, thermodynamic selection, and unit operation optimization.

The Industrial Significance of Sulfuric Acid Simulation

The production of sulfuric acid is highly exothermic and involves complex phase equilibria and chemical kinetics. 

Traditionally, plant design relied on empirical data and pilot-scale testing. However, the integration of 

computational fluid dynamicsand process simulation software like Aspen HYSYS allows for the precise

modeling of heat recovery systems, catalytic conversion rates, and emission controls. Simulation serves three

primary purposes: design validation, debottlenecking existing operations, and environmental compliance

monitoring. By utilizing a steady-state simulation, engineers can predict how changes in feed composition or

catalyst degradation will affect the final yield and the concentration of tail-gas emissions.

Theoretical Framework: The Contact Process

Before initiating an Aspen HYSYS simulation, one must understand the underlying chemical transformations. The

modern sulfuric acid production process generally follows four critical stages:

•  Sulfur Combustion: Molten sulfur is burned in the presence of dry air to produce sulfur dioxide (SO2). S(l) + 

O2(g) !’ SO2(g) (9D‚�Ò�!##“r�´¢öÖöÂ•

•  Catalytic Conversion: SO2 is oxidized to sulfur trioxide (SO3) over a vanadium pentoxide (V2O5) catalyst. 

This is a reversible, exothermic reaction. SO2(g) + 1/2 O2(g) !Ì SO3(g) (9D‚�Ò�!#“’�´¢öÖöÂ•

•  Absorption: SO3 is absorbed into concentrated sulfuric acid (typically 98%) to form oleum or more H2SO4. 

Direct reaction with water is avoided due to the formation of a difficult-to-condense acid mist.

•  Heat Recovery: Utilizing the high heat of reaction to generate high-pressure steam.

Phase 1: Selecting the Thermodynamic Fluid Package

Selecting the correct fluid package is the most critical step in any HYSYS simulation. For sulfuric acid plants, the 

challenge lies in the non-ideal behavior of the H2SO4-H2O system and the high temperatures in the burner. While 

the Peng-Robinson (PR) or Soave-Redlich-Kwong (SRK)equations of state are suitable for the gas-phase

combustion and conversion stages, they fail to accurately model the liquid-phase interactions in the absorption

towers.

Thermodynamic Model Selection Matrix



Process Section Recommended Property Package Justification

Sulfur Burner Peng-Robinson / SRK Accurately handles high-temperature 
gas-phase combustion and air 
components.

Catalytic Converter Peng-Robinson Predicts gas-phase equilibrium 
constants (Kp) effectively at varying 
pressures.

Absorption Towers NRTL / Electrolyte NRTL Essential for modeling the high non-
ideality of the H2SO4-H2O liquid 
mixture and boiling point elevations.

Steam/Utility Cycle ASME Steam Tables Provides the most accurate enthalpy 
and entropy data for water/steam 
phases.

Phase 2: Modeling the Sulfur Burner (Combustion Chamber)

In Aspen HYSYS, the sulfur burner is typically modeled using a Gibbs Reactor or a Conversion Reactor. Given

that sulfur combustion goes to near-completion, a conversion reactor with a 100% conversion set for sulfur is often

sufficient. However, a Gibbs Reactor is more robust if the user wishes to calculate the equilibrium composition of

minor NOx pollutants.

Key parameters for the burner include the air-to-sulfur ratio. Excess air is required not only to ensure complete

combustion but also to provide the necessary oxygen for the subsequent catalytic oxidation of SO2 to SO3. The

adiabatic flame temperature must be carefully monitored; in industrial practice, this is often controlled between

1000°C and 1200°C to protect the refractory lining of the furnace.

Phase 3: The Multi-Stage Catalytic Converter

The conversion of SO2 to SO3 is the heart of the plant. Because the reaction is exothermic, high temperatures shift

the equilibrium toward the reactants (Le Chatelier's Principle). To achieve high conversion (99.7%+), a multi-pass

converter with inter-stage cooling is used.

Modeling the Reactor Beds

In HYSYS, each catalyst bed is modeled as an Equilibrium Reactor. To simulate the actual behavior of V2O5

catalyst, engineers often apply an "approach to equilibrium" temperature, typically between 10°C and 20°C, to

account for kinetic limitations. The workflow involves:

1.  Bed 1: Entry temperature ~420°C. High SO2 concentration leads to a rapid temperature rise.

2.  Inter-stage Cooling: The gas is cooled in a heat exchanger (often generating steam) before Bed 2.

3.  Subsequent Beds: Each bed further converts SO2. In a DCDA plant, the gas is pulled out after the 3rd bed, 

SO3 is absorbed, and the gas is returned to the 4th bed.

This inter-pass absorptionremoves the product (SO3), shifting the equilibrium further to the right and allowing for

significantly higher total conversion rates compared to single-absorption plants.

Phase 4: Absorption and Acid Cooling



The SO3 gas entering the Absorption Tower  is absorbed into a circulating stream of 98% H2SO4. In Aspen 

HYSYS, this is modeled using an Absorber Column or a Component Washoperation. The crucial factor here is

the heat of absorption. As SO3 reacts with the water in the acid, significant heat is released, which must be

removed using acid coolers to prevent the acid from reaching temperatures where it becomes highly corrosive to

piping and vessels.

Engineers must define the Packing Type  and HETP (Height Equivalent to a Theoretical Plate)within the

HYSYS column environment to ensure the simulation reflects the physical dimensions of the industrial tower. The

liquid-to-gas (L/G) ratio is the primary tuning parameter used to ensure complete SO3 capture and to manage the

temperature profile within the tower.

Comparison of Simulation Tools: Aspen HYSYS vs. Aspen Plus

While both tools are part of the AspenTech suite, they have distinct strengths for sulfuric acid modeling. The choice

often depends on whether the engineer is focusing on the gas-phase kinetics or the complex electrolyte chemistry

of the liquid phase.



Feature Aspen HYSYS Aspen Plus

User Interface Highly interactive, real-time updates. Sequential modular, batch-style 
execution.

Electrolyte Modeling Requires Acid Gas or specialized 
packages.

Superior built-in Electrolyte NRTL 
databases.

Process Dynamics Excellent for safety and control 
studies.

More complex to set up dynamic runs.

Solid Handling Limited. Robust (important if modeling sulfur 
melting).

Advanced Integration: The Steam Cycle

A modern sulfuric acid plant is essentially a massive heat exchanger. The energy released from sulfur burning and 

SO2 oxidation is used to produce high-pressure steam, which can drive a turbine to generate electricity. This is 

known as Cogeneration. To model this in Aspen HYSYS, the energy streams from the burner and converter 

coolers are connected to a Steam Cycle (Rankine Cycle)environment. This allows the engineer to calculate the

Net Power Generation of the facility, which is a key metric for economic viability.

Energy Management Checklist

•  Waste Heat Boiler (WHB): Recovers heat from the SO2 gas exiting the burner.

•  Superheaters: Uses gas from the first catalyst bed to superheat steam.

•  Economizers: Uses cooler exit gases to preheat boiler feed water.

•  Acid Coolers: Captures low-grade heat, often used for district heating or pre-heating processes.

Troubleshooting Common Simulation Errors

Even for experienced users, HYSYS simulations can fail to converge or provide unrealistic results. Common issues

in sulfuric acid modeling include:

1. Temperature Crossover in Heat Exchangers

This occurs when the specified heat transfer is physically impossible (the cold stream becomes hotter than the hot 

stream source). In HYSYS, check the UA (Overall Heat Transfer Coefficient × Area)and the temperature

approach. This often indicates that the gas flow rate is too low for the required steam production.

2. Liquid Phase Separation in the Absorber

If the fluid package is not correctly configured for high-concentration acid, HYSYS may predict a second liquid 

phase or fail to calculate the vapor-liquid equilibrium (VLE). Ensure the NRTL parametersare validated for the

90-99% H2SO4 range.

3. Catalyst Bed Convergence

In the DCDA recycle loop, the simulation may struggle to converge due to the mathematical circularity. Using a 

Recycle Blockwith tightened tolerances for composition and enthalpy is necessary. Start with an initial guess for

the recycle stream that is close to the expected industrial values to assist the numerical solver.

Case Study: Optimizing SO2 Conversion



Consider a plant processing 1,000 tons per day of sulfur. A sensitivity analysis in Aspen HYSYS reveals that

decreasing the inlet temperature of the 4th catalyst bed by just 5°C can increase total plant conversion by 0.05%.

While this seems marginal, in a large-scale plant, this equates to a significant reduction in SO2 emissions

(measured in parts per million) and ensures compliance with increasingly stringent environmental regulations like

the EPA's Clean Air Act or the EU's BREF standards.

The simulation allows engineers to visualize the Equilibrium Curve vs. Operating Line(The McCabe-Thiele

equivalent for reactors). By keeping the operating line as close to the equilibrium curve as possible through

controlled cooling, the maximum driving force for the reaction is maintained across all stages.

Future Trends: Digital Twins and Carbon Capture

The future of sulfuric acid plant simulation lies in the creation of Digital Twins . By integrating real-time sensor data

from the plant (PI System tags) into an Aspen HYSYS model, operators can predict catalyst end-of-life and

optimize heat recovery in real-time. Furthermore, as the industry moves toward "Green Sulfuric Acid" (produced

from waste H2S or through hydrogen-based processes), simulation tools will be vital in redesigning traditional

sulfur burners to handle varied feedstocks without compromising the integrity of the catalytic converter.

In summary, the simulation of a sulfuric acid plant in Aspen HYSYS is a multifaceted task that requires a deep

understanding of chemical equilibrium, thermodynamics, and heat integration. By meticulously selecting fluid

packages, accurately modeling the multi-stage converter, and integrating the steam cycle, engineers can design

facilities that are not only profitable but also environmentally responsible. The transition from steady-state

simulation to dynamic modeling further opens doors for advanced process control and safety training, ensuring that

the "king of chemicals" continues to be produced efficiently for decades to come.
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