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In the world of process engineering and chemical simulation, the accuracy of a model is only as robust as its
underlying thermodynamic foundation. Aspen HYSYS, a market-leading process simulation software, relies on
what are known as Property Packages(or Fluid Packages) to calculate the physical and chemical properties of
components within a simulation. A property package is essentially a collection of mathematical models and
correlations that dictate how the software predicts vapor-liquid equilibrium (VLE), liquid-liquid equilibrium (LLE),
enthalpy, entropy, density, and other critical physical properties.

Choosing the wrong property package can lead to catastrophic design errors, such as undersized heat exchangers,
incorrectly specified distillation columns, or inaccurate pressure drop calculations in pipelines. This technical guide
provides an exhaustive deep dive into the selection, application, and mathematical frameworks of property
packages within Aspen HYSYS, serving as a definitive resource for senior process engineers and simulation
specialists.

The Core Components of an Aspen HYSYS Fluid Package

A fluid package in Aspen HYSYS is more than just a single equation; it is a structured framework that includes
several distinct elements:

* Property Method: The primary thermodynamic model used for phase equilibrium and property calculations
(e.g., Peng-Robinson, NRTL).

e Component List: The specific chemical species involved in the simulation.

 Binary Interaction Parameters (BIPs): Experimentally derived coefficients that describe how two specific
molecules interact in a mixture.

¢ Flash Algorithms: The numerical methods used to solve mass and energy balances during phase changes.

* Physical Property Models: Correlations for transport properties like viscosity, thermal conductivity, and surface
tension.

1. Understanding Phase Equilibrium

At the heart of every property package is the calculation of the K-value (Equilibrium Ratio), defined as the ratio of
the mole fraction in the vapor phase (y) to the mole fraction in the liquid phase (x), $K_i =y i/ x_i$. The software
must solve for these ratios to determine how much of each component is in which phase at a given temperature
and pressure. There are two primary approaches to this: the Equation of State (EOS) approach and the Activity
Coefficient approach.

Detailed Analysis: Equations of State (EOS)

Equations of State are models that relate pressure, volume, and temperature (PVT). They are typically applied to
entire ranges of temperature and pressure and are highly effective for modeling non-polar or slightly polar
compounds, particularly in the oil, gas, and petrochemical industries.



The Peng-Robinson (PR) Equation

The Peng-Robinsonmodel is perhaps the most widely used EOS in Aspen HYSYS. Developed in 1976, it is an
improvement over the Soave-Redlich-Kwong (SRK) model, providing better liquid density predictions and more
accurate results near the critical point. It is the default recommendation for hydrocarbon processing, gas
processing, and refinery applications.

» Strengths: Excellent for high-pressure systems, cryogenic applications, and hydrocarbon mixtures.
e Limitations: It struggles with highly polar components like water or alcohols unless specific modifications are
applied.

Soave-Redlich-Kwong (SRK)

Similar to PR, the SRKmodel is a cubic equation of state. While it is highly reliable for gas processing, it is
generally considered slightly less accurate than PR for liquid densities. However, many legacy standards in the oil
and gas industry still mandate its use for consistency with historical data.

The CPA (Cubic-Plus-Association) Model

As highlighted in recent technical studies regarding dehydration with Aspen HYSYS, the CPA modelis a
sophisticated hybrid. It combines the classic SRK EOS with an association term from the Statistical Associating
Fluid Theory (SAFT). This makes it uniquely capable of handling systems with strong hydrogen bonding, such as
mixtures of water and glycols (MEG, TEG) or alcohols. The CPA model is now the industry standard for modeling
hydrate inhibition and glycol dehydration units where the standard Peng-Robinson model fails to accurately predict
the solubility of hydrocarbons in the aqueous phase.

Activity Coefficient Models: The Realm of Non-Ideality

For chemical systems involving highly polar components, electrolytes, or complex liquid-liquid interactions (like
ethanol-water or acid-gas systems), Equations of State are often inadequate. In these cases, Activity Coefficient
Models are employed.

Non-Random Two-Liquid (NRTL)
The NRTLmodel is a powerhouse for chemical engineering. It is based on the concept of local composition and is

highly effective for modeling:

¢ Highly non-ideal chemical systems.
e Liquid-Liquid Equilibrium (LLE).
e Azeotropic mixtures.

The NRTL model requires high-quality Binary Interaction Parameters. If these parameters are not available in the
Aspen HYSYS database or provided by the user, the model will default to ideal behavior, which can result in
significant simulation errors.

UNIQUAC and Wilson Models

UNIQUAC (Universal Quasi-Chemical) is similar to NRTL but is often preferred for systems involving molecules of
significantly different sizes. The Wilsonmodel, while excellent for VLE, cannot predict phase separation (liquid-
liquid split), making it unsuitable for decanters or three-phase separators.

Technical Comparison of Property Packages

The following table provides a structured comparison of the most common property packages found in Aspen



HYSYS to assist in the selection process.



Property Package Recommended Pressure Range Polarity Handling

Applications

Peng-Robinson Oill, Gas, Petrochemical, High/Low Low (Non-polar)
Refinery

NRTL Chemicals, Solvents, Low (&lt; 10 bar) High (Polar)
Azeotropes

CPA Gas Dehydration (TEG/ High High (Association)

MEG), Hydrates

Sour PR Sour Water Stripping, Acid Medium Specific (H2S/C0O2)
Gas

ASME Steam Power Plants, Steam Very High Pure Water Only
Cycles

Glycol TEG Dehydration (Legacy) Medium/High Specific (Glycols)

The Selection Logic: A Step-by-Step Field Guide

Choosing a fluid package follows a logical decision tree based on the nature of the chemical species and the
operating conditions. Senior Technical Writers and engineers often refer to the "Schreff Logic" or the Aspen Tech
decision tree to guide this process.

Step 1. Identify the Nature of the Components

Are the components primarily hydrocarbons? If yes, are they light gases or heavy crude fractions? For light gases
and standard hydrocarbons, Peng-Robinson or SRK is usually sufficient. If you are dealing with polar chemicals
(alcohols, ketones, organic acids), you must move toward Activity Coefficient models like NRTL or UNIQUAC.

Step 2: Check for Polarity and Hydrogen Bonding

The presence of water is a major factor. If water is just a secondary component in a hydrocarbon stream, PR with
"Water-Inclusion” settings might work. However, if you are modeling a Water and Air mixture to produce a PT
Envelope, the choice depends on the pressure. At low pressures, Ideal or NRTL might suffice; at high pressures,
Peng-Robinson is required but requires careful validation of the solubility data.

Step 3: Define the Pressure Regime

Activity coefficient models (NRTL, Wilson) are fundamentally derived for low-pressure liquid phases. For high-
pressure chemical systems (above 10-20 bar), engineers often use Huron-Vidal or Wong-Sandlermixing rules to
combine the strengths of EOS and Activity Coefficient models.

Step 4: Specialized Systems

Certain systems have dedicated packages. For instance, Aminepackages are specifically tuned for the kinetics
and thermodynamics of CO2 and H2S absorption in alkanolamines (MEA, DEA, MDEA). Using a standard PR
model for an amine absorber would yield useless results.

Case Study: Modeling Water-Air Mixtures for PT Envelopes



A common query in technical forums involves selecting a property package for a Water and Air mixture.  Air is
primarily a mixture of Nitrogen and Oxygen (non-polar), while Water is highly polar and associative.

To generate an accurate Pressure-Temperature (PT) Envelope for this mixture:

1. Peng-Robinson: This is the standard choice for the PT Envelope utility in HYSYS. It handles the non-polar
gases well. However, because water is present, the engineer must ensure that the Binary Interaction Parameters
(BIPs) between N2-H20 and O2-H20 are correctly populated.

2. CPA (Cubic-Plus-Association): If the study focuses on the water dew point at very high pressures, CPA
provides a more accurate representation of the water fugacity, preventing the under-prediction of water content in
the high-pressure gas phase.

Troubleshooting Common Errors in Fluid Packages

Even with the correct model, simulations can fail. Here are common pitfalls and technical solutions:

1. Missing Binary Interaction Parameters (BIPs)

In the "Fluid Package" tab of Aspen HYSYS, you will often see BIPs that are zero or blank. This means the

software is using an ideal mixing assumption. For non-ideal systems, this is a major error. Solution:Use the
"Estimate Unknown Props" button, which utilizes UNIFAC (a functional group method) to estimate these values, or
search for experimental VLE data in the DECHEMA series to manually input parameters.

2. Supercritical Components

Activity coefficient models struggle when a component is above its critical temperature (e.g., H2 or N2 in a liquid
solvent). Solution: Use the Henry’s Lawapplication within the property package to handle the solubility of
supercritical gases in the liquid phase.

3. Phase Discontinuity in PT Envelopes

If a PT envelope looks jagged or fails to close, it is often due to the flash algorithm struggling with the
Cricondentherm or Cricondenbar. Solution:Try switching from the "CO2" flash to the "Multiphase" flash or
adjust the convergence tolerance in the fluid package options.

Practical Implementation Workflow

To implement a property package effectively, follow this professional workflow within the Aspen HYSYS
environment:

e Component Selection: Add all components. If a component is not in the library (a "non-library" component),
define it using its boiling point and molecular weight (Hypotheticals).

¢ Fluid Package Selection: Start with the Methods Assistant. This built-in tool asks a series of questions about
the system (e.g., "Is it a chemical system?" "Are there electrolytes?") and suggests a starting model.

¢ BIP Review: Navigate to the Binary Coeffs tab. Ensure that the table is not empty. If modeling a glycol system,
ensure the "Glycol" or "CPA" package is selected to auto-populate association parameters.

 Validation: Compare the predicted boiling point or phase behavior against a known T-xy or P-xy diagram from
literature. If the simulation doesn't match the data, adjust the BIPs.

The Significance of Technical Accuracy in Simulation

The selection of a Property Method in Aspen Plus or a Fluid Package in Aspen HYSYS is the single most
important decision a simulation engineer makes. As documented in the COCO Help and various Aspen Tutorials,



the phase equilibrium model dictates the mass balance, while the physical property models dictate the energy
balance. A failure in the former makes the latter irrelevant.

Modern advancements like the Non-Random Two-Liquid (NRTL) model for chemicals and the CPAmodel for
complex associating fluids have significantly closed the gap between simulated predictions and real-world plant
performance. By understanding the mathematical nuances—such as the difference between cubic equations of
state and local composition models—engineers can design safer, more efficient, and more reliable chemical
processes.

In conclusion, while Aspen HYSYS provides over 30 thermodynamic models, the vast majority of industrial
problems can be solved by mastering a core group: Peng-Robinson for hydrocarbons, NRTL for chemicals, and
CPA for associating polar mixtures. The key to success lies not in having the most complex model, but in having the
model that most accurately reflects the molecular interactions of the specific species in the process.
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