
Process Simulation with ASPEN Plus

7505 Course Notes
Section 5: Energy Balance and

Physical Property Methods

These course materials are applicable to Version 14 of ASPEN Plus
ASPEN PlusTM is a trademark of Aspen Technology, Inc., Bedford, MA, U.S.A.
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Energy Balance: Choosing the Right Property Method

 Energy balance requires accurate representation of physical properties  
to obtain meaningful simulation results.

 Example:  Acetone recovery column

Feed

Bottom

Top 5000  lbmol /hr
 10  mol%  acetone
T = 100 o F 
P = 30  psia

0.01 mol% water recovery
99.5 mol% acetone recovery

20  psia

22  psia

RR = 5.0
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Overview (Cont’d)
 Simulation results of the acetone recovery column using DSTWU
 3 property methods were used
 No. of Stages Condenser      Reboiler 
 Duty (MMBtu/hr )     Duty (MMBtu/hr )
IDEAL          14       37.7           49.5 
Ideal gas/solution (no binary parameters)
NRTL-RK                      52       37.4           50.7
  model (binary parameters from databanks)
LK-PLOCK                    11       38.2           52.1
EOS model (binary parameters estimated)
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x-y Diagram of Acetone/Water Using IDEAL
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x-y Diagram of Acetone/Water Using NRTL-RK
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x-y Diagram of Acetone/Water Using LP-PLOCK

7

In Short
 The ASPEN Plus property system supplies thermodynamic and
       transport properties for unit operation and stream calculations.
 This is done through a base property method, which is a collection of
      models and methods for calculating properties.
      Property Purpose

K-values VLE, LLE calculations
       Enthalpy Energy balance, heat duties
       Entropy Work, efficiencies
       Free energy Chemical equilibrium, phase stability
       Molar volume Sizing
       Transport properties Sizing 8

Example of a Base Property Method
� IDEAL Method

� Assumes ideal gas for vapor calculations
� Assumes ideal liquid for liquid calculations

Property Method Model
K-values Ki = PVAP,i/P (Raoult’s law) Antoine
Enthalpy HV = HIG Ideal gas heat capacity

HL = HIG -  xi Ho
VAP,i Watson

Entropy ----- Ideal gas
Free energy ----- Watson

 Volume ----- Rackett
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ASPEN Plus Property Methods
 There are nearly 100 property methods in ASPEN Plus.
 There is always at least 1 method suitable for any chemical
      system and under any operating condition.
 Can be broadly divided into 2 categories

 Activity coefficient models (often called  models)
 Equation of state models (EOS models)

 The rest are special models, such as steam tables, amine package,
      sour water package, oil refinery, polymers, etc.

10

Activity Coefficient Models ( Models)
 Suitable for chemical mixtures consisting of polar compounds, which 

result in a highly nonideal liquid phase
VLE: i

V yi =  i  i
OL xi 

       Enthalpy: hV from EOS
hL = xi (hO,IG + hO,L) - RT2 xi ( ln i / T)

Volume: VV from EOS
 VL from Rackett model

 In essence, a  model uses 2 methods to calculate properties - EOS
     for vapor properties and  for liquid properties.
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Essential Aspects of  Models
 Consists of 2 property methods - one for vapor and one for liquid
 Uses Henry’s law to represent the VLE behavior of dissolved gases
       (supercritical components)

– Henry’s law parameters are available in A+ databanks.
– The parameters are needed to predict the solubilities of dissolved gases.

 Contains binary interaction parameters which are essential for
       accurate VLE representations

– A+ contains interaction parameters for thousands of component-pairs in its 
   databanks.
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Important  Models in A+

1. IDEAL Method
– Uses ideal gas law to calculate T, P, and V of vapor
– Uses Raoult’s law to calculate properties of liquid

2. NRTL (Non-Random Two Liquid) Method
– Uses ideal gas law to calculate T, P, and V of vapor
– Uses NRTL to calculate properties of liquid
– Uses binary interaction parameter NRTL from databanks, consisting of

aij, bij, and cij
– An important NRTL variation: NRTL-RK
– RK = Redlich-Kwong EOS for vapor property calculations
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Important  Models in A+ (Cont’d)

3. UNIQUAC Method
– Uses ideal gas law to calculate T, P, and V of vapor
– Uses UNIQUAC to calculate properties of liquid
– Uses binary interaction parameter UNIQ from databanks, consisting of aij and bij
– An important Wilson variation: UNIQ-RK

4. Wilson Method
– Uses ideal gas law to calculate T, P, and V of vapor
– Uses the Wilson model to calculate properties of liquid
– Uses binary interaction parameter WILSON from databanks, consisting of aij and bij 
– An important Wilson variation: WILS-RK
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Equation of State Models (EOS Models)
 Suitable for hydrocarbon or organic mixtures that are similar in 

chemical structures, which form fairly ideal liquid
VLE: i

V  yi  =  i
L  xi  

      Enthalpy:  hV   =   hIG   +   hV   
  hL   =   hIG   +   hL  

Volume:  VV  from EOS
   VL  from EOS
 In essence, an EOS model uses only one method to calculate properties

of both vapor and liquid.
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Essential Aspects of EOS Models

 Uses the same method to calculate both vapor and liquid properites
 Cannot use Henry’s Law
 Can predict solubilities of dissolved gases but accuracy is poor 

compared to Henry’s Law in the gamma models.
 Contains very few binary interaction parameters because vapor and 

liquid phases are assumed to be not so nonideal.
– A+ contains some interaction parameters for component-pairs in its databanks.
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Important EOS Models in A+

1. RK-SOAVE Method (Redlich-Kwong-Soave)
– Contains binary interaction parameter RKSKBV, consisting of 3 parameters

kij,1, kij,2, and kij,3

2. PENG-ROB Method (Peng-Robinson)
– Contains binary interaction parameter PRKBV, consisting of 3 parameters

kij,1, kij,2, and kij,3
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Example 1: Ethanol-Water Mixture

 Flash calculation (vapor-liquid equilibrium) of a mixture of water and 
ethanol
– This mixture is known for its azeotrope at 89.43 mol% ethanol at 1 atm.
– Must use a gamma model because of liquid nonideality, say NRTL.

FLASHFEED

VAPOR

LIQUID

Ethanol 50 kmol/hr
Water 50 kmol/hr

T = 100 C
P = 50.0 bar

Adiabatic
P = 1 atm

y = ?

x = ? 18

Example 1: Using a Gamma Model (NRTL)

NRTL Binary Interaction Parameters
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Example 1: Proof of Azeotrope Prediction

Very close to 0.895
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Solubility of N2 in the Ethanol-Water Mixture
 Let’s add 10 kmol/hr of nitrogen into the ethanol-water mixture.

– Must declare N2 as the Henry component.
– HENRY binary interaction parameters between N2 and ethanol and

N2 and water consisting aij, bij, cij, and dij will be retrieved and used. 

FLASHFEED

VAPOR

LIQUID

Ethanol 50 kmol/hr
Water 50 kmol/hr
N2 10 kmol/hr

T = 100 C
P = 50.0 bar

Adiabatic
P = 1 atm

N2 solubility = ? ppm (mole)
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N2 solubility = 75.1 ppm (mole)
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Some Exercises to Try Out Yourselves

1. Try using PENG-ROB for the same ethanol-water mixture.
Result: PENG-ROB cannot predict the correct azeotrope and flash result 
contains no vapor.
2. Perform flash calculation of the ethanol-water-nitrogen mixture without
declaring nitrogen as Henry component in the NRTL method.
Result: NRTL now predicts a solubility of 547.5 ppm (mole) which is too 
large and wrong.

23

More Examples of Choosing the Right Property Method

 A mixture of methane, ethane, and propane
Answer: RK-SOAVE or PENG-ROB
 A mixture of acetone-water-methanol
Answer: Any gamma model such as NRTL, UNIQUAC, or WILSON
 A mixture of benzene-ethanol-acetone with oxygen and nitrogen
Answer: Any gamma model while declaring both O2 and N2 as Henry 
components
 A mixture of methanol, ethanol, and 1-propanol
Answer: RK-SOAVE or PENG-ROB


