VLE FOR BINARY MIXTURES
Problem Statement:

For the binary mixture of ethanol and n-propanol, generate the vapor-liquid equilibrium data (in SI units) and the plots using CHEMCAD (both at a constant temperature of 298 K and at a constant pressure of 1atm) for each of the following K-Value methods:
1. Ideal Vapor Pressure

2. NRTL
3. Wilson

4. UNIFAC

Compare the results from all the four methods.

Procedure:

Step 1: Entering the components and engineering units

Step 2: Selection of K-Value method
Step 3: Generating TPXY plots and retrieving results

NOTE: 

Only the procedure for NRTL method is discussed here. The procedure is the same for other K-values methods too.

Step 1: Entering the components and engineering units
Go to new on the File menu and save the blank simulation. Go to the Thermophysical on the menu bar and click on Components List. Find ethanol and n-propanol from the CHEMCAD components list and add them to the component list. Go to the Format menu and click on Engineering Units and select the desired units for such properties as temperature, pressure etc. Click OK to continue. 
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Step 2: Selection of K-Value method
Go to Thermophysical on the menu bar and click on K-Values. Select NRTL from the list located under Global K-Value Option. On the bottom right hand side, check the box corresponding to Clear all local K-Values/BIP’s. This will clear any previous K-Value methods set for the unit operations (if any) within the simulation. The remaining fields in this window can safely be ignored. (This step is exactly the same when other K-Value methods are selected under Global K-Value Option) 
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Click on Ok to continue. The following window will appear.
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This table indicates the BIP’s corresponding to the NRTL method. Click on OK to continue.
Step 3: Generating TPXY plots and retrieving results

Go to Plot on the menu bar and select TPXY. 
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The following window appears.
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TPXY Options:
Enter Components of interest:

First component: Select ethanol

Second  component: Select n-propanol

Mode:

Select Constant Pressure (Select Constant Temperature option for VLE data at constant temperature)
Specify Pressure:
Enter 1 atm (Enter 298 K  for VLE data at constant temperature)
Estimate Temperature(Estimate Pressure in case of Constant Temperature):

Can be left blank

No. of points:
This is the number of points used for plotting and reporting the VLE data. Enter any number in this box (say 51).
The rest of the fields in this window can be left to their default values. Click Ok to finish. The VLE data will appear in a WordPad file as follows:
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Job Name: VLE binary Date: 08/21/2003 Time: 13:00:33

XY data for Ethanol / N-Propanol

L Bi3 Bii Alwha Al AJL ci3  c3i Di3 Dii

-1.20  26.30 0.301 0.00 0.00 0.00 0.00 0.00 0.00
Mole Fractions
Toegk  Patm X Y1 Gamal Gamma2  Phil  Pha2
370.361  1.000 0.00000 0.00000 1.076  1.000  1.000  1.000
370,075 1.000 0.01000 0.02140 1.074  1.000  1.000  1.000
369.773  1.000 0.02000 0.04229 1.073  1.000 1.000  1.000
369,475 1.000 0.03000 0.06269 .07  1.000  1.000  1.000
369.161  1.000 0.04000 0.08262 1.070  1.000  1.000  1.000
366.092  1.000 0.03000 0.10210  1.068  1.000  1.000  1.000
366.606  1.000 0.06000 012113  1.067 1.000  1.000  1.000
366,324  1.000 0.07000 0.13973  1.065  1.000  1.000  1.000
366.046  1.000 0.08000 0.15792  1.064  1.000  1.000  1.000
367.771  1.000 0.09000 0.17572  1.062  1.001  1.000  1.000
367.300  1.000 0.10000 0.19312  1.061  1.001  1.000  1.000
367.233  1.000 0.11000 0.21016  1.060  1.001  1.000  1.000
366.969  1.000 0.12000 0.22663  1.05  1.001  1.000  1.000
366.706  1.000 0.13000 0.24316  1.057 1.001  1.000  1.000
366,451  1.000 0.14000 0.25915  1.03  1.001  1.000  1.000
366,196  1.000 0.15000 0.27461  1.034  1.002  1.000  1.000
363.945  1.000 0.16000 0.29015  1.053  1.002  1.000  1.000
363.697  1.000 0.17000 0.30519  1.052  1.002  1.000  1.000
363,452  1.000 0.18000 0.31993  1.050  1.002  1.000  1.000
363.210  1.000 0.19000 0.33438  1.049  1.003  1.000  1.000
364,970  1.000 0.20000 0.34833  1.046  1.003  1.000  1.000
364,733  1.000 0.21000 0.36246  1.047 1.003  1.000  1.000
364,300  1.000 0.22000 0.37609  1.046  1.004  1.000  1.000
364.266  1.000 0.23000 0.38947 1.044  1.004  1.000  1.000
364.040 1.000  0.24000 0.40261  1.043  1.004  1.000  1.000 =
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The TPXY plots will appear in the CHEMCAD window as follows:
[image: image8.png](CHEMCAD 5.3.0 - [ChartA2]

Bl Bt vew Goph Wndow el

=181]
=181

I

a2

Ethanol / N-Propanol at

1.00 atm By NRTL

an

Job:

-
=

VLE binary
Date

%8
£

08/21/2003
Time: 130033

E:
%5

4

3
2

Termp ()

2l
0

£
8

£

6

5

4
3

£
-/

0

01 02

X1

v

03 04 05 08 07 08 09

X1/ Y1 Mole Frac

For il press F1

Sstart || @ &1 & || Srimsowison..|

[Looic(7Ee,433), Dev(766,433)

[Sceler 1000 Mode: Smulation [Steady State [GARTLRATE [ o | fonot e

ty Computer | uMini-Grant M... | Ejbinery_vie .. |[{cHemcaD 5... (E]viE biranvo .| [ 3 5 dB5@ 1o em





[image: image9.png]CHEMCAD [Charta1]

Bl Bt vew Goph Wmndow el

=181]
=181

I

Ethanol / N-Propanol at - 1.00 atm By NRTL

Job:

09

VLE binary
Date
082172003

08

07

Time: 130033

08

05

Y1 Mole Frac

04

03

02

01

02

XY Data

03 04 05 08 07 08 09 1

X1 Mole Frac

For il press F1

[Looic(7Ee,433), Dev(766,433) [Sceler 1000 Mode: Smulation [Steady State [GARTLRATE [ o | fonot e

Astart ||| (] @ 2 & || Fims Owision.. | Ey Computer | CuviniGrant ... | E)binary_vie- .. [[{FCHEMCAD 5... (] viE binaryo .| [ 5 MBI ro1em





Verify that the BIP’s for the four methods at constant pressure are as described below:

NRTL       Bij      Bji      Alpha    Aij    Aji      Cij     Cji     Dij    Dji

              -1.29    28.30   0.301   0.00   0.00   0.00   0.00   0.00   0.00
Wilson parameters:    102.671     -40.875
UNIFAC None

Ideal Vapor Pressure None

In addition to these coefficients, also verify the infinite dilution activity coefficients (the Gammas, found in the WordPad results file) obtained from each method for constant temperature and constant pressure to be as follows:
	K-Value Method
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	NRTL
	1.076
	1.078

	Wilson
	1.070
	1.087

	UNIFAC
	1.012
	1.016

	Ideal Vapor Pressure
	N/A
	N/A


Note: Subscript ‘1’ in the Gammas stand for ethanol. In other words, 
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stands for the infinite dilution activity coefficient for ethanol. This value is the first value shown in the column under Gamma1 in the WordPad file. Similarly, 
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is the last value shown in the column under Gamma2 in the WordPad file.
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