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Lecture 10

Instructor: David Courtemanche

CE407 
SEPARATIONS
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UNIFAC

            

Amalgamated Chemical Manufacturing
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UNIFAC

References 

1. Poling, Prausnitz, and O’Connell (2001)

2. Smith, van Ness, Abbott, and Swihart (2018)

•   Appendix G:

https://wwwcourses.sens.buffalo.edu/ce408/ce408_design_project/ce408_design_notes_thermodynamic_properties/Smith_etal_2018_Appendix_G.pdf 

https://wwwcourses.sens.buffalo.edu/ce408/ce408_design_project/ce408_design_notes_thermodynamic_properties/Smith_etal_2018_Appendix_G.pdf
https://wwwcourses.sens.buffalo.edu/ce408/ce408_design_project/ce408_design_notes_thermodynamic_properties/Smith_etal_2018_Appendix_G.pdf
https://wwwcourses.sens.buffalo.edu/ce408/ce408_design_project/ce408_design_notes_thermodynamic_properties/Smith_etal_2018_Appendix_G.pdf
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UNIFAC

UNIFAC METHOD FOR ESTIMATING ACTIVITY COEFFICIENTS

1. Why is this important?

2. Breakdown of molecules into UNIFAC (sub)groups

3. UNIFAC parameters

4. Formulas for activity coefficients
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UNIFAC

Why Is This Important?

• For non-ideal mixtures our methods using Raoult’s Law break down

• Data may be difficult to find for a mixture of interest
• If actual experimental data is available, it is preferred!

• Going to ternary or higher mixtures makes it even harder to find data!
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UNIFAC

Start by Breaking Down Molecule Structures into 

UNIFAC Groups and Subgroups

• Poling, Prausnitz, and O’Connell(2001) Tables

• Fragments of molecular structures
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UNIFAC

Start by Breaking Down Molecule Structures into 

UNIFAC Groups and Subgroups

• A very few small molecules (H2O, CH3OH, HCOOH) are subgroups themselves; use if available; do not 

expect in general

CH3

OH
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UNIFAC

Main Groups and Subgroups

• Main Groups are categories of building blocks, subgroups refer to specific 

building block

• Both numbers are important 

• CH single bonded units are Main Group 1

• CH3, CH2, CH, and C are subgroups and have their own subgroup 

numbers

• When detailing a molecule, it is important to note both numbers and the 

quantities

CH3

OH

1-Octanol =     1 CH3  (  1)   ( 1)

      + 7 CH2  (  2)   ( 1)

      + 1 OH   (14)   ( 5)

The black numbers are the Subgroup, the red numbers are 

the Main Group for each building block
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UNIFAC

Master Table of Correspondence

• Only need to do this for the subgroups comprising the molecules of interest

• If considering interactions between 1-Octanol and Lactic Acid

• This could be an array in Matlab or a two columns in Excel, recommend one 

variable (possible k1) for main group numbers and another (k2) for subgroup
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UNIFAC

Specifying the Molecules
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UNIFAC

UNIFAC Parameters

• Volume and Surface Parameters

• Called Rk and Sk
• Somewhat dimensionless, but R has dimensions of volume and S has dimensions of area

• Following earlier suggestion of calling subgroup number k2 could be called

• Rk2 and Sk2

• Values depend on the subgroup (refer to tables on slides 5 and 6)
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UNIFAC

UNIFAC Parameters

• Interaction Parameters

• Values depend on the main groups

• Called amn or akm

• Interaction between building block m and building block n
• Or k and m

• Have units of K

• Following earlier suggestion of calling main group number k1 could be 

called
• am1,n1 or am1,k1

CH3 

CH2 

OH 

CH 
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Where do these numbers come from?

The second table (based on main group numbers; spread over more pages; need to hunt)
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Note that amn is generally not equal to anm 

amm = 0
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4. Formulas for activity coefficients

Mixture of chemical species as a soup of groups

Some subgroups happen to be covalently bonded to other subgroups

Every subgroup interacts with every other subgroup in the soup

CH3

OH

CH3

O

OH

OH

CH3

OH

CH3

O

OH

OH

CH3 CH3 

CH2 

OH 

CH3 
CH2 

OH 

COOH

CH2 

CH 

CH2 

CH2 

CH2 

CH2 

CH2 

CH2 

CH2 
CH2 

CH3 OH 

COOH

CH 



Comments on formulas for activity coefficients

Smith et al.’s formulas are mathematically equivalent to, and easier to use 

than,  Poling et al.’s formulas

It is perfectly fine to use Smith et al.’s formulas with the more extensive 

tables given by Poling et al.

One should consistently use either Smith et al.’s tables or Prausnitz et al.’s 

tables (i.e., not mix and match between the two tables), because the group 

numbers do not match up perfectly between them

Summations over i and j run over all molecular species, whereas summations 

over k and m run over all subgroups in the soup



Formulas

i refers to the species number (chemical 1, 2, 3, etc)

j and k are dummy variables



Formulas

Do not use earlier formulas for the UNIQUAC

equation ((G.1)–(G.9) and (G.12)) in applying

The UNIFAC method

Each equation seems to add a new variable to the mix!

We will do an example in a few more slides…

Do not waste the reader’s time by writing all these formulas in reports!



Coding the formulas in Matlab

You are not solving nonlinear equations

You are not solving differential equations

You are using for loops

You are reading and coding formulas carefully

%r, q

for i = 1 : unifac_imax

    r(i) = 0;

    q(i) = 0;

    for k = 1 : unifac_kmax

        r(i) = r(i) + unifac_nu(k,i) * unifac_R(k);

        q(i) = q(i) + unifac_nu(k,i) * unifac_Q(k);

    end

end
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UNIFAC

Sample Problem

Consider a binary mixture comprising 40 mole % diethylamine (component 1), 60 

mole % n-heptane (component 2) at 35 °C.  Calculate the activity coefficients of 

both components using the UNIFAC method.
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UNIFAC

Sample Problem
• Determine the Subgroups present in each component

• 1 = diethylamine

• 2 = n-heptane

• 𝑟1 = 2 ∗ 0.9011 + 1 ∗ 0.6744 + 1 ∗ 1.207 = 3.6836

• 𝑟2 = 2 ∗ 0.9011 + 5 ∗ 0.6744 + 0 ∗ 1.207 = 5.1742
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UNIFAC

Sample Problem
• Determine the Subgroups present in each component

• 1 = diethylamine

• 2 = n-heptane

• 𝑞1 = 2 ∗ 0.848 + 1 ∗ 0.54 + 1 ∗ 0.936 = 3.172

• 𝑞2 = 2 ∗ 0.848 + 5 ∗ 0.54 + 0 ∗ 0.936 = 4.936
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UNIFAC

Sample Problem

• Now we can calculate the epsilon values

• 𝑒1,1 =
𝜈1

1𝑄1

𝑞1
=

2∗0.848

3.172
= 0.5347

• 𝑒2,1 =
𝜈2

1𝑄2

𝑞1
=

1∗0.54

3.172
= 0.1702

• 𝑒33,1 =
𝜈33

1 𝑄33

𝑞1
=

1∗0.936

3.172
= 0.2951
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UNIFAC

Sample Problem

• For T = 35C = 308.15 K

• 𝜏1,1 = 𝑒𝑥𝑝
−𝑎1,1

𝑇
= 𝑒𝑥𝑝

−0

308.15
= 1

• 𝜏1,33 = 𝑒𝑥𝑝
−𝑎1,33

𝑇
= 𝑒𝑥𝑝

−255.7

308.15
= 0.4361

• 𝜏33,1 = 𝑒𝑥𝑝
−𝑎33,1

𝑇
= 𝑒𝑥𝑝

−65.33

308.15
= 0.80896
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UNIFAC

Sample Problem

• i is the chemical species, k is subgroup, m is dummy variable

• 𝜷𝟏,𝟏 = 𝒆𝟏,𝟏 ∗ 𝝉𝟏,𝟏 + 𝒆𝟐,𝟏 ∗ 𝝉𝟐,𝟏 + 𝒆𝟑𝟑,𝟏 ∗ 𝝉𝟑𝟑,𝟏

 = 𝟎. 𝟓𝟑𝟒𝟕 ∗ 𝟏 + 𝟎. 𝟏𝟕𝟎𝟐 ∗ 𝟏 + 𝟎. 𝟐𝟗𝟓𝟏 ∗ 𝟎. 𝟖𝟎𝟖𝟗𝟔 = 𝟎. 𝟗𝟒𝟑𝟔𝟑
• 𝜷𝟏,𝟐 = 𝒆𝟏,𝟏 ∗ 𝝉𝟏,𝟐 + 𝒆𝟐,𝟏 ∗ 𝝉𝟐,𝟐 + 𝒆𝟑𝟑,𝟏 ∗ 𝝉𝟑𝟑,𝟐

 = 𝟎. 𝟓𝟒𝟑𝟕 ∗ 𝟏 + 𝟎. 𝟏𝟕𝟎𝟐 ∗ 𝟏 + 𝟎. 𝟐𝟗𝟓𝟏 ∗ 𝟎. 𝟖𝟎𝟖𝟗𝟔 = 𝟎. 𝟗𝟒𝟑𝟔𝟑
• 𝜷𝟏,𝟑𝟑 = 𝒆𝟏,𝟏 ∗ 𝝉𝟏,𝟑𝟑 + 𝒆𝟐,𝟏 ∗ 𝝉𝟐,𝟑𝟑 + 𝒆𝟑𝟑,𝟏 ∗ 𝝉𝟑𝟑,𝟑𝟑

 = 𝟎. 𝟓𝟒𝟑𝟕 ∗ 𝟎. 𝟒𝟑𝟔𝟏𝟒 + 𝟎. 𝟏𝟕𝟎𝟐 ∗ 𝟎. 𝟒𝟑𝟔𝟏𝟒 + 𝟎. 𝟐𝟗𝟓𝟏 ∗ 𝟏 = 𝟎. 𝟔𝟎𝟐𝟓𝟑

• 𝜷𝟐,𝟏 = 𝒆𝟏,𝟐 ∗ 𝝉𝟏,𝟏 + 𝒆𝟐,𝟐 ∗ 𝝉𝟐,𝟏 + 𝒆𝟑𝟑,𝟐 ∗ 𝝉𝟑𝟑,𝟏

 = 𝟎. 𝟑𝟖𝟓𝟖 ∗ 𝟏 + 𝟎. 𝟔𝟏𝟒𝟐 ∗ 𝟏 + 𝟎 ∗ 𝟎. 𝟖𝟎𝟖𝟗𝟔 = 𝟏
• 𝜷𝟐,𝟐 = 𝒆𝟏,𝟐 ∗ 𝝉𝟏,𝟐 + 𝒆𝟐,𝟐 ∗ 𝝉𝟐,𝟐 + 𝒆𝟑𝟑,𝟐 ∗ 𝝉𝟑𝟑,𝟐

 = 𝟎. 𝟑𝟖𝟓𝟖 ∗ 𝟏 + 𝟎. 𝟔𝟏𝟒𝟐 ∗ 𝟏 + 𝟎 ∗ 𝟎. 𝟖𝟎𝟖𝟗𝟔 = 𝟏
• 𝜷𝟐,𝟑𝟑 = 𝒆𝟏,𝟐 ∗ 𝝉𝟏,𝟑𝟑 + 𝒆𝟐,𝟐 ∗ 𝝉𝟐,𝟑𝟑 + 𝒆𝟑𝟑,𝟐 ∗ 𝝉𝟑𝟑,𝟑𝟑

 = 𝟎. 𝟑𝟖𝟓𝟖 ∗ 𝟎. 𝟒𝟑𝟏𝟔𝟒 + 𝟎. 𝟔𝟏𝟒𝟐 ∗ 𝟎. 𝟒𝟑𝟏𝟔𝟒 + 𝟎 ∗ 𝟏 = 𝟎. 𝟒𝟑𝟏𝟔𝟒
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UNIFAC

Sample Problem

• We have already calculated qi and eki, the j is the same as i, just keeping the two summations separate. Mole 

fractions are xi 

• x1 = 0.4, x2 = 0.6

• 𝜃1 =
𝑥1∗𝑞1∗𝑒1,1+𝑥2∗𝑞2∗𝑒1,2

𝑥1∗𝑞1+𝑥2∗𝑞2
=

0.4∗3.172∗0.5347+0.6∗4.396∗0.3858

0.4∗3.172+0.6∗4.396
= 0.43416
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UNIFAC

Sample Problem

• 𝑠1 = 𝜃1 ∗ 𝜏1,1 + 𝜃2 ∗ 𝜏2,1 + 𝜃33 ∗ 𝜏33,1

 = 0.43416 ∗ 1 + 0.4700 ∗ 1 + 0.09584 ∗ 0.80896 = 0.98169

• 𝑠2 = 𝜃1 ∗ 𝜏1,2 + 𝜃2 ∗ 𝜏2,2 + 𝜃33 ∗ 𝜏33,2

 = 0.43416 ∗ 1 + 0.4700 ∗ 1 + 0.09584 ∗ 0.80896 = 0.98169

• 𝑠33 = 𝜃1 ∗ 𝜏1,33 + 𝜃2 ∗ 𝜏2,33 + 𝜃33 ∗ 𝜏33,33

 = 0.43416 ∗ 0.43416 + 0.4700 ∗ 0.43416 + 0.09584 ∗ 1 = 0.49018
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UNIFAC

Sample Problem

• 𝐽1 =
𝑟1

𝑟1∗𝑥1+𝑟2∗𝑥2
=

3.6836

3.6836∗0.4+5.1742∗0.6
= 0.804638

• 𝐽2 =
𝑟2

𝑟1∗𝑥1+𝑟2∗𝑥2
=

5.1742

3.6836∗0.4+5.1742∗0.6
= 1.130241
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UNIFAC

Sample Problem

• 𝐿1 =
𝑞1

𝑞1∗𝑥1+𝑞2∗𝑥2
=

3.172

3.172∗0.4+4.396∗0.6
= 0.812001

• 𝐿2 =
𝑞2

𝑞1∗𝑥1+𝑞2∗𝑥2
=

4.396

3.172∗0.4+4.396∗0.6
= 1.125333
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UNIFAC

Sample Problem

• 𝐥𝐧 𝜸𝟏
𝑪 = 𝟏 − 𝑱𝟏 + 𝐥𝐧 𝑱𝟏 − 𝟓 ∗ 𝒒𝟏 𝟏 −

𝑱𝟏

𝑳𝟏
+ 𝐥𝐧

𝑱𝟏

𝑳𝟏

 = 𝟏 − 𝟎. 𝟖𝟎𝟒𝟔𝟒 + 𝒍𝒏 𝟎. 𝟖𝟎𝟒𝟔𝟒 − 𝟓 ∗ 𝟑. 𝟏𝟕𝟐 ∗ 𝟏 −
𝟎.𝟖𝟎𝟒𝟔𝟒

𝟎.𝟖𝟏𝟐𝟎𝟎𝟏
+ 𝒍𝒏

𝟎.𝟖𝟎𝟒𝟔𝟒

𝟎.𝟖𝟏𝟐𝟎𝟎𝟏

 = −𝟎. 𝟎𝟐𝟏𝟑𝟒𝟓 

• 𝒍𝒏 𝜸𝟐
𝑪 = 𝟏 − 𝑱𝟐 + 𝒍𝒏 𝑱𝟐 − 𝟓 ∗ 𝒒𝟐 𝟏 −

𝑱𝟐

𝑳𝟐
+ 𝒍𝒏

𝑱𝟐

𝑳𝟐

 = 𝟏 − 𝟏. 𝟏𝟑𝟎𝟐𝟒 + 𝒍𝒏 𝟏. 𝟏𝟑𝟎𝟐𝟒 − 𝟓 ∗ 𝟑. 𝟏𝟕𝟐 ∗ 𝟏 −
𝟏.𝟏𝟑𝟎𝟐𝟒

𝟏.𝟏𝟐𝟓𝟑𝟑𝟑
+ 𝒍𝒏

𝟏.𝟏𝟑𝟎𝟐𝟒

𝟏.𝟏𝟐𝟓𝟑𝟑𝟑

 = −𝟎. 𝟎𝟎𝟕𝟔𝟎𝟐 
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UNIFAC

Sample Problem

• 𝐥𝐧 𝜸𝟏
𝑹 = 𝒒𝟏 ∗ 𝟏 − 𝜽𝟏 ∗

𝜷𝟏,𝟏

𝒔𝟏
− 𝒆𝟏,𝟏 ∗ 𝐥𝐧

𝜷𝟏,𝟏

𝒔𝟏
+ 𝜽𝟐 ∗

𝜷𝟏,𝟐

𝒔𝟐
− 𝒆𝟐,𝟏 ∗ 𝒍𝒏

𝜷𝟏,𝟐

𝒔𝟐
+ 𝜽𝟑𝟑 ∗

𝜷𝟏,𝟑𝟑

𝒔𝟑𝟑
− 𝒆𝟑𝟑,𝟏 ∗ 𝒍𝒏

𝜷𝟏,𝟑𝟑

𝒔𝟑𝟑

 = 𝟎. 𝟏𝟒𝟔𝟐𝟒𝟖

• 𝒍𝒏 𝜸𝟐
𝑹 = 𝒒𝟐 ∗ 𝟏 − 𝜽𝟏 ∗

𝜷𝟐,𝟏

𝒔𝟏
− 𝒆𝟏,𝟐 ∗ 𝐥𝐧

𝜷𝟐,𝟏

𝒔𝟏
+ 𝜽𝟐 ∗

𝜷𝟐,𝟐

𝒔𝟐
− 𝒆𝟐,𝟐 ∗ 𝒍𝒏

𝜷𝟐,𝟐

𝒔𝟐
+ 𝜽𝟑𝟑 ∗

𝜷𝟐,𝟑𝟑

𝒔𝟑𝟑
− 𝒆𝟑𝟑,𝟐 ∗ 𝒍𝒏

𝜷𝟐,𝟑𝟑

𝒔𝟑𝟑

 = 𝟎. 𝟎𝟓𝟑𝟓𝟓3

• There are just too many numbers to type in here, they are all in the previous slides 
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UNIFAC

Sample Problem

• 𝐥𝐧 𝜸𝟏 = 𝐥𝐧 𝜸𝟏
𝑪 + 𝐥𝐧 𝜸𝟏

𝑹 = −𝟎. 𝟎𝟐𝟏𝟑𝟓𝟒 + 𝟎. 𝟏𝟒𝟔𝟐𝟒𝟖 = 𝟎. 𝟏𝟐𝟒𝟗𝟎𝟒

• 𝐥𝐧 𝜸𝟐 = 𝐥𝐧 𝜸𝟐
𝑪 + 𝐥𝐧 𝜸𝟐

𝑹 = −𝟎. 𝟎𝟎𝟕𝟔𝟎𝟐 + 𝟎. 𝟎𝟓𝟑𝟓𝟓𝟑

𝜸𝟏=1.133

𝜸𝟐=1.047
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UNIFAC

Sample Problem, let’s go further…

• We can look up Antoine coefficients for both compounds

• We can calculate Psat for each compound

• We can calculate Ki for each compound

𝒌𝒊 = ൗ
𝑷𝒔𝒂𝒕,𝒊

𝑷

• Bubble Point Calculation:

𝑩𝒖𝒃𝒃𝒍𝒆 𝑷𝒐𝒊𝒏𝒕 𝑺𝒖𝒎 = ෍

𝒊=𝟏

𝒏

𝒙𝒊 ∗ 𝜸𝒊 ∗ 𝒌𝒊

• Solve for temperature where Bubble Point Sum = 1

• Run through a series of x values for the light component to obtain y value for that temperature

• Plot y versus x for VLE diagram

• Plot T versus x and T versus y for Txy diagram
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UNIFAC

Sample Problem


	Slide 1: CE407 SePARATIONS
	Slide 2: UNIFAC
	Slide 3: UNIFAC
	Slide 4: UNIFAC
	Slide 5: UNIFAC
	Slide 6: UNIFAC
	Slide 7: UNIFAC
	Slide 8: UNIFAC
	Slide 9: UNIFAC
	Slide 10: UNIFAC
	Slide 11: UNIFAC
	Slide 12: UNIFAC
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20: UNIFAC
	Slide 21: UNIFAC
	Slide 22: UNIFAC
	Slide 23: UNIFAC
	Slide 24: UNIFAC
	Slide 25: UNIFAC
	Slide 26: UNIFAC
	Slide 27: UNIFAC
	Slide 28: UNIFAC
	Slide 29: UNIFAC
	Slide 30: UNIFAC
	Slide 31: UNIFAC
	Slide 32: UNIFAC
	Slide 33: UNIFAC
	Slide 34: UNIFAC

