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An extreme vertices mixture design approach to the 
optimization of methylal production process using p-

toluenesulfonic acid as catalyst 

The purpose of this research paper is to investigate and optimize the methylal production 
process using p-toluenesulfonic acid (PTSA) as catalyst through an Extreme Vertices mixture 
design. 

The factors (mixture components) examined are: X₁ = methanol, X₂ = formalin solution and X₃ = 
PTSA catalyst. The responses examined are: Y₁ = methylal production capacity (mL/100 mL of 
reactants) and Y₂ = methylal synthesis rate (mL/h). The applied DoE method is Extreme Vertices 
mixture design. 

Isalos version used:  2.2.0 

Scientific Article : Damiri, S., Pouretedal, H. R., & Bakhshi, O. (2016). An extreme vertices 
mixture design approach to the optimization of methylal production process using p-
toluenesulfonic acid as catalyst. Chemical Engineering Research and Design, 112, 155–162. 

 

Step 1: Extreme Vertices Design 
In the first tab named “Action”, rename it to “Extreme Vertices”. Then, go to DOE → Mixtures → Mixtures 
Design. Select Extreme Vertices, set the number of components to 3, and define the component bounds as 
A = 0.40–0.75, B = 0.20–0.55, and C = 0.01–0.08. Select Axial Points and Center Points, and click Execute to 
generate the design. 
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Results (right spreadsheet): 

 

 

Step 2: Definition of Response Variables 
Create a new tab named “Responses”. Define two response columns, Y1 and Y2, and enter the 
experimental values corresponding to the generated design order. Apply Data Transformation → Select 
Column(s) and include both response columns. 

 



Isalos Analytics Platform | Damiri (2016) workflow reproduction 

 

 

 

 

 

 

 

 



Isalos Analytics Platform | Damiri (2016) workflow reproduction 

Results : 

 

 

Step 3: Data Selection 
Create a tab named “Data”. To combine the mixture design with the response data, right-click on the 
spreadsheet and select Import from Multiple Spreadsheets. In the Multiple Spreadsheet Joiner, select 
Horizontal concatenation, with Extreme Vertices as the Left Spreadsheet and Responses as the Right 
Spreadsheet. Click Execute to combine the two spreadsheets into a single dataset. 

In Data Transformation > Data Manipulation > Select Column(s), excluding Standard Order, Block Number, 
Replicate Number and Point Type. Include only A, B, C, Y1 and Y2. The output of this step must therefore 
contain exactly five columns: A, B, C, Y1 and Y2. 
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Results : 
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Step 4: Mixture Analysis – Y1 – Full Cubic 
Create a new tab named “Regression-Y1-Full-Cubic”. Right-click on the spreadsheet, select Import from 
Spreadsheet, choose the Data tab as input, and click Execute. 

From DOE → Post DOE Analysis → Mixture Analysis, select Y1 as the response, A, B, and C as the mixture 
components, and choose Full Cubic as the analysis type. Execute the analysis to obtain the fitted mixture 
model and the corresponding statistical results. 
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Results : 

 

 

 

 

Step 5: Mixture Analysis – Y2 – Full Cubic 
Repeat the previous step for Y2. Create a tab named “Regression-Y2-Full Cubic”, import A, B, C, Y1 and Y2 
from the Data tab, and apply Mixture Analysis with the settings below. 
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Results : 
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Final Isalos Workflow 
The final workflow is presented below : 
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