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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: X; = methanol, X, = formalin solution and X3 =
PTSA catalyst. The responses examined are: Y; = methylal production capacity (mL/100 mL of
reactants) and Y, = 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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Number of Replicates 1
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Results (right spreadsheet):

Output

User Header

W 0 N 6 1 A W N =

Col1

Col2 (1) Col3 (S) Col4 (S) Col5 (S) Col6 (D) Col7 (D) Col8 (D)

1 Block: 1 Replicate: 1 |Design Point |0.4 0.55 0.0500000

2 Block: 1 Replicate: 1 |Design Point |0.4400000 0.55 0.01

3 Block: 1 Replicate: 1 |Design Point (0.4 0.52 0.08

4 Block: 1 Replicate: 1 |Design Point |0.75 0.24 0.01

5 Block: 1 Replicate: 1 |Design Point |0.75 0.2 0.0500000

6 Block: 1 Replicate: 1 |Design Point |0.72 0.2 0.08

7 Block: 1 Replicate: 1 |Design Point |0.5766667  |0.3766667  |0.0466667

8 Block: 1 Replicate: 1 |Design Point |0.4883333  |0.4633333  |0.0483333

9 Block: 1 Replicate: 1 |Design Point |0.5083333 0.4633333 0.0283333
Block: 1 Replicate: 1 |Design Point |0.4883333  |0.4483333  |0.0633333
Block: 1 Replicate: 1 |Design Point |0.6633333  |0.3083333  |0.0283333
Block: 1 Replicate: 1 |Design Point |0.6633333  |0.2883333  |0.0483333
Block: 1 Replicate: 1 |Design Point |0.6483333  |0.2883333  |0.0633333

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.

Input

User Header
1

W 0 N O UV A W N

Col1

Col2 (D) Col3 (D)

Isalos Analytics Platform | Damiri (2016) workflow reproduction




Editvy  Data Transformation¥  Analytics¥  Statisticsy DOEY Plotv Hel

Normalizers

L,: Data Manipulation » Remove Column(s)

Split Select Column(s)
Variable Selection Reorder Columns

Dimensionality Reduction Filter Data

Matrix Transpose

Wide to Long Format

Sort by Column

Fill Missing Column(s) Values

Mathematical Calculations

@ Select Columns Manually
O Select Matching Columns from Node

O Select Columns Manually and from Node

Select |

Excluded Columns — Included Columns —

I Col2--Y1
Col3--Y2

>>

<<
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Results :

Output

Col1 Col2 (D) Col3 (D)

User Header

-

W 0 N 6o 1 A W N

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.

Multiple Spreadsheet Joiner

Join Configuration Steps Join Type
Step 1: Extreme Vertices X Responses (Hori  oncatenation: Join:
(@ Horizontal O Leftyoin ) Right Join ) InnerJoin () Full Outer Join [oli

O Vertical

Left Spreadsheet Right Spreadsheet —

( Extreme Vertices ') ( Responses VJ i

Join Column

Add Delete 66
.
83
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Input

Col1 Col2 () Col3 (S) Col4 (S) Col5 (S) Col6 (D) Col7 (D) Col8 (D) Col9 (D) Col10 (D)

User Header

1 1 Block 1 Replicate 1 Design Point (0.4 0.55 0.05 24.26 7.32
2 2 Block 1 Replicate 1 Design Point |0.44 0.55 0.01 3546 19.88
3 3 Block 1 Replicate 1 Design Point 0.4 0.52 0.08 28.73 17.24
4 4 Block 1 Replicate 1 Design Point |0.75 0.24 0.01 20 1263
5 5 Block 1 Replicate 1 Design Point |0.75 0.2 0.05 4099 21.58
6 6 Block 1 Replicate 1 |Design Point |0.72 0.2 0.08 20.87 124
7 7 Block 1 Replicate 1 |Design Point |0.5767 0.3767 0.0467 39.33 12.76
8 8 Block 1 Replicate 1 |Design Point |0.4883 0.4633 0.0483 40.36 1333
9 9 Block 1 Replicate 1 |Design Point |0.5083 0.4633 0.0283 30.55 11.56
10 10 Block 1 Replicate 1 |Design Point |0.4883 0.4483 0.0633 45.12 2112
1 1 Block 1 Replicate 1 |Design Point |0.6633 0.3083 0.0283 25.23 1593
12 12 Block 1 Replicate 1 |Design Point |0.6633 0.2883 0.0483 34.22 2134
13 13 Block 1 Replicate 1 |Design Point |0.6483 0.2883 0.0633 39.85 24.67
4

Editv  Data Transformation¥  Analytics¥  Statisticsy DOEvY  Plotv Hel

Normalizers

T’I: Data Manipulation > Remove Column(s)

Split Select Column(s)
Variable Selection Reorder Columns

Dimensionality Reduction Filter Data

Matrix Transpose

Wide to Long Format

Sort by Column

Fill Missing Column(s) Values

Mathematical Calculations

Isalos Analytics Platform | Damiri (2016) workflow reproduction



@ select Columns Manually

Select Node

—— Excluded Columns —
Col2 - Standard Order

Col3 - Block Number

Col4 - Replicate Number
Col5 - Point Type

O Select Matching Columns from Node

O Select Columns Manually and from Node

— Included Columns —
Col6 - A

Col7--B

Colg-C

Colo-Y1

Col10-Y2

>>

<<

Results :

Output
Col1
User Header

1

W 0O N 600 B A W N

Col2 (D) Col3 (D) Col4 (D) Col5 (D) Col6 (D)
0.55 0.0500000 24.26 7.32
0.55 0.01 35.46 19.88
0.52 0.08 28.73 17.24
0.24 0.01 20 12.63
0.2 0.0500000 40.99 21.58
0.2 0.08 20.87 124
0.5766667 0.3766667 0.0466667 39.33 12.76
0.4883333 0.4633333 0.0483333 40.36 1333
0.5083333 0.4633333 0.0283333 30.55 11.56
0.4883333 0.4483333 0.0633333 45.12 21112
0.6633333 0.3083333 0.0283333 25.23 15.93
0.6633333 0.2883333 0.0483333 34.22 21.34
0.6483333 0.2883333 0.0633333 39.85 24.67
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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.

Input =
Col1 Col2 (D) Col3 (D) Col4 (D) Col5 (D) Col6 (D)

User Header

1

W 00 N O VA W N
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Input

User Header

1

W 0 N OV AW N

Col1

Col2 (D) Col3 (D) Col4 (D) Col5 (D) Col6 (D)
0.55 0.0500000 24.26 7.32
0.55 0.01 35.46 19.88
0.52 0.08 28.73 17.24
0.24 0.01 20 12.63
0.2 0.0500000 40.99 21.58
0.2 0.08 20.87 124
0.3766667 0.0466667 39.33 12.76
04883333 04633333 i Show Spreadsheet Toolbar
0.5083333 0.4633333 : 3
Import from File
0.4883333 0.4483333
Import from Database
0.6633333 0.3083333 g
Import from Spreadsheet
0.6633333 0.2883333 g
e e Re-Import from Spreadsheet
Import from Multiple Spreadsheets
Adjust Spreadsheet Precision
Export Spreadsheet Data

Choose tab as input

Select input tab

Data

Execute

Cancel
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DOE v Ploty Help~

Screening
Factorial
Response Surface
Space Filling
Optimal Designs
Mixtures

Robust Parameter

Post DoE Analysis » pareto Analysis

! DOE Guide Factorial Plot Analysis

} Multi-Objective Optimization

Mixture Analysis

Post-Robust Parameter Analysis

-201.2051319 | 762527364
|-15922.41602 |

1c07 &21067z 17

Mixture Analysis

Dependent Variable [ Col5-Y1 vJ

Analysis Type [ Full Cubic v]

D Include inverse component terms

Confidence Level (%) 95.0
Excluded Columns Components
Colé - Y2 = Col2-A
Col3-B
< Col4—-C

Process Variables

Specify Process Variables Values
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Results :

Output
Coll Col2 (S) Col3 (D) Col4 (D) Col5 (D) Col6 (D) Col7 (D) Col8 (D) Col9 (D)  Col10 (D)
User Header

1 277.2357489 [23.6360563 [211.6115360 [342.8599618 (11.7293573 [1.0 0.0003022  [1607.6032960

2 -201.2051319 |76.2527364  |-412.9166685 [10.5064047 |-2.6386611  |1.0 00576611  |7567.0383017

- 1592241602 [, (o 10 [-20330.36125 [-11514.47080 | o0 oono0 10 00005557 | 95261195288
75 43 07 9

4 -55.4006409 (1456076450 |-459.6722742 [348.8709924 (-0.3804789 |1.0 07229322  |7293.8118669

5 ;3121'133486 2671.5630420 [5703.6853557 30538'5316” 49114070 (1.0 0.0079784 33264'703866

: (?;1315.781160 —— ;6042.276780 36589.285539 _— — ;2094.113509

7 ;‘491'259630 166.1056894 ;952'442958 ;‘°3°'°763°2 -8.9777758  [1.0 0.0008519  |707.3178940

8 1272.5060559 | 1607.8278810 ;3319"539793 57365519057 [0.7914442  [1.0 04729711 |6372.1396718

9 -25409.09935 |67 go78810 2987314520 |-20945.05350 | 45 6933703 |10 0.0000937  |1389.6402923
30 28 32

10

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.

Col1 Col2 (D) Col3 (D) Col4 (D) Col5 (D) Col6 (D)
r
0.55 0.0500000 24.26 7.32
0.55 0.01 35.46 19.88
0.52 0.08 28.73 17.24
0.24 0.01 20 12.63
0.2 0.0500000  |40.99 21.58
0.2 0.08 20.87 124
0.3766667 0.0466667 3933 12.76
0.4883333 0.4633333 0.0483333 40.36 13.33
0.5083333 0.4633333 0.0283333 30.55 11.56
0.4883333 0.4483333 0.0633333 45.12 21.12
0.6633333 0.3083333 0.0283333 25.23 1593
0.6633333 0.2883333 0.0483333 3422 21.34
0.6483333 0.2883333 0.0633333 39.85 24.67
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Show Spreadsheet Toolbar

Import from File

Import from Database

i Import from Spreadsheet

Re-Import from Spreadsheet

| Import from Multiple Spreadsheets
Adjust Spreadsheet Precision
Export Spreadsheet Data

Clear Spreadsheet

Choose tab as input X

—

Select input tab Data -

Execute Cancel

W ——

DOEvY Ploty Help~

Screening

Factorial

Response Surface

Space Filling
Optimal Designs
Mixtures

Robust Parameter

Post DoE Analysis » Pareto Analysis

! DoE Guide Factorial Plot Analysis
Multi-Objective Optimization

User Header A Analysis

1 Post-Robust Parameter Analysis
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Mixture Analysis

Dependent Variable ( Colé - Y2 v]

Analysis Type ( Full Cubic -J

D Include inverse component terms

Confidence Level (%) 95.0
—— Excluded Columns —— Components
Col5--Y1 = Col2-A
Col3-B
< Col4a-C

l ~——— Process Variables

- Specify Process Variables Values

Results :
Output
Col1 Col2 (S) Col3 (D) Col4 (D) Col5 (D) Col6 (D) Col7 (D) Col8 (D) Col9 (D) Col10 (D)
User Header

1 69.6497061 |52.8545463 |-77.0980403 (216.3974526 [1.3177619  |1.0 0.2579876  |1607.6032960
2 258.9759765 [170.5150696 |-214.4497538 |732.4017067 [1.5187864  |1.0 02034348 |7567.0383017
3 :857‘400952 3550.2131777 ;1537”'37295 5999.5710462 |-1.0865266  [1.0 0.3383400 35261'195288
4 -593.5381350 |325.6053345 ;)”97‘563472 310.4872021 |-1.8228760 [1.0 0.1424006  |7293.8118669
- ;843.418626 T — ;118430.18973 ;4743.352480 e N (5)3264.703866
6 ;5682'656347 4247.3451411 [3890.1357213 ;7475'176973 36923433 (1.0 0.0209756 ;2094'”3509
7 163348112 [371.4427120 '31014'955488 1047.6251107 [0.0439767  [1.0 09670308  |707.3178940
8 5334.2997333 |3595.3973078 ;4648'123522 ;5316'722989 14836468 (1.0 02120586  |6372.1396718
9 ;19689'74874 3595.3973079 :29672'17199 ;]9707'325486 54763763  |1.0 0.0054115  |1389.6402923
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Final Isalos Workflow

The final workflow is presented below :

{ - N
@ Extreme Vertices | ® Data ©® Ragression-Y1-Ful Qbic
DoE Mix - done Select Col(s) - done Post-Mix - done

- > >

e
® Responses @  Regyesson-Y2-Al Cbic
Select Col(s) - done Post-Mix - done

C——
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