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BATCHREACTOR APPLICATION EXAMPLE

SYNTHESIS REACTOR OF THYMOL

EXAMPLE PURPOSE

The main interest of this example is to use a reactive calculator generated by Simulis Kinetics after the identification
of the reaction scheme of the thymol synthesis. Consequently, the components, the thermodynamic model and the
chemical reactions are automatically provided in the BatchReactor simulation. The cooling device of the reactor is

specified.
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1. INTRODUCTION

Thymol is a phenol contained in the thyme oil and in the volatile essential oils of other plants. It takes the form of
colorless crystals with a specific aromatic smell. It is soluble in alcohols, in fat and oil, but slightly soluble in water. It
is notably used for its antiseptic action, its antibacterial properties and its antifungal effect, as well as to stabilize the

pharmaceutical preparations.

This example deals with the thymol synthesis. The operating mode involves two steps. During the first step, one of

the reactants is fed, and, during the second step, the reaction is continued with no feed.

This example is the second example of a set of three, dealing with the synthesis and the purification of thymol. The
first example: “SIMKIN_EX_ EN — Thymol” allows to identify the chemical reactions parameters. The third example:
“‘BATCHCOL_EX_EN — Thymol” deals with the thymol purification after its synthesis.
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2. REACTION MECHANISM

The reaction mechanism for the thymol synthesis from m-cresol is as follows:
m- cresol + propylene - thymol
Namely:

Three competing reactions are taken into account:
v' 3M2P synthesis :
m- cresol + propylene - 3M2P
Namely:
C,HgO + C3Hg = C1oH1,0 (R2)
v' 3M5P synthesis:
m-cresol + propylene - 3M5P
Namely:
C,HgO + C3Hg — C1oH1,0 (R3)
v' 3M4P synthesis :
m-cresol + propylene - 3M4P
Namely:
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3. COMPONENTS, THERMODYNAMIC MODEL, REACTION MODEL

The components, the thermodynamic model and the reaction model (reaction scheme and reactions parameters) will
be loaded directly from the “ReacCalculator” file generated at the end of the “SIMKIN_EX EN — Thymol” example.

In the calculators editor, delete the default calculator, then click File/Open.

Calculators editor = O

CALCULATORS

This window helps you to manage a calculator list.

# Default  MName Type Reactive
Add a new calculator

[Mew calculator] Mative Yes (4/4)

Edit this calculator...
Edit the chemical reactions of this calculator...
Clone this calculator
Delete the selection

Default

Open...

Save As..

Comments:

| Ok | | Cancel
In the Open window, select a Reactive calculator file (.ReacCalculator) as file type.
Cuvrir X
- v A i » CePC o» 05(C) w |8 Rechercher dans : 05 (C:) 2
Organiser * Mouveau dossier == » [H 0
Perflogs ) Morm Modifié le Type ~
Program Files | Apps 07/10/201308:23  Dossier de fichiers
ProgramData dell 30/10/2013 11:39 Dossier de fichiers
Programmes * Drivers 13/10/2015 02:38 Dossier de fichiers
SymCache exemples 08/12/2016 15:11 Dossier de fichiers
Utilisateurs FFOutput 12/01/2016 09:28 Dossier de fichiers
Windows Ghostscript 07/12/2015 09:59 Dossier de fichiers
] inetpuly 05/07/2016 19:30 Dossier de fichiers
- JEdIVCS w::l || Nk AT IR LS D Merrime Ao Firlimes N
ariane o S &

Mom du fichier:

«w | | Reactive Calculators files (*.ReacCalculators)

Reactive Calculators files (*.ReacCalculators)
Reactive Calculator files (*.ReacCalculator)

|
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In the example “SIMKIN_EX_EN — Thymol”, the reactions enthalpies have not been identified nor provided. It is then

necessary to indicate that they will be calculated using the standard enthalpies of formation.

To do this, click on the item “Edit chemical reactions of this calculator”, then select the first reaction and click on “Edit

this reaction”. In the field “Reaction heat” chose the option “Calculated”. Do this for each of the reactions.

Chemical reaction editor

CHEMICAL REACTION

REACTION

& Equilibrium

TOOLS

_}}. POF Export (Print)

MODIFICATIONS

Technical help...

.

= O

This window helps you to define the context of your chemical reaction

|D: {3549451C-D9B0-4EC2-A3BF-1EFBABCE520F}

a [

General  Kinetic parameters Equation Motes

Name m-cresol + C3IHE == Thymol B ctivated
User ID

Physical state Liquid w

Reaction heat Calculated | [= -19175,4 cal/mol)

Concentration model Molar concentration o

Rate model Arrhenius e

Properties Stoichiometry and orders

MName CAS Registry Number® or... Stoichiometry Order

PROPYLENE 115-07-1 -1 1

m-CRESOL 108-39-4 -1 1

THYMOL 89-83-8 1 0

3M2P 55000-01-6 0 o

3MSP 3228-03-3 0 i}

3M4P 3228-02-2 0 1]

Ok | | Cancel
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4. SIMULATION

4.1. Process description

4.1.1. Reactor

The reactor used for the thymol synthesis is a monophasic liquid reactor.

The initial conditions are presented in the following table:

Initial conditions
Temperature 25°C
Pressure 12 atm
Initial load
Total load 1486 kg
Propylene 2% mass
m-cresol 98% mass

The vessel bottom geometry is described hereafter:

» Vessel bottom geometry

Type of vessel bottom geometry
Torispherical e
Parameters
Mumber of bafflez |D |
Vessel diameter (D) 11,3m A
ezsel b e H |E m | |
Curve radius #1 (R1) 11,3m [~
Curve radius #2 (R2) 0,13 m [~
Reference / Note
I
i
1
Restore Technology oK Cancel
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The reactor is made up with glass-lined steel.

= Wall materials

Number of wall materials |E |

Material #1

|1,5 mm

0kg [~

Thickness

Weight

PROCESS side

SERVICE side

Material #2

|13 mm
10 kg M

Thickness

Weight

Reference / Mote

Restore Technology

Cancel

The steel thermal conductivity (material #2) is considered to be equal to 52,25 W.m"'.K-* and the enamel thermal
conductivity (material #1) to 1,161 W.m"".K-'. The thermal conductivities are specified for each operating step.

The alarms are as follows:

Volume Temperature
Minimum 11 0°C
Maximum 3m?3 40°C
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4.1.2. Cooling device

The reactor is equipped with a wall heat exchanger (partial-pipe jacket), with the following characteristics:

= Partal-pipe jacket geometry

Layout
O Side onhy
O Separated
— © Joined
(" Bottom
Geometrical parameters
Hg Partia-pipe step (Ex) [10 cm [+|
Partia--pipe inside height (Hd) 3 em ||
Partial-pipe inside radius (Rg) |4 cm |v|
%}Q}U M Height of side (or total) partiak-pipe jacket (Ha) [17m ||
T - side iacket-vessel bottom distance H |I3m | |
P g ess (Edc |I3 m | |
Reference / Note
Restore Technology OK Cancel
L ’

The thermal fluid used is the same for the two operating steps:

Heat transfer fluid (the same for the two steps)
Type Water
Mass flowrate (initial value) 1 500 kg/h
Inlet temperature 14°C

The water mass flowrate will be automatically adjusted in order to keep constant the reactor temperature as it has
been defined in each operating step.
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4.1.3. Mixing device

The characteristics of the mixing device appear hereafter:

& Mixing device

Image Parameters
3 retreating-blades impeller e
Agitator diameter |I},E m -
Distance between agitator and tank bottom |3I} cm -

|

|

Ribbon-tank spacing |E:m |

Ribbon width [om |

; Power number |U,*'.—'.I |

(-_L"T"U Energy constant in laminar flow 55 |

: Propeller step / Agitater diameter |1 |

: Blade height / Tank diamete |0, 0666666666665667 |

; Device number l1 |

. Distance between 2 devices ||3IT| | |
Uzer" coefficients (immersed) Uzer" coefficients (wall)

! Reference / Note

Default rotation speed (%) |60 trimin e

(*} used for the scale-up or mass transfer calculation when no
rotation speed has been defined for the step.

Restore Technology Ok Cancel

The rotation speed of the agitator (60 rpm) is defined in each operating step (same speed for the two steps).

4.1.4. Feeds

A continuous flow of propylene (reactant) is supplied during the first step:

Temperature 25°C
Pressure 12 atm
Propylene flowrate 39 kg/h
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4.1.5. Operating mode

The operating mode is made up with two steps. During the first step, the second reactant (propylene) is added. The

reaction starts. During the second step, the reaction is carried out but without propylene feed. These two steps are

carried out at constant temperature, by acting on the utility fluid flowrate. The operating parameters are given in the

following table:

Parameter First step Second step
Type of step Control of reactor temperature
Reactor temperature 25°C
Reactor pressure 12 atm

Propylene feed

Open

Closed

Stop event

Time elapsed since the
beginning of the step: 10 h

beginning of the step: 30 h

Time elapsed since the

The scenario is presented on the left of the following screenshot and the flowsheet on the right part.

File Edit Configuratior

La AR 8 Euy .

[ = =

a_ex_en - thymo\New\BATCHREA _EX_EN-Thymol.pbpr (modified)

EEEVIEL LY IR

@-®

Notes

% Scenario

© The vaidaton system reparts o errr.

S&k—=54 *:HE ]‘D -3 - S‘Jmfr‘l:l &) ‘DAddas{ep '—Addanw:nt‘ahddaﬁ:d
=}

Partal-pipe jacket

Joined

sheet Notes Step1 Step2
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4.2. Results

The mass fraction of m-cresol decreases throughout the operation, as this reactant is present only in the initial load.
The mass fraction of propylene increases during the first step (10h): as this reactant is fed with a flowrate that exceeds
the quantity consumed, it then accumulates during this period. After the feed stops, it is consumed and disappears.

The mass fractions of the reaction products (thymol, 3M2P, 3M5P, 3M4P) increase all along these two steps.

Mass fractions in the reactor

—Propylene
039 4 —m-cresol
] —Thymol
08 E —3M2F
0.7 ] —3M5P
E ] IM4pP
§ UEE
= ]
@ 05 ]
m 4
= ]
04 ]
03 ]
02 ]
0.1
D ] L B B e . I S B e e e e e e B B B B . AL I B B S B e B S B B s |
0 5] 10 15 20 25 30 35 40
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The following graph shows the evolution of the water flowrate necessary to keep the reactor isothermal at 25°C. For
7 hours, the necessary flowrate of utility increases as the reaction starts strongly due to the propylene addition. Then
the flowrate decreases, as the m-cresol is consumed decreases, and the reaction slows down. At the beginning of

the second step (i.e. after 10 hours), this change is faster as there is no longer propylene supply.

Utiliy flowrate (water) necessary to keep the reactor isothermal at 25°C
2200 |

2000 1
1800
1600 -
1400
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Flowrate (kg/h)

800 |
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400 ]

200 ]
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