Tutor/s

Dr. Esther Chamarro Aguilera
Departament d’Enginyeria Quimica i
Quimica Analitica

Dr. Manel Vicente Buil
Departament d’Enginyeria Quimica i
Quimica Analitica

Grau en
Enginyeria
Quimica

Treball Final de Grau

Design of an industrial process for the topiramate production.

Nuria Fonolla Segura
June 2018

UNIVERSITAT e

||||_ BARCELONA






Aquesta obra esta subjecta a la llicencia de:
Reconeixement-NoComercial-SenseObraDerivada

@]

http://creativecommons.org/licenses/by-nc-
nd/3.0/es/







Hi ha una forca motriu més poderosa que el vapor,
I'electricitat i I'energia atomica: la voluntat.

Albert Einstein

En primer lugar, queria agradecer a mis tutores, el Dr. Manel Vicente y la Dra. Esther
Chamarro por su ayuda y dedicacion, desde el primer hasta el tltimo dia. Han sido un gran apoyo
alo largo de estos meses.

Por otro lado, queria agradecer a mi familia y amigos por el apoyo recibido en esos momentos
de estrés.






CONTENTS

SUMMARY
RESUM
1. INTRODUCTION
1.1. Synthesis of topiramate
1.2. Batch processes
2. OBJECTIVES
3. PRODUCTION PROCESS
3.1. Recipie
3.2. Block diagram
3.3. Equipment selection
4. BASIC ENGINYERING
4.1. Mass and energy balance
4.2. Equipment design
4.3. Vessels
43.1 V-01
4.3.2V-02
4.3.3 V-03
4.3.4 V-04
4.4, Centrifuge
4.5. Tray Dryer

© 00 N o1 B~ W -

11
13
13
15
15
15
17
22
25
27
28



Fonolla Segura, Ndria

4.6. Piping
4.7. Micronization
45. Plant services
5. Pi&D
5.1. Control parameters
6. SCHEDULING
6.1. Batch time
6.2. Highest capacity
6.3. Multipurpose production
6.3.1 Working in one campaign
6.3.2 Working in two campaign

N. CONCLUSIONS
REFERENCES AND NOTES
ACRONYMS

APPENDICES
APPENDIX 1: Safety data sheets
APPENDIX 2: Calculation manual

29
32
33
35
39
41
41
48
49
49
49

51
53
95

60
61
71



Design of an industrial process for the topiramate production i

SUMMARY

Topiramate is a sulfamate substituted monosaccharide derivative which is useful in the
treatment of epilepsy (in children and adults), obesity, bipolar disorder, neuropathic pain, migraine
and smoking cessation. The production of topiramate consists in two stages, the synthesis of
technical topiramate from DAF's, and the purification of technical topiramate to achieve
commercial topiramate with 98.9% of purity.

The aim of the project is to plan a batch process in an industrial scale for the synthesis and
purification of topiramate. The size of the batch should be enough to allow the annual production
of 20,000 kglyear of Topiramate. The batch size is fixed in 1000 kg/batch by “la Agencia Espafiola
del Medicamento”. @

One of the aims of this project is to realize the production with the minimum number of
required equipments. This equipments have been dimensioned as well as the mass balance has
been made. The heat exchanger system has been dimensioned in the worst operating conditions,
to oversize the system and guarantee that if there are any disturbance the system will be able to
heat or cool the solution.

The required pipes, valves and pumps have been chosen, taking into account the control
parameters in the P&iD.

To carry out the production program, it has been considered that production takes place
24 hours/day, in three shifts, 7 days/week and 48 weeks/year. It has been considered that the
plant works approximately 220 days/years and the rest of the days will be for repairing
breakdowns in some equipment’s, or delays in the receipt of raw materials.

Besides, it has been estimated the occupation time of each equipment and determined the
bottleneck of the process. The production is schedule in overlapping campaigns, assuming that
the plant works in multipurpose production.

Keywords:.Topiramate, basic enginyering, batch process, scheduling.
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RESUM

El topiramato es un farmaco antiepiléptico y estabilizador del estado de animo usado
principalmente para tratar la epilepsia (tanto en nifios como en adultos), problemas de obesidad,
trastornos de bipolaridad, dolores neuropaticos, migrafias... La produccion del farmaco se realiza
en dos etapas, la primera consiste en la sintesis del topiramato técnico a partir de DAF, i la
segunda etapa consiste en la purificacion del topiramato técnico hasta el comercial cuya pureza
sera del 98,9% .

El objetivo principal del proyecto es planificar la produccién en discontinuo por lotes a nivel
industrial para las etapas de sintesis y purificacién del producto. El tamafio de lotes debe ser el
suficiente para permitir una produccion anual de 20.000 kg/afio de topiramato el tamafio del cual
esta limitado en 1000kg/lote por La Agencia Espafiola del medicamento.

Uno de los propositos del proyecto, es realizar la produccion del farmaco con la menor
cantidad de equipos. Estos equipos han sido dimensionados a partir de los calculos realizados
en el balance de materia. El intercambiador de carcasa y tubos ha sido disefiado en las
condiciones de operacion mas desfavorables, para de esta manera, al sobredimensionar el
sistema se garantiza que, en caso de haber una perturbacion en el sistema, el area de
intercambio seria suficiente para calentar o enfriar la solucion.

Las vélvulas, bombas y tuberias han sido escogidas segun las necesidades del sistema y
teniendo en cuenta los pardmetros de control en el Pi&D.

Para llevar a cabo el programa de produccion, se ha considerado que la produccion se realiza
en 3 turnos, trabajando 24h/dia, 7 dias/semana y 48 semanas/afio. Por tanto, se considera que
la planta funcionar4 aproximadamente 220 dias/afio y el resto de dias se realizara el
mantenimiento de los equipos, mejoras en el sistema...

Ademaés, se ha estimado el tiempo de ocupacién de cada equipo para determinar cudl es la
etapa limitante y determinar el tipo de produccién mas adecuada. La produccidn se realizara en
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campafias con solapamiento, debido a que el tiempo de lote es menor y se optimizan mejor los
tiempos de ocupacion de los equipos trabajando a su vez como una planta multipropésito.

Paraules clau: topiramato , ingenieria basica, procesos en discontinuo, scheduling.
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1. INTRODUCTION

Topiramate is a sulfamate substituted monosaccharide derivative which is useful in the
treatment of epilepsy (in children and adults), obesity, bipolar disorder, neuropathic pain, migraine
and smoking cessation. It acts as a carbonate dehydratase inhibitor, sodium channel blocker,
AMPA antagonist, GABA agonist and glutamate antagonist.

This product is indicated as initial monotherapy for patients who are 2 years of age and older
with partial onset or primary generalized tonic-clonic seizures.

Topiramate has the molecular formula C12H21NOsS and a molecular weight of 339.36 kg. It is
chemically designated as 2,3:4,5Di-O-isopropylidene-B-D-fructopyranose sulfamate and has the
following structural formula:

Q  CH,0SO,NH,

o
.
o

®
)(CHE,
®

CH;

H3C+ &
®
HsC

Figure 1:Topiramate structure

Topiramate is most soluble in alkaline solutions containing sodium hydroxide or sodium
phosphate and having a pH of between 9 to and 10. It is soluble in acetone, chloroform,
dimethylsulfoxide, and ethanol. The solubility in water is 9.8 mg/mL.

In 2010 Topiramate became a generic active ingredient that had a potential market in Europe,
United Estates and South America. As a result, many industries have been recently created to
assess the possibility of its synthesis and marketing.
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MECHANISM OF ACTION

Topiramate belongs to a class of drugs called sulfamate-substituted, monosaccharide

anticonvulsants or antiepileptic drugs. It is still unknown how the drug works. It is thought that it

works on certain chemicals, receptors, channels and enzymes .

Preclinical studies have revealed four properties that may contribute to Topiramate’s efficacy

for epilepsy and migraine prophylaxis:

Topiramate at pharmacologically relevant concentrations blocks voltage-
dependent sodium channels

Augments the activity of the neurotransmitter gamma-aminobutyrate at some
subtypes of the GABA-A receptor.

Antagonizes the AMPA/kainite subtype of the glutamate receptor.

Inhibits the carbonic anhydrase.

The most common side effects of topiramate are:

Loss of appetite, nausea, diarrhea, weight loss, nervousness, speech problems,
tiredness, increased bruising and tingling in arms and legs.

It effects negatively on the fetus of pregnant women provoking birth defects in
some cases.

High ammonia levels.

Kidney stones.

Effects on thinking an alertness (confusion, concentration problems, loss of
memory, deficit of attention).

Loss muscle coordination.

Eye problems.

Metabolic acidosis.

Suicidal thoughts or actions.
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1.1. SYNTHESIS OF TOPIRAMATE

Since 1996, when topiramate was marketed, there have been many patents in the synthesis
of topiramate. All of them need DAF as an intermediate product but there are different methods
of synthesis depending on the reactive that will be used.

The different reactive that can be used are sulfonamide, sulfonyl chloride and sulfuryl chloride.
All of them gave good results but the second and the third one has some drawbacks due some
unstable and high operation temperatures. Because of these facts the best option is the sulfony!
chloride which has two stages:

The first one is the production process in the synthesis of DAF'’s:

0 mosog

0 — — ’ o
Hy ; CH; I (1= ; ’\/LHE
HW\“‘D 0 g 0
/I [, &

utl

Figure 2. DAF's reaction
The second one is the Synthesis of Topiramate:

0 _\\C.i L050,C1 Solvent 0 a‘mzwl
. - :
0

U pe
A T e A
/6 G:}\d _

a oy o
DAFS Topiramate

Figure 3. Topiramate reaction

In this case all of the patents use the same conditions, and it is used pyrimidine as detainer of
HCI. The differences in the patents can be found in the selection of the solvent that will be used.
In these cases, it will be used methylene chloride. All the draft will be based in the patent:
US5387700. ®
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1.2. BATCH PROCESSES

In the last decades, batch processes have been used in manufacturing of sport shoes, active
pharmaceutical ingredients (APIs), purifying water, inks, adhesives...

These types of processes are very useful specially in fine chemical and pharmaceutical
sectors, for their high profitability and their low production volume.

Batch processes have some benefit factors front continuous one:

- ltcan reduce initial capital investment.

It is useful for low annual production volume, less than 1kt/year.
- Seasonal production or uncertain demand and short product lifetime.
- It gives flexibility when has operational problems and feedstock variation.

Batch processes are very useful when the reaction time is very long, handling slurries at low
flow rate, and rapidly fouling materials. 2
Of point of view of the design of the basic engineering in the batch plan several plants are
designed to be started and dropped frequently for:

Charging (fill with material).
- Task performing for a specified period of time.

Shutting down and draining (discharging).

Cleaning.
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2. OBJETIVES

The aim of this project is to study the production process of topiramate allowing to answer the
production demands of 20,000 kg/year of topiramate from the DAF’s concentrate solution.

The production will be performed in 20 lots/year of 1000 kg each one. To achieve the goals,
the following tasks have been proposed:

- Selecting the necessary equipment to reach the annual production, taking as premise
the minimum number of equipment.

- Carry out the mass balance and the block and process diagrams, assuming that the final
production in the purification process is 1000 kg of topiramate with a 98.9% of purity.

- Size all the necessary equipment's involved in the production process.

- Piping and instrumentation diagram (P&ID).

- Determinate the necessary time to produce one batch and plan the annual production
demand assuming the different types of campaigns .

- Production Scheduling.
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3. PRODUCTION PROCESS

The Topiramate production process has two differentiated processes: the First process
involves the synthesis of topiramate and the second one involves the purification of the previous

one.
All the process is going to be studied by batches. Another important aspect is the excess of

ammonia. This excess increases the reaction conversion.

The chemical reaction of the production process of topiramate is:

{/\:}i“hm- ! Solvent /G, 080N
o : o ~
r 0, + NHy ———» J §_< A o
CHy—, £ N _-UHs 3 CHy- J ]
P i ~— (Vo
cuf N Of(m, Cﬂ_f ¢ \<m.
DAFS .
Toniramate

Figure 4. Topiramate reaction

Once the topiramate has been produced a purification of the process is needed to remove
the impurities and dry the final product in the desired specification.

Hexane acelone isopropan
v v
CHzCI
»
NH3 topiramate
»>
Nz -
»
. impurities
DAF's ’
. >
hexane ace isop N CHzClz

Figure 5. Global diagram of the inputs and oupots of Topiramate production.
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3.1. RECIPIE

All the data has been obtained from the patent : US 2012/0232258 Al and the TGF of Anna
Mosser to compare the patent with the pilot plant, and to know which was the amount of
topiramate allowed by “La Agencia Oficial del Medicamento” @

The block diagram shows the synthesis process of technical topiramate and the purificaction
process of this product to obtain the comercial topiramate .

First of all, all the vessels must be inerted with N2 for 30 minutes approximately.

When V-01 has been inerted, introduce automatically the concentrated solution of DAF’s
(40%) and turn on the agitation system. Subsequently add the dichloromethane to dilute the
solution at 20% which takes 30 minutes.

Once elapsed dilution time, which is assumed approximately 30 min, the ammonia solution is
charged slowly during 1 hour into the vessel to provide the required acid medium. Once this
procedure is completed agitate the solution during 5 hours until the reaction is completed.

Once the reaction has finished , the solution has to be filtred , in 25 kg lots, and stirred to the
second vessel , this procees lasts 1 hour and 30 minutes.

The mixture that has been charged in the second vessel has to be heated up to 65°C while
being agitated to homogenized all the solution and to make sure that the heat exchange will be
the same in the whole the vessel. When the mixture has reached the 65°C, it will be distilled
under vacum to remove about 2940 kg of diclrohomethane, which lasts 2 hours.

Subsequently add the hexane solution in V-02 in 10 minutes, the resultant mixture has to be
cooled down to 0°C while being agitated during 30 minutes until the solution is homogenized.

Once this procedure is completed agitate the solution during 4 hours until the crystalization is
completed. After that transfer the mixture to the load centrifuge RINA SERIE 300 which has lots
of 500 kg and three charges will be needed, each charge takes about an hour and 30 minutes.

While the centrifugation is taking place, fill in the isopropanol and ethyl acetate in the third
vessel during 40 minuts. Immediately when the centrigufation has finished add the topiramate
from the centrifugate in the V-03 while beeing agitated during 30 minutes until the topiramaten
has been disolved.

Once this procedures has been done, filtered the mixture and stirred the solution to the V-04
(about 1.30 hours) and add slowly the hexane solution during 10 minuts.
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Subsequently when this procedure is done, the resultant mixture has to be cooled down to
0°C while is being agitated during 30 minuts until the solution is homogenized.

After 4 hours of crystalization the slurry has to been transferred to the load centrifuge, this
procedure takes aproximatelly 3 hours, 1.30 hours for each charge.

Finally as soon as the centrifugation is done, stirred the topiramate to a plate dryer to eliminate
all the humidity.

3.2. BLOCK DIAGRAM

Block flow diagram gives general information of the process that is being studied. The
discontinuous lines in the diagram show the processes carried out in each vessel. The synthesis
and the purification process are differentiated as black lines and pink lines in each stage.
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3.3. EQUIPMENT SELECTION:

The aim of the project is to carry out the production process with the minimum equipment,
multitasking each part of the processes to maximize the efficiency of each machine.

Therefore, with the occupation time of each equipment it has been decided that it will be needed:

- 4 vessels (V-01, V-02, V-03, V-04), vessel one and two will be used in the synthesis
process and the others in the purification process.

- lfilter.

- 1 microwave dryers.

- 1centrifuge

- 4 centrifuge pumps.

In the first vessel is carried out the dilution of DAF's adding dichloromethane, and the reaction
of DAF’s with ammonia to produce topiramate. After that it is used a filter before feeding the

solution to the second vessel. In this vessel it will take place the concentration and crystallization
stages.

Once it has finished the crystallization, the fluid is taken to a centrifuge.

When the synthetization process of technical topiramate has been finished, it takes place the
dissolution of topiramate with ethyl acetate and isopropanol. Once this process has been done it
is used a filter before feed the solution to the fourth vessel, where it takes place the crystallization
process.

After the crystallization, the fluid is taken to a centrifuge to separate the solid (topiramate)
from the liquid (hexane, ethyl acetate, isopropanol...). Finally, it takes place the drying process to
eliminate all the moisture that topiramate could have.
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13

4. BASIC ENGINEERING

In the figure it is shown the block diagram of the process.
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4.1. MASS BALANCE

f topiramate

1S O,

Table 1. Mass global balance of synthes
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4.2. EQUIPMENT DESIGN.

In this section, all the process required equipment will be itemized, sized, the material will also
be chosen and the auxiliary equipment will me mentioned.

As it has been mentioned previously, the process has four vessels, a one strainer, a one
centrifuge, and a one dryer. Both vessels, one and two, have the same dimensions due to that
the quantity they contain is similar, it happens the same with vessels three and four.
Consequently, the auxiliary equipment (agitation system, jacket, condenser...) it will be designed

The material used in all the equipment will be stainless steel because of its high corrosion
strength. The most used materials are AISI 304L and AISI 316L. Both are austenitic stainless
steel easily deformable. The difference between AISI304L and AISI 316L is that AISI 316L has
better corrosion resistance due to the addition of molybdenum. However, AISI 304L has a better
welding capacity. Due to it is not corrosive fluid it will be chosen AISI 304L.

4.3. VESSELS.

4.3.1. V-01

In V-1 takes place the dilution of DAF's adding dichloromethane to the concentrate DAF's
solution. Subsequently the reaction is carried out. The V-01 is pressurized up to 2 atm and
previously has been inerted with nitrogen. Due to the pressure condition this vessel must have a
greater thickness than V-02. Once the reaction is finished the fluid is taken to the strainer.

In this vessel a jacket is not needed because it works at 20°C.

The next table contains a summary of the vessels characteristics. However, all the

calculations can be consulted in the appendix 2.
Table 2. Characteristics of V-01

Magnitudes Vessel 1/2
High(m) 2.85
Diameter(m) 1.90
Section (m2) 2.81
Capacity (m3) 8
Exchange area(m2) 16.9
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Auxiliary equipment’s.

As mentioned before in the V-01 is required:

- An Agitation system to homogenize the solution.

- A pressurized system with nitrogen to ensure that the system is working at 2
atmospheres.

- Scatter to introduce slowly the ammonia and facilitate the homogenization due to the fact
that the bubble size is smaller and therefore there is more contact between the reactants.

Agitation system
The impeller has been chosen depending on:

- The flow model (axial, radial or tangential)
- The viscosity of the fluid

In this process is needed an agitation system to ensure an axial flow model, specifically two
turbines with blades inclined 45 @ separated 0.75m of high in V-01. This impeller will have six

blades and it is especially effective for heat exchanges with vessel walls or internal coils. ®

Expected at very high Reynolds number, four baffles are needed to prevent vortexing and
rotation of the liquid mass as a whole.

The impellers should be of steel AISI 304L due to the resistant corrosion effects.

The next table contains a summary of the agitation system. However, the calculations can be
consulted in the appendix 2.
Table 3. Agitation system characteristics

Stirrer diameter (m) 0.64

High of stirrer (m) 2.21

High of the stirrer (m) 0.95

Width and number of baffles (4) (mm) 200
Distance between baffle and vessel(mm) 3.787
Rotational speed (rpm) 60-120

theoretical agitation power (KW) 6
Motor efficiency 0.7
Real agitation power (kW) 8.6
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- Operation conditions:
Through the entire period of occupation of the first vessel, that works at 2 atmospheres,

some variations are produced in the occupancy level. These variations are shown in the
following diagrams:

8000

7000
6000
5000
)
%4000
[%2]
[}
=3000
2000
1000

0
0 1 2 3 4 5 6 7 8 9
time (hours)

Figure 6. Mass variations in V-01

The temperature of vessel 1 remains constant over time at 20°C because it works over
pressurised and it is not needed a heat exchanger

4.3.2. V-02:

In V-02 takes place the distillation, heating the fluid to 65°C, and the crystallization cooling the
fluid to 0°C. In this vessel is necessary a jacket because of the heat exchanger system. This
vessel has the same dimensions of vessel 1 as it has been commented before

- Agitation system
In V-02 is needed an agitation system to ensure an axial flow model, but in this case it will
be necessary two types of impellers because firstly it is carry out the distillation and it is needed

a turbine with blades inclined 45 @ and after that it occurs the crystallization and the solution will
contain some solids (topiramate ) and it will be necessary a U-shaped anchor agitator.
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The turbine impeller will have six blades and it is especially effective for heat exchanges with
vessel walls or internal coils.

Expected at very high Reynolds number, four baffles are needed to prevent vortexing and
rotation of the liquid mass as a whole.

The impellers should be of steel AISI 304L due to the resistant corrosion effects. This stirrer
will have the same dimension than the previous one due to the vessel and the density are the
same.

The next table contains a summary of the agitation system. However, the calculations can be
consulted in the appendix 2.
Table 4. Agitation system characteristics

Stirrer diameter (m) 0.64

High of stirrer (m) 2.21

High of the stirrer (m) 0.95

Width and number of baffles (4) (mm) 200

Distance between baffle and vessel(mm) 3.80
Rotational speed (rpm) 60-120

theoretical agitation power (KW) 6
Motor efficiency 0.7
Real agitation power (kW) 8.6

Anchor agitation is designed for a wide range of viscosities. It can be used in mixing,
dissolving and homogenization processes. It has a variable operation speed from 30 0 120 rpm,

and in V-02 will be 30 rpm.
Table 5. Agitation system characteristics

Stirrer diameter (m) 1.86
High of stirrer (m) 2.85
High of the stirrer (m) 0.02
Width and number of baffles (4) (mm) 200
Distance between baffle and 379
vessel(mm) '
Rotational speed (rpm ) 30
Width of stirrer 0.19
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theoretical agitation power (kW) 5.18
Motor efficiency 0.7
Real agitation power (W) 7.4

- Jacket

The V-02 needs a heating system to heat the solution to carry out the distillation and
subsequently cool the solution to continue with the crystallization in this vessel.

The fluid that comes from the filter will be 20 °C hot, for the first vessel, while steam will be at
120 °C through the jacket. To maintain the vessel at 65°C, steam will circulate at 120°C. After that
the solution has to be cooled down to 0°C, to do so, a mixture of glycol and water will circulathe
through the jacket at -30°C.

According to the legislation, the surface of the equipments in which circulates a fluid below
5°C or over 50°C has to be isolated. Therefore, the outside of the jacketed will be covered with
with glass wool of 70 mm thick, which is considered the minimum required to cover industrial
equipment.®

The next table contains a summary of the jacket specifications; however all the calculations
are explicitly explained in the appendix 2. @

To heat and cool the system:
Table 6. Jacketed vessels characteristics to heat and cool the system

Heat exchange [kJ] 2.13-105
Area of contact [m?] 2.4
Wsteam [kg/h] 194.2
Area of lateral exchange [m?] 16.79
Heat exchange [kW] -78.32
Area of contact [m?] 10.75
Wsteam [kg/h] 5855
Area of lateral exchange [m?] 16.79
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The necessary area to be able to heat the solution to 65 © is 3.92 m2 and the area of the
jacket vessel is 16.79 m2 . However, the required area to be able to cool the solution to 0°C is
10.75 m2 and the area of the jacket vessel is 16.79 m2. Therefore, there is enough exchange
area to heat and cool the solution.

- Coil and steam

As said before, to heat the solution up to 65°C it is used water steam circulating through
jacketed at 120°C and two atm.

Also later is requires to cool the solution to 0 °C as it has been said, to do so , it will circulate
through the jacket coolant flow rate ( mixture of glycol and water ) at -30°C. This coolant fluid will
be offered by plant services.

- Condenser (heat exchanger):

The distillate obtained must be condensed with a heat exchanger that will be designed
imposing the length of the heat exchanger, 4 metres, the thickness of the internal tubes, 20
millimetres, and the speed at which the fluid circulates inside the tubes.

The coolant inlet temperature will be 25 °C and the outlet temperature will be 40 °C, working
at atmospheric temperature. The distillate will remain at 65°C and slowly will changed the state
of steam to fluid.

Furthermore, the following heuristic may be used to estimate the tube passes. The estimated
values include the removal of tubes to provide and entrance area for shell nozzle sizes of one-
fifth the shell diameter. The formula indicates that square tube layouts must be separated 1.25
time the tube outside the diameter.

The arrangements of the fluid in the shell and tube exchangers are: the steam that has to
be condensate circulates through the shell, however the cooler water circulates through the tubes.
This is because it is considered that the water is dirtier than the steam.

In the condenser it is needed some baffles are needed to direct some fluid across the tube
bundle. They run perpendicularly to the shell and hold the bundle, preventing the tubes from
sagging over a long length.

The characteristics of the tubes are fixed. The triangular tube layouts and square tube layouts
must be separated 1.25 time the tube outside diameter.

Besides one passes will be chosen where the heuristic.
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The characteristics of the tube-and-shell exchanger are shown below, although the

calculations can be found in the appendix 2.
Table 7. Characteristics of shell and tube exchanger

Initial conditions

Heat exchange (KW) 129
Exchange area ( m2) 5.39
Global transfer coefficient (J/m2-s-k) 750

Fluid temperature

T1 of distillate 65
T2 of distillate 65
t1 of cooling water 30
t2 of cooling water 40

Sizes of heat exchanger

Length (m) 4

Internal diameter (mm ) 20
Number of tubes 24
Diameter of tube bundles (mm) 166
Tube distance (mm) 25
Shell diameter(mm) 199

- Operating conditions:

Through the entire period of occupation of the second vessel, that works at atmospheric
pressure, some variations are produced with the occupancy level and the temperature of this.

These variations are shown in the following diagrams
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Figure 7. Mass and temperature variations in V-02

The graphic shows that there are some variations in the level due to the variation of the mass.
Also the temperature of the vessel it oscillates between 0°C and 60°C, this fact is because first of
all it is needed to heat the solution to carry out the distillation, once the distillation has been done
the solution is cooled to 0°C to carry out the crystallization.

4.3.3. V-03:

In this part of the process takes place the purification of the topiramate, the removal of the
impurities to obtain topiramate with a 98.9% of purity. This process consists in adding some
solvents to drag the impurities with them and cool the solution to crystalize the desired product.

In V-03 takes place the dilution of topiramate, adding “isopropanol” and ethylene acetate.
Subsequently the agitation is turned on to carry out the dilution. Once the dilution is finished the
fluid is taken to the strainer.

In this a jacketed is not needed because it works at 20°C.

The next table contains a summary of the vessels characteristics, both of them have the same
dimensions. However, all the design calculations can be checked out in the appendix 2.
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Table 8. Characteristics of V-03 and V-04

Magnitudes Vessel 3/4
High(m) 1.79
Diameter(m) 1.19
Section (m2) 111
Capacity (m3) 2
Exchange area(m2) 6.71

- Auxiliary equipments.

As mentioned before the V-03 and V-04 require an agitation system to homogenize
the solution.
- Agitation system

The impeller has been chosen depending on:

- The flow model (axial, radial or tangential).
- The viscosity of the fluid.

In this process is needed an agitation system that assures an axial flow model, but in this
case the solution initially contains some solids, topiramate, and it is necessary a U-shaped anchor
agitator.

The anchor agitation is designed for a broad range of viscosities. It can be used in mixing,
dissolving and homogenization processes. It has a variable speed operation ranging from 30 to
120 rpm, and in V-03 it will be 60 rpm

Expected at very high Reynolds number, four baffles are needed to prevent vortexing and
rotation of the liquid mass as a whole.

The impellers should be of steel AISI 304L due to the resistant corrosion effects.

The next table contains a summary of the agitation system, all the design calculations can be
checked out in the appendix 2.
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Table 9. Agitation system characteristics

Stirrer diameter (m) 1.17
High of stirrer (m) 1.17
High of the stirrer (m) 0.01

Width and number of baffles (4)
200

(mm)
Distance between baffle and
3.79
vessel(mm)

Rotational speed (rpm ) 30
Width of stirrer 0.12
theoretical agitation power (W) 614
Motor efficiency 0.7
Real agitation power (W) 876

- Operation conditions:

Through the entire period of occupation of vessel one, that works at atmospheric pressure.
However, some variations are produced with the occupancy level. These variations are shown in

the following diagrams:
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Figure 8. Mass variations in V-03

The temperature of this vessel it remains constant due to the fact that there is only a dilution and

it is considered that over time the temperature is 20°C .
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4.3.4. V-04

In V-04 takes place the crystallization, cooling of the fluid to 0°C. In this vessel it is necessary
a jacket because of the heat exchanger required in the system.

This vessel has the same dimensions as V-03 as it has already been commented before

- Agitation system:

In V-04 is needed an agitation system to ensure an axial flow model, but in this case the
solution initially contains some solids (topiramate ) and it is necessary a U-shaped anchor agitator.

The anchor agitation is designed for a wide range of viscosities. It can be used in mixing,
dissolving and homogenization processes. It has a variable operation speed from 30 to 120 rpm,
and in V-02 will be 30 rpm .

Table 10. Agitation system characteristics of V-04

Stirrer diameter (m) 1.17
High of stirrer (m) 1.8
High of the stirrer (m) 0.02
Width and number of baffles (4) (mm) 200
Distance between baffle and
vessel(mm) 379
Rotational speed (rpm) 30
Width of stirrer 0.12
theoretical agitation power (W) 614
Motor efficiency 0.7
Real agitation power (kW) 2

The real power was 876.2 W but in the industry the minimum real agitation is 2 kW, that's why it
has been considered this agitation power.

- Jacket

The V-04 needs a heating system to cool the solution to carry through the crystallization in V-
04.

The fluid that comes from the filter will be at 20°C, for the third vessel, while glycol will be at
-30°C through the jacket. To maintain the vessel at 0°C, will circulate through the jacket coolant
flow rate (mixture of glycol and water) at -30°C.
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The next table contains a summary of the jacket specifications, however all the design

calculations can be checked out in the appendix 2.
Table 11. Jacketed vessels characteristics

Heat exchange [kW] -52.5
Area of contact [m?] 6
Wsteam [kg/h] 1570
Area of lateral exchange [m?] 6.7

The necessary area to be able to cool the solution to 0 ° C is 6.05 m? and the area of the
jacket vessel it's 6.72 m2 therefore, there is enough exchange area to cool the solution to perform
the crystallization

- Cooler

As it has already been said before, to cool the solution up to 0°C to perform the crystallization
it is used a coolant circulating through the jacketed at -30°C . The coolant is a mixture of glycol
and water and will be offered by plant services.

- Operating conditions:

Through the entire period of occupation of vessel four, that works at atmospheric pressure.
Some variations are produced with the occupancy level and the temperature. These
variations are shown in the following diagrams:
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Figure 9. Mass and temperature variations in V-04
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The graphic shows that there are some variations in the level due to the mass variation. Besides
the temperature of the vessel oscillates between 0°C and 20°C, this fact is because in the
beginning the solution it is at 20°C but then it needs to be cooled down to 0°C to carry out the
crystallization.

4.4. CENTRIFUGE

A batch centrifuge is used to separate the solids from the liquids in the feed stream. In this
process is needed to separate the solid (topiramate) from the liquid (hexane, dichloromethane...)

The needed centrifuge will be RINA Serie 300, that works automatically and it has a vertical
axis. ®

The most common uses of this type of centrifuge are in the chemical industry, pharmaceutical.

As discussed above, Rina works automatically, and there are two types: filterer (F) and
decanter (D). In topiramate production process it will be necessary a filterer centrifuge to eliminate
all the impurities and the liquid in the topiramate slurry.

The Rina batch operation is:

1. First of all, it is needed to intertie the centrifuge.
. The feed slurry is feed.
. Previously wring.
Washer
. Final wring.

o oA W N

. Solid discharging or download.

The centrifuge dimensions will be shown in the Table 13.

Table 12. Characteristics of the centrifuge

dimensions
Model Capac. Charge Veloc. Weight width/long/height
dm3 kg rpm kg mm

300F1250x710 440 550 1200 6600 2000x2565x2600
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The mass charge will be 550 kg because it is better to perform two charges, and works with
an small volume of slurry because it is more easy, it needs lees time to charge and it will be
cheaper to buy a smaller centrifuge and it also occupies less space in the plant.

4.5. TRAY DRYER

At the end of the process is necessary to eliminate all the moisture that can have the topiramate.
That's why it will be used a tray dryer.

Tray dryer is an enclosed insulated chamber in which trays are placed on top of each other. Heat
transferation is done by circulation of hot air using an electric heater or steam in radiator coils.
Blower fans are installed inside to ensure proper circulation and transfer of heat. Outside the dryer
a control parameter of temperature is fixed.

The advantages of this type of dryer:

- Inthe tray dryers the loading, unloading, etc. can be done without losses.

- The tray dryer operates batch wise. Batch drying is used extensively in the
manufactures of the pharmaceuticals.

- Each batch of the material can be handled as a separated.

- The batch sizes in this type of industry process are smaller the ones used in the
chemical industry

- The same equipment can be used in drying a wide variety of the materials.

- Valuable products can be handled efficiently.

But there are some disadvantages that must be taken into account in the operation time: tray
dryers require more labour to load and unload the product, so the operating time is higher. Hence
increases in the cost.
The dimensions of the dryer in the topiramate production will be:

- 10trays

- Each tray will have 4 cm of thickness.

- The total charge for each batch will be 500 kg.

- The porousness of the tray will be about 30 or 40%

The dryer can operate at atmospheric or vacuum pressure. If it works at vacuum pressure the air
does not circulate through the solid, a temperature gradient is generated where only the tray is
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heated. Because of this the dryer will be operated at atmospheric pressure knowing that if the
temperature it increases a lot, the topiramate can be discomposed.

It will be necessary to perform two drying processes because it has been chosen a small dryer
to make the investment cheaper, and it also takes up less space in the plant.

4.6. PIPING

Piping:

Industrial process piping can be manufactured from wood, fiberglass, glass, steel, aluminum,
plastic, cooper and concrete. In this case the piping system will be made out of stainless steel,
specifically of AISI 304L, as mentioned before AISI has a high corrosion resistance, it is easily
deformable, and it has good welding capacity.

To calculate the pipes dimensions, the speed of the fluid has been imposed knowing that it
should be between 1 and 2 m/s. In this case it has been chosen the lowest speed to oversize the
system and avoid possible failures. Reducing the speed, the diameter increases and
consequently the dropping pressure reduces.

Once the speed has been imposed, it will be calculated the pipe dimensions and subsequently
it will be chosen by commercial catalogues:

One important thing to consider is the importance of the pipe color-coding to be able to keep
track of what is in each pipe and where it is going. The color of a label is one of the most important
labeling features because people will be able to see it from a distance.

The fluids that circulate through the system and the color of each pipe will be:

- Water steam to heat the V-02, the color of the pipe will be red because it is steam and
it will be necessary auxiliary white lines to indicate that it is water steam.

- Ammonia to do the reaction in V-01, the color of the pipe will be orange to indicated that
an acid circulates through the pipe.

- Nztoinert all the vessels, the color of the pipe will be yellow to indicate that is a vapor
and it will be necessary auxiliary double lines to indicate that it is nitrogen gas.

- Cooler to cool the V-02 and V-01, the color of the pipe will be white that indicates that
a refrigerant fluid circulates through the pipe.
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Table 13. Piping sizes

V-01 V-02 V-03 V-04
dext (mm) 65 36 23 23
dint (mm) 53 30 19 19
e (mm) 3 2 1
dnom (") 2 12 112-->2 1-->2

Allthe pipes have been designed around the vessels. It will be considered that the best option,
once it has been normalized the pipe’s size of V-02 will be 2", is excepting the feeding pipes in
each vessel that will be 1”. This size is due to the fact that it circulates slurry through the pipe and
if the size is too small it can be plugged. The same thing happens with the pipes of vessel 4

Valves:

Avalve is a device that regulates, directs or controls the flow of a fluid by opening, closing, or
partially obstructing various passageways. Valves can be classified according to how they are
actuated: hydraulic, pneumatic, manual, solenoid valve or motor.

In this project four types of valve are clearly differentiated, ball valves, butterfly valves, security
valves and check valve.

Ball valves are a form of quarter-turn valve which uses a hollow, perforated and pivoting ball
to control flow through it. It is open when the ball's hole is in line with the flow and closed when is
pivoted 90 degrees. This valve it will be used in controlling the level of the vessel. If there are any
disturbances in the level, the valve manipulates the flowing fluid preventing its passage. In this
way a spill is prevented.

Butterfly valve is a valve that isolates or regulates the flow of a fluid. The closing mechanism
is a disk that rotates. The operation is like that of a ball valve. Butterfly valves are generally favored
because they cost less than another valve designs. The disc is positioned in the center of the
pipe. A rod passes though the disc to an actuator on the outside of the valve. The rotation of the
actuator turns the disc either parallel or perpendicular to the flow. This type of valve that will be
used in controlling the temperature of the vessel. The control valve will manipulate a flowing fluid
to compensate for the load disturbance and keep the regulated process variable chosen as
possible to the desired set point.
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Check valve or non-return valve is a valve that normally allows fluid to flow through it in only
one direction. This valve are two-port valves, they have two openings in the body, one for the fluid
to enter and the other for fluid to leave. It will be used in the N2 system and with pumps.

Safety valve is a valve that acts as a fail-safe. It will be useful in the autoclave vessel which
automatically releases a substance from the pressurized vessel when the pressure or
temperature exceeds the preset limits.

Pumps

Pumps can be classified by their method of displacement into impulse pumps, speed pumps,
gravity pumps, positive displacement pumps, steam pumps and valveless pumps. But there are
two basic types of pumps: positive displacement and centrifugal. Although centrifugal pumps are
the most common.

Centrifugal pumps develop pressure by increasing the velocity of the liquid and this is literally
flung out of the cutwater. However positive displacement pumps allow liquid into an open cavity,
trap the liquid in the pumps, transport liquid from the suction to discharge port and mechanically
force liquid out of the pump.

The usually parameters needed to be able to choose the pump type are:

- Required flow impulse of the system.

- Total dynamic head (TDH): it must be known the difference between the total load and
the total suction pressure, considering the friction losses.

- Position of the pump: it is necessary to know the arrangement of each pump because
these effects the pump lock.

- Operating conditions: the pressure of suction and the temperature and the corrosivity
of the fluid will determinate the material of the pump.

- Physical properties of the fluid: density of the circulant fluid, which will allow to calculate
the viscosity of the fluid.

- Corrosivity and the presence of suspension solid.

In addition, the cavitation is a hydrodynamic effect that occurs when the liquid in a pump turns
into vapor steam at low pressure. It occurs because there is not enough pressure at the suction
end of the pump, or insufficient Net Positive Suction Head available (NPSHa). Cavitation happens
when the temperature and pressure of the liquid at the suction of the impeller equals the vapor
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pressure. It can happen at low pressures and normal operating conditions. Therefore, the
pressure in the stream must be greater than the vapor pressure of the fluid inside the pump.

In this project, it has have been selected centrifugal pumps for this operating conditions and
characteristics also being the most common pumps used in the industry. Furthermore, the
viscosity, density, corrosivity and toxicity of the fluid are too low.

The material of the pump will be AISI 304L due to the corrosion resistance and the low
corrosivity of the fluid it is not necessary AISI 316L.

It will be necessary one pump after each vessel to guarantee the circulation of the fluid.

4.7. MICRONIZATION

In pharmacology, it is very important the hioavailability which it refers to the degree and rate
at which the drugs administrated are absorbed by the body's circulatory system. When a drug is
administrated intravenously, it has a bioavailability of 100% but if it is taken orally, it quickly
reaches the stomach, dissolves and the hioavailability is lower. To increase this parameter, it is
needed to reduce the particle size.

In this process once obtained the commercial topiramate the particles sizes have to be
reduced to guarantee the bioavailability.

Due to this it is needed a micronization which reduces particles down to the micrometre or,
in some cases, nanometer size. It is usually used to improve the bioavailability of poorly soluble
APIs by increasing particle surface area and accelerating dissolution rates. In this process the
particle size of topiramate will be reduced to 10 pum.

The desired particle size is achieved by means of three variables: the flow rate, the venturi
pressure and the pressure of the micronization chamber. Therefore, an increase in the
micronization pressure or decrease in the flow rate speed involves a decrease in particle size.

First of all, topiramate will be injected under high pressure in a gridding chamber using gas
flow, it can be used compressed air or nitrogen. The particles of the product dragged by the flow
at very high speed, due to the geometry of the chamber, which are subjected to speed and
direction variations with auto collision and consequent dimension reduction to values settled by
the “la Agencia Espafiola del Medicamento”.
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It will be used a traditional technique of micronization due to the easiness of the process but

the sizing and specification of this is outside the scope of the project.

All'the equipments have been sized and specified with the exception of pumps and micronizer

which are designed by vendor and are out of the reach of this project.

4.8. PLANT SERVICIES AND STORAGE

In the production process of topiramate it is needed some services that will be offered by the

plant:

Nitrogen steam that will be used to inert all the vessels when needed. First of all the
hydraulic closure is done adding some of the solution to guarantee the process. Also, it
is used to discharge faster providing more pressure in the vessel.

Water steam that it is needed to heat the solution in V-02 to carry out the distillation at
60°C. Also, it is used to keep the vessel temperature constant in 60°C.

Cooling fluid it is used to cool the V-02 and V-04 at 0°C, the coolant is a mixture of
glycol and water that circulates through the jacketed at -30°C.

Ammonia that it is necessary to carry out the reaction in the V-01, the ammonia will be
provided in liquid phase and in containers. The container required dimensions are 850
L, with a 450 kg of capacity and 2.15 m of length.
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5. P1&D

In this section it will be shown the Pi&D (Piping & Instruments Diagram) of the process. The
Pi&D is a detailed diagram in the process industry which shows the piping and vessels in the
process flow, together with the instrumentation and control devices.

First of all, it will be show the Pi&D of the topiramate production process. It will be shown in

two sections, synthesis of topiramate and purification process.
After that, it will be shown the control parameters of each vessel.

The Pi&D has been made with AutoCAD.
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5.1. CONTROL PARAMETERS

5.1.1. Vessel 1

It will be needed the control of the different parameters of the vessel:

(o}

Level of liquid inside de V-01, with an alarm that indicates if the filling level it's too high
or too low. The aim of this type of control is to make sure that there will not be a spill
over. In case that the level of the liquid will be too high, the control system will close all
the feeding valves.

An anticipated control of the DAF’s concentration it is needed to know the amount of
solvent needed to dilute the solution to make sure that the reaction with ammonia will
work on the optimal parameters. This preventive control is necessary to ensure the
concentration of one of the reactants.

Control of pressure in V-01 because it is an autoclave vessel that works at 2
atmospheres. If the pressure increases, the reaction it will not work on the optimum
parameters and it can end up with a leakage due to the fact that it is working with
organic volatile compounds, which can produce an accumulation of gases inside the
V-01 and overpressure inside the vessel. Because of this, it is needed a vent valve for
avoid overpressure inside the vessel.

Control of the temperature inside the vessel with a temperature meter to prevent an
increment of this in the vessel. If the temperature of the reaction increases
uncontrollably the vent valve will be opened to decrease the pressure and
consequently the temperature. In this vessel it is not needed a jacketed due to it works
at 20°C and the reaction it is not exothermic.

5.1.2. Vessel 2

(0]

Control of temperature inside the vessel 2 to prevent an increase or decrease of the
fluid inside the vessel. This temperature meter acts modifying the coolant or steam
flow inside the jacketed to work on the optimum parameters. In this vessel the
importance of having the desired temperature it is very important to work in the
optimum conditions, assuring that the distillation will be produce at 60°C and the
crystallization would be done at 0°C.
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(0]

The liquid level inside de V-02, with an alarm that indicates if the filling level it's too
high or too low .The aim of this type of control is to make sure that there will not be a
spill over. In case that the level of the liquid will be too high, the control system will
close all the feeding valves.

5.1.3. Vessel 3

(o]

Level of liquid inside de V-03, with an alarm that indicates if the filling level it's too high
or too low. The objective of this type of control is assure that there will not be a spill
over. In case that the level of the liquid will be too high, the control system will close all
the feeding valves.

Control of temperature inside the vessel with a temperature meter to prevent an
increment of the temperature in the vessel and to prevent an overpressure inside the
vessel because an increment on the temperature. In this vessel the temperature will
be constant due the fact that only a dissolution occurs. Because of this it is not
necessary a jacketed.

5.1.4. Vessel 4

(0]

Control of temperature inside the vessel 4 to prevent an increase or decrease of the
fluid inside the vessel . This temperature meter acts modifying the coolant flow inside
the jacketed to work on the optimum parameters. In this vessel the importance of
having the desired temperature it is very important to work in the optimum conditions,
assuring that crystallization can be done at 0°C.

Level of liquid inside de V-04, with an alarm that indicates if the filling level it's too high
or too low . The objective of this type of control is to assure that there will not be a spill
over. In case that the level of the liquid is too high, the control system will close all the
feeding valves.

5.1.5. Condenser

(0]

Control of cooler flow to assure that there will be enough flow to condensate the
dichloromethane. This flow meter acts modifying the coolant flow inside the condenser.



Design of an industrial process for the topiramate production 41

6. SCHEDULING

Once the process is fully understood, the equipment sizing and the tasks have been decided
it is time to set the pace of production to achieve the annual of product production.

General considerations.

Scheduling of batch operations is an important area of batch process systems engineering
which attention has been increasing in the last decade.

Scheduling is the process of arranging, controlling and optimizing work and workloads in a
production process of manufacturing process. It is used to allocate the plant and machinery
resources, plan production processes and purchase materials.

The scheduling problem is to:

0 Determine the order in which tasks use equipment and resources are used.
0 The detailed timing of the execution of all tasks so as well as optimizing the plant
performance.

Scheduling is a critical issue in batch processes and is crucial for improving production
operation.

6.1. BATCH TIME

The annual minimum production of topiramate to be achieved is one that is able to meet the
needs of the annual demand of 20,000 kg. As already mentioned above, the nominal batch size
that has been chosen is 1000 kg topiramate in each lot, so the production scheduling has to
ensure the production of 20 lots.

To carry out the production program, it is considered that production takes place 24 hours/day,
with three shifts, 7 days/week and 48 weeks/year. It is considered that the plant works
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approximately 220 days/years and the rest of the days will be for repairing breakdowns in some
equipment’s, or delays in the receipt of raw materials.
Assuming this type of delays the real-time production of the plant is 4500 h/year
In this process the limiting factor is not the labour time operation but the time occupation of
the equipment, that determinates the time of each batch.
Table 14. Time study for a batch

Operation TO [h] | Labor time operation [h]
charge solution 0.50 0.25
charge Ch2CL 0.50 0.25
agitation 0.50 0.00
V-01 _ NH3 . 1.00 0.25
time of reaction 5.00 0.50
empty vessel 1.50 1.00
cleaning 1.50 1.50
total 10.50 3.75
first charge 0.50 0.25
cleaning 0.50 0.50
F-01 second charge 0.50 0.25
cleaning 0.50 0.50
total 2.00 1.50
charge 1.50 0.00
heat 2.00 0.25
distillation 2.00 0.25
charge hexane 0.25 0.25
cool 1.00 0.25
v-02 crystallization 4.00 0.50
quality control 0.50 1.00
empty vessel 3.25 0.00
cleaning 1.50 1.50
total 16.00 4.00
charge 0.17 1.00
centrifuge 0.33 0.00
C-01 empty 0.67 0.50
cleaning 0.33 0.50
total time 1.50 2.00
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Operation TO [h] | Labor time operation [h]
charges *3 4.50 6.00
charge isop+acet 0.75 0.75
introduce topiramate 0.50 1.00
V-03 agitation 0.50 0.00
empty vessel 1.00 0.75
cleaning 1.50 1.50
total 4.25 4.00
first charge 0.50 0.25
F-01 cleaning 0.50 0.50
total 1.00 0.75
charge 0.50 0.00
charge hexane 0.25 0.25
cool 1.00 0.25
rd crystallization 4.00 0.50
empty vessel 3.25 0.00
cleaning 1.50 1.50
total 10.50 2.50
charge 0.17 1.00
centrifuge 0.33 0.00
empty 0.67 0.50
o1 cleaning 0.33 0.50
total time 1.50 2.00
charges -2 3.00 4.00
charge 0.50 1.00
dry 5.63 0.00
empty 0.25 1.00
b-01 cleaning 1,00 1.50
Total time 6.38 3.50
Charge-2 12.75 7.00
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The following table shows the estimated time duration of each stage in the production process
of topiramate:
Table 15. Ocupation time of equipments

ti tf OT;
V-1 0 10.50 10.50
F-1 7.50 9.50 2
V-2 7.50 23.50 16
C-1 18.75 23.25 4.50
V-3 18.75 23.00 4.25
F-1 20.50 21.50 1
V-4 20.50 31.00 10.5
C-1 26.25 29.25 3
D 29.25 42.00 12.75

Also in this process, it is used the same filter and centrifuge in both of processes , production
and purification, therefore the occupation time of each team is :
Table 16. Ocupation time of each equipment

Tmin Tmax OTi
V-1 0 10.5 10.5
[F=il 7.50 21.50 14
V-2 7.50 23.50 16
C-1 18.75 29.25 10.5
V-3 18.75 23 4.25
V-4 20.5 31 10.5
D-1 29.5 42 125

As it can be seen, vessel 2 regulates the limitation time of the whole process, which it takes
sixteen hours and the required time of production process is 42 hours
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Figure 10. Ocupation time in 1 lot
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Production in non-overlapping campaign.

Production in non-overlapping campaign consist in producing one lot after another,
successively without starting the next batch without completing the previous one.

Msn =BT -N

MSn  4500h/year
BT ~ 42 h/batch

N = = 107.14 batches/year

107.14 20505 1000KG _ 4671401
' year  batch g/year

It will be able to work with non-overlapping campaign because of the aim of this project is to
produce 20,000 kg/year. It should be checked which of the production methods is the best option
to guarantee the annual production

Production in overlapping campaign

Production in overlapping campaign consists in optimizing the production time starting the
next lot without letting the previous one finish.

In this type of production, the cycle time is been given by the occupation time of the limiting
equipment, in the production of topiramate the limiting equipment is the Vessel 2, where is it
carried out the distillation and the crystallization. The cycle time is 16 hours (CT).

Msn =BT + (N —1)-CT

h h
4500 — 42—
MSn — BT batch
N=om Ot T year Thateh 57960
CT 16 h year
batch

The table of the production in an overlapping campaign it can be found in appendix
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Figure 11. Ocupation time in overlapping campaign
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The production in overlapping campaign allows producing more lots than the necessary,
therefore allows that once the production process is finished it can be used for another process.

Both types of production will be able to produce the necessary annual demand of topiramate,
but there are some benefits in the production in an overlapping campaign:

- The time of a cycle is lower than in non-overlapping campaign, making it easier to
produce other products while the production of topiramate has been done. Therefore,
in a year, more than one product can be produced.

- Besides the equipment's has more occupation time avoiding that some equipment will

not be paused for much time.

Hence it will be produced topiramate in overlapping campaign to enable to produce the
product in less time and the plant will be work in 0 wait.

6.2. HIGHEST CAPACITY

The highest production process it will be when it works with an overlapping campaign because
it allows to produce more lots in less time due to the fact that the occupation time it is more
profitable.

Msn=BT +(N—-1)-CT

h h
4500 — 42—
MSn — BT batch
NP o year Thatch i 27962
CcT 16 h year
batch

As it has seen before the highest production will be produce in 279,62 batches:
batch 1000kg 1t
. 279.62

279.62 . =
year batch 1000kg year
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6.3. MULTIPURPOSE PRODUCTION

As it has been mentioned before it will be produced topiramate in an overlapping campaign
to enable to produce the product in less time and the plant will be work in 0 wait.

In normal conditions to produce 200000 kg of topiramate, 20 lots are needed, so there are
different production campaigns. By “La Agencia Espafiola del Medicamento “, the batch size is
specified in 1000 kg. As mentioned above, 20 lots are necessary, but it could be produce in one,
two ore more campaigns

6.3.1. Working in one campaign.

Working in one campaign involves that 20 lots are produced:

Msn =BT +(N—-1)-CT

Msn=42+(20—-1)-16 > 346 h

If it works in one campaign the occupation time is 346 h, this entails 8% of the total occupation
time. This type of production has some disadvantages. For example, there is too much stock,
and a high volume of storage is necessary. Due to this fact it is considered working in two or four
campaigns.

6.3.2. Working in two and four campaigns.

Working in two campaign involves that 10 lots are produced in each campaign:

Msn =BT +(N—-1)-CT

Msn=424+9—-1)-16-2-372h
Working in four campaign involves that 5 lots are produced in each campaign:

Msn =BT+ (N—-1)-CT

Msn =42+ (5-1)-16-4 > 424 h
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N. CONCLUSIONS

Once having concluded this project, here are exposed the conclusions obtained:

Itis wanted to carry out the production process with the minimal number of equipments,
concluding that there must be four vessels, one filter, one centrifuge and one dryer,
each one with its respective auxiliary equipments.
Initially it was considered that only two vessels were needed, but the fact that the
synthesis and production process volumes are too different, and there will be
oversizing in purification process it has been decided that it is needed 4 vessels.
The design of the outer jacketed in V-02 and V-04 is enough for the heat exchange
because it has been oversized so there is no need to design the bottom part of the
vessel. The jacketed has been dimensioned in the worst operating conditions, to
oversize the system and guarantee that if there are any disturbance the system will be
able to heat or cool the solution.
In the anchor impellers the flow is turbulent although it should be laminar, probably this
because the agitation power which it is too fast and it should be less than 30 rpm to
guarantee the laminar flux.
The pipping size of the system is about 1 “, in some cases when a liquid circulates
through the pipes, but when the reaction has been done and there is a slurry, the pipping
has to be higher to guarantee the circulation and prevent that the solid clogging the
pipe.
Working in two campaigns or four campaigns is better than working in only one, due to
the fact that working in only one it is better for the producing view but there is too much
stock. However, working in two or more campaigns it is better for the operational, logistic
and sales, point of view. Therefore, the plant will work in four campaigns because the
occupancy of the equipments is not 100%. This allows the plant to work in multipurpose
as it has been mention before.
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ACRONYMS
A Area [m?]
acet Ethylene acetate
atm Atmospheres
BT Batch time [h]
C-01 Centrifuge
CH:Cl.  Dichloromethane
Cp Calorific capacity [J/(kg-K)]
CT Cycle time [h]
D Diameter [m]
DCM Dicloromethane.
Dint Internal diameter [m]
Dext External diameter [m]
D Dryer
Da Impeller diameter [m]
DAF's Diacetonefructose chlorosulfate
e Thickness [m]
F-01 Filter
h Height [m]
h Hour
isop Isopropanol
K Kelvin
kg Kilograms
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LT

min

Msn

N2

Np
NPSHa
°C

OTi

P-01
Pi&D
Pr
PT
Pt

Re

rpm

T1
T2
tl
t2

Length [m]

Level transmitter

Meter

Minutes

Make span [h]

Number of batches/lots

Turn speed [rpm]

Nitrogen

Power’s number

Net positive suction heat available
Celsius

Equipment operating time [h]
Power [W]

Pump

Piping and Instrumentation Diagram
Real power [W]

Pressure transmitter

Theoretical Power [W]

Heat exchange [W]

Reynold’s number

Revolutions per minute

Section [m?]

Temperature

Time [s]

Inlet temperature of distillate [°C]
Outlet temperature of distillate [°C]
Inlet temperature of coolant [°C]

Outlet temperature of coolant [°C]
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TDH
TP
Tpc
TPt
U

\Y
V-01
V-02
V-03
V-04

AP
AT
ATml

Total dynamic heat

Topiramate

Commercial Topiramate.
Technical topiramate

Heat transfer coefficient [W/m2-kJ]
Volume [m3)]

Vessel 1

Vessel 2

Vessel 3

Vessel 4

Mass flowing [kg/s]

Watts [J/s]

Pressure drop [Pa]

temperature difference [K]
Average temperature logarithmic [K]
latent heat [J/kg]

weight density of fluid [kg/m3]

Absolute (Dynamic) viscosity [kg-m-1-s1]
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APPENDIX 1: SAFETY DATA SHEETS ©

Fichas Internacionales de Seguridad Quimica

PRDPAN-Z-OL ICSC: 0554
r‘/ . »
|L‘l. 5 INSTITUTO NACIONAL
4 DE SEGURIDAD E HBENE
‘-1_; ENELTRABAID
mmmnsmmpm
Isopropanal
C3HgOV(CHy},CHOH
Masa molecular: 60,1
N° CAS 67-83-0
N RTECS NTB050000
N ICSC 0554
N*NU 1219
N* CE 803-117-00-0
m& PELIGROS! SINTOMAS PREVENCION PRIMERQOS AUXILIOS/
EXPOSICION AGUDOS LUCHA CONTRA INCENDIOS
Altaments infamabie. Eviar llama abierta, NO produce | Polvos, espuma resistente al sicohol
jchispas y NO fumar. |agua en grandes cantidades, diduido
e carbong.
Las mezcias vaporiaire son Sistemna cemrado, ventilacian, equips | En caso de incendio: mantener frios
elécinco y de alumbrado a prueba de los bidones y demds instalaciones
explogiones. |par pulverizacion con agua.

Ventilacin, exraccion localizata o | Alre Impio, 1EpOSO ¥ SOMEIE! 3
médica.

Guantes proteciones. |Quitar las ropas contaminadas,
|Bclarar 13 pied con agua y jabon.

Gafas a Enjuagar con agua

0 proleccion ocular combinada con la Uranie Vanas minutos (quitar ias

proteccion respicatorie. lentes de contacto si puede hacerse
\con facilidad), después consultar 8
un médica.

N camer, beber i fumar durante el

3 §: (2:)7-18-2425:28
ArENA 0 BhIOMHENIE INeNe y rasladaria & un MNota &
lugar saguro. de Peligros NU: 3
ﬂrupo de Envasado NU: I

m: 0554 mncmunWmcms,uwuumtmocu.
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Fichas Internacionales de Seguridad Quimica

PROPAN-2-0OL ICSC: 0554

ESTADO FISICO; ASPECTO VIAS DE EXPOSICION

Liguido incalom. La se puede absorber por inhalacién del
vapor.

PELIGROS FISICOS

El vapor se mezcla bien con el sire, se forman RIESGO DE INHALACION

taciiments mezcias expiosivas. Porla de esta iaa 20°C de
slcanzar bastante rapdaments UNa CONCENTACon

PELIGROS QUIMICOS mmnlmmmmm

Reacciona con oxidantes fueres. Ataca algunas formas  pulverizackdin o cusndo se dispersa.

de plastico, caucho.

EFECTOS DE EXPOSICION DE CORTA DURACION
LIMITES DE EXPOSICION La sustancia imia los ojos y &l ractkn respiratono.
TLV(como TWAE 200 ppm; (como STEL): 400 ppm; La sustancia puede tener efectos sobre &l sistema
Ad (ACGIH 2004). nenvioso central, dando lugar 8 depresion. La exposicion
MAK: 200 ppm, 500 mgém*, Calegoria de limitacion de  muy por encima del OEL puede producir pérdida de
nhnlltllhmmdnumam grupa C (DFG 2004 ) conocimiento.

EFECTOS DE EXPOSICION PROLONGADA O

REPETIDA

El liquido desengrasa la peel.
Punio de ebullicidn: 83°C Densidad refaiiva de la mezcla vapor/aire a 20°C (aire =
Punio de fusién: -00°C 1): 1.08
Densidad relativa (agua = 1p 0.79 Punto de inflamacién: 11.7'Cc.c.
Solubilidad en agua: miscible Temperatura de aulpignicion: 456°C
Presidn de vapor, kPa a 20°C: 4.4 Limites de explosividad, % en volumen en & aire: 2-12
Densidad relativa de vapor (aire = 1) 2.1 Coeficiente de repario octancliagua como log Pow: 0.05

| NOTAS

El consumo de bebidas alcohdiicas suments & efecto nocivo. Tanets de emergencia de transporte (Transport Emengency Card): TEC (R}
3081219

Comgo NFPAAH 1 F X RO;

[ INFORMACION ADICIONAL
|l=|a.0: 1-168 PROPAN-2-0L valores LEP pusden consuitarse en linea en |a siguienie direccion:
Ihwww.inshi s/ -
ICSC: 0554 PROPAN-2-OL
©CCE IPCS, 2008

" [Mi s CCE nila IPCS i sus representantes son respansables del posible uso de esta informacidn, Esta
ficha contiena |a opinedn colectiva del Comité Internacional de Expenos del IPCS y es independents de
NOTA LEGAL
IMPORTANTE: requisitos egales.

D INSHT
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Fichas Internacionales de Seguridad Quimica

Grupo de Ervasado NU. I

DICLOROMETANO ICSC: 0058
Abeil 2000
CAS: T5-08-2 Clorura de metilend
RTECS: PABDSDOOD DCM
ML 1583 CH.CI,
CE Indice Anexo I 602-004-00-3 Maaa molaciine
CE / EINECS: 200-E38-3 -8
TIPO DE PELIGRO / PELIGROS AGLIDOS | PREVENCION PRIMEROS AUXILIOS |
EXPOSICION SINTOMAS LUCHA CONTRA
INCENDIOS
INCENDIC Combusiible en condiciones En caso de incendio en of entomo. estan
despreden humos (o gases) Mwicos &
imitantes.
EXPLOSION wtmrnﬁm{m Emhm;‘nh En caso de incendio: mantsrer frics los
Peligras Quimicos l:nfgﬂ i y desmds c rocando
conexidn 8 terra)
EXPOSICION LA -
MIEBLA DEL
PRODUCTON HIGIENE
ESTRICTAI
Inhatacidn Vértign. Somnolencia. Dalor de cabeza | Venlilacidn, extraccidn Aire bmpio. reposo. Respiracon sesficial
Mausess Debilidad Pésdida ded Incali zada o prolecoidn si eshuviera indicada. Proporcionar
conocimienio. Mueme: respirsiona. assiencia midica.
Fiel Pl sece. Enrcpecimiento. Sensacidn de | Guanies de proecoidn. Ouitar las ropas cortaminadas. Adarar y
quBmazhn Traje de proteccidn. lavar ls piel con sgua y @bon.
Djos: Enw Deolor. O Gafas ajusiadas de Enjusgar con agus abundanie duranies
profurdas graves. seguridad, panislls fsoal wanios mirulos |quitar |53 lentes de
o proteceidn oculss coniacio 4 puede hacerse con facilidad).
combensds con s después proportions ssstences madcs
profecciin respiraboria.
w Dﬂ!mm[[-wn-yu Mo comer | ni beber, re NO provocar & wimito. Erjuagar la boca
informacion, véase Inhalacsin) durante of irabage Reposo
Lovarse las mancs snies.
de comer
DERRAMES Y FUGAS ENVASADO ¥ ETIQUETADO
Proteccidn personal: Filire respiratorio para vapores ongénicos y Mo ransportar con slimenios i peensos.
gases adapiado a la conceniracadn de |a sustanca en el aire. NO Clasificacién UE
pesrnilic que esie producio quimsco se noorpore al amibiente Simbolo: Xn
Weniilar, Recoger, en |a medida de |o pasible, o liguido que se: R: 40
destama i el ya derramado en L] 5 [2-)23-2425- 38037
liguide residual en arena o inedte y resladario 8 un Clasificacién NU
lugar segum Clasiicaciin de Peligros MU B.1

RESPUESTA DE EMERGENCIA

ALMACENAMIENTO

Ficha de emergencia de ianspanie [Tanspar Emergency
Card): TEC (Rj-6151583
Cadigo NFPA: H2.F 1, R0,

IPCS
Enbarmatianal
ngrm on

parada en ol COMealo 08 LCOparacion enire of PGS y

. DO @M = o—

Sepamado de metsles | Véanse Peigros

). alimentos y

Quirrscos)|
piensos. Marienes en lugar resco. Ventilacon & s del susio
Abracerar an un Srea sin scceso a desagles o sicanianias.

g
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Fichas Internacionales de Seguridad Quimica

DICLOROMETANO ICSC: 0058
DATOS IMPORTANTES

ESTADO FISICO; ASPECTO ViAS DE EXPOSICION

Liguida iroalang, de olor caracterision La sustancia <& pustds por i ¥ po i

PELIGROS FISICOS RIESGO DE INHALACION

El vapor s mas densa que el sire. Como resuitada del Bujo,
agitacion, #ic., s& pusden generar Cirgas elecirostibicas.

PELIGROS QUIMICOS
En oon e o con Bamas ests sustancs
s& desrnmpone formando humos eicos y corrosivas. Fescriona

Par eveporacitn de esta sustancia a 20°C e puede slcaness muy
rApidaments una CoNCEntraciin Nocva en o aire.

EFECTOS DE EXPOSICION DE CORTA DURACION
La sustancia lﬂh.hlnﬁn, Iamlj-dncnw L& exposicitn

pu:i-ra-
an de carbaxits ki Em'.umh & &

viclentamenie con metales coma polwo de alumnia y de
bages fusnes y oxidantes fuees, originando peligr de incendio y
explasicn Alaca sigunas frmas de pbisticns, cAucha ¥

mmmmm hqtnglnhmr-mpn
ee—

EFECTOS DE EXPOSICION PROLONGADA O REPETIDA

LIMITES DE EXPOSICION El sontacta prolongado o repetido con s piel puede producir dermatitis
TLV. 50 ppm; {coma TWA] A3, BE| establecado (ACGIH 2004). umwudgmmmemm
MAK: Cancerigena: calegoria 3A (DFG 2004). pis los seed humanos.

PROPIEDADES FISICAS
Punio de sbullicion: 40°c Densidad relativa de la mezcla vaparisine & 20°C (sire = 1). 1.9
Puno de fusidn 85.1°C Temperstura de sutsignician. S556°C
Densidad refativa (sgua=1): 13

Solubilidsd en sgua, 5100 ml a 20°C: 1,3
Presion de vapor, kPa 8 20°C: 474
Densida relativa de vapor (sire = 1): 2,9

DATOS AMBIENTALES

Esta sustancia pusde sar peligrosa pars e ambeente; dehesia prestarss slencitn especial 8 & b ¢

10N de ias aguas

NOTAS

L adicsdn de pequenas caniidades de una sustanca
combustiblided Estd indicado examen médco

cenca de un fusgo, una calients o misniras se

de axigenc en & aire mejor notshlements o

wmmu-mwmtmmmum:-mw—m NOD uiizar

30 #3 un nombre comescial. Ests ficha ha sido parcisimame
Ingesticn- Primeros

supexficie: trabajs en soldadura.
aclualizads an abril de 2005: ver Limiles de exposicidn, y en abvil de 2010 ver Efecios de exposicidn de cons duracién,
Auilios, Almacenamienia.

INFORMACION ADICIONAL

Linsbes. da exposicidn profesional (INSHT 2011}
VLAED: 50 ppm. 177 mgim®

Moies: Esia susiancs Bene establecidas resinociones & la iabricaciin, comerdializaciin o al uso especificadas en of

Aeglamanto REACH.
VLE: 0,3 mgl en arina. Mots B

NOTA LEGAL
requssics
de I versdin espafiola

Esta ficha contisns |8 cpirdn colectva del Comité intermacional de Expenca del IPCS y s ndependients oe
legaies. Su posible uso no s responsabilidad de s CE, of PCS. s repressnianies o of INSHT, auicd

TIPS CE S8
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Fichas Internacionales de Seguridad Quimica

N° CAS 110-54-3
N° RTECS MN9275000
N® ICSC 0278
N NU 1208
N° CE 601-037-00-0
EXPOSICION
_|M,mmnml.muq. Evitar las llamas, NO producir |Polve, AFFF, espuma, didudo de
y NO fumar. |carbong.
Las son istema cemado, | equipo [En caso de incendio: mantener frios
explosivas. lelécirico y de shumbrado a prusba de  |os bidones y demas instalaciones
lexplosiones. NO ulilizar aire rociando con agua.
COMprimido para Benar, vaciar o
manipular. Utlicense herramientas
manuales no generadoras de
|chispas.

PAOIECCION respiratona. |BSiSlENCia Medica

(Guantes protectores. |Quitar tas ropas contaminadas,
|ciarar y lavar ia peel con agua y
mrwm
|médica.

Galas ajustadas de seguridad, |Enjuagar con agua abundanie

pantaila facial o profeccion oculsr  duraNie varios Minulos (quitar ias

combinaca con 1 profeccion \lentes de CONMACID i pUBDE Nacerse

respiratona. jcon facilidac) y proporcionar
|BSmtENCiA Medica

|wbemito, reposo y proporcionar

Irabago.

Consuftar a un experio. Eliminar ioda fuente

d ignician. Recoger, en la medida de o simbalo F

posible, @l liquido que se demama y &l ya A prusba de incendio. Separsdo de simibalo Xn

darramado en recipigntes harmaticos, cxidantes fuertes. Mantener bien carrado simbolo N

absarber el liquido residual en arena o R: 11-38-4820-51/53-62-85-67
absorbents inerte y trasladanio a un lugar S (2-)9-16-29-33-36/37-61-62
saguro. NO verterio al alcantarilado, NO

permitir que este producto quimico se

incorpore al ambients. Proteccion personal: |
mwmmrmw

VEASE AL DORSO INFORMACION IMPORTANTE
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HEXANO

Fichas Internacionales de Seguridad Quimica

ICSC: 0279

ESTADO FISICO; ASPECTO
Liquido incolor volstl, de olor caracteristico.

PELIGROS FISICOS
El vapor es mas denso que & aire y pusde extenderse &
ras del suelo; pesible ignicidn en punto distants.

PELIGROS QUIMICOS

Reacciona con oxidantes fuenss, onginando peligro de
imcendio y explosion. Ataca caucho
y revesiimientos.

LIMITES DE EXPOSICION

TLV {como TWA): 50 ppm; 176 mgim? (piel) BE1
(ACGIH 2004).

LEP UE: 72 mgim®, 20 ppm como TWA (UE 2006)
MAK: Riesgo para el embarazo: grupo C (DFG 2004)

VIAS DE EXPOSICION
La sustancia se puede absorber por inhalacion del
VEQO Y POr ingestion.

RIESGO DE INHALACION
Pamuﬂnd-uumazrtmm

EFECTOS DE EXPOSICION DE CORTA DURACION
La sustancia imita la piel. Ls ingestion del liguido
mmMmhbp&mm

Punio de ebulicion: 69'C

Punto de fusion: -05°C
Densidad relaiiva (agua = 1 0.7
Solubdidad en agua, g/100 mi a 20 *C: 0.0013
Presion de vapor, kPa a 20°0C: 17
Densidad relativa de vapor (s = 1x 3.0

Densidad relativa oe la mezcia vaporaine 8 20°C (aire =
113

Punto de inflamacion: -22°C (c.c.)
Temperatura de autoignicidn: 225°C

Limites de exploshidad, % en volumen en & aire: 1.1-7.5
Cosiicienis de repario octanol/agua como log Pow: 3.8

-‘Emmﬂuthlmmm

=

NOTAS

Esta indicado examen médico periddico dependiendo del grada de exposicion.

Ficha de emergencia de ransporte [Transport Emergency Card) TEC (R)-3051208

Codigo NFPA: H1:F 3. RO;

| INFORMACION ADICIONAL
Iﬁ&ﬂ:&lﬂ HEXAND valores LEP pueden consultarse en linea en la siguients direccidn:
T irusnt. B
ICSC: 0279 HEXANG
©CCE. IPCS, 2008
Mila CCE ni la IPCS ni sus represantantes son responsables del posible uso de esta informacion. Ests
NOTA LEGAL ficha contiena |a opinion colectiva del Comitd Internacional de Expertos del IPCS y es independiente de

IMPORTANTE:

FRGUISIOS legales.

- -
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Fichas Internacionales de Seguridad Quimica

AMONIACO (ANHIDRO) ICSC: o414
INSTITUTO NACIONAL.
DE SEGURIDAD E HIGIENE
[EM EL TRABAIO
N® CAS TEEB4-41-T
N* RTECS BOOBTS5000
N ICSC 0414
N" NU 1005
N* CE DO7-0:01-00-5
. PELIGROS/ SINTOMAS i PRIMEROS AUXILIOS/
EXPOSICION AGUDOS LUCHA CONTRA INCENDIOS
Infiamable. Ewitar las [lamas, NO producir chispas En caso de incendio en el enforna:
MO furnar. uSar medio oe extncion Bdecuado.
Las mezoias gas/aire son " [Sistema | En caso de incendia: mantener fria ia
kﬂmrum-mu botedia por pulverzackn con Bgua.
xplogiones.
 Exvosicion EVITAR TOO0 CONTACTSr |
i Ventilacson, extraccion iocalizada o |Aire lmpio, 18pOSD, pOSICIon o8
dificuliad respiratona, jadeo, dolor de  |profeccidn respiratona. ¥ alencidn médica.
Respiracion arificial s estuviers
efectos no iInmediatos: véanse Notas). indicado.
Enrogecimiento, . dolor, |Guantes sislantes del frio, raje de EN CASO DE CONGELACION:
ampaolias. EN CONTACTO CON protBcoiin. ‘Aciarar con agua sbundante. NO
LIQUIDO: CONGELACION. QUILES 13 rOpa y SORCILEr S1Encon
Enrcyecimiento, dolor, quemaduras  |Pantalla facial o proteccidn ocular Enjuagar con agua abundante
profundas graves. con ia ‘duranis vanos minutos (quitar las
respiratona. lentes e CONBCID §i pusde Nacerse

« INGESTION | [

Evacuar |8 2ona de peligro; consultar & un hmuw Separaco de m':mmm
axperto; veniilacian. NO verter NUNCA oudanies, cidos, haldgenos. Mantener en  |simbolo T

chorros de agua sobre el liguido. Eliminar el hmrhnnmm simbolo N

a8 con agua pulvenzada. Proteccion R: 10-23-34-50

§: (1/2-)8-16-28-36737/39-45-61

repiracin. Rissgos subsidiarios de las NU: 8
I unmmm

. Preparada en o Cordaio de Cooperacon srdne of IPCS y lo Commedin de las Comumidades E S CCE
ICEC: 0414 “tm" L e




Fonolla Segura, Ndria

Fichas Internacionales de Seguridad Quimica

AMONIACO (ANHIDRO) 1CSC: 0414
ESTADO FISICO; ASPECTO
La 58 puete rber por inhalacid
PELIGROS FISICOS
B mas | &l gire. RIESGO DE INHALACION
i fikimegien Al producirse una pérdida de gas se shcanza muy
PELIGROS QUIMICOS rapidaments uUNa CONCENLTACon nociva en &l aire.

Se forman compuestos inestables frente al chogue con

Guidos de mercurio, plata y oro. L3 Susiandis es una EFECTOS DE EXPOSICION DE CORTA DURACION
base fuerte, reacciona violentamente con Scdos y 85 um:,ﬂgfgﬂfmﬂ:mh#rdm
corosiva Alurnineo y zine). Reacciona

mg:mnnm-rﬂlitmym puece ongnar edema pulmaonar (véanse Notas).
Ataca el cobre, SUMinG, Gne y Sus 3k La evaporacion rapa ded liquido puede producs
Al disoiverse en agua desprende calor. cangsiacian.

LIMITES DE EXPOSICION EFECTOS DE EXPOSICION PROLONGADA O
TLV {como TWA): 25 ppm; (como STEL) 35 ppm REPETIDA

(ACGIH 2004).

MAK: 20 ppm, 14 mgim®; Categoria de Bmilacian de pico

12}, Feesgo para el embarazo: grupo C (DFG 2004)

Punto ge ebulicidn: -33'C Dmmumw'-uc—m
Punto de fusién: -T8°C Temperatura de - 851°C

Densidad relativa (agua = 1k 0.7 8 -33°C Limites de explosividad, % en volumen en el aire: 15-28
Solubddad en agua Buena (54 g/100 mi a 20°C)

Presidn de vapor, kPa a 26°C: 1013

-‘umummmhwm
[ NOTAS

Los sintomas del edema pulmonar no s& ponen de manifiesto a8 menudo hasta pasadas alg hotas y 88 BgY por & eafy fisico.
Reposo y vigilancia médica son por el imprescindibies. Debe consideranse 18 inmediata SOmMINSIracion 08 un Spray adecuaid por un
médico o persona por él sutorizada. Con el fin de evitar la fuga de gas en estado liquido, girar |a botella que tenga un escape manteniendo

airiba el punto de escaps.
Tarjeia de emergencia de ransporie (Transport Emergency Card TEC (R)-205 1005 o 20G2TC
Codigo NFPAHIF LR O;

| INFORMACION ADICIONAL
FISQ: 1-030 AMONIACO (ANHIDRO) Los valores LEP pueden consultarse en linea en a siguiente direccion;
It i insht @s/ i
ICSC: 0414 AMONIACO (ANHIDRO)
@CCE, IPCE, 2005

Mila CCE i la IPCS ni sus representantes son responsaties del posible uso de esta informaciin. Esta
NOTA LEGAL ficha contiene la opinidn colectiva del Comité Internacional de Experios del IPCS y es independiente de
IMPORTANTE: PGUAOS lngeies.-

DINSHT
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Fichas Internacionales de Seguridad Quimica

ACETATO DE ETILO ICSC: 0367
DE SEGURIDAD E HIGENE
it : ENEL TRABAJO
ACETATO DE ETILD
Acido acético, éster atilico
C4Hy05/CH,CO0CH,
Masa molecular: 8.1
m
Evitar llama abserta, NO producr EF_FF.mmmﬂm
- ¥ NO fumar |poivos, didwido de carbona.
Sistema cemado, ventilacdan, equipo Iﬂmummm
explosivas. |elécirco y de alumbrado a prueba de  los bidones y demas nstalaciones
losa Evwitar |a generacion de  por pulvenzacion con gua. Los
\cargas electrostaticas (por ejemplo,  bomiberos deberian emplear
mediante conexion a tema). indumentaria de profeccin
Litilicense heframaentas na comg
\generadoras de chispas. autonoma de respracion.
- EXPOSICION | [
Tos, vérigo, agior de v ExXITECCION IOCIZANE 0 JAre bmpio, Neposo, POSICIon o8
cabezs, nausea, |adeq, doior de PrOtECCion respiratona. SEMINCOMPOraco y SoMmeter &
garganta, pérdida de conocimiento, BEnCn Mmedca Respiracion
debdidad. \artificial si estuviera indicado.
Enrojecimiento, dalor. Guantes protectores, traje de |Quitar 1as ropas contaminadas,
prateccion Ia piel con agua abundante o
|ducharse y sclcitar slencion médica
Enroyecimiento, dolor. Gatas ajusiadas de segundad. [Enjuagar con agua abundanis
/duranie varos minutos: (quitar ias
lentes de contacta si puede hacerse
|con facilidad), después consultar &
un médico.
Dolor abdominal, vérigo, naussa, [Enjuagar ia boca, dar a beber
dolor de gargants, debilidad. Mﬂmi sometes &
atencion médica.
|' DERRAMAS Y FUGAS | ALMACENAMIENTO I ENVASADO Y ETIQUETADO
Eumhmﬂww Recoger en la Ehmﬁ'wmu simbolo F
medida de lo posible e liquido que se |oxidanies fueries. dcidos y bases. Maniener |simbolo Xi

deframa y al ya demamado en recipianies | &n lugar frio. seco. Almacenar R: 11-36-66-67
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ACETATO DE

Fichas Internacionales de Seguridad Quimica

ETILO

ICSC: 0367

ESTADO FISICO; ASPECTO
Liguido incoloro, de olor caracteristion.

PELIGROS FISICOS

El vapor es mas denso que el aire y puede extenderse a
ras del suelo; posible ignicidn en punto distante.
PELIGROS QUIMICOS

El calentamianto intenso puede oniginar combustidn
wiolenta o explosidn. La sustancia se descompone bao
la influencia de iz UV, bases y cidos. La solucidn en
agua es un acido débd. Reacciona con oxidantes
fuertes, bases o acdos. Ataca muchos metales en
presencia de agua. Atacs los plasticos.

LIMITES DE EXPOSICION
TLV: 400 ppm; 1400 mgim? (ACGIH 1800-1801).

Punto de ebulicién: 77°C

Punto de fusién: -84°C
Densidad relativa (agua = 1) 0.9
Solubiidad en sguac Muy buena
Presion de vapor, kPa a 20°C. 10

Esta susiancia puede ser peligrosa para el amiwente; oeberia prestarse atencidn especal al agua. W

VIAS DE EXPOSICION
La sustancia se puede absorber por inhalaodn del
vapar.

RIESGO DE INHALACION

Por evaporacidn de esta susiancia a 20°C se puede
alcanzar bastante répidaments una concentraciin
nociva en el ire.

EFECTOS DE EXPOSICION DE CORTA DURACION
L sustancia imita los ojos, k8 piel y & racto respiratono.
La sustancia puede tener efectns sobre el sisiema
nenvioso. La exposicdn muy por encima del OEL puede
producir |8 muerte. Se recomienda vigilancia médica.

EFECTOS DE EXPOSICION PROLONGADA O
REPETIDA

El contacto prolongado o repetido con |a pisl puede
producir dermatitis.

Densidad relativa de vapor (aire = 1) 3.0
Puntp da inflamacion: T°C (o.c.)°C
Temperatura de sultignicadn; 427°C
Limites de explosividad, % en volumen en & aire: 2 2-
15

Coeficients de repario octancl/agua como log Pow: 0.73

[

NOTAS

El consumo de bebidas alcohdiicas sumenta & efecio nocrvo. Esta indicado examen médico periddico dependiendo del grado de
axposicidn. Los sintomas ded edema pulmonar no se ponen de manifiesto a menudo hasta pasadas aigunas hores y se agravan por el
esfuerzo fisico. Reposo y vigilancia médica son por ello imprescindibles. Nombres comerciales: Acetidin, Vinegar naphing. Tarets de
amergencia de iranspone (Tranaport Emergency Card TEC (R)-76

Codgo NFPAH 1:F LR,

|

FISQ: 1003
ACETATO DEETILO

ICSC: 0367

©CCE PCE 1

ACETATO DE ETILO
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APPENDIX 2: CALCULATION MANUAL

V-01 and V-02:

If the total mass is known, the volume will be known because both magnitudes are related by
density. Supposing that the volumes are additive:

V =nr?h
V=3 nrs

s| v
"= 3w

Lateral area of heat exchange = mw-d-h

Magnitudes | Vessell | Vessel2 | Vessel4 | Vessel 4
High(m) 2,85 2.78 1,79 1,71
Diameter(m) 1,90 1.85 1,19 1,14
Section (m2) 2,81 2.68 1,11 1,0225
Capacity (m3) 8 7.5 2 2
Exchange 16,9 16.15 6,71 6,135
area(m2)
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By heuristics its known that the height should be 1.5 of the diameter this is because if the
vessel is too high, it will only have radial mixture, whereas if it is too high it will not have radial or

axial mixture

The dimensions of the second vessel are very similar to V-01, so it has been decided to size
both of them with the same dimensions. Nonetheless vessels have at the top and the bottom a

concavity

Agitation system :

The geometric similarities with the inclined blades

impeller are :
H/Dt=1 Da/Dt=0.337 |E/Dt=0.17/0.34
|\W/=0.177 |<=45° J/Dt=0.1
H/Dt=1

Dt

J

oy

1. First of all it is calculated the blade diameter knowing that the diameter of
the vessel 1 is 1.90m

3.

Da =0.337-Dt - 0.64m
2. Subsequently it has been calculated the high of the stirrer :

E 017
SN
Dt 0.34

E=050-Dt > 095m

4. Knowing that it is needed four baffles inclined 45 ©, it has to been calculated
the width of them:

J=01-Dt - 0.19m = 200mm

5. The distance between baffle and vessel it has been chosen , and it is 0.4
mm , knowing that it could be calculated the W:
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w
7 =0.177 > W =0.177 - f = 0.0708 m

6. Once all the specifications of the impeller are known , it is necessary to
calculate the motor efficiency .
a. First of all it is needed calculate the Reynolds:
The rotational speed of this type of impeller it could be between 60-120 rpm

, inour case it has been chosen 60 rpm

_N-d*-p

Re - 18-10°m

The flux of the fluid is turbulent due to the rotational speed of the impeller
and the lower viscosity of the fluid.

b. Once it has been calculated the Reynolds it will be calculated the
theoretical agitation power , using the next table:

Tipo de impulsor KL | kT
Hélice paso cuadrado, tres palas 410 0,32
Hélice paso de 2, tres palas 43,5 1,00
Turbina, seis palas planas 71.0 6,30
Turbina, seis palas curvas 70,0 4,80
Turbina de ventilador, seis palas 70.0 | 1,65
Turbina dos palas planas 365 1,70
Turbina cerrada, seis palas curvas 97.2 1,08

Pt =KT -N3%-Da®-p - 5.75 kW
But it is know that the motor efficiency it is always less than the theoretical
, and there are losses of efficiency by friction. Assuming this it has been
assumed that the total efficiency is 0.7

Pt

Pt =—
0.7

=8.6 kW

To calculate the agitation system of the impeller in the V-03 it have been made the same
calculations but assuming that the dimensions of the vessel are different.
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AGITATION ANCORA IMPELLER

The geometric similarities with the inclined blades impeller are :

1. Firstofallitis calculated the blade diameter knowing that the diameter of the vessel 2 is
1.90m

Di 190 1.863
= — > 1.
T 102 mn

2. Subsequently it has been calculated the width of the stirrer :

Wi=10.1-Di=0186m

3. The distance between baffle and vessel it has been chosen , and it is 0.4 mm , knowing

Dt/Di=1.02 ¢/Di =0.01 HiIDi=1 that it
W/Di=0.1 W/f=0.177 could

be calculated the W:

w
7 =0.177->W =0.177- f = 0.0708 m
4. Once all the specifications of the impeller are known , it is necessary to calculate the
motor efficiency .
1. First of all it is needed calculate the Reynolds:
The rotational speed of this type of impeller it could be between 60-120 rpm , in our

case it has been chosen 60 rpm

_N-d*-p

Re - 18-10°m

The flux of the fluid is turbulent due to the rotational speed of the impeller
and the lower viscosity of the fluid.

2. Once it has been calculated the Reynolds it will be calculated the theoretical
agitation power , using the next table:
Pt =KT -N3%-Da°-p - 5.75 kW
But it is know that the motor efficiency it is always less than the theoretical , and there are
losses of efficiency by friction. Assuming this it has been assumed that the total efficiency is 0.7

pr="t L gerw
=+— — 0.
Y
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To calculate the agitation system of the impeller in the V-03 it has been made the same
calculations but assuming that the dimensions of the vessel are different.

Heat exchanger of vessel 2 in the crystallization and distillation :

1. The necessary heat exchange to heat the solution to 65°

Q=m-Cp-AT

] 1mol
mol - K 0.0849 k

Q = 7388.51 - (54.53 s (652 — 20°)
Q = 213,465.85 kJ

2. The necessary area of exchange is calculated regarding the worst condition during the
operation process :

ATml = 220765 8991 ec
m_lT_O_ T
n(65)
Q=U-A-ATml

213,465.85 kJ
0.5h mol - K

A = = = 24 mz
ATml - U kJ
0.55 — 7} (89.712C)
3. The necessary steam flow to heat the solution is calculated :
Q=wv-Av
k] 1h
426931.7 - k k
wy = /12 = h 3;3005 = 0.05393-J = 194.1579
v 2.199 - 103 - $

kg

4. ltis needed to know if the vessel has the necessary area of heat exchange, and it is
calculated :
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V =8m?3
V=nm-r*-h
r=0.9468m

Area of exchange :
A=mn-d-h=m-18936-2,84 = 1679 m?
The necessary area to be able to heat the solution to 65 °is 3.92 m2 and the area of the

jacket vessel it's 16.79 m2 therefore there is enough exchange area to heat the solution.

Jacket vessel to crystallization

The vessel need a jacketed to keep the temperature around 0 ° to carried out de crystallization
1. First of all is calculated the necessary heat exchange :

m
Q= ? -Cp- (AT)masa

_5099.46 kg ( 651.3 2940.3

. _ . . (—652
1h 3591.95 184_3591.95 0'64) (=6520)

Q = —78.325 kW
2. The necessary area of exchange is calculated regarding the worst condition during the
operation process :

~30 — (—10)
ATml = ———— = —18.2°C
Gy
10
Q=U-A-ATml
A0 78.325kW o 2
T U-ATml AT

k] 0
04— (~18.220)

It is needed more exchange area that the available area due to de oversized considering the
worst condition in the estimate values.
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3. The necessary refrigeration flow it is calculated :

Q=w ref Cpref : (AT)ref
Q _ 78.325kW _ 1.63kg

W rer - Cpref (_30 _ (_10)) . 2'408kgk—{1( S
=5854.85kg/h

W prer =

Distillation heat exchange:

1. First of all is calculated the necessary heat exchange knowing the value of the mass flow
distilled :

Q=wv-Av
1.1 Previously it is needed to calculate the thermal conductivity
Av =4.186-107 - (1 — 0.66274)%4092 = 2,638 - 107L
kmol
Ji 1kmol kg J
= 7 _— —_— = . 8_
Q =2.638-10" — *mol 84, 933kg - 1470 N 4.64-10 A
4.64-10° k] h_ =129 kW
¢= h  3600s
2. The necessary area of exchange is calculated:
(65 — 25) — (65 —40)
ATml = — =31.91¢C
In(Gz=20)
Q=U-A-ATml
Q 129kW
= = = 5.39m?
ATml-U ey K

e (39.91°C)
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Estimate values of the condenser:
1. First of all it is know that heat flow of condensation it is the same of the evaporation

Qev = Qcon

1= AT1 — AT2 _ o

In m
Q=U-A-ATml

Q 129kW

TATml-U K
0750 75— k"

A = 5.389m?

(31.91°C)

2. Fixed the length of the heat exchanger and the diameter of the tubes :
L=4m d = 0.0Z2m

transbersal tube area = 7 - r? = 0.251m?

latereal tube area =1 -d -l = 0.251m?

heat exchange area  17.19964

lateral area 0251 68.435 tubos

Number of tubes =

3. Ifitis supposed square layout with one single step :

k1l = 0.215 and n1 = 2.207
1

Db=d NEynT 0.272
= O(H) = V. m

Distance between tubes = 1.25- 0.2 = 0.025 m

To know the pipes dimension it is necessary to impose a flow speed, knowing by heuristics
that the velocity should be between 1 and 2 m/s . It has been chosen 1 m/s to ensure that the flux
circulates.
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1. Firstof all it is needed to calculated the section of the pipe, knowing the mass flowing

of each pipe, the speed of the fluid and the density :

w
S=—o
p-v

2. Subsequently it is calculated the internal diameter of the pipe:

) 4 - seccion
dint = | ———
I

3. Once the internal diameter has been selected, it could be determinate the thickness,
but it is important to know the yield strength of the pipe . This parameter depends on
the temperature of each pipe and the material . Assuming that all the pipes have the
same material and the variations of the temperature are not high :

17 - r
142
dext =dint+2-e

Once all the pipes has been selected, piping’s have been selected according to the
normalized pipes catalog:
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