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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 kg/year of Topiramate. The batch size is fixed in 1000 kg/batch by “la Agencia Española 
del Medicamento”. (1) 

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 fármaco antiepiléptico y estabilizador del estado de ánimo usado 

principalmente para tratar la epilepsia (tanto en niños como en adultos), problemas de obesidad, 
trastornos de bipolaridad, dolores neuropáticos, migrañas… La producción del fármaco se realiza 
en dos etapas, la primera  consiste en la síntesis del topiramato técnico a partir de DAF, i la 
segunda etapa  consiste en la purificación del topiramato técnico hasta el comercial cuya pureza 
será del 98,9% . 

El objetivo principal del proyecto es planificar la producción en discontinuo por lotes a nivel 
industrial para las etapas de síntesis y purificación del producto. El tamaño de lotes debe ser el 
suficiente para permitir una producción anual de 20.000 kg/año de topiramato el tamaño del cual 
está limitado en 1000kg/lote por La Agencia Española del medicamento.  

Uno de los propósitos del proyecto, es realizar la producción del fármaco con la menor 
cantidad de equipos. Estos equipos han sido dimensionados a partir de los cálculos realizados 
en el balance de materia.  El intercambiador de carcasa y tubos ha sido diseñado en las 
condiciones de operación más desfavorables, para de esta manera, al sobredimensionar el 
sistema se garantiza que, en caso de haber una perturbación en el sistema, el área de 
intercambio sería suficiente para calentar o enfriar la solución. 

 Las válvulas, bombas y tuberías han sido escogidas según las necesidades del sistema y 
teniendo en cuenta los parámetros de control en el Pi&D. 

Para llevar a cabo el programa de producción, se ha considerado que la producción se realiza 
en 3 turnos, trabajando 24h/día, 7 días/semana y 48 semanas/año. Por tanto, se considera que 
la planta funcionará aproximadamente 220 días/año y el resto de días se realizará el 
mantenimiento de los equipos, mejoras en el sistema… 

Además, se ha estimado el tiempo de ocupación de cada equipo para determinar cuál es la 
etapa limitante y determinar el tipo de producción más adecuada. La producción se realizará en 
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campañas con solapamiento, debido a que el tiempo de lote es menor y se optimizan mejor los 
tiempos de ocupación de los equipos trabajando a su vez como una planta multipropósito. 

Paraules clau: topiramato , ingeniería bàsica, 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 C12H21NO8S and a molecular weight of 339.36 kg. It is 
chemically  designated as 2,3:4,5Di-O-isopropylidene-β-D-fructopyranose sulfamate and has the 
following structural formula: 

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. 

 

Figure  1:Topiramate structure 
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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 sulfonyl 
chloride which has two stages: 

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

 

 

 

 

 

- The second one is the Synthesis of Topiramate: 
 
 
 
 
 
 
 

In this case all of the patents use the same conditions, and it is used pyrimidine as detainer of 
HCl. 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. (3) 

 

 

Topiramate 

Solvent 

Figure  2. DAF's reaction 

Figure  3. Topiramate reaction 
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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: 

- It can 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: 

 

 

 

 

 

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.  

Topiramate 

Solvent 

Figure  4. Topiramate reaction 

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 A1 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” (4) 

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 65ºC 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 65ºC, 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 0ºC 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 
0ºC 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.   

- 1 filter.  

- 1 microwave dryers. 

- 1 centrifuge 

- 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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4. BASIC ENGINEERING 
In the figure it is shown the block diagram of the process. 
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4.1. MASS BALANCE  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Table  1. Mass global balance of synthesis of topiramate 
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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 20ºC.  

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 ª 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. (5) 

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: 

The temperature of vessel 1 remains constant over time at 20ºC 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 65ºC, and the crystallization cooling the 
fluid to 0ºC.  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 ª 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 o 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 
vessel(mm) 3.79 

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

According to the legislation, the surface of the equipments in which circulates a fluid below 
5ºC or over 50ºC 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.(6) 

The next table contains a summary of the jacket specifications; however all the calculations 
are explicitly explained in the appendix 2. (7) 

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 [m2] 2.4 

Wsteam [kg/h] 194.2 

Area of lateral exchange [m2] 16.79 
 

Heat exchange [kW] -78.32 

Area of contact [m2] 10.75 

Wsteam [kg/h] 5855 

Area of lateral exchange [m2] 16.79 
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The necessary area to be able to heat the solution to 65 º 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 0ºC 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 65ºC it  is used  water steam circulating through 
jacketed at 120ºC and two atm.  

Also later is requires to cool the solution to 0 ºC as it has been said, to do so , it will circulate 
through the jacket coolant flow rate ( mixture of glycol and water ) at -30ºC. 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 ºC and the outlet temperature will be 40 ºC, working 
at atmospheric temperature. The distillate will remain at 65ºC 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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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 0ºC and 60ºC, 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 0ºC 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 20ºC.  

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) 1.11 

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) 

(mm) 200 

Distance between baffle and 
vessel(mm) 3.79 

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: 

 

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 20ºC . 
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4.3.4. V-04 

In V-04 takes place the crystallization, cooling of the fluid to 0ºC.  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) 3.79 

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 20ºC, for the third  vessel, while glycol will be at 
-30ºC through the jacket. To maintain the vessel at 0ºC, will circulate through the jacket coolant 
flow rate (mixture of glycol and water) at -30ºC. 
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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 [m2] 6 

Wsteam [kg/h] 1570 

Area of lateral exchange [m2] 6.7 

   

The necessary area to be able to cool the solution to 0 º C is 6.05 m2 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 0ºC to perform the crystallization  
it is used a coolant  circulating through the jacketed at -30ºC . 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: 

0

5

10

15

20

25

0

500

1000

1500

2000

2500

0 2 4 6 8

Te
m

pe
ra

tu
re

 (º
C)

M
as

s (
kg

)

Time (hours)
Figure  9. Mass and temperature variations in V-04 



Design of an industrial process for the topiramate production 27 

 

The graphic shows that there are some variations in the level due to the mass variation. Besides 
the temperature of the vessel  oscillates between 0ºC and 20ºC, this fact is because in the 
beginning the solution it is at 20ºC  but  then it needs to be cooled down to 0ºC 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. (8) 

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.  
2. The feed slurry is feed. 
3. Previously wring. 
4. Washer 
5. Final wring. 
6. Solid discharging or download. 

The centrifuge dimensions will be shown in the Table 13. 

 
Table  12. Characteristics of the centrifuge 

 

Model 
  

Capac. 
dm3 

Charge 
kg 

Veloc. 
rpm  

Weight 
kg 

dimensions 
width/long/height 

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:  

- In the 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:  

- 10 trays  
- 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. 

- N2 to inert 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 1 
dnom (")  2  1/2    1  1/2 --> 2   1 1 --> 2 

 

All the 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: 

A valve 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 bioavailability 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 bioavailability 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 µm. 

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 Española 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 
60ºC. Also, it is used to keep the vessel temperature constant in 60ºC. 

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

- 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. PI&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. 

o 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. 

o 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. 

o 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 20ºC and the reaction it is not exothermic.  

5.1.2. Vessel 2 

o 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 60ºC and the 
crystallization would be done at 0ºC. 
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o 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. 

o 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 

o 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 0ºC. 

o 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 

o 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.  
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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:  
o Determine the order in which tasks use equipment and resources are used.  
o 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] 

V-01 

charge solution  0.50 0.25 
charge Ch2CL 0.50 0.25 

agitation 0.50 0.00 
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 

F-01 

first charge 0.50 0.25 
cleaning 0.50 0.50 

second charge 0.50 0.25 
cleaning 0.50 0.50 

total 2.00 1.50 

V-02 

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 
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 

C-01 

charge 0.17 1.00 
centrifuge 0.33 0.00 

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 

V-03 

charge isop+acet 0.75 0.75 
introduce topiramate 0.50 1.00 

agitation 0.50 0.00 
empty vessel 1.00 0.75 

cleaning 1.50 1.50 
total 4.25 4.00 

F-01 
first charge 0.50 0.25 

cleaning 0.50 0.50 
total 1.00 0.75 

r4 

charge  0.50 0.00 
charge hexane 0.25 0.25 

cool 1.00 0.25 
crystallization 4.00 0.50 
empty vessel 3.25 0.00 

cleaning 1.50 1.50 
total 10.50 2.50 

C-01 

charge 0.17 1.00 
centrifuge 0.33 0.00 

empty  0.67 0.50 
cleaning 0.33 0.50 

total time 1.50 2.00 
charges ·2 3.00 4.00 

D-01 

charge 0.50 1.00 
dry 5.63 0.00 

empty 0.25 1.00 
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 OTj 
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 OTj 

V-1 0 10.5 10.5 

F-1 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 12.5 

 

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 



46 Fonollà Segura, Núria 

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. 

 
𝑀𝑀𝑀𝑀𝑀𝑀 = 𝐵𝐵𝐵𝐵 · 𝑁𝑁 

 

N =
MSn
BT

=
4500ℎ/𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦
42 ℎ/𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏ℎ 

= 107.14 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏ℎ𝑒𝑒𝑒𝑒/𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 

 

107.14
𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏ℎ𝑒𝑒𝑒𝑒
𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

·
1000𝑘𝑘𝑘𝑘
𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏ℎ

= 107140 𝑘𝑘𝑘𝑘/𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 

 
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). 

 
𝑀𝑀𝑀𝑀𝑀𝑀 = 𝐵𝐵𝐵𝐵 + (𝑁𝑁 − 1) · 𝐶𝐶𝐶𝐶 

 

𝑁𝑁 =
𝑀𝑀𝑀𝑀𝑀𝑀 − 𝐵𝐵𝐵𝐵

𝐶𝐶𝐶𝐶
+ 1 =

4500 ℎ
𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 − 42 ℎ

𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏ℎ 

16 ℎ
𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏ℎ

+ 1  = 279.62 
𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏ℎ
𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

 

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.  

𝑀𝑀𝑀𝑀𝑀𝑀 = 𝐵𝐵𝐵𝐵 + (𝑁𝑁 − 1) · 𝐶𝐶𝐶𝐶 
 

𝑁𝑁 =
𝑀𝑀𝑀𝑀𝑀𝑀 − 𝐵𝐵𝐵𝐵

𝐶𝐶𝐶𝐶
+ 1 =

4500 ℎ
𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 − 42 ℎ

𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏ℎ 

16 ℎ
𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏ℎ

+ 1  = 279.62 
𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏ℎ
𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

 

 

As  it has seen before the highest production will  be produce in 279,62 batches:  

279.62 
𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏ℎ
𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

·
1000𝑘𝑘𝑘𝑘
𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏ℎ

·
1𝑡𝑡

1000𝑘𝑘𝑘𝑘
= 279.62

𝑡𝑡
𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦
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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 Española 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: 
 

𝑀𝑀𝑀𝑀𝑀𝑀 = 𝐵𝐵𝐵𝐵 + (𝑁𝑁 − 1) · 𝐶𝐶𝐶𝐶 
 

𝑀𝑀𝑀𝑀𝑀𝑀 = 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: 
 

𝑀𝑀𝑀𝑀𝑀𝑀 = 𝐵𝐵𝐵𝐵 + (𝑁𝑁 − 1) · 𝐶𝐶𝑇𝑇 
 

𝑀𝑀𝑀𝑀𝑀𝑀 = 42 + (9 − 1) · 16 · 2 → 372 ℎ 
Working in four campaign involves that 5 lots are produced in each campaign: 
 

𝑀𝑀𝑀𝑀𝑀𝑀 = 𝐵𝐵𝐵𝐵 + (𝑁𝑁 − 1) · 𝐶𝐶𝐶𝐶 
 

𝑀𝑀𝑀𝑀𝑀𝑀 = 42 + (5 − 1) · 16 · 4 → 424 ℎ 
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N. CONCLUSIONS 
Once having concluded this project, here are exposed the conclusions obtained:  

- It is 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. 

o 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 [m2] 

acet Ethylene acetate  

atm  Atmospheres 

BT  Batch time [h] 

C-01 Centrifuge 

CH2Cl2 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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L  Length [m] 

LT   Level transmitter 

m  Meter 

min  Minutes 

Msn  Make span [h] 

N  Number of batches/lots 

N  Turn speed [rpm] 

N2  Nitrogen 

Np  Power’s number 

NPSHa Net positive suction heat available 

ºC  Celsius 

OTi  Equipment operating time [h] 

P  Power [W] 

P-01 Pump 

Pi&D Piping and Instrumentation Diagram 

Pr  Real power [W] 

PT   Pressure transmitter 

Pt  Theoretical Power [W]  

Q  Heat exchange [W] 

Re  Reynold’s number 

rpm Revolutions per minute 

s  Section [m2]  

T  Temperature 

t  Time [s] 

T1  Inlet temperature of distillate [ºC] 

T2   Outlet temperature of distillate [ºC] 

t1  Inlet temperature of coolant [ºC] 

t2  Outlet temperature of coolant [ºC] 
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TDH Total dynamic heat 

TP  Topiramate 

Tpc  Commercial Topiramate. 

TPt  Technical topiramate 

U   Heat transfer coefficient [W/m2·kJ] 

V  Volume [m3] 

V-01 Vessel 1 

V-02 Vessel 2 

V-03 Vessel 3 

V-04 Vessel 4 

w  Mass flowing [kg/s] 

W  Watts [J/s] 

ΔP  Pressure drop [Pa] 

ΔT  temperature difference [K] 

ΔTml Average temperature logarithmic [K] 

λ   latent heat [J/kg] 

ρ  weight density of fluid [kg/m3] 

µ  Absolute (Dynamic) viscosity [kg·m-1·s-1] 
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APPENDIX 1: SAFETY DATA SHEETS (9) 
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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:  

 

𝑉𝑉 = 𝜋𝜋𝑟𝑟2ℎ 

 

𝑉𝑉 = 3 · 𝜋𝜋𝑟𝑟3 

𝑟𝑟 = � 𝑉𝑉
3 · 𝜋𝜋

3
 

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 =  𝜋𝜋 · 𝑑𝑑 · ℎ 

 

 Magnitudes Vessel 1 Vessel 2 Vessel 4 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 
area(m2) 16,9 16.15 6,71 6,135 
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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 : 

 

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

𝐷𝐷𝐷𝐷 = 0.337 · 𝐷𝐷𝐷𝐷 → 0.64 𝑚𝑚  
2. Subsequently it has been calculated the high of the stirrer : 

𝐸𝐸
𝐷𝐷𝐷𝐷

=
0.17
0.34

→ 𝐸𝐸 = 0.50 · 𝐷𝐷𝐷𝐷 → 0.95 𝑚𝑚  
 

3.  
4. Knowing that it is needed four baffles inclined 45 º, it has to been calculated 

the width of them: 
𝐽𝐽 = 0.1 · 𝐷𝐷𝐷𝐷 → 0.19 𝑚𝑚 ≈ 200𝑚𝑚𝑚𝑚  

 
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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𝑊𝑊
𝑓𝑓

= 0.177 → 𝑊𝑊 = 0.177 · 𝑓𝑓 = 0.0708 𝑚𝑚  

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 
, in our case it has been chosen 60 rpm 

𝑅𝑅𝑅𝑅 =
𝑁𝑁 · 𝑑𝑑2 · 𝜌𝜌

𝜇𝜇
→ 1.8 · 106 𝑚𝑚 

 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:  

 

𝑃𝑃𝑃𝑃 = 𝐾𝐾𝐾𝐾 · 𝑁𝑁3 · 𝐷𝐷𝐷𝐷5 · 𝜌𝜌 → 5.75 𝑘𝑘𝑘𝑘  
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  
 

𝑃𝑃𝑃𝑃 =
𝑃𝑃𝑃𝑃
0.7

= 8.6 𝑘𝑘𝑘𝑘 
 

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. First of all it is calculated the blade diameter knowing that the diameter of the vessel 2 is 

1.90m 

𝐷𝐷𝐷𝐷 =
1.90
1.02

→ 1.863 𝑚𝑚  

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

𝑊𝑊𝑊𝑊 = 0.1 · 𝐷𝐷𝐷𝐷 = 0.186 𝑚𝑚  

 

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

be calculated the W: 
 

𝑊𝑊
𝑓𝑓

= 0.177 → 𝑊𝑊 = 0.177 · 𝑓𝑓 = 0.0708 𝑚𝑚  

 
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 

𝑅𝑅𝑅𝑅 =
𝑁𝑁 · 𝑑𝑑2 · 𝜌𝜌

𝜇𝜇
→ 1.8 · 106 𝑚𝑚  

 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:  

𝑃𝑃𝑃𝑃 = 𝐾𝐾𝐾𝐾 · 𝑁𝑁3 · 𝐷𝐷𝐷𝐷5 · 𝜌𝜌 → 5.75 𝑘𝑘𝑘𝑘  
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  

𝑃𝑃𝑃𝑃 =·
𝑃𝑃𝑃𝑃
0.7

→ 8.6 𝑘𝑘𝑘𝑘  

Dt/Di=1.02 c/Di =0.01 Hi/Di=1 
W/Di=0.1 W/f=0.177  
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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 65º : 
 

𝑄𝑄 = 𝑚𝑚 · 𝐶𝐶𝐶𝐶 · 𝛥𝛥𝛥𝛥 
 

𝑄𝑄 = 7388.51 · (54.53
𝐽𝐽

𝑚𝑚𝑚𝑚𝑚𝑚 · 𝐾𝐾
·

1𝑚𝑚𝑚𝑚𝑚𝑚
0.0849 𝑘𝑘𝑘𝑘

· (65º − 20º ) 

 
𝑄𝑄 = 213,465.85 𝑘𝑘𝑘𝑘 

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

operation process   :  

ΔTml =
120 − 65

ln(120
65 )

= 89.71 º𝐶𝐶 

𝑄𝑄 = U · A · ΔTml 
 

𝐴𝐴 =
Q

ΔTml · U
=

213,465.85
0.5 ℎ  𝑘𝑘𝑘𝑘

𝑚𝑚𝑚𝑚𝑚𝑚 · 𝐾𝐾
0.55 𝑘𝑘𝑘𝑘

𝑚𝑚𝑚𝑚𝑚𝑚 · 𝐾𝐾 · (89.71º𝐶𝐶)
= 2.4 𝑚𝑚2 

 
3. The necessary steam flow to heat the solution is calculated :  
  

𝑄𝑄 = 𝑤𝑤𝑤𝑤 · 𝜆𝜆𝜆𝜆 
 

𝑤𝑤𝑤𝑤 =
𝑄𝑄
𝜆𝜆𝜆𝜆

=
426931.7 𝑘𝑘𝑘𝑘ℎ · 1ℎ

3600𝑠𝑠
2.199 · 103 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘

= 0.05393
𝑘𝑘𝑘𝑘
𝑠𝑠

= 194.15
𝑘𝑘𝑘𝑘
ℎ

 

 
4. It is needed to know if the vessel has the necessary area of heat exchange, and it is 

calculated :  
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𝑉𝑉 = 8 𝑚𝑚3 
𝑉𝑉 = 𝜋𝜋 · 𝑟𝑟2 · ℎ  
𝑟𝑟 = 0.9468 𝑚𝑚 

Area of exchange  :  
 

𝐴𝐴 = 𝜋𝜋 · 𝑑𝑑 · ℎ = 𝜋𝜋 · 1.8936 · 2,84 = 16.79 𝑚𝑚2 
The necessary area to  be able  to heat the solution to 65 º 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 º to carried out de crystallization 
1. First of all is calculated the necessary heat exchange :  
  

𝑄𝑄 =
𝑚𝑚
𝑡𝑡

· 𝐶𝐶𝐶𝐶 · (𝛥𝛥𝛥𝛥)𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚  

 

𝑄𝑄 =
5099.46 𝑘𝑘𝑘𝑘

1 ℎ
· �

651.3
3591.95

· 1.8 +
2940.3

3591.95
· 0.64� · (−65º𝐶𝐶) 

 
𝑄𝑄 = −78.325 𝑘𝑘𝑘𝑘 

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

ΔTml =
−30 − (−10)

ln(30
10)

= −18.2 º𝐶𝐶 

𝑄𝑄 = U · A · ΔTml 

𝐴𝐴 =
𝑄𝑄

𝑈𝑈 · ΔTml
= −

78.325𝑘𝑘𝑘𝑘

0.4  𝑘𝑘𝑘𝑘
𝑚𝑚2𝑠𝑠 · 𝐾𝐾 · (−18.2º𝐶𝐶)

= 10.75  𝑚𝑚2 

 

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 :  
 
𝑄𝑄 = 𝑤𝑤 𝑟𝑟𝑟𝑟𝑟𝑟 · 𝐶𝐶𝐶𝐶𝑟𝑟𝑟𝑟𝑟𝑟 · (𝛥𝛥𝛥𝛥)𝑟𝑟𝑟𝑟𝑟𝑟  

 

𝑤𝑤 𝑟𝑟𝑟𝑟𝑟𝑟 =
𝑄𝑄

𝑤𝑤 𝑟𝑟𝑟𝑟𝑟𝑟 · 𝐶𝐶𝐶𝐶𝑟𝑟𝑟𝑟𝑟𝑟
= −

78.325𝑘𝑘𝑘𝑘

�−30 − (−10)� · 2.408 𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘 · 𝐾𝐾 

=
1.63𝑘𝑘𝑘𝑘

𝑠𝑠

= 5854.85 𝑘𝑘𝑘𝑘/ℎ 
 
Distillation heat exchange:  
 
1. First of all is calculated the necessary heat exchange  knowing the value of the mass flow 

distilled :  
𝑄𝑄 = 𝑤𝑤𝑤𝑤 · 𝜆𝜆𝜆𝜆 

1.1 Previously it is needed to calculate the thermal conductivity 

𝜆𝜆𝜆𝜆 = 4.186 · 107 · (1 − 0.66274)0.4092 = 2.638 · 107
𝐽𝐽

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
  

 

𝑄𝑄 = 2.638 · 107
𝐽𝐽

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
·

1𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
84.933𝑘𝑘𝑘𝑘

· 1470
𝑘𝑘𝑘𝑘
ℎ

= 4.64 · 108
𝐽𝐽
ℎ

 

 

𝑄𝑄 = 4.64 · 105
𝑘𝑘𝑘𝑘
ℎ

·
1ℎ

3600𝑠𝑠
= 129 𝑘𝑘𝑘𝑘 

 
2. The necessary area of exchange is calculated:  

ΔTml =
(65 − 25) − (65 − 40)

ln(65 − 25
65 − 40)

= 31.91 º𝐶𝐶 

 

𝑄𝑄 = U · A · ΔTml 

A =
Q

ΔTml · U
=

129kW

0.750 kJ
m2 · s · K · (39.91º𝐶𝐶)

= 5.39 𝑚𝑚2  
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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  

𝑄𝑄𝑄𝑄𝑄𝑄 = Q con 
 

ΔTml =
ΔT1 − ΔT2

ln �ΔT1
ΔT2�

= 31.91º𝐶𝐶  

 
𝑄𝑄 = U · A · ΔTml 

 

A =
Q

ΔTml · U
=

129kW

0.750 kJ
m2 · s · K · (31.91º𝐶𝐶)

= 5.389 𝑚𝑚2 

 
2. Fixed the length of the heat exchanger and the diameter of the tubes :  

L = 4m  d = 0.02m 
 

transbersal tube area = 𝜋𝜋 · 𝑟𝑟2 = 0.251𝑚𝑚2  
latereal tube area = 𝜋𝜋 · 𝑑𝑑 · 𝑙𝑙 = 0.251𝑚𝑚2  

 

Number of tubes =
heat exchange area

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
=

17.19964
0.251

= 68.435 tubos   

 
3. If it is supposed square layout with one single step :  

 
k1 = 0.215 and n1 = 2.207  

Db = do · �
Nt
k1
�
1
𝑛𝑛1

  = 0.272 m  

Distance between tubes = 1.25 · 0.2 = 0.025 m  
 

Piping : 
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. First of 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 : 

𝑆𝑆 =
𝑤𝑤
𝜌𝜌 · 𝑣𝑣

 

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

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = �4 · 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠ó𝑛𝑛
𝜋𝜋

 

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 : 

 

𝑒𝑒 =
17 · 𝑟𝑟
142

 

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 + 2 · 𝑒𝑒 

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