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SUMMARY

Oxolamine Citrate is an active ingredient of many antitussive pharmaceutical drugs. Last
years, its demand has increased significantly, what has caused the necessity to increase its
production.

For that, it was studied experimentally the way to optimize the process that was conducting
a company to produce the drug back then, determining the critical points and suggesting
improvements. Through the laboratory research and implementing many modifications, it was
achieved the way to increase its yield from 24% to 64%, thanks to the identification of impurities
in the Oxolamine Citrate synthesis.

For this reason, in this project is going to be studied how to transfer this optimized process
to industrial scale. It is going to work in discontinuous mode.

The process can be divided in two phases: Oxolamine Citrate synthesis and its purification.
It is going to be studied the most feasible method to the synthesis phase, even if it is going to
take into account the purification phase to know the batch time and the time that will take to
obtain the requested production. The production that has to be satisfied is 100 tones per year.

In order to achieve this quantity, it has been searched the way to get a balance between the
production time and the minimum number of equipment required. Consequently, the equipment
will be flexible, so when it is finished the annual production of Oxolamine Citrate, they will be
able to be adapted to future processes.

The equipment used is: for the synthesis phase, 4 vessels, all of them provided of a half-
pipe jacket, an agitator and a condenser to assure the reflux of the liquid that could evaporate.
Anyway, the capacities of these vessels are not the same, and in them are carried out different
operations as can be reactions, extractions or crystallizations. In the case of the purification
phase, it would be provided of a centrifuge, a rotary dryer and two micronization mills.

It has been scheduled the production process, and has been dimensioned the equipment
involved in the synthesis phase, apart from the control and automation system with its P&ID.
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Lastly, it has been achieved to produce the annual requirement of 100 tones, through the
production of 46 batches of 2180 kg in a period of 8 weeks.

Keywords: oxolamine citrate, active ingredient, batch production, basic design.
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RESUMEN

El Citrato de Oxolamina es un principio activo de farmacos antitusivos y antiinflamatorios.
En los Ultimos afios ha aumentado su demanda considerablemente, hecho que ha provocado la
necesidad de un aumento de produccion.

Para ello, se estudié experimentalmente el modo de optimizar el proceso que se llevaba a
cabo en una empresa, determinando os puntos criticos y planteando mejoras. Mediante el
estudio a escala de laboratorio de todo el proceso, e implantando diversas modificaciones, se
consiguié aumentar el rendimiento de un 24% a un 64% gracias a la identificacién de las
impurezas en la sintesis del compuesto.

Es por eso que en este proyecto se ha decidido llevar a cabo dicho proceso optimizado de
produccion de Citrato de Oxolamina a escala industrial. Se trabajara en discontinuo (en lotes).

El proceso puede dividirse en dos etapas: la sintesis del Citrato de Oxolamina y su
purificacion. A continuacién se estudiaré la metodologia mas factible para la etapa de sintesis,
aunque se debera tener en cuenta la etapa de purificacion con tal de saber el tiempo de batch y
el tiempo que llevara obtener la produccién requerida. La produccion que debe satisfacerse es
de 100 toneladas anuales.

Con tal de obtener dicha cantidad, se ha buscado conseguir un equilibrio entre el tiempo de
produccién y el minimo de equipos posibles. Es por ello que a menudo se llevaran a cabo
varias etapas en un mismo equipo. De esta manera, los equipos que se utilizaran seran
flexibles, y al finalizar la produccién anual requerida éstos podrén adaptarse a posibles
procesos futuros de la planta.

Los equipos utilizados son: para la etapa de sintesis, 4 reactores, todos ellos provistos de
una media cafia, un agitador, y un condensador a reflujo total para no perder la materia que
pudiera evaporarse. De todas formas, los tamafios de éstos son diferentes, y en todos ellos se
llevan a cabo operaciones diferentes asi como reacciones, extracciones o cristalizaciones. En
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cuanto a la etapa de purificacion, constaria de una centrifuga, un secador rotatorio por vacio y
dos molinos micronizadores.

Se ha planificado el tiempo del proceso productivo, y se han dimensionado los equipos
implicados en la etapa de sintesis, ademas del sistema de control y automatizacién con el P&ID
correspondiente.

Finalmente, se ha conseguido producir la demanda de 100 toneladas anuales, mediante 46
lotes de 2180 kg, en un periodo de 8 semanas.

Palabras clave: citrato de oxolamina, principio activo, produccién en discontinuo, disefio
basico.
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1. INTRODUCTION

Pharmacology is a fundamental part of medicine, since pharmaceutical drugs are used to
cure, prevent or treat health diseases. In this case, Oxolamine Citrate (COX), an active
ingredient that is found in many cough syrups, is used because of its anti-inflammatory effects
and antitussive action. ()

This active ingredient is sold in a lot of countries, since many pharmaceutical companies
use them as one of its raw materials to produce the cough medicines, mainly in South America,
where it has a big market. @

Due to the increase of its demand, it was studied experimentally how to optimize the
production process of COX that was conducting a company back then, determining the critical
points and studying the formation of impurities in order to reduce them. Trough many
modifications, it was achieved to increase the yield of the process from 24% to 64%. ©)

For this reason, down below has been studied the way to transfer this optimized process to
industrial scale, working in batch mode.

Working in discontinuous mode allows being more flexible with the equipment. That kind of
working mode is very common in pharmaceutical industry, because the volumes are not so
high. As it works on campaigns, whose time depends on the process and on the product, the
equipment used for a specific process would not be working for a big part of the year. This is
why it is tried to design the equipment the most adaptable way possible, which allows the
consecutive production of different compounds using the same installations.

1.1. OXOLAMINE CITRATE PRODUCTION PHASES

The process of COX production can be divided in two main phases: synthesis and
purification. This project is focused on the synthesis phase, even if it has been taken into
account the time that would take the purification, so it has been possible to know the production
schedule.
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1.1.1. PHASE OF SYNTHESIS

As it has been said before, one of the main phases of the process is the synthesis of COX.
During this phase, it is possible to obtain the COX before purification. The row materials are
principally benzonitrile, sodium carbonate and hydroxylamine hydrochloride.

The fact of working with the optimized process studied in the past, allows the formation of
fewer impurities and helps to form the final products needed. These modifications differ from the
original process in the formation of Oxolamine and in the crystallization. From now on, we will
talk about this optimized process. @)

The chemical reactions that take place are the ones that can be seen on the next figure:

\\_——>
Benzonitrile N
Water
Sodium Carbonate

Hydroxylamine Hydrochloride

!. Y
5

0X01
OX0 2 Oxolamine
Citric acid i
I
™~ o~ o
/N"""-\ ’:f
(o "o \
i':. .,.’,q OH
TS HO—_
|G
- o]
Oxolamine Citrate

Figure 1. Oxolamine Citrate forming reactions

As it is seen in the reaction, COX is produced by many phases, and many secondary
reactions take place. First of all, are added benzonitrile (which is the limiting reagent), water,
sodium carbonate and hydroxylamine hydrochloride. The first product that is formed is a
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secondary one, which has been called OXO1. After that, are added anhydrous sodium sulfate,
triethylamine (TEA) and 3-chloropropionyl chloride (3-CC) to form another secondary product,
which has been called OX02. The next substance that is added is diethylamine (DEA) to form
Oxolamine. Once oxolamine is formed, is added citric acid monohydrate to form the final
product, COX.

mal;ae\:irals | oxot |C| oxo2 |L)| Oxolamine ||  COX

Figure 2. Oxolamine citrate synthesis

1.1.2.PHASE OF PURIFICATION

Purification phase comes after the formation of COX, in other words, when it has been
obtained the final product but it is wet already. The first step to do is to centrifuge the wet COX
to separate the solid COX from the liquids that rest on the final step of the synthesis, even if it is
not possible to separate completely all the liquid. COX will have approximately a 10% of
humidity, so on the next step it has to be dried. After that, the product has to be milled to reduce
the size of the particles. The last step would be packing the COX for selling it.

COX  [)| Centifuge )| Drying || Miling | L) | oo orocict

Figure 3. Oxolamine citrate purification
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2. OBJECTIVES

The main objective of this project is to do the preliminary design of an industrial plant to
produce 100 tones per year of Oxolamine Citrate, taking into account many modifications
studied experimentally to optimize the process.

To achieve this production, it is necessary to satisfy the next tasks:

- Select how would have to be the necessary equipment to acquire the production
proposed.
- Study all the phases of the project, deciding where to execute them and the time
they will take.
- Design the diagrams to develop the project: block, process and services.
- Select the batch size and batch time, as well as the production schedule.
- Study the automation of the process and design the piping and instrumentation
diagram (P&ID).
The project covers the design, the diagrams and the automation of the synthesis phase,
until obtaining the Oxolamine Citrate. The purification process until having the product in the
optimal conditions in order to sell it, has been taken into account but not studied insightfully.
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3. PRODUCTION PROCESS

COX production is the result of numerous operations. As it has been said before, the
process can be divided in two general phases, synthesis and purification, even if each of them
can be divided in different stages too. To specify the process better, along this section it is going
to be explained each stage individually.

First of all, it is necessary to make a general vision of the process. For that, on this section
there is a block diagram where it is possible to see the different stages of the synthesis phase.
After that, it is going to be explained the recipe, to understand the sequence of the operations in
each stage. Once the process is explained, it is going to be selected the equipment necessary
to perform the different stages.

It should be reminded that this process works in discontinuous mode, so it is necessary to
understand that one operation starts when finishes the preceding, remaining that preceding
equipment empty (unless it is used for the next batch, if it is possible). It is going be another
diagram to see the position of the solution along the process, since some equipment works
more than one time in one batch.

Finally, it will be shown a process diagram with all the equipment chosen represented, apart
from the macroscopic mass balance, both global and individual.

3.1. BLOCK DIAGRAM

Hereunder, it is shown a basic representation of the process where it can be easily
understood the method that it follows.

The colored blocks correspond to the different stages within the synthesis phase. The
stages differentiated are: the formation of OXO1, the formation of OXO2, the formation of
Oxolamine and lastly the formation of COX. They are easily identifiable because of the different
colors and the legend map shown below. The last block, non-colored, correspond to the
purification.
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OXOLAMINE
Reaction
Water \ ,'/ \
Sodium carbonate .
Benzonitrile 0XO 2 Reaction T
Hydroxylamine U Extraction 2
J Extraction é

N
> - O
0XO 1 Reaction Ciclation

(/ @ Extraction

Extraction Extraction

U

4 N
4 < Crystallization
1st stage: OXO1 formation

2nd stage: OX02 formation @

[ >  oxoLAMINE CITRATE
Purification phase \ /

Extraction

300

481eM + %02 HOBN

Figure 4. Block diagram

As we can see in the block diagram, in each stage is not only conducted a chemical
reaction, but also one or more extractions in order to take the organic phase and separate the
aqueous phase. All of them work diversely, since not is always used the same dissolvent. In the
fourth stage, instead of extractions, there will be crystallization once the COX is formed, to
solidify it. After that, it has to be conditioned on the purification phase.

It is important to specify that not necessarily each stage must be carried out in only one
equipment, and not necessarily each equipment will take part in only one stage.
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3.2. RECIPE

Once the process has been represented by its different stages, it is going to be described
each one of these stages in more detail in order to clarify all the operations accomplished.

3.2.1. OXO 1 FORMATION (1st STAGE)

The first step is the formation of the secondary product designated OXO1. This stage
comprises a chemical reaction, which is the formation of 0XO1, and an extraction.

Benzonitrile

Sodium Carbonate ‘
Water 0XO 1 Reaction

Hydroxylamine hydrochloride

DCE ——> Extraction ——> Aqueous phase

l

0X0 1+DCE

Figure 5. OXO1 formation

OXO 1 is formed by the raw materials previously appointed, water, sodium carbonate,
benzonitrile (that is the limiting reagent), and hydroxylamine hydrochloride. The reactants are
introduced in this order inside the reactor, as the sodium carbonate, that is a solid and has to be
introduced manually, can be dissolved in water. At the beginning, the reactants are at ambient
temperature. Once inside the vessel, the reaction lasts 5 hours and has to take place at the
temperature of 75°C. For that, it has been necessary to implant a heating system. This system
is a heating jacket. After that time, the temperature has to decrease to ambient temperature
again in order to perform the extraction.

The purpose of the extraction is to eliminate the water inside the reactor, because the next
reaction (OXO2 reaction) needs a non-aqueous medium as the 3-CC is discomposed in
hydrochloric acid (HCI). This is why it is introduced 1,2-dichloroethane (DCE), an organic
dissolvent that has a very low solubility in water. This way, the organic phase, formed by OXO1
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(the product) and DCE will be separated from the aqueous phase, which will be water and
impurities. The aqueous phase is eliminated by now (it is going to be treated with other
effluents), and the organic phase continuous to form another secondary product, the OXO2.

3.2.2.0X0 2 FORMATION (24 STAGE)

This step consists mainly on the formation of 0XO2, even if there are other operations, so
there is a reaction, a ciclation (that is how was called a modification from the optimized

lOXO 1+DCE
Anhydrous sodium sulfate

3ng —>| OXO 2Reaction

process), and an extraction.

Ciclation

HCI
Water —————» Extraction ——>>» Aqueous phase

lOXO 2+DCE

Figure 6. 0XO2 formation

First of all, is introduced to the reactor the mix of OXO1 produced in the preceding stage
and DCE. After that, it is introduced anhydrous sodium sulfate manually, since it is a solid, TEA
and 3-CC. This last substance has to be dissolved previously with DCE, and introduce the mix
in 7 steps in order to increase its dilution. The reaction lasts 1 hour and has to take place at the
temperature of 10°C because it is exothermic. The heating system will be a jacket, which like in
the previous stage, it will be able to cool and to heat.

Once the reaction has finished, it was studied a chemical method that concludes that an
increasing of the temperature to 80°C at this point, increases the solubility and provokes a
higher yield and less formation of impurities. For that, it is used the heating jacket.
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The last step before the next reaction is an extraction to separate the TEA that has not
reacted. For that, it is introduced water and HCl with a concentration of 33%, to form
triethylamine hydrochloride, which is very soluble in water. They form the aqueous phase, which
will be treated apart. Meanwhile, OXO?2 is very soluble in DCE, so they form the organic phase
that will react next to form the Oxolamine.

3.2.3.0XOLAMINE FORMATION (31 STAGE)

This part of the process is represented by the formation of the Oxolamine. After the reaction,
there are four extractions, two with HCl and other two with NaOH.

0OX0 2 +DCE

DEA — > OXOLAMINE

Reaction

HCI
Water ————>> Extraction ——>> Aqueous phase

HCI
Water ———»  Extraction = ——>» Aqueous phase

NaOH
Water ————»  Extraction = ——>> Aqueous phase

NaOH .
Water ————  Bxtraction s 40ie0us phase

l

Oxolamine + DCE
Figure 7. Oxolamine formation

The first step of this stage is the Oxolamine reaction. It is introduced DEA, and the reaction
takes place for 1 hour at the temperature of 80°C. Again, a jacket heating system works to
increase the temperature. Once Oxolamine is formed and the reaction has finished, it has to
work to decrease the temperature to ambient temperature again in order to carry out the
extractions.



12 Iglesias Carmen, Elena

Then, there are two acid extractions. Are made two of them to assure that all the impurities
are eliminated (also the DEA that has not been reacted). To perform these extractions, first of all
are added HCI and water, and then the system, like in the other extractions, is agitated. The
aqueous phase is set apart to treat it, and the organic phase, composed of Oxolamine and
DCE, is moved to perform the second acid reaction, again with HCI and water. The result will be
the same, and the new aqueous phase will eliminate the impurities that could not be eliminated
in the previous extraction.

Lastly, there are who basic extractions. These last two extractions with NaOH, are another
modification from the original process. This is done because the result of these acid and basic
washings is an Oxolamine with less quantity of impurities. As in the extractions above, NaOH
and water are introduced, the system is agitated, and there is a separation of the aqueous and
the organic phases.

3.2.4.COX FORMATION (4t STAGE)

The last step of the synthesis phase of the process is the formation of COX, the final
product. This step is formed by the reaction of COX and a crystallization right after in order to
solidify it.

Oxolamine + DCE

Acetone l

Citric acid monohydrate ————2*  COX Reaction

Crystallization

!

COX + DCE + Acetone

Figure 8. COX formation

After being introduced the previous organic phase, composed by Oxolamine and DCE, are
introduced acetone and citric acid monohydrate. There is a reaction where is formed the final
product, the Oxolamine Citrate.
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Thereafter, is made a crystallization to solidify the COX. After that, the solution contains
solid COX, acetone and DCE.

The synthesis phase finishes here because the final product has been obtained. The aim of
the purification phase is, first of all, to separate the solid COX from the other substances, which
are liquid, through a centrifugation. After that, COX has to be dried and conditioned so it can be
packed.

3.3. EQUIPMENT SELECTION

The equipment of this project has been selected taking into account the fact of using the
less number of them possible, but taking also into consideration the batch time.

3.3.1.SYNTHESIS EQUIPMENT

Since there are carried out many reactions, and other operations like extractions and
crystallizations, and they all can be performed in reactors, this is the main equipment of the
process, even if not all the operations have the same necessities. This is why, even if there will
be many reactors, all of them will be different with each other.

Even though, they all have similar properties. They are all provided of a condenser on it,
which uses water at ambient temperature from a cooling tower in order to condense the steam
that could evaporate from the reaction (). Another thing that they have in common is the heating
system. They are all provided of a heating jacket with two services. On the one hand, there is
the steam in order to increase the temperature of the reactor when it is necessary, and on the
other hand there is glycol-water at 50% at the temperature of -20°C in order to decrease the
temperature.®

The first stage is all carried out in the first reactor, called R1. This means that it is conducted
the OXO1 reaction first, and after that, the extraction. The particular thing of this reactor is that
since at the first step (the reaction) the volume of the solution fills only the half part of the
capacity of the reactor, and at the second step (the extraction) it takes approximately the 90% of
the capacity, the jacket is split at half height. This way, the transfer area will be adequate for
each situation.
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The second stage is carried out in the second reactor, R2. The capacity of this reactor is the
same of R1, and the difference is that the jacket, in that case, will not be split but entire.

The third stage, since it has four extractions, has to be completed in more than one vessel,
because after each extraction it has to be separated the aqueous phase from the organic
phase. This is why the reaction and the first extraction are carried out in a third reactor, R3. The
next extraction will be conducted in a fourth reactor, R4. The two basic extractions with NaOH
are accomplished in reactors R2 and R3, respectively. R3 is very similar to R2; they have the
same capacity and the same heating system, even if obviously they do not have the same
inputs and outputs. In the case of R4, it is bigger because later on is needed more capacity on
the formation of COX.

Finally, the fourth stage, composed by the COX reaction and crystallization, is carried out in

reactor R4. emmm e - EETSSssTssT e
{ \ H 3
1 Water ! ' !
! Sodium carb ! ' . '
i °a'.".§§§mﬁf"' ' ! 0XO 2 Reaction |
) Hydroxylamine . ! !
R1 : : i Ciclation ' R2
! 0XO0 1 Reaction ] ' '
E Extraction i E Extraction i
! o OXOLAMINE i
' H | Reaction !
R4 COX Reaction iCl: ' R3
Crystallization :
\ ; | Extraction &
---------------------- :'— Extraction %-\: R4
H Extraction . E R2
' Extraction : E R3

Figure 9. Equipment distribution
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As it can be seen, are used four reactors, and all of them except R1 are used more than
once in every batch. This equipment has been dimensioned and the results will be exposed
further on.

3.3.2.PURIFICATION EQUIPMENT

Even if the phase of purification has not been dimensioned, talking about the size of the
equipment, if has been chosen which will be used taking into consideration the necessities both
of capacities and batch time.

The output of the previous step, the fourth stage of the synthesis phase, was a mix of COX,
DCE and Acetone. It has to centrifuge, even if the volume of R4 is much bigger than the volume
of the centrifuge. This is why it is necessary to move the solution from R4 to the centrifuge in 7
steps because of the size of the centrifuge. While each of these 7 parts is centrifuging, the
reminder that has not transferred yet stays in R4.

After centrifuge, the 90% of the liquid has been separated and is obtained wet COX. To dry
it is used a rotary vacuum dryer. Once COX is dried also in 7 steps, it has to be milled. It is
milled in continuous, right after the drying operation. For it, are used two micronizer mills
because its capacity is small. Right after, COX is packed.

[ contgeton |\
i

I Drying ]

1]
| miling |

U

Packin J
e

Figure 10. Purification stages
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3.4. PROCESS DIAGRAM

Shown below is represented the process diagram where are seen all the equipment and the
inputs and outputs of the synthesis phase.

Can be also seen the plant services, which are:

- Cooling water at ambient temperature used for the condensers, which is
refrigerated in a cooling tower.

- Water steam to heat the reactors through the jacket, which leaves the jacket as
condensate.

- Water-glycol mixture at 50%, at the temperature of -20°C, to cool the reactors
through the jacket.
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3.5. MASS BALANCE

Down below are written the design bases and the mass balances of the process, both global
and individual of every reactor.

3.5.1.DESIGN BASES

One of the bases of the project is that it works in discontinuous, so not all the equipment is
working all the time.

The mainly aim of the process is producing the quantity of 100 tons per year of COX. This is
the calculation base of the production process. In every batch are produced 2180 kg of COX,
which means that it should be produced 46 batch/year.

In the original process the quantity obtained in each batch was the half part, but as it was
said before, the production had to increase. Even though, it is known the amount of raw
materials that were used, as well as the yield of the operations. This way it was possible to
calculate the quantity of product obtained in the operations involved in the process.

kg/batch
Benzonitrile 800
0X0 1 952
0X02 1,488
Oxolamine 1,708
COX before purification 2,508
COX obtained 2,180

Table 1. Base calculation

3.5.2.MASS BALANCES

Down below there is a table where can be seen the inputs and the outputs in each
equipment step by step. Until the R4 there are the quantities per batch. From there, there are
the quantities of every load (taking into account that every batch is divided in 7 loads).
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IN ouT
R1 9,656 9,656
R2 9,516 9,516
R3 10,340 10,340
R4 9,112 9,112 kg/batch
R2 11,244 11,244
R3 11,244 11,244
R4 12,744 12,744
Centrifuge 1,778 1,778
Dryer 353 353 kg/load
Mills 315 315

Table 2. Inputs and outputs

In order to see it more clearly, the increase of the mass in each batch with the time can be
seen in the Figure 16 (chapter 6.2).
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3.6. ENVIRONMENTAL FACTORS

Nowadays, it is important more than ever taking into consideration the environmental factors
that have a connection with the process.

It has to be complied with governmental regulations. For that, it is important to consider
many aspects as: the residues generated in the process, the wastewater and its possible
segregation and final management, the air emissions, the noise emissions if it is alerted that
they could be high, the energy demand of the installation and the possibility of minimize it and
the consume and amount of water to use also the possibility of minimizing.®)

Furthermore, it has to be studied the exploitation of the raw materials, that not will only help
the environment but also will decrease the cost of the production.() For that, there is an
installation to treat the aqueous phases that go out of the many extractions, and also a
recirculation system of the solvents that have been separated during the process. Even if they
have not been dimensioned on this preliminary design, they are explained down below.

Aqueous phases of extractions:

In total, there are six extractions. On them, it has been separated the organic phase (that
was the useful because it contained the product), of the aqueous phase. This aqueous phases
have to be treated because they have impurities so can’t be segregated to the environment. All
of them excepting of one, are all sent to a sewage treatment plant, in order to purify them so
they can be segregated. The other one is the aqueous phase coming from the second stage,
after the OXO2 formation. This phase contains TEA that has not reaction, so is treated to
recover it.

Solvents recuperation:

The solvents recuperation takes part on the purification phase. Once DCE and Acetone are
mixed before the crystallization in R4, they will remain in the solution until arriving to the
centrifuge, where the liquid part and de solid COX are separated. Is there when DCE and
Acetone are removed. After that, they are treated to separate them, so they can be exploited.
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4. PROJECT SPECIFICATIONS

In this section, are going to be explained the project specifications. It includes the
specifications of the equipment, the auxiliary equipment of the plant services, the pipes, valves
and pumps, and an explanation of its distribution in the plant.

4.1. REACTORS

The equipment used in the synthesis phase of the process is formed mainly for four
reactors. They are all similar, since they have the same heating system and auxiliary
equipment, but not equals.

Reactors R1, R2 and R3 have the same volume, and R4 is bigger. Furthermore, the
agitation system of the first three reactors is the same and the one for R4 is different. This is
why this point is divided in two sections, first are going to be dimensioned the first three reactors
and then the last one. Their specifications sheets can be found on Appendix 2.

The dimensions have been calculated according to the necessities, so the next step would
be choosing the reactors that suit these necessities best, once it has been talked to the supplier
and has been made the comparison between the offers.

4.1.1.REACTORS R1, R2 AND R3

Even if R1, R2 and R3 are not used for the same operations and either for containing the
same solution, they have the same size so they can be more flexible and accordingly more
useful if they are ever needed for another process when COX production is not carried out in the
plant. Their sizing has been established taking into account the substances properties that take
place in the process.®)

Thereunder, there are the general specifications of these reactors:
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Diameter [m] 2.2
Section [m?] 3.8
Height [m] 3.2
Wall thickness [m] 0.01
Volume [m3] 12

Table 4. Size of R1, R2 and R3

Apart of the sizing, other properties are shown below:

R1 R2 R3
Position Vertical Vertical Vertical
Material AISI 316L AISI 316L AISI 316L
Working Temperature [°C] +25/+80 +10/+80 +25/+80
Working Pressure [bar] 1 1 1

Table 5. R1, R2 and R3 general properties

After having seen the general considerations of the three reactors, it is going to be
contemplated what is the auxiliary equipment required for the correct running of them. All of
them are mentioned and explained here below.

Half-Pipe Jackets

The heating system of all the reactors is a half-pipe jacket, which guarantees a good area
transfer between the solution inside the reactor and the fluid inside the jacket. This half-pipe
jacket is provided by two plant services, since its function is both heating and cooling.(®)

When it has to be heated, it is used water steam at 120°C, which condensates inside of the
jacket and goes out of it as condensate. This condensate is treated in the plant to turn back to
vapor steam, so it can be used again on all the processes carried out apart from this one.

When it is necessary to cool the solution inside the reactor, it is used a water-glycol mixture
of 50%. The reason for it is that the cooling liquid has to be at a lower temperature than 0°C,
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since one of the reactions of the process has to take place at 10°C because it is very
exothermic. If the cooling liquid temperature was higher, the temperature gradient between
them would not be high enough. This is why it is used the water-glycol mixture of 50%, which
has enough ethylene glycol to decrease its melting point. This cooling liquid goes into the
reactor at the temperature of -20°C.

The information above is common for R1, R2 and R3, but there is a difference between
them. The R1 is not always full. When it is taking place the reaction, the solution inside fills
approximately only the half part of the reactor. This is why the half-pipe jacket of R1 is split at
half height. Instead, the half-pipe jackets of R2 and R3 are entire.

Below there are the tables where can be seen its properties:

R1
Jacket type Split half-pipe
Operation Heating Cooling
Fluid Water Steam Water-glycol
Exchange area [m?] 9 9/16
Heating power [kW] 325 140
Fluid flow [m3/h] 0.6 4.1

Table 6. R1 thermal properties

R2
Jacket type Half-pipe
Operation 1st Cooling Heating 2nd Cooling
Fluid Water-glycol Water Steam Water-glycol
Exchange area [m?] 16 16 16
Heating power [kW] 165 350 220
Fluid flow [m3/h] 8.6 0.6 6.5

Table 7. R2 thermal properties
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R3
Jacket type Half-pipe
Operation Heating Cooling
Fluid Water Steam Water-glycol
Exchange area [m?] 16 16
Heating power [kW] 330 220
Fluid flow [m3/h] 0.6 6.5

Table 8. R3 thermal properties
Condensers

Each reactor is provided of a condenser on it in order to condense the vapors that could
evaporate from the reaction. It works at total reflux, so all the condensate returns to the reactor.
The type is a coil condenser. The cooling water goes through the coil and the vapors
evaporated through the area between the coil and the casing.

Their properties are shown below:

Type Coil
Cooling fluid Water

Exchange area [m?] 15

Fluid flow [kg/h] 30

Table 9. Condensers properties

Agitation system

The agitation system of R1, R2 and R3 is the same. It consists of a vertical agitator located
in the center of the reactor. This agitator is consists of two paddle impellers with four pitched
blades. The two impellers are located in the same axis but at different heights.

The general properties of the agitators are below: type, size (having into consideration that
the diameter of the impeller is approximately 1/3 of the diameter of the vessel), material, and the
rotational speed. (1" Taking into account these properties it should be chosen the agitator that
best fits from the suppliers’ offers, considering its mechanical properties too.
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Type Paddle agitator
Number of axes 1
Number of impellers 2

Impeller shape 4 pitched blades

Contact: AISI 316L

Materil No-contact: AlSI 304
Diameter [m] 0.7
Height [m] ;gg
Rotational speed [rpm] 80

Table 10. R1, R2 and R3 agitation properties

4.1.2.REACTOR R4

R4 is slightly different to the others, since it is bigger and inside it is carried out another
operation apart from the chemical reaction and an extraction: a crystallization.

Due to all the operations that are performed in it, it has different conditions apart from the
size. On the one hand, the heating system will be the same to the other reactors (but bigger,
because the contact area has a larger size), and the agitation system has to be different too
because all the operations don’t need the same agitation speed nor the same agitator type.

On the other hand, many properties are the same, as the fluids used to heat and to cool, the
position of the reactor, the material or the working pressure.

As it has been done with the other reactors, below there is a table with the general

properties of R4.
Diameter [m] 2.3
Section [m?] 4.2
Height [m] 3.4
Wall thickness [m] 0.01
Volume [m3] 14

Table 11. Size of R4
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R4
Position Vertical
Material AISI 316L
Working Temperature [°C] +10/+25
Working Pressure [bar] 1

Table 12. R4 general properties
Half-Pipe Jacket

The half-pipe jacket is similar to the ones of the other reactors, but it is bigger, so itis R4. In
that case the jacket is entire (not split as in R1).

It has the main function of cooling in order to crystallize the COX once the product is
formed. This is why the temperature will decrease significantly.

R4
Jacket type Half-pipe
Operation Cooling
Fluid Water-glycol
Exchange area [m2] 18
Heating power [kW] 130
Fluid flow [m3/h] 6.8

Table 13. R4 thermal properties
Condenser

The condenser used in this reactor has exactly the same function to the others, and the
properties are the same. The four condensers used on the synthesis phase of the process are
equal.

Agitation system

In the case of R4, the agitator is different since it has to be used for more operations. In the
case of the reaction and the extraction, the agitator system requires the same functions as the
reactors in the other three vessels.

In respect of the crystallization, it requires a lower rotational speed since COX must
crystallize. This agitation has to be energetic enough to maintain the crystals on suspension but
gentle enough to do not break them. It must be a multi-position agitator, so it will be possible to
change its rotational speed depending on the operation carried out at every moment.
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Therefore, it has been chosen an agitator with a single axis with 3 spellers: an anchor at the
bottom, and two paddle impellers similar to the chosen before.

Type Paddle agitator | Anchor agitator
Number of axes 1 (both in the same axis)
Number of impellers 2 1
Impeller shape 4 pitched blades U-shaped
Material Contact: AISI 316L
No-contact: AIS| 304
Diameter [m] 0.7 2.25
Height [m] ;g Bottom of the vessel
Rotational speed [rpm] 80 20

Table 14. R4 agitation properties

4.2. RAW MATERIALS STORAGE

Reagents are stored in different kind of equipment depending on its use and the quantity
necessary to complete each process.

The plant will be provided with tanks to store reagents that are used in big quantities, like
DCE, TEA, NaOH, DEA, Acetone and Citric Acid Monohydrate.

By contrast, the reagents that are not used in big quantities will be taken from IBC. It is the
case of the Benzonitrile, Hydroxilamine hydrochloride, 3-CC and HCI. If any of them were used
in another process in the same plant, would be the possibility of having them into tanks, in order
to use them for more than one process.

4.3. PIPING

In this chapter is going to be talked about the pipelines specifications. To calculate the
nominal diameter, it has been imposed the fluid velocity as 2m/s, and it also depends on the
time that would take the displacement.

In the table below are classified the pipes, its function, its diameter and the fluid that goes
through them.
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Taking into account these properties, it would have to be chosen the pipes to install them. It
must be considered the fact of coating the pipes in order to isolate them from the external
temperature. Even if in this process it is not always an essential fact, since most of the time the
product transfers through the equipment at ambient temperature, it could be necessary in other
processes performed in plant. Adding the coating could prevent and increase the flexibility of
the equipment.

Pipe Function L] Fluids
[mm]
1 Water distribution 50 Purified water
2,17,24,29 Water charge 50 Purified water
Benzonitrile and Hydroxylamine
6 Reagents charge 40 hydrochloride
7,8,14 DCE charge 50 DCE
10 Organic phase transfer | 50 0XO1 and DCE
11 Aqugous phase 50 Water and impurities
discharge
13 TEA charge 40 TEA
16 DCE and 3-CC charge | 25 DCE and 3-Chloropropionyl chloride
1 13%’ 25, HCl charge 20 HCI
21 Organic phase transfer | 50 0X02 and DCE
22 Aqugous phase 50 Water and impurities
discharge
23 DEA charge 40 DEA
27 Organic phase transfer | 50 Oxolamine and DCE
28 Aqueous phase 50 Water, HCl and impurities
discharge
32 Organic phase transfer | 50 Citrate oxolamine and DCE
3 Aqueous phase 50 Water, HCl and impurities
discharge
34, 35, 36 NaOH charge 25 NaOH
39 Reagents charge 50 Acetone and citric acid monohydrate
40 Organic phase transfer | 50 Oxolamine Citrate, DCE and acetone

Table 15. Pipes properties
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4.4. PLANT DISTRIBUTION

In this section are going to be mentioned many considerations that must be contemplated
when it is built the project in the plant.

As can be seen above, in the point 3.4, the lines are only numerated in the order of the
process (except when the same line is used twice). Anyway, it should be numbered also with
the number of the plant or the section (or both). It would have to be changed one it had been
installed. The plant would be all the same, but maybe not the floor or the area.

Since it is a pharmaceutical project, there are many special considerations when building
the equipment in the plant.

- First of all, it is important the position of the 4 reactors. Even if the process is
completely automatized, sometimes it is necessary to introduce solids inside the
reactors through the manhole. This is why the lower side of the reactors are
supposed to be in the first floor, and the upper side in the second floor. This way,
there would be a platform or a slatted floor that would allow the operator arriving
to the upper part of the reactors. It would not only serve to introduce the solids,
but also to facilitate the maintenance of the equipment.

- The compliance with the regulations and also the assurance that the product is
finished with the best quality prompt to do many of the operations in the named
white rooms or clean rooms. They are used principally in the pharmaceutical area.
The operations have to be carried out there when the product is in contact directly
with the room. In COX process, are going to be performed there all the operations
of the purification phase. These rooms have many properties that make them very
different from the technical area. Inside them, can't enter any kind of
contamination. This is why the operators have to wear a special uniform, the
pressure is higher than the pressure outside, often their temperatures is lower,
and have laminar fluxes through the room to take out the contamination that could
have entered. All these factors should be studied carefully.

- The control system, of which it is going to be talked next, has a huge relation with
the plant distribution. For example, using the gravity to discharge the equipment or
not using it, would change the necessity of a pump in that pipe.
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5. P&ID

The automation is a very important part of every project. In this chapter is going to explain

how is going to control the main variables that influence in the process.

Flow/weight: It has to be controlled the flow that enters in the reactors, in order to
introduce the necessary mass to carry out whatever operation. In this case,
instead of having a flow control, the way to regulate it is through the load cells
installed in the supply tanks where are found the reagents. lts control system will
assure that the quantity introduced in the reactors is the one needed, thanks to
the difference of weight in the supply tank or IBC. It will open or close the valves
when it is needed. Furthermore, it is installed also a load cell in every reactor, just
to see if the weight in the reactor is correct when it has been charged or
discharged.

Temperature: The temperature of each reactor is controlled and directly
connected to the pipes of water-glycol and water steam, in order to open gradually
the valves and having the optimal temperature in every moment.

Pressure: On the top of the reactors, there are pressure safety valves (PSV) to
ensure that the pressure inside the reactors is not too high due to the increase of
temperature or to the agitation. If it was high, the valve would open and the vapors
would leave to treat them.

Density: Under every reactor, in the discharge line, there is a density transmitter
that differentiates the organic phase from the aqueous phase. The signal is sent to
the controller, which is connected to an on-off three-way valve that acts just after
the signal of the transmitter, when the density has changed, and makes the
solution go to one pipe or another.®)

Level: In the upper half of the reactor, there is a level controller in order to assure
that the level of the reactor is not too high. (10

In the next pages can be seen the P&ID diagram of the whole synthesis phase and also an

amplified P&ID diagram of R1, so the details can be seen with more precision.
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6. SCHEDULING

6.1. GENERAL CONSIDERATIONS

In this chapter is going to be referred to the schedule of the project and the equipment
organization. In order to know the batch time and also the time that would take the process of
obtaining the quantity required of COX, have been assumed many considerations.

First of all, the main objective, that as it has been said before, is producing the annual
amount of 100 tones. Another known quantity is that in every batch are produced 2180kg of
product. Thanks to these known facts, which are both fixed, can be known the quantity of
batches that have to be produced per year. The amount is 45.87 batches/year, that is to say, 46
batches/year.

Annual demand [kg COX] 100,000
kg COX/ batch 2,180
Annual number of batches 46

Table 16. Main schedule considerations

Other considerations have to be contemplated. The equipment used in each moment has
been chosen depending on the time that takes each operation and the requirements that they
have. Even if there were operations that could be carried out in more than one of the reactors,
then can be seen the criteria to be followed. In principle, this equipment assignment is fixed,
even if it could change depending on the process requirements.

Another consideration taken into account is the fact that many improvements might be
possible, because in this calculation has not been taking into consideration the limitations of raw
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materials, energy and costs. Anyway, it has been chosen the minimum number of equipment
possible, and the minimum number of services of the plant. If the plant where was installed the
process had other external services or auxiliary equipment available to be used, it should be
considered the feasibility to change the process in the near future, in order to improve it.

Even if not all these improvements can be studied until the equipment is installed in the
plant, because it is necessary to know the services in it, it is possible to study possible
alternatives in respect of the sequence of the process, once it has been known the equipment
used and the time that take all the operations. It will be commented below.

6.2. BATCH TIME

Right after knowing the number of batches that are necessary to acquire the COX annual
demand, it has to be known the time that will last each batch.

Once known the batch time and the number of batches needed per year, it will be feaseble
to study when and how is going to be produced: how many campaings will be needed and how
many days per campaign.

It is important to take into account that in this chapter, as is needed to calculate the process
time, is included also the time that would take the purification phase. Therefore, it is studied the
time that take the operations of both synthesis and purification.

The calculation has been done asuming that the thing that limits the time is the equipment
occupation, not the labor. It is assumed that there will always be enough workers to carry out
the tasks assigned.

Down below, there is a table where can be seen all the operations conducted in the process
and the time that they take, according to the equipment conditions. The operations in italics
mean that they are being performed simultanelly to the successive operation. Consequently, the
batch time, as it is going to be referenced later, is not the add of all the stages times.



Preliminary design of a batch process for the oxolamine citrate

43

Stage Equipment Step Time [h]
Charge 1.25
Heating 0.75
Synthesis OX01 Rgaction 5
1 R1 Cooling 1.75
Extraction 2
Discharge 1
Cleaning 2
Charge 15
Heating 0.5
Synthesis OXO? Rgaction 1
ond R2 Ciclation 1.25
Extraction 2.25
Discharge 0.75
Cleaning 2
Charge 0.75
Heating 1
Oxolamine Reaction 1
R3 Cooling 1.5
Extraction 1
Discharge 0.75
Cleaning 2
Synthesis Charge + Extraction 1.5
3rd R4 Discharge 0.75
Cleaning 2
Charge + Extraction 3
R2 Discharge 0.75
Cleaning 2
Charge + Extraction 3
R3 Discharge 0.75
Cleaning 2
Charge 1
Synthesis R4 Crystallization 3
4t Total discharge + standby (x7) 13.75
Cleaning 2
. Centrifuge 14.75
Centrifuge Cleaning >
Drying 13.75
Purification Dryer Cleaning 2
Mills Milling 14.5
(alternating) Cleaning 2
Packing Packing 10.5

Table 17. Stages times
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Down below can be seen the time required to produce one batch, that is, 2180 kg of COX.
The batch time is 55.75 hours (55 hours and 45 minutes).

Time [h]/ Day 1 | Day 2 Day 3
Equipment 5 10 15 20 25 30 35 40 45 50 55 60
R1
R2 \ || |
R3 | | | |
R4 L] ] |
CENTRIF. HERINARRRENN
DRYER
L ENEES RS

MILL2
PACKING

Figure 15. Batch time

Looking at the table above, there are many points that should be considered.

First of all, as it has been said before in the point 3.3. (Equipment Selection), in most of the
reactors belonging to the synthesis phase are carried out more than one operation. In the Figure
15 is shown. Anyway, to see it more explicitness, it has been made a graphic where can be
seen the difference of mass in every reactor with the time. It has been made taking into account

the batch time and the mass balances calculated in the chapter 3.5.
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Figure 16. Mass in each reactor in time
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After the crystallization the solution has to be traspased to the centrifuge. The volume of the
centrifuge is smaller than the total solution volume in R4, this is why the transpase is done
through 7 loads. The solution volume is 12744kg so in each load have to be traspassed
approximatelly 1820kg of solution, since the centrifuge is not supposed to have a volume higher
than 2000L. It can be seen at the end of Figure 16.

Anyway, the loads are not continued, as after the discharge of each load there is an hour in
standby, with the rest of the solution inside R4. This is because the step after the centrifugation
is the drying, which limitates the time since it is the step that takes more time. This is why the
R4 does not discharge all the loads continually and the centrifuge does not work all the time, but
it also has to stop after every load.

The next step is the milling. As there are two mills, each load will go to each one of them,
alternaly. They work in continuous. Finally, all the moltured product has to be packed in order to
sell it.

6.3. PRODUCTION CAPACITY

As it has been contemplated in the general specifications, the annual demand is of 100
tones of COX, and as in each batch are produced 2180kg of it, the annual number of batches to
produce is of 46.

To know the time that would take to produce these 46 batches, it has to be studied the way
to produce them. It will be in campaigns.

It has to be considered that there are two ways to produce. On the one hand, without
overlapping, and on the other way with overlapping.

6.3.1.WORKING WITH AND WITHOUT OVERLAPPING CAMPAIGN
The two ways to produce are going to be compared in this point.

First of all, it is necessary to take into account that as each batch takes more than 2 days,
the working schedule will be 24 hours/day and 7 days/weeks during the time that lasts each
campaign.



46 Iglesias Carmen, Elena

Working with non-overlapping campaign

Working with non-overlapping campaign means that it is necessary that finishes one batch
to start the next one. This way, only one batch is carrying out at every time.

The time that would take the process if it was worked by this mode is calculated next:

MS =BT +(N—1)CT

The makespan (MS) of a project is the total time that elapses from the beggining to the end
of it. It is calculated adding to the batch time (BT), that in this case would represent the time that
would take the first batch of the campaign, the cycle time (CT) of the rest of the batches (it
represents the time required to complete each of the following batches).

In the case of working with non-overlapping campaign, it means that the CT is equal to the
BT, since the first batch duration is equal to the followings. Therefore, the results of this working
mode are:

N = (kg COX/year)/(kg COX/batch) = 100000/2180 =~ 46 batch/year

MS = 55.75h + (46 — 1) * 55.75 = 2564.5 hours = 107 days

Completing this process would take 107 days per year, in case of working in one campaign.

To appreciate this working mode, it can be seen on the Figure 17, located in the point 6.3.2.

Working with overlapping campaign

Working with overlapping campaign means that not necessarily a batch has to have finished
before the next batch starts. This way, more than one batch might be carrying out at every time.

The time that would take the process is calculated with the same formula above. The
difference, in this case, is that CT would take less time, as it counts the time that takes every
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batch but only after finishing the previous batch. In other words, the first batch of each campaign
will take the BT, and the following batches will take the CT. The CT calculated is 27.25 hours.

Therefore, the MS differs from the calculated before.

MS = 55.75h + (46 — 1) * 27.25 = 1282 hours = 54 days

Completing this process would take 54 days per year, in case of working in one campaign.
To appreciate this working mode, it can be seen on the Figure 18, located in the point 6.3.2.

6.3.2. WORKING MODE CHOSEN

Once it has been compared one working mode to the other, there is a main difference that
can be compared.

The comparison has been made as it was worked in only one campaign. The result is that
working without overlapping campaign takes almost the doble of time that working in
overlapping campaign. Working this second way would allow leveraging the equipment, using it
for other possible processes.

In addition, working in overlapping campaign makes that the equipment is used more time
during the process, what is also an advantage to exploit it.

This is why it has been chosen working in overlapping campaign.

The next step would be deciding in how many campaigns it will be worked. It was seen that
working in a only campaign would take approximately 54 days. Taking into account the
manteinance, it would be around 2 months.

The calculation in case of working in 2 or 3 campaigns, respectively, are below:

2 campaigns: MS = 55.75h 4+ (23 — 1) * 27.25 = 655.25 hours = 28 days
3 campaigns: MS = 55.75h + (16 — 1) * 27.25 = 464.5 hours = 20 days
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Looking at the time that would take working in 2 campaings (twice a year) and working in 3
campaigns (three times every year), the conclusion is that working in 3 campaigns is not
convenient as if it is added the time of manteinance to each campaign, it would take almost 3
months every year. Apart of it, if in each of the 3 campaings were produced 16 batches, in a
year there had been done a total of 48 batches, that is two more than the necessaries. It would
have to be done in one campaign 16 batches and in the other 2 campaigns 15. This working
mode is not very practical as not all the campaigns would be equal and it could even lead to
confusion.

In the case of working in two campaigns, the time of manteinance after each campaign
would be smaller, even if the results are pretty similar to the results working in only one
campaign. It could be a possible option.

Total
SIS 02?:1(;2?;:1 et nee(?:g/syear
needed
1 campaign 46 46 46 54
2 campaigns 23 46 56

Table 18. Number of campaigns comparison

As it can be seen, the difference between working in 1 or 2 campaigns is only of 2 days of
difference. The difference is so small that none of them can be rejected.

In conclusion, it will work in overlapping campaign, so the time would be more profitable. In
respect of the number of campaigns, it would have to be 1 or 2 campaigns. The times of
production are so similar than none of them can be rejected. It could be chosen depending on
the planned production of the plant, and if the equipment was or not used to carry out other
operations.

In the next page can be seen the comparison of two graphics that show the beginning
schedule of the process. The first one in the case of working without overlapping and the
second one working with overlapping. There is a different colour for each batch. The option
framed in red is the choosen option.
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6.4. POSSIBLE IMPROVEMENTS

As it can be seen, with the option chosen (the one framed in red) above, it is achieved to
have the production of 100 tones in approximately 2 months/year. The remaining time of the
year, this part of the plant can be used to carry out other operations.

Anyway, it might be that in the time was needed an improvement of the process due to a
higher demand. It would be necessary to think all the possible options in order to obtain more
product. Obviously, there is a myriad of possibilities to take into account.

Most of them go through changing chemical operations of the process. In any case, must be
recalled that the process we are working on is an optimization of the original process. In this
chapter is going to be talked about some improvements taken into consideration related with the
batch time and the cycle time.

There are many possibilities for designing the schedule. It has been chosen one that uses
the minimal number of equipment and that is easy enough, on the fact that all the batches use
the same sequence. But it is not necessary to be always like this.

Alternative 1: Using 2 different sequences

The first option is changing the order of the use of the equipment, so that there would be
two different sequences. All the odd batches would follow an order and the even batches would
follow another order. This way, the CT is slightly decreased, but this working mode could lead to
confusion sometime. As the difference is small, it is not going to be used unless there is an
increase of the demand.

Alternative 2: Adding a second dryer

The second option is implementing another dryer to the process, since the drying step is the
slower and makes stopping the preceding steps. If there were two dryers, the loads would go
alternative to one or the other, after the centrifugation step. This option, unlike the previous, is
expensive.

With this option would decrease both the BT and the CT.
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In the table above, it can be seen the improvement of both alternatives. On the next page
can be seen their graphics.

Days/year needed | Production in Properties of
to produce 100 thg tjme used improvements
tones originally [kg]
MODE CHOSEN 54 - -
Alternative 1 46 117,440 2 different sequences
Alternative 2 44 117,440 Addition of equipment

Table 19. Improvements

As can be seen, the time that they need to produce 100 tones is smaller, and the production
that they would make using 54 days (as the original process) would be of 8 batches more.
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7. CONCLUSIONS

Finally, it has been achieved to complete the process, studying the different alternatives that
it could have. It has been proved that it is possible to obtain the sought claim working in batch
mode. The quantity claimed is of 100 tones and in each batch are produced 2180kg of COX.

It has been done a predesign of the synthesis phase, until obtaining the product. After that,
it should have to be purified.

The synthesis phase has been dimensioned. It consists of four different reactors where are
performed several operations. Some auxiliary equipment is used in order to carry out the
operations efficiently. Even though it has not been dimensioned the equipment in the
purification, it has been selected to take it into account for the mass balances and the
scheduling.

Furthermore, it has been studied the control system in order to manipulate the variables
along the process and also to ensure better safety.

Lastly, it has been planned the time that would last producing the quantity ordered. The time
that it would take is of 54 days working in only one campaign. If the plant where the project was
implanted had the requirement, it could be possible to work in two campaigns, what would take
56 days in total. It should be added the cleaning and the maintenance time to the period said.
The rest of the time, the installation might be used to other processes in the plant.
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ACRONYMS
A Cross-sectional pipe Area [m?]
BT Batch time [h]
COX Oxolamine Citrate
Cp Specific heat [cal/g °C]
CT Cycle time [h]
DCE 1,2-Dicloroethane
DEA Diethylamine
DN Nominal Diameter [mm]
HCI Hydrochloric Acid
IBC Intermediate Bulk Container
m Mass [kg]
MS Makespan
NaOH Sodium Hydroxide
0OXO1 Oxolamine 1 (First subproduct)
0X02 Oxolamine 2 (Second subproduct)
Q Heat [kcal]
q Volumetric flow [m?/h]
R1 Reactor 1
R2 Reactor 2
R3 Reactor 3
R4 Reactor 4

Time [h]
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TEA

3-CC

Triethylamine

Coefficient heat transfer [W/m2 °C]
Velocity [m/s]

3- Chloropropionyl Chloride
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APPENDICES
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APPENDIX 1: DESIGN CALCULATION

MASS BALANCE CALCULATION

As the claim ordered was known, and it was of 100 tones, it has been possible to calculate
the different quantities involved in the process. It has been calculated through the yield of the
different operations.

In the point 3.5. of the project there are two tables with the balances in all the equipment
and in each line. What is more, in the Figure 16 can be seen the variation of mass along the
reactors with the time. Anyway, in the table down below can be seen the yields and the mass of
COX in each stage.

Total [kg] Each load [kg] Yield [%)]
Benzonitrile (limiting reagent) 800 - -

0X0 1 952 - 94.0
0X02 1,488 - 94.5
Oxolamine 1,708 - 96.0
COX before crystallization 2,508 - 99.0
COX after crystallization 2,258 323 99.0
COX after centrifugation 2,247 321 99.5
COX after drying 2,205 315 99.0
COX obtained 2,180 311 99.0

Table 20. COX balance and operation yields

To calculate it has been made many assumptions. In the centrifugation are lost 2kg of
product by load that will go to treat along with the acetone and the DCE. The rest is the wet
solid with a 10% of humidity. The rest of liquid will leave the centrifuge. In the drying step the
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humidity is supposed to go from the 10% of the solid weight to the 0,1%. The quantities that are
lost in the drying step and in the milling will leave the process as waste.

EQUIPMENT SIZING

On the next point is going to be mentioned the way that has been used to dimension the
reactors where take place the different operations of the process.

To know the volume that was required to carry out the operations, and once known the
mass, it was necessary to know the density of the mixture in every moment. Even if the volume
of the mix cannot be considered the addition of all of their elements, it has been fixed an
approximate volume taking into account the proportion of all of them in the final mixture. To that
volume, has been added a 10-15% to ensure that it was enough and also for security.

As it has been said before, R1, R2 and R3 have the same volume and R4 is bigger. In the
table below are summarized their sizing properties.

R1 R2 R3 R4
Maximum volume inputs [m?3] 9.7 11.2 11.3 12.7
Diameter [m?] 2.2 2.2 2.2 2.3
Height [m] 3.8 3.8 3.8 4.2
Volume [m?] 12 12 12 14
Table 21. Equipment sizing
PIPING SIZING

In order to calculate how will be the piping (diameter, shared pipes, time of transfer...) it has
been used the heuristic that the velocity of the fluids that are inside the pipes have a velocity of
2 m/s. Fixing this velocity, knowing the quantity that goes through the pipes and fixing the time
that would take the transfer, it was possible to calculate the different diameters according to the
formula: q=v-4A

Being q the volumetric flow, v the flow velocity and A the cross-sectional area of the pipe.

In a more specific design, it should be considered the head loss in the piping system. It
would depend also on the length of the pipes.
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Hereunder can be seen the size of the different pipes, as well as the flow that goes through
them. As it can be seen, the diameter chosen is similar but not always exact to the one
calculated. This is because, besides that the calculus is not exact as the velocity has been fixed,

the nominal diameters chosen are easily to be found in order to facilitate their installation.

. DN
Pipe Funcon | Time [h] ;(O'umet”c calculated | DN chosen
ow [m3/h] [mm]
[mm]
2 Water charge 0.25 11.2 44.6 50
6 Reagents charge 0.25 74 36.1 40
7 DCE charge 0.5 12.6 47.2 50
1o | Organicphase | g 149 50.3 50
transfer
11 | Aqueousphase | g 149 50.3 50
discharge
13 TEA charge 0.2 8.6 391 40
1 | DCEand3-CC | 44 35 249 25
charge
18 HCI charge 0.13 21 19.4 20
g | Organicphase | g 15 45.1 50
transfer
g9 | Aqueousphase | op 148 50.1 50
discharge
23 DEA charge 0.3 79 375 40
g7 | Organicphase | g 124 46.9 50
transfer
g8 | Aqueousphase | g 128 47.7 50
discharge
g9 | Oreanicphase | g 124 46.9 50
transfer
33 | Aqueousphase | ) 12.1 46.2 50
discharge
34 NaOH charge 0.25 12.0 46.0 25
39 | Reagents charge 0.5 10.7 434 50
40 | Organicphase | 47 12,0 46.0 50
transfer

Table 22. Piping sizing
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In the case of the reagents that are solid, the operators introduce them through the
manhole, instead of pipes. The sodium carbonate is introduced by bags of 25 kg. It has to be
introduced almost 500 kg, so approximately are needed 20 bags per batch. The anhydrous
sodium sulfate is also solid. It is introduced the same way. As it is needed to introduce
approximately 75 kg per batch, it is going to be in three bags of 25 kg.

HEATING AND COOLING CALCULATION

As it has been said before, the heating and the cooling of the reactors are done through a
half-pipe jacket. On the one hand, it is used water-glycol at 50% at the temperature of -20°C to
cool. On the other hand, it is used water steam at the temperature of 120°C in order to heat.

The calculation of the flows of water-glycol or water steam respectively, apart from the time
that they take, has been calculated below.

Heating

Often the reactor has to be heated so the reaction can work out or also when it has to go
back to the ambient temperature after being cooled. For that, it has been used water steam.

The main formula to calculate the exchanged heat is:
Q=m-Cp- AT

Where Q is the exchanged heat, m the mass, Cp the specific heat, and AT the change in
temperature.

Using this formula and fixing a time, it can be calculated the heating power: and the steam
flow necessary, as all the values are known.

The heating power is calculated by:
)= ¢
Q= t

Q is the power heat, Q the exchanged heat and ¢ the time.

To calculate the heat related to the phase change:

Q=m-A
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Where Q is the heat, m the mass and A the latent heat of vaporization. This formula is used
because the water steam that enters to the jacket, when is in contact with the cold solution
inside the reactor, gives its heat to the solution so it condenses. It is necessary to take into
account the heat lost along this phase.

Then the steam mass flow necessary would be;

—)
m=3
The water steam values used are:
Vapor pressure [kg/cm?] 2
Vapor temperature [°C] 119.6
Latent heat of vaporization [kcal/kg] 526.4

Table 23. Water steam properties

The pressure and the temperature have been searched in properties tables.

The values obtained of the three heating operations of the process (one in the first stage,

another in the second stage and the last one in the third stage) are:

1st stage heating | 2nd stage heating | 3rd stage heating
Solution mass [kg] 4,656 9,596 8,612
Time [h] 0.75 1 1

Cp [callg-°C] 0.9 0.5 0.5
Initial temperature [°C] 25 10 25
Final temperature [°C] 75 80 80

Q [keal] 209,520 300,856 284,215

Heating power [kcal/h] 279,360 300,856 284,215
Heating power [kW] 325 350 330
Heating flow [m3/h] 0.6 0.6 0.6

Table 24. Heating values
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Lastly, it has to be calculated the exchange area necessary to carry out the operation. The

formula used is:

Q=U-A-AT,

Where U is the heat transfer coefficient (it has been chosen through a table values), A is the
exchange area and AT, is the logarithmic temperature difference. It is important to take into
consideration that the water steam temperature is constant so the calculation of the logarithmic
temperature difference can be simplified.

Calculating the exchange area can be also calculated the minimum height that should have

the jacket in the reactor.

1st stage heating | 2nd stage heating | 3rd stage heating

U coefficient [W/m2 °C] 800 600 500

Temperature difference [°C] 44.6 39.6 39.6

Exchange area [m?] 9.1 14.7 16.0
Minimum jacket height [m] 1.3 2.0 2.1

Table 25. Heating exchange area

Cooling

For the cooling operation is needed as a coolant a mixture of water and glycol at the
proportion of 50% at the temperature of -20°C. This is because the melting temperature of glycol
is much lower than the one of water. With a mixture with enough quantity of glycol the
temperature can be decreased from 0°C.

The main formula to calculate the heat is the one used before:
Q=m-Cp- AT
The heat that has to be taken from the substance inside the reactor is the same that takes
the coolant.

It has been tried to calculate it taking water at 5°C and water-glycol at 30% at the
temperature of 0°C, but the results obtained where not good enough for all the circumstances.
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Anyway, if these two cases were already installed in the plant, it could be considered to use
them when it is possible in order to decrease the energy wasted.

The cooling power is calculated as before:

Q

Q:t

In that case, there is no phase change, so the latent heat has not to be taken into account.

The values obtained in the cooling operations of the process have been:

1st stage 2nd stage | 2ndstage | 3rd stage
cooling cooling 1 cooling 2 cooling
Solution mass [kg] 4,656 9,516 8,596 8,613
Time [h] 1.75 05 1.25 15
Cp [callg-°C] 0.9 05 0.5 0.6
Initial temperature [°C] 75 25 80 80
Final temperature [°C] 25 10 25 25
Q [keal] 209,520 71,370 236,386 284,215
Heating power [kcal/h] 119,725 142,740 1,891,209 189,476
Heating power [kW] 140 166 220 220
Heating flow [m3/h] 4.1 8.6 6.5 6.5

Table 26. Cooling values

Lastly, it has to be calculated the exchange area necessary to carry out the operation. The
formula used is:
Q=U-A-AT,
In this case the logarithmic temperature difference cannot be simplified as before, since the
temperature of the coolant is not constant. Anyway, there is a formula that is possible to apply
that can be considered also a simplification, even if in a discontinuous process would not be the

most exact calculous.

AT, — AT,
AT,
AT,

AT, =

The exchange areas and the necessary heights of the jacket are calculated below:
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1st stage | 2nd stage | 2nd stage | 3rd stage
cooling | cooling1 | cooling 2 cooling
U coefficient [W/m2 °C] 600 600 600 600
Temperature difference [°C] 23.3 18.2 23.2 23.2
Exchange area [m?] 9 16 16 16
Minimum jacket height [m] 1.4 2.2 2.2 2.2

Table 27. Cooling exchange area

AGITATION SYSTEM

The agitation system is not the same for all the reactors, are used pitch-blade paddle
agitators and anchor agitators. Their properties and sizing have been explained above.

As the approximate rotational velocity of the agitators has been fixed because of the
operations carried out and the properties of the fluid, it has been chosen the dimensions of the
agitators. Known the rotational velocity and the sizes needed, the provider would fix the power

of the agitator.

The paddle agitator and the anchor agitator have this form, respectively (*"):

‘J T
Q)
I I
—  |e— W
H z
— —
N
\Ar—/i‘/‘
c |
D {

Figure 21. 4 Pitch-Blade Paddle Agitator Figure 22. Anchor Agitator
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APPENDIX 2: SPECIFICATION SHEETS

In this point there are the provisional specification sheets. They are provisional because
they have the properties calculated that could change lightly depending on the offers of the

providers that could be adapted to the process.

This is why the drawings are just approximate representations, which should be substituted

by the original draws, with the real sizing if possible.

Equipment | Condensers
SPECIFICATION SHEET .
N equipment -
PROJECT Oxolamine Citrate production
DESIGN DATA
Type Coil condenser
Work temperature [°C] +25/+80
Work pressure [atm] 1
Position Vertical
Operation Cooling / condensing ‘
Fluid Refrigeration Water 11
Flow [kg/h] 30 1ats
Exchange area [m2] 1.5

Table 28. Condensers specifications sheet
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Equipment Reactor
SPECIFICATION SHEET
N equipment R1
PROJECT Oxolamine Citrate production
DESIGN DATA
Volume [m3] 12 Position Vertical
Work temperature [°C] +25/+80 Material
Work pressure [atm] 1 Contact AISI 316L
H/D 1.7 No-Contact AIS| 304
HEAT TRANSFER DATA
Exchanger Split half-pipe
Heating Water Steam
Operation Fluid
Cooling Water-glycol
Exchange area [m3] 9
AGITATION DATA
Type Paddle % 4
Number of axes 1 / %
4 DS
Number of impellers 2 g %
Impeller shape 4 pitched K e
blades 4 ;
Rotational speed [rpm] 80

Table 29. R1 specifications sheet
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Equipment Reactor
SPECIFICATION SHEET
N equipment R2
PROJECT Oxolamine Citrate production
DESIGN DATA
Volume [m3] 12 Position Vertical
Work temperature [°C] +10/+80 Material
Work pressure [atm] 1 Contact AISI 316L
H/D 1.7 No-Contact AIS| 304
HEAT TRANSFER DATA
Exchanger Half-pipe
Heating Water Steam
Operation Fluid
Cooling Water-glycol
Exchange area [m3] 16 @(@ ® @@
AGITATION DATA @’ﬂj\@
Type Paddle ]
Number of axes 1
Number of impellers 2
Impeller shape 45232?
Rotational speed [rpm] 80

Table 30. R2 specifications sheet
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Equipment Reactor
SPECIFICATION SHEET
N equipment R3
PROJECT Oxolamine Citrate production
DESIGN DATA
Volume [m3] 12 Position Vertical
Work temperature [°C] +25/+80 Material
Work pressure [atm] 1 Contact AlSI 316L
H/D 1.7 No-Contact AISI 304
HEAT TRANSFER DATA
Exchanger Half-pipe
Heating Water Steam
Operation Fluid
Cooling Water-glycol
Exchange area [m3] 16 @)
AGITATION DATA @QK%
Type Paddle 2
Number of axes 1 |
Number of impellers 2
Impeller shape 45232?
Rotational speed [rpm] 80

Table 31. R3 specifications sheet
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Equipment Reactor
SPECIFICATION SHEET :
N equipment R4
PROJECT Oxolamine Citrate production
DESIGN DATA
Volume [m3] 14 Position Vertical
Work temperature [°C] +10/+25 Material
Work pressure [atm] 1 Contact AISI 316L
H/D 1.7 No-Contact AIS| 304
HEAT TRANSFER DATA
Exchanger Half-pipe
. Heating . Water Steam
Operation : Fluid
Cooling Water-glycol
Exchange area [m3] 16
AGITATION DATA
Type Paddle
Number of axes 1
Number of impellers 2
Impeller shape 45232?
Rotational speed [rpm] 80
Type Anchor
Number of axes 1
Number of impellers 1
Impeller shape U-shaped
Rotational speed [rpm] 20

Table 32. R4 specifications sheet
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APPENDIX 3: SAFETY DATA SHEETS

Fichas Internacionales de Seguridad Quimica

BENZONITRILO ICSC: 1103
T d ﬂ".‘rm INSTITUTO NACIONAL
¥ ASU SOCIALES B N EHaENE
ESPAMNA

N CAS 100-47-0

N® RTECS DI2450000
N ICSC 1103

N NU 2224

N CE 608-012-00-3

BENZONITRILO
Cianuro de fenile

Cianobencano

CrHgNITsHS (TN}
Masa molecular: 103.1

TIPOS DE
PELIGRO/
EXPOSICION

PELIGROS/ SINTOMAS
AGUDOS

Combustible. En caso de incendio sa
despraden humos (o gases) toxicos
& irmitanies.

PREVENCION

|Evitar las llamas.

PRIMEROS AUXILIOS!
LUCHA CONTRA INCENDIOS

Polvo, agua pulvenizada, espuma,
didxido de carbono [véansa Motas).

Por encima de 75°C: puaden
fon'ns.lsa mezcias explosivas vapon’

Por encima de 75°C: sistema
camado, vantilacion,

jEVITAR LA FORMACION DE
NIEELA DEL PRODUCTOH

En caso de incendic: mantener frics
los bidones y demas instalaciones
rociando con agua.

Dnlnrda cabeza, dificultad
respiratonia, pérdida del
conocimiento.

‘Wantilacidn, extraccion localizada o

jproteccidn respiratoria.

\Aire limpio, reposo, respiracidn
artificial si estuvisra indicada y
proporcionar asistancia médica.

‘Guantes protectores.

(CQuitar |25 ropas contaminadas,
aclarar la piel con agua abundante o
ducharse y proporcionar asistencis
médica.

Enrcjacimiento, dolor.

Néussas wimitos (para mayor
|n|’c-n'na::|ﬂn wéase Inhalacidn).

‘Gafas sjustadas de seguridad.

= trabajo.

'No comer, ni beber, ni fumar durants

Enjuagar con agua abundants
durante varios minutos (quitar las
lentes de contacto si puede hacerse
con facdidad) y proporcionar
asistencia médica.

Enjuagar la boca y proporcionar
azistenciz médica.

| DERRAMAS Y FUGAS |

ALMACENAMIENTO

ENVASADO Y ETIQUETADO

Recoger, en la medida de lo positls, el
liquido gue se demama y el ya dermamado

adicional: traje de proteccidn complata

Separado de oxidantes fuertes, basas
fuertes, dcidos fuertes, agentes reductores

Mo transportar con alimentos y piensos.
simbolo ¥n

en recipientes precintables, absarber el fuertes y alimentos y plensos. 22z

liguido residual en arena o absorbenta 5 (223

inarte y frasladario & un lugar saguro. NO Clasificacicn da Peligros MU: &1
parmitir gue este products quimico se Grupo de Envasado MU: I
incorpore 2l ambiante. (Protecoion personsl CE:

incluyando equipo autdnomao de
raspiracin).
| VEASE AL DORSO INFORMACION IMPORTANTE
IC8C: 1103 Praparada an ol Conlexio de Conperacidn antra el IPCS v la Comisidén de las Comunidades Eurpeeas 8 CCE,

IPCE, 1554
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BENZONITRILO

ICSC: 1103

ESTADO FISICO; ASPECTO
Liquido incoloro, de olor caracteristico.

PELIGROS FISICOS

PELIGROS QUIMICOS

La sustancia se descompone al calentarla intensamente
o al arder, produciendo humos muy téxicos de acido
cianhidrico y 6xidos nitrosos. Reacciona violentamente
con acidos fuertes, produciendo humos muy toxicos de
cianuro de hidrégeno. Ataca a algunos plasticos.

LIMITES DE EXPOSICION
TLV no establecido.
MAK no establecido.

VIAS DE EXPOSICION
La sustancia se puede absorber por inhalacién, a través
de la piel y por ingestion.

RIESGO DE INHALACION

No puede indicarse la velocidad a la que se alcanza una
concentracion nociva en el aire por evaporacion de esta
sustancia a 20°C.

EFECTOS DE EXPOSICION DE CORTA DURACION
La sustancia y su vapor irritan los ojos. La exposicién a
altas concentraciones puede producir insuficiencia
respiratoria, convulsiones y pérdida del conocimiento.

EFECTOS DE EXPOSICION PROLONGADA O
REPETIDA
(Véanse Notas).

Punto de ebullicién: 190.7°C

Punto de fusion: -12.8°C

Densidad relativa (agua = 1): 1.0

Solubilidad en agua: Escasa (0.1-0.5 g/100 ml a 22°C)
Presion de vapor, Pa a 20°C: 100

Densidad relativa de vapor (aire = 1): 3.6

Densidad relativa de la mezcla vapor/aire a 20°C (aire =
1): 1.00

Punto de inflamacién: 75°C (c.c.)

Temperatura de autoignicion: 550°C

Coeficiente de reparto octanol/agua como log Pow: 1.56

NOTAS

En caso de envenenamiento con esta sustancia es necesario realizar un tratamiento especifico; asi como disponer de los medios
adecuados junto las instrucciones respectivas. Los datos disponibles sobre efectos de esta sustancia en la salud humana son
insuficientes, por consiguiente, debe procederse con gran cuidado. INCENDIO/LUCHA CONTRA INCENDIOS: Los bomberos deberian
emplear indumentaria de proteccion completa, incluyendo equipo auténomo de respiracion.

Ficha de emergencia de transporte (Transport Emergency Card): TEC (R)-61G17

INFORMACION ADICIONAL

FISQ: 4-031
BENZONITRILO

el Real Decreto 363/95 (BOE 5.6.95).

ICSC: 1103 BENZONITRILO
©CCE, IPCS, 1994
Ni la CCE ni la IPCS ni sus representantes son responsables del posible uso de esta informacién. Esta
ficha contiene la opinién colectiva del Comité Internacional de Expertos del IPCS y es independiente de
NOTA LEGAL L o o N . . i
IMPORTANTE: requisitos legales. La version espafiola incluye el etiquetado asignado por la clasificacion europea,

actualizado a la vigésima adaptacion de la Directiva 67/548/CEE traspuesta a la legislacion espafiola por

© INSHT
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PERCARBONATO DE SODIO ICSC: 1744
Marzs 2009

CAS: 15630-89-4 Carbonato de sodio peroxinidratado

NU: 3378 Ma,C0,3H,0,

CE /EINEGS: 230-707-6 Masa molecular 314.1 &

TIPO DE PELIGRO/ | PELIGROS AGUDOS/ PREVENCION PRIMEROS AUXILIOS /

EXPOSICION SINTOMAS LUCHA CONTRA

INCENDIOS
INCENDIO Mo combustible pera facilita la NO ponier &n contacts En easa de incandio en &l eAloma; agua
combustidn de oiras susiancias, con combustibles en grances cantidades o pulvesizacion
on agua.

EXPLOSION FRiesgo de incendio v explositn; (wer En caso de incendic: mantenar frins los

Peligras Quirmicos). bidanes y demis inslalationes recando
con agua pema MO an comacto direcio
M Bgua.

EXPOSICION IEVITAR LA
DISPERSION DEL
POLVOI

Inhalacién Tas, Dalor de garganta Extracsion locakzada o Aire limpia ¥ repasa,
proleccitn resgiratoria.

Fiel Enrojecimienta. Guanles de proleosisn, Aclarar la piel oon agua sbundanle o

ducharse.

Ojos Enrojecimienta. Dolor. Vision barasa. Galas gjustadas de Enjusgar oon agua shundarile durente
seguidad o prateccian warnos minuos [quilar las lentes de
eculer combinada con eonmacio si puede hacerse con facilidad).
profeccin respiratona Praporcionar asistencia midica

Ingestidn Dinler de garganta. Sensacion de Mo comer, ni beber, ni Enjuagar la boca, MO provacar el wamim,

quemazsn. Dalor abdominal.

Turar durante al rabajo.
Lavarsa las manos antas
e comar,

Praportionar asslencia madica.

DERRAMES ¥ FUGAS

Pratectidn persenal: filiro pare paniculas adaplado & la
concentracién de la sustancia en aire. NO permitic que asse
preduclo quirice se incorpone &l embients. Barmer [ sustancia
deramada @ intredusida en un recipients seco, tapads ¥ de plistics.

ENVASADO Y ETIQUETADO

Clagificacion NU

Clasificacisn de Peligros NU: 5.1

Giupo de Envasado NUL T

Clasificacian GHE
AlEncan

Punde agravar un ingendio; combaurente,
Mocivo en caso de ingestidn.

Provoca imitacién ocular grave,

Puede prowocar irilacidn respiratoia,
Téxico para los arganismos acudticos

RESPUESTA DE EMERGENCIA

ALMACENAMIENTOD

IPCS

International
Programmeon g

Chesnical Safaty W o

Separado de: ver Peligros Quimicos. Mantener en lugar fresen.
Almacens en un dnea sin 20ces0 2 cesaples o lcanianillas,

rcaE

&=

Pregaraga e el Contexio de Cogperacdn ertve el PLS y la Comesan Europea @ CF, IPCS, 2005

oy (&
& @ i

VEASE INFORMACION IMPORTANTE AL DORSO
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PERCARBONATO DE SODIO

ICSC: 1744

DATOS IMPORTANTES

ESTADO FISICO; ASPECTD
Palvo cristalino bareo.

PELIGROS QUIMICOS

La sustancia 56 descompons BN cOMacn Con agua, causanda
pelipro de incendis y explositn, Le disaluciin en agua es una base
oébil. Reacciona con los metales y sus sales, compuesins
orgnicos, cides y egentes reductores.

LIMITES DE EXPOSICION
TLV no astablecidn,
MAX no establecido.

Vias DE EXPOSICION
La susiancia se puede ahsarber par ingestion.

RIESGO DE INHALACION

Puade alcanzarse rapidamente una concantracion nociva de particulas
suspendidas en el gire, cuando se dispersa, especialments si estd an
forma de polvo,

EFECTOS DE EXPOSICION DE CORTA DURAGION
La susiancia irita gravemente los gjos. La sustancia irla el kacto
rEspirpinno, La sustancia irita levemante ba pisl

EFECTOS DE EXPOSICION PROLONGADA O REFETIDA

Los pulmsaes pueden resultsr afectades pof la exposicidn prokngada o
regetida. El contacin prolongads o repetide con la piel puede progucir
dremmatitis.

PROPIEDADES FISICAS

Sa descompone 2 =80T (ver Notas).
Direidad: 2.1 glem?®

Solubilidad en agua, 100 mla 20°C; 14 (eevada)
Presion de vapor, Pa & 25°C. despraciable

DATOS AMBIENTALES

La sustancia es ¥wica para los organismos acuidticos, Se aconseia firmemenie impedir gue o producta quimico se incorpore al ambiente.

NOTAS

Si la temparalra e supenior 8 50'C puede producifee une descoOMBosicitn en cadena con liberacitn de calor, oxigend ¥ vapor de egue. Ver
FIS0 1135 Carbonata e sodio. Var FISC 0184; Perdxido de hidrdgenn

INFORMACION ADICIONAL

NOTA LEGAL

Esta ficha contiena la cpinidn colectiva ded Comité Intemacicnal de Experios del IPCS v es independiente de

FeuSIles legales. Su pagible uso i es responsabilidad de la CE, & IPCS, sus representantas o al INSHT, aulor

o la versiin espaficla,

2 IPCS, CE 2009
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HIDROXILAMINA ICSC: 0661
= T i
I 37 ¥ AsU SOCIALES B N EHaENE
= ESPANA
HIDROXILAMINA
Cwiamaniaca
HyNOINH,OH
Masa molecular: 33.0
N CAS TBO3-49-8
N* RTECS NGZO75000
NE IS0 0661
N® GE 612-122-00-7
;I.EPLD'ERDGE,. PELIGROS! SINTOMAS PREVENCION PRIMEROS AUXILIOS!
ExPOSIa AGUDOS LUGHA CONTRA INCENDIOS

Puede explotar en contacio con el
calor intenso. En caso de incendio se
despraden humas (0 gases) toos
& irritanies.

Riesgo da incendio y explosion en
contacto con muchas sustancias
(wéanse Paligros Quimicos).

Evitar las llamas, NO producir
chispas y MO fumar. NO poner en
contacto con superficies calientes.

|Agua en grandes cantidadas,
aspuma resistents al alcohal, polvo.

En caso de incendic: mantener frios
|os bidones y demas instalaciones
rociendo con agua. Combatir el
incendio desde un lugar protegido.

Labios o ufias azulados, piel
azuleda, tos, wértigo, dolor de cabeza
¥ gargania, debiidad.

[EVITAR TODG CONTACTO!

‘Vantilacidn, extraccion localizada o
jproteccidn respiratoria,

\Aire limpio, reposo y proporcicnar
asistenciz médica (véanse Motas).

profundas graves.

combinada con la proteccidn
respiratoria.

iPUEDE ABSORBERSE! ‘Guantes protectores y traje de Cluitar |25 ropas contaminadas.

Enrcjacimiento, dolor {para mayor jproteccitn. \Auclarar y lavar |a piel con agua y

informacidn, véase Inhalacion). jabién y proporcicnar asistencia
médica.

Enrojacimient, dolor, quemaduras Pantalla facial o proteccidn ocular Enjuagar con agus abundants

durante varics minutos (quitar 1as
lantes de contacto si puede hacerse
con facdidzd) y proporcionar
azistenciz médica.

Dificultad respiratoria, nduseas,
jadea, vomitos {para mayor
informacidn, véase Inhalacion).

Mo comer, ni baber, ni fumar duranta
= trabajo.

Enjuagar la boca y proporcionar
asistencia médica (véanss Motas).

DERRAMAS Y FUGAS | ALMACEMAMIENTO | ENVASADO Y ETIQUETADO
Barrer la sustancia derramada e introducida | A prueba de incendio. Separado de simbalo Xn
an un recipienta precintabla; sifuara sustencizs incompatibles (véanse Peligros simbilo N

nacesano, humedecar el polvo para evitar
su disparsidn. Recoger cuidadosamente &
residun v frasladaric & continuacidn a un

lugar seguro. |Proteccion persenal adicional:

respirader de filtro P2 conira particulas
nocivas).

Quimices). Mantenar en lugar frasco, seco y
bian cemado.

R 5-22-37138-41-43-48/22-50
St (2H22-26-36/3738-51
CE:

VEASE AL DORSO INFORMACION IMPORTANTE

ICSC: D661

Preparada en el Conlexto de Cooperacitn enine el IPCE y i Comisién de las Comunicades Evropeas © CCE,

IPCE, 1884
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HIDROXILAMINA IGSC: 0661
ESTADO FISICO; ASPECTO VIAS DE EXPOSICION
Copos 0 agujas blancos muy higroscopicos. La sustancia se puede absorber por inhalacidn, a través
de la piel y por ingestidn.

PELIGROS FISICOS

RIESGO DE INHALACION

Mo puada indicarsa la valocidad a |a que 52 alcanza una
PELIGROS QUIMICOS . . ; concantracidn nociva en el aire por evaporacicn de esta
Pueda expiotar por calentamiento intenso por encima de ¢ oonoie - a0ec
T0°C o en contacto con llama abierta. La sustancia sa ’

descompone rapidaments a tamperatura ambiants, EFECTOS DE EXPOSICION DE CORTA DURACION
especialments en prasencia de humeded y diteido d8 L sustancia imita |a piel y el tracto respiratorio, ¥ es
carbono vy viclentamente al calentara intensamenta, corrosivo pars los ojos. La sustancia puede causar
produciendo humas téxicos, incluyendo dxidos de efectos en la sangre, dando lugar & |a farmacién de
nitrégeno. La disciucién en agua s una base débil. meatahamoglobina. Los efectos pueden sparecer de

Reacciona viclentamente con cxidantes. metales tales  forma no inmediata. Sa recomienda viglancia médica.
como el cinc finamente dividido, tridos meddlicos.
sufato de cobre {II) y clorures de fésforo, originande EFECTOS DE EXPOSICION PROLONGADA O

peligre de incendio y axplosian _ REPETIDA

El contacio profongado o repetido puede ucir
LIMITES DE EXPOSICION sensibilizacian d:?:pial. La sustarfcuﬁa pﬁafﬂﬂ'fﬂf
TLV no establecido. MAK: Sh {DFG 2005). sangre, dando lugar 2 la formacian de metahemoglobina

dando lugar 2 anemia.

Punto de ebullicidn & 2.8-8.0 kPa: 56.5-70.0°C Diensidad relativa de vapar (aira = 1) 1.1

Se descompane por dabajo dal punto de ebullicion = Diensidad relativa de | mezcla vapor'aire a 20°C (aire =
=70 1) 1.00

Punto de fusidn: 33°C Punto de inflamacidn: Explota a 128°C.

Densidad relativa (agua = 1): 1.2 Temperatura de autoignicidn: 265°C

Solubilidad en agua, g/100 ml a 20°C: Elevada. Coeficients de reparto octanol/agua como log Pow: -1.5

Presidn de wapor, kPa a 47°C: 1.3

La sustancia es muy ioxica para |os organismos acuaticos. ii E

NOTAS

Estd indicado examen médico periddice dependiendo del grado de exposician. Los sintomas de ndusea, womito y cianosis no 8 ponen de
manifiesta hasta pasadas algunas horas. En caso de envensnamisnis con esta sustancia es necesanio realizar un tratamiento especifico;
asl como disponer de los medios adecuades junto |28 instrucciones respectivas. Mo puade indicarse |a relacién entre & olor y al limite de
exposicidn laboral. La descomposicidn de la sustancia durante su almacanamiento puede causar un aumento de |a presidn en &l
container. Consultar también la FISQ: 070
Ficha de emergancia de transporte {Transport Emargancy Card): TEC (R}-E0G15.
Codigo NFPACH Z:F iR &

|FISO: 5-106 HIDROXILAMINA

ICSC: 0661 HIDROXILAMINA
©CCE, POS, 1964

Mi la CCE ni la IPCS ni sus representanies son responsables del posible uso de esta informacidn. Esta
NOTA LEGAL ficha contiene la opinidn colectiva dal Comité Internacicnal de Experios del IPCS y es indepandients de

. requisitos lagales.
IMPORTANTE: B INSHT
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Ciclorura de atileno

Dicloruro da 1,2-etileno

Clorro de efileno

CAS: 107-06-2 CICHLCH:Cl / CoHCle

RTECS: KI0525000 Masa molecular: $8.96

Hu: 1184

CE indice Anexo I:  602-012-00-7

CE ! EINECS: 203-458-1

TIPO DE PELIGRO / PELIGROS AGUDOS / PREVENCION PRIMEROS AUXILIOS /

EXPOSICI SiNTOMAS LUCHA CONTRA INCENDIOS

INCENDIO Alamente inllamable. En caso de Ewvitar la= Bamas, NO producin Polva, agua pulverizada, espuma, didxida

incendio se desprenden humas (o ehispas y NO fumar. i garban.
gases) IEaeos & Frilanes

EXPLOSI'ﬁN Las mazslas wvapor'ain son Sisterna cerrada, ventilacidn, En casa de incandia: manisnes kios los

axplosivas, aguipo sléctrico y oo alumbrado @ | bigones y demis instalaciones rociando
prueia de exploskin, Evitar la oon agua.
generacian de cargas
alecirositicas (o 8], con conesitn
a terea). WO uilizar sire comprimico
para Benar, vaciar o manipular,
JEVITAR TODO CONTACTO! | jCONSULTAR AL MEDICO EN

EXPOSICION TODOS LOS CASOS!

Inhalacidn Dolgr abdomingl. Tos, Virligo Wenlilacitn, exiraccitn localizada o | Aira limpio, raposo. Pesicitn da

Somrolercia. Dolor de cabeza. prabeccidn respiralaria. semiincerparada. Resgiracin arificial si
Miuseas, Dalor de ganganta. Pér- ‘@stuviara indicada. Proporcionar asistencia
dida dal sonocimbents, Vem ko macs

Sinomas no inmedialos (wer Natas]

Piel Errojecimientn. Guanies de protessiin. Qluitar las ropas cantaminadas. Aclarar y
lavar |2 piell san agua y jaban. Proporeionar
asistencia Masca

Ojos Errojecimientn. Daloe. Wisidn Gafas sjusiadas die seguridacd, Erjuagar con agua abundante duranie

boerosa, pantalla facial 0 proteccidn ocular | varias minuins (quitar las lentes de
comginaga con progecion contacta si puede hacerse con facilidad),
resgiratoriz, desguds praporcionar asisiencia meédica.

Ingestion Calambres abdemirales, Diarrea. No comar, ni babar, ni fumar o dar naga & beber, Proparciorar

IVer Inhalasin). duranie el trabaja, Lavarse las asistencia mégica
maras ares de camer.

DERRAMES Y FUGAS ENVASADO Y ETIQUETADD

jEvacuer |a zona de peligno! Recogear, en [a medida de o
posible, el liguido que se derama y el ya darramado en
recipianies herméticos. Absarber el liquido residual en
Erena o absarbantainerte y res'adara a un lugar seguro.
MO verierlo en el alcantasillado. Profeccion personal:
equipo auttnomo de respiracidn.

RESPUESTA DE EMERGENCIA

Fieha d& Emargencia de Transpane (Transpon Emergancy Cand):

TEC [R]-I0GTF1-1l. Cadiga NFPA: HZ; F3. RO,

Errvase irompible; cokacar &l envase Iragi denlra de un respient imamsible
cerrada. Mo trarspertar con alimentas y piensos. Contaminante madng.

Clasificacion UE

Simbalo: F, T

R 45-11-22-36/3738; §; 53256
Nala: E

Clasificacion NU

Clasticackin oa Paligras NU: 3; Riesgas Subsidianos oa las NU: 6.1

Grupa da Envasada MU |

ALMACENAMIENTO

A prueta de incendio. Saparadn de oxidantas hueelas, abmenlos y piensos,
imsaleriahas incompalibies, Var Palgnos Cuimics, Mariléner en ugar iessd y seco

IPCS sl

Iirsgrrational : FU R BETTLTDRS 304L
Proprarmecn SR e () mEue.
Cremnical Salety  WHO

Praparaga en al Cantexlo & Cooperacian entné & IPCS y la Comisidn Ewopea @ IPCS, CE 2005
VEASE INFORMACION IMPORTANTE AL DORSO
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DATOS IMPORTANTES

ESTADO FISICO; ASPECTO:
Liguide viscoso incoloro, de olor caracteristico. Vira a oscuro por
exposicidn gl aite, a le humeded y |a luz.

PELIGROS FISICOS:
El vapor es més densa que & gire y puade extenderse 3 ras de

suala; pasible igricitn an punta distante. Como resutado de! fujo,

Egitacién, elc., se pusden generer cargas electrostdticas.

PELIGROS QUIMICOS:

L& sustancia s descompane &l calentara intansamante, y &l
arder praduciendo humos tdxicos y corrosivos, incluyerdo cioruno
de hidrdgena (ICSC 0163) y fosgano (ICSC 0007). Reacciona
viglentamente con aluminio, meteles alcaliros, amidas acalines,
emonizco, bases, cxidantes fuertes. Atace 2 muchos matales en
presenciz de egue. Ataca e pléstico.

LIMITES DE EXPOSICION:

TLV: 10 ppm como TWA; A4 (no clesificable como cancerigeno
humana) (AGGIH 2004).

MAK: H {absorcidn dérmice), Cancerigena: categoria 2 (DFG
2004).

VIAS DE EXPOSICION:
La sustancia se puede absorber por inhalacion del vapar, a frawés
de |2 piel y por ingestidn.

RIESGO DE INHALACION:
Por evaporacién de esta sustarcia a 20°C se puede alcanzar muy
rapidamente una concentracidn rociva en & aira.

EFECTOS DE EXPOSICION DE CORTA DURACION:

El vapor irita los ojos, la piel y el tracto respiratonio. La inhalacidn
dal vapor puede originar edema pu'manar [ver Motas). La
sustancia pueds afectar al sistema nervioso cantrel, rifdn e
higado, dando lugar a alteraciones funcionales.

EFECTOS DE EXPOSICION PROLONGADA O REPETIDA:

El contacto prolongado o repefido con (a piel puede producir
darmaitis. Esta sustancia es probablamente carcindgena para los
seres humanos.

PROPIEDADES FISICAS

Punta de ebulicién: 63.5C

Punto de fusién: -35.7°C

Densided relativa (agua = 1): 1.235
Solubilided en egua, g/100 mi: 067
Presidn de vapor, kPa a 20°C: 8.7
Densided nelativa de vapor (aire = 1) 3.42

Densidad relativa de la mezc'a vaporaire 2 20°C (gire=1):1.2
Punto de inflamacidn: 13°C c.c.

Temperatura de auioignicidn: 413°C

Limites de explosividad, 9% en volumen en & aire: 6.2-16
Cosficiente de reparto octanoliagua coma log Pow: 1.48

DATOS AMBIENTALES

NOTAS

Esté indicado un examen médico periddico dependiendo de! grado de exposicidn. Los sintomas del edema pulmonar na se ponen da
manifiesto, @ menudo, haste pasadas algunas horas y =& agravan por & esfuerzo fisica. Reposo y vigilancia médica san, por elio,
imprescindibies. Dabe considerarse |z inmediata administraciin de un 2enosol adecuado por un médico o persona por &l autorizada.
Esta ficha he sido parcialmente actuaizeda en octubre de 2005: ver Limites de exposicidn, Respuesta de emergencia

INFORMACION ADICIONAL

Mota legal

[Esta ficha contiens |e opinidn colectiva del Camité Internacional de Expertos de! IPCS y es independienta

de requisitos |legeles. Su posible usa no es responsabiidad de la CE, & IPCS, sus representantes o &

INSHT, autor de |e versidn espafiola.

@ IPCS, CE 2005



Preliminary design of a batch process for the oxolamine citrate 85

Fichas Internacionales de Seguridad Quimica

SULFATO DE SODIO ICSC: 0952

= et 1'
@ Bl e
= A

SULFATO DE SODIO
Sultato sddico {anhidra)
May50,

Masa molecular: 1421

ME CAS TT5T-82-6
N® RTECS WE1650000

N ICSC 0952
M PELIGROS! SINTOMAS PREVENCION PRIMEROS AUXILIOS!
EXPOSICION AGUDOS LUCHA CONTRA INCENDIOS

Mo combustible. En case de incendic En caso de incendic en & entorno:
=& daspredan humos (o gasas) astan permitidos todos los agentes
téwicos e imitantes. extintones.

‘entilacidn. |Aire limpéa, reposo.

‘Guantes jprotectores. t&nlararylavar la pial con agua y

jabén.

‘Gafas de proteccidn de seguridad. Enjuagar con agua abundants
durante varics minutos (quitar las
lentes de contacto si puede hacerse
con facdidad) y proporcionar
asistenciz médica.

Provocar el vimito (jUMICAMENTE

Ciolor sbooming, diarrea, nauseas, No comer, ni baber, ni fumar durants

wamitos. =l trabajo. EM PERSOMAS CONSCIENTES!) v
proporcicnar esistencia médica.

| DERRAMAS Y FUGAS ALMACEMAMIENTO | ENVASADO Y ETIQUETADO
Barrer la sustancia derramada e introducina

en un recipiente tapado; si fuera necesario,

humedecar el polvo para avitar su

dispersidn. (Proteccidn parsonal adicional:

respirador de filtro P1 contra particulas

inartes).
| VEASE AL DORSO INFORMACION IMPORTANTE

ICSC: 0952 Fraparada an el Canlaxto di Cosperacisn antre ol IPGS y 1 Comisisn e 185 Camunisades Eurpoeas & GCE,

IFCE, 1554

Fichas Internacionales de Seguridad Quimica

SULFATO DE SODIO ICSC: 0952
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ESTADO FISICO; ASPECTO VIAS DE EXPOSICION
Salide higroscépice blance en diversas formas, incdoro,  La susiancia se puede absorber por inhalacion y por
ingestion.
PELIGROS FISICOS e
RIESGO DE INHALACION
La evaporacidn a 20°C es despraciabla; zunemhagp
PELIGROS QUIMICOS 52 pueda Blcanzar rélpn:lslnﬂnln una concantrackin
molesta de particulas en el airs.

LIMITES DE EXPOSICION

TLV no establecida. EFECTOS DE EXPOSICION DE CORTA DURACION

EFECTOS DE EXPOSICION PROLONGADA O

REPETIDA
Punto de fusidn: B88°C Solubilidad en agua: Muy elevada.
Densidad relativa (agua = 1) 2.7
[ NOTAS
| INFORMACION ADICIONAL
|FISQ: 5167 SULFATO DE SODIO
ICSC: 0952 SULFATO DE SODIO

@CCE, PCS, 1904

NOTA LEGAL

IMPORTANTE:

Ni la CCE ni la IPCS ni sus representantes son responsables del posible uso de esta informacidn. Esta
ficha contiene & opinidn colectiva dal Comité Internacicnal de Experios del IPCS y es independients de
requisitos legales. La versidn espafiola incluye el etigustado asignade por la dasificacidn europaa,
actualizado a la vigésima adaptacidn de la Directiva §7/548/CEE traspuesta a la legislacidn espanola por
&l Real Decreto 363/95 (BOE 5.6.95).

BINSHT
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M M-Dietiletanaming

CAS: 121-44-8

RTECS: YEO175000

HL: 1296

CE ndice Anexo I:  §12-004-00-5

CE ! EINECS: 204-469-4

TIPO DE PELIGRO! PELIGROS AGUDOS/

EXPOSICION SINTOMAS

INCENDIO Altamente inflamable. En caso de
incendio =& desprenden humeas (o
nazes) ioxcos e imtantes.

EXPLOSION Las mezcias vapor'sine son
explosivas.

EXPOSICION

Inhalacién Tos. Doler de gargania. Jadeo.
Dificultad respiratonia. Dodor de
cabaza. Vértigo. Debilidad. Mauseas.
Sinlomas no inmedialos. Var Notas,

Pilel Enrojecimiento. Quemaduras
cutdneas. Dolor.

Ojos Dolor. Enngjecimiento. Wisidn
borrosa. Halo y opacidad azul.
Pérdida de visidn. Quemaduras
profundas graves.

Ingestidn Dolor abdominal. Sensacdn de
quemazdn. Shock o colapso.

DERRAMES Y FUGAS

|Evacuar la zone de paligre! jConsultar a un experio! Proleccidn
parsanal: traje de protacoitn completo indluyends ecuipo

auttnomao ge respiracion. Ventilar. Elimingr toga fuente de ignicidn.

MO permitir gue este producto guimico s& incorpore al ambiente.
Recoger, &n la medica de lo posible, &l liquica que se derrama y &
y& deffamada &n recipientes precintables. Absarter al liquide
rasidugl en arena o absorbenta inarte. Almacanar y eliminar al
residuo a confinuacién conforme & la normativa local.

RESPUESTA DE EMERGENCIA

Fiche de Emargancia de Transporte: TEC (R}-3051286.
Cadigo NFPA: H3; F3; RO.

IPCS
International
Frogrammie on =
Chemical Safety W\ D

CeHasN § [CsHs)aN
Masa molecular: 101.2

PREVENCION

Evitar las llames, NG
producir chispes y NO
furmar.

Sistema cemrado,
ventlzcidn, aquipo
eléctrico y de alumibrado
a prueba de explosidn.

[EVITAR TODO
CONTACTO!

Usar ventilacidn,
extracoidn localizada o
proteccion respiratona.

Guantes de proteccidn.
Traje de proteccitn.

Utilizar pantalla facial o
proteccion ocular en
cominacion con
profeccion respiratona.

Mo comer, ni beber, ni
fumar durante al trabajo.

PRIMEROS AUXILIOS / LUCHA
CONTRA INCENDIOS

\Jsar espuma resisiente &l alcohol, polva,
didwido de carbona.

En caso de incendic: mantener frios los
bidones y demés instalaciones rociando
con agua.

Alre limpio, reposo. Posicidn de
semiincorporedo. Respirecidn artificial si
estuviera indiceda. Proporcionar
asistencia médica.

Quitar las ropas contaminadas. Aclarar la
piel con agua abundante o ducharse.
Proporzionar asistencia médica.

Enjuagar con agua abunaants durants
warics minulos (quiter las lentes de
contacks si puade haterse con facilicad),
despuds propercionas asistencia médica

[Enjuagar |z boca. NG provocar el wdmito.
(Dar a beber uno o dos vasos de agua.
Proporcioner asistencia médica.

ENVASADO Y ETIQUETADO

Mo transgortar con simentos y piensas.

Clasificacién UE
Simioodo: F, C

R: 11-20021/22-35; 5: [1/2)-3-16-26-20-36/37/30-45

Clasificacién NU

Clasificacion de Paligros MU= 3

@&

Riesgos Subsidiarios NU: 8
Grupo da Envasedo NU: I

ALMACENAMIENTO

A prugba de incendio. Separado de materisgles incompatiblas y
alimantos y plensos. Ver Peligros Quimicos.

HNHTEHID
kNHElM.‘IuN

n SAITUT HACEHAL
OCSESLEEYE [ 43E8D
sn-.l AR

Preparada en el Contaxto de Coopergcidn entre el IPCS y la Comisidn Europea & CE, IPCS, 2005

VEASE INFORMACION IMPORTANTE AL DORSO
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DATOS IMPORTANTES

ESTADO FISICO; ASPECTO:
LIQUIDO INCOLORO DE OLOR CARACTERISTICO.

PELIGROS FisICOS:
El vapor es més densa que el aire y puede extenderse a ras del
suelo; pasible ignicién en punto distante.

PELIGROS QUIMICOS:

Se descompone al arder. Esto produce gases bxicos e imtantes
incluyendo dxidos de nitrdgeno. La sustancia es una base fuerta.
Reacciona violantamente con dcido v &8 comosivo para al
aluminie. cinc, cobre y sus alesciones en presencia de humedad.
Reacciona violantamente con oxidantes fuertes. Esto genera
peligro de incendio y explosion. Ataca algunas formas de
plésticos, el caucho y revestmientos.

LIMITES DE EXPOSICION:

TLV: 0.5 ppm coma TWA; 1 ppm coma STEL: {piel A4 no
clasificedo como cancerigena humano); (ACGIH 2014)

LEF UE: 2 ppm, &.4 mgim® como TWA; 3 ppm, 12.6 mgim® coma
STEL

VIAS DE EXPOSICION:
La sustancia =& puede atsorber por inhalacion, & través de |z piel
¥ por ingestidn.

RIESGO DE INHALACION:
Por evaporacién de esta sustancia 2 20°C s& puede alcanzar muy
rapidamente una concantracidn nociva en &l aira.

EFECTOS DE EXPOSICION DE CORTA DURACION:

La sustancia es corrosiva para los ofos, |a piel y el fracto
regpiratorio. Corrosivo por ingestidn. La inhalacén puede causar
edema pulmanar. Ver Motas. Los efectos pueden aparscer de
forma no inmediata. Se recomienda viglancia médica. La
sustancia puede afectar al sistema nervioso central.

EFECTOS DE EXPOSICION PROLONGADA O REPETIDA:

PROPIEDADES FISICAS

Punto de epullicidn: B8°C

Punto de fusidn: -115°C

Densidad relativa (egua = 1): 0.7

Solubilided en agua, g/M00ml a 20°C: 17 (slevada)
Presidn de wapor, kPa a 20°C: 7.2

Densidad relativa de vapor {aire = 1) 3.5

Densidad relativa de la mezcla vaporiaire 2 20°C (eire=1): 1.2
Punto de inflarmacidn: -17°C c.c.

Termperatura de auioignicdn: Z30°C

Limites de explosividad, % en volumen an el aire: 1.2-B
Cosficiente de reparto octanol/ague come log Pow: 1.45

DATOS AMBIENTALES

Le sustancia es nociva para los organismos acudticos.

NOTAS

Los sintomas del edema pulmonar no se ponen de manifiesio, a menudo, hasta pasadas algunas horas y se agravan por &l esfuarzo
fisico. Reposo v vigilancia médica son, por elo, imprescindibles. Debe considerarse 12 inmediata administracidn de un aerosal
‘edecuado por un médico o persona por él autonizada. La alera por el olor cuando se supera el limite de exposicdn es insuficenta.

INFORMACION ADICIONAL

Limites de exposicidn profesional (INSHT 2011}
VLA-ED: 2 ppm; 8.4 mg/m?

VLA-EC: 3 ppm; 12,6 mg/m*

Motes: wia dérmice. Reacciona con agentas nitrosantes que pueden dar lugar a |2 formacidn de N-Mitrosaminas carcindgenas. Agente

‘guimica gue tiene un valor limite indicative por la UE.

Mota legal

Esta ficha contiens la opinidn colectiva del Comité Intemacional de Expertos del IPCS y es independente

de requisitos legales. Su posiole uso no &= responsabilidad de lz CE, & IPCS, sus representantas o el

INSHT, autor de la versién espaficla.

@ IPCS, CE 2005
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DIETILAMINA ICSC: 0444
Noviembre 2008

CAS: 108-63-7 N, M-Digtlamina

RTECS: HZATS0000 N-Eliletanamina ,

HU: 1154 Diatamina %ﬁ%

GE Indice Anexa l:  612-D03.00.X GH NG HLNE .

CE/EINECS: 203-T16-3 Masa molecular 73,1

TIPO DE PELIGRO/ | PELIGROS AGUDOS/ PREVENCION PRIMEROS AUXILIOS /

EXPOSICION SINTOMAS LUCHA CONTRA

INCENDIOS

INGEMDIO Inflamable. En caso de incendia sa Evilar a5 llamas, NO Paiva, eapura resisienta al aleahiol, agua
desprenden humos (o gases) owicos @ | producir chispas y MO en grances canbidades o didxide de
irfanies. Turmar. carbana.

EXPLOSION Las mezcias vaporfaing son explosivas. Sisterna cerrado, En casa de incendio: mantenar frios los
venlilacidn, eguips bidones y demis instalaciones rodando
alécirico y op alumbrade | con agua, Combiasr al incendio desde un
& prueba de explosion. Iugar protegide.

ML) utilizar aire
ecomprimido para lenar,
vaciar o manipalar,

EXPOSICION |[EVITAR TODO [CONSULTAR AL MEDICO EN TODDS
CONTACTO! LOS CASOS]

Inhakacidn Dolor de ganganta, Tes, Jadeo Sisterna cemado ¥ Aira limpin, mepasn, Posicidn de
Sensatidn de quemazin delrds del vernililazidn. semiinoorporads. Proporeionar asigtencia
estemnan. Dificutad respiratosia, middica,

Sintomas o inmediatos (ver Nolas).

Piel Enrojecimiento. Dalor. Ampollas. Guanies de proleceiin. Aclarar oon agua abundante durante 15

Cupmaduras cutdness praves, Traje de proteccidn mirytos como minime, despus quitar la
ropa contaminada y sclarar de ruevo.
Praporcionar asistencia médica

Ojos Enrojecimientn. Dolor. Quemaures. Galas gjustadas de Enjusgar oon agua sbundarle durente
seguridad, pantalla facial | warios minulos [quitar las lentes de
¥ proleccitn ocuilar COMEED Si pueds hecarse con facilidad).
combinada con Praportionar asistencia midica
proleccitn resgiratoria. inmediatamenta.

Ingestion Sensecitn 08 qUEMEZOn &n la garganta | Mo comer, i beber, ni Enjusgar a boca. NO provocar el wimilo.

y @l pacho, Doler abdeminal, Disrea, fumar durante el trabaje. Praporcionar asistencia midica
Wémitas. Shock o colapsa. inmadistamense.

DERRAMES Y FUGAS

jEwacuar la zona de peligre! Prolsocidn personal: raje de
preteccidn quimica, incuyendo equino autdromo da respiracidn,
Elirrinas 1oda Tuente de igricidn. NO permilir que @ate produclo
quimico s& incorpore al ambiente, NG verterio en & alcantadillade
Ventilar. Receger @ liguide procedents de |a fuga en recpientes e
plisticn precintables. Recoger cuidacosamenta el residua y
trasladario a continuecitin & un lugar segua.

RESPUESTA DE EMERGEMNCIA

ENVASADO Y ETIQUETADO

Ervase irrompible; colocar el envase Irégil deniro de un recipiente
irompihle cermado. No franspartar con alimantos y piensos,

Clasificacion UE
Simibaloc F, C
B 11-2021122-35

5 (102-)3-16-26-26-360 773545

Clasificacion NU

Clasificacién de Peligros NU: 3
Fiesgos Subsidiarios de las NU: 8

Grupo de Envasado NU: 1

Clasificacion GHS
Peligre

Liquida y vapores muy inflamatles.
Motivo en caso de ingesion.
Tdxico en contacio con la piel,

Mocivo si ge inhala.

Provoca graves quemaduras en (a piel y lesionas oculares:
Puade provocar irilacitn respiratoria,
MNocivo para los arganismas acudSioos.

ALMACENAMIENTOD

Ficha de Emergencia de Transporte (Transport Emergency
Card): TEC (R}-3051154 5 J0GFC-II. Codign NFPA: H3; F3; AD

PCS, s iy {em)
Pragramme o0 i oty -
Chemical Salety YW H O UNEP

A prosta di moecdio, Separads de axidantes ek, Acidos fuedtis, compusio
erghnice, almentcs y piersos Mantend n luget nesc, Bien cirada. Alacins
o & recipiente original. AIMaconar on un Ared Sn aCCeso 3 desaglos o akantarilas.

T ooy
2 SRR

15 ) ol e

Rt

VEASE INFORMACIGN IMPORTANTE AL DORSO
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DIETILAMINA ICSC: 0444

DATOS IMPORTANTES

ESTADO FISICO; ASPECTD Vias DE EXPOSICION

Liquido incalora de alor acre. La sustancia se puede absorber por inhalacion del vapor, & trevds de la
piel y par ingesticn,

PELIGROS FiSICOS
El vapor @5 més censo que & aire ¥ pusde extenderse a ras del RIESGO DE INHALAGION

sueln. Posible ignicien en punta distarnie. Por evaparacion e esla suslancia a 20°C se puede alCaNEar miy
rigidamente una cancentraciin nociva en o aire.

PELIGROS QUIMICOS
La sustancia se descompone ol calentara insensaments o al arder, EFECTOS DE EXPOSICION DE CORTA DURACION

produciends humos ibxices, incliyendo txdos de nitrdgeno. La La susiancia es corrosive para los ojos, la pied y el racto respiraionio.
sustancia es moderadaments bésica. Reactiona con oxdantas Comasive por ingestion. La infalacian pusde causar edema pulmanar,
Tugres. Scdns y COMPUESIOs Drganicos, ariginanto peligo de pefo 8ol 1188 producings (08 fECiDs COMOSIVOS inicales en oS Gos o
incendio y explasidn. Ataca a metalies, algunos tipes de pléasticos, |@s vias respirasorias, La inhalacién puede ariginar neumonitis. La

al caucho y revestimientos. ExpOSICian & allas Conceniracanes puede producin inflamacion grave oe

la garganta, Sa recomienda viglanda médica,
LIMITES DE EXPOSICION

TLV: 5 ppm coma TWA, 15 ppem como STEL (piel), A4 (mo EFECTOS DE EXPOSICION PROLONGADA O REPETIDA
clasificable coma cancerigens humang) (ACGIH 2008), Los pulmones pusden resultar afectadoes por la exposicidn prolongada o
LEP UE: 5 ppm coma TWA, 10 ppm coma STEL (EU 2002). repetida al vapor. La sustancia puede afectsr a los dientes danda lugar

a grosion dental,

PROPIEDADES FISICAS

Funin de ebullicin; 55 5°C Dersidad relasiva de la mezcla vapor/aine 8 20°C (aim = 15 1.4
Purio de fugidn: -50°C Punio de inllamacidn: -28°C ce.

Densidad refativa (agua = 1): 0.7 Temparatura de autoignicidn: 312°C

Solubilidad en agua: miscibla Limiles de explosividad, % en volumean en el gire: 1.8-10.1
Presitn de vapor, kPaa 20°C: 289 Coeficiente de reparto octanclagua como log Pow: .58

Densidad refaliva de vapor (gire = 10 2.5

DATOS AMBIENTALES

La sustancia @5 nociva para o5 organismas acusibioos,

NOTAS

Las sintomas del edems pulmonar io S8 ponen de manifest, 8 menuss, hasta pesadas algunas hores y 8& agravan por el esfuerzo fisico.
Regoso y vigilancia meédica son, per elle. imgrescindibles. Debe considerarse la nmediziz administracion de w aerosol adecusdo per un
midico o persena par & autorzada, NO llevar a casa |a ropa de trabajn,

INFORMACION ADICIONAL

Limites de exposicdn prafesianal (IKSHT 2017):
WLAED: § ppm; 16 mg/m?®
VLAEC: 10 ppm, 30 mgim?*

Matas; via dérmica, Reacciona con agentes nitresantes que puden dar gar a la formacién de N-Nitresamings carcindganas,

NOTA LEGAL Esta ficha contiene la spinidn colectvva del Comité Intemacicnal de Experies dal IPCS y es independiente de
requisilos legales. Su posible usa no es respansabilidad de | CE, el IPCS, sus regresentantes o al INSHT, aulos
og la varsién espansla,

& PCE, CE 2009




Preliminary design of a batch process for the oxolamine citrate 91
Fichas Internacionales de Seguridad Quimica
ACIDO CITRICO MONOHIDRATO ICSC: 0704
=
b 3 ¥ ASU SOCIALES ﬁﬁmmommn““"‘
= ESPANA
ACIDO CITRICO MONOHIDRATO
Acido 2-hidraxi-1,2, 3-propanatricarboxilice monohidratada
Agcide R-hidroxitricarboxilico monohidratado
C3HgOpH0
Masa molecular: 2101
& CAS 5348-79-1
MNE RTECS GETE10000
N® ICSC 0704
TIPOS DE
PELIGROS! SINTOMAS PRIMEROS AUXILIOS/
iy AGUDOS PREVENCION LUCHA CONTRA INCENDIOS

Evitar lama abierta.

INCENDION [corsisisie

|F'u|\.lariza:='¢n con agua, polvos.

- Las particulas finamente disparsas

fc_-n'ns.n mezclas explosivas an el
| EXPOSICION |

aira.

Enrojacimients.

Extraccitn localizada o proteccicn
respiratoria.
‘Guantes protectores.

ira limpio, reposo y someter &
atencidn médica.
Cuitar |25 ropas contaminadas,
aclarar la piel con agua abundante o
ducharsa.

Enrojacimienta, dolor.

Gafas sjustadss de sagunidad.

Enjuagar con agus abundante
durante vancs minutos (quitar las
lentes de contacto si puede hacerse
con faciidzd), después consuliar a
un médico.

Ciolor de garganta, lave sensacian de

Mo comar, beber ni fumar durants el

Enjuagar la boca y somatar a

IFCE, 1554

quamazdn. trabajo. atancidn médica.
| DERRAMAS Y FUGAS | ALMACEMAMIENTO | ENVASADO Y ETIQUETADO
Barrer lo mejor posible; eliminar &l residuc Separado de oeidantes, bases fuertes.
con agua abundante. | |
| VEASE AL DORSO INFORMACION IMPORTANTE
| ICSC: 0704 Fraparada an &l Conteeo de Cosperacitn antra ol IPCS y la Comsign da las Comunidades Eunonas  CCE,

Fichas Internacionales de Seguridad Quimica

ACIDO CITRICO MONOHIDRATO

ICSC: 0704
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ESTADO FISICO; ASPECTO
Cristales blancos. ligeramente delicuescentes.

PELIGROS FISICOS

PELIGROS QUIMICOS

La solucidn en agus es moderadamente dcida.
Rescciona viclentamente con nitratos metalicos.
Reacciona con bases fusries y oxidantes. La sustancia
comoe al cobre, cinc, aluminic v & sus aleacicnes.

LIMITES DE EXPOSICION
TLY no establacide.

VIAS DE EXPOSICION
La sustancia s& puede absorber por inhalacion del
aerosal y por ingestidn.

RIESGO DE INHALACION

EFECTOS DE EXPOSICION DE CORTA DURACION
La sustancia imita los ojos y el tracio respiratorio.

EFECTOS DE EXPOSICION PROLONGADA O
REPETIDA

Se descompane por debajo dal punto de ebullicion a:
[wéansa Maotas)

Punto de fusidn: 100°C

Densidad relativa (agua = 1): 1.5

Solubilidad en agua: soluble

Temperatura g autoignicidn: 1010°C

Limites de explosividad, % en walumen en el airs: 0.28-
229

Coeficiente de reparto octanal/agua como log Pow: -1.72

_I

HNOTAS

|Temp-sm‘u.|lada descompasicidn no referenciada en 13 biblisgrafa.

|FISQ: 1-015 ACIDO CITRICO MONOHIDRATO

ICSC: 0704 ACIDO CITRICO MONOHIDRATO
@ CCE, PLS, 1984
Mi la CCE ni la IPCS ni sus representantes son responsables dal posible uso de esta informacidn. Esta
NOTA LEGAL ficha contiene & opinidn colectiva del Comité Internacicnal de Experios del IPCS y es independients de
MPORTANTE: requisitos legales. La versidn espafiola incluye el etiguetado asignade por la dasificacidn europaa,
: actualizado a la vigésima adaptaciin de la Directiva 87/548/CEE traspuesta a la legislacidn espanala por
=l Real Dacreto 363/85 (BOE 5.6.95).

B INSHT
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ACETONA ICSC: 0087
Alaril 2009

CAS: 67-64-1 2-Propanona

RTECS: ALI150000 Dimetil cetona

HU: 1040 Metl cetona

GE Indice Anexa l:  G05-D01.00-8 GH.0/CH,-CO-CH,

CE/EINECS: 20d-662-2 Masa molecular 58,1

TIPO DE PELIGRO/ | PELIGROS AGUDOS/ PREVENCION PRIMEROS AUXILIOS /

EXPOSICION SINTOMAS LUCHA CONTRA

INCENDIOS
INCENDIO Allenerie inflamable. Evitar las llarmas, NO Paivo, eapurna ressiente ol slcahsl, agua
producir chispas y NO en grances canbidades o didxide de
Turmar. carbana.

EXPLOSION Las mezclas vapariaine son explosivas. | Sisterna cerrado, En caso de incendic: mantenar frins los
El calenternianto intenso puede produsir | venalilacidn, eguipe bidores y demis inslalaciones recando
aumants de 3 presiin con fiespe de sléctrico ¥ de alumbrado can agua,
estalido. & prueba de exglosisn.

ML) utilizar aire
eomprimido para lenar,
waciar o manipalar,
Utilicense herramientas
manuales no
generadoras de chispas,

EXPOSICION

Inhalacién Dinler de gargansa. Tes. Confusidn ‘Wanslacidn, sxiraccan Airg limpin y reposo, Proporcionar
mental. Daloe de cabeza. Verigo. lacalizade & prolecidn asigtencia médica,

Somnolenda, Pérdida ded conocimiento. | respirataria,

Piel Pigl seca, Guantes oe profeocidn, Quitar las ropas contaminadas. Adarar y

lzver |a piel con agua ¥ jabdn,

Djos Enrojecimienta, Dolor, Visidn borasa, Gafas de proseccian de Enjuagar con agua abundante curante

segurided. warias minulos [quites las lentes de
contacio si puede hacerse con facilidad)
Praporcionar ssslencia médica.
Ingestidn Mauseas, Vamites. [Ver Inhalacion). Neo camer, ri beber, ni Enjuagar la boca. Proporcianar asistencia
Tumar duranie el rabaje. ica
Lavarse las manos antes
de comer.

DERRAMES ¥ FUGAS

ENVASADO Y ETIQUETADO

Eliminar focda fusnte de ignicidn, Vedtilar, Prodeccién personal; fisrg
pera gases y vapores organicos de bajo punio de ebulicidan
adaptada 8 la concentracién de la sustancia en & aire. MO vertaria
en &l alcantarillade. Recoger el liguido procedene de |a fuga en
recipientes precintables. Absorber el liguide residual en arena o
absorbente inere y rasladano & w lugar segura. Eliminarks a
contiruackin con agua abundante.

Clasificacian UE

Simbolg; F, Xi

R: 11-35-65-67
5 (2-9-16-26
Clasificacian KU

Clasilicacion de Peligros NU: 3

Grupo de Envasado MU 1

Clagificacion GHS
Peligrs

Liguia ¥ vapores muy inflamabies,

Pravoca iritacidn ocular.

RESPUESTA DE EMERGEMNCIA

ALMACENAMIENTOD

Codign NFPA: H1; F3; RO

IPCS

International it
Programme on g
Chemical Satety |1F

Ho

A prueba de incendio. Separada de: Vier Peligrs Quimicos, Almacenar
&1 UM ARed 8in BECES @ desagies o alcenlanllas.

VEASE INFORMACION IMPORTANTE AL DORSO
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DATOS IMPORTANTES

ESTADO FISICO; ASPECTD
Liquido incalora de alor caraciaristics.

PELIGROS FiSICOS
El vapor @5 més censo que & aire ¥ pusde extenderse a ras del
sueln. Posible ignicien en punta distarnie.

PELIGROS QUiMICOS

La sustancia puede formar perdoides explosives en confacio con
exidantes lueries tales como dcite scilico, Scido ritics y perdxide
e hidgena. Reacciona con clarsformo y bromoformo en medio
Ldgicg, ariginanda peligre de incendio y explosion. Alaca & los

pldsticas.

LIMITES DE EXPOSICION

TLV: S0 ppm como TWA, 750 ppm como STEL,

Ad [ne dasificable come cancengeno humana).

BE! astablacido (ACGIH 200§),

LEP UE: 500 pom, 1210 mgim® coma TWA (EU 2000).
Fecamendacidn del SCOEL dispanible,

Vias DE EXPOSICION
La susiancia se puede sbsorber por inhalacion.

RIESGO DE INHALACION

Por avaparacidn de esta sustancia a 2070 se puede alcangar bastante
régidEments ung CONSEnLBCion NG en el aire. Sin embarga, mas
ragidamente por pulvenzacion o cuands se disparsa.

EFECTOS DE EXPOSICION DE CORTA DURAGION
La susiancia irita los ojos y el racke respiralorio. La exposicidn a altes
concentracionss puede prosucir disminucidn del estads de alera

EFECTOS DE EXPOSICION PROLONGADA O REFETIDA
El liquida desengrasa la piel. El comacio repetido puede producir piel
seca y apretada,

PROPIEDADES FISICAS

Purilo de ebullician: 56°C

Punto de fusidn: 45°C

Densiced refaliva (sgua = 1): 0.8
Solubilidad en agua: miscibia,

Presion de vapor, kPa a 2000 24
Densidad redativa de vapor (aire = 15 2.0

Dersidad relativa de la mezca vapor/sire a 20°C (aire = 1) 1.2
Punta de inflamacidn: -18°C .o,

Temparatura de sutsignicdn: 455°C

Limites de explosividad, % en woluman en el aire: 2.2-13
Coeficients o8 reparo eclanolagua como log Pow: -0.24
Viscosidad, mmdis A 40 °C; 0,34

DATOS AMBIENTALES

NOTAS

El consuma de bebidas alcobélicas aumanta ol efecto nociva,

INFORMACION ADICIONAL

Limies de Exposicidn Profesional (INSHT 2011);
VLA-ED: BO0 ppem; 1210 mghm?

WL3: 50 g/l ani arina. Naka |

MNOTALEGAL

Esta ficha contiene la spinidn colectvva del Comité Intemacicnal de Experies dal IPCS y es independiente de

requisiles legales. Su pagible uso no es respansabilidad de 1a CE, & IPCS, sus regresentantes o al INSHT, aulos

&n la versién espanicia,

G IPCS, CE 2009







