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Oz

Kimya proseslerde sivi akisi, kiitle transferi ve ayirma iglemleri gibi fiziksel islemler ¢ok biiyiik bir rol oynar. Bununla
birlikte, kimyasal bir degisimin meydana geldigi herhangi bir iiretim igleminde, kimyasal reaktor iiretimin kalbini
olusturur. Bu ¢aligmada, polistiren(PS) iiretimi i¢in kullanilacak kesikli reaktor tasarimi agiklanmaktadir. Siispansiyon
polimerizasyonu, PS Uretimi icin en ¢ok tercih edilen metottur. Siispansiyon polimerizasyonunda, reaksiyondan elde
edilen pargacik boyutu ¢ok dnemlidir. Karigtirma hizi, karistirict sekli, reaktdr boyutu ve reaktdr geometrisi, reaksiyon
sicaklig1 ve basinci gibi parametreler parcacik boyutunu etkilemektedir. Ayrica, siispansiyon reaksiyonu ekzotermik bir
reaksiyon oldugu igin, reaksiyon sirasinda sicaklik ve basing zamanla artar. Bu durum reaksiyonu olumsuz yonde etkiler.
Bu nedenle, reaksiyon sabit bir basing ve sicaklikta gerceklestirilmelidir. Bu durum ve gerekli parametreler dikkate
alinarak bir Kesikli reaktor tasarimi yapilmustir.

Anahtar Kelimeler: Genisleyebilen Polistiren, Polistiren, Reaktor Dizayn, Polimerizasyon
Batch reactor design for polystyrene production

Abstract

Physical processes such as liquid flow, mass transfer and separation processes play a major role in chemical
processes.However, in any production process where a chemical change occurs, the chemical reactor forms the heart of
production. In this study, the design of batch reactor for polystyrene production is explained. Suspension polymerization
is the most preferred method for PS production. In suspension polymerization, the particle size obtained from the reaction
is very important. Parameters such as mixing speed, agitator shape, reactor size and reactor geometry, reaction
temperature and pressure affect particle size. Furthermore, since the suspension reaction is an exothermic reaction, the
temperature and pressure increase during the reaction over time. This adversely affects the reaction. Therefore, the
reaction should be carried out at a constant pressure and temperature. A batch reactor was designed considering this
situation and the required parameters.
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1.Introduction

The expandable polystyrene (EPS) is one of the industrial polymer foams and is also known as Strofoil in our
country. EPS is increasingly becoming attractive in practical use day by day due to its lightness and economy
in the plastics sector [1]. Isolation and packaging are the most preferred areas where it is utilized, but it is also
used in automotive industry, agriculture sector, marine sector, visual arts and advertising sector, health sector,
refrigeration sector. EPS is produced from porous polystyrene (PS) granules by a series of processes such as
aging, molding, cooling, re-aging. PS granules used in EPS production are produced from styrene (CgHsg)
monomers by polymerisation reactions. The size distribution of polystyrene (PS) beads used in EPS production
is one of the significant parameters determining the quality of the product [2]. Therefore, in order for the size
distribution to be uniform and all the beads to be the same size, the parameters such as the suspending agents,
the reaction initiator, the mixing speed and the mixer shape, the reaction temperature and the reaction pressure
as well as the parameters such as the reactor size and the geometry must be selected accurately and the reactor
design must be made correctly. If these parameters are not set correctly, PS beads of different sizes or unwanted
size are obtained [3]. Therefore, before starting work to make the correct reactor design, we must seek answers

for the following questions [3];

o What kind of reaction should be done?

e Which type and size of reactor is required according to reaction type?

o What are the reaction conditions (temperature, pressure, viscosity, density, etc.)?

e Is the reaction endothermic or exothermic? What should be provided for the heating?

¢ How must cooling be provided?

e Ifitis necessary to heat and then cool before the reaction takes place, can an arrangement be
established to provide both heating and cooling?

e What are the physical states (solid, liquid or gas) and properties (porosity, particle size) of the
substances used in the reactor?

e s the reaction medium homogeneous or heterogeneous?

e Do we need to add catalyst to the reaction?

e Is the process continuous or not?

e Do we need to return to reach the desired turnaround?

e Are the used chemicals corrosive?

e How much does the reactor cost?

Going through the literature on the reactor, we can come across with F. Langner, HU Moritz, KH Reichert,

Masocha Tanaka et al.. They found that mixing speed, particle size affect

o distribution of polystyrene particles with respect to reactor diameter, the effect on the height and size
of reactors allowing the reactors to take into account the polymerisation parameters for EPS
production, Vakili et al. investigated the turbulent flow field in an industrial suspension polymerization

reactor. Aziz et al. performed a temperature control on a control engineering criterion problem of a
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polymerization reactor controlled by Chylla and friend Chylla and Haase, which determined the
optimum operating conditions in the mixing reactors.
e We designed a 5 liter cut off reactor from stainless steel and determined the optimum reaction

parameters.
2.Reactor Design
Different types of reactors are used in industry for different purposes.These reactors are produced in different

sizes and geometries taking into account the characteristics and reaction conditions of the product to be
produced.The classification of these reactors used in industry is as in Figure 1.

Figurel: Classification of Reactors

Although there are many reactors for different purposes in the industry, the batch reactor was decided to be
the most suitable reactor at the end of the literature research, considering the parameters of the suspension
polymerization reaction and the properties of the product to be produced because batch reactors are used in a
wide range of applications such as product mixing, chemical reactions, distillation, crystallization, liquid-liquid
extraction, polymerization, etc., which are widely used in industrial applications. A typical batch reactor
structure includes a tank, mixer, internal heating and cooling systems. These containers can range from 15000
liters to less than 1 liter. They can be produced from stainless steel, glass and composite materials. In the batch
reactor, excellent homogeneity occurs throughout the reaction. The process stops when the desired conversion
rate is reached. In small-scale pilot plants, batch reactors can be used to obtain preliminary information.
Besides, batch reactors are preferred in production of new products in small quantities, which are developed
with higher efficiency. Industrial reactors are widely used in pharmaceutical, biochemical and paint industries
[4-6].
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Figure 2: Chemical batch reactor [4].

Batch reactors have advantages such as easy installation, small cost, comfortable application conditions. The
biggest disadvantage of batch reactors is the operating cost. Loss of time in the process of evacuating the
reactor and cleaning the reactor before putting the product back are two major operating cost problems. It is
also necessary to heat up to a certain temperature in the event of a reaction. When the reaction is completed,
the product must be cooled. Significant energy and time are needed to provide them. Another disadvantage is
the difficulty in controlling heat transfer and ensuring continuity of product quality. Chemical reaction rate
usually increases with increase in temperature. The mechanical stirrers attempt to reduce the occurrence of
film resistance in the container walls by providing mass transfer with heat flow propulsion. In addition, the
stirrer also prevents small solid particles from becoming agglomerated. The purpose of mixing is to make the
substances come into contact with mixture in a homogeneous way. Temperature, viscosity, physical states and

density of the products and pressure are the factors affecting the operation of the reactor [7].

As the batch reactor, it was designed because it was a pilot work in laboratory conditions. The reactor was

from stainless steel.

e Stirring speed: The size of drops was significantly affected by the agitation speed. If the mixing speed
is high, small beads are obtained, but if the mixing speed is low, there is accumulation between the
beads.Therefore, the speed of the mixer must be set correctly. The mixer types that can be used in the

reactors are shown in Figure 3.
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Figure 3: Stirrer types used in reactors [8]

The most suitable stirrer for the batch reactor that will carry out the polymerization reaction is spiral propeller
bladed (Fig.4)

Figure 4: Designed Agitator

e Temperature control: The suspension polymerization reaction which will take place in the reactor is an

exothermic reaction in which temperature control is very important [9,10]. The suspension polymerization
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will be carried out at 70 °C. However, because the reaction is exothermic and the reactor is heated, the
temperature does not remain constant at 70 °C; thus it can rise up to 100 °C . This situation causes the
resulting product to deteriorate. In order to control the temperature of the reaction medium, the jacket is
made for heating and cooling out of the reactor tank. With the help of hot water inlet and cold water inlet
and outlet, temperatures of the reaction medium were kept constant at 70 °C. A thermometer was installed
in the reactor cap to monitor the temperature flactuations during the reaction.

e Pressure control: The safety valve was installed for safety against pressure build up. A thermometer and a
barometer were fitted to the reactor lid so as to measure the temperature of the reactor and see the pressure
of the reactor, respectively. A safety valve was installed in the reactor to prevent the reactor from explosion
due to inside pressure rise. In addition, a barometer was installed on the reactor cover to monitor the
pressure during the reaction.

e One of the biggest problems in the suspension reaction is clustering. In order to prevent agglomeration of

the beads, two wave breakers are placed in the reactor (Fig.5)

wavebaker

Figure 6: Produced Batch Reactor

4. Conclusion

After determining the parameters required for the suspension polymerization and the design of the batch reactor
for the pilot application, the reactor was produced. In order to check whether the reactor was working, a small
amount of water was put into the reactor; and then the reactor was operated. During operation, a leakage was
detected at the point where the mixer is connected to the motor. In order to solve this problem, the connection
point was compressed. Apart from this problem, there appeared no problem with the reactor. The produced

batch reactor was ready for polymerization production.
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UZUN OZET

Kimyasal proseslerde, sivi akisi, kiitle transferi ve ayirma iglemleri gibi fiziksel islemler ¢ok 6nemli rol oynar. Bunun
yanisira, kimyasal bir degisimin meydana geldigi herhangi bir iiretim igleminde, kimyasal reaktor ise iiretimin kalbini
olugturur ve basarili bir sonu¢ icin reaktoriin tiirii, kapasitesi ve geometrisi dogru belirlenmelidir. Siispansiyon
polimerizasyonu, PS iiretimi i¢in endiistride en ¢ok tercih edilen metottur. Basarili bir siispansiyon polimerizasyonu i¢in
en ideal reaktorse kesikli reaktordiir. Reaksiyon kosullarini etkileyen diger parametrelerse karigtiricinin karigtirma hizi,
karigtirict sekli, sicaklik ve reaksiyonun yapilacagi maddelerin tiirli ve oranidir. Bagarili bir siispansiyon reaksiyonunda,
EPS tanecikleri esit boyda olmalidir, onun igin parametreler dogru ayarlanmali ve reaksiyon sabit bir basing ve sicaklikta
gerceklestirilmelidir. Bu durum ve diger parametreler dikkate alinarak polistiren (PS) tiretimi igin kullanilacak kesikli
reaktdr tasarimi yapilmistir.

143


https://www.google.com.tr/search?q=Reactor+Types&source
https://www.sciencedirect.com/science/article/pii/S1385894701001693#!
https://www.sciencedirect.com/science/article/pii/S1385894701001693#!
https://doi.org/10.1016/j.isatra.2011.07.009
https://doi.org/10.1016/j.compchemeng.2006.05.021
https://www.mixmachinery.com/news/paddle-stirrer-types-reactor-choose.html
http://pediaa.com/difference-between-styrene-and-polystyrene.%20Eri%C5%9Fim%20tarihi:2018
https://www.tts-group.co.uk/polystyrene-balls-and-eggs/1004322.html
http://dx.doi.org/10.1016/S0927-7757(99)00375-1

Nevsehir Bilim ve Teknoloji Dergisi (2019), 8(2) 137-144
Giris

Bir reaktor, boyut ve geometri olarak, genellikle EPS boncuk retim prosesini en az etkileyen parametrelerden biri gibi
goriinebilir, ancak iiretimi, performansi, geometrisi ve biiyiikligii genellikle EPS boncuk boyutunu etkileyen dnemli
parametrelerdendir. EPS boncuk iiretimi ile ilgili yeni bir kimyasal proses gelistirilirken ve projenin bir biitiin olarak
ekonomik degerlendirmesi yapilirken oncelikle reaktoriin performansinin nasil olacagi konusunda bir 6n degerlendirme
yapilmalidir. Bunun igin, ideal bir reaktdr tasarimi yapmak i¢in ¢alismaya baslamadan once ne tlr bir reaksiyon
yapilmalidir?, reaksiyon tipine gore hangi tip reaktor gereklidir?, reaksiyon kosullari (sicaklik, basing, viskozite, yogunluk
vb.) nelerdir?, reaksiyon endotermik veya ekzotermik mi?, isitma ve sogutma nasil saglanmalidir?, reaksiyon gergekles
meden Once 1sitmak ve reaksiyondan sonra sogutmak gerekirse hem 1sitma hem de sogutma saglayacak bir diizenek
yapilabilir mi?, reaktdrde kullanilan maddelerin fiziksel durumlari (kati, sivi veya gaz) ve Ozellikleri (g6zeneklilik,
pargacik boyutu) nelerdir?, reaksiyon ortami homojen mi yoksa heterojen mi?, reaksiyona katalizor eklemek gerekiyor
mu?, siirekli mi yoksa kesikli bir islem mi uygulanacak?, kullanilan kimyasallar korrozif mi?, reaktdriin maliyeti nedir?
vb. sorularna yanit aramak gerekir. Reaktoriin detayli olarak tasarlanmasi reaksiyona basladiktan sonra reaksiyon
gereksinimlerine gore zamanla kesinlik kazanacaktir.

Endiistride ¢esitli reaktor tasarimlar: kullanilir, ancak hepsi belirli siniflara veya bunlarin kombinasyonlarina aittir. Bu
siiflar:1.kesikli reaktorler,2.stirekli reaktorler,3.yar1 kesikli reaktorlerdir. Belirli akig ve termal kosullar gbz Oniine
alindiginda, bu reaktorlere "ideal" reaktorler de denir. Akis kosullarina gore ideal kesikli reaktdr, mikroskopik ve
makroskopik 6lcekler lizerinden tam karistirma ile karakterize edilir. Termal olarak ideal ¢aligma durumlari izotermal ve
adyabatik durumlardir, yani, ¢cevre ile cok yogun 1s1 degisiminin oldugu veya hig 1s1l degisimin olmadig1 varsayilmaktadir.
Kesikli reaktorlerin karistirma tanklarinda yapilan baslica islemler: sivi faz reaksiyonlar1 ve sivi - kati reaksiyonlardir.
Kesikli reaktoriin avantajlart ise hizli iiretim degisiminin miimkiin olmasi, kii¢iik capta tretilen maddeler igin
kullanilabilmesi, reaksiyonun akis yukar1 veya akis asagisinda proses adimlarinin reaktorde de gergeklestirilebilir olmast,
kat1 veya yiiksek viskoziteli fazlar olustugunda siirekli islemden daha iyi proses kontrolii yapilabilmesidir. Dezavantajlar1
ise, uzun galisma siireleri ve yiiksek insan giicii gereksinimleri nedeniyle nispeten yiiksek isletim maliyetinin yiiksek
olmasi, 6zellik le yiiksek endotermik veya ekzotermik reaksiyonlarda sinirli sicaklik kontrolii yapilabilmesidir.

Yéntem

EPS iiretimine baglamadan once yapilan literatiir aragtirmalarina dayanarak EPS iiretimi i¢in en ideal reaksiyonun
stispansiyon polimerizasyonu oldugu ve reaksiyonu yapabilmek icin en ideal reaktdriin paslanmaz celikten yapilmis, 5
ml’lik ceketli bir kesikli reaktér olduguna karar verilmistir. Ideal bir ceketli kesikli reaktdr tasarimi igin gereken
pargalarin, sicaklik kontrolii i¢in bir adet termometre, basing kontrolii i¢in bir adet barometre, reaktor icindeki maddeleri
karistirmak i¢in bir adet karistirici ve karigtiricinin ¢alisabilmesi i¢in 12DC giiciinde bir servo motor, reaktor igerisinde
siispansiyon polimerizasyonu gerceklesirken taneciklerin birbirine yapigmasini engellemek amaciyla iki adet dalgakiran,
reaksiyon sicakligini saglamak i¢in su buhariyla isitma yapilmasina karar verilmis ve bunun i¢in reaktoriin ceketine buhar
giris ve ¢ikis yeri, reaksiyon esnasinda sicaklik artiginin dniine gegmek igin sogutma yapilmasina, bunun igin de su giris
ve ¢ikis noktalar1 yapilmasina karar verilmistir.

Sonuglar ve tartisma

Laboratuvar ortaminda yapilacak pilot ¢aligma i¢in en uygun reaksiyon kosullar1 belirlendikten sonra EPS {iretimi icin
siispansiyon reaksiyonu yapabilmek icin en uygun reaktdriin kesikli reaktdr olduguna karar verilmistir. ideal bir kesikli
reaktor tasarimi i¢in gereken parcalar belirlendikten sonra reaktor imal edilmistir. Reaktdr imal edildikten sonra, dncelikle
reaktor icerisine su konularak calistirilmis ve herhangi bir problem goriilmemistir. EPS iiretimi igin siispansiyon
polimerizasyonunu yapabilmek igin reaktor igerisine hacminin %401 kadar madde konularak reaksiyon baglatilmstir.
Reaksiyon basladiktan bir saat sonra reaktor icinde kaynama baglamig ve reaktor kapaginin kapandigi kisimda kopiikler
olustugu goriilmiistiir. S1izdirmazlig1 saglamak i¢in, reaktor kapaginin kapandigi kisma s1vi conta siiriilmiistiir. Reaksiyon
devam ederken, basing ve sicaklik yiikseldik¢e reaktor igindeki karistiricinin motora baglandigi kisimda madde ¢ikist
oldugu gozlemlenmis ve bunun Sniine gegebilmek i¢in baglanti noktasina yag kegesi takilmistir. Reaksiyon sicakligina
ulasabilmek icin su buhar ile 1sitma yapabilmek i¢in buhar akiimiilatorii kullanilmigtir. Buhar akiimiilatorii ile reaktor
arasindaki baglanti ise plastik hortumlarla saglanmis fakat sicaklik yiikseldik¢e plastik hortumlar yiiksek sicakliga
dayanamayarak parcalanmigtir. Bunlarin yerine akiimiilatorle reaktor arasindaki baglant1 metal hortumlarla saglanmistir.
Bu problemler ¢oziildiikten sonra reaksiyon yeniden baslatilmis, herhangi bir problemle karsilagiimamis ve reaksiyon
basariyla tamamlanmistir.
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