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ABSTRACT  

 Various sections of a pilot plant unit for DVB production are explained. 

Technical problems related to pilot plant development for DVB is discussed and 

investigated. The flow diagram of a pilot plant unit for the production of DVB 

consists of a boiler for steam, a heat exchanger for diethylbenzene (DEB), a 

packed bed reactor, condenser, vacuum pump and distillation column.  
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INTRODUCTION 

 DVB is an important chemical which is used as a cross linking agent in 

polymer industry. Growing and wide variety of applications of this material in 

the industry make its production desirable for the different companies. DVB is 

obtained by dehydrogenation of diethylbenzene (DEB) at high temperature and 

below atmospheric pressure. The temperature ranges from 550 ˚C up to 620 ˚C 

which depends on the desired conversion and selectivity. At very high 

temperatures cracking and carbonization reactions may take place and at low 

temperatures the conversion is low. DEB dehydrogenation is an endothermic 

and equilibrium limited reaction. In DEB dehydrogenation reaction two moles 

gas is produced from one mole gas therefore reducing the total pressure of the 

ingredients shifts the reaction to production of DVB. The dehydrogenation 
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reaction is catalytic and various catalysts have been introduced for DVB 

production. The main composition of industrially used catalysts is iron oxide and 

is produced by coprecipitation followed by calcinations. Normally production of 

a material starts with the experimental scale and if there are engineering and 

technical problems which can not be handled by experimental scale studies and 

mathematical modeling it goes for pilot plant studies. Pilot plant studies also are 

required for scale up studies.  The production line for DVB does not follow 

certain and constant flow diagram and each company normally design a costume 

technology according to availability of equipment and final specification of the 

product. According to our studies flow diagram of DVB production line consists 

from some equipment such as boiler and super heater for steam, heat exchanger 

to heat up DEB, catalytic reactor, condenser, gas vent, vacuum pump and 

distillation column. Equipments are designed to function properly in the 

production line. There are some problems which must be overcomed during the 

design and operation of the equipments. There is little information about such 

issues in the literature. This study investigates such issues and gives some results 

of the experimental studies of DVB production. 

PILOT PLANT DEVELOPMENT 

 Pilot plants are used at various stages of the process development cycle and 

fulfill different purposes depending on the needs at that time. The following are 

some of the purposes of pilot plants (1): 

(a) To confirm bench scale chemistry on industrial style equipment 

(b) To prove that basic chemical know how works effectively 

(c) To provide information for subsequent scale-up 

(d) To provide design information for individual process items 

(e) To test the performance of proprietary equipment 

(f) To produce material for downstream processing or trials 
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(g) To optimize plant performance 

(h) To investigate the production of new product grades or formulations 

 

 Pilot plant for DVB production consists of several sections which are row 

material storage/supplying, feed preparation/purification, reaction, product 

separation and product storage. The flow diagram of a typical pilot plant can be 

seen in Fig. 1.  

 

Figure 1 : Pilot plant flow diagram for DEB dehydrogenation leading to 

DVB. The elements of the flow diagram: 1, 2 supplying tanks for 

water and DEB; 3, 4 Pumps; 5 boiler; 6 heat exchanger for DEB; 

7 fixed bed reactor; 8 condenser; 9 vacuum pump; 10 distillation 

column 

 The technical document for raw material storage/supplying should include 

the supplier of raw materials, component list, component specification, material 

safety data sheet, definitions for storage process, equipment list for storage. In 

technical document for feed preparation and purification the purification 

process, preparation process and component list for them should be included. 

Technical document for reaction include feed streams and systems, process 

description, process design criteria, reactions, reaction rates, kinetic and reactor 

modeling, reactor concept and reactor design, testing procedures for 
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performance, compositions and quality, recycle of unreacted materials streams, 

catalyst specification and equipment list. Inputs and outputs and conversion 

should be included in technical document for the reaction. Material and energy 

balance also should be included. The remaining sections should include the 

component and equipment list in the technical document. 

 Reactions take place in a catalytic reactor. The main reactions are presented 

in Fig. 2. According to Forni et al. (2) DEB is first dehydrogenated to EVB and 

then EVB is dehydrogenated to DVB (Fig. 2 a). According to our studies (3) 

DEB can also be dehydrogenated to DVB directly (Fig. 2 b). The reaction is 

equilibrium limited and reversible.  

                           -H2     -H2 
DEB            EVB           DVB +∆H                   (a) 

 
 
                             -H2 

DEB                EVB                                   (b) 
 
       -H2                                         -H2            
 
                           DVB 

Figure 2 : Main reactions in DVB synthesis 

 The reaction rate equations have been given by Forni et al. (2) and are as 

follows: 
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 Axial and radial flow reactors can be used in DVB production. The 

advantage of radial flow reactor is reduced pressure drop in the reactor. In 

experimental scale studies the reactor is normally isothermal but in pilot plant 

and larger scales adiabatic reactors are used. Reactor should be designed to 

achieve the desired conversion. The geometry of reactor and its dimensions 

should be designed properly to allow the flow of reactant through the spaces 

between the  catalyst pellets. To activate the catalyst and to remove the air from 

the pores of the catalyst high temperature nitrogen is used for about 24 hrs. 

Super heat steam can not be used to heat up and activate catalyst because when it 

contacts with the cool catalyst and reactor it will condense on the surface of the 

catalyst and change the properties of the catalyst. The major problem in reactor 

design is the determination of production rate per certain weight of the catalyst. 

Various models can be used to determine the productivity of the reactor. The 

simplest model is assuming plug flow reactor. In simple plug flow reactor we 

ignore the temperature and concentration gradients in the catalyst pellet. In This 

model one phase is assumed for the reactor. More realistic models are 

heterogeneous models. These models can be used in one or two dimensions. In 

these models two phases are considered separately which are solid and porous 

catalyst phase and gaseous phase between the space of the catalyst pellets. In 

heterogeneous modeling the effectiveness factor of the catalyst should be 

calculated. The effectiveness factor presents the effect of diffusion process in the 

catalyst pellet on the overall rate of reaction. When the diffusion rate is fast it 

does not affect the overall reaction rate and the effectiveness factor is close to 

unity in endothermic reactions. When the diffusion rate in comparison with the 

intrinsic reaction rate on the surface of the catalyst pores is low the rate of 

diffusion affects the overall reaction rate and the effectiveness factor is less than 

unity. Depending on the how far the effectiveness factor is less than unity it will 

affect the production rate. The effectiveness factor of catalysts can be calculated 

by orthogonal collocation method. In large scale production units the 
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effectiveness factor plays an important role in determination the size of reactor.  

The main parameters which affect the effectiveness factor are the reaction rate 

constants and the diffusion coefficient of the catalyst pellet. In heterogeneous 

catalytic systems diffusion takes place by molecular and Knudsen diffusion 

simultaneously. This mechanism of diffusion is called transitional diffusion. 

Knudsen diffusion takes place in small pores while molecular diffusion takes 

place in larger pores. Micro pores provide the surface area for the reaction to 

take place and macro pores facilitate the transport of the reactants into the micro 

pores. It should be considered that effectiveness factor should be determined for 

each specific reaction. In heterogeneous catalytic systems beside the reactor 

design the catalyst design is an important issue. The commercial catalysts 

available in the market for DEB dehydrogenation are presented in Tab. 1 (4). 

Basically dehydrogenation catalysts composition is iron oxide together with 

other metallic oxides as property modifiers and promoters. These catalysts are 

produce in industrial scale by coprecipitation method followed by calcinations at 

around 850˚. 

Table 1 :  List of commercial catalysts available  for the dehydrogenation 

of DEB into DVB 

catalyst KS-4  K-22  K-28Ts  K-32   Shell-105   Shell-205   Shell-305  G-64S  G84-BKh 

conversion 88.5     81.9     85.6      87.8      83.7            90.7           93.3        89.8     87.6   

 

 The problem of using different catalysts in the reactor is determination the 

reaction rate constants for each catalyst to determine the performance of the 

reactor. Various methods exist to estimate the reaction rate constants from the 

experimental results (5, 6).  

 To generate steam a boiler in conjunction with a super heater can be used. 

Boilers can be constructed from minimum 45 kg/hr to very large capacity (7). 
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Since DEB can be heated indirectly by using excess steam from the boiler a heat 

exchanger is needed to heat up DEB. The autoignition temperature of DEB is 

430 C. Entering the oxygen into the process line must be prevented. Therefore 

the dissoloved oxygen in water which is used for boiler must be removed before 

cantacting with DEB. Another problem is fast polymerization of DVB during the 

production process. An inhibitor can be used to prevent the in-situ 

polymerization of DVB in various stages of production. DEB and steam in a 

certain ratio enters the reactor and reaction takes place. Manual and automated 

systems can be used to adjust the temperature, steam to DEB ratio, flow rate of 

steam and flow rate of DEB. Automated systems need some special 

instrumentations and control devices.  

CONCLUSION 

  Radial and axial flow reactors can be used for production of DVB.  Steam 

must be used in the preparation of DVB due to important role of this material 

during the reaction. Due to high temperature and catalytic reactions pilot plant 

development for DVB production has some technical problems. In reactor 

design for DVB production the effectiveness factor of catalyst should be 

considered. The reactor should be able to allow the desired flow rate of the 

reactants.  
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