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Investigating the effects of feed stage on the purity of the top and bottom 

products obtained from a reactive distillation process used to produce trans-

2-butene and trans-2-hexene by employing a metathesis reaction has been 

carried out in this work. The investigation was done by developing a model 

of the process with the aid of Aspen Plus of the reactive distillation process 

using RadFrac column that had 21 stages including the condenser and the 

reboiler. The developed Aspen Plus model of the process was simulated with 

Wilson model as the property package, and the feed of the process was 

passed into the column at a temperature and a pressure of 25 
o
C and 1 atm 

respectively at the rate of 0.035 L/min. The metathesis reaction occurring in 

the reaction (middle) of the column was an equilibrium type, and its 

equilibrium constant was calculated from Gibbs energy. After developing the 

olefin metathesis reactive distillation process model using the Aspen Plus, it 

was simulated by varying the feed stage from stage 2 (the stage below the 

condenser) to 21 (the reboiler). The results of the simulations showed that the 

highest mole fraction of the products (trans-2-butene and trans-2-hexene) 

were obtainable from the reactive distillation process when the feed (trans-2-

pentene) was fed at the reaction section of the column. Therefore, it has been 

discovered that the feed stage of trans-2-pentene was affecting the purities of 

the trans-2-butene and trans-2-hexene obtained as the main products of the 

metathesis process considered because as the feed stage was varied, their 

mole fractions were also discovered to vary. 
 

Copy Right, IJAR, 2015. All rights reserved 

 

 

INTRODUCTION  

 
The process of converting an olefin into lower and higher molecular weight olefins is known as olefin metathesis. 

This process belongs to a class of reactions that are ideally suited for reactive distillation applications as many of the 

reactions involved in it are in liquid phase at ambient to moderate conditions, and the reactants and products are 

similar chemicals; so, they exhibit very little deviation from Raoult’s law. Also, in this process, the relative order of 

olefin boiling points are determined based on their molecular weights. As such, the boiling points of the products for 

metathesis reactions straddle the boiling point of the reactant so that reactive azeotropes do not form, and this allows 

easy removal of the products, thereby minimizing side reactions or additional metathesis of products and 

overcoming reaction equilibrium limitations (Okasinski and Doherty, 1998; Giwa and Giwa, 2013a; Giwa and Giwa, 

2015).  
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Dow Chemical Company patented a commercial process for conducting 1-butene metathesis using a distillation 

column (Jung et al., 1987), and they claimed that conducting reaction and separation simultaneously was able to 

reduce by-product formation and overcome equilibrium limitations. This resulted in increased selectivity and higher 

yield of the product from the process involving simultaneous reaction and separation over conventional method of 

separation following reaction in series (Okasinski and Doherty, 1998; Giwa and Giwa, 2013a; Giwa and Giwa, 

2015). This process of accomplishing reaction and separation simultaneously, in a single unit, is what is referred to 

as “reactive distillation”. 

 

Reactive distillation can be defined as a process that has the capability of combining both separation and chemical 

reaction in a single unit. It is a very attractive process whenever reaction equilibrium is the factor limiting 

conversion (Balasubramhanya and Doyle III, 2000; Lai et al., 2007; Giwa and Karacan, 2012e; Giwa and Giwa, 

2012; Giwa, 2013; Giwa et al., 2014). It is an excellent alternative to conventional flowsheets with different reaction 

and separation sections (Al-Arfaj and Luyben, 2002; Giwa and Karacan, 2012d) because it combines the benefits of 

equilibrium reaction with distillation to enhance conversion (Giwa and Karacan, 2012a; Giwa and Karacan, 2012c). 

There are several advantages associated with combining reaction and distillation; among them is shift of chemical 

equilibrium and an increase of reaction conversion by simultaneous reaction and separation of products, suppression 

of side reactions and utilization of heat of reaction for mass transfer operation (Giwa and Karacan, 2012b; Giwa et 

al., 2015). Utilizing heat of reaction for mass transfer operation results into low external energy consumption of the 

process, and this gives rise to reduced investment and operating costs (Giwa, 2012; Giwa and Giwa, 2015) of the 

process. 

 

Reactive distillation exhibits complex behaviours as a result of the integration of reaction and separation (Khaledi 

and Young 2005; Giwa and Karacan, 2012a; Giwa and Giwa, 2013b), such as steady state multiplicity, process gain 

sign changes (bidirectionality) and strong interactions between process variables (Jana and Adari 2009; Giwa and 

Karacan, 2012a). These complexities have made the operation of reactive distillation process a little bit tasking. 

Thus, there is a need to understand the factors affecting the operation of the process as much as possible so that it 

can be easily handled and made to give desired product(s). 

 

Several researches have been carried out on reactive distillation process, and those concerning olefin metathesis 

process include that of Giwa and Giwa (2013a) in which the optimum parameters required for the operation of a 

reactive distillation column used for the production of trans-2-butene and trans-2-hexene were estimated with the 

aid of Aspen HYSYS model of the process they developed. Also, Giwa and Giwa (2013b) used layer-recurrent 

neural network to model a reactive distillation column in which olefin metathesis was taking place, even though the 

model they developed was not explored towards estimating the parameters required for the operation of the column. 

Furthermore, Giwa and Giwa (2015) developed AutoRegressive with eXogenous Inputs (ARX) and AutoRegressive 

Moving Average with eXogenous Inputs (ARMAX) models for olefin metathesis process accomplished using a 

reactive distillation column. Just as in the case of the work of Giwa and Giwa (2013b), the model they too developed 

was not utilized to carry out investigations on the operation of the process. 

 

Based on the information obtained from the literature, among the researches carried out on the metathesis of olefin 

of the production of other olefin, no one has considered finding out what could happen when the stage of the feed is 

changed. As a result of that, this work has been carried out to study the effects that changing the feed stage of the 

olefin metathesis reactive distillation process has on the purities of the products obtained from the column used. 

 

Material and Methods 
 

The program used to develop the model of the olefin metathesis reactive distillation process producing trans-2-

butene and trans-2-hexene from the metathesis reaction of trans-2-pentene in this work was Aspen Plus (Aspen, 

2001), and the developed model was as shown in Figure 1.  

 

The feed was pure trans-2-pentene that was passed at a temperature of 25 
o
C and a pressure of 1 atm at the rate of 

0.035 L/min into the column having 21 stages including its total condenser and kettle reboiler. The condenser 

pressure was also 1 atm and the pressure drop along the column was neglected. 

 

The metathesis reaction occurring in the reaction section (stages 7 -15) of the column was an equilibrium type given 

as shown in Equation (1); the phase of the reaction was liquid and the basis of the equilibrium constant computed 

from Gibbs energy was mole fraction. 
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126841052 HCHCHC eqK
             (1) 

 

To simulate the developed model of the process, Wilson property method was employed, and the molar reflux ratio 

and the reboiler duty were 2 and 0.15 kW respectively. 

 

In investigating the effects of the feed stage on the composition (purity) of the products, the feed was passed into the 

column at different stage ranging from 2 (the stage below the condenser) to 21 (reboiler), and the variation of the 

mole fractions of the components present in the top and the bottom products with the change in the feed stage were 

obtained. 

 

Result and Discussion  

 
Figure 1. Aspen PLUS model of olefin metathesis reactive distillation process 

 

The mole fraction obtained for the components present in the top product of the olefin metathesis reactive 

distillation process are given in Figures 2 – 5. In Figure 2, the variation of the mole fraction of trans-2-pentene as 

the stage through which the feed was introduced into the column was also varied is shown. According to the figure, 

the reactant (trans-2-pentene) had its highest mole fraction at the top of the column when the feed was introduced 

through the bottom (reboiler) section of the column. Also, the mole fraction of trans-2-pentene obtained from the 

simulation carried out when it was fed at the 2nd stage, counted from the top, of the column was high, but not as 

high as that of when it was fed at the bottom section. From the results given in Figure 2, it was clear that introducing 

the feed at any part of the reaction section of the column was able to favour the conversion of the reactant because 

the mole fraction of trans-2-pentene leaving the top section of the column, in that case, was found to be negligible. 
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Figure 2. Variation of mole fraction of trans-2-pentene obtained from the top product with feed stage 

 

 
Figure 3. Variation of mole fraction of trans-2-butene obtained from the top product with feed stage 

 

Shown in Figure 3 is the variation of the mole fraction of trans-2-butene (one of the products of the process) with 

the feed stage. From the figure, it was observed that the product had its highest mole fraction at the top (condenser) 

section of the column when the feed was introduced at the reaction section. It should be recalled that it was when the 

feed was introduced at the reaction section that the reactant (trans-2-pentene) had its own lowest mole fraction at the 

top section of the column. It has, thus, been discovered that the behaviour of the mole fractions of trans-2-pentene 

and trans-2-butene were in opposite relationship to each other. 
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In Figure 4, the mole fraction profile of the second product of the process (trans-2-hexene) obtained from the top 

section of the column when the feed stage was varied from 2 to 21 is shown, and it was observed that, regardless of 

the stage at which the feed was introduced, the trans-2-hexene component obtained from the top section of the 

column was negligible at that section of the column because its highest mole fraction given at the top section, as 

indicated on the figure, was found to be approximately 0.061. Looking at the results very well, the mole fraction of 

trans-2-hexene present at the top section when trans-2-pentene was fed between stages 2 and 15 was approximately 

equal to zero. 

 

 
Figure 4. Variation of mole fraction of trans-2-hexene obtained from the top product with feed stage 

 

Since there are two points from which products were being withdrawn from the column – top (condenser) section 

and bottom (reboiler) section, the mole fractions of the components obtained from the reboiler section of the column 

as the feed stage was varied were also considered, and shown in Figures 5 – 7 are the results obtained for trans-2-

pentene, trans-2-butene and trans-2-hexene, respectively. 

 

From the results given in Figure 5 that is showing the variation of the mole fraction of trans-2-pentene present in the 

bottom product of the process as the feed stage was varied from 2 to 21, it was discovered that the feed stage that 

favoured the conversion of the reactant (trans-2-pentene) for the bottom product also was at the reaction section of 

the column because that was where the mole fraction of the unconverted reactant of the process coming out from the 

reboiler section of the column was the lowest. 
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Figure 5. Variation of mole fraction of trans-2-pentene obtained from the bottom product with feed stage 

 

 

 
Figure 6. Variation of mole fraction of trans-2-butene obtained from the bottom product with feed stage 
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Owing to the fact that trans-2-butene was the lightest component of the process, its mole fraction obtained from the 

bottom section of the column was found to be negligible, as can be seen from the profile shown in Figure 6. Even 

when the feed was passed into the column from the reboiler section of the column, the mole fraction of trans-2-

butene was still found to be very low, in fact, approximately zero. 

 

 
Figure 7. Variation of mole fraction of trans-2-hexene obtained from the bottom product with feed stage 

 

Considering the mole fraction of the heavy product, given in Figure 7, it was noticed that feeding the reactant at the 

reaction section of the column was favourable to the production of trans-2-hexene because the mole fraction of the 

trans-2-hexene product was found to be high as a result of feeding trans-2-pentene at the reaction section of the 

column. 

 

Considering all the results obtained from the simulations carried out using Aspen Plus to investigate the effects of 

feed stage on the purity of products obtained from the olefin metathesis reactive distillation process considered in 

this work, it was found that the highest mole fraction (0.999999) of trans-2-butene was obtained from the top 

product of the column when the feed was introduced into the column within the reaction section. Also, trans-2-

hexene was obtained from the bottom product with its highest purity of 0.653033 obtained with the feed stage being 

in the reaction section of the column. As can be seen, the light product of the process (trans-2-butene) was obtained 

in the top product and the heavy product was obtained in the bottom product in their highest purities in the process 

when the feed was passed into the column at the reaction section. 

 

Conclusion 
 

The results obtained from the simulations of the olefin metathesis reactive distillation process model developed with 

the aid of Aspen Plus revealed that the highest mole fraction of the products (trans-2-butene and trans-2-hexene) 

were obtained from the reactive distillation process when the feed (trans-2-pentene) was fed at the reaction section 

of the column. Therefore, trans-2-pentene feed stage has been found to affect the purities of the products given by 

the olefin metathesis reactive distillation process because their mole fractions were discovered to vary as the stage 

from which trans-2-pentene was introduced into the column was also varied. 

 

 

0.1

0.2

0.3

0.4

0.5

0.6

0.7

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

tr
a

n
s-

2
-h

ex
en

e 
m

o
le

 f
ra

ct
io

n

Feed stage



ISSN 2320-5407                      International Journal of Advanced Research (2015), Volume 3, Issue 10, 1248 – 1256 

1255 

 

Acknowledgement 

 

Special thanks go to Aare Afe Babalola, LL.B, FFPA, FNIALS, FCIArb, LL.D, SAN, OFR, CON. – The Founder 

and President, and the Management of Afe Babalola University, Ado-Ekiti, Ekiti State, Nigeria for providing the 

very conducive environment that enabled us to carry out this research. 

 

Nomenclature 
 

BOTPROD Bottom product 

COLFEED Column feed 

Keq  Equilibrium constant 

RDCOLUMN Reactive distillation column 

TOPPROD Top product 

 

References  

(1) Al-Arfaj, M.A. and Luyben, W.L. (2002). Design and Control of an Olefin Metathesis Reactive Distillation 

Column. Chemical Engineering Science, 57, 715-733. 

(2) Aspen. 2012. Aspen HYSYS V8.0 (27.0.0.38). Aspen Technology, USA. 

(3) Balasubramhanya L.S. and Doyle F.J. (2000). Nonlinear Model-Based Control of a Batch Reactive 

Distillation Column. Journal of Process Control. 10(2-3): 209-218. 

(4) Giwa, A. (2012). Steady-State Modeling of n-Butyl Acetate Transesterification Process Using Aspen PLUS: 

Conventional versus Integrated. ARPN Journal of Engineering and Applied Sciences, 7(12), 1555-1564. 

(5) Giwa, A. (2013). Sensitivity Analysis of ETBE Production Process Using Aspen PLUS. International 

Journal of Advanced Scientific and Technical Research, 3(1), 293-303. 

(6) Giwa, A. and Giwa, S.O. (2012). Optimization of Transesterification Reaction Integrated Distillation 

Column Using Design Expert and Excel Solver. International Journal of Advanced Scientific and Technical 

Research, 2(6), 423-435. 

(7) Giwa, A. and Giwa, S.O. (2013a). Estimating the Optimum Operating Parameters of Olefin Metathesis 

Reactive Distillation Process. ARPN Journal of Engineering and Applied Sciences, 8(8), 614-624. 

(8) Giwa, A. and Giwa, S.O. (2013b). Layer-Recurrent Neural Network Modelling of Reactive Distillation 

Process. Chaotic Modeling and Simulation, 4, 647-656. 

(9) Giwa, A. and Giwa, S.O. (2015). ARX and ARMAX Modelling of olefin metathesis reactive distillation 

process. Advances in Applied Science Research, 2015, 6(9), 42-52 

(10) Giwa, A. and Karacan, S. (2012a). Black-Box Modelling of Ethyl Acetate Reactive Packed Distillation 

Column. AU Journal of Technology, 15(3), 172-178. 

(11) Giwa, A. and Karacan, S. (2012b). Development of Dynamic Models for a Reactive Packed Distillation 

Column. International Journal of Engineering, 6(3), 118-128. 

(12) Giwa, A. and Karacan, S. (2012c). Decoupling Model Predictive Control of a Reactive Packed Distillation 

Column. International Journal of Advances in Science and Technology, 4(6), 39-51. 

(13) Giwa, A. and Karacan, S. (2012d). Decoupling PID Control of a Reactive Packed Distillation Column. 

International Journal of Engineering Research & Technology, 1(6), 1924-1933. 

(14) Giwa, A. and Karacan, S. (2012e). Nonlinear Black-Box Modeling of a Reactive Distillation Process. 

International Journal of Engineering Research & Technology, 1(7), 548-557. 

(15) Giwa, A., Bello, A. and Giwa, S.O. (2014). Performance Analyses of Fatty Acids in Reactive Distillation 

Process for Biodiesel Production. International Journal of Scientific & Engineering Research, 5(12), 529-

540. 

(16) Giwa, A., Giwa, S.O. and Adeyi, A.A. (2015). Dynamics and Servo Control of Biodiesel Purity from a 

Reactive Distillation Process. International Journal of Scientific & Engineering Research, 6(8), 146-156. 

(17) Jana A.K. and Adari P.V.R.K. (2009). Nonlinear State Estimation and Control of a Batch Reactive 

Distillation. Chemical Engineering Journal. 150(2-3): 516-526. 

(18) Jung C.W., Garrou P.E. and Strickler G.R. (1987). Disproportionation of Alkenes. U.S. Patent. 4, 709, 115. 

(19) Khaledi, R. and Young, B.R. (2005). Modeling and Model Predictive Control of Composition and 

Conversion in an ETBE Reactive Distillation Column. Industrial and Engineering Chemistry Research, 44, 

3134-3145. 



ISSN 2320-5407                      International Journal of Advanced Research (2015), Volume 3, Issue 10, 1248 – 1256 

1256 

 

(20) Lai, I-K., Hung, S.-B., Hung, W.-J., Yu, C.-C., Lee, M.-J. and Huang, H.-P. (2007). Design and Control of 

Reactive Distillation for Ethyl and Isopropyl Acetates Production with Azeotropic Feeds. Chemical 

Engineering Science, 62, 878-898. 

(21) Okasinski M.J. and Doherty M.F. (1998). Design Method for Kinetically Controlled Staged Reactive 

Distillation Columns. Industrial and Engineering Chemistry Research. 37(7), 2821-2834. 

 


