Wi
9300

§ A

Chemueelh

[}

\gm

’4 : x International Journal of ChemTech Research
RESEARCH CODEN( USA): IJCRGG ISSN : 0974-4290
www.sphinxsai.com Vol.5, No.2, pp 1024-1029, April-June 2013

ICGSEE-2013[14" — 16™ March 2013]
International Conference on Global Scenario in Environment and Energy

Simulation Of Reactive Distillation Column

Priyanka Gautam®, Piyush Pratap Singh', Animesh Mishra?,
Abhishek Singh?, Shakti Nath Das™*, S.Suresh'*

!Department of Chemical Engineering, Maulana Azad National Institute of Technology,
Bhopal-462 051,India.
’Department of Chemical Engineering, J.M.I.T, Radaur,India.

*Corres. author: sureshpecchem@gmail.com,
shakti0O5ch39@gmail.com

Abstract: Reactive distillation processes couple chemical reactions and physical separations into a single unit
operation. The ethyl acetate production by esterification reaction is equilibrium limited and is suitable to be
carried out in adigtillation column. In the present work, areactive distillation column for the production of ethyl
acetate is simulated using Aspen Plus. The component compositions and temperature at each stage of the
column are predicted. The effect of feed stream(s) arrangement on the simulation results is presented.
Keywords: Reactive digtillation; ethyl acetate; Aspen Plus, compositions; simulation.

Introduction

Didtillation is one of the most important separation processes in chemical industry. All around the globe, in
amost all the chemical industries a significant fraction of capita investment and operating cost involves
digtillation. As a result any kind of improvement of distillation operation can be very beneficial economically.
Reactive digtillation (RD) is one major step in the history of distillation in achieving these goals. Reactive
distillation processes couple chemical reactions and physical separations into a single unit operation. These
processes as a whole are not a new concept as the first patent dates back to the 1920s. While the concept existed
much earlier, the first real-world implementation of reactive distillation took place in 1980s. The relatively large
amount of new interest in reactive distillation is due to the numerous advantages it has over ordinary distillation.

A distillation column can be used advantageoudly as a reactor for systems in which chemical reactions occur at
temperatures and pressures suitable to the distillation of components. Several organic reactions are carried out in
aliquid phase using a homogeneous catalyst. These reactions can be easily carried out in a boiling phase using
an appropriate ditillation column. In equilibrium limited reaction the continual removal of products from the
reaction mixture via distillation favorably alters the equilibrium and minimizes undesirable chain and side
reactions. Conversdly, difficult phase separations of closely boiling mixtures or azeotropes become feasible if
one of the components can be transformed via a chemical reaction.
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The Computational methods used for reactive distillation are extensions to the algorithms developed for the
solution of the equations for conventional distillation. The first attempts to model reactive distillation were by
using the simplified plate-to-plate cal culations. Rigorous mathematical models for Computer simulation was not
developed until the 1970's. Since that time, various techniques have been developed that allow the rigorous
solution of the equations. These techniques include equation partitioning methods, and Newton-Raphson based
methods. A brief description of computer based tray-to-tray calculations for the RD of ethylene oxide and water
was given in'. Tray-to-tray calculations and parametric studies for the simulation and optimization of an RD
column for trioxane synthesis are described in”. The bubble-point method® was extended in* to be able to deal
with chemical reactions. The 6 method developed for conventional distillation columns by Holland and his
many collaborators® was extended to RD operations and named the multi-6-n method®. More recent papers in
this field"® use the simultaneous solution of al the independent equations using Newton's method or a variant of
this method. Reactive distillation column for the production of ethyl acetate using simultaneous solution after
linearization and inside-outside method, a tearing algorithm is compared in® using a 13 tray ethyl acetate
producing column. The convergence is shown to be faster with inside-outside algorithm.

The inside-out algorithm is described in'® known as RADFRAC that is part of the commercial program Aspen
Plus. Inside-out methods involve the introduction of new parameters into the model equations to be used as
primary iteration variables. In thiswork ethyl acetate production through reactive ditillation is ssimulated using
Aspen Plus.

MODEL Description

In this paper, an equilibrium model is used for the simulation of reactive distillation of ethyl acetate production
(C,HsCOOCHs3), using acetic acid (CH;COOH) and ethanol (C,HsOH), in a plate column. The reaction is
carried out using a homogeneous catalyst. The reaction kinetics data is taken from®. A thirteen stage column
example is taken from C.D. Holland’s book®. A constant-pressure adiabatic column, a total condenser, and a
partia reboiler are assumed. The liquid feed enters the column on stage 6. Stages are numbered from top
condenser being stage 1 and reboiler stage 13. RADFRAC representation of the columnis shown in Fig. 1.
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Figure 1. Radfrac representation of RD column

The specifications of the RD column and the other parameters used for simulation study are given in Table 1.
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Table 1. Column specifications and other parameter s used for simulations

Feed Temperature 340K
Pressure 1atm
Total Stages 13(including Reboiler & condenser)
Feed Stage 6
Didtillate Rate 0. 208 mol/s
Holdup 11 for reboiler, 0.3 | for each stages
Component mol Acetic Acid 0.4962
fractions Ethanol 0.4808
Water 0.023
Ethyl acetate 0.0
Property method UNIFAC-HOC
Reaction CH3COOH+C,HsOH < C,HsCOOCH3+H,0

Results And Discussion

The simulations are carried out using Aspen Plus. Reflux ratio of 10 was selected as optimum as beyond this
value the increased reflux had little effect on ethyl acetate purity in the digtillate. All further simulations were
done using a reflux ratio equal to 10. Figs. 3, 4, and 5 show the results of component concentration profiles,
temperature and ethyl acetate generation rate at each stage. The results compare well with the results reported

in'.
S
- /Jf[
L O
gar
=}
c
(]
go
o=} E Fa(
o Sy &S
00 01 02 03 04 05

Component mole fraction

—O——— Acetic acid
———— Ethyl acetate

—0——— Ethanol
—_— A \Water

Figure 3. Predicted component composition profiles
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Figure 4. Predicted Temperature Profile
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Figure5. Ethyl acetate generation rate

T-xy variation:
Aspen This Simulation L T xy for ACET OLETHAM 01 Plo?) = | O i
Bl ul= ide View Hata laols Gon Dby Wordow lelp I B

| Dl=18| &0 e x| Elsinl<io] w5 | ] =) 5 sl 6
[Falal v Foor ] whol] »/lmE )| sl

Ty for ACETI 07/ZT-HAN 01

T-s 1.0 2l
Ty 1.0 sl

I35 240 345

I35 230

e

F
218

Tu—pera..ie
200 355 210

176 160 185 150 ‘3¢

0.05 0 115 0z 125 0z 135 [ :'15 05 0.55 06 0.65 07 075 0.8 185 0z 195
LoguiciVspor Mu alae ACET-0

PisSpiterr | Sspmaus | FealEalaygzs  Lalumog Frartrs | | Sas | Ui Muces |

O bR |

i1l HukFrac 52Froc Sorofiac  RacFlaz  Bachirae

Zar -iclp prc;_ % 'E:\...; Ffldcrs\;&:hc"r‘i_i_li I : i P\':c'||:| red Inplj?]r{cbr{\p e

m Tl (Wi M ATsrr |



Shakti Nath Das et al/Int.J.ChemTech Res.2013,5(2) 1028

Y-x variation;

Gapen Fluz Simolatic g
Y File Edit WV Library  Window  Help NEIE

leﬁ _i_!w_il J-f&lﬂw‘i» m F =| I | = m o] sle] &)
k]

Yxtor AU 1 1IAM-01

Mapa- I:glii(i AZETICH

025

: i i i
o 02s 0s 0.7s 1
Loguid Mo =trac ACLID®

|.:‘- Hizzie3 2l b I Sepzraon Heal E:—c1a~| ez Cubmins | Faaz ho l D&s 1o Changzrs | “arizuaons I lde i User dozel: | |

aeid 4 2 =5 }
STAZAMS 01w 10l lacl o | h i S e e O s I
|lcrllelz, presz i1 | L. oldersidszmn Pius 111 | | [Itequires Inp oz Ines = slebe

P-xy variations:
Gzpen Fhe: Simulatior L [P xy for ACET] OL/ETHAN 0L Plat] = | D[
5 Fle ZdiL Wiew Dale Twwh Aun Library  Window Help SEIE

leﬁ _i_!w_il J-f&lﬂw‘i» m e I T O e = S
REARE e

ooy b ACLL-DULIL AN

a4
Zy 300 ‘(

[

—quid™apor Molsfrac AZL 1107

|'p' Mizzie/3ziters | Zepraons | Hest Eman oz l:ul....ml Faa: = | =ezs a Changzrs | aizuaon | clde | Usersdozel: | |
=
\1aend 3 =5
§T322MS 1 1wl 1ol lacl v, i - L e A T
|lcrllelz, presz i1 | L. oldersidszmn Pius 111 | | [Itequires Inp oz Ines = slebe

Conclusion

The reactive didtillation column for the production of ethyl acetate is simulated using RADFRAC model of
Aspen Plus. The results compare well with the reported literature. However, the purity achieved in the product
for stoichiometric feed of reactantsis not high.
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