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ABSTRACT

This research work has been carried out to investighe effects of volumetric feed ratio of steaaid and
methanol on the purity of the stearic acid methgtee (SAME) obtained from a reactive distillation
processaccomplished through an esterification rieactThe investigation was carried out by develgpnmodel of
the process with the aid of Aspen Plus using Rade@dumn having 32 stages including the condenser the
reboiler. Wilson model was used as the propertykpge of the simulation. The feeds (top — stearid and bottom
— methanol) were passed into the column at a teatper and a pressure of & and 1 atm, respectively. The
esterification reaction of the process was mode#ledan equilibrium type, the equilibrium constahtich was
estimated using Gibbs free energy. In the simutatibthe developed Aspen Plus model of the readtstélation
process, the volumetric feed ratio of the colums waried from 3 to 11, and the results obtainedwadtthat the
trends of the mole fraction profiles of the compua®f the process were very similar to one anogxeept those of
the feed ratios of 9, 10 and 11 that were a lititedifferent from the others. Also obtained frdme tesults was that
increasing the volumetric feed ratio of the columade the mole fraction of the desired product, Wias stearic
acid methyl ester and also known as methyl| steatatéecrease. The results obtained have thus lede¢hat there
was an inverseproportional, but not linear, relatghip between the volumetric feed ratio of the esscand the
mole fraction of the desired product. Furthermadteyas discovered from the results that the fedibrenat gave
the highest mole fraction of the desired producs ®a

Keywords. Reactive distillation, SAME (stearic acid methyle}, feed ratio, Aspen Plus, esterification.

INTRODUCTION

Fatty acid methyl ester, otherwise known as biadjes currently receiving attentions both in acades and in
industries because it has been discovered thanitserve as an alternative fuel. The need for theece foran
alternative fuel occurred owing to the limited d&hility of conventional petroleum diesel as wedlenvironmental
concerns. Biodiesel can be directly used to replpegoleum diesel without any modification becaulkeir
properties such as specific gravity, cetane numidecpsity, cloud point, and flash point, are sami{[1], [2],[3],
[4]). This fuel is a very good promising alternatito conventional petroleum based diesel fuel texdtucan be
derived from a renewable domestic resource (e astevcooking oil), it reduces carbon dioxide eroissiby about
78%, and it is nontoxic and biodegradable. All thbenefits have made the fuel a very good enviromahériendly
one ([5], [6],[2].[3],[4]). Another good thing abbthis fuel is that it can be produced using aegnated process
known as reactive distillation.

Reactive distillation is known to be a process thas the capability of combining both separatiod ahemical
reaction in a single unit. It is very attractive ewiever conversion is limited by reaction equilibriu
([71,[8],[9],[10],[11],[4]). Also, it is an excellet alternative to conventional flowsheets with eli#int reaction and
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separation sections ([12], [13],[4]) as it combintks benefits of equilibrium reaction with distiilan to enhance
conversion ([14],[15],[4]). Combining reaction auktillation, as found in this reactive distillatiqorocess, has
several advantages such as (a) shift of chemiaaliedgum,(b) increase of reaction conversion, ¢appression of
side reactions and (d) utilization of heat of reactfor mass transfer operations ([16], [4]). Cansently, this

process has low external energy consumption amsljas reduced investment and operating costs, ([4]§]

Actually, there are some factors that affect therafon of this process such as reflux ratio, festtb and reboiler
duty. The relationship of between this processthrdperating conditions (reflux ratio, feed ratimd reboiler duty)
have been investigated to some extent by somerodsra. For instance, Karacan and Karacan (2014gaglied
Aspen HYSYS to simulate and obtain the optimum pertars for some operating conditions of a reactive
distillation process used for the production ofagtyf acid methyl ester. In the work, canola oil anethanol were
used as feedstocks while potassium hydroxide ataspioim methoxide were used as catalysts, andpbeating
conditions optimized were reflux ratio, reboilertgand condenser pressure. Also, Simasatigituhl. (2011)[1]
carried out the simulation of a reactive distithati process for a fatty acid methyl ester productfoom
transesterification reaction of soybean oil andhaebl, catalysed by sodium hydroxide. They apphBEYS to
find the optimum values of molar feed ratio of nzatbl and oil, reflux ratio and reboiler duty. Futinore,
Samakpongt al. (2012)[19] simulated and optimized a fatty acidmgeester production using reactive distillation
of rubber seed oil with the aid of Aspen Plus. Thaydiedthe effects of operating parameters (mtiktillate rate
and molar reflux ratio) in order to find the optimuconditions required by the process. Gietaal. (2014)[2]
investigated the performances of some fatty acs#sior the production of fatty acid methyl esters reactive
distillation column with the aid of Aspen HYSYS. @Hatty acids considered were oleic acid, which was
discovered, according to Kusmiyati and Sugihart@1(®[20], to give fatty acid methyl ester that hthd quality
required to be a diesel substitute, and some athes (stearic acid, linoleic acid and palmitic admund to be
present in jatropha oil. Methanol was used as tbehal for the reaction. Nwambuonwo and Giwa (2(02%8)
modelled, simulated and optimized a reactive disiiin process used for the production of fattydaviethyl ester
(FAME) by considering an esterification reactionviieen palmitic acid and methanol to give methyhptdte and
water (by-product) with the aid of Aspen HYSYS. Vhesed the optimizer tool of Aspen HYSYS to obtain
theoptimum operating conditions of the process gighree different algorithms (Box, Mixed and Sedian
Quadratic Programming).Santandsral. (2010)[22] used response surface methodology aspkr Plus process
simulator to investigate biodiesel production ireactive distillation using castor oil. They empldytae programs
to simulate the process for castor oil biodieseldpction with the aim of obtaining a deep underditagn of the
process as well as finding the best conditionsrémipcing very large amount of fatty acid esters asgess its
viability. Giwa and Giwa (2015)[4]studied the effemf reflux ratio and reboiler duty on a reactiotegrated
distillation process used for the production ofasie acid methyl ester (SAME) that was obtainedmfréthe
esterification reaction between stearic acid anthem®| using Aspen Plus.

Considering the information obtained in the literat Giwa and Giwa (2015)[4] only studied the effeaf reflux
ratio and reboiler duty on the operation of a reactlistillation process, but did not consider #féects of feed
ratio, particularly how it was affecting the prefi§) of the column. As such, this work has beemiedhrout to
investigate the effect of volumetric feed ratiotha performance of a reactive distillation progesslucing stearic
acid methyl ester (methyl stearate) from the d#tation reaction between stearic acid and methafible
performance of the process was taken to be a amaf the purity of the products, especially theided one,
obtained from the column.

MATERIALSAND METHODS

The developed Aspen Plus [23] model that was usedepresent the reactive distillation process pcody
stearicacid methyl ester (SAME) studied in this kvaras as shown in Figure 1. The process was caotiedising

the esterification reaction between stearic acilmethanol as shown in Equation (1). In the maithel heavy feed,
that is, stearic acid, was fed from the top feedjstwhile the other one, methanol, was introdun&zithe column
through the bottom feed stage of the column. Thelenser and the reboiler types were total andeketdpectively
while the valid phases in the column was vapouritig Given in Table 1 are the data used to carrytha

simulation of the developed Aspen Plus model ofpiteeess.

ClsH 3602 + CHsoH ‘—ﬁfﬁ - C19H3802 + Hzo (1)
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Table 1. Simulation parameter s of the reactive distillation processfor stearic acid methyl ester production

Parameter | Value
Stearic acid feed
Purity (%) 100
Temperature®C) 25
Pressure (atm) 1
Methanol feed
Purity (%) 100
Temperature®C) 25
Pressure (atm) 1
Fluid Package | Wilson
Column
Total number of stages 32
Stearic acid feed stage 11
Methanol feed stage 20
Top product stage 1
Bottom product stage 32
Reflux ratio 3
Reboiler duty (kW) 0.9
Reaction
Type Equilibrium
Segment 11 — 20 and reboiler
Phase Liquid
Kec SOUrCe Gibbs free energy
Basis Molarity

TOPFEED

BOTFEED

BOTPROD

Figure 1. Aspen Plus model of the reactive distillation process producing stearic acid methyl ester

In order to investigate the effects of the promorsi of the feed on the performance of the columimichvwas
obtained by considering the mole fraction profitefsthe components involved in the process afteadstestate
simulation, the ratio of the volumetric flow ratefstearic acid and methanol was varied from 31tpahd the mole
fraction profile of the column for each volumetféed ratio used was recorded and plotted.
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RESULTSAND DISCUSSION

The mole fraction profiles obtained from the sintisias of the developed Aspen Plus model of the theac
distillation process used for the production of Inyétstearate, with water as a by-product, from ¢keerification
reaction between stearic acid and methanol arengiv€igures 2 — 10.
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Figure 2. Molefraction profiles of the reactive distillation process obtained using a feed ratio of 3
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Figure 3. Molefraction profiles of the reactive distillation process obtained using a feed ratio of 4

Given in Figure 2 are the mole fraction profilesteé components in the process when a volumeeteid fatio of 3
was used to carry out its simulation. Accordingdtte figure, very high purity of the desired prodatthe process,
which was methyl stearate, was found to be obtafneah the bottom section of the column. Actuallyetimyl

stearate was obtained in high purity at the botsestion of the column because it was one of theyheamponents
of the process. From the information given by tigere, it was discovered that the mole fractiorihaf by-product
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of the process, water, was higher than that ofiwred product in almost all the stages of therool except in the
reboiler.
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Figure 4. Molefraction profiles of the reactive distillation process obtained using a feed ratio of 5

T T T T T T
09|
0.8

0.7

Stearic acid

Methanol

0.6 Methyl stearate
Water

0.5

Mole fraction

0.4

0.3

0.2

0.1

| t t t t t t i m | | | | | | | | | | | | | | |
123 45 6 7 8 9 10111213 14151617 18 19 20 21 22 23 24 2526 27 28 29 30 31 32
Stage
Figure 5. Molefraction profiles of the reactive distillation process obtained using a feed ratio of 6

Regarding the conversion of the reactants of tloegss, from the results obtained and shown in Eigurt was
clear that stearic acid was more used up in thegaothan methanol because its mole fraction fautide column
stages after the steady-state simulation was fdanbe almost zero. In addition, the mole fractidntlee two
reactants were found to be negligible at the simgpand the bottom (reboiler) section of the column

In Figure 3, the mole fraction profiles of the campnts of the process simulated using a feed odtibare given.
The observations made in this case were found teebesimilar to those of the simulation carried asing a feed
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ratio of 3, as shown in Figure 2. Another thingioed in this figure (Figure 3) was that the molacfion of the
desired product obtained in this case was lessttiarof the feed ratio of 3.
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Figure 6. Molefraction profiles of the reactive distillation process obtained using a feed ratio of 7
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Figure 7. Molefraction profilesof the reactive distillation process obtained using a feed ratio of 8

The mole fraction profiles obtained for the compusevhen the simulation of the Aspen Plus modé¢hefreactive
distillation process was carried out using a fesbrof 5 were as shown in Figure 4. The informatittained from
the trend of the profiles given in the figure waarid not to be too different from those of Figuzeand 3.
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Figure 8. Molefraction profiles of the reactive distillation process obtained using a feed ratio of 9
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Figure 9. Molefraction profiles of the reactive distillation process obtained using a feed ratio of 10

When the simulation of the developed reactive Iths§ton process was carried with feed ratios o7@nd 8, the
mole fraction profiles obtained were as given igufes 5, 6 and 7, respectively. The trend of tludilps given in
the figures were found to be similar to those atadiearlier in Figures 2, 3 and 4. However, it digsovered from
the figures that as the feed ratio was increadeslmole fraction of water given by the processugtothe top
section of the column was increasing and the nmaletibn of the methyl stearate obtained from thttdno section
of the column was decreasing.

Based on the results given as the mole fractiofilpsoof the process components in Figure 8, whéed ratio of 9
was used to simulate the developed Aspen Plus madéér of 100% purity was obtained from the toptise of
the column while the mole fraction of the desiredduct, stearic acid methyl ester (methyl stearataep found to
decrease a little bit further.
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The trends of the mole fraction profiles obtaineshf the simulation of the process using a fee@ matil0, shown
in Figure 9, were found to be similar to those otetd when the simulation was carried out with adfestio of 9.
Also noticed from the results given in Figure 9tadbed using a feed ratio of 10, was that the nfi@etion of
methyl stearate decreased further from that obdaivith a feed ratio of 9.
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Figure 10. Molefraction profiles of the reactive distillation process obtained using a feed ratio of 11

The simulation of the reactive distillation procegss also carried out using a volumetric feed rafid1, and the
profiles obtained from this simulation were as giwe Figure 10. It was observed from the resultsashin Figure
10 that the mole fraction profiles of the composéantthis case were similar to those obtained vtherprocess was
simulated using reflux ratios of 9 and 10, andréwults of which are shown in Figures 8 and 9.

Table 2. Variation of the mole fraction of methyl stearatewith volumetric feed ratio

Volumetric feed ratio] Methyl stearate mole fractipn
0.9862
0.9763
0.9640
0.9511
0.9394
0.9313
0.8221
0.7256
0.6476

(=
RlBelo|o|~|o|a|s|w

Given in Table 2 is the summary of the how the nfidetion of the desired product of the process vaaging with
the change in the volumetric feed ratio.From tloetait was found that that the relationship betwtde volumetric
feed ratio of the process and the mole fractiomethyl stearate, which was the desired productimddafrom the
process,was inversely proportional, though notin€or instance, as the volumetric feed ratio veaged from 3 to
11, the mole fraction of the desired product oladifrom the bottom section of the column was fotondecrease
from 0.9862 to 0.6476.

CONCLUSION

From the results obtained when the Aspen Plus mofdile reactive distillation process developed siasulated

by varying the volumetric feed ratio from 3 to l1f,was found that the trends of the mole fractiardsthe

components of the process were very similar exittegsie of feed ratios of 9, 10 and 11 that weréla bit different

from the others. Also, it was obtained from theutissthat as the feed ratio was increasing, theerfralction of the
desired product, methyl stearate, was decreasihig. rEvealed that the volumetric feed ratio of flecess was
inversely proportional, though not linear, to thelenfraction of the desired product.
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NOMENCLATURE

BOTFEED Bottom feed of the column
BOTPROD Bottom product of the column
Keg Equilibrium constant

RDC Reactive distillation column
SAME Stearic acid methyl ester
TOPFEED Top feed of the column
TOPPROD Top product of the column
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