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Abstract

Project Code: PDF/41/2541
Project Title: Energy and Exergy Analysis of Distillation Column via EUD
Investigators: Miss Ruchira Taprap
Faculty of Agricultural Tech., King Mongkut’s Institute of Tech. Ladkrabang
E-mail address: «iruchirgkmiti.ac.th
Project Period: July 1998 - June 2000
Objectives:

® To visualize the complicated behavior of processes in distillation as the graphical

diagram

® To be as a demonstration case for other processes.

®  To extend the knowledge in distillation column
Methodology:

® Choose the model of mass and heat transfer for calculation method

®  Apply EUD (Energy Utilization Diagram) to explain the process behavior

® Interpret the results as the diagram
Results:

The EUD of distillation column can be drawn as the diagram. In each stage of
column except reboiler and condenser, there are six kinds of exergy losses, i.e. exergy
losses due to mixing in liquid and vapor phases, exergy losses due to heating of liquid and
cooling of vapor phase, and exergy losses due to evaporation and condensation.

For the nonideal mixture, the result can not be obtained because of the calculation
failure.

Discussion Conclusion:

The results can reveal the complicated behavior of distillation column on the EUD
diagram. From the diagram, the amount of enthalpy of each process can be visualized by
the width, the energy level by the height and the exergy loss by the area of this diagram.

When the reflux ratio is reduced, the amount of energy change in each stage has
been reduced.

Suggestions/Further Implication/Implementation:
If the number of stage is increased, say 30 stages, the EUD diagram is not suitable.

Keywords: Exergy, Distillation, Energy
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2.1.1 Equilibrium Model
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2.1.2 Mass and Heat Transfer Model
fMIVUVUIRINITEmIaLazaNNTanh A WIRIA1619 gANEIT D9
) { 1 L { a J 1 g; QI/ { { v
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assialUR
Ny = Ji+C Vg (2.2)

lapA N, 1Jumsanamnuiasin (Total mass flux)
Ji 1w diffusional flux

C Vs vysi 1w convective flux
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2.2 uNwNNDaA (EUD:Energy Utilization Diagram)
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ABSTRACT

ﬂanpmﬁmpuﬁmmufﬁaﬂmi:ﬂm[n-hmmﬂnh:phm}wmwa%huﬁngm
uummmi.almﬁwmmhmcmmﬁhhmvmﬁnnﬂd&ﬁﬂnﬁunmmmmﬂmmﬁwq
colomm. Thaﬂpﬁmummdjﬁnmofmunumhnrmdmﬂuxrtiunmhapuht&dw:ﬂ‘nmthasimululiun
cesulis. To obiwin ahﬁﬁuamnﬁonpufmmm,ﬁamnmhwﬂmmmmwhﬂahaﬁuahw
reflux ar vice vora From the result of canventional cohimn, the condition of minimum reflox matio was
visnalirad, Mmmvn‘,thammponiﬁnnpmﬁlnsufthmuhwmlummmpmﬁ:rmadmiﬁﬂuvmiaﬁmsuf
stugurmmher,mﬂuxminmdﬂmmmdihdlnniﬁnuiufaadup]itﬁngmlmhurdnrmﬁndﬂmpmpu
aneTin

Keywords: Binary Digtillaton, HYSYS, Simulatior, Feed splitting colomn

INTRODUCTION above mentioned efforts were done and still have
Dictilladon Bas betn ooe of the most been under investigaied sven it was proclaimed to
poptlar separation unils being applied i many b::adaadmdummt‘mmdhyﬂunumdl"diu[ﬂ.
engineering felds, Sivcc it i e major eneegy Nevertheless, calculation of distillation by g
cocsuming, a lot of efforts to reduce coemy commercial saflware will be another approech for
coisumplion in digtillaion heave been evolved studying the performance of column [8].
throughout the world One of the affors is ko In the opersting problem, the separation of the
miroduce the inteemediste heaterfoooler to the mixtore by distillation depands on the differeace of
uulumninmdwhmdnmﬂiemmﬂfhmdnw volatility between compensuts. The greatcr the
atﬂumbuiluraswaﬂmatmﬂmur[l,lﬂ]. relative volatility ia, tho sasier the separation vrill
Some stodiex have emphmized on the uee of waste ba. For binery componeat, the profile of separation
heat as a beat somce to preheat amd pertislly can be repressnitd as the mole Fragion of me
vaporizs the feed hafore catering the columa [4, 5]. comparent (zaually light compenent in distillats)
Orther approachss for enegy saving or aplimization of a8 ity equilibriom tempeoatoe of the colmnn,
in distillation vnit are exergy analysis zad entropy Nowadays, same commorcial simulaiors such ss

production of the colein (&, 7, 8], Although, the ASFEN PLUS and HYSYS ace aveilabls and
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become popular as the tool for process simulation.
In some circumstance, those simulators can be used
as the tool to study process contro! since they are
rather reliable and less-time consuming [2, 10].

In this study, binary component of n-
hexane and n-heptane will be selected as a case
study and using commercial software HYSYS to
simulate the conventional column and feed-
splitting column in order to visualize the separation
performance. Some conditions such as different
reflux ratio, different feed location were
investigated in this study as well.

CASE STUDY WITH SIMULATOR: HYSYS

Scheme of distillation colomn

Figure 1 (a) shows the schematic of
conventional column. In binary component
distillation, the McCabe-Thiele diagram can be
used as a tool in design problem. By assuming the
equimolal flow and equimolal latent heat both in
the rectifying section and the stripping section, the
operating lines of these two sections can be drawn
as straight line on xy diagram. Then, the number
of stages can be achieved by drawing the steps
between the equilibrium line and the operating line.
If the two operating lines intersect with the
cquilibrinm curve, the minimum reflux condition
will be reached as shown in Figure 1(b).. At this
intersect point, the number of stage will be infinity
or in other word, there is no separation. Similar
manner can be found in multicomponent as well by
having the constant component concentration along
the column [11]. In practical, the column should
not be operated at this condition. It should be at
the condition in between the minimum reflux and
the total reflux. In the case of total reflux
condition, the operating line will be shifted to the
diagonatl line. Figure 1 (¢} shows the schematic of
feed splitting column. The F2-feed is called the
second feed whereas the Fl-feed is the first feed.
If the second feed is fed in the rectifying section
and its temperature is lower than the first one, there
will be two lines of feed making three operating
lines of column becausc of the second feed as
shown in Figure 1 (d). In this study, we would like
to look at the separation profile of two type
columns.

Separation performance of conventional
distillation column

The HYSYS simulator was used to examine
several operation cases of binary distillation
column. The ideal mixture of n - hexane and n -
heptane was selected for this study. The feed
mixture of 50 % of each compenent was fed at
stage number 10 with the flow rate 100 kmol/hr.
The total number of stage in the column is 22
including total condenser and reboiler. The

~hypothesis UNIQUAC is used in this case. The

1296

column is operated at the atmospheric pressure.
The simulator is run at steady state. Firstly, we will
examine the case of conventional _ distillation
column with manipulating reflux ratio. Secondly,
the variation of thermal condition of feed will be
examined. The column stage is fixed and distillate
flow rate is 50 kmol/hr while the reflux ratio is
varied. Figure 2 shows the composition profile of
n-hexane with different reflux ratios. The ordinate
is mole fraction of n-hexane along the column
while the abscissa is the stage number of the
column. When the reffux ratio is decreased, the
obtained component in the distillate is decreased as
well. Here, the smallest of reflux ratio is 0.5
whereas the highest is 1.4. It reveals that when the
reflux ratio ~becomes large, the separation
performance is improved and the composition
profile is changed drastically along the column.
When the reflux ratio is decreased, the profile is
changed abruptly in the rectifying section. Similar
manner can be seen also in the stripping section.
The composition profile in the middle of column
becomes constant when the small reflux is
performed. It means the minimum condition of
reflux is reached. Theoretically, the minimum
reflux ratio can be observed from the composition
profile along the column, if the composition
appears constantly [11]. In binary component, this
condition will appear at around feed stage as seen
in Figure 2. Figurc 3 shows the result of the
temperature profile along the column which is the
mirror image of the mole fraction. When we
examine further if the thermal condition of feed is
varied but keeping the reflux ratio fixed at 0.8. The
other conditions of the column are kept the same.
Figure 4 shows the temperature profile at cach
stage at the different feed condition. The higher
temperature of feed is, the poorer of separation
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performance is. This result supports the theory
saying that when the feed temperaturs is low, it
gives the intemal reflux to encourage more
condensation of the component resulting in having
a betier separation. However, having a low
temperature of feed will enhance the heat duty at
reboiler as shown in Figure 3.

Figure 6 shows the simulation result of
the conventional column, When the reflux ratio is
varied, the number of stages in the column will be
varied as well. The y-axis is mole fraction of n-
hexane in the distillate (Xy,) and the x-axis is the
number of stage in the column (excluding reboiler
and. condenser). At the stage number 11, the
separation performance is poor at each value of
reflux ratio comparing with the higher amount of
stage number. The separation performance of n-
hexane is improved by increasing the reflux ratio.
At the stage number 20 with reflux ratio 2.5, the
separation performance is about the same with the
stage number 30 and reflux ratio at 1.5. The result
of HYSYS program will give us a choice to obtain
the suitable value of stage number or adjusted
reflux ratio. We can say that the requirement of
stage number is essential around 30-40 and reflux
ratio 1.45-1.55 in order to obtain 100% separation
of this mixture.

Separation performance
distillation column

In Figure 1(c), the feed will be split into
two streams but keeping the same composition.
The first feed is fed at the middle of column while
the second is at different stage in the rectifying
section. By doing that, the operating line of this
column will be three lines since the internal flow is
changed due to the second feed condition.

Figure 7 (a) shows the simulation result
when the column has the feed splitting at ratio
10/90. The 10% of feed (the second feed) is fed at
some certain stage (at stage 3, 5 and 7) while the
90 % (the first feed) is unchanged and fed at the
middle of the column (at stage 10). It shows that
the case with the second feed at stage 3 gives rather
poor separation whereas the second feed at stage 5
and 7 give the insignificant result. Figure 7(b)
shows the result when the stage number is 30 and
the first feed is fed at stage 15 and the second feed
is at stage 7, 9 and 12, The separation

of feed-splitting
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performances of each case are abouf the same but
the profile of hexane can reach 100 % at reflux
around 2. When we check the stage number from
40 up to 60 shown in Figure 7 (c)-(¢). the
separations show the same result. It implies that
when the amount of stage increases up to 40 or
more, it is not necessary to have such a huge
number, Figure 7 (f) shows the result of separation
of this feed splitting column. When the feed is
split into 50/50 and fed at difTerent stage similar to
previous case. We observed that the separation
performance of this splitiing case gives the
significant result as shown in Figure 8. Note that
when the feed splitting ratio is great, the separation
performance is affected at the small value of reflux
ratio,

CONCLUSION

Commercial simulation program HYSYS
has been used in this study to visualize the
separation performance of n-hexane and n-heptane
mixture. The conventional distillation column has
given the better separation when the feed has a
lower temperature. However, the heat duty at the
reboiler will be increased as a consequence.
Regarding the feed splitting column, the separation
performance is partly affected at high value of
reflux ratio.
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Nomenclature

B: bottom flow rate, kmol/hr

D: distillate flow rate, kmol/hr

F: feed flow rate, kmol/hr

Fi,Fy:  the first and the second feed rate, kmolthr

L, L’ L’ liquid flow in rectifying, intermediate
and in stripping section, kmol/hr

Rorr:  reflux ratio, L/D

YV, V7,V vapor flow in rectifying, intermediate
and in stripping section, kmol/hr
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