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ABSTRACT 

Graph based technique of computer aided design is a new approach of parametric studies 

of design of process equipments in order to find the most suiatble condition for the 

equipment design. Graph based technique of computer aided design of binary distillation 

column has been carried out. The effect of feed condition (temperature, pressure and 

molar flow rate) on the actual number of stages, optimal feed stage, condenser duty and 

reboiler duty was investigated. The effect of feed condition (temperature, pressure and 

molar flow rate) on the actual number of stages, optimal feed stage, condenser duty and 

reboiler duty were investigated. The effect of external reflux ratio on the actual number 

of stages, optimal feed stage, condenser duty and reboiler duty was also investigated. The 

most suitable feed condition obtained for the design of the binary distillation column are 

feed temperature of 30 oC, feed pressure of 101 .3 kPa and molar flow rate of 100 

kmollhr. The external reflux ratio of 4 was obtained as the best value that gave minimum 

number of stages and reboiler duty. 

The equipment design shows that a sieve tray of 1m section diameter was obtained. The 

column has a sectional height of 4.3m and cross-sectional area of 0.79 m2
• The design 

also shows that there is no flooding in the distillation column. The cost estimation was 

carried out using Hysys spreadsheet. The cost index used is the chemical engineering cost 

index of 2006. The cost estimation of the column shows that the total bare module cost of 

the tower, trays, condenser, reboiler and reflux accumulator at 2006 Chemical 

Engineering index is two hundred and seventy eight million nine hundred and eighty 

thousand naira (W 278,980,000). the total utility cost (condenser, cooling water, and 
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CHAPTER ONE 

I.() INTI{OI>lJCTION 

Distillation is a process or heating a liquid until its morc volatile constituents pass into 

thc v,lpour phasc, and [hen cooling the vapour to rccovcr sllch constituents in liquid form by 

condensation. The main purpose or distillation is to separate a mixture or several components 

by taking advantage 01' their different volatilities, or the separation 01' volatile materials from 

non-volatile matcrials. In cvaporation and in drying, the purpose usually is to obtain the less 

volatile constitucnt; thc more volatile constituent, in most cases water, is discarded. In 

distillation, on the other hand, the principal object 01' the operation is to obtain the more 

volatile constitucnt in pure rorm. 

Therc <Jre two types or distillation namely binary and lllultieoll1ponent distillation. 

Binary distillation is an art 0 1' separating mixture or two componcnts by exploring their 

difference of boiling points using vapourization. Muiticolllponcnt distillation is the separati on 

of mixture ol'morc than two componcnts by vapourization (Onirade, 2000). 

Irthe dirfcrence in volatility (and hence in boiling point) between the two constituents 

is great. complete separation may be easily accol11plished by a single distillation. Seawater, 

for eX<Jmple, whieh contains about 4 percent disso lved solids (principally common salt), Ill<JY 

be readily purified by vaporizing the water, condensing the steam thus lormed, and collecting 

the product, distilled water. This product is, for most purposes, equivalent to pure water, 

although actually it contains some impurities in the lo rm of dissolved gases, the most 

important of wh ich is c<Jrbon d iox ide (On i lacie, 2000). 

If the boiling points of the constituents or a mixture dilTer only slightly, complete 

separation cannot be achieved in a single distillation. An important example is the separation 

or water, which boils at 1000 C (212 0 F), and alcohol, which boils at 78.5 0 C (173 0 F). Ira 

mixture of these two liquids is boiled, the vapour that ri ses is richer in alcohol and poorer in 



water than the liquid rrom which it came, but it is not pure alcohol. In order to concentrate a 

10 percent solution of' aleohol (such as might be obtained by fermentation) to obtain a 50 

percent sol ution (common for wh iskey), the disti Ilate must be red isti lied once or twice, and if 

industrial (95 percent) alcohol is desired, many re-distillations are needed (Lang, 200 I) . 

The design of distillation column usually involves the derivation or long formulae and 

solution of complex system or equations. This is done manually using graphs and tables. In 

the past, distillation operation was limited to the separation ancl purification or simple binary 

systems (usually in batch). However, the discovery of oil and the rapid expansion or its (oil) 

industry world wide brought about the need 1'01' a more quantitative and qualitative approach 

to the solution of the various complcx design equation that arise from such processes. 

In view of the versatility and importance or the distillation column, this research work 

intends, among other things to undertake a computcr aided design module for a binary 

distillation column. 

CAD more widely known as Computer aided design is the use or computer tools to 

solve complex engineering problems. Computer Aided Design of binary distillation aids the 

chemical engineer in solving binary distillation problems at lesser time and better efficiency 

or results when compared to the manual approach of solving binary distillation problems. It is 

1110re concerned with the performance of process unit (such as the classical unit operations of 

chemical Engineering) and the integration of these units into complete, consistent, efficient 

processes to produce chem ical products. 

Hysys is a powerful and comprehensive process simulation computational engIne, 

which performs complete heat and material balance calculations for a wide variety of pipeline 

and processing applications. The simulator's easy-to-create nowshects allow process 

engineers to concentrate on engineering, rather than computer operations. Design II aids the 

chemical cngineer in solving binary distillation problcms at lesser time and better efficiency 
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of results when compared to the manual approach orsolving binary di stillation problems. It is 

more concerned with the performance or process unit (such as the classical unit operations of 

chel11ic,ll Engineering) and the integration of these units into complele, consistent, efficient 

processes to produce chemical products. 

1.1 Aim and Ohjective 

The ultimate aim of this work is to develop a Computer Aided Design Module (CAD) 

that will replace the manual procedures involved in designing a binary distillation column. 

1.2 Scope of the Project 

The scopes of the project arc the following: 

I. The effect or variation of the feed temperature on the column performance 

(actual number or trays. optimal Iced tray. condenser duty. reboilcr duty and product 

purity. 

2. The effect of variation of the ICed pressure on the column performance 

(actual number of trays, optimal feed tray, condenser duty, reboiler duty and product 

purity. 

3. The effect of variation of' the feed molar now rate on the column performance 

(actual number of trays, optimal feed tray, condenser duty, reboiler duty and product 

purity. 

4. The effect of variation of the column external renux ratio on the column performance 

(actual number of trays, optimal feed tray, condenser duty, reboiler duty and product 

purity. 

1.3 Justification of the Project 

There arc two set back associated to the use of manual approach to solving distillation 

dcsign problcms, they arc accuracy and time. Accuracy depends on the state of mind of the 

3 



1.3 Justification of the Project 

There are two set back (jssociateu to the use of manual approach to solving distillation 

design problems, they are accuracy and time. Accuracy depends on the state of mind of the 

problem solver which may give error induced results as a result of unfocussed state of mind . 

Time spent on manual approach or solving problems will be more due to complexity of the 

distillation problem to be solved. Employing Computer Aided Design in so lving di sti llation 

problem will eliminate these two setbacks. 
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CHAPTER TWO 

2.() LlTI~:RATURI~ RI~VIEW 

2. J.O Distillation and Separation 

Variables and delinitions lIsed in distillation arc best considered in relation to ti1c 

steady condition of continuous distillation. An acceptable definition of distillation is the 

separation of a volatile liquid from a non-volatile substance or, more frequently, the 

separation of two or more liquids of different volatility. Separation here refers to a 

division into parts, each of different composition as the result of relative differences in 

volatility of tbe components of the mixture being separated. 

The term volatility is the measure of the liquids vapour pressure at a given 

temperature or its escaping tendency, whieh increases as tbe temperature increases. The 

lower the temperature at whieh a liquid boils or the higber its vapour pressure at a given 

temperature, the more the volatile component will tend to vaporize than the less volatile 

component (Tatabu, 200 I). A typical distillation column is shown below. 

ENRICHINGf 
(RECTIFICATION~ 

SECTION L 
FEED ---~ 

CONDENSER 

DISTILLATE 

STRIPPING{ 
SECTION 

r~ 
---t>i<J~ ~~~Q 

HEAT OUl ~ 
BOTTOMS \tll 

Figure 2.1: Schematic diagram of a distillation column 

2.1.1 Relative Volatility 

If the ratio of the partial pressure to the mole fraction in the liquid is defined as 

the volatility thus: 
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p~1 p~) Volatility o r A : - I I _ and Volatility of B= II . 
oX , I X /I 

The ratio ofthcse two volatility is known as the relative volatility givcn by 

From Dalton 's law of partial pressure 

and 

or 

P)I = P"II II 

Y (x ] ~=a -~ 
All 

YII XII 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

I ~quation 2.6 gives a valuable relation between the ratio or A and 13 in the vapour and that in 

the liquid. 

Since with a binary mixture 

YII = 1- y" 2.7 

and 

x = I - x /I , I 
2.8 

_ ( YA ](I -X,,"] a All - " -- - - ---

1-- y" XA 

2.9 

or 

a X 
Y 

_ All if 
A --

(I -I- (a,1I1 - I)) 
2.10 
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and 

x ;:: --- --~::'---
, (I - (a ,II' - I) JI." 

2.11 

Equation (2 . 1 I) enables the composition of the vapour to be calculated for any 

desired value or x, ir ai\1J is known. For separation to be achieved ai\11 must not be 

equal to I considering the more vo latile eOll1ponent. as ai\ 1I increases above unity, Y 

increases and the separation becomes much easier. 

Equation (2 .6) is useful in calculation of plate enrichment and finds w ide 

application in multi-component distillation. From the definition o f" the volatility of a 

component it could be seen that fo r an ideal system , the relative volatility IS 

numericall y equal to the vapour pressure orthe pure component (McCabe, 2002). 

2.1.3 Ideal System 

This is a special case or normal l1li sc ible system where it is assul1led that the 

components have no effect on each other. Each cOl1lponent acts independently and 

presents a tendency of volatilizati on only as runction o f its concentration in the liquid 

phase and its vapour pressure at the tel1lperature or the sys tel11 . This is mathematically 

expressed by ROldt's law as 

I~, = P" I'X., 2. 12 

Dividing both sides by the total pressure orthe system we obtain 

P" = p"(X., I) 
p A / p 2. 13 

And applying Dalton 's law o r partial pressures 

2.14 
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By substituting (2.14) and (2.13) we have thi s 

2. 15 

)' . , f 
fJ,,(X/I ) 

/I /' 

2. I () 

From 2.6 

2. 17 

Using 2.15 and 2.16 gives 

(
II" 'J 

rx - /1 f - IX:-
All - (fl " ' ) - po 

/I .' /I 

/ f 

2. 1 ~ 

x-y Diagram 

1 / A 
0.8 

0.6 
« 

::.... 
0.4 

0.2 / 

0 

0 0.2 0.4 0.6 0.8 1 

x A 

Figure 2.2: x-y Diagram for binary mixture 
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Thus. the relative volatility oran ideal system at any compositioll is equal to the ratio 

or the vapour pressure or the two compollents at the boiling point 01' the mi:-;ture 

(McCabe. 20(2). 

l~aseJ on this. there arc liwr hasic types llr vapour-liquid equilibrium or binary 

d ist illation system. 

I. Normal complete miscible 

II. i\zeotropic complete miscible 

III. Partially miscible and 

IV . Completely immisciblc. 

2.1.4 Mcthods of Solvin~ Binary Distillation Problc/lls 

The methods or solving binary distillation problems include the lallowing: 

I. McCabe Thiele Method 

2. Lewis Sorrel's Method 

3. Thiele Geddes Method 

4. Smoker Equation 

2.1.4.1 McCahc Thiclc Method 

The McCabe-Thiele approach is a graphical one, and uscs thc VLE plot to dctermine 

the theoretical number or stages required to effect the separation or a binary mixture. It 

measures eonstantmolar overflow and this implies that: 

molar heat or vaporization or the components are roughly the same 

heat effeets (heat orsolLltion, heat losses to and li'om column, etc) arc negligible 

lor every mole of vapour condensed. I mole 01' 1 iq LI id is vaporized. 

The design procedure is s imple. Given the VI,I ~ diagram of' the binary mixture, 

operating lines are drawn first. 
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Operatillg lilies delilles the mass balal1ee rL' latiul1ship hetwccn the liquid (lnd 

vapour phases in the co lul11ll 

There is one oper~lting line lo r the bottol11 (stripping) secti on or the colul11n, ~lIld 

Olll: Illr the tup (recti li eationllr enriching) section llrthe co lull1nll sc ol'the constant 

molar overllow assuillption also ensures that lhe operatillg lines arc straight lines 

(perry, I ()C)7). 

2.1.4.2 Operating Line for Rectification Section 

The operating line lor the rectilication secti on is constructed as fo llows. First the 

desired top product composition is located on the VI x: diagrall1 , and a ve rti ca l line produccd 

until it intersects the diagonal line that splits the VLI ~ plot in hair. A line with slope R/(R+ I ) 

is then drawn li'olll thi s intersecti on po int. R is the rati o o r rel1ux now (L) to distillate now 

(D) and is called the relhlx rati o and is a Illeasure o r Illlw ll1uch o r the material going up the 

top or the colullln is returned back to the colullln as rel1ux (Tatabu. 200 I) . 

2.1.4.3 Operating Line for the Stripping Section 

The operating line ror the stripping section IS constructed in a similar manner. 

However, the starting point is the desired bollolll product cO l11pos iti on. A vertical line is 

drawn 1'1'0 111 thi s point to the diagonal line and a line or slope I .)V :; is drawn . !', is thc liquid 

rate down the stripping section o r the colullln while V, is vapour rate up the stripping secti on 

orthe colulllll. Thus the slope or the operating line for the stripping secti on is a ratio bL:lween 

the liquid and the vapour 110ws in that part orthe colull1n (Tatabu, 200 I) . 

2.1.4.4 Equilihrium and Operating Lines 

The McCabe-Thiele l11ethod assumes that the liquid on a tray and the vapour Gbovc it 

are in equilibrium. A magnified section o f the operating line Il)r stripping section is shown in 

relation to the corresponding n' th stage in the colul11n. L 's arc the liquid nows w hile V's arc 

the vapour flows . x and y denote liquid and vapour cOl11positions and subscripts denote the 
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seven theoretical stages are required to achieve the desireJ separation. The required number 

of trays (as opposed to stages) is one less than the number of stages since the graphical 

construction includes the contribution of the reboiler in carrying out the separation. The 

actual number of trays is given by the formula: 

(N um ber of theoretical trays)/ (tray efficiency) 

A typical value for tray efficiency ranges from 0.5 to 0.7 and depends on a number of factors 

such as the type of tray being used, and internal liquid and vapour flow conditions. 

Sometimes additional trays are added (up to 10%) to accommodate the possibility that the 

column may be under-designed (McCabe, 2002). 

2.1.4.6 The Feed Line (Q-Line) 

1 
lJ l 

lJ .00 f 
I 

0 .8 0 

::; 0 .7 0 
0 
::J... 
0:> 
> 
.- () .GO 

9 
~ o.so 
'" 0 .50 
Q 

0 .4 lJ 'J 
~ 
q) 

030 <5 
~ 

0 .10 

o 0 . 10 0 .2 0 0 .30 O.LIO (J .SO 0 .60 0 .70 0.80 0 .90 1 .0 

M o lo " ',~G li on ;~I G()h () 1 ill liquid 

Figure 2.4: Mc-Cabe Thiele Diagram for Number of Stages 

Figure 2.4 shows that the binary feed should be introduced at the 4lh stage. However, 

if the fed composition is such that it does not coincide with the intersection of the operating 

lines, this means that the feed is not a saturated liquid. The condition of the feed can be 
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Depending on the state 01' the Iced, the Iced lines \\ 'iil have dilTerent slopes, Por 

example: 

q~O (saturated vapour) 

q- I (saturated liquid) 

O<q<1 (mix or liquid and vapour) 

q> I (subcooled liquid) 

q<O (superheated vapour) 

The q-lines li) r the various feed conditions arc shown in the diagralll on the len (McCabe, 

2002) 

2.1.4.7 Using Operating Lines and the Feed Line in McCabe-Thiele Design 

Irwe have inlill'lllatioll ahout the condition or the ked Illixture, then we can construct 

the q-line and usc it in the I'v\cCabe-Thiele design, Ilowever. excluding the equilibriulll line, 

only two other pairs or lines can be used in the McCabe-Thiele procedure. These arc: 

ked line and rectification section operating line 

Iced line and stripping section operating line 

stripping alld rectificatiun operating lines 

This is because these pairs or lines determine the third (McCabe, 2002). 

2.1.4.8 Reflux Considerations 

The reflux ratio R, is normally defined as: 

R =- Flow returned as refluxlflow ortop product taken orT. 

The number or stages required for a given separation will be dependent on the reflux 

, ratio usc. In an operating column the effective reflux ratio usc can be increased by 

vapour condensed within the column due to hcat leakage through the wall s. With a 

wide lagged colullln the heat loss will be small and no allowances arc normally given 
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for this increase in flow in the dcsign calculation. I f a eo lullln is poorly insulatcd, 

changes in the internal reflux due to suddcn changes in the cxternal conditions, such 

as sudden rainstorms, can have a noticeable effect on the colullln operation and 

control (Sinnot. 2(00). 

1 
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0.4 
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X A 

Figurc 2.5: Thc plot of'vapour-Liquid equilibrium diagralll 

2.1.4.9 Total Reflux 

Total re/lu;.; is the condition when all the condensate is returned to the column 

at reflux : no product is taken off and there is no feed . At total reflux the number of 

stages required for a given separation is the minimuill at which it is theoretically 

possible to achieve the separation . Throughout a practical operating condition, it is a 

useful guide to the likely number of stages that will be needed . Column are orten 

started up with no product taken out and operated at total reflux till stead y state 
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conditions arc allainccl. The testing of' coluillns is also conveniently carri ed out at total 

reflux (Sinnot. 2000) . 

2.1.4.10 Minimum I{cflux 

As the r;lti\l is reduced ;1 pinch point will occur at which the separ;ltioll can 

only be achieved with ;111 inlinite nUlllber 0 1' stages. This sets the minilllum poss ible 

rellux ratio lu I' the specilied separation (McCabe. 2002). 

2.1.4.1 J Optimum Rcflux Ratio 

Practi ca l reflux ratios will lie some where between the minimum for the 

specified separati on and total reflux. The designer must se lect a value at which the 

specilicd separation is achieved at minimuill cost, increasing the re!lux reciuces the 

number or stages required. allli hence the cap ital cos t, but increases the service 

requirements (steam and water) and the operating cost. No hard and fast rules can be 

given for the selection of the design rcflux ratio, but lor man y systems thc optimu m 

will lie betwccn 1.2 to 1.5 times the minimulll reflux ratio (McCabe, 2002). 

2.1.4.12 Fccd-Poin t Location 

The precise location of the Iced point will aflcct the number of stagcs required 

for a specified separation and the subsequent operation or the co lumns. As a general 

rule, the feed should enter the column at the point that gives the best match between 

the feed composition (vapour and liquid if two phases) and the vapou r and liquid 

streams ill the column. 
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Figure 2.6: McCabe-Thiele method of determining number of stages In binary 

distillation problems. 

In practice. it is wise to provide two or three feed-point nozzles located round 

the predicted feed-point to allow for uncertainties in the design calculation and data, 

and possible changes in the feed composition after start-up (McCabe, 2002). 

2.2 Selection Of Column Pressure 

Except when distilling heat-sensitive materials, the main consideration when 

selecting the column pressure will be to ensure that the dew point of the distillate is 

above that which can be easily obtained with the plant cooling water. The minimum 
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sensitive materials anu why very high temperatures would otherwise be needed to 

distill relatively non-vo latile materials. 

When calculating the stage and rellux requirement it is usual to take the 

operating pressures as constant throughout the column. In vacuum column the column 

pressure drop wi II be a sign i licance I·raction 0 r the total pressure anu the change 

pressure up the column should be allowed for calculating the stage temperatures. This 

requires a trial and error calculation, as clearly the pressure drop cannot be estilllate of 

the number of which is made (Sinnot, 2000). 

2.3 Dew Point And Bubble Points 

To estimate the stage, the condenser and temperatures, procedures are required 

calculating the dew and bubble points. By definition a saturated liquid is at its bubble 

point increase in temperature will ca lise a bubble or vapour and a saturated vapour is 

at its dew point (any drop in temperature will cause a drop of liquid to form). Dew 

point <1,11d bubble point can be ca lculated from knowledge of the vapour-liquid 

equilibriulll lor the system . In terms or equilibriulll constants, the bubble point is 

defined by the equation 

Bubble point : 2:}~ = K,x, 

LY 
And Dew I)o int : LX :.=-' 

I K, 

2.22 

2.23 

For multi-colllPonent mixtures the tempcrature that sa ti s lies this equation at a given 

system pressure, must be found by trial and error. For binary system s the equation can 

be solved more readily because the component compositions arc not independent. 

Fixing one fixes the other (McCabe, 2002). 

) J .~ I 
;I Y .. / 2.24 

2.25 
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2.4 Applicatioll of Distillatioll 

COllt'inuous distillation may be used when the components involved have 

adequatc volatilit), dilTerences and these dilTerenees extend over the entire 

concentration range or the intended separation. Under thi s req uirement, no condition 

l11ust ever exi st where vapour anclliquid phases in contact have identica l compos ition, 

or separation will stop at thi s po int. Thi s condition occu rs where azeotropic or a 

constant boiling mixture can rorm as well as when a pure-product conditi on is 

approached. An exal1lple is fo und in the distillation o r the ethy l alcohol and water 

system, where the maximum purity o f the alcoholic produet is limited to the 

concentration o f the azeotrope. A nother I illl itation can ex ist i I' the d isti Ilati on is se t too 

close to the critical state condition o r the l1lixtures in vo lved, since th e two-phase state 

merges into a single Iluid conuition with no separati on poss ible at the criti ca l state . 

SOl1le distillations have been carried out as close as 250r frol1l the critical temperature 

(Sinnol. 2(00) . 

2.4.1 Single-Stage or Flash Separation 

A /lash separation takes place when a mixture unckr partiall y vaporl/.e 

cond ition has cO l1lpos it ion d i fCeren ces bet ween the vapour and I iqu icl phases. LJ ndcr 

complete mixing conditions and over a sunic ient duration o r tillle, a state or 

equilibriulll is attained. The phase composition at cquilibriulll is delined at the 

pressure and temperature of the systel1l , and the separati on is called an equilibrium 

stage. A sing le stage separation Illay be considered as a dist ill ati on in itself and Illay 

be called a /lash separation. The perform ance o r such a distillation compared ",,,ith the 

separation obtained under equilibrium condition is described as the cfTiciency o r what 

is term cd the actual stage, to a theoretical stage. Both are compared at the same 

conditions or temperature and pressure~ the c1Ticiency is rclcrrccl to as stage, pl atc. or 
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tray efliciency. Alternatel y, its measurelllent numerica ll y as fracti ons of a stage IS 

described in the Illethod \",hi ch fo ll ows (Coul son and Richardso n. 1997). 

In di sti Il at ion the state 0 I' equ iii briulll that ex ists between the vapour and I iqu id 

strealll s as they leave the stage frolll separate places is the bas is 01" prac ti ca l 

measureillent in the attainment 01' stage-equilibrium conditi Oll, whil e th e equil ib riulll 

stage requires that the phases be in a state o f" coexistence lo r its definiti on. An actu al 

di stillation tray may sOlll etillles produce a separation atta inable by an eq uili brium 

stage (or tray). The theoretica l stage or tray then is not th e maximuill separati on 

attainable lI'o lll an actual stage. Thi s is poss ible becausc th ere is a cuncentrati on 

gradient across the tray that is set up li'olll th e liquid inlet to the outiet overllow. 

When the path of the liquit.l is long and the tray cfliciency is norm all y hi gh, the 

vapours enterin g the tray li'om below arc mi xed to a unif"orm compos ition (th e 

entering gas is the same at both ends o f" the now path ) and as the gas passes upward 

through the Il owing liquid , equilibrium is atta ined at each point, just over the surf"ace 

orthe !lowing liquit.l . The apparatus used in a Ilash separati on is mainl y a vessel used 

to hold the partia ll y vapouri/.ed mixture charged into th e systeill . The liquid le ve l is 

usuall y on control. A heater may be located on the enterin g charge or wi th in th e 

vessel. A condenser with an appropriately located back-press ure va lve is used to 

permit the conversion of the vapour separated into a liquid product. This IS an 

approximate descripti on ror either the small laboratory still or large scal e plant 

separators (Coul son and Ri chardson, 1997). 

Where a vessel is used with no entrainment devices, th e separati on or the 

vapour and liquid may be accompli shed by all owing suffi cient res idence time f"or th e 

passage or both phases through the vessel so that sati sfactory separation takes place. 

This type of design is base on the usc o f stoke' s law and the choice o f liquid droplet 
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diameter Ii:)!" the selling or the liquid phase. with a similar cliculation fo r the rise or 

bubbles or gas rrolll the liquid layer. fn calculatings the relative aillounts or vapour 

and liquid produced ti'OI l1 a phase separation when a Illi .\: ture is partially vaporized, 

" the McCabe-Thick diagralll is used t'or two component Illi:-;tures. The flash separation 

at equilibrium is an c:-;illnplc of" a meeting point or three cvaluations, si nce it could be 

considered as a vapour-liquid equilibriulll stage. a theoretical stage, or a Illinillluill , 

stage. In relation to design, the flash separation is usuall y considered as a si ngle 

vapour-liquid equilibriulll stage, particularly when res idence tillle and Illlxlng are 

provided and arc followed by good separation. There is also reason to rerer to this 

condition as a theoretical stage, s ince it would be based on the operating conditions 

(Coulson and Richardson, 1997). 

2.4.2 Mininllllll-Stage and Flash Separation 

The McCabe-Thiele diagralll used to calculate the vapour and liquid 

separation shows that the origin of the short operating line starts at the diagonal (at the 

feed composition point) and then the line is extended to the equilibrium curve. Since 

the diagonal is used to represent a total reflux eondition as a reflux operating line, a 

flash separation is a Illinimulll stage or separation when taken to equilibrium (Tatabu, 

200 I). 

2.4.3 Multistage Separation by Continllous Distillation 

A l11ultistage separation by distillation requires three combined effects from 

the apparatus; extra fl ow or internal vapour and liquid streams within, and that the 

general nature or the vapour and liquid stream is counter current. The apparatus used 

would inelude a colul11n or tower, both terms suggesting a vertieal cylindrical vessel, 

within whieh the multistage effect is produced through the installation or what are 
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called tower trays. these spaced to make poss ible a series or contacts bet"",­

vapour and liquid strc~lIl1 S flowing within the tower. This docs not e.\clude the usc or 

tower packing or other devices. since the basic runcti ons arc s imilar lo r all. 

The general nature orthe internal flo\-\, orvapour and liquid within the tower is 

tbe 1()llowing. The feed Illixture in a partially vaporized st;ltC, usually between the 

bubble point or dew point conditions. enters the tower at some se lected stage location 

and l11erges into vapour and liquid in excess or the net aillount I,'o lll the Iced is 

generated through the combined ecreets or the vapourization or some or the liquid at 

the base or the tower and the return or part or the vapours that arc leaving at the top 

alter they have been condensed to a liquid state. The resulting flows or liquid and 

vapour are counter current. the liquid flowing downward and across each tray, while 

the vapour is being lorced upward through the caps or orilices in the trays, resulting in 

mixing orthe vapour and liquid by the aetion orthe bubbles rormed. 

The liquid flowing downward 1"0111 stage to stage passes through a sea l at each 

stage which provides the hydraulic head required to lorce the upward-flowing gas 

through the caps or ori fices located in the trays, The vapour generation at the base or 

the tower is reboiling, and the return or condensed liquid to the top or the tower is 

renuxing. Reboiling is heat addition through vapourization and refluxing is a heat­

removal e('('eet rrolll condensed vapours being re evaporated while flowing downward. 

These two erfects. reboiling and refluxing Illust equate to a heat balance when the heat 

input of the Iced and the heat output or the products and separated strealll s as well as 

other minor heat quantities arc taken into account. 

An examination or the heat and Illass transfCr taking place during the 

counteraetion or reboiling and refluxing going on (I'om stage to stage will show that 

the liquid rellLL\ is lirst depleted or lower boiling components by their vapourisation 

21 



2.S The Feature of CAD 

The main kature orCAf) is shown in the ligure 2.7 below 

Input Device 

Figure 2.7: Main features ora CAD system 

( 'A f) 

Process ing 
Display 

t\ typica I C t\ I) system is a com bination II I' hard"vare and so Ihvare: 

2.5.1 The Software 

Output Device 

This is the intelligence " Within the mind or Computer. The term is used to refer to both 

programllle and data. Programmes arc set or instructions to the computer, indicating to it a 

series or actions to take " I)ata" is the term used lor the inlormation on which these ac ts arc 

perrormed in response to the in struction or the programme. 

Programmes can be batch or interactive. In working with a batch programme, the user enters 

data but docs not interact with the computer during the processing o r the data. Ilere the user 

cannot tell ir things went wrong during the entry or process ing until the entire analysis is 

completed . Ilowever the interactive soli ware evolved I"rom computer codes that ca rry out 

matrix manipulations to comprehensive programs that combine matrix computations, data 

analysis. equation solving, graphics. and man y other lC~ltures. Interactive programille 

provides variety 01" il11mediate response to the user, the user in turn can respond by modifying 

carl ier actions or perroI'm ing add i ti onal ones. 
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The soliware in CAD system consists orsi;-.; ca tegories mainl y: 

• The operating systems that control the CPU, it also 

which present a programme written in certain computer language and translate it into 

machine code th;lt can be e;-.;ecuted by the CPU. 

• The graphic so ftware, which provides coml1lunication between the graphic terminals 

and the CPl!. 

• The USC I' interf~lce which relates with the user' s command. givi ng prumpt display or 

result. 

• The geoillctric model ing wh ich may be "2 or 3" d illlens ional. Appl icati on so It ware. 

which includes draning and calculation. 

• The software. which is developeq by the user to suit the existing, purpose. 

2.5.2 The Hardware 

This consist or the visible part or a system, it is the positi on or the sys tem that contact 

the world, the feature of a typi ca l hard warc includes compactness, neatly assembled, \Veil 

interfaced. accurate, stable and reliable. The CAD hardware units consist ot" the following. 

i. The central processi ng unit (CPU). 

ii . Storage dcvices that store data e.g. Floppy diskelles. disks. and Magnetic tapes. 

iii . Input devices that serve and command the system operation e.g. Key board. 

iv . The output device that presents the input result to the user. 

2.5.3 Guidelines on Basic Programming in CAD Operation 

As earlier stated, a programll1e is a set of instructions to a computer. An instruction in 

a basic programl1le in called a "Statement". Each statement is generally written as a separate 

line with a line number. Any statemcnt starting with the word RI~M is rcmark ; however each 

programme has a particular symbol far thi s. The word I:ND marks end oCthe programme. 
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There are a I:lrge Illlmher or versions or v;II'ious basic Progr;lI11 Illes e.g .. Q-basic. Visual basic. 

de orwhieh there are slight dilTerences and ol'courses v(lrious presentation modifications. 

2.5.4 Method of Developing CAD 

According to (Onif(lde. 2000). there (lIT b(lsically two Illethods or developing CAD 

Ilowsheeting in chel11ical processing industries . These arc namely the ";qllotiol/ Oriel/ted and 

Modular Methoc!.\'. In equation oriented Il1dhods. the process or systell1 is regarded as unit 

and the equations. correlation etc, that describe the process arc collected together and solved, 

wh i Ie the modular regards the design process or system ;IS a collection 0 I' subsystems or 

III od ul es. 

A Ithough the mod ular approach has it's own drawbacks, it is usual I y pre ferred 

because or its inherent advantage of individuality and portability. It employs datab(lnk or 

modules: it stores the process data such as properties, thermodynamic data etc, and the 

modules for processing algorithms, equation and optimization needed by the design. A master 

programme synchronizes the passing or information between the databank and the modules 

(Onilude 1999; Westerberg 1979). Each modules can be developed, tested , and debugged on 

it's own and incorporated into the overall design or /lowsheeting. Furthermore many plants or 

process consists or the same or similar units that require the same kind of calculations. The 

modular option thererore allows a 1110dule in the design or one plant to be " imported" into the 

design or another plant in which the module has a similar runction. 

2.5.5 Source of Data 

It is essential lor a chemical engilleer to be f:1I11iliar with sources of physical 

properties data. Accurate values of physical properties are needed in almost all phases of 

chemical engineering design analysis (Hilllmeiblau 1996). Various ways to obtain data for 

the physical propertics or componcnts arc 

i) Design software (such as Ilowsheeting codes) 



i i) On-line databases. 

iii) On-line hulletin boa rds/e-mail. 

iv) Personal files and handbooks. 

v) Departlllent library. 

vi) 'I'echn ical magazi ne/newslellers. 

vii) RcI"erence books and journals. 

Much of the data is available, particularl y on Internet service. 

2.5.6 ImJlortance of Data on Physical Properties 

a. To retrieve an isolated value to be used in a calculation or in th e calculation of other 

property va lues. Onen a value is to be employed in hand ca lculations or perhaps feci 

as input to a cOl11puter programme lo r further ca lculat ion. 

b. To serve as a subroutine (such as phys ica l properties library) , to another computer 

programme to provide ph ys ical property data lo r process 0 1' ca lculations. 

c. To provide interactive capabilities lo r the rapid rendering of ph ys ica l properties or 

substance or interest lor parametri c studies or process units. 

d. Such ph ys ical properties package is essential in process evaluations, economic 

evaluation, process safety, unit operations model ing, process simulati on and 

optimization , transportation or material s and pollution studies. 

e. A si ngle system allows lix more so phistication and results In some economy by 

saving dupli cation crrort. 

2.5.7 Economic ImJlortance and Engineering Significance of CAD 

There are man y benefits o f" cOlllputer-aided design . Onl y some or it can be eas il y 

mcasured . Some or the henelits are intangible, re lleeted in improv ing work quality, morc 

pertinent and usable inlormation , and improved control, all o l'\vhich arc ciillicultto quantif),. 

Other benefits arc tangible but the savi ngs frolll thelll shows up a downstream in the 
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production process. so that it is dirlicult to assign any monelJry va lue to them in the dcsign 

phase. Some or the henefits derived rrom implementing CA l) ca n be directly mcasurecl as 

follows . 

I) Il1lproved engineering productivit y. 

2) Reclu ced engineering personal requirement. 

3) Customer's modi IIcations arc easier to make. 

4) Faster response to request. 

5) Avoidance or sub-contracting to meet schedule. 

6) Minil1lizedtranscription errors. 

7) Improved accuracy or design. 

8) In analysis. easier recogn ition o f' components interacti on. 

9) Provide beller I 'uncti on ~d analysis to redu ce prototype tes tin g. 

10) Assistance in preparation or documents. 

II) Design has more standardization. 

12) Belter design prov ided . 

13) Improved producti v ity in too l design. 

14) Belter knowledge or cost is provided. 

15) Reduced training time fo r routine drafting tasks. 

16) Fewer errors in "National Control" part programming. 

17) Iklps ensure that designs arc appropriate to ex ist ing manuracturing 

techniques. 

18) Saves materials and machinery'S time by optimization o r algorithm. 

19) Provides operat ional results on the status 0 r .vork in progress. 

20) Makes the management or design personnel or pro.iect more errective . 
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21) Data coml1lunication results in greater ullllcrstanJing among engineers, 

designers. draners. managcment and differcnt projec t groups. 



CII;\PTI~H THHEE 

3.n Methodology 

3.1 Problcm Sta telllcII t 

The CAl) module will he developed uSing this prohlelll statclllcnt. A Illi:-;ture or 

henzene and toluene is to be separated by binary distillation co lullln . The ICed has a Ill olar 

colllPosition of 50 lVo benzcne and 50% toluenc and is charged into the colulllll at atlllosphcric 

pressure. The fo llow ing rcsults arc to bc dctcrmincd : 

I . The effect of variation of the reed temperature on the co lullln perrorlllance (actual 

number of trays. optil11al ICed tray. condenser duty, reboiler duty and product purity. 

2. The dkct or variation or the reed pressure on the co lumn perlo rmance (actual 

number oCtrays. optilllal Iced tray, condenser duty, reboiler duty and product purity. 

3. The dlCct or variation or the Iced Illolar Ilow rate 0 11 thc eolulllll pcr/Ortllance (actual 

number or trays, optimal Iced tray, condenscr duty, reboiler duty and product purity. 

4. The efICct or variation of the colullln e:-;ternal rellu:-; rati o on thc eo lullln perrormance 

(actual number or trays. optimal Iced tray, condenser duty, reboiler duty and product 

purity . 

3.2 Proccss Simulation Procedure 

Ily-;~ :. I)rllcc:.~ SiI111tl:ll\lr \\;1:; lI :.l'(/ Ill!" thc Si lllllLI!il1l1 ;llld the Iksi!.:1l 0 1' tilL' hin:!!") 

diQill;l1ioli l·n llllllil. I) c ll ~: IZlllliIlS\) 11 Ill crtliPt/:-'Il ;lIl1 ic 111\\\k l /1e,,·;III '.C il i.'-; the Illnsl 

,-;uitahk l11 0lkl lill' l ight hyt/r\lcarhl1l1 ;It pre:'Sllrc be loll 7 hal' (Il yprulech, I ()()<)). The 

3.2.1 ShortCllt Process Silllulalioll Procedure 

The sil11l1l;ltion procedure li)r the shorteul 111\)dcl \)rl.he hillaI': ciist ili aliUI1 co lul11l1 a!"e 

:- h( 1\\ 11 hd n\\" : 

I . Thc start button was clicked using the mousc 
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2. Thc cursor placed on the "all programs" ll1enu opened up the pop-out Il1cnu . 

3. From the pop-out ll1enu. Il yprotech was highlighted to I"urthcr pop-out Ilysys 3.1 

which \-vas clicked to launch the Hysys program displaying the I-Iysys w indows. 

<I. The " I\llll s" Illellll was cli cked tn deep clown Ihe l11 el1U li sl and "prefercnce" was 

cl icked to gi ve the "pre ICrence" dialogue box. 

5. On the preferellce dialogue box, the variable tab was cli cked and the units selccted to 

display the system or ullits available in I-Iysys. 

6. A new ull it set o rSI was se lected . 

Variables 

Units 

. 6.vdilable UllIt ';els 

Field 
H(o'''~ 1 T extUnliSetl 
Hovel T extUrtitSel.! 

¥··1 L:~; .. ;f;::rif~tt1~i' .: lJh -;;,jl~~\~J;;tt~«(~:,:~r, ~:~,. ~ ~ .,.'1 

:;aye Prefe"~nce Sel , 

Vapol.ll Fld,:hon 
T erflpero:ltul e 

Pre~" I .ll e 

Flo'l-! 
I,·j ·:lS; Flow 

Figure 3.1: Unit Selcction Dialog 80x 

7. The prclerence dialoguc box was closed. 

Unit 

Unille, ? 

C 
kF'.3 

kgrl1ok:/ h 

i' g/l', 

8. From the file menu, a new case was opened to revea l the task manager window. 

9. On the task manager willdow, thc " l1uid package" tab was clicked and the "Add" 

button clickcd to reveal all the thermodynamic application packages available in 

Hysys 3. 1. 
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10. From thc available li st, Pcng Robinson was selcctcd. 

II . Thc view button or the component sccti on was c lickcd to rcveal all the available 

componcnts IJ) thc componcnt library 01 ' Ilysys :1.1. hCllZCJH: and toluelle, werc 

highlighted and the "'adel pure" bulloll was clickcd to select thcm li'om thc cOlllponellt 

library. 
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12. Both the componcnt li st windows as well as thc Iluid package window were closed. 

1:1 . Alin thi s. the simlilation has becn Cllmpictely bllill. Next is tu bllild the process Ilnw 

d iagral1l . 



14. The "Enter Simulation Environlllent" was clicked 

15. On the silllulation environl11ent; the "work book" icon on the tool was clicked and the 

distillation feed steam was created specilying its components 1110lar fraction, its 

tcmperature, pressure and volumetric Ilowrate as showll 0 11 Figure 3.4. 

' ~ ' F " ~-
., • f. ..",' 'f. "'it ... • \ .>' ~ " {' """.~l' ",!. ~ l!!!!!!J1B!J, 

Worksheet l Slrea"., Nat"e F 
;Vapour 1 Phase Frac tion 0.00000 

Conditions . Te".,perature (e} .30.000 
P'ope' lie , P'es~u,e [kPaJ 101 32 

eompo~it.on 
' Molar Flow [kgmole/hJ 100.00 
i MaH Flow [kg/ hJ 86528 

K Value : Std Ideal L'Q Vol Flow [m3/hJ 38953 

Use' Va""ble, Molar Enthalpy (k,J/kgn-tolel 2.867e -004 
Mol.~, Enl,opy [~..J/k9".,ol.,·C} ·114.83 

Notes Heat FICow (~~l/h l 286t.9c ·0r:. 
Cost Parameter$ LiQ Vol Flow @Std Cond (m3/h} 9.84 43 

Fluid Package 0 ,,,,,· 1 

-= 
Worksheet 

Def.ne from Othe, St,e,,"" .. 

Figurc 3.4: The distillation column feed conditions 

16. The shortcut distillation column icon on the prD pallete was clicked on and the 

shortcut d isti lIation column module was d isplaycd . 
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Figure 3.5: The shortcut distillation column window 
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17. The design tab was selected and the connection tab \Vas also c licked on to show the 

shortcut column connections. 

18. The inlet and outlet connections of the column were entered. 

19. The parameter tab was selected and the key components. condenser pressure. reboiler 

pressure and the external reflux ratio were specified as shown in Figure 3.6. 

Design CO[Dponenl ~ 
Component /·.·101.· F'o!lclion 

Connection. Li~hl Key In 8o)tlt)rns B'?n.!en~ 01000 

Parameters HMC'.I' l : e~l ln [mllUdle T oillene I) 1000 

Use, V~,i"blc : 

!'Ioles 
Pre ss!Jre.# 

. CClnde"'I.~e r P'e'S,;ure I· '31 182 kF'a 
Rebolle, Pres·;IJ,e I 1 01 .3~5 k.P" 

0.9 12 bdl 
Bellu;.; Fi.;) I.lCI: I ="'.;::: r3.. p::;I .~ 

E >:Iemal R efilJ:< Fl"IIo 10000 
f\.·t,rilrflum Rellux Ratl':) 1.713 

Design 

Pigure 3.6: Shortcut distillation column parameters. 

20. The tool menu was clicked on and the databook was selected from the di splayed 

menu . 

21. From the data book window, the variable tab was cl icked on and the insert bUllon was 

cl ieked on and the variable navigator dialog box appears. 

22. The Feed stream was selected /i'om the object tab and the temperature variable was 

clicked on. The OK button was selected. 

23. The same was repeated far feed pressure, molar flow, di stillate benzene molar 

fraction, colullln actual trays, condenser duty. eXlernal reflux, minimulll reflux, 

minimum trays. optimal feed and reboilcr duty 
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Figure 3.7: Ilysys Dalabook 
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24. The Process Databook lab was selected and Add bullon clicked on to enable selection 

of variable. 

25. The feed temperature, condenser duty, and reboilcr duty were all checked under the 

show bulton. 

26. The Data Recorder tab was selected and Add button was clicked on for selection of 

variables to be investigated. 

27. The feed temperature, external renux ratio and reboiler duty were checked and the 

record button was clicked. 

28. The case studies tab was clicked on and the feed temperature was selected as the 

independent variable, while the condenser duty and reboilcr duty were selected as the 

dependent variable. 
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rigure 3.8: Hysys Databook 

29. The rcsu Its buttol1 was cl ickcd a ll to display the plOI 0 ,. telll perature against condenser 
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Figure 3.9: Thc Case Studies Window 

30. The same procedures were repeated ror other plots. 

Rigorous Process Simulation Proccdul-c 

, 
~ 

1 100,, · 00< , . 
:s 

1 OOOe ' OOf '2 ,. 

l.: 

t.: LlUO( .. uo: ; , 

. UllUo: ' UIJ: : 

The SilllUlatiPIl pn)ccdun.:s li ll' Ihe l'igCl/'llUS di'>lillation co luilln design or the binary 

Jistillali\)Il CO IUIllI1 an: showll bel\)w : 

31. The start button was clicked using the mouse 
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32. The cursor placed on the "all programs" menu opened lip the pop-ou t menu . 

33. Frol11 the pop-out menu. Hyproteeh was highlighted to further pop-out I-Iysys 3.1 

which was clicked to launch the Hysys program displaying the I-Iysys windows. 

34. The "tools" mCllu was clicked to deep down thc mellu li st and "preferencc" was 

clicked to give the "preference" dialogue box. 

35. On thc preference dialogue box, the variable tab was clickcd and thc units se lected to 

display the system of units available in I-Iysys. 

36. A new unit set ofSI was selected. 

Variables 

Units 

Available Unrl Sel s 

Field 
. Hover T exlU nilS ell 
. HoverT exlU nrtSel2 Formals .ti·· ·"'Ii i Y~~$;:"~ ~riW,,r,"::)~li~~~.;~~;~~·~~{;~~>\1 . . 

DrspJ.:sy Unrts 

Iun" Y'h!W .. 

Vapour Fraellon Unilles~ 

T emperdlure I C 
Pressure I kPa 
Flow I kgmole/h 

Ma;s Flow I kg/h 

-.::=----
Srmulahon Variables 

----~I--~~·_--~-----~ 

Sa:!e Preference Sel LO.1d Preference Sel ... 

Figure 3.10: Unit Selection Dialog Box 

37. The preference dialogue box was then closed. 

38 . From the file menu, a new case was opened to reveal the task manager window. 

39. On the task manager window, the " nuid package" tab is clicked and the "Add" button 

cl icked to reveal all the therl110dynam ic appl ication packages ava i lable in I-Iysys 3.1. 
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O. From the available li st. Peng Robinson was selected. 

I. The view bullon or the cO l11ponent secti on was c licked to reveal all the available 

components III the cO l11ponent library of Il ysys 3. 1. bcn/.cnc and toluenc, were 

highlightcd and the '"add pure" bullon was cli cked to se lect them from thc cOlllponent 

library. 
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Figure 3.12: Component List Vi\.:w Window 
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42. 130th the component list windows as wel l as the nuid package v\'inJnw wcre closed . 
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43. Aller thi s. the silllulation has been cOlllpletely buill. Ne:'\t is to build the process now 

diagram . 

44 . The " Enter Simulation [nvironll1ent" was clicked 

45 . On the simulation en vironlllent: the "work book" icon Oil the too l was cli ckcd and the 

distillation Iced steam was created specifying its components molar fraction , its 

temperature. pressure and volumetric nowratc as shown on figure 3.4. 
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Figure 3.13 : The di stillati on column fecd conditions 
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4() . The di stillation eolumll icon on the PFD pallete was c li cked on and the shortcu t 

di stillation co lull1ll module was di splayed. 
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47. The connections to the distillation co lumn was specifi ed as shown below: 
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Figure 3.15: The Distillation Co luilln Input Expert showing the COllnecti ons 
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48. The condenser and reboilcr duty were specified as shown below: 

. 

p&!l!PlilJ!!fpJ.f1G.e!HmJlJnml~~l{e!l,t., I ' ;, .. ' ,'rl .h~.t /, ;.~.'J"~~;wl.!. I I\/d , 'f;"":~""'.'" '. I"r.;~ .' ~',,~, .• '. ni';';'" _ 

r'Je~t ;. 

[101 .3 kPa 

CODder.,.;er P,e:slJre 

9500 kF'<l 

Cor,demer F're>~ure Qrop 

00000 kPa 

Pre ~ .;ure Profile (page .2 of 41 ~dncel 

Figure 3.16: The Distillation Column Input Expert showing the Condenser and Reboiler 

Pressure 

49. The distillate liquid feed rate and the reflux ratio were specified as: 

L'!;JlUd P,,,,te 20.0000 

Retlll~ R~I,o 

pi 000 

Qun", .. ;; ,de Op< > !:dnc.el 

Figure 3.17: The Distillation Column Input Expert showing the Liquid Rate and Reflux 

Ratio 
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49. The di st illate liquid feed rate and the reflux ratio were specified as: 

Llgui,j Rate 20 0000 

p 000 

Q.one hanc .::- I 

Figure 3. 17: The Distillation Colqmn Input Expert showing the Liquid Ratc and Reflu x 

Ratio 

50. The Done button was clicked on and the following interface was displayed. 
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Figure 3. 18 : The Distillation Column Input Ex pert showing the Column Conditions 
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51. The Run button was clicked on and the converged simul ati on screen was disp layed . 
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Figure 3. 19: The Distillation Column In put Ex pert showing the Converged Simulation 

3.2.3 Cost Estimation Procedure using Hysys Simulation 

I ' h~ -;il11ulation procedures I()r th ~ cost ~still1;lli oll of" the distill ati (ln co lul1lll design \11 ' 

the binar), di stil latioll column arc shown below: 

52 . The Hysys spreadsheet Icon was cl icked on the PFD pallete and the fol lowing 

window was di splayed. 
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Figure 3.20: Hysys spreadsheet window. 

53. The spreadsheet tab was clicked on to enter the cost equation and text describing what 

the equations stand for. 
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Figure 3.21: Hysys spreadsheet cost equations window 
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Figure 3.1: Process Flow Diagram of Binary Distillation Column 
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CHAPTER FOUR 

4.0 RESULTS AND DISCUSSION 

4.1 RESULTS 

The results of the graph based computer Aided Design of binary distillation column 

design using Hysys process simulator are shown by the following. 
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Figure 4.1:The Variation of Feed Pressure with Optimal Feed 
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-E!- T-100 - Reboiler Duty 
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Figure 4.7: The Variation of Feed Temperature with Component Mole Fraction (Benzene) 
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Table 4.1: Financial A nalys is of the binary distillati on Co lumn 

------------------
Financial Indices A mount (N) 

Hare module cost o l'the tray 12.6 10.000 

Hare module cost o l'tlle condenser 205.400,000 

Hare 111 0dule cost o f tile reboilcr 19,890,000 

Hare 111 0dule cost o f the accul11ulator 9,9 19,300 

The total utility cost (condenser, coo ling water, and reboiler 143,500,000 

steam) 

The annuali zed Cost 199,300,000 

The total bare 1l10dule cost o f the tower, trays, condenser, 279,000,000 

reboiler and reflux accumulator 

------------------- -

4.2 DISCUSSION OF RESULTS 

Graph Based Computer A ided des ign of binary distill ati on co lull1n has been carri ed out. The 

components considered for separation are benzene and to luene. Hysys process sill1ulator was 

lIsed 1'01' the computer Aided Des ign. In thi s project the effect of feed condition, external 

reflux ratio on the binary distill ati on co lull1n number o f stages, optimal feed stage. condenser 

duty. reboiler duty product purity were investigated graphi call y. The best feed condition and 

ll1inil11ulll reflux rati o were used for des igning and costing the distill ati on co lumn. The design 

and costing of the co lumn were also ca rri ed out in Hysys. 
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4.2.1 Effect of Molar Flow Rate of the Feed on Column Actual TI·ays and Optimal 

Feed Tray 

Figure 4.23 showed that there was no visible change in the value of the column actual trays of 

6.900 as Molar Flow increases from 100 to 1100. Figure 4.18 showed that there was no 

visible change in the value of the Component Mole Fraction Benzene at higher purity of 

0.995 as Molar Flow increases from 100 to 1100 kmol /hr. Figure 4.19 showed that there was 

no visible change in the value of the Optimal Feed stage value of 3.80 as molar flow 

increases II·om 100 to 1100 kmol/hr. This shows that the column actual stage, optimal feed 

stage and product purity are not affected by the molar flow of the feed and this is in close 

agreement with literature. 

4.2.2 Effect of Molar Flow 011 Condenser and Reboiler Duty 

The effects of molar Ilow against the condenser and reboiler duty were also studied. Figure 

4.22 indicated that there was a sharp decrease in Condenser Duty from -1.00e007 to 

-1.50e008 kJ /hr as Molar Flow increases from 100 to 1100 while Figure 4.22 indicated that 

there was a sharp increase in reboiler duty from 1.IOe007 to -1.40e008 kJ /hr as Molar Flow 

increases from 100 to 1100. This is in agreemellt with chemical engineering fundamental as 

more energy is required for vapourizing the increase in molar flow of the reed into the 

column. 

4.2.3 Effect Feed Pressure on Column Actual Trays and Optimal Feed Tray 

There was a sharp increase in column actual trays from 5.78 to 6.80 as Pressure increased 

rrom 100 to I 100 k Pa. Th is is in close agreement with literature wh ich states that increase in 

pressure decreases the energy requirement of the reboiler and increases the trays required to 

errect separation for similar reasons. From, Figure 4.1, there was a sharp increase in optimal 

feed stage Irom 3.16 to 3.72 as pressure increases from 100 to I 100 kPa. Th is shows that 

product purity was not affected by feed pressure (I-/ysys, 1999). 
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4.2.5 Effcct of Fccd Prcssurc on Condcnscr and Rcboiler Duty 

From Figure 4.3. there was no increase or dec rease in Condenser Duty of -1 .40 kJ /hr as 

pressure increased from 100 to 1100 kPa . From fi gure 4.6, there was a sharp drop in reboiler 

duty from 1.386e007 to 1.385e007 k./ /hr as pressure increases from 100 to I 100 kPa . Thi s 

also conform with literature (ASPEN DI STILL, 2003) whi ch states that increase in feed 

pressure reduces the energy requ irement of the reboi IeI' as th e boi I ing poi nt of the mixture are 

lowered and vapo rized at reduced temperature. The condense r duty was not affected by fced 

pressu re . 

4.2.6 Effect of Feed Tcmpcraturc on Condcnser and Rcboilcr HcM Duty 

Figure 4.7 shows that there was no visible change in the value of the Condenser duty heat 

now of -1.30e007 kJ /hr as feed temperature increases from 30 to 120°e. Thi s shows that the 

condenscr duty is nol affected by the feed temperature. Figure 4.9, indicated a cont inuous 

drop in reboiler duty heat fl ow from 1.38e007 to 9.40e006 k./ /hr as feed tempera tu re 

increased fi'om 30 to 120"e. Literature states that increase in temperature reduce the heat. 

Thi s is also in agreement with literature (Hysys, 1999). 

4.2.3.2 Effcct of Fccd TcmpcratuJ'c on Product Purity 

Figure 4.8. shows that there was no visible change in the va lue of the Component Mole 

Fraction o r benzene at 0.995 purity as feed temperature increased from 30 to 120ue. 

Literature (ASPEN DISTILL, 2003) also states that the product purity is not affected by the 

fced pressure. 

4.2.3.3 Effect of Fced Tempcraturc on Column Optimal Feed Tray 

From Figure 4. 14, the opti mal feed tray constant va lue of 3. 16 was obtai ned as the feed 

temperature was increased from 30 to 95°C. a sharp increase in optimal feed tray value fi'om 

3. 16 to 3.47 was obtained the feed temperature was increased from 95 to 104°C wherc it 
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finally maintained a steady value of 3.47 as the temperature was further increased from 104 

to 120 °C. Th is shows that a feed tray of 3.5 is adequate for the rigorous d isti Ilation column 

design. 

4.2.9 Effect of Feed Temperature on Column Actual Trays 

From Figure 4.14, the optimal feed tray constant va lue of 5.78 was obtained as the feed 

temperature was increased from 30 to 95°C, a sharp increase in optimal feed tray value from 

5.78 to 6.34 was obtained the feed temperature was increased from 95 to 104 °C where it 

finally maintained a steady value of 6.34 as the temperature was further increased from 104 

to 120 °C. This shows that a feed tray of 3.5 is adequate for the rigorous distillation column 

design . Literature (ASPEN DISTILL, 2003) also states that the column actual tray is affected 

by the feed temperature . 

4.2.10 Effect of External Reflux Ratio on Condenser Duty 

. From Figure 4.28, there was a sharp drop in the Condenser Duty (kJ /h) when external reflux 
. 

was increased from 3.00 to 10.00. This is in agreement with literature (ASPEN DISTILL, 

2003) which states that increase in reflux ratio decreases the condenser duty. This shows that 

the condenser is removing less heat as more distillate is returned to column from the 

accumulator and reduces the enthalpy of the vapour entering the condenser. 

While Figure 4.27 shows that there was no visible change in the value of the minimum reflux 

at 1.8 as external Reflux ratio increased from 3.00 to 10.00. Figure 4.26 shows that there was 

,no visible change in the value of the Minimum Trays (5.995) as External ReOux increases 

from 3.00 to 10.00. 

From Figure 4.25 shows continuous decrease in Optimal Feed stage from 5.400 to 3.65 as 

External Reflux increased from 3.00 to 10.00. The optimal feed position remains constant at 

external reflux ratio of 10. Lang also states that the external reflux ratio affects the feed tray 

and the co lumn actual tray. This is due to the fact that external reflux return cold feed to the 
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co lumn and adj ust the thermodynamics of the column, hcn-:e there was adjustment 111 the 

position of the feed stage. 

Figure 4.24 indicates a sharp linear increase 111 Reboiler Duty fi'om 5Ae007 to IAe008 as 

External Rellux increases from 3.00 to 10 .00. This is also in agreement with literature 

(Kramer. 1997) which states that increase in refl ux rat io increases the reboiler duty. Thi s 

shows that the condenser is remov ing less enthalpy as more distillate is returned to co lumn 

from the accumul ator and red uces the enthalpy of the vapour entering the condenser. 

Figure 4.26 shows that there was no visible change in the va lue of the Minimum Trays 

(5.995) as Ex terna l Rellux increased from 3.00 to 10.00. Thi s is also in close agreement wi th 

literature whi ch states that the external reflux ratio does not affect the minimum number of 

stages. This is because the rcboiler is compensat ing for the effect caused by the external 

rellux ratio by increas ing its heat duty. There was a continuous decrease in actual tray from 

10.00 to 6.800 as external refl ux increases from 3.00 to 10.00. Thi s is also in close agreement 

with li terature (AS PEN DI STIL L, 2003). 

There was no increase or decrease in Component Mole Fraction (Benzene) at 0.995 as 

External rellux increased from 3.00 - 10.00 . 

4.2.3 Design of Binary Distillation Column 

The optimum feed condition se lected for the des ign of the binary distillation co lumn 

are Iced temperature of 30°C, pressure of I atm, molar fl ow rate of 100 kmollhr and molar 

composition of 50% benzene and 50% toluene. 

The design parameters used for the rigorous distillation co lumn design are: 8 actual 

nu number of trays, optimal feed stage of 6, external refl ux rat io va lue of 4, distillate rate of 

37.5 kPa, condenser pressure of 95 kPa and reboil er pressure of 101 .3 kPa. These parameters 

were obtained from shortcut distillation co lumn simulati on. 
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The rigorous distillation column design shows that 99% 01' the benzene was recovered 

in thc distillate. The column temperature profile dropped from 81.43 oC to 104.4 oC from the 

condenser to the reboiler. The column pressure profile dropped from 95 kPa to 101.3 kPa 

from the condenser to the reboiler. The distillate and bottom withdrawn from the column is 

37.50 kmollhr and 62.495 kmol/hr respectively. 

Hysys simulation carried out for the design of distillation column shows that a sieve 

: tray of 1m section diameter was used. The column has a section height of 4.3111 and cross-
.. 

sectional area 01'0.79 m2
. The design shows that there is no nooding in the column. 

The cost estimation was carried out using Hysys spreadsheet. The cost index used is 

the chemical engineering cost index of 2006. The estimation shows that the bare module cost 

.of the tower and the sieve trays arc one hundred and fifty-four million one hundred and 

eighty thousand naira ( N 154,180,000) and twelve million six hundred and twelve thousand 

naira (N 12,610,000) respectively. The bare module cost of the tower plus the trays is two 

hundred and live million four hundred thousand naira (N205,400,000). The total utility cost 

which is dominated by the steam cost is one hundred and fourty three million and five 

hundred and twenty thousand naira (N 143, 520,000). The bare module cost of the condenser 

and the reboiler are nineteen million eight hundred and ninety thousand naira (WI9, 890,000) 

and nine million nine hundred and nineteen thousand naira (N9,9 I 9,0000) respectively. The 

bare module cost of the accumulator is (N9, 919, 0000). The cost estimation of the column 

shows that the total bare module cost of the tower, trays, condenser, reboiler and renux 

accumulator at 2006 Chemical Engineering index is two hundred and seventy eight million 

nine hundred and eighty thousand naira (N 278,980,000). The total utility cost (condenser, 

cooling water, and reboiler steam) from above is one hundred and fourty three million five 

hundred and twenty thousand naira (N I 43 ,520,000/yr). The annualized cost is one hundred 

and ninety nine million two hundred and ninety thousand naira (N 199,290,000). 
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CIIAPTEI~ FIVE 

5.0 Conclusion" and l{et'ollllllclltialiI)I1:-' 

5.1 ( ·onclu"ion.., 

I ill' 1(lliI,\\ !I1 t: ( (111cllI"i()I1" l1la~ he dr:l\\ 11 i"rl)11l thc rC~lIlh or the anal: ~i!--. 

(,I";tpl , h;l'-.l'd \ \ I) llWtilik I()r hinar: d isLilLltil)1l Cl)llIl1111 ga \c a bdter paramctric 

,llldil''- nr the di~tillatinn cl)llIl11n dc"ign th:lIl l11:lIllial ("/\1) l1lodule Il)r bin;Il'y 

Ji"lilbtll11l coillmn. 

I he lil'<;i,l.1l culul11ll has a :-,ic\c tr;l~ ni" 1111 :-'ccliun di;II11Cl(T. colul11ll SC([i(ll1 height ,)1' 

lra~". CPIlt!CIll.;l'L rchoiler and relhl.\ accul11ulalor i:-, two hundred and seventy eight 

million nine hundred and eighty thousand naira (W 278.980,000) . 

. j I he I,)t:li lIliljl~ Lo~t i, one hundred and fourty three million five hundred and twenty 

thou sand naira (W 143,520,000/y r). 

:'.2 I{ C(,()I\II11CII(Jatioll~ 

1{,I~cd il ll the illl<ll~ :-.i~ carried nUl the \t)l1o\\ illg.~ h<l\ e hCl'il rCClllll11 lelllkd: 

1'ih: hill ~11'\ di:>tilbtil)ll C(l\Ul11rt (lptirni/atil)1l 'illllUld he c;lrricd ')lIt lI~lIlg II:. ,,:~ 

llpt 111111 CI . 

Tile !!rapil hao;ed di"tillatillil dc~igll lll' hillaI') distill;llioll colulllil ~holllJ be carried out 

\I,lllg CllfllPOllL'llls lhat 1(lml all (l/L'lllt"()PC at higher plIrit:. 
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~ Case Name: C:\Program Files\Hyprotech\HYSYS 3.1\Cases\ProjectITemp\. Vs Or 

2 

@~9.!~~~ 
TEAM LND r-
Calgary. Alberta Unit Set: SI 3 - CANADA 4 - DatefTime: Fri Jun 0818:21 :112007 

5 

!. 
Shortcut Column: T-100 7 

~ 
8 

~ Connections 
0 

1 Feed I Condensor Duly I Disti llate I Reboiler Duty I Boltoms 

2 F I Cduty I ' 0 I Rduty I B 

3 
Parameters 

4 

5 Component Mole Fraction 

6 light Key Benzene 0.1000· 

7 Heavy Key Toluene 0.1000· 

13 
$ Pressures (kPal Reflux Ralios 

~ Condenser Pressure 91 .19 · External Reflux Ratio 1000· 

1 Reboiler Pressure 101.3 • Minimum Reflux Ratio 2.795 

User Variables 

Results Summary 

Trays I Temperatures Flows 

Minimum # of Trays 5.147 Rectify Vapour (kgmole/h) 412.5 
Actual # of Trays 6.343 Rectify liquid (kgmole/h) 375.0 
Optimal Feed Stage 3.470 Stripping V~our (kgmole/h) . 312 .5 
Condenser Temperature (C) 78 .76 Stripping liquid (kgmole/h) 375 .0 
Reboiler Temperature (Cl 1059 Condenser Duty (kJ/h) -1 .287e+007 

Reboiler Duty (kJ/h) 9.368e+006 

Hvorotech Ltd. HYSYS v3 .1 (Build 48151 Paqe 1 of 1 
' . pnsed 10. TtAM LND • SpecIfied by user. 



Case Name: C:\Program Files\Hyprotech\HYSYS 3.1\Cases\Project\Temp. VsRdl 

@.~9.!~~~ 
TEAM LND 
Calgary. Alberta Unit Set: SI 

CANADA 
Daterrime: Fri Jun 08 18:20 :40 2007 

Shortcut Column: T-100 

Connections 

Feed I Condensor Duty I Distillate I Reboiler Duty j Bottoms 

F I Cduty I D I Rduty I B 

Parameters 

Component Mole Fraction 

Light Key Benzene 0.1000· 

Heavy Key Toluene 0.1000· 

Pressures (kPa) 'Reflux Ratios 

Condenser Pressure 91.19 • External Reflux Ratio 10.00· 

Reboiler Pressure 101 .3· Minimum Reflux Ratio 2.795 

User Variables 

Results Summary 

Trays I Temperatures Flows 

Minimum # of Trays 5.147 Rectify Vapour (kgmole/h) 412 .5 

Actual # of Trays 6.343 Rectify Liquid (kgmole/h) 375 .0 
Optimal Feed Stage 3.470 Stripping Vapour (kgmole/h) 312 .5 

Condenser Temperature (C) 78 .76 Stripping Liquid (kgmole/h) 375 .0 
Reboiler Temperature (C) 105.9 Condenser Duty (kJ/h) -1 .287e+007 

Reboiler Duty (kJ/h) 9.368e+006 

vorotech Ltd . HYSYS v3 UBuild 4815) Paae 1 of 1 
!nsed to. TEAM LND • SpeCIfied by user. 



TEAM LND 
Calga!),. Alberta 
CANADA 

Shortcut Column: T-100 

Licensed to: 1 EAM LNO 

Case Name: C:\Program Fi les\Hyprotech\HYSYS 3.1\Cases\Project\Pressure Vs 

Unit Set: SI 

DatefTime: Fri Jun 08 18:20: 1 02007 

Connections 

Parameters 

User Variables 

Results Summary 

• Specified by user. 



TEAM LND 
Calgary. Alberta 

" IC "C ~ I ' • • O ... ... lIt,lM CANADA 

Shortcut Column: T-100 

LICensed lu: TCI\M LND 

Case Name: C:\Program Files\Hyprotech\HYSYS 3.1\Cases\Project\Molar Flow 

Unit Set: SI 

DatefTime: Fri Jun 08 18: 19:28 2007 

Connections 

Parameter~ 

User Variables 

Results Summary 

• Specified by user. 



TEAM LND 
Calgary, Alberta 
CANADA 

Shortcut Column: T-100 

Licensed to: TEAM LND 

Case Name: C:IProgram FileslHyprotechlHYSYS 3.1lCaseslProjectlExternal 

Unit Set: SI 

Daterrime: Fri Jun 0818:18:372007 

Connections 

Parameters 

User Variables 

Results Summary 

• Specified by user. 


