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introduction

Distillation is the aldest SCPAration process and the
most widely used unit operation in mdustry, It jn-
volves the separation of 3 mixture based on the differ-
ence in the boiling point {or volatility} of irs Sompo-
ncnis, The reason for the wide acceptance of distilia.
tion is that, from both kinetie and thermodynamie
points of view, distiliation offers advantages over
other existing processes for the separation of fluid
mixtares;

1. Tistillation has the potentia) for high mass trans-
fer rates because, in general, in distilation there
are no Inett materials or sulids present,

2. The thermodynamic efficiency for distillation is
higher than the efficiency of most other availahlfe
processes in the chemical indostry.

Designing a distiflation calump involves: (1) selecting
the type of column, mestly based o heuifstics; (2)
obtaining the vapour-liquid equilibrivem dara using
rhnrmud}rnamjcs; and {3} finding the design variahley
such as number of equilibrium stages and operating
conditions required to obiain the desired separarion
based on mass and energy balances,

When the mixture to be separated contains two
tomponents, the design of 2 celrmn can fe accomp-
lished by using graphical methods, However, for
multicomponent systems the design methads are
more difficult and are the focus of this articie.

Fundamentals
Simple Distillation

Disiillation began as 2 simple still, In such ay Opera-
tion, 2 liquid mixtuge heated (see Figure 1). A
a resuit, a vapour strear ticher in the more volatile
companents comes off, while the liquid, richer in the
less wolatile COMPonents, remains in the seifl, The
vapour stream is condensed and collecred in the con-
denser.

The anaiysis of simple distillation for a hinary
Thixvare presented in 1902 by Lord Rayleigh marks
the earliest theorerical work on distillation. Consider
Figure 1. Let F (moles) be the initial feed to the

still and x; {fmole fraction) be the composition of
component A of the mixtore, Ler B be the nummber of
molcs of material remaining in the still, x; the mole
fraction of component A in the still, xp the male
fraction of component A jn the vapour dB produced
during an infinitesimal time interval dz. The diffepen-
tial marerial baiance for component A can be wrimren
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Complex mass and hear eransfer PEUCEsSes ocour in
distillation processes and it ig generaily assumed that
the vapour formed is in thetmodynamic equilibrium
with the liquid. Henee, the vapour composition {xg)
is relared to the liquid compaosition {x,) hy an equikh-
rivm refation of the functonal form X = Fixp).
Notc that, because of the unsteady nature of simple
distillation, the equilibrfum relationship bepareen
¥p and xp holds only for sach infinitesimal rime
interval de,

The exact equilibrium relationship for a particular
mixtore may be obtained from a thermedynamic
analysis and is alsp dependent upon temperature and
PrESSLIE.

Tharmodynamics and Equilibrium Data

Accorate and  roliahle thermodynamic daiq for
vapour-liquid cquilibrinm is cssential to distillation
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design. For binary mixtures, these data are geneta r_l}r
presented in the form of tables containing the liquid
and vapenr equilibrivm compasitions over range of
temperatures for a fixed pressore. The same informa-
ton can rlso be plorted in whar is called ag x—y
diagram. For multicomponent mixtares, however,
vapour lHqoid equilibrium dacz are ditfienlt o repres-
ent in graphical or tabular form. In such case,
K values are used instead,

K value and relative volatility The K value of 2
tomponent i is a measure of the tendency of such
COMPoRent to vapaorize. 4 K valoe is defined by

i2]

where y: is the equilibriym composition of the vapour
phase for a composition x; of the liquid phase.
K values are a function of temperatute, presstre and
composition, and they are widely reported for hinary
and nulticomponent mixtures. A associated concept
is the celative volacility, *..» Wwhich is 2 measure of (ha
ease of separation of components £ and § by distilla-
tion:

[3]

Ideal and nonideai Systems  Anideal system 5 one in
which the fiquid phase obeys Raoult’s Law and the
vapour phase obeys the ideai gas law. For such svs-
tems, the K value is given by:;

14]

where p? is the vapour pressure of pure component
i and P is the pressure of (ho system. Note that g0 i
a function of temperature. _
For 2 nonideal system, the i values can also depend
upon the composition of the mixture and are ex-
pressed in terms of fugaciry coefhcients, where Y i
the vapour phase fugacity coefficient and ks the
liquid phase activiry coefficient, as given below.

L0
LI
k=10
Azeotropic systems represenr examples of nonidea]

mixtures for which eqn [5] has to be used.

Classification of Distillatlon Processas

There are many eritera under which one can classify
distillation: type of accessories, operating made,

design caleulation  assumptions, ete. Distillation
can cither be binary or multicomponent, According
to the type of accessories used to increase the mass
rransfee in the separation process, a distillation col-
omn can be packed (use of packing) or staged {use of
plaies). It can be bateh or enntipunns, Also, according
to the assumptions made and accuracy cxpected in
a distillarion  design calculation, a  ealculation
technique can either be a shortemt methad or a
rigorous method.

Packed columns: and staged columns  Although
simple distillation g a sl histarically represents che
start of the distillation process, a complete separation
nf the componen s of the mixture using this process is
not passible. Therefare, the application of these stills
is restricted to lahoratory-scale distiflation, where
high purities are not required or when the mixture jg
easily separable.

One can Iook at simple distillation as consisting of
one equilibrium stage where 2 liquid and a vapour are
in contact with ane another and mass and heat trans-
fers take place between the two phases. Tf N such
stages are stacked one above the othet, and are aj-
lowed to have successive vaporization and condensg-
tion, that resulrs in a substantially richer vapour aned
weaker liquid (i torms of the more volatije CoTpon-
ent} in the condenser and the reboiler, e2spectively.
This multistage ATIANgEment is representative of
A distillation column, where the vapour from the
reboiler rises o the top and the liquid from the
condenser is refluxed downwards {see Figure 2), The
contact hetween the liguid and the vapour phase (5
established through accessories such as packing or
plates, When the Accessory is a stack of plates, then
the result is a column of traye. Similarly, if the acces-
soty is packing, the resule is a packed colums.

Continuous distilNation and batch distillation The
bastc difference between 2 barch column and 4
continuons column is that in continuots distillation
the feed is cantinuonsly entering the column, while in
batch distillation the reboiler fs normally fed at the
beginning of the operation. Aiso, while the top prod-
HCTs are removed continuonsly fn bhoth barch and
CONtiNLAS operations, there is no bottom product in
3 conventional batch disiillation. Since in 4 continu-
Ous operation the total product flow equals thar of
incoming feed oy feeds, the pracess reaches g steady
state. In batch distillation, on the other hand, the
teboiler becomes depleted over time, so the process
Is unsready. Such differences are illustraged in
Figure 3.

Batch distillation is 4 direct extension of
distillation  spill, where the Raylcigh

the simple
equation
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Figure 2 Equilibrium pracesses, (A] Single slage; (B} mull-
stags.

feqn [1]) is applicahle. However, in both batch angd
contintrous distillation, mubtistage mass transfer and
thermodynamic equilibrium stage calculations are
used for obraining the steady-state eelationship be-

DistiMato prodyct

Flgure 3 Baish disiillation varsy g continugurs disiffation,

tween the product compasition (instantaneous in case
of batch] and fecd compasition.

MuRicomponent Multistage
Equilibrium Calculations

This seerion is divided in two parts, In the Rrst we
discuss approximate methods {or shortcut methods);
the second part corresponds to ri gorous methods. The
approaches are different depending upon the Opera-
tton mode of the column, that is, @ contimious opera-
tion or a batch operation.

In rhis section, our artenton is focused on the
approaches to the design of continueous columns. The
reader can refer to the bogk by Diwekar {1995) for
bateh distillation calenlations,

Shortcut Methods

Approstimate methods constitute 2 usefui for the syn-
thesis, analysis and design of distillation stparations,
The main advanrage of shortcut methads is tha they
can provide the feaeiblp region of opreration, They
also provide large Saving in compter rime, and some.
times, they arc sufficiently accurate thar more cxpen-
stve Tigorous methods are not justified,

Concept of N, and Ron Minimum number of
plates, Ny, and minimum reflux, B .., are very jm-
POrtant concepts in the design of distillation pro-
cesges, a5 they arc considered to be the limiting condi-
tens in the aperation of a distillarion column,

Distilate prodyct

Condensor Condensar
T e
R Feed —
—_——
N N
S &
. Bottom praduet
Rebailer Reboiler
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Npin corresponds o the number of trays required
for separation in a situation in which the cxternal
reflux ratic R {ratio of the liquid refiuxed to the
distillate ratc) of the colomn is infinite. This corres-
ponds to'woral reflux operation.

R corresponds ta the minimum valne of the ex-
ternal reflux ratio required to achicve the specified
separation in a situation in which the number of trays
of the colummn is infinite.

Fenske-Underwood-Giliiland method The most
popular of these shortcur methods is the Fenshe-
Underwood-Gilliland merthod (FUG). The basic as-
somptions of such 2 methad are:

1. The system is ideal.

2. Constant molar overflaow (as in the MeCabe Thicle
method for Binary mixcures).

The separation is essentially taking place berween
the light key component and the heavy key com-
ponent, The light key (lk) is the lightest COmpon-
ent appearing in the bortom and the heavy key
{hic} is the heavicst componcnt appearing in the
top.

3

In the FUG mechod:

1. Fenske’s equation is used to calcalate the min-
imum number of trays, N__ .

- Underwaod’s equation is used ta estimate the min-
imum reflux, R, ;..

- Gilliland’s correlation is used to caicnlate the ac-
twal mumber of trays, N (for any R given}, ar the
reflux ratio, R, {for any N given} i terms of
peevious limiting valves N_,, and R i

The Fenske equation is:

o (22) - (222)]

]Ugfﬂfjk,hk}'

[6]

where a3, is the relative volatility between the light
key camponent and the heavy key component, Since
it can be expected that the value of changes for each
tray of the column, the geometric average of this
value is generally used:

= o 71

TEN o )

The Underwood equation can be writren as:

X R i
mj _ 'H hiun -

Z

[8]

where 7 is a root of the equation:

(21

stch that oy, <@ < . 3y, and o, are the relative
volatilities of the key compenents {[ight and heavy) in
the calculation. As stated eatlier, such components
are the ones that the designer uses as the basis for the

separation.
Finally, the Gilliland correlation is given by:

N =N _ 1+544G Y\ [G6-1
N+1 TP iTrae G
[10]
wherc
R - R:|'r|ir.|
“RT1 1]

The main assumptions of the Underwood equation
are the assumption of constant molar flow rates and
an ideal systém, Such assumptions constiture che
main [imitation of the algorithm.

Rigoroua Mathods

Recent developments in computer hardware and soft-
ware have made it possible to use rigorous methods
for the design of distillation processes. In these
methods, the assumption of constant molar flow rates
ts Do longer considered. The implicatian of removing
such an assumption is that rigoreus methads not only
consider mass balances, but also enthaipy balances
for each of the travs of the column, Thus, rigorous
methods require simultaneous canvergence of mass
and energy equations, Depending on the calculation
scquence, there are several rigorous methods teported
in the literature. The most important of these
methods are: (1) Thiele-Geddes; (2} tridiagonal
methods; (3) Naphtaki-Sandholm; {4} inside-out algo-
rithens; (5} © convergence methods; and {6} 2N New-
ton methods. The method of Naphtali-5andhoim and
the mside-out algorichm, which are commonly usad
nowadays, are discussed in this work to give an idea
of the scope and applications of tigorots methods.

MESH equations Maost rigorons methods invelve
the solution of the so-called MESH cquations, For
each stage # in a distillation column {and for each
COmMpoNCt 7 in a mixture of G components), the
Bguations representing mass balance (M), equilib-
rinmm relarfonships (E}, summmation of COMpositions
{3] and energy halance (H), constitute the MESH
equations. In addition, both K values and enthalpies
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arc generally given as functions of temperatures, pres-
surcs and compositions, The generalized form of the
MESH equations for the equilibrivm stage shown in
Figure 4 and the expressions for K values and enthal-
pies are present in Table 1,

Naphtali-Sandho'm methed In  the Naphiali-
Sandhelm method, the number of variables af the
MESH equations is rednced by the introduction of
component flow rates and side streams. Furthermore,
the summation of compositions arg eliminated. Those
modifications result in the equations prescnted in
Table 2.

Ta solve the system of MESH cquations given in
Table 2, the vectors of variables and Cquations are

where N is the number of stages and

Ko = Wt Vaze ovva Uy T Puts dnze oo el [13]
Equations:
F=[F, R ...,E, . F] [14]
wheie
Eo= 8, My, My, oo, Mo, E, Ergy oo n B
[15]

ordercd as follows. Variables. The solution process is jterarive, using one of the
several variations of the Newton method, Thus, cor-
X=IR,%., o Koy K] i12]  rections at each iteration kb are ohtained from
Vapour stream Liquid straam
Vﬂ Lml
xm'l,.'
Finy
Toan
Slde vapour stream Fant
w, ¥a
H,
S
P, Hoat O,
Fo.2ng Hep, Teo, Pr l J
- Slage n
Foad | a
&
Kot
hl‘
T
Vn—'l_..l' 'Pn
[ -
w  Sido liguid
s stmeam
Fra L8
¥
Vapour stream Liguid stream
n=1 er

gure 4  Eouilibrium staga, Derlvation of MESH equations,
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Table 1 MESH =2quations

Aeafationshiz Equalion
Mass balanca Eavt * Hpenat Voo - Mot P
E,qLIl”hﬂlJl'l"l Yor— Kot Xap
Summalien of sompositiens Tie-1=0
:
H energy balanca Loy Bosg+ Voo o+ 5 -

oy = KA To P X
Hoo= Ml T P 1
nn_r"" I|‘?n.lf-"_m P,-” Xn}l

K values and enthalpins

Zn.r_ﬂ-n'i' Un.:' ’ xm'_{vn‘l‘ Wn:l ! }'rn.i:u

HFx_[Ln‘l'Un}'hn‘—[Vn""wn}'H‘|_0ﬂ=0

fclassical Mewton-Raphson equarions):

"|F =17k
AFM — _ rr(‘_) ] . i
ax

RN R g AR

[16]

(17]

where # is such that ¢ <t =< 1. ¢ is the factor that
ensures progress toward the solution of the system at
equations of sach iteraton.

Inside-out algorithm In the Naphrali-Sandholm
method, the temperatures and componenc Qowrates
are the primary selution variables {see eqn [13]) and

Tabla 2 MEH equations for method of Maphiall and Sandhaim

Haiationship Equigiion
Component low rates v, = 1,
and side sireams
dnp e Xy - L
=2 F,
Sy = Un."l‘r-n
S = WV,
M Mu=fu-{1+8)+u,-{118)
- ﬁ., w i — e [ fn.l
E Err.r= Kn\.n" 'rn.l ' (Z "rl'l.k"lz -'rnk) — k= a
* k
H

Hﬂ=ﬂn i1 +E".l} ° E":'u'
R BRI Y
N E‘;H-L.'— Moy EVn—L:
l 4

- He s L= Q=0

are used to generate the K values and enthalpies from
complex correlations. Hence, such a method updates
the primary variables in an outer loop, with the
K valucs and enthalpies updated in an inner loop
whencver the primary variables change.

In inside-out algorithms, the previoos sitoation is
teversed. These methods use complex K values and
enthalpy correlations to penerate parameters for
simple K values and enthalpy models. Hence, thesc
parameters become the variables for che outside loop,
The inside loop then consists of the MESH equartions.
In every step through the outside loop, the simple
K wvalves and enthalpy models are updated by using
the MESH variables from the inside inop. This sets up
the next pass throngh the inside loop. The book by
Kister (1992} provides detailed guidelines for the use
of the various mside-out methods.

Special Separations

When the components of 2 mixture have low relative
volatilities, ar when the mixture contains a large
number of components, separation by distllation be-
comes difhicelt and expensive becauss a large number
of trays or a karge number of cotumuns are required for
the separation. Furthermore, some systems may shew
nonideal behaviour such as the formation of azeo-
tropes or a reversal of the refative volatility with the
change in pressure from rtop to bottom in a column,
Complex systems which have these characteristics are
commen in the pharmaceutical and syntheric chem-
ical industry.

This section presents & bricf review of separations
in which the traditional distillation process iz alrered,
but the general principles of multicomponent distilla-
tion still apply. Three broad earcgories of such special
separations cxist: azeotropic distillation, extractive
distillation and reactive distillation. Petroleom distl-
lation will alse be discussed since it represents a case
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in which the complexity of the mistore {perealeum)
requires special considerations for the separation.

Azeotropic Distillation

Highly nonideal systems, with compeanents having
close boiling poines amang them, nften prodice azeq.
tropes. Azeotropes can he identified by using an x-y
diagram. When an azeotrape is present, the cauilib-
Hem cueve crosses the line ¥ =¥ {45"° line}, as shown
in Figure 5,

Azeatropes limit the sepreation that can  be
achieved by conventianal distillacion. Sometimes it is
possible to shift the equilibrium by changing the pres-
sure of the system sufficiently 1o move the azeotrope
away from the reginn where the separation must he
made. Other cases, however, require the additian of
A new material in order o achieve separation.

In azeotropic distillation, the equilibrium bohay-
iour of the mixiure i modifted by adding a new
material [cailed the solvent or elitrainer). The added
enteainer forms 5 minirnrm boiling poinr azEOLrODE
with one or more componenes and distils erverhead,
The distillate is Eencraliy h:remgr:ncnus, that is, it is
composed of two immiscible liguids when condensed .
Snch a heterogeneons nature Facilitates the separation
of the product from the entraimer,

Extractive Bistiitatinn

Exrractive distillasion also involves the addition of
the third COMPOnent to the mixrure {solvenr ar en-
trainer). However, in the case of extractive distilla-
tion. the solvant jg 4 relatively high bailing poine
material, which s Present at high concentration on
each stage and exits at the bottom, To improve the
efficiency of the Process, the entrainer hasto be added

1

Equilibricm
CUnve

..

Areotropic
compositton

0.0

1o

X
Fiqure 5 Azanlrmpic behayilayr.

at the top of the column, so thar its concentration on
cach stage will be encugh to produce rthe dcsrre_d
effect in the equilibrium of the original mixturc. Fi-
nally, the entrainer is separated from the bottoms
product in another distillation cotump,

Reactive Distillation

The idea of enmbining reaction and separation in
a single apparatus has been extensively investigated.
Doherty and Ruzad ¢ 1892 present a survey of the
available desipy techniques for reactive distillation.
Reaciive distillarion i patiicolarly arrractive when-
cver A chemical reaction provides the favourable cf-
fect of reacting AWay azeotropic mixtures so thag the
hehaviour of the liquid phase is simplified. In addj-
tion, it has been shown that reactive distillation
has the potential of climinating recycle costs when
a liquid reacrinn invalves a large excess of ope
Tefcrant,

In general, the current trend in reactive distiilation
design js nsing cxperimental results from bench-scale
problems in the injijg] stages of the design, and then
USINg compier-aided simulation tocls for scale-up
and operability issnes.

Possible profitable applications of reactive distilla-
tion processes arp rumeronus. However, an incom-
plete wnderstanding of the interactions of the many
noniinear phenomens snch as chemical Feaction,
phase equilibrium, mass transfer and countercurrent
How has prevented the widespread use of such pro-
cesses. Uonsiderable research effort in the areq i
currently bring conducred,

Petrolenm Bistillation

Petralenm distillarjon is particularly difficult becanse
of the targe number of componenes of the mixture
and large scale of the processes. This type of dissilla
tton involves produces that are not easily identifiahie
compenents. Instead, separation i achieved in terms
of Pseudo-components, which are generally charac-

terized In terms of their true boiling paing ranges

form of curves,

There arc two main approaches to the design of
petrolenm distillation eolumns. The firgt comsists of
the solution of mass and encrey balances based nn
efmpirical correlations, and jy hasically a calculation
by hand. This approach wag developed by Packie.

In the secand approach, each pseudo-component is
characterized for Propecties fsuch as ¥apour pregsure
and  enthalpy} by using homologous-serins ap-
Proaches. Thns, rigorous mass and energy balances
can then be appled 1o determine the separation in
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terms of the reflux ratic. Several efficient compiter
programs following this approach have been de-
reloped.

Packed Columns

Scveral approaches cxist for the design of packed
cofumns, Thesc are based on the conccpts of number
of transfer units (NTU, height of transfer units
{HTU) and height equivalent to a theoretical plate
{HETT). The Jast of these eoncepus is the most widely
used.

Since methods for the design of sraged distillation
colamns are well developed, a common approach is
to calculare the nomber of travs N using snch ap-
proaches and then to find the height of the packed
columa, b, by the relation:

k=N - HETP [18]
There exist varioms correlarions for predicting the
value of the HETP. Qne of most commonly used is
the Sherwood coreelation. Tt can be expected that
HETP will change with respect to the operating con-
ditions, physical propetties of the liquid, ctc., 50, it is
calcufated in terms of correlations eontaining many
factors.

Nonequilibrium Distillation

All the mathematical methods (binary. rigorous,
shortcut] nresented earlier assume that cach stage in
the column is an equilibrium srage. In reality, how-
ever, this assumption is rarefy sarisfed,

Stago Efflciency

An approach to nenequilibrium caleulations is the
use of the concepr of stage efficiency. The most com-
mon approach is to modify the rigorons methods with
the introduction of the sp-called Murphree
etficiency in the calculations. The Murphree efficien-
c¥ in a stage calculation can be defined 4s:

b - T
E;I’__ = mIrk,f 4 19
M — g 1]
for the liquid and
EJ;{, — Ermrrr.r' T K [20]
}r:' - J’m,!

for the vapour. x; are the compositions of the liquid
that weould be in equitibeium wich the cutlet compesi-
tion of the vaponur, ¥} are the compositions of the

liquid that would be in cquilibeinm with the outlet
composition of the liquid.

Mass Transfor Rates

It has been shown that stage efficiency prediction and
scale-up are difficult and unreliable. For highly
nemideal, polar and reactive systems, a transport phe-
nomena approach for predicting mass transfer rates is
preferred, Such mass transfer rates are caleulated
continuously along the column similacly to the HETP
calculation for packed columns.

Monequilibiriom models for the caleulation of mass
transfer rates assarne that, while the bulk vapour and
liquid phase arc not in equilibrium with each other,
there is an equilibrium at the inrerface. Hence,
the nct loss or gain for a component at the interface
is expressed in a rate form. For insrance, the net
gain by the vapour because of the transfer at the
interface js:

Ny = N - dg, [21]
where Ny is the vapour flux of the component at some
point through the interface and da; s the interface
arca throngh which rhe flux passes. The mass transfer
rates for Tignid and vapour, N and NE, are dependent
on the mass transfer coefficients for each phase. There
cxist several correlations for the heat and mass trans-
for cocfficients and these are dependent on the com-
positions in the bulk phase, the temperatures in the
bulk phase and interface, and on the packing cr tray
EEQITICLTICS.

Industrial Applications

Distillation is by far the most widely used separation
techinique in the petroleum, naceral gas and chemical
tndustrics so, applications of multicomponent distil-
lation are numevous. A couple of induastrial applica-
tinms are deseribed in this section,

Primary Distillation of Crude Ol

A tvpical configuration for the distlladon of a crude
oil unit includes fvo main columns, an atmospheric
tower and a vacoum tower {see Fipore &). In the
atmospheric toawer, erude oil 15 reenificd (ar a pressure
nc greaker than 275.8 kPa (40 psi); to yvield a distillare
product containing light hydrocarbon gas, light and
heavy nmaphtha, kerosene, diesel oil, and a bottom
product of heavier components (TBP greater than
420°C). Each of the side streams of the anmospheric
tower are sent to side stippets thar have a pastial
rebniler or steam stripper. The side stream strippers
serve to remave the light components, Stripping by
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J—————-—p Light naphiha

Steam

e' T Heayy haptiha .

Heavy diatillage
Stoam
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Kerosene Gas oil
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i Steam
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—

Flgure & Crude oh disfitation L,

steam iz alen frequently used in the bottom of the Iuhricating oils and bunker fuels with asphalt as the
tower, bottom product,

The bortom rroduct of e atnospheric rower i The pump-around systems shown in bath of the
further Separated by rectification n the vacoum [OWERS SErve to make much Targer liquid fowrs on the
tower, The feed-teay Pressure of 3 vacnom trwer iz intermediate Stages and produce 4 Ret increase jn
usoally & kg {43 Torr), Yacuum LOWers are mainly Hquid flow. This serves ag 5 Pomne of contral 1o keep
designed 1o obtain heavy distillaces such a5 pas ail,  the plares from reniing dry,
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Highly developed procedures for the preliminary
design of fractionators that process petroleem are
commeecially available through computer programs.
The program ‘REFINE' of the ChemShare Corpora-
tion and the PROCESS fnow PROID program of
Simulation Sciences Inc. arc two examples.

Ethylone and Propylene Production

The manufacture of ethylene and propylenc is one of
the most important operations of the petrochemical
industry. In that process, cthylene and propylene are
formed from the thermal cracking of other hydrocar-
bons, such as ethane, propane and naphtha. The
mixtuce resulting from the thermal cracking is very
complex. Hence, the mixture has to be separated into
relatively purc ethylene and propylcne, ethanc and
propane to be used as a recycle, methane and hydro-
gen to be vsed as fucl, and heavier products to be tsed
for gascline. A cypical refinery gas feed to the SEpAr-
ation system of this process contains hydragen,
ethylene, methane, ethane, propane, propylene
and lower compositions of other heavy hydro-
carhons. The distillation sequence most commaonly
used for the separation of the mixturc is shown in
Figure 7.

In a high pressure piant {no refrigeration is needed
for condensation of products), the distillation se
quence consists of five disellation columns:

Hytdrogen,
methane

Ethylene,
athene,
propylenas,
prapans,
haavies

Propylons, propana,
hoavias

i. Demethanizer

2. Deethanizer

3. Ethylenefethane separator

4. Depropanizer

3. Propylene/propane separator.

Both the propyleng/propane and rthe ethylene/
ethane separator require high towers with Jarge dia-
meters because such mixtures contain components
with very close relative volatilities, A plant that uses
the configuration described here was built by Pullman
Kellogg Inc., Houston, Texas.

In the casc of a lower pressure plant, the deethan-
izer precedes the demethanizer because refrigeration
is required for the feed of the demethanizer. So, by
placing the deethanizer first, important vtility savings
arc ohtained.

Future Work

Enormous progress has been made on the application
and design of distillation technotogy. However, chal-
lenges still exist in some areas, which lead to the
{ollowing ongoing research:

1. Improvement of mass transfer coefficiants in
packed distiilation columns. Grear effort is being
made om the design of efficient packings and acea-
rate correlation of their performance.

Ethylena

Ethylana,
ethanno

[ Etheno

Propylans

Propylens,
propang

Fropane
MHeevias

Figrirs 7 Separatlon of producls of the manuiaciurs of glhylena and propylanes,
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2. Tha simulfrion, synthesis amd design of reactive
and azeotropic distillarion. Such topics still consei-
tute 2 gap in the knowledge of distiliation tech-
noiogy.

3. Investipation of complex configurations for harch
distillation processes,

4. Use of oprimizatian methods for obraining optj.
mal configuration and design of hatch 2nd con.
tinuous distillation Processes,

3. Online optimization and contral of colymns.

Ses giep: NDistilation: Batch Digtitation; Theory of Dis-
tillation: Vapour-Liguid Bquilibrium; Corralation and Pre-
dliction; Vapour-Llguid Equilifm- Theory,
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Use of Packing in Distillation

Use of packing in mass transfer has its origins in the
early 1800s for simple applications such as aleohol
distillation, and in silfuric acid plant absorbers. Clags
balls, coke of even stones wers used as packing ma-
terials. Nevertheless packings for distillation were nor
established unril the 19305 with the use of regnlar
shape materials such as ceramic Raschig rings and
Berl saddles, as well as the availability of distiliation
caiculations such as the McCabe-Thiele and Pon-
chon-Savarit methods. Early in the second half of the
century, the use of packing for disillation wene
through a transformation, producing the second-
generation packings {see Table 1. Regular and im-
proved shape of packings, such as pall rings, became
available with Jarper apen areas that permiteed 2 sub-
stantial increase borh in capacity and column efficien-
cy. in the 19605 Sulzer introduced the wire-mesh
packings with very high efficiency (low height equiva-
lent to a theoretical plate, HETP}, resulting in a new
transformation in the use of packings. Tn the 19705

Design and Perfurmqnce

and 19805 ali major mass-transker equipment mann-
facturers developed strocrured packings, Compared
to the traditional tray columns spectacular impraove-
trents in plant capacity were achieved, bur also some
Projects were pitfalis, when the expected benefits dig
not materialize. Manufacturers stareed realizing that
liquid distribrrtors had o be impraved, but there wag
ne coherent understanding, nor correlations, thar
conld lead to a safe distributor-column system design.
Many manufactorers retyrned ro trays, producing
new improved designs, using the area under the
downcomer for vapour flow: these trays are offered
with new names that indicate their increased vapour
fiow capaciny {Maxyfiow, Supetfrack, ete.), The need
for good distribution and its effect on the column
efficicncy are now well understood, allowing safe
design and cfficiene applications for random and
structured packings in large industrial columns.

General Concepts

Distillation sepacation is based in relatve volatility
that makes it possible ro conceritrate the more volaile
components in the vapour phase while the less wvol-
atile ones remain in the liquid phase. Distillation
columns are countercurrent vapour-liquid mass-
tramsfer devices, where the required separation angd
purilication of components is achieved.



