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ABSTRACT

Technological diagrams for obtaining high puritystiliate have been examined. Base on the analiydiss been
suggested that to improve vapour mixture (dis&llatondensate) or volatile mixture are as a restibhoiling liquid

carry —over in the vapour stream is possible. Egpiens for finding add—mixture concentration inigas number
of distillers (Single to multiple distillers) as ihe schemes and the ratio of the withdrawn prodfrom initial

steam) has been determined. Analysis has beeredautit for the derived and the optimal distributimfnstream in
a scheme. Base on the result, it has been fixedthigapurity of a distillate reduces when the ratieproduct
withdrawal increases.
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INTRODUCTION

Distilled water is commonly used in chemical, petremical, food, pharmaceutical and other branchewlastries,
beside that it also has preformed application liotatory piratical. Water is commonly obtained listilation. The
source of distillate normally is form condensategoiduced vapour. All dissolved non volatile substs in water
are deposited as residue in the cube.

Most of the time attempts are made to obtain pis#lldted water and this sometime leads to conagms of bi —
distillate products which is common in the art d@dtilation. In practice, it is still a big challge to distill product
of up — to 100% purity. However progress are mamaetime to obtain a distillate of a very close eato that
mentioned above Gelorin (2002). This attempt iy onhde possible when a cascade of distillationesyss set up.
The resulting product which is a form of condensagour together with entranced impurities known‘asry—

over” which when compared to the targeted produetia minute ratio. Arrangement for such binangtitdaion is

presented in the following scheme for following-bdistillate with a material stream illustratedfigure 1- initial

mass stream of liquid S — water.

An increment in concentration of impurities in fleed S to the first distiller and the residue dbguetogether with
stream K and concentration,,aThe vapour WEW entrained along with some impurities and a coritjpos d .
Hence the condensed vapour later act as fegdPW the second distiller chamber 2. From the chambsdue is
further expelled as Kwith concentration gleaving a product Wof composition &. During boiling of liquid, it is
assumed that the whole mixture are evenly distithatnd the concentration of impurities in the babldre equal
that of the liquid, in the distiller.
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Fig. 1.: Clacualtion shceme for obtaining bi — dislate. 1,2— distillers; Q,, Q, — preheater streams; &, Q- condensed streams.
This case represents the mass ratio of the bubbtg-@ver by x; and the x represents the numbeisbiler. In our
next analysis the following are to be determine:

(i) the final concentration of impurities in the protat a given material steam;

(i) the optimum steam and final concentration of imjpesiin the product or optimal concentration ativegy
initial and final steam S and P respectively.

From the binary — distillation scheme (fig 1) wkeddhe and material balance around the first tistiby stream
S=W +K; (1)
Sa=Wa!+K,a; )

In respect to the applied expression for concantrat and a above for impurities as for vapour and boilingulid
receptively, the following expression is formed.

al =xa,
and in a more general form
a® = xa, ®)
The upper and lower indexes are related receptteelapour and liquids leaving the distiller.
By eliminating K1 stream form equation (2) with tlaéd of equation (1) and substituting it in the abed
expression (3), the valug=d/x, , we obtain an expressidiao= %l (S -W+ X1W)

1

al = Sapxa/ [S— W(L — X)] a* = Sax, / [S-W (1-%)] )

If a similar material balance is written for spacmtour capturing the second distiller (see fighEnce after similar

11
transformation, taken into consideration that ireaghent to expression (2 = aA
2

we obtain

a't=walx, / [W=p (1-%)] %)
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By introducing into expression (5), the vald€ram expression (4),

SW
[s-wa-X,Jw-P-X,]

(6)

atl=a, X, X%

The optimal process is considered to be in sucked Stream W at which the final concentrationropirities &' in
11
the product P will be minimal. Optimization conditi for W can be written a@aéw = O by differentiating the

expression (6) gives.

02 _ Gaoxx, (STWRIW=Pb) _W(S-WH)+WhW-Pb,) _,
ow (S-Wb)“(W -Pb,) (S-wi)“(w- Pb,)

7

Where h= (1 - %)

The denominator in the expression (7) whose vaygositive, and by adopting the numerator of theression to
be equal to zero, and after opening the brackesanplifying we obtained

W = Wy /PShy/b, ®)

At by = b, (or x. = %) and the optimal stream ) equal to mean geometric quality from initial S dimhl P
streams:

Won = +/PS ©)

It is observed that due to infinesimal x valueehd to unity, therefore the equality (9) is satidfiat x # X,, at
optimal stream W = \j}, concentration of impurities in the binary disti# consists,

0 VPS(b,/b) 1
a = aX1Xo X
S-PS(b,/b)A-x) Psb,/b) - Pl-X,)
Figure 2 illustrates the scheme for multiple diatibns with arbitrary number of distillate. If siler analysis is

carried out for scheme consists of three distilldren concentration of impurities in the disté#lat final product P
consist of:

SNNZ (10)
[(s-w))a-xafw; -w, @-x,)[w, - Pa-x,)]

a™= agiXoXs

For such scheme, in optimizing, (at a given nundder by initial and final streams S and P repetity lies two
intermediate streams —\Vdnd W. For determining the streams, two system of eégusithas to be solved:

da''/oW, = O

da'*/ow, =0

Their differentiation leads to algebraic systerhequations:
W12b1 = Wzsbz

Wb, = PWibs
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Solution of the system givens optimal value ofatne W1 and W2

s2p b,b.

VV].Op'( i 2 (2%1)
b,b

WZOpt_ssZP( 2%b2j

In the case of scheme consisting four distillemilsir analysis givens the expressiott'& in respect of the
expression type (6) and (10). In this case thexwgdtivalues for intermediate streams are:-

Wy =4/S° bbb, /b))

e for

In the case of several numbers of arbitrary desslin, in the scheme, the general expression facertdration of
impurities in the final distillate P takes the folling form:

n-

(W /) -1-we- xi)]} an

1=0

n
a(n) =3, -I_Il X|{
i=

This implies that, at i=0, V¥& Wo S; also when i =n, W; =W, =P.

Therefore optimal intermediate streamféf n — distiller in this case

Wou=g 7P| [/

The later expression givens solution of systermof (L) differential equation then algebraic equatjcas shown in
the scheme with three distillers. To avoid compleing the given method of analysis, a preliminagakithm of
the expression (11) can be taken, then differentiat

Finally method of dynamic programming can be adbpta getting the expression 912) method of mathema
induction can be adopted. in equation 11 on.

In order to determine the concentration of impesitin the distillate at an optimal distributionsbfeam W. Along

the distillers, in the expression in place of W replace W (20), and form expression (21). In some cases fro
the assumption thaj b 1 gives:

A" =g, |-l xi[l/(l— \/ﬁ)} (13)
i=

Here it is noted that the error of approximationtélking out b= 1, which in practical calculations is insignifit;
in association with previsions which ratio is veypall in determining bj; the precision to some @egis relaxed

4
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since the quantities bi appears in the numeratdrimithe denominator of the expression (12), tHso ander the
root of nth power.
Woe=p a"
A AR ‘_ _p‘..\_ﬁ.ﬁ"...—-—

B - S I - I [ -
-l.lifll ﬂ'l .1|I:I. fl'_. —ll"{,-p "Jn

fig. 2. Calculation scheme for determining the dislate from multiple distiller

Fi3: General relationship of Concentration of Impurity on the ratio of distillate product on stream atvarious stream (see the figure on
the curves) number of distillers.

With an aim for extended the generalization ofridationship (13), it can also be represented énfoinm:

m”%n)

This relationship stands in the case of optimaisteiution of streams W, as illustrated in fig.3 as half logarithm
coordinates. As seen here, that increases in R/Sofsstant n), the effectiveness of the purifiaatjprocess
decreases: then arise from material balance (1)2nithat large stream of product P representslaancentration
of residues carried along in the vapor phase. Ryemsing the ordinate when moving to large numbenp
distillers in the technological diagram, howeveowd be considered as reduction in quality of pedifwater. What
this is all about is that, during the derivationtioé ratio &a,, the actual characteristic of water purificatiahhigh
values (>1 or >>1) , then arias the need to myltipé ordinate with a very small vallie;; (or when equal to;xhe
with x;), Gelperin (2002), Holland (1975).
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