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K—7088

EXAI4IN&TION OF THE PBOBLF)4 OP RECUP~~ATIVE TBELThfl~T OF WASTE WAT~~ IN
THE CH~ (ICAL INDUSTRY

[Article by I. V. Robe, Revista de Chimie (Buchare st), 17(10), 1966,
pp. 627—6353

• As a result of the diversity of technological processes and the ever
growing volome of product., the organic chemical industry i. one of the

jor producers of ‘waste water polluted by organic substances harmful
to river flora and fauna.

In order to solve the problem of waste water in time , before the
rivers serving large population centers are endangered, it is necessary to
begin construction of the waste water treatment system in the technologi-
cal process , simeltaneously with construction of industrial installations.
Integration of the water treatment system into production installation.
as a whole will cause both the investments and operating expenses for
treatment plants to be reflected in the cost price of products, this
avoiding later additional expenses which often are difficult to justify.

This entails the necessity of elaborating the technological process
for waste water tre atment simu ltaneously with elabo ration of the technolo—

• gic process for production , the same importance being assigned to both
processes.

An important aspect of rational solut ion of th , ‘waste water probl em
is rep resented b~r the possibility of intervention in the nufsoturing
technology in order to reduc e the volume of waste water by roe irculatios,
and also by s.nerstio n of the channels of conventionally cle*n wate r from

• those of heavily polluted water. The latter can often be purified ad-
vanta geously to $ pollutant content permitted by biological treatment
through pbysicocbsuical recuperativ, processes such as frsctios.tion, cx—
traction, ~~sorpt iou, ion exchange , etc.

If one or another of the processes referred to is not if festive, two
process.. ony be c.~~ined, the waste water being passed through the re-
spectiv, plant. in suoc•ss ion. The example y be given if the case of
orgmnic substance. having an extremely low vapor pressure (dial troban—
none, ito). Liquid-liquid extraction y be applied in thi. case, by using
a solvent of relati vely high volatility which y then be recovered from
the water by as.otrop io frac tionation .

In connection with th. proble m of the cost effectiveness of recu—
p.rstiv. trea~~~nt it is to be pointed out that it cannot be considere d
separately, but rather meat be treated as pert of the whole treatment
system, in which the last ele.ent is usua lly represented by biologica l
treatment .

Bven if recup erative treatm ent of itself should not be cost effec—
tive in s~~~ oases , a positive economic effict can be achieved for the
treatment system as a whole, vi~~ 

~~~~~~~~~~ 

reduction of the total
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, expenses, by rec.’veri.g products and introducing them into the economic
system again and by reducing the dimensions of the biological treatment
plant .

Chemical pro cess~s often result in waste water more or less satu-
rated with hazardous organic substance s such as nitro derivative., amine. ,
ester , ethers , aro tic hydrocarbons, etc.

It is especially important to be able to establish —— on the basis
of the physical prop erties of the resp ective pollutants —— the extent to
which recup erative tre atment is of economi c value of itself or as part of
and in comparison to destructive treat ment (biological reducti on), since
biological treatment is known to require installations charact erized by
dimensions and consumption of utilities which are the greater, the higher
is the pollutant content.

In what follows the simplest technology —— a fractionating column
ng only a stri pping section and heated by direct steam -- will be

used to der ive the general relation ship among the omin variable s of the
process of separation by fractiona tion and recovery of an organic sub-
stanc e dissolve in water .

If the degree of recovery (percentage re covered fro m the column sup—
7 ply) i. f ixed, there is a univocal relationshi p for a given fractionatio n

between the heat consumption (direct steam) and the number of equilibria
j (column height ). The economic limits of the process will thus be a

function of the var iables rep resented by operati ng expenses and invest—
ment amortization.

4
As is knovu, the basic element in solution of the fra ctionation

J pr oblem is rep resented by the liquid—vap or equilibrium relation ships .
Deriving these relationships experim entall y requires a larg e volume of
work and special equipment , the resp ective substance being applied from
case to case. On the other hand , calculating them from the mutual so—
l*bilities [1] is rathe r cumber some. As regards determin ation of the
number of equilibr ia on the basis of the known relations , the operation
is rendered cumbersome since the number of equilibria necessary as a
function of the other variable values must be calcu lated for each alter—

\~ 
native resulting from Judicious combination of the three psra ters.

An ana lytical relation among these variables is established in what
fillovs on th. basis of the law obeyed by dilute solutions of organic
substances (the solute ) which are difficultly soluble in water (the sol-
vent) .

Am is , these syst foru aseotropes with a mini~~~ boilingpoint, and the - y equilik ime curves are of the form sh4nm in Figure
1. It is also a known fast that in th, miscibility region the solute
(liv e ntraUis sb t :) obeys the aenry law, while th, solvent
(higb-conoentrsti.n substance) .bsys the aeoult law. (The accuracy with

2

~~~~ -~~~-~~~~ -
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which this rule ney be app lied ii the higher , the lower are the mutual
solubilities.)

• H 
_ _ _

I
_ _

—
~~~~~

‘ ~~~ $~~~~

(i)f 
—

Figur e 1. aquilibrium and solubili~~ curve of a partially miscible
binary system of low solubility. 1. Temperature , C.

Vith a! and z~ is.etimg the molar fractions of the more volatile corn-
pemsat (.i4 .met. 1) in the two layers in equilibri on (Figure 1), the
rule in question initiates that in the region in which 0 < x < x the
partial pressure of th. solute (such as bens.a e in water) is p1 — B1x,
said the partial pressure of the solvent p2 — P2(i — a). Similar ly, in

~~e r.gion z~~< x < 1 t b s p ta 1pr es~~~~~of the solate (s~~h a s nitro-
bsns.ucin vater)vi1l be p2 — I2(l— ~x),aM tbst ef ths solvent

— 

~~~ 
(In these relations P~, P2 are the vapor pres sures, E~, E~

the Ii~~~ .-constant., of components 1 and 2.) Agp~li.ati on of these re—
istisms to limit concentrations x and z~ yields well-known equations
(1. 2), which express the asnry constants as a function of the vapor
pa.ssurea ant tual selubilities at a given temperature s
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i — x
112 — P2 . r:z’ (1)

(2)

The water—ultrobenz.ne system is considered (Figure 1); in this case ,
a, y represent the molar fractions of water. If the branch of the equi-
librium curve to the right of the azeotrop ic point (xa — i. considered ,
with P denoti ng the pressur e of the system, the following expressions
yielding the partial pressures of the water (more volatile component i)
and the nitrobensene (more volatile component 2) may be written, in ac-
cordance ‘wi th the rule for di lute solutions i

p1 — P • y — P1 .. x and p2 — P(i - y) - 112(1 - a).

Division yields

P1 a

and accordingly

P

y • —
~~~~~

————-, (3)
l . x( ~~~-1)

that is, the equilibri um curv , for the branch to the right of the aseo—
tropic point .

By proceeding in similar fashion for the branch of the equilibrium
curve to the 1.1 t of the sasotrepic point and considering the solute to
be the aore volatile e.mpon $, we obtain the following as the impr ession
for the equilibrium curT, s

(t)

I



K-7088

Conversion of Coordinates [2)

In the case of azeotropic systems with a minimum boiling point , up to
X — Za the convexity of the equilibrium is directed upward (Figure 1,
branch 1), and with a > x

~ 
the convexity of the curve is directed down-

ward (branch II). Erection of a vertical through point xa, y5 divides
the curve into two branches having the abscissas between 0 - and

a5 — 1, respectively, and the ordinates between 0 — 

~a and y5 — 1, respec-

tively (Figure 2).

The praotial import of and the necessity for this division are shown
by the following: assume that a mixture de up of components 1 and 2 is
to be fractionated and that the feed composition is Xf < X

5
. In this

case, parameters xi,,, ‘b’ and the ref m x  ratio being assigned (with , of
course, zp < a5) ,  the simple graphic method could be used to plot the num-
ber of plates and the problem is easy to solve. The composition of the
product at the top of the column (distillate ) will be near the azeotropic

9 composition, while the less volatile component of the initial components
-j will be obtained at the base of the column. However , if X

f 
> Xa~ 

ordi—
nary graphic construction y no longer be used.

.~~ 9~ a.

Figure 2. Conversion of coordinates.

The thod proposed of dividing the equilibrium curve by vertic èl a5
into tee branches, each branch being considered to be an independent .qiai-
libr ium curve , easily solves the problem of plotting th. plate s by the
~~~~~~~~~~~~~ method.

* p refers to th. product at the top of the ool~~~ ;
b refers to the product at the base of the cel~~~;f refers to th. feed.

5
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Figure 2a. Branch I of Figure 2 in coordinate system x’,y ’.

L’

y

Figure 2b. Branch II of Figure 2 in coordinate system x”,y”.

Since the equilibrium curves are u.u*lly represented in the x,y sys—
tam, with their values ranging from 0 t. 1, it is necessary to mike a
corresponding change of coordinates in order to repres ent each branch in
such a system. If the branch is asi~~~d to be included between 0 and a5,
it is to be soon from the Figure that any mixture having a composition
falling within thu. .. limit. may be taken to be a mixture in which the
mon volati le component is the aaeotr.pe, ‘while the less volatile coupon—
out is component 2 of the ini tial mixture . Let a be the composition of
a mixture falling within the limits a — 0 and a — a5 and let a ’ be the
o~~~osition of the same mixtu re in which a ’ is the molar fraction of thes aseotrops. If the aseotropic composition is a~, a mole of aseotrop . will
conta in a5 moles of component 1, and a5 — a ’ ol•i of azeotrope will
correspond to a moles of component 1.

6
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Analogous reasoning shows that 40 y -  molar fra ction of component 1 there
corresponds: y:y~ • y: x~ — y ’ molar fraction of azeotrope in the vapor
phase . Consequentl y, branch I of the equilibrium curve can be transposed
into the system a’ and y ’ with the limits 0 — 1, the values of a’ and y ’
being calculated from the expressions:

x’ —~~~ and y’ —~~.- (5)

When this conversion is made , branch I of Figure 2 becomes Figure
2*.

Establishment of the relations for conversion of the coordinates
for branch II is based on the following reasoning.

Let a be the composition of a mixture within the limits x — a5 and
a — 1 and lit a” be the composition of the same mixture, in which z” re-
presents the molar fractio n of the azeotrope . One mole of azeotrispe con-
taining tma moles of coupolent 1 will contain 1 — a5 moles of component
2; consequently, to 1 — x mole, of component 2 there will correspond
1 — as 1 — a5 — a” moles of azeotrope . In a similar manner it is found
that with y moles of component 1 in the vapor phase (y > y5) there are
associated 1 — y: 1 — y5 — 1 — p 1 — x~ — y” moles of azeotrope. Hence
to transpose branch II of the initial equilibrium curve to system x”,y”
with the limits 0 — 1 use y be made of the relations:

(6)

Branch II of Figure 2 becombes Figure 2b as a result of the conversion,.

As a result of division relations (5) , (6)  yield the following ex-
pressions f or the slopes of the szeotro pe—compenent I and azeotrope—cos-
ponent 2 equilibrium curves:

~~—~—E—~ (7)

(a)

Cs~~ining those relations with equations (a), (4) yields :

7

____ ~~:
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P1
f . X

1 
__

~—~i~._____ 
—

‘I _ _ _
~~~ 

. 1 -a 1— a  P
I + ~(~! — i)

2
(9)

1
— ————F————

- r—~~~~r (10)

1 1

These relations represent the sacotrope—coaponent 1 and azeotrop .-
component 2 equilibrium curves , resp ectively, and y be approximated by
strai ght lines , as i~ shown by the followings

For substances of very low solubility the minimnu value of a in ex-
pression (9) is x~; hence x > a~, and a ’ ~ 1. In this case expression (9)
sssiums the for.

y” — r .a”. (11)
1

Similarly, in view of the fact that P2:H1 in expression (io) is
very small*, and at the solubility limit a — x , equation (19) becomes

y’ —~~1 . z’ (12)

Another method of establishing the slopes of the equilibrium curves
is indiosted by the followings the geometry of Figure 2 yields for branch
II th. slops

1— y  1— z~
(13)

For the ethyl ether’vster system, at 60 ‘C ratio 149.4/179,500 —
O.O0($3, and the. is negligible in comparison to ~ b.oi.

_ _ _

-~ 
- 

~ _~~~~ wm~ ~
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and for branch I the slope 

X

(14)
5 5

On the other hand, allowance for a — x~ in expression (3) yield..

P
1

y y~ — x~ —

1 + x~(~~ — 1)

Substitution of the value of equation (1) for H2 in this expressiongives

P 4 - a ”
— (i — . ___,_!)1 (15)*

1 s

Combining this expression with equations (13),(l1e) and (7),(S)
yields the relations

— 
~~~~~~~~~~r-r——- 

16),, 1

and

• - 
-____ _--p

~
---__T--__

~
- (17)

In view of the fact that x~ ~ 1, equation 16 becomes

P 1 — z ” H2

:-~ ~‘~~ P r_ iF P~’ 
(is)

- - ~~~~~~~~~~~~~~~ to expression (1):
U Phia relation was applied in calculation of th. composition of the

aseotrepos beuseno-wstir, nitrobenzone-~star , aniline-water, butyl ace-
tate-water, ethyl •ther-water, etc •, compositions very near the actual
ones being obtained in all oases.
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Pt

• Similarl y, since x ~ 0, and x~ ~ 1, equation (17) becomes

. Pl 1
(19)

These relations show that if the solute is the component of lower
• volatili ty than the solvent, the slope of the equilibrium curve is the

steeper, the higher is vapor pressure P2 of the solute and the lower is
the solubility of the solute (large x~ Value). If the solute is the com-

ponent of higher volatility, the slope of the equilibrium curve increases
with vapor pressur e P1 of the solute and with decrease in its solubility
(smell a”).

The genera l conclusion to be drawn is that separation of these sys—
tern. by fractionation i. the more advantageous (equilibrium curve with
steep slope), the higher 1. the volatility of the solute in comparison to
that of the solvent and the lower is the solubility of the solute.

As regards the variation of the equilibrium curve slope (equations
18 and 19) with the temperature, Figure 1 demonstrates that the slopes

• become steeper with lowering of the temperature, since both x and

(1 — x’) become smaller at lower temperatures.

Since in both cases the product at the base of the fractionating col—
u*i will in effect be only water, the temperature at the base of the col—
umo will even be the boiling point of water at the operati ng pressure of
the com ma. If the product at the top of the com ma should be that cor-
resp onding to the aseotrope , the temperature at the top will be that of
the boiling point •f the azeotrope. But since, for economic reasons, the
aim pursued is not to obtain the azeotropic composition with the product
at the top, but rather to obtain merely a composition which separates into
two layers on condensation, the tempersturecat the top of the columa will
usually be only a few degrees below the temperature at the base of the
co1s~~~.

- - many .yste in which water is th. more volativie component
(wat.r..nitreb.nz .ne , ‘water-aniline, ist.r—butyl acetate, eto), the boiling
point of the azeotrope differs by only a few degrees from the boiling point
of water.

It should be noted that , wbn there is an appreciable difference be-
tween the boiling point of component 2 and that of the azeotrope , the tern—
persture gradient of th. fractionating com ma will also be appreciable ,
and ratio P~~~1 consequently mey not be ass~~~d t. be constant. However,
the ool~~~ may be divided into several sections and ratio Pç,~d~~ calculated

~ .4 for the temperature of each section , or the average tempera~ur1 between
th. top and base of the ool~~~k may be estimated.

10
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Correlation of the parameters: percentage recovered, number of equi—
libria , steam consumption.

The simplest system for fractionation of these mixtures consists of
a columa with ref lux supply (Figure ~).

_  
I

~ ~~~ ______• : —--------- 
I— ____ 

Figure 3. Azeotropic fractionating columa .

- 

~ With y~~1 denoting the molar fraction of the azeotrope in vapor Vt

which leave equlibrium n — 1, y~ the molar fraction of azeotrope in liquid
f lux 1’ leaving equilibrium n, and the molar fraction of azeotrope in
the residue of the columa, the balance of material (azeotrope ) supplies

R’x~ — V ’y~_1 + (V - V’)x~.

Omission of the subscripts and solution for y yield

n _ _ _ _7 - a” - ----
~~~~~~

-- x~.

1 This equation represents the line of operation and for the ends of
• the com ma ass~~~s the for.

4 11

I ~~~~~~~~~ _ _ _ _ _ _ _
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in which y and x~ are the molar fractions of azeotrope in vapor at the
top of the columa (distillate) and in the supply.

Figure 4. Determination of number of equilibria i

a. line of operation with slope — b. equilib—

P2 1 — a ” P
rium line with slope p— .1_ ~~~ or p.-.4—p— .p.

1 s 1 2 a

Figure 4 shows the equilibriu, curve and line of operation in the sys-
tom x’,y”. If vertical line a” — a~ is drawn, the line of operation in
the x”,y” system drawn through point (z~, y~) and having slope V :V~ in-
ter sects at point )( with coordinates a;, a~ + , (x; — y~). The problem
of determining the m~~ er of equilibria as a function of x , x~, ~‘/v ’,

~~ 
a~onz~t to determination of the number of horizontal and ver-

tiosi line, drawn between the line of operation and the equilibrium
curve, from point )I to point (xi, ye). It can easily be demonstrated

analytically that the number n of these horizontal lines i. given by
the ~~pr.ssion

n - ~~~~~ . z~(~~ - i)/(~~ - ~)IJ 
- 
l(z!~~~ - i )/ (~~ - ~} 3 (20)

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-- 
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It is convenient to take I’ — 1 as the base in petforming calculat-
ions for the columa. In this case relation (11) becomes

z” L .  H1
~~~~ 

1 1 2lg[~~~(p — _~~~) + ( ~, _ l ) ) _ m g ( p — _ l )
n — ___ !-__i_ ---- - — -- —-— . (21)

lg(p— V’)

If r denotes the percentage of asectrop e recovered (referre d to the sup-
ply), from a material balance in term. of azeotr ope there is obtained

• I,

r — 100(1 — !.~~~_!. . 
~~

) and 4 — ~~~~~~~ respectively (22)

Substitution in equation (21) finally yields
m y ’  1 1 H

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
• 

—_
~ 

- n — ——— — — — —-———————————— —————~~~——— ————— — . (23)
~ 1

This relation permits direct calculation of the number of eçiilib—
• ris (theoretica l plates) for a given recover as a function of 

~2’ 
P1, and

V ’, that is, the Henry constant of the solute (component 2), the vapor
pressure of the solvent (component 1), and the degree of vapori zation
of the supply (steam consumpt ion).

When the solute is more volatile than the solvent (the solute being
component 1), the slope of the fl2 :P1 equilibr ium curve in equation (23)

1 P
- - - is replaced by ~~, oromore accurately by p~ as follows from equat—

ion (12) and equation (19), respectively.

~~~~~~~j. We will consider the case of recovery of nitr obenzene from
an aqueous solution containing 0.2% nitrobensen. by weight .

Calculation of auilibrium curve

The matual solubilities at 100 C are as followsi

-~~~ 0.8%byvt . C6H~N02 i n B~0

l.¾% by vt. R20 in C6fl,1102

__________ -~~~ 

13 
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~
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• \•• 4 1

4 j  -
~~

I 
I

ci) 
i;

_ _  

-. - 
• -  ‘ - -~~~~

~~ — —.p. •%
(2 J~7~sr e ~~~~~~~ 

- 
(2) .

~ • 
n~~~~~ii.., .~ciwsr.t, %

Fig~~e 5. n — f(r , v’) for sepa— Figure 6. n — f(r , v’) for sops—
ration of nitrebensene at ate.— rati on of nitr.b ensens at ateo-
spheric press ure (t — 100 c). spheric pressure (t — 100 ‘C).
(1) J ~~~sr of theoretical plates, (1) Number of theoretica l plate s,
a. (2) Vapout sed from supply u. (2) r — nitrobenson. ra-
(steam at r.bsil.r). covered, %.

The vapor pressures at 100 ‘C are as followsi

Pm — - 160 — ~~ - 1’c6i~m2 
- 21 ma Hg.

Conversion t. molar fractions yields the- following values for z~ and x s

- - -

r r~) —
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a’ — 0.998825; a0 — 0.0950.

p From relation (i) we fjnd

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- The equilibrium curve is obtained from relation (7) t

— 
y” — 21.2 a”.

Calculati on of number of eanilibria

It follows from equation (14) that the minjaim value of Vt (minimvaporization) is given by the condition

r~1’~~
1,whenn . .

1

(This relati on is val~.d for very small values of at .)

• For a finite number of plates -

hence -

: -

~ 

P
V ‘

thet is, 

1V > *T~~.

— 0.05 and the recovery (of aseot rop. and thus of nitrob.nzene) be

Prom relation (23) w. obtain

is
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~~~~~~~~~~~~~~~~~~~ — — 1) + ~~~~~~ 1)] — lg(21.2 — 1)
r 

~~~~~~~~~~~~ —— -— —— ——— ——— — 6.7
The function n — f(r , v’) calculated as indicated in the foregoing

i. illustrated in Figures 5 and 6 for r — 90, 95, 97.5, 99% and V’ — 0.05,
0.055, 0.06, 0.065. On the basis of these curves one can establish the
optisoim desigu conditions for the installation as a function of the heat
consumption V”, investment (com ma height and diameter), and degree of
nitrobenaene recovery).

&,eri.sntal P*rt

(a) Since it ‘was surp~*.ing to f ind that, according to the tbeoreti—
cal calculations, highly advanced recovpr, 7of nitrobensene can be accomp—
lished under conditions so advantageous from the technical and economic
viewpoint, as is shown by Figure 5 or Figure 6 (small number of the oreti-
cal plates and low heat consumption) , an attempt was made to verify the : -

relations derived with a suitable laboratory com ma.

Use ‘wa s made for this purpose of a columa having a filling equivalent
to eight theoretical plates and operati ng according to the system shown in
Figure 3. The columa was supp lied continuousl y (by pump) with a solution

• of 0.2% riitrobenzene in water and the level was kept constant in the col—
uma still by means of an evacuation siphon. To avoid losses of heat
through the wells and thus the formation of intern al ref luz, the columa
was introduced into a tube of greater diameter and a temperature of 100 ‘C
was maintained in the annula r air space by means of~ adjustable resist— -•

• ances. The solution of nitrobenzene in ‘w*ter was preheated to 98—99 ‘C
• and introduced into the top of the columa at this temperature. During

operation the temperature in the top and the still of the oolu via pra c—
tioally constant , being 99.3-99.8 ‘C and 101—101.5 C resp ectively. The
pro duct of distillation in the top of the co1~~~ ‘was separated into two
phases, the aqueous phase saturated with nitrobe nsene and representing
5.3% of the supply a ount, and the oily phase representing 94% of the
nitrob.nzene contained in the supply.

According t. Figure 5, with around 8 t and a steam consumption of
around 5.3% the recovery is approxi tely 94%. It follows that the re-
lations derived are satisfactorily verified.

(b) As follows from equation. (1 and ii) and Figure 1, fractionat-
ion at lever temperatures is mere advantageous, owing to the fact that
the ~~~l solubilitios decrease with lowering of the temperature (ii—
gore 1), ‘while the volatility ratio (P2 1111) generally undergoes very little
variation. The slope of the equilibrium curve (equation ii) will con—
sequently have a higher value at lower temperatures. Figure 7 illus-
trates the function a — f(r ,V’) for the wet.r—p-nitrotolueue system at
an average e.1 temperature of 43 ‘C (and thus at a ool~~~ operating
pressure of around 55 am
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With use made of the same fractionation system as that described in
the foregoing, but in operation at a pressure of 55 me Hg, from water
containing 0.1% p—nitrotoluene there was achieve d a recovery of approxi-
mately 99% nitro derivative with- a steam consumption of 4% referred to
the amount of solution supp lied. This experiment as well confirmed the
theoretical calculations, as follows from Figure 7.

(l1~~~**

I 
(3) aàwp ,~~

• Figure 7. n — f(r , v’) for separat ion of p-mono—
nitrotoluene at a pressure of 55 ma Hg; average
coli~~~ temperature 4~ ‘Cs (1) Number of theore-
tical plates , n. (2) 99% recovery.

Graphic Representation of General Relation (Equation 23)

Figure 8 illustrates th. function a — f(k , V’ , r), in which k is
th. slop. of the equilibrium curve of the azeotrops u weter system and
V’ and r have the meanings already defined.

Depending on whether the solate is more volatile or less volatile
than w a t r, th. slope of th. equilibrium curve is calculated from the
expressions

1 2 a

or

I 17
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‘Figure 8. Gei,*rsl relation i — f(1, V’ , r)
(equation 23). (1) N~~~er of theoretica l
plates, a.
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It i. to be seen from equation 23 that the value of a -~~• when
lg(KV’) -. 0, that i., vertical line K — i,k’ represents an asymptote
and as such y be used in evaluation of for a~~’ value of K.

With K assumed to be variable and V’ , r par ameters , the function
n — f(K , V’ , r) is plotted in Figure 8 on the basis of equation (23); this
function may be used to evaluate the theoretical equilibria of the frac-
tionating columa required as a function of the steam consumption and re-
covery desired. Figure 8 may also be app lied to determine whether azeo—
tropic fractionation can be employed in recovery of a given substance from
waste water or ‘whether it i. advisable to app ly another separation pro-
cess , as is shown by the following example:

• -dinitrobe nzene has a norma l boiling point of 300 ‘C , and its solu—
bility in water at 100 ‘C is 0.3 gfioo g water. At 100 C the vapor
pressure of m—dinitrobenzene is approximately 0.35 ma Hg. Since the
solubi lity of water in a-dinitrobenzene is of the same order as that of
m-dinitrobensene in ‘water, the slope of the equilibrium curve is calcu-
lated from equation (18), in which

P2 — 0.35 Hg -

— — 0.000324

P1 .’76O Rg.

Assuming 1 - x — — 0.999676, we obtain the slop.P2 1 - x ”

c — ‘ —

0.~ 5 0.999676

As follows from Figure 8, at a slope value such as this the steam
oona~~~tion would far exceed 33% of the supply (v~~ — 1/1.4 — 0.71).
Similar situations are encountered with other nitro derivatives , such as
5-nitreanilin., dtnitrochlorobensene, dinitrotoluene, St., and with ~~~~-~zj other orp aic substances having high beiling points and low solubility in
watse’. In view of the fact the operations of manufacturing thos. sub-
stances entail considerable waste water production , aseetropic fraction—
ation would involve overly high spovif is cems~~~tions. In such situations
one can resort to oztr$stir ,f the ergenic substance with a suitable
solvent (biases., tricblor.etbyl.ne, oblsrobensene, eta ) determined by
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exper iment. Since the solvent , are generally characterized by onch lower
boiling points and low solubility in ‘water, application of liquid—liquid
extraction combined with azeotropic fractionation for recovery of the
solvent often is the optimam solution for recuperative treatment of ‘waste
water.

Figures 9 and 10 show diagrams of recuperative treatment plants
operati ng at atamopheric pressure and under vacuum which are currently
being built at one of the chemical complexes in Ro nia.

(1)

L~~-4~~= (,~iFigure 9. Flow chart of recup erative treatment of waste water con-
taining volatil. nitio derivatives by atmospheric azeotropic frac-
tionation: 1. decanter. 2. pump. 3. flow regulator. 4,5.
heat exchanger . 6. ring com ma. 7. steam regulator . 8. cooler.
9. recupezator. (i) Water. (2) Steam. (3) Solute . (4) To bio—
logical treatment.

20
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(2) ~~~~~~~ —---—

Figure 10. Recovery of aononttrotoluene (1~ft) by azeotropic frac-
tionation under vacuum: 1. decanter. 2. pump. 3. fractionat-
ing co1~~i. 4. condenser. 5. ejector. 6. barometric leg.
7. phase separator. 8. evacuating 

~~
p. 9. steam. 10. level

regulator. (i) Water. (2) Steam. (3) B~ro~etric leg, approxi-mately 11 m. (4) To biologica l trestamnt. -
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