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INTRODUCTION
~ •

Since the BO'.s, pulsed column development has been connected

v/ith, on the one hand, nuclear applications for processing uranium ores

and, on the other hand, for processing of irradiated reactor fuels. For

the latter application, production outputs which were needed during these

last ten years have hardly forced to improve existing contactors which

were satisfactory.

Large throughout liquid-liquid extraction columns were

developed outside of the nuclear field, mainly in the petroleum field.

Thus agitated columns appeared consisting of mechanically moving parts,

and they attained the industrial stage as we know it.

Presently, the nuclear industry has new future perspectives

for accelerating reac!:or construction programs and correlatively increasing

the output of processing plants for irradiated fuels. These circumstances

have pointed once again to the pulsed column and its advantages in this

field : operating simplicity, high reliability, good efficiency, and small

volume.

Moreover, the development of hydrornetallurgical processes

induces searches for high capacity and good efficiency extractors. Critical

constraints in the nuclear field are also oriented toward increasing specific

flows. These converging considerations led to study more closely hydraulics

of pulsed columns, on the one hand, and the possibilities of extrapolating the

diameters of these devices, on the other hand.

• / * • •
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I - PULSED COLUMN HYDRAULICS

The pulsed column consists of a vertical column partly

equipped with regularly spaced plates. Two liquid phases, one of which

is in drop form, are flov/ing countercurrently through the device. At the

top or at the bottom of the column, the dispersed phase coalesces to an

interphase. A pulsing device at the base of the column causes a periodic

two-phase up-down motion and maintains the dispersion.

The aim of this first part of the study was to know the

characteristics of this dispersion as a function of different variables

which come into play in the system : type of plates, spacing, perforated sur-

face ratio, hole diameter, pulse intensity, and magnitude of flowrates.

The operating field of the pulsed column is normally

represented on the Sege and Wooldfield diagram where the sum of specific

flows of the two phases = V + YJ is given as a function of the product

of the amplitude "a" multiplied by the frequency "f" of the pulse motion.

Different types of operation have to be considered according to the different

diagram areas, but only the emulsion operating area is used in practice and

this is the area that measurements were limited to. (Fig. l).

I - 1 - Experimental method

It consisted of setting in dynamic equilibrium (most of the

time without mass transfer) approximately thirty 100 mm diameter columns

presenting different geometric characteristics as well as three 300 mm

diameter columns and a 600 mm diameter column. Once these columns

were in equilibrium, the emulsion was sampled at different levels by

means of valves especially designed for small diameter columns and by

means of high throughput taps for large diameter columns. For these last,

radial samples were also taken. In most cases, a mean phase ratio was Î
, j

calculated along the column and considered as characteristic of the column, ]
1

the used phases, the flows, and the af product. j
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To analyze these results and interpret them, 1hc.y had to

be connected to a simple mathematical scheme drawn from many works

in the literature.

I - 2 - Hydro dynamic model for a jnils_ed column

The aim was to have a mathematical model which would

allow to describe the variation in phase volume ratio in the column

throughout the emulsion operating area of the column.

The first hydrodynamic studies on pulsed columns wer'e made

by D.H. Logsdail and J.D. Thornton in 1957. They proposed correlating

specific flows to phase volume ratio by the following equation :

(i) xp + TTÛ, = TO (i - f )

where "V^ is called the "drops' characteristic velocity".

By. assuming this equation valid up to column flooding and

by successively deriving with respect to Vc and Vd to obtain the maximums

Vce and Vdc of Vc and Vd, it becomes :

(2) Vde = -. 2 V~0 ^f e2 (l - f e)

(3) Vce - V~0 (1 - «f e)2 (l - 2 »fe)

By setting LR = rrr-, equations (2) and (3) give the values

of retention at flooding.

i*\ - 3 -h (1 + 8LR) !/2
{*} C ~ 4 (LR - 1}

• • • / ^ • *
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Note that this theory leads to the conclusion th?.t the phase

ratio at flooding is only a function of flow ratios. It would then vary

approximately 25 % for a ratio approximately 3 to 40 % for a ratio of 0.33.

The expression thus established has the advantage of making

the How ratio disappear and connecting flows at flooding to n single variable

"V~o , which depends then only on agitation energy, the physical-chemical

system, and the column geometry if the calculated value is given to e.

This theory was vised with success in correlation studies for flooding curves
n j» o

of pulsed columns * . Also note that the correlation formulas can be

used only in a limited sense since the authors themselves of the previous •

mathematical model underline that the equations which' they established are

valid only when there is no coalescence between the drops and the drop size

distribution is independent of flov/rates up to the flooding point.

Proposed model

• After examining the experimental results of phase volume ratio

throughout the emulsion operating domain of several pulsed columns, it

seems that the relative drop velocity with respect to the continuous phase

with flow rate and "axf" constant was a linear phasp ratio function at least

in an interval that is practically the usage area of the column. Moreover, the

angular coefficient of the straight lines thus defined is fairly constant in

the considered field. Thus it was logical to adopt equations similar to the

previous ones for correlating exprerimental phase ratio data, that is :

Vd Vc '

Vd + Vc B ^
e e af + C

Note that Ug is the relative drop velocity with respect to the

continuous phase, a speed that is usually called slip velocity.

• • • / * • *
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An identification computer program was written in Fortran.

This program permits finding the best values of A', B and C which determine

the model for each series of experimental results. Table 1 on which calcula-

ted and measured retention results can be read for a special case shows good

agreement.

I - 3 - Results for the ] 00 mm diameter columns

Table 2 summarizes a part of the obtained results and

indicates through coefficient A how the slip velocity of drops varies as a

function of the phase ratio ; when A is positive, the slip velocity diminishes

with phase ratio ; when A is negative, the slip velocity increases.

- a - Influence of the type of plates

Table 2 shows that, 'in general, when the continuous phase

wetts the plates, that is, in a continuous aqueous phase, with stainless

steel plates and in a continuous organic phase with plastic plates, A is

positive and the slip velocity diminishes with phase ratio as assumed in the

usual equations ; however, when the continuous phase does not wet the plates,

the slip velocity increases with phase ratio and most of the correlation

equations are not convenient.

This result leads one to think that coefficient A reflects in

some way the tendency for coalescence within the column. In fact, the

more drops have a tendency to coalesce with the increase in phase ratio,

the more their mean diameter increases and their relative speed with respect

to the continuous phase tends to increase with phase ratio. A liquid particle

is subjected to a higher dispersion power for an axf product constant when

flows increase in a column. Drops become then smaller and their relative

* • • / • • •
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velocity diminishes. Depending on whether the coalescence increases faster

or slower with phase ratio, the main phenomenon is dispersion or coalescence,

and slip velocity increases or decreases.

In. the tests corresponding to the first part of the table (tests

1 to 10) for columns which will be called type I to simplify the expression,

the main phenomenon is dispersion ; for columns of type II (tests 11 to 18),

the main phenomenon is coalescence.

- b - Effect of other variables.

" Plate spacing : in columns of the first type, plate spacing has no effect

upon the value of A (tests 1, 2, and 3) while it has a strong effect in the

second case (tests 11 and 12) where coalescence increases more especially

as the plate spacing is increasing.

- Void ratio and hole diameter

In columns of the first type it must be noted that the void ratio .and the

hole diameter play a role on A only from a certain value (tests 3, 4, 5, 6

and 7). "A" then increases very much which indicates a large dispersion

increase. This effect can be explained in so much as the increase in hole

diameter as well as in the void ratio increases the liquid jet interference

across the holes, and, as a result, increases the local "agitation energy

between the holes.

- c - Flow ratios.

In the column of the first type, when the ratio Vc/Vd is close to or less

than 1, "A" does not vary very much. On the other hand, it varies very much

and becomes even negative when the continuous phase flow becomes large

...A
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compared to the discontinuous phase flow. Note that the absolute velocity of

the continuous phase is then large ; back mixing is becoming important under

these conditions and the presence of many small drops in the continuous

phase can enhance the coalescence of larger drops (tests 8, 9 and 10).

In columns of the second type, the smaller the discontinuous

phase flow rate is; the smaller the influence of coalescence becomes (tests 16,

17 and 18).

2) Variation of column throughput as a function of various

parameter s

- Type of plates

Among the columns of the first type, although, according to

what was said before, coalescence is not the main parameter ; the type

of plates plays a very important part. It was observed throughput variations

up to 50 % between columns of which one was fitted with PTFE plates and

the other with very hydrophobia plastic plates, everything else being identical.

Columns of the second type allow generally throughput almost

twice the one of the first type, all geometric parameters remaining identical.
-1 -2Thus flowrates greater than 6.2 l .h~ cm can be obtained using a system

consisting of aqueous solution of acetic acid and 30 % TBP with mass, transfer.

- Plate spacing and perforations

With a mean void ratio and mean diameter holes, the throughput

•in the column increases regularly with plate spacing but when hole diameter

and void ratio exceed a certain value, flowrate variation cannot be maintained ;

« • • / • • *
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it reaches a minimum value. This is, no doubt, to be correlated with

the variation of coefficient A previously mentioned. Likewise; for a constant

hole diameter, the flowrato reaches a maximum depending on the free area

of the plates.

~ Flow ratio

As the correlation equations in the literature predict, the

flowrate is growing in columns of type I -with the flow ratio Vc/Vd. For

columns of type II, flowrate variation with the flow ratio is lower.

Figure 2 shows typical experimental results.

I - 4 - Large diameter column hydraulics

Scaling up columns in diameter may cause a certain anisotropy

in the emulsion which could lead progressively to channeling phenomena, p

seems that for pulsed columns, at least up to a diameter of 600 mm, this

anisotropy does not appear. Figures 3, 4, and 5 show how the phase volume

ratio vary radially at different levels in 300 and 600 mm diameter columns.

For the 300 mm column, there is no significant variation along a radius. It is

not the same for the 600 mm column ; but the phase' ratio increase at the

center and the lower part of the column can be undoubtedly attributed to

the opening of the pulse leg as represented on figure 6. This is also confirmed

by the difference which can be noted between figures 4 and 5, and which is

only in connection with pulsation energy. It must be stated that, instead of

being emphasized, this variation is attenuated progressively when going up

and becomes oegligible at a height of 4 m. This phenomenon shows that the

agitation mode in the pulsed column is clearly leading to suppress radial

heterogeneity.

* • • / * * •



- 9 -

Flowrates in large column

Tlie flooding curves obtained with 100, 300 and 600 mm

diameter columns, everything else being equal, are practically the same.

Specific flows are thus independent of the size at least up to a 600 mm

diameter and probably above.

II - EFFICIENCY VARIATION IN PULSED COLUMNS

II - 1 - Influence of the type of plates

The efficiency of pulsed columns is measured generally by

the height equivalent to a theoretical stage or the height of a transfer unit

for a given physical-chemical system.

It is well known that these heights vary appreciably depending

on the operating point chosen in the Sege and Woodfield diagram. When

specific flow rates are constant, they pass generally through a minimum

when product af increases, and they vary greatly in percentages with the

specific flow. In a general way, what is looked for in an extractor is the

best compromise between the throughput and the efficiency ; this compromise

can be expressed from a purely technical point of view by the volumic effi-

ciency or residence time per theoretical stage or transfer unit.

e = H E T S
Vc + Vd

Under these conditions, experiments have shown that for

columns of type I fitted with stainless steel plates and columns of type II

• • • / •
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fitted with PTFE plates having the same geometric features.the residence

times/per theoretical stage are eqxutl. This resxilt was obtained for the

stripping of uranium in a nitric solution with a flow ratio close to 1. Time

© was about 50 sec.

II - 2 - Influence of void ratio and plate_ spacing

For equal specific flowratc, the void ratio has not a great

influence on the efficiency which is more sensitive to plate spacing. Never-

theless, equal minimum residence times can be obtained for two columns

having for this operating condition different specific flowrates residence Lime

of 27 sec. per theoretical stage was obtained for a total specific flowrate of

1.34 cm sec." and a 5 cm spacing, and the same residence time for a total

specific flow of 1.83 cm sec." and a 10 cm spacing for columns of type II.

The system used was acetic acid and 30 % TBP -dodecane.

II - 3 - Efficiency of a 300 mm diameter column

The column used for the experiment is a column of type II

in which uranium is extracted from a nitric medium by 30 $> TBP. The

solvent is saturated at 80 %, and the total specific'flowrate is 1 cm see."*.

The H .T .U . -measured is 60 cm which is strictly identical

to that found with a 100 or even 50 mm diameter column under the same

operating conditions,

II - 3.1 - Efficiency variation along the column's axis

To measure the concentration profile in the column, it was

proceeded as before by drawing off the emulsion at different levels. To take

into account the transfer which could have taken place after sampling, a

simulated profile was calculated by balancing the concentrations of two phases

with phase ratio as shown on table 4.
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Moreover, a computer program was perfected to calculate

concentration profiles for1 uranium, and nitric acid using some assumptions on

the H TU and its variation nlong the column.

Results

Table 3 shows that by considering the column on different

heights from the introduction, the mean HTU varies considerably. In the

upper part of the column, this variation is not easily explained only with

phase ratio inodifications. That can be seen on figure 7. Table 4 shows the

results which are obtained by assuming that the HTU is a function either of

the density variation between two phases or the density gradient along the

column's axis. This assumption seems to be valid and it can be considered

that axial mixing contributes largely to the efficiency variation.

II - 3.2 - Efficiency improvement

Figure 7 shows how the phase ratio profile was modified by

modulating the plate's hole diameter. This allowed increasing column

throughput of 25 % and increasing in the same time the efficiency in the

lower part of the column.

II - 4 - Axial mixing in pulsed columns

A
Since the work of Miyauchi and Vermeulen , many workers

•were interested in the problem of axial mixing in extraction columns and

particularly in pulsed packed columns. ' Few results were published

concerning pulsed columns with perforated plates.

• • * / • • •
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The mathematical model proposed by Miyauchi is the
following :

Let Ei : a convection diffusion coefficient in phase i
Ki : mass transfer coefficient
Ci : solute concentration in phase i
Ui : velocity of phase i

The model corresponds to the following system of equations

El ?- ' Ul - Kl Cl

where m and q are parameters of the equilibrium curve considered as

a straight line.

Replacing z by the variable z = z/hc, where hz, is the column

length, it becomes :

hc Uj Z dZ — u

«

E2 d C7 dC? , K]h
" - ^

\ /
u + q) / = °c e. t*

hc Ul .
The expression - is currently called the Peclet number.

El

II - 4 . 1 - Experimental method

This number was measured using the colored tracer method.

A colored tracer soluble only in the continuous phase is injected into a

column in the form of an injection during a time as short as possible and

of negligible value compared to the flow rate of the considered phase. This

• * • / • • *
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phase is drawn off continuoxisly at two points of the column and its colora-

tion is continuously measured with two identical colorimeters. The response

curves of the colorimeters are processed with the Laplace transform and a
•7

linear regression allows to obtain the convective diffusion coefficient E-,

The dye used was the ferrous orthophcnantroline ant the phases were nitric

acid and 30 % TBP dodecane.

II - 4.2 - Results

Figure 8 shows the 'results obtained for a 45 rnm diameter

column and a 600 mm diameter column fitted with plates having the same

hole diameter, the same free area and spaced in the same way. It can be noted

that convcctive diffusion coefficients obtained in a 600 mm diameter column' ,

show that there is up to this diameter no tendency for axial mixing increase

in large columns.

Figure 9 shows that the Peclet number decreases with the

plates spacing which is in agreement with observations previously made on

the efficiency decrease.

III - COMPARATIVE COST EQUIPMENT ESTIMATE FOR AN INDUSTRIAL

INSTALLATION

Figures given in tables 5 and 6 are delated to a liquid-

liquid extraction process characterized, on the one hand,- by a low transfer

kinetic and, on the other hand, by a large emulsification tendency. It includes

an extraction unit including an extraction section - 4 theoretical stages -

a scrubbing section - one stage - and a stripping section consisting of 3

theoretical stages. To operate this process on an industrial scale, studies

were made with mixers-settlers and pulsed columns. Experiment has shown

that the HETS amounts about to 1 m. Moreover using pulsed column allows to

• • / • • *
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suppress scrub section which is necessary with mixer-settlers mainly

because of the products carried away. These conditions show for plastic

devices a clear advantage in favour of pulsed columns.

CONCLUSION

The few elements which were developed in this paper show

that the pulsed column is an extractor which can be easily scaled up to a

limit which is still not defined but probably at least 1 m diameter without

efficiency decreasing. Experiments are presently planned on such columns

at CEA.

Studies have still to be carried out on the theoretical level,

particularly to establish models where the wettability of materials could be

considered, winch would allow to establish some new and more universal

correlation equations for throughput. Nevertheless, qualitative knowledge

acquired already allows to direct column optimization studies for which the
*

type of materials can have great importance, in particular, in connection

with flow ratios required by the processes. It can be noticed particularly

that the behavior of certain columns could be changed considerably by

modifying the type of plates and their geometry.

On a practical level, an effort has still to be made concer-

ning large column technology. However, up to a 600 mm diameter, specific
1 -2flowrates can be high - 2 to 6 lh~ cm and pulsed columns can be sized

only after technical criteria and not practical ones as, for example, making

maintenance in the column easier, which an advantage with respect to agita-

ted columns.

On the economic level, the comparison was limited to the

simple example of equipment cost. Obviously many other elements must be

considered, but the high volumic efficiency of pulsed columns represents

undoubtedly an important advantage in most cases.
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FIGURE 1 : SEGE & WOODFIELD DIAGRAM

1) FLOODING REGION
2) MIXER SETTLER OPERATING REGION
3) EMULSION OPERATING REGION
4) INSTABLE OPERATING REGION
5) FLOODING REGION
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FIGURE 2 : FLOODING CURVES ACCORDING TO GEOMETRICAL
PARAMETER

1) 5 cm PULSE PLATE SPACING, 23 % FREE AREA.
2)10 cm PULSE PLATE SPACING, 23 % FREE AREA
3)20 cm PULSE PLATE SPACING, 23 % FREE AREA
4)20 cm PULSE PLATE SPACING, 50 % FREE AREA,
5)20 cm PULSE PLATE SPACING, 35 % FREE AREA
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FIGURE 3 : VARIATION OF PHASE VOLUME RATIO ALONG THE
RADIUS OF 300 mm DIAMETER COLUMN AT DIFFE-
RENT HEIGHTS.

»

1) 0,5 m ; 2) 1,5 m ; 3) 2,5 m ; 4) 3,5 m ;

TOTAL FLOWRATE IS 2 m3 h"1, af = 2.55 cm e'1



/oPHASE VOLUME RATIO

mm DISTANCE FROM THE COLUMN AXIS mm

FIGURE 4 VARIATION OF PHASE VOLUME RATIO ALONG
THE RADIUS OF A 600 mm DIAMETER COLUMN
AT DIFFERENT HEIGHTS.

1) 0 ,5 m ; 2) 2 , 5 m ; 3) 3 m ; 4) 3,5 m

TOTAL FLOWRATE IS 9 m3 h'1 , af = 1.2 cm s"1
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mm DISTANCE FROM THE COLUMN AXIS mm

FIGURE 5 : VARIATION OF PHASE VOLUME RATIO ALONG
THE RADIUS OF A 600 mm DIAMETER COLUMN
AT DIFFERENT HEIGHTS.

1) 0,5 m ; 2) 2,5 m ; 3) 3 m ; 4) 3,5 m

TOTAL FLOWRATE IS 9 m3 h"1 af = 2.2 cm s -1
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% PHASE VOLUME RATIO
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FIGURE 7 : VARIATION OF PHASE VOLUME RATIO OF A
300 mm DIAMETER COLUMN WITH MASS TRANSFER
OF URANIUM IN NITRIC SOLUTION.

l) af = 1.68 cm s , every plate is identical all
through the column " ; "

Z) af = 2 cm s , every plate is identical all
through the column

3) af = 1.8 cm s"* , the plates at the upper part of
the column have larger holes

4) af = 2 . 4 7 cm s"^ , the plates at the upper part of
the column have larger holes.
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FIGURE 8 : VARIATION OF THE SUPERFICIAL AXIAL
MIXING COEFFICIENT ACCORDING TO
OPERATING PARAMETER

O 45 mm diameter column

A 600 mm diameter column
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FIGURE 9 : VARIATION OF THE PECLET NUMBER ACCORDING TO
PULSE PLATE SPACING AT CONSTANT PHASE VOLUME
RATIO AND af PRODUCT



af cm s~

Vc cm s"

Vd cm s"1

We>q3erimcntal
in %

Y calculated
in %

1,37

0,093

0,495

14,3

13.9

1,50

0,093

0,495

15,3

15,1

1,62

0,093

0,495

15,4

16,4

1,75

0,094

0,495

15,9

17,8

1,87

0,094

0,495

17,2

19,2

2,00

0,094

0,495

19,1

20,8

2,25

0,094

0,495

22,7

24,8

2,50

0,094

0,495

31

32,3

1,50

0,118

0,618

13,2

20,3

1,75

0,118

0,618

22,9

24,8

2,00

0,141

0,618

36,2

32,3

1,25.

0,141

0,743

23,2

20,9

1,37

0,141

0 , 743

25,7

23,6

TABLE 1

Comparison between the experimental and calculated valeurs of the phase volume ratio for a 100 mm diameter

column in the emulsion operating region. Aqueous phase is 25 .5 g. 1 uranium, 2 .92 N KNO, ;

Organic phase is 90 .3 g. I"1 uranium, 0.15 N



PLATES

Mater ia l

inox
inox
inox
inox
inox
inox
inox
plastic •
plastic
plastic-

tenon
téflon
teflon
inox
inox
inox
téflon
téflon

0 holes
cm

0,3
0,3
0 ,3
0 ,3
0 ,3
0 , 3
0 ,6
0,35
0,35
0,35

0,35
0,35
0,35
0,35
0,35
0,35
0,35
0,35

voidage
%

23
23
23
35
50
35

• 35
45
45
45

23
23
23
18
18
18
18
18

spacing
cm

5
10
20
20
20
10
10
8
8
8

5
10
10

5
5'

' 5-
5

' 5

SYSTEM

continuous
phase

Aq

Aq
Aq
Aq
Aq
Aq

Aq
Or
Or
or

Aq
Aq
Aq
Or
Or
Or
Aq
Aq

Vc/Vd

1,0
1,0
1,0
1,0
1,0
1,0
1,0
0,25
1,0
4 , 0

0..455
0,455
0,455
0,25
1
4
0,33
1,0

ma .s s
t r ans f e r

S
S
S
S
S
S
S
S
S
s

A
A
S
S
S
S
S
S

aqueous
phase

H NO 3 IN
HNO3 IN
H NO 3 IN
HNO3 IN
KNO3 IN
HNO3 IN
H NO 3 IN
H NO 3 2N
H NO 3 2N
HNO3 2N

CH3 COOH
CH3 COOH
CH3 COOH
HNO3 2N
HNO3 2N
KNO3 2N
H NO 3 2N
HNO3 2N

organic
phase

TBP 30 %
TBP 30 %
TBP 30 %
TBP 30 %
TBP 30 %
TBP 30 %
TBP 30 %
TBP 30 %
TBP 30 %
TBP 30 %

TBP 30 %
TBP 30 %
TBP 30 %
TBP 30 %
TBP 30 %
TBP 30 %
TBP 3O %
TBP 30 %

3,97
3,98
3 ,92
3,87
4 ,48
4 , 0 0
5,49
2 , 33
2 ,45

-2 ,5

-2
-4 ,54
-4,52
-2 ,5
-2
-1,5
-3
-2,80

N° Test

1
2
3
4
5
6
7
8
9

10

11
12
13
14-
15
16
17
18

TABLE 2

Variation of the A coefficient of the hydradyn-imic model for 100 mm diameter columns.



%

Average HTU between
aqueous feed and the
considered level

Distance between
aqueous feed and
the considered level-

27,5 cm

0,50 m .

,

45 cm

1 m

*

60 cm

1,50 m

48 cm

2 m

45 cm

2,5 m

60 cm

.
4 m

.

TABLE 3

Variation- of HTU in a 300 mm diameter- column



Height of the
sample point

•

• 4 m
3,5 m"
3 m
2 , 5 m
2 m
1,5 m
1 , 0 m
0 , 5 m

f ÇA + (l--y) Co

Experimental value
uranium

98,3 g r j
77,1 g 1-J
66,6 g I""1

9,93 g I'1

0,219 g l"1

•

Y ÇA 4- (1-T) Co

calculated value *
uranium concentration

115,4 g r1

95,2 g 1-}
69,6 g 1-J
12,7 g T1

y ÇA + (1- Y) Co

calculated value — ~
•uranium concentration

112,0 g 1-J
72,8 g 1"J
35,2 g 1-J
10,4 g l"1

0,13 g 1"
.

•

TABLE 4

Identification of experimental concentration profile in a 300 mm diameter column. Two different models
are used for the HTU variation along the axis

= HTUn +û HTU

£ £ HTU s HTU. K AZ

Ad = da(S) - do(Z)

d = da(Z) - da ( Z dZ)



Extraction

Scrubbing

Stripping

Total

Real number
of stages

5

1

4

Uni t -p r i ce
KF

55

55

55

Total
price

, KV

275

55

220

550

TABLE 5

Extraction equipment cost for an extract ion and s t r ipp ing cycle =
plastic mixer s e t t l e r

Extraction

Scrubbing

Stripping

Compressor

Total

Column
height

6 m

0

6 m

C.ulumn
pr i ce K K

100

100

- •

pulse + annexes
appliance .

•50

50

•

Total

KF

150

150

5

305

TABLE 6

Extraction equipment cost for an ex t r ac t i on and s t r i pp ing cycle

plastic pulsed columns


