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INTRODUCTION

The separation of two llquids by using a third liquid 1s re-
ported in the literature ﬁsing several different types of appara-
tus to galn the separation., Data are glven for liquid-liquid
Extraction using a Wetter-iall Column (1), (2), (3), a Packed
Column (1), (4), (5), (6), (7), (8), (4), (10), & Perforated=-
Plate Columm (6), (11), and a Spray Column (12). With the
exception of a master's thesis (13) 1little, if anything, 1is to
be found in the literature on continuous liquid-liquid extractlon

using agitation In a baffled column or perforated plate column.

The purpose of thls investigation is to determine whether
or not it is plausible to use agitation as a method of liquid-
liquid extraction and to design, construct, and test different
types of columns to find what orcblems rust be overcome and which
type of column is best sulted for using agltation as a method of

extraction.

The liquid system selected for use in this investigation 1is
bengene-acetic acid-water. The benzene used was one degree water-
white, saturated with water. The wash water used was Bethlehem
City tap water. The acetic acid used was Glacial Acetlc acld
99.5% acetic acid.

In order to determine which design to try out first a search
of the literature was made for information and characterlstics of

1iquid-liquid systems (14), (15). Elgin, in his work on a Spray
Column (12), found that all the extractlon seemed to take place
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in the breaking up of the liquid into bubbles in the spray noszzle

itself and for a very short distance in front of the nozzle.

Treybal reported work on a perforated plate tower and his results
j (11) indicated that in that type of column the extraction took

: place in the breaking up of the liquid into bubbles and for a
small distance beyond the perforated plate. Treybal found that

by decreasing the distance between the plates the effleiency of the

column was improved. irom the above reported results it was

decided to construct a columm with a series of impellers to

break up strenuously the liguid streems flowln; counter current

through the tower.

To compare the efilclency of the colwuns designed, the

Ly - ‘
e b st T

results are reported in equilibrium units. An equilibrium unit

is the amount of acetlc acid extracted from the benzene for a

A glven proportion of water to benzene-acetic acid solution when
A

the mixture is at equllibrium at room temperature.*

remeaRt e e

*
8ee Appendix (Calculations).
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_, SUMMARY

j | Three different columns were designed and tested using the
1iquid system water-acetlc acid-benzene. The first column did

not function, due to surface effects brought about by the small

o e
Ty A T ST R T

size of the equipment used. The second column operated satls-

s e TR T o sk S

factorily and was operated at ten different speeds using various

numbers and sizes of impellers. The data gathered using the

second column showed that it was possible by using agitation in
continuous liquid-liquild extraction to get results of more than

one equilibrium unit.

The shape of the curve when equilibrium units are plotted

against RPM 1s an S, regardless of the number or size of the im-

pellers. (Tables 4=8). A maximum value of equilibrium units l1s

approached which it is not possible to exceed, using a benzene-

s e T DRI B

acetic acid-water system of a glven concentration, regardless of

the number of impellers, the size of the impellers or the speed
of the impeller shaft, if the flow rate of the benzene-acetic acid
A solution is constant, and that of the water is constant. (Figures

| : 10"'14)0

Keeping the rate of flow constant for the water and the
bengene-acetic acid solutlon and the concentration of the acetic

acid in the benzene constant and decreasing the number of impellers

of a given sige, the curve is flattened out, and becomes less steep,
talking more speed to reach the maximum extractlion possible. When
the impeller size is decreased, all other conditions being the same,
i the curve is flattened still farther and more speed i1s needed to

i arrive at the maximum extraction posaible.
|

e oo et AR TR JE A7 -2 U VU PAGT I T  A VRR A T e ki R A i e 31 Lt g e At a i MR SRS




Using the second column, it was possible in all cases,

except when plano wire impellers of less than five on a shaft

were used, to exceed one equilibrium unit of extraction. 1In

the large column it was possible to exceed two equilibrium

units of extraction.
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| SUGGESTIONS FOR FUTURE WORK

Further investigation is necessary on different liquid
; systems. The system benzene-benzoic aclid-water should be in-
| | : vestigated., In thils system the water film 1s controlling, while
in the system benzene-acetic acid-water the benzene film controls.
Systems should be tried that have distribution coefficients near

one.

Investigation is necessary on the effects of varying the

flow rates through the column, both on the system investigated

here and on other systems.

3 Information is needed of temperature effects on extraction.

shether or not tne extraction rate is increased by higher or lower

temperatures is not known. Temperature o: the incoming liquids

X may have little or no effect on the degree of extractlon achleved,

On each new system tried, Information l1s needed on the number
of impellers, the size of the lmpellers, and the speed necessary
A é to glve the best degree of extraction. Speeds of over 950 RPM
are not possible on the column designed for this investigationm.

}‘ﬂ Higher speeds should be investigated.

By modifying the design of the column used in this investi-

gation, 1t would be possible to operate the column under pressure.

The effect of pressure on the degree of extractlon should be 1n-

vestigated for each system used.

4 PP ke T TSGR a0 T L T e T TR T B s L b R Aas S




New column designs are possible and should be investigated.
Each system may require a little different design for the column,

especially as to the size of the holes necessary, if plates are

used in the column. New designs should be tried and thoroughly
tested to determine the best possible design for use with all
types of liquid-liquld systeus.

A summary of suggestions for future work 1s as follows:
g

(1) Investigate different liquid-liquid systems.

(2) Investlgate thne effects of varying the flow rates of

U e 3
i e T

the liquid components of the different systems through

the column.

! (3) Investigate temperature effects on the degree of ex-

| traction obtained.

(4) Investigate the number of impellers, the size of the
impellers and the LPk necessary to obtain the hlghest

degree of extraction for each system.

e 3 e P A

. (5) Modify the column's design so it can be operated under

pressure and investigate the effect of pressure on

extraction.

(6) Redesign the columns and make the above investigatlons

on the new columns.
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COLUMN DESIGH

Three different columns were designed and constructed for

this work.

First Column Design.

The first column designed (¥igure 1) was made of glass tubing
with all metal work of aluminum, The zlass column ltself was of
standard pyrex glass. The interlor of the column consisted of
five aluminum plates formins four partitions of equal height. In
these four partitions were the impellers. The aluminum plates
were of two kinds (Flgure 3). Tae top plate and bottom plate,
beside having a hole in the center for the impeller shaft and a
hole on the side for the baffle rod, also had & hole for the 1n-
troduction of the liquid into the top and bottom compartments.
The four impellers mounted rigidly on the center shaft fell in
the center of each compartment and supplied the agltatlon to

operate the column.

The baffle rod served two purposes. The first, was to hold
the plates and the impeller in a rigld position, so that the
entire inside of the column could be removed from the column as
a unit. The second purpose was to act as a baffle. The baffle
rod was long enough to fit into holes cut in the aluminum end

plates to keep 1t rigld.

The aluminum end plates were machined with a circuler packing

groove to seal the glass tubing to the end plates without leaking.
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In the top plate five holes were drilled, one for the entering
water, one for the exit benzene, one for a liguid seal plpe for
the impeller rod to pass through entering the column, and two for
the tie rods. In the bottom end plate, four holes were drllled,
one for the entering benzene-acid mixture, one for the water out -~
let, and two for the tie rods. Besides the through holes in the
end plates in the top, a shallow hole was drilled for the baffle

rod and a similar hole was drilled in the bottom end plate.

The liquid entered and left the column through glass tubing
bent at right angles and sealed to the aluminum end plates with
sealing wax., On the entering water side, in the top, the glass
tubing extended through the end plate and through the first plate
30 that the water entering the column would enter directly into
the first stirring compartment. The exit benzene line at the top
came through the aluminum end plate and ended flush with the insidse
edge of the end plate. For the enterlng benzene-acetic acid mix-
ture, the glass tubing extended through the column end plate and
through the bottom plate the same as the lncoming water in the
top of the column, The water outlet was the same as the benzene

outlet in the top.

The packing used to prevent the joint between the glass and
the aluminum from breaking was graphite treated fiber. To pull
these joints up tightly and to keep the column together, two brass
tie rods were used, one 180° away from the other. The rods were
threaded on both ends and take-up bolts were used. By tightening
or loosening these bolts the pressure on the packing could be

increased or decreased,

e i e T ] R 2 Ciep e IO R TR Y S e ¢ S o



The water seal on the top of the column allowed the impeller
shaft to pass into the column without the use of a mercury or
fancy pressure type seal. The longer the seal plpe that the im-
peller shaft passed through, the more pressure the column would

operate under before water was spilled from the top of the seal

pipe.

With this design it was hoped that the benzene and acetle-

; | i acid solutlon entering at the bottor compartment would pass up
through the hole i the center of the plate, which the impeller

shaft passes through to each succeedir; compartment, separate

from the water an’ form a clear area of washed benzene at the

top of the column, so that clear washed benzene would be forced

[,

' from the column. water, entering the top compartment, was expected

to be mixed with the benzene to be washed and pass down the column

through the same canter hole in each plate through which the ben-

1

i zene was rising. From the bottom stirring compartment, the water
?i 1 was to separate from the benzene and form a clear layer of water

and extracted acetic acid solution In tne bottom of the column,

%1 _ ‘ and this clear water-acetic acld solution would be forced from

the bottom of the column.

;TE : ] The column failed to operate due to large surface tension

i ; effect in the small size equipment used. The benzene-acetic acid

mix would not rise through the small holes in the plates. The

water, however, did as was expected and collected at the bottom of
the column in a fairly clear condition. To remedy this situatlon

T T T BT a second column was designed.
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Second Column Design.

The second column design (Figure 2) did away with the flve
platea used in the first design, kept the same end plates, but

modified the seal and substituted baffles for the plates. To each

of two aluminum rods, elght pleces of sheet aluminum were welded to

-
i
X
i3
3

act as baffles (Figure 4). These baffles were fastened 1ln place by

having the aluminum rods the baffles were connected to, a trifle

longer than the ;lass tublng of the column. Then, by drilling one

additional hole in eacl end plate 180° away from the hole used for

the baffle rod hole in the first design, a tight fit kept the

baffles in place when the tie rods were tightened up.

GO

The type of seal between the end of the glass tublng and the

aluminum end plates was changed to make a more liquid-proof con-

nection. A larger, deeper, doughnut-shaped groove was machined in

each end plate. A neoprene gasket was cut exactly to 1t this
groove, The glass was tnen lnserted, the tie rods tishtened, and

a completely liquid-proof seal was effected for both top and bottom.
The impeller spacing was changed on the second column, but the same

number and size of impellers was used.

i ' In the place of glass inlets and outlets in the bottom of the
tower, copper connectors were threaded in, and copper tubling was

fﬁg | used in place of the glass tubing. This change was necessary to

‘g | - j keep the benzene from softening the sealing wax and causing leaks

%; ' | 1 around the entering and leaving lines in the bottom of the column.
% i

This column operated well. The benzene-acetic acld solution,

ke

entering the bottbm of the column, passed up through the arsa agi-
tated by the four impellers, and the washed bengene separated out

e T LY TR IR T Ay S
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in a clear layer at the top of the column. The washed bengene that
was forced from the column when collected in a three liter bottle
was clear and free from cloudiness., The water entering at the top

passsd down through the agltated area and separated from the ben-

e AN s R

zene to form a relatively clear layer of water-acetlc acild solution

in the bottom of the colwm. The wash water forced fromn the bottom

% of the column was slightly cloudy but cleared on standing. However,

benzene could be detected by smelling the used wash water.

The operation of this second column was considered satisfactory,
and most of the «¢ata sathered for this paper were acqulred using the

column as it is described here, with the exception of tlhie number and

size of the impellers.

Third Column Deslign,

f{ . _ The third design (Fijfure 5) was based on the results and opera-

ting behavior found in operating column two. This third column was

i
E % designed larger than the first two to eliminate surface effects
; ﬁ present in the smaller apparatus.

Pyrex glass tubing was again used, so trnat the action inside

R RS

R : . —

= :;23@4.:?551‘“2

the column could be witnéssed. Copper and brass were used for the
inside work in the column. Sheet steel was used for end plates,

because nelther copper, brass nor aluminum were avallable in the

thickness required.

The inside of the column was divided into four compartments of
. L . S i almost equal sige. Three perforated copper plates (Figure 6) were
N T T 1 e S S L T PR T A T S OO | used to divide the column into compartments. The flrst plate and
the third plate were each of the same size and had the same size
holes.
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The center plate was the same size as the inside dlameter of

the glass column which gave a tight fit, while the top and bottom

Bl
,

plates were smaller than the inside diameter of the glass tubilng,

leaving enough space for the liquids to pass between the plates and

ey

the glass column wall. These plates each had flve holes drilled in

them, one center hole through which the impeller shaft passed,

8lightly smaller than the other four holes, and four larger holes,
one spaced every 90° around the plate close to the outside edge of

the plate.

These nlates were made fast as a unlt by four longltudinal
copper baffles. The copper plates were silver soldered tc these
4 ' four baffles., Through the center of the plates ran a brass impeller

shaft on which were mounted two brass impellers. Tne brass impellers

were soldered to the shaft in the center of the middle two compart-

ments., Tinese two center compartmepnts were the mixing compartments.

1 ‘The brass impeller shaft entered the column through a liquid
geal similar to the type used on columns one and two. The brass rod

rested on the bottom end plate in a bearing groove cut In the center

of the steel plate. The top and bottom end plates had four holes

drilled in them for four tie rods, and also two holes (threaded) in

B o

each plate, one for the incoming liquid and the other for the out-

going liquid. These holes were fitted with copoer tublng connections.

SR,

Besides these holes, the top end plate had a center hole drilled

through it and threaded, into which a plece of pipe was threaded for

use as the liquid seal pipe. The impeller shaft passed through this

P B cEe e pipe.
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The four tie rods were of steel rod, threaded on both ends.
A rubber gasket was cut to fit around the end of the glass tublng,
flat ageinst the steel plate at both ends. Tne top ends of the
four baffles pressed into this rubber gasket and were prevented
from rotating as the impeller shaft rotated. The rubber acted as
a liquid-proof seal when the column wes assembled and the tle rods

tightened.

In order to supoort the columa lu a vertical pnositlon, two
pleces of steel rou were welded to the top anu bottom end plates,
so that regular ring-stand clamps and a rin_-stand could be used

to hold the column in a rigld vertical position,

The column operated satisfactorlly and some of the data taken
1n this paper were taken from thls lerge column. As in the second
column . washed benzene was taken from the top of the column clear
and free from cloudiness, whlle wasi. water was removed from the
bottor of the columm fairly clear from cloudiness. Te wash water
removed from this column was clearer than that removed from the

gecond column, but still retained the benzene odor.

Tables 1, 2, and 3 contaln construction dimensions for

columns 1, 2, and 3 respectively.
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AUXILIARY EQUIPMENT

?‘ Po operate the column correctly and obtain reproducible data,

the following pleces of auxiliary equipment and control instru-

2ol i NG

ments were needed:

By
&l"
van
&
g
:

1. A Hilton Roy Chemlcal Proportionating Pump.
2. A varliable speed electric laboratory mixer.
3. A constant level devlce.

4, Two five-gallon glass storage Jugs.

5. A bb-gallon metal water storage drum.

6. A stroboscope.

7. Connecting tubing of copper, glass, neoprene

and synthetic rubber.

PREG SR

The iilton Roy Chemical Proportionating “ump was used to
1;, supply both the water and the benzene-acetlc acld gsolution to the
%f‘ column. The capaclity of the pump could be varled by a hand
adjusting wheel on each piston from O ml per second to 18 ml per
| second. The hand adjusting wheel is connected to a dial (Figure 7),
i1 80 that any given amount of liquid can be pumped from elther side
by setting the dlal. Callbratlon data for the pump are given 1n

Table 10.

ii The liquid supply for the pump was from two five-gallon jugs.

i
iﬁ ' One jug held the washing water and the other the benzene-acetic acld

solution. Since more wash water was used than benzene-acetic acid

solution, a constant temperature supply of wash water was meintained

from a 55-gallon steel storage drum that fed by gravity into the

g 5-gallon water jug.




o

15
The power to run the lmpeller was supplied by a varlable speed
electric laboratory mixer, The speed of the mixer could be adjusted
to ten different speeds by varying the rheostat on the back of the

mixer from settings one to ten.

A device for keeping the benzene-water Interface at a pre-
determined and constant level in the column during a run was de-
signed (Figure 8). The device consisted of a piece of glass tubing
into the bottom of which was & two-nole rubber stopper and into the
top of which was a one-hole cork stopoer. The incoming wash water,
after leaving the column, entered the bottom of the leveling device,
the entering ylass tubln; extendin: into the levelin- device only
as far as the lnside edge of the rubber stopper. e exiting wash
liquld spilled over a glass tubing stand pipe inside the leveling
device and left through the bottom rubber stopper. This stand pipe
glass tublng entered the levelins device througnh the bottom rubber
s topper and extended three-fourths the way up the inside of the
leveling device. The end ol the glass stand pipe into which the
water spilled was slightly enlarged. Tne top rubber stopper hole
was for a vent only. The entire leveling device could be raised or
Jowered easily so that by regulating the nead of 1liquid in the

column the interface level could be controlled.

The stroboscope was used to get the average speed of the im-
peller shaft during each run. Pwo marks were made 1n Indla ink on
the impeller shaft. A stralght series of dots about an inch long,
running parallel to the vertical axis of the shaft, were drawn on
one side. Half a revolution farther, & wavy line was drawn in Indla
ink parallel to the vertical axis of the shaft and also about an
ineh long. By focusing the stroboscope on the impeller shaft where

e 1 ST € Y Y % Y SUTM IR AT T £ T e e e
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these lines were located, it was posaible to read the speed, in
RPM, of the shaft.

The comnecting tubing used in this set-up varied greatly.
Saran tubing was used to connect the liquid reservolrs to the
proportionating pump. Copper tublng was used to connect the pump
to the inlets on the top and bottom of the columns. nubber tubing
(neoprene) was used to connect the wash water from the column to
the constant level device. Glass tublng and rubtber tublng were
used to carry the wasi water from the constant level devlice to the
draln. Ncoprene tublin . was used to carry the washed benzene to the

used benzene storage drum.

o YREIIS 2 RS Hem e T T N T e DT I T T e b
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METHOD OF TESTING

A solution of benzene and acetic acid was made up such that e

25 ml sample would titrate about 22 ml of 0.1 normal NaOH using

t.}
t
|

phenolphthalein indiecator. ‘The approximate amount of acetlic acid

m.ﬂ
Peies

needed for thls concentration was 90 ml of glacial acetlc aclid to

five gallons of benzene. The benzenc-acetlc acld nixture was con-

e AR T

tinuously agitated during the entire run by uslng a varlable speed,

electric powered, laboratory stirrer,

The proportionating pump was set at seven-elghths on the out=-

side dlal for the water reed, and at two-eighths on the outclde dlal

for the benzene-acetic acid solution feed. Tals gave a flow of water
of 6.01 ml per second and of benzene-acetic acld solution of 1.52 ml
per second. The column was then filled with benzene up to the center

of the second baffle from tue bottom, tiie remalnln; space belng

filled with water. The level adjuster was fixed to keep the Inter-

e e e e e S PG T

face constant at this point throughout the run.

The laboratory mixer was then set at the desired speed by using
the ten speed rheostat on the back of the motor. Samples were taken
from the discharged water. About [ive minutes was allowsd for the

column to arrive at equilibrium as each speed change was nade.

During the time that the column was comlng to equilibrium, the

gf : stroboscope was used to check the speed of stirring. After about
i; five minutes had elapsed, samples were taken in a 50 cc graduated

}“% flask. The contents were then poured into & 150 cc Erlenmeyer flask

to which five drops of phenolphthalein indicator were added and
titrated with about 0.1 nomal sodium hydroxide solutlon to the end
fﬂ " point. When three titrations were within .5 ml of each other, the

LN »n-’:'vrwlﬁz.‘—*ﬂ?ﬁ(ﬁfm)’ﬁﬁ;ma&nﬁmf"fu'f"":rﬁ'-r— [EErE .
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column was assumed to be at equilibrium. At least three runs were

always taken.

The washed benzene exiting from the tower was collected and

re-used in future runs. Tne wash water fRSm the column was allowed

to run down the drain.

The same procedure was followed on the large column with two

exceptions., The first was that the interface of the benzene and

water was %eot constant at one inch below tne lower plate in the
column, The second excention was that & much longer time was
necessar; to allow the column to come to equilibrium after start-
ing, or when tiie impeller speed is chansed -=- about 30 minutes

being requlred for the column to come to equilibrium when it was

first started up.
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RESULTS
é' Columns two and three both gave results over one equilibrium
% unlt. Both columns operated satisfactorily, using the system
benzene-acetic acid-water and no secondary separation of the
water side or the benzene side was necessary to get a clear pro-
duct. By using either column two or column three, it was possible
: continuously to separate acetic acicd from venzene by using agit-
t} @ ation in a baffled column and obtaln a petter separation than one
f equilibrium unit.
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DISCUSSION

All three columns designed and tested were made of pyrex glass.
By using glass, i1t was possible to observe the action that took place
in the column. Using the system benzene-acetic acid-water, no de-

posit was formed on the glass wall to restrict the view of the inslde

of the column.

The first column design failed to operate, bLecause it was ob=-
served that the holes through which the benzene was to rise were
not large enough to allow the benzene to pass. The wash water flowed
readily through these holes. (Thls proved to be the corru:ct reason
for the first colwm failure, for when the third column was designed,
plates with larger holes were used and there was no trouble 1n 1ts

operation. )

The second column of approximately the same diameter as the
first had a different interior, baffles being substituted for plates.
“hen operated at slow speeds, under 300 R°HM, the bubbles of benzene
passing up the column were broken up at each impeller level and not
a great deal of horlzontal throw-off from the lmpellers was observed.
The bubble size on leaving the top impeller was smaller than the
original break-up at the first lmpeller level, but was not small
enough to form an emulsion with the water. Individual bubbles could
be seen in the column and in no portion was the water cloudy. A
clear layer of benzene separated at the top of the column and clear

water solution was drawn off at the bottom of the column.

At 950 RPYM in the second column, using four impellers, the en-
tire column, with the exception of the layer of benzens at the top

e i Tt o LT T O e TR




Ea

e - - g TR ] . .
PN S AR N v..LaUhuu ULG

503 ey s osnexned Yo o s

9] '.a.}'

"L('

T B 27 T 21 Y T B 3T e o S 32 T ) St e e e e o

notlgecrs

eyt

RV

ind

AW

T
s i

Jgusiloo ol

21

of the column and the water layer at the bottom of the column,was

a milky white emulsion. The pattern that the impellers cause was
observed to be in the shape of a four leaf clover with the impeller
shaft as the hub and the two leaves on each side starting at the end
of the lmpeller and going out on different sides in an arc back to
the impeller shaft along the baffles. There did not appear to be

an end-to-end turn-over of the entire agitated liquid.

When fewer 1mpellers were used, the only difference noted was
at slower speeds where the bubbles were not broken up as well. At
high speeds with but one impeller, the column was milky to the same
extent as with four impellers, but there was not as much turbulence

visible,

The capaclty possible for this small column was limited by the
amount of pressure possible before the liquid seal at the top of
the column ran over. The rate of input to the column within the small
range possible for this column design seemed to have little effect on

the ability of the two liquids to separate at elther end of the column.

In the third column design, it was not possible to draw off clear
benzene when two impellers, three-eighths inches wide, were used at
high speed, as the entire top of the column clouded up. When smaller
impellers, one-eighth inch wide, were used at high speed 1t was
poasible to draw off clear benzene at the top of the column and clear
water at the bottom. Agltation in this larger column was restricted
to the two mixing compartments, the perforated plates and baffles,
keeping the two end settling compartments calm and clear. A thin

layer of water formed on the top of the center plate and it is

e e e E gty SV L S m e il et Ittt i G0 TS bu e S L S s
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possible that if smaller holes or fewer holes were present this

layer could be held at a predetermined depth, giving three inter-
faces in the column and actually dividing the column into two

completsely separate sectlions.

The pattern of agitation in each mixing compariment was the

same as described in the smaller colwm, but the agitavion was

confined to the mixing compartments.

i » Because the system selected to study hacd a distribution co~-
E ef'icient of about nine, it was not possible to get concluslve

results. The difference between two equllibrium units and taree
equilibrium units on this system was within the llmit of efror of

i: the experimental work,

1 The difference in the number of equilibrium units possible,
using different numbers and slzes of lmpellers, was probably
caused by surface effects within the column. In the second column,

it was observed that globules of benzene would cling; to the baffles,

especially near the interface, and suddenly release and float upward
in the column. This was probably the cause for the variations in
the number of equilibrium unlts possible, using different numbers

% ‘ - | and sizes of impellers.
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TABLE 1
DIMRUSIONS OF FIRST COLUMR

i A, Over=all,

‘?‘ ' ! 1 Length of cOlBl sessescesrvsasscsscoresvonencess 15‘5/15"

i
20 fnﬂidfﬁ d.‘iﬁ;tsmtar YV IS I RN EITEY YR NN RSN RS R N 4 5 & W/lﬁu

; Se _\'}utlid@ Hanetey SUNSESRREINE IO RO GSQ S ORI AURIR N 2"
f
|

e ‘luteg,

h. 1. Amabepr R LR R T R N R T AR LR R AR L R RN Y

2 Ji&ﬂﬁtﬁf‘ N R L R LR R TR Y IR R YR R L 1*10/16"
i‘f e nﬂtﬁﬂlﬁﬁﬁ AeIsR0cEEP eI NI INsPBOREIINEROIRTIRI RO, 1/16"
%z o ' 4o entor .0le (Alanetol) sessscsscossisssassssonnes 3/@9
u: 5. .06d 0le (Alamebor) eeeeesecncesscaresssssseseoe s/16"

!
F' Os rastener 134 [0ls (dlanetor) ee.esesssccesenssens -5/15"

7, Gottom 5F Lottor Hlate to ond f fastoner Tod ees 4= 3/33"

e nd lates,
E ; / 1.  Top.,
“S' fle  LOAUIOLBD waeessaseocerasrssesssescitonsraoes 3= /16"
1 ﬂ Do THICKIISBS sevsenesessssrscosonesivsctoosesnns 7/16"
Ge -nlet 1010 (QLeIeter) cesecesssccresovscanee .Q/SE”
de ixlt :ole AIanetor) seeessscscescesrsosnees u/se"

'ﬁ ) 8. Stirring Hod ntrance iole {(diameter) sseees E/B*

3 £. Fastener 1od lole ;dlRneter) sseresecssrcss 5/32*

e Fastener Rod Hole {(depth) seessesscsseccseie 1/8"
.. he Te Fod Holed (A1GmOYEr) seeesseccsssesvosss 316"
; | 1. Oasiet Croove (A0pPth) sesceecessccsnnseseres 1/8"
| - Jo Oasicat Groove (cubslds diameter) sesssassses = 1/20°




k. Gasket Groove Inside A1EMELEr ...escecsocssss 1= 3/4"

1. Pyrex Glass over flow (dlameter) .scececcececce | 3/8"

m. Pyrex Glass over flow (helght) s.eeseeesesess 3= 3/16"
n, Pyrex Glass Tubing Connection (diameter) .... 9/32"
2. Bottom.

Be DIAMOLET vevenvencssesscessenscscansssssasnse O 7/16"
D, ThiCKNEBS +ave seesareerosnssassasanesessnvons 7/16"
¢, Inlet [ole (G18MEEEr) ceeesvecscscsassonscnas 11/32"
d, Outlet Hole (A18MEter) ceceevoessscecssoscnss 11/32"
8. Copper Tubing Connectlons (diameter) ........ 1/2"

f. Bearing diameterl......................,..... 3/18"

g. Bearing De:‘)t}l 0...0.......’..0!00.l-.l....... ]./8n

De Impeller Shaft.

1. Le%tl’l ..‘."!..l.............‘..l..‘."..l...!_‘. 23"
2. Diameter ....I..........0.'II.......‘,........_...... 3/16”

3, Bottom of Shaft to Center of Impeller s...ecoeees O

E. Impellers.

1. Number ....l'......".'....l.OOOOOOOOOQQOOOOOOQQ. 4

g ok i NN e fa SRSl '

2. Length ............."o‘."..'..0..00....‘.'0'...'. 1“
3. Thicmess 0.000..'....'..'.l....'......l...lll.‘. 1/4“
40 Width ..0..0.0‘....I......-Oll.Q.Q..Q.I.Q........ ]./16"

5. Distance apart In CONLErS eeseecscssssssssnsessse 1= 1/27

oy ——— -
PEC ) . o ek A S

F. Tie Rods.

1. Nmber Q.‘O.‘......!.'........OQQ,',....'._..O...... 2

2' Le%th ....."'.l.l....‘...‘..‘0.0..'..'0.‘.’ X X X N J 16“

3‘ Diamoter 'Y YEEIEIXF XX XXX IERZ N NY RN NN R A XN NN LN AN S 5/16”
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~crre A T YR Y PRI P TR T T




25
TABLE 2

DIMENSIONS OF SECOND COLUMN

A. Over-all.
l. Length I N I N R I S R R R R N A AR RN R RN RN 15-5/16“
2. InSide diameter 00 3. 00000 0000800000000 0000 1_23/32"

3. OutSide diameter TN TR E R RN PR R R R I I SR R IR ) l- 7/8"

Be Baffles.
l. NO. per I’astener I'Od .00'0.’000900,005.c.o‘_tr.co.Qc‘o 8

2. Lengt‘[l ........Q...A-.hol.'....“‘lvl0..0'......'.‘. l"

'3. Width .......‘l....."......OCCIt..l.."‘.l...... 5/8"

4. Th.iCkness l....................‘...'..‘.lCC‘.l... 1/16“

5. Distance from end of fastener rod to center
Of first baffle 0‘....0..0.0C.O..I.O.l.'..l.l.!.. l- 1/8“

6. Distance Center tO Center Y E R EEEE RN NI W SN N I ) l? 3/4ﬂ

7. Distance from center to bottom bafile to end
of FASEENET T'OG +.oececseseosoasesesesssaasassses LU

Ce Fastener 2od.
10 L‘Jmnber ..bl,.....nt0‘.‘.0...."’...“.“Oolll".'oo00..’.l-l.l. 2

2. Length ....O....OO..Ol,..cpt.JQCQQOC0.,'06...0.0. 14- 1/2"

3. Diameter ....’.....«.‘.0..j.......‘.‘..._.‘.‘.....i_...... 5/16“

De End Plates.

1. Top and Bottom.

Same as in Column I, except for different gasket
groove,

a, Gasket groove - outside dlameter .......e... 2= 5/&5'

b. Gasket groove - inside diameter .........s.. 1-11/16"

N R | 0. Gasket groove = A6Pth ceeececcocscrsrsacasss 1/4"




TSR

o

Pt >

TP . e Tz e >

B

i oy S S R

E.

d. Gasket groove - depth cevvcevecracrccnsecnnss

e. Neoprene gasket - thlckness ceececeecescsccee

Impeller Shafts.

l. Length ..ll.....l...‘0..........“.O...I......Cl...

2. Diameter e.cevececess

50900 00 50000600080 cs RO Tese B s oOS

3. Dbottom of Snaft to center of last impeller ....ecee

4, Distance btetween impellers (in center) .ceeceocesess

Impellers.
l. Number 6P s s 0s 00000 S S0 000t se S0 e

2. Length 'EEEEEEREEEREY R I I I A SR RCEL IR BB B

s s e 86 sree s e

5. ThiCkneﬂs ooan00..00...00'0900..10.00lct.l‘i,tot..

4. "’Yidth .."..l'....ﬁ."...........l................"

I
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1/4"
1/8"

23"

3/16"
5«1/2"

1-3/4"

ln
1/16"
1/4"
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TABLE 3
DIMENSIONS OF THIRD COLUMN

Over-all.
1. Length 06 00 60 050060 00608 05 800002000008 000cesscotese e
2. Inside 'diameter 0000900812000 ¢000 00 0008000000800 8

3. OutSide dlameter 2 08 W 0 PO S 000 50 00 CRCNSONS BSOS S OO

Plates.

lo Nlmlber' G 0B 08 6 0 00800 0 0 060 090006 00 s 00000 06000000 o

o

2. Lianster
a8, Top and LoLttolu Dlates ceeecevecinesencoscscsne
be Center plate teecenssoevete.vetcsssctncccncas
3. Center :i0le DiQrBLEr sscecesesscscrscsssncssssacens
4. Top and bLottow plates - outside holes (dlameter) .

5. Center plate outside h0les ceieesvesvssnssnccnne s

Baffles.

1., HUMDEI' eecesecevsrcssvesscsvsessosasscsccssassosnsne
2 Lengbh eeceeeseiessrsesocsccrtrsoacsscscscsccnncans
3, W1Ath sececcesascveseescsvacctsnsecisacsracsascsne
4, ThiCKNEBS .cesasecsessssssassccssosessososssscs soses

End Plates.

1. Top.
8¢ D1aMOLOr ceeevce suseacenscscseseccorsarsncnsss
De ThiCKNeBS eceecesesescecossoccsscssssscsconsne
c. Tie rod holes « NUMbEr c.cescevcssssccoscssse

- diameter 0000000 8000s00 000008

dc mat h°1° (dimoter) BRSNS FINEA SRR N LR N

27

28- 3/4"
3-11/16"
3- 7/8"

3 3/32"

3-11/16"
5/8"
7/8"
1/2"

28"
2/5"

1/16"

6"
3/8"
4
5/16"
11/32"
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6. Outlet hole (AL1amELET) seeeececssscssceiones - 11/32"

f. Center h°1e 9009000008000 00cs 000 e0a0ss B0 7/16“

2. Bottom.

a'. Diameter .......0‘....!0'40...‘Q..‘OQ._'..'.‘.‘.Q 6"

b. Thickness © 90860 00 009 8 10008000000 8000800008 0es00 5/8“

TN i Ny W e AT

¢. Tie rod holes = NUMDET ceeseescensesocesvocs 4

- Q18MELETY cecoveseccesssonsas 5/16"
d. Inlet hole A1ameteér ceeccevacescssesssvesccse 11/32"®
6. Outlet nole dlameter ...eeeescecacssseccscss 11/32"
f. Bearin, diameter «escesseeeceissssocscssnnes 1/4"

g. Bearing depth ce..eseesssecscccsesiscocnnans 1/16"

E. Impellers and Impeller Shaft.
l. Shaft diameter .'..l.I..Q.lll.....O'....‘...."‘.O 1/4u
2. Smft Lel’lgth .'u.o.o.ov.ol.lo'oooo.c.lo-‘o.oooocoo 34"

3. Distance from bottom shaft to last im=-
peller center .."'...'I.Q....l.'.....‘...0..'... 10-23/32"

4. Numbel‘ lmpellers €85 00 0600 000000 0000000t oo 2
5. Length .[mpelleI’S © 5006004690600 008 0008000080 c0 800000 1" 4/5"

6. ‘V‘Jidth Impellers 0.0....'.'.0'.'..,'0._..,.._.;._..-‘.‘. 1/8"

7. ThiCk-ness Impellers 0 00 s 0a000 00 s essettsset0v bl 1/16"

F. Liquid Seal Pipe.
1. Pipe Dimeter .....Q.O.'...Q..‘-OQ..0...0‘.‘.....0.‘ 1/2“

2. Pipe Lengtb Q.......".O.'A‘....Q‘....Q...O'...I...". 4“

e e R
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TABLE 4
EXTRACTION CURVE DATA

Rate of Flow - Benzene-Acetic Acid - 1.519 ml per sec
Rate of Flow - Water - 6,010 ml per sec
No. of Impellers - 4

3ize of Impellers - 1" x 1/4" x 1/16"

Benzene-Acetic Acid Concentration - 20,2 ml 0.11135N NaOH
for 25 ml Sample

SANPLE EQUILIBKIUM NO. OF

RPM  EXIT HpO 0.1113N ML  SAMPLE  0.1113N ML EQUILIBRIUM
| SPEED (AVG.) IN ML  NaOH(AVG.) IN ML  NaOH(AVG.)  UNITS
;' o 0 50 7.26 25 5.1 0.712
" 1 3118 50 9.00 25 5.1 0,883
; 2 504.2 50 10.6 25 541 1,040
_% 3 541.9 50 10.8 25 5.1 1,059
\ 4 626.1 50 10.91 25 5.1 1.070
;ﬁ 5  707.3 50 11.21 25 5.1 1.090
? 6  780.6 50 11,05 25 5.1 1,083
| 7 867.5 50 10,9 25 541 1,069
| 8  898.6 50 11.06 25 5.1 1,083

9 - - - - - -

944.5 50 11,0 25 5.1 1,078

{
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TABLE 5
EXTRACTION CURVE DATA

Rate of Flow - Benzene-Acetic Acid - 1.510 ml per sec

Rate of Flow - Water - 6.010 ml per sec

No. of Impellers - 2
Size of Impellers - 1" x 1/4" x 1/16"

Benzene-Acetic Acid Concentration - 221 ml 00,1015 ¥ HaOH
for 25 ml Sample

| SAKPLE EQUILIBRIUM N0. OF
RPY  EXIT HpO 0.1015N ML SAMPLE  0.1015N ML EQUILIBRIUM
| SPEED (AVG.) IN ML~ NeOH(AVG.) IN ML,  NaOH(AVG.) UNITS
} 0 0 50 6.9 25 4.88 0. 707
| 1 325 50 £.075 25 4.88 0.828
2 444.8 50 9,07 25 4.88 0. 930
:% 3 553,7 50 9.79 25 4.88 1,002
i 4 622.5 50 10,00 25 4.88 1,025
I 5  T13.2 50 10.21 25 4.88 1.048
I 6  786.3 50 10.23 25 4,88 1.049
it 7 867.9 50 10,32 25 4,88 1.058
1 8  905.7 50 10.50 25 4.88 1.077
i . ) ) ) ] ) )
i 10 964, 50 10,46 25 4.88 1.071
ii
-
1
8 ‘x
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TABLE 6
EXTRACTION CURVE DATA

Rate of Flow - Benzene-Acetic Aclid - 1.519 ml per sec
Rate of Flow - Water - 6,010 ml per sec

No., of Impellers - 1

Size of Impellers - 1" x 1/4" x 1/16"

Bengzene-Acetic Acid Concentration - 16,5 ml of 0.1258N NaOH
for 25 ml Sample

SAMPLE . EQUILIBRIUM NO. OF

5 RPM  EXIT HoO 0.1258N ML  SAKPLE  0,1258N i, EQUILIBRIUM
; SPEED (AVG.) IN ML NaOH(AVG.) IN ML  NaOH(AVG.)  UNITS
' 0 0 50 5.25 25 4.3 0.611
; 1 332.4 50 6. 05 25 4.3 0. 704
; 2 435.8 50 6.73 25 4.3 0. 783
I 3 539.2 50 7.70 25 4.3 0.895
1; 4  630.4 50 8.15 25 4.3 0,948
i 5  717.0 50 8,57 25 4.3 0.996
fi 6  TI7.2 50 8. 60 25 4e3 1.000
I 7 850.9 50 8,73 25 4.3 1,015
i 8  917.7 50 8.80 25 4.3 1.023
! 9 f
i - ) i} ) - -
!{ 10 947.5 50 8.61 25 4,3 1.000
A !
i

B
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TABLE 7
EXTRACTION CURVE DATA

Rate of Flow - Benzene-Acetic Acid - 1.513 ml per sec
Rate of Flow - liater - 6,010 nl per sec
No. of impellers - 1

Size of Impellers - 1/8" x 1" x 1/16"

BENZENL=-ACETIC ACID COUCLdTARATIVY - 25,5 ml 0,1015N NaoOHd
for 25 ml 3ample

SAKPLE KQUILIBRIUN
KPM EXIT o0 0.10154 ¥L SAPLE 0.1015N ML
SPELD (AVG. ) 1iv sl nall (AVG. ) U ML NaOH(AVG. )
0 0 o0 10.29 25 6.5
1 030, 3 50 10.74 25 GeD
2 495.7 50 11.92 25 840
3 565.2 50 12,42 25 840
4 630.0 50 12,48 25 8.9
5 703.1 50 13.35 25 6.0
6 766.9 50 13.48 25 8.9
7 862.1 50 13.30 25 8¢5
8 907.5 50 13. 36 25 6.5
9 - - - - -
10 952.0 50 13.20 25 6495

32

NO. OF
EQUILIBRIUN
UNITS
0.792
0.827
0.918
0. 956
0.961
1.026
1.036
1.022

1.028

1.015
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TABLE 8
EXTRACTION CURVE DATA

)
§
i
il
i
'
.
B
K
.-f'
¥
!

Rate of Flow - Benzene=Acetic¢ Acld - 1.519 ml per sec
Rate of Flow - Water - 6,010 ml per sec
No. of Impellers - 1

Size of Impellers - 1/8" x 1" x 1/16"

Benzene=-Acetic Acid Concentration - 22 ml 0,1015N NaOH
for 25 ml Sample

SAMPLE EQUILIBRIUM NO. OF
| | RPM  EXIT HO 0.1015N ML  SAMPLE  0.1015N ML EQUILIBRIUM
. SPEED (AVG.) IN ML NaOH(AVG. ) IN ML NaOH(AVG. ) UNITS
" 0 0 50 6.3 25 4.5 0.702
*; 1 361.3 50 6.88 25 4.5 0.765
!5 2 444.5 50 7.65 25 4.5 0.850
ig 3 596.8 50 8.03 25 4.5 0.893

ﬁ%‘ 4 6713 50 8. 67 25 4.5 0.964

5; 5  762.0 50 9.03 25 4.5 1. 004

jé | 6  822.5 50 9.26 25 4.5 1.028

i | 7 85L.5 50 9. 50 25 4.5 1.055

if; | 8  893.4 50 9.48 25 4.5 1,054

| ‘: 9 941.0 50 9.95 25 4.5 1,105

qa | 10 970.0 50 9.90 25 4.5 1.100

b




TABLE 9

L

i
il
Y

q .
i

i

e
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EXTRACTION CURVE DATA

Rate of Flow - Benzene-Acetic Acid - 1.519 ml per sec
Rate of Flow - Water - 6,010 ml per sec
Size of Impellers - 1" x .047" dia.

Benzene-Acetic Acid Concentration - 18.2 ml 0.1258N NaOH
for 25 ml sample

SAMPLE EQUILIBRIUM NO. OF
No. OF RPM EXIT Hp0 0,1258N ML  SAMPLE  0,1258N ML EQUILIBRIUM
‘ IMPELLERS (AVG.) IN ML NaOH(AVG.) I ML NaOH(AVG. ) UNITS
" 1 960 50 8.00 25 4.67 0.858
Eﬁ 2 965 50 8.60 25 4.67 0.922
wi. 3 950 50 8.80 25 4,67 0. 945
!  4 950 50 9.00 25 4.67 0.963
) 5 %62 50 9.40 25 4,67 1.008
‘i 6 950 50 9.00 25 4.67 0. 963




PABLE 10
PUNP CALIBRATION

10 ' READINGS ML, PER SEC FLOW READINGS MI, PER SEC FLOW
4 1 . LEFT DIAL RIGHT DIAL
Ej IN EIGHTS 1 2 3 avg. IN EIGHTS 1 2 3 avg.
?3 1 0.717 0.725 0.627 0.690 1 0.780 0.654 0,770 0.735
2 1.445 1,573 1.540 1,519 2 1.546 1.569 1.650 1.588
3 2,470 2.450 2.410 2.685 3 2.530 2,505 2,630 2.555
4 3.230 3.558 3.220 3.336 4 3.540 3.760 3.710 3.670
5 4.175 4.410 4.215 4,267 5 4.210 4,610 4.570 4,463
6 5,130 5.320 5.000 5,150 6 5.130 5.220 5.175 5.175
g 7 5,910 5.925 5.905 5.913 7 6.020 6.000 6,015 6.010
% 8 6.710 6.795 6.530 6.678 8 6.740 6.660 7.400 6,933

4 PR S SR
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TABLE 11
EXTRACTION CURVE DATA
COLUMN NO. S

Rate of Flow - Benzene-Acetlc acid solutlion - 1.519 ml per sec
Rate of Flow - Water - 6.010 ml per sec
No. of Impellers - 2
Size of Impellers - Run I - 3/8" x 1-4/5" x 1/16"

fun II- 1/8" x  4/5" x 1/16"

Benzene-Acetic Acld Cconcentration - 20.0 ml 0.,1122 N NaQH
for 25 ml Sample

speed - 350 RPM

SAMPLE EQUILIBAIUM NO. OF
EXIT HQO 0.1122N ML SAMPLE 0.1122N ¥ML EQUILIBRIUM
RUN IN ML NaQH(AVG. ) IN ML NaOH(AVG. ) UNITS
1 50 10.8 25 4,9 over two

2 50 10,65 25 4.9 over two
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I,

II.

b

Benzene

CALCULATIORS

.One :quilibrium Unit.
Rate of Flow of Benzene-Acetlc Acld Solution - 1.519 ml per sec
Rate of Flow of HpO ~ 6.010 ml per sec

.100 ml 6,010 ml/sec _ =g,

‘Equilibrium Sample Used
100 ml .of Benzene-Acetic acid solution.
396 il of Hy0
Titrating the Equilibrium Semple with .1250N NaOH

- ml .1258N ml
HaOH . .Saggle

4.5 25
4.5 25

For 50 ml sample, 1 equilibrium unit = 9.0 ml .1258N NaOH
Two Equilibrium Units,

Using data from Column 3, Table 11
Benzene -HQQA. -

A {_EQQ; Benzene.
I

Cpr | CprT

kOpy e Gy = kCp

A

HyO

A\

W

-
—

Matsrial Balence
Unit I Ba + WkOpyy = BOpy + Wiflpy
o 9 T s
Wnit II W§ + BOpy = WkGpgy + BOpry

Y I
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where B = Rate of flow in ml/sec of Bengene and
Acetic Acid solutlon
a = Concentration of Acetic Acid in benzene in
ml of .1122N NaOH

Rate of flow of water in ml/sec

=
]

w
i

Distripbution coefficlent = CW
CB

OW = Concentration of Acetic Aclc in water at
equillibrium
Cp = Concentration of Acetic Acld In Benzene at
equilibrium
b = Concentration of acetic acid in water in ml
of .1122N NaCH
The equilibrium sample contalns
.- 100 ml of bengzene-acetlc acid solution
396 ml of water
Strength of benzene-acetlc acid solution 1§ 20 ml of
0.1122N NaOH for a 25 ml sample
Thus in 100 ml benzene-acetic acid solution there are
4 x 20780 ml 0.1122N RaOid
At equilibrium 25 ml sample water tltrated
4,9 ml 0,1122K NaOH
Thus the amount of acetic acid in the 396 ml water at equil-
tortun 1s 238 x 4.9 = 77.8 ml of 0.1122N NaOH
3ince there was 80 ml of 0.1122N NeOH originally, then there
is left in the 100 ml of benzene
80 - 77.8 = 2.2 ml of 0.1122N NaOH of acetic acld

Thus k = LLe8 2.2 = 8,92 ° Cw
3.96 Y (\b
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With a'rate of flow for benzene ag& acetic acid solution
of 1.5&9 ml/sec and for water 6,010 ml/sec, and substituting
in equilations I and II and solving for
CBI we get
Cpr = 0.02227 ml of 0.1122N NaOH per ml sample
since Cy = k Cg
Cy = (8.92)(.0227) é“ﬁf?OB ml of NaOil per ml sample
Thus for a 50 ml sample two equilibrium units are !

50 x .203 = 10.15 ml of 0,1122% HaOH
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