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INTRODUCTION 

The separation of two liquids by using a third liquid is re

ported in the literature using several different types of appara

tus to gain the separation. Data are given for liquid-liquid 

Extraction using a wetter-~'t"all Column (1), (2), {3}, a Packed 

Column (1), (4), (5), (6), (7), (8), (.-1}, (10), a Perforated

Plate Column (6), (11), and a Spray Column (12). With the 

exception of a master's thesis (13) little, if anythinE, is to 

be found in the literature on contL~uous liquid-liquid extraction 

using agitation in a baffled column or perforated plate column. 

The purpose of this 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 9roblems must be overcome and which 

type of column is best suited for using agitation as a method of 

extraction. 

The liquid system selected f'or use in this investigation is 

benzene-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 Acetic aoid 

99.5% acetic acid. 

In order to deter•1ne which design to try out t1rat a search 

ot the literature was made for information and characteristics ot 

liquid-liquid systems (14), (15). Elgin, 1n h1a work on a Spra7 

Column (12), found that all the extraction seemed to take place 
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1n the breaking up of the liquid into bubbles in the spray nozzle 

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

Treybal reported work on a perforated plate tower and his results 

{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 efficiency of the 

column was improved. Prom the above reported results it was 

decided to construct a column with a series of impellers to 

break up strenuously the liquid streams flowi~0 counter current 

through the tower. 

To compare the efficiency of the columns designed, the 

results are reported in equilibrium units. An equilibrium unit 

is the amount of acetic acid extractet'l. frorri. the benzene for a 

given proportion of water to benzene-acetic acid solution when 

the mixture is at equilibrium at room temperature.* 

• see Appendix ( Calcula ti ona J. 
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SUMMARY 

Three different columns were designed and tested using the 

liquid system water-acetic acid-benzene. The first column did 

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

size of the equipment used. The second column operated satis

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-liq~id extraction to iet results of more than 

one equilibrium unit. 

The shape of the curve when equilibriwn uni ts are plotted 

against RPM is an S, reGardleas of the number or size of the im

pellers. (Tables 4-8). A maximum value of equilibrium units is 

approached which it is not ~ossible to exceed, using a benzene

acetic acid-water system of a giver. 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 

solution is constant, and that of the water is constant. (Figures 

10-14 ). 

Keeping the rate of flow constant for the water and the 

benzene-acetic acid solution and the concentration <)f the acetic 

acid in the benzene constant and decreasing the number of impellers 

of a given size, the curve is flattened out, and becomes less steep, 

taking more speed to reach the maximum extraction possible. When 

the impeller aize is decreased, all other conditions being the same, 

the curve 11 flattened still farther and more speed 1s needed to 

arrive at the maximum extraction poaaible. 
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Using the second column, it was possible in all cases, 

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

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

the large column it was possible to exceed two equilibrium 

units of extraction. 

I~ 
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SUGG~TIONS FOR FU'?ORE WORK 

Further investigation is necessary on different liquid 

systems. The system benzene-benzoic acid-water should be in

vestigated. In this system the water film is 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 systen investigated 

here and on other systems. 

Information is needed of temperature effects on extraction. 

whether or not ti1e extraction rate is increased by higher or lower 

temperatures is not knovm. Tem;:>erature o:: the incomins liquids 

may have 11 ttle or no effect on the deg1•ee of extraction achieved. 

On each new system tried, information ls needed on the number 

of impellers, the size of the impellers, and the speed necessary 

to give the best degree of extraction. Speeds of over 950 RPM 

are not possible on the column designed for this investigation. 

Higher speeds should be investigated. 

By modifying the design of the column used in this investi

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

The effect of pressure on the degree of extraction should be in

vestigated tor each system used. 
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New column designs are possible and should be investigated. 

Each system m~y 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-liquid systems. 

A summary of suggestions for Illture work is as follows: 

(1) Investigate different liquid-liquid systems. 

(2) Investigate the effects of varying the flow rates of 

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 H?I1i necessary to obtain the highest 

degree of extraction for each system. 

(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 investigations 

on the new columns. 



'1 
! 
! 

.J 
,·1 

I 

·l 
f' 

7 

COLUMN DESIGN 

Three different columns were designed and constructed for 

this work. 

First Column Design. 

The first column designed ( iigure 1) was made of glass tubing 

with all metal work of aluminum. The glass colurr.n itself was of 

standard pyrex [~lass. The interior of the column consisted of 

five aluminum ;ila.tes forminc four partit1Jns of equal heie;ht. In 

these four partitions were the impellers. !:1e aluminmn plates 

were of two kinds (Fli_!;ure 3 ). 'Lie top plate and bottom plate, 

beside havini:; a hole in the center for the iopeller shaft and a 

hole on the side fol' the baffle rod, also had a. hole for the in

troduction of the liquid into the top and bottom compartments. 

1rhe four impellers mounted rigidly 01·1 the center shaft fell in 

the center of each compartment and supplied the agitation to 

operate the column. 

The baffle rod aerved two pu:rposes. The first, was to hold 

the plates and the impeller in a rigid position, so that the 

entire inside of the column could be :r·emoved 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 it rigid. 

The aluminum end plates were machined with a circular packing 

groove to aeal the glaas tubing to the end plates without leaking. 
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In the top plate five hbles were drilled, one for the entering 

water, one for the exit benzene, one for a liquid seal pipe for 

the impeller rod to pass through entering the column, and two for 

the tie rods. In the bottom end plate, four holes were drilled, 

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 botto~ end plate. 

The liquid entered and left the column throuf;h glass tubing 

bent at right angles and sealed to the aluminum end plates with 

sealing wax. On the enterine water side, in the top, the glass 

tubing extended through the end plate and through the first plate 

so that the water entering the colunui would enter directly into 

the first stirring compartment. rrhe exit benzene line at the top 

came through the aluminum end plate and ended flush with the inside 

edge of the end plate. For the entering benzene-acetic acid mix

ture, the glass tubing extended throu6h the column and plate and 

through the bottom plate the same as the incoming water in the 

top of the column. The water outlet was the sar.ie 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 uaed. By tightening 

or loo1ening these bolt1 the pressure on the packing oould be 

inoreaaed er decreaaed. 
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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 pipe 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 acetic

acid solution enterinc at the botton compartment would pass up 

through the hole in the center of the plate, whlch the impeller 

shaft passes through to each succeedir{; compartment, separate 

frm:i tl·~e \,a ter an,: f'orm n cl ear area ;;f ',vashed benzene a. t the 

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

from the column. 1~ater, entering the top compartment, was expected 

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

through the same c.enter hole in each plate throue;h which the ben

zene was rising. :l:<"ror1 the botton stirrins compartment, the water 

was to separate from the benzene and form a clear layer of water 

and extracted acetic acid solution in ti:ie bottom of the column, 

and this clear wa ter-acetlc acid solution would be forced from 

the bottom of the column. 

The column failed to operate due to large surface tension 

effect 1n 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 eituatlon 

a second column ns designed • 
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Second Column Design. 

The second column design ( :B1igure 2) did away w1 th the .f 1ve 

plates 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, eight pieces of sheet aluminum were welded to 

act as baffles ( }'igure 4). These baffles wer•e fastened ln place by 

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

longer than the glass tubing of the column. Then, by drillin[~ one 

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

the baffle rod hole in the first desie:n, a tight f'i t kept the 

baffles in place when the tie rods were tightened up. 

The type of seal between the end of' the r;lasa tubing an L1 the 

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

nection. A larger, deeper, doughnut-shaped r;roove was machined 1n 

each end plate. A neoprene gasket was cut exactly to fit this 

groove. 'l'he glass was ti.1en inserted, the tie rods tir,:htened, and 

a completely liquid-proof seal was effected for both top and bottom. 

The impeller spacint: was changed on the second column, but the same 

number and size of impellers was used. 

In the place of glass inlets and outlets in the bottom of the 

tower, aopper connectors were threaded in, and copper tubing was 

uaed in place of the glass tubing. This change was necessary to 

keep the benzene from softening the sealing wax and causing leaks 

around the entering and leaving lines in the bottom of the column. 

Thia column operated well. The benzene-acetic acid solution, 

entering the bottom of the column, passed up through the area agi

tated by the tour impellers, and the washed benzene separated out 
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in a clear layer at the top of the column. The washed beneene that 

was forced from the column when collected 1n a three liter bottle 

was clear and free from cloudiness. The water entering at the top 

passed down through the agitated area and separated from the ben

zene to form a r•elatively clear layer of water-acetic acid solution 

in the bottom 1Jf the column. The wash water forced from the bottom 

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

benzene could be detected by smellinr; the used wash water. 

The operation of this second column was cansidered satisfactory, 

and most of the data cathered for this paper ~yere acquired using the 

column as it is deecri bed here, with the exception of t:i.e number and 

size of the impellers. 

Third 901umn Design. 

The third design ( Ficure 5) was based on the resul ta and opera

ting behavior found in opera tins column two. 'I1his thlrd colwnn was 

designed larger than the first two to eliminate surface effects 

present in the smaller apparatus. 

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

the column could be witnessed. Copper and brass were ,1sed for the 

inside work in the column. Sheet a teel was used for end pla tea, 

because neither copper, brass nor aluminum were available in the 

thickness required. 

The inaide of the column was divided into four canpartments of 

almoet equal size. Three perforated copper plates (Figure 6) were 

uaed to divide the column into compartments. The first plate and 

the third plate dre each ot the same a1ze and bad tb.e aame a11e 

hOl••~ 
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The center plate was the aame size as the inside diameter ot 

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

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

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

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

them, one center hole throu6h which the impeller shaft passed, 

slightly smaller than tile othe1' four holes, and four lare;er holes, 

one spaced every 90° a.round the plate close to the outside edge of 

the plate. 

These t>lates were made fast as a unit by fo-u.r longitudinal 

copper baffles. The copper plates were silver soldered to these 

four baffles. Through the center of trie ;)la tes ran a brass impeller 

shaft on which were rJoun ted two brass impellers. The brass impellers 

were soldered to t11e shaf't in the center of the middle two compart

ments. Tr1ese two center comnartme_r:its were the mixinr.: com0artrnents. - .! ~ . 
r.r11e brass impeller shaft entered the column thr0ush a liquid 

seal similar to the t~'pe used an columns one and two. r.rbe brass rod 

rested on the bottOifl end plate in a bearing groove cut in the center 

of the steel plate. '11he top arn.l bottom end plates had four holes 

drilled in them for four tie rods, and also two holes (threaded) 1n 

each plate, one for the incomlrl.[; liquid and the other for the out

going liquid. These holes were fitted with cop1ier tubing connections. 

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

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

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

pipe. 
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The four tie rods were of steel rod, threaded on both ends. 

A rubber gasket was cut to fit a1'ound the end of the glass tubing, 

flat against the steel plate at both ends. Tr1e top ends of the 

four baffles pressed into this rubber gasket and were prevente4 

from rotating as the impeller shaft rotated. The rubber acted as 

a liquid-proof seal when the coltunn was assembled and the tie rods 

tightened. 

In order' to support the column l,i a vertical position, two 

pieces of a teel roe \'-i"ere weldeci to t~1e top arn~ bottom end _pla tea, 

so tlla.t recular ri!1g-stand clamps and a rin~-stand co:1ld be used 

to hold the column in a rigid vertical ;,osi tion. 

The colwnn operated satisfactorily and soce of the data taken 

in this paper were taken from this large column. As in the second 

column. washed benzene was taken froi:1 the top of the column clear 

and free from cloudiness, while was:. water was .;:·emoveJ f ro:n the 

bottor.: of the column fairly clear· from cloudiness. The wash water 

removed from this column was clearer than tlla t removed from the 

second column, but still retained the benzene odor. 

Tables 1, 2, and 3 contain construction dimensions for 

columns 1, 2, and 3 respectively. 
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AUXILIARY EQUIPMENT 

To operate the colUlllD. correctly and obtain reproducible data, 

the following pieces of auxiliary equipment and control instru

ments were needed: 

l. A Milton Roy Chemical Proportionating Pump. 

2. A variable speed electric laboratory mixer. 

3. A constant level device. 

4. Two five-gallon glass storage jugs. 

5. A 55-gallon metal water storage drum. 

6. A stroboscope. 

7. Connecting tubing of copper, glass, neoprene 

and synthetic rubber. 

The i,Jilton Roy Chemical Proportionating !ump was used to 

supply both the water and the benzene-acetic acid solution to the 

column. The capacity of the pump could be varied 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), 

so that any given amount of liquid can be pumped from either side 

by setting the dial. Calibration data for the pump are given in 

Table 10. 

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

One jug held the washing water and the other the benzene-acetic acid 

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

solution, a constant temperature supply of wash water was maintained 

trom a 55-gallon ateel storage drum that fed by grav1 ty into the 

5-gallon water jug. 
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The power to run the impeller was supplied by a variable 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 keepinc the benzene-water interface at a pre

determined and constant level in the column during a run was de

signed (J:<·igure 8). The device consisted of a piece of' glass tubing 

into the botto:.n of wbich was a. two-i1ole rubber stopper and into the 

top of which was a one-hole cork stop)er. 'I1he incomine:, wash water, 

after leaving the column, entered the bottom of the leveling device, 

the entering glass tubin,: extendin, into the levelin-' device only 

as far as the lnside ecl£:e of the rubber stopper. 'lhe exitinL; wash 

liquid spilled over a glass tubinE; stand pipe inside the leveling 

device and left through the bottom rubber stopper. This stand pipe 

glass tubing entered the levelinr device through the bottom rubber 

stopper and extended tllree-fourths tile way up the inside of the 

leveling de·lice. 11he end of the glass stand. pipe into which the 

water spilled. was slightly enlarced. ;r:1e top rubber stopper hole 

was for a vent only. The entire levelin~~ device could be raised or 

lowered easily so that by regula tine the head of liquid 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. Two marks were made in India ink on 

the impeller shaft. A straight series of dots about an inch long, 

running parallel to the vertical axis of the abaft, were drawn on 

one side. Halt a revolution farther, a wavy line was drawn in India 

ink parallel to the vertical axis of the shaft and also about an 

inch long. By .focusing the stroboscope on the impeller shatt where 
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these lines were located, it was possible to read. the speed, in 

RPI, of the shaft. 

The connecting tubing used in this set-up varied greatly. 

Saran tubing was used to connect the liquid reservoirs to the 

proportionating pump. Copper tubin~ was used to collllect the pump 

to the inlets on the top and bottom of the columns. rt'u.b ber tubing 

(neoprene) was used to connect the wash water from the column to 

the constant 1 evel device. Glass tubing and rubber tubing were 

used to carry the was:1 water from the cor1sta;--1t level device to the 

drain. Neoprene tubin~ was JS ed to carry the washed benzene to the 

used benzene storace drum. 
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METHOD OF TESTING 

A solution of benzene and acetic acid waa made up such that a 

25 ml sample would titrate about 22 ml of O.l normal NaOH using 

phenolphthalein indicator. 1he approximate ruuount of acetic acid 

needed for this concentration was 90 ml of glacial acetic acid to 

five Ballons of benzene. The benzene-acetic acid mixture was con

tinuously agitated du:rin0 the entire rw1 by using a varlable speed, 

electric powered, laboratory stirrer. 

The proport1onatin0 pump was set at aeven-eir;hths on the out

side dial for the water f' eed, and at two-eighths on the ou tf: 1de dial 

for the benzene-acetic acid solution feed. rr~11s Gave a flow of water 

of 6.01 ml per second and of benzene-acetic acid solution of 1~52 ml 

per second. 'lhe column was then fillec. with benzene up to the center 

of the second baffle from tae bot tor.i, tJ1e i..,emain ln~ space being 

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

face constant at this point throuchou.t 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 five minutes was allowed for the 

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

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

stroboscope was used to check the speed of stirring. After about 

five minutes bad elapsed, saJnples were taken in a 50 cc graduated 

flask. The contents were then poured into a 150 cc Erlenmeyer flask 

to which five drops of phenolphthalein indicator were added and 

titrated 111 th about 0.1 nozmal sodium hydroxide solution to the end 

point. When three t1trat1ona were within .5 ml ot each other, the 



·, . - ~ ..... .C ' . ' 

18 

column was assumed to be at equilibrium. At least three runa were 

always taken. 

The washed benzene exiting from the tower waa collected and 

re-used in future runs. 

to run down the drain. 

The wash water f\m the column was allowed 

The sane procednre was followed on the large column with two 

exception a. The first was t!la t the interface of the benzene and 

water was ~~ept -::onstant at one inch below tne lower plate in the 

column. The second e:i;.ce:'.)tion was that a r.mch longer time was 

necessary to allow t:1e colurm1. to come to eqn 111 briur:1 after start

ine~, .)r when t;i.e impeller apeecl is cha.ri{'.ed -- about 30 minutes 

being required for t:1e column to come to equilibrium when it was 

first· started up. 
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RESULTS 

Columns two and three both gave results over one equilibrium 

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 usinf e1 ther col ur.u1 two 02 column three, it was possible 

continuously to separate acetic acic. from benzene by aaing agi t-

a tion in a baffled column and obtain a. better separation tha...>1 one 

equilibrium 1.U1.it. 
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DISCUSSION 

All three columns designed and tested were made of pyrex glass. 

By Wling glass, it 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 inside 

of the column. 

The first column design failed to operate, because 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. (This proved to be the corr,.:ct reason 

for the first colunm failure, for when the third column was designed, 

pla tea with larr,er holes were used and there was no trouble in its 

operation. ) 

The second column of approximatel.Y the same diameter as the 

first had a different interior, baffles belng substituted for plates. 

When operated at slow speeds, under 300 RPM, the bubbles of benzene 

passing up the colu.,m were broken up at each imp ell er level and not 

a great deal of horizontal throw-off fror:i the im9ellers was observed. 

The bubble size on leaving the top impeller was smaller than the 

original break-up at the first impeller 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 RPM in the second oolumn, using .four impellers, the en

tire column, with the exception of the layer of ben1ene at the top 
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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 impeller and going out an different sides in an arc back to 

the impeller shaft along the baffles. 'fii.ere did not appear to be 

an end-to-end tum-over of the entire agitated liquid • 

When fewer impellers were used, the only difference noted was 

at slower speeds where the bubbles were not broken up as well. At 

high speeds w1 th but one impeller, the column was milky to the same 

extent as with four impellers, but there was not as much turbulence 

visible. 

The capacity 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 either 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 wine, were used at high speed it was 

possible to draw off clear benzene at the top of the column and clear 

water at the bottom. Agitation in this larger column was restricted 

to the two mixing compartments, the perforated plates end baffles, 

keeping the two end settling compartments calm and clear. A thin 

layer of wa tar formed on the top of the center plate and 1 t 1a 
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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 di vi ding the column into two 

completely separate sections. 

The pattern of agitation in each mixing compartment was the 

same as described in the smaller colmnn, but the agitation was 

confined to the mixing compartments. 

Because the system selected to study ha~ a distribution co

efficient of about :1lne, it was not possible to cet conclusive 

results. The difference between two equilibrl um uni ts and t:t1ree 

equilibrium uni ts on this system was wl thin the 11:ni t of error of 

the experimental work. 

The difference in the number of equilibrium W1ita possible, 

usinc different nQ~bers and sizes of impellers, was probably 

caused by surface effects within the column. In the second column, 

it was observed that globules of benzene would clin6 to the baffles, 

especially near the interfac~ and suddenly release and float upward 

in the column. This was probably the cause for the variations in 

the number of equilibrium units possible, using different numbers 

and sizes of impellers. 
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1. 

m. 

n. 

Gasket Groove Inside diameter ••••••••••••••• 

Pyrex Glass over flow {diameter) • ••••••••••• 

Pyrex Glass over flow (height) ••••••.••••••• 

Pyrex Glass Tubing Connection (diameter) •••• 

2. Bottom. 

a. Diameter •••••••••••••••••••••••••••••••••••• 

b. Thickness ••••.•••••••.•••••••.••••••••••.•••• 

c. Inlet Hole (diameter) ••••••••••••••••••••••• 

d. Outlet 1fole (diameter) . ................ • .... . 
a. Copper Tub inc Connec ti 011S (diameter) •••••••• 

f. Bearin1::; diameter ••..•••••••••••••••••••.••••• 

g. Bearing De::-,th • •••••••••••••••••••••••••••••• 

D. Impeller Shaft. 
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1- 3/4• 

3/8" 

3- 3/16n 

9/32" 

3- 7/16" 

7/16" 

11/3211 

11/32" 

1/2" 

3/16" 

1/8" 

1. Length •• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ ...... . •• 23" 

2. Diameter ••••••••••••..•.•.••••••••••••••• • •.••••• 3/16 11 

3. Bottom of Shaft to Center of Impeller • ••••••••••• 5" 

E. Impellers. 

1. Number •••••••••••••••••••••••••••••••••••••••••• 4 

2. Length •••••••••••••••• ·• ••••••••••••••••••••••••• l" 

:3. Thickness ••••••••••••••••••••••••••••••••••••••• 

4. ~Vidth ••••••••.•••••• • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

5. Distance apart in centers••••• •••••••••••••••••• 

F. Tie Roda. 

1. Number •••••••••••••••••••••••••••••••••. • •••••••• 2 

2. L th 16 ft 
eng • • • • • • • • • • • • • • • • • • • • • • .- • • • • • • • • • • • • • ~ • •• • • 

3. D1ameter •••••••••••••• •• •••••••••••••••••••••••• 3/1611 
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TABLE 2 

DIMENSIONS OF SECOND COLUMN 
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·l. IJength ••••••.••.••••.••••• ·•.• .. • • • • • • . • • • • • • • • • • • 15-5/16" 

2. Inside diameter ••••.•.••••.•••••••••••.•.•••.• " • • 1-23/32" 

3. Outside diameter •••• · .•.•• · •• ·• .•..• : ••••.•• ·• •.•.•.••• 1- 7/8" 

B. Baffles. 

1. No. per fas ten er rod • • • • • • • • • . • • .• • • • • • . • • • • • • • • • 8 

2. Leng tl1 • • • • • • • • • • • •. . • . . • • • • • • • • • • •. . • • • • • . • • • • • • • • • l 11 

3. Wld th ••••••••.•••••••••••••••••.•••••.•.••• • •••• 5/8" 

4. Thickness • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . . . • • • • • • 1/16" 

5. Distance from end of fastener rod to center 
of first baffle••••••••••••••••••••••••••••••••• 1- l/8" 

6. Distance center to center••••••••••••••••••••••• 1- 3/4• 

7. Distance from center to bottom baffle to end 
of fastener rod ..••.•• •••••••••••••••••••••••••• ·l" 

c. Fastener :fod. 

1. jumber ........................... ~ ... • .. ·• ........... . 
2. Length I e I I I e e I I • I e e I •.• I D • .1 I I.I •• e .e e I I I I e • j I e a I I I a 

3. Diameter•••••••••••••••••••·······~·············· 

D. End Platea. 

l. Top and Bottom. 

Same as in Column I, except for different gasket 

groove. 

a. Gasket groove - outside diameter • •••••••••• 

b. Gasket groove - inside diameter •••••••••••• 

o. Gaaket groove - depth•••••••••••••••••••••• 

2 

14- 1/2" 

3/16" 

2- 3/16 • 

1-11/16" 

1/4· 
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d. Gasket groove - depth •••••.••••••••.•••••••• 

e. Neoprene gasket - thickness••••••••••••••••• 

E. Impeller Shafts. 
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1/4" 

1/8" 

l. Length •.•.•••••••.•••••••.•• e •••••••••••••••••••• . 23n 

2. D1ame ter ...•••••••.•.•••.•.••••••••.•....•.••.••• 

3. bot tom of Shaft to center· of last impeller • •••••• 

4. ~istance between impellers (in center) •••••••••••• 

F. Impellers. 

1. Number ................................................. 
2. Length •••• ••••••••••••••..••.•.•••.•• _ ..••••.•.•• ·~· ••• 

3. 'thickness . ...................... •· ........... ~ ..... . 
4. V~idth ••..•••. • •.• • • ·· • • • • • •• • • • • • • • • • • • • • • • • • • • • • • 

? 

3/16" 

5-1/2" 

1-3/4 11 

4 

l" 

.l/16 11 

1/4" 



TABLE 3 

DIMENSIONS OF' THIRD COLUMN 

A. over-all. 

1. Length ••••••••••••••••••••••••••••••••••••••••••• 

2. Inside diameter •••••••••..••••••• • • • • • • • • • • • • • • • • 

3. Outside diameter ••••••••••••••••••••••••••.••••••• 

B. Plates. 

1. ~umber- ••••••• ••••••••••.•.••••.•• ~ •••••••. Ii •••••.••••• 

2. Lia.nie ter· 

a. 1rop and Lottou plates • ••••••••••••••••••••••• 

b. Center plate •••••••••••• .................... 
3. Genter 'tOle Diameter •••• e •••• •••••••••••••••••••• 

4. Top anC: bot torn plates - outside holes (diameter) • 

5. Genter plate outside holes ••.•••••••••••••••••••• 

c. Bafflea. 

1. Number ............................................... 
2. Length I I • a I e I I • e I I • I I I t I I • • • I • I I I e I • a I • I I 1. I I I I I e I 

3. ~.'iid th .................. ' ••.•••••••••••••••• ~ •••••••• 

4. Thick.r1ess ............... , .............................. . 

D. End Plates. 

1. Top. 

a. Diameter ••••••• . ................................ . 
b. Thiokrless •••••••••••••••••••••••••.•.••••••• 

c. Tie rod holes - number ••••••••••••••••••••. • •. 

- diameter•••••••••••••••••••• 

Inlet hole (41ameter) ••••••••••••••••••••••• 
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28- 3/4n 

3-11/16" 

3- 7/an 

3 

3- 3/32" 

3-11/16" 

5/8" 

7/8" 

1/2 11 

4 

6" 

4 

2/5" 

1/16" 
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2. 

e. Outlet hole (diameter) ••••••..••......•.••• 

r. Center hole • •••••••••••••••••••••••••••••••• 

Bottom. 

a. Diameter ...................... ~ .............. . 
b. Thickness ••.•••••••....•.•.••....•...••••.•• 

c. Tie rod holes - number •••••• • ••••••••••••••• 

- diameter ••••••••••••••••••• 

d. Inlet hole diameter •••••••••••••••••••••••• 

e. 

f. 

Outlet hole diameter • ••••••••• 0 •.••••••••••• 

Bear in,-: diameter ••••••••••••......••••••••••• 
( .. 

g. Bearing depth ••••••••••••••••••••.••••••••. 

E. Impellers and Impeller Shaft. 

1. Shaft diameter ••••••••••••••••••••••••••••••••••• 

28 

6" 

4 

ll/32" 

7/16" 

3/8" 

5/16" 

ll/32D 

11/32" 

1/4" 

1/16" 

1/4" 

2 • Slla.f t T..1en g th • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 34" 

3. Distance from bottom shaft to last im-
peller center ••.•••••••••••••••••••••••••.•••••• 10-23/32" 

4. Nu.m.ber Impellers •••••••••••••••••••••••••••••••• 

5. Length Impellers •••••••.•••••••••••••••••••••••• 

6. Width Impellers ••••••••••••.••••••••••••••••••.•• 

7. Thickness Impellers ••••••••••••••••••••••••••••• 

F. Liquid Seal Pipe. 

1. Pipe Diameter ••••••••••••••••.•••••••••.•.•••••••• 

2. Pipe Length •••••••••••••.•••••••••••••• ·• ••••••••• 

2 

1- 4/5" 

1/8" 

1/16" 

4" 
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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 

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

Benzene-Acetic Acid Concentration - 20.2 ml 0.1113N NaOH 
for 25 ml Sample 

SAMPLE E~U ILIBHIU1,1 
RPM EXIT H20 O.lll3N ML SAMPLE 0.1113N ML 

(AVG.) IN ML NaOH(AVG.) IN ML NaOH(AVG.) 

0 50 7.26 25 5.1 

311.8 50 9.00 25 5.1 

504.2 50 10.6 25 5.1 

541.9 50 10.8 25. 5.1 

626.1 50 10.91 25 5.1 

707.3 50 11.21 25 5.1 

780.6 50 11.05 25 5.1 

867.5 50 10.9 25 5.1 

898.6 50 11.06 25 5.1 

- - - -
944.5 50 11.0 25 5.1 
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NO. OF 
EQUILIBRIUM 

UNITS 

0.712 

0.883 

1.040 

1.059 

1.070 

1.090 

1.083 

1.069 

1.083 

-
1.078 
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TABLE 5 

EXTRACTION CURVE DATA 

Rate of Flow - Benzene-Acetic Acid - 1.519 ml per sec 

Rate of F1low - Water - 6.010 ml per sec 

No. of Impellers - 2 

Size of Impellers - 111 x 1/4" x 1/16" 

Benzene-Acetic Acid Concentration - 221 ml 0.1015 H HaOH 
for 25 ml Sample 

30 

SAJV:PLE EQUILIBiUUM NO. OF 
RP!~i EXIT H20 0.1015N ML SAMPLE 0.1015N ML EQUILIBRIUM 

SPEED (AVG.) IN ML NaOH(AVG.) IN ML ~raOH(AVG.) UNITS 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

0 

325 

444.8 

553.7 

622.5 

713.2 

786.3 

867.9 

905.7 

-
964. 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

6.9 

8.075 

9.07 

9.79 

10.00 

10.21 

10.23 

10.32 

10.50 

-
10.46 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

4.88 

4.88 

4.88 

4.88 

4.88 

4.88 

4.88 

4.88 

4.88 

4.88 

o. 707 

0.828 

0.930 

1.002 

1.025 

1.048 

1.049 

1.058 

1.077 

1.071-



. ' 

1l 
' :f 

"t· 

. I 
; i 
Ii 
' I·! 
: .'1 . ' 
' ' 

'I 

SPEED 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

TABLE 6 

EXTRACTION CURVE DATA 

Rate of Flow - Benzene-Acetic Acid - 1.519 ml per 

Rate of Flow - Water - 6.010 ml per 

No. or Impellers - l 

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

31 

sec 

sec 

Benzene-Acetic Acid Concentration - 16. 5 ml of 0.1258.N. NaOH 
for 25 ml Sample 

SAMPLE EQUILIBRIUM NO. OF 

RPM EXIT H20 0.1258N. ML SAMPLE 0.1258N ML EQUILIBRIUM 
{AVG.) I;{ ML NaOH{AVG.) IN ML NaOH{AVG.) UNITS 

0 50 5.25 25 4.3 0.611 

332.4 50 6. 05 25 4.3 o. 704 

435.8 50 6.73 25 4.3 0.783 

539.2 50 7.70 25 4.3 0.895 

630.4 50 8.15 25 4.3 0.948 

717.0 50 8.57 25 4.3 0.996 

777.2 50 8.60 25 4.3 1.000 

850.9 50 8.73 25 4.3 1.015 

917.7 50 8.80 25 4.3 1.023 

- - - - -
947.5 50 8.61 25 4.3 1.000 
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TABLE 7 

EXTRACTION CURVE DATA 

Rate of Flow - Benzene-Acetic Acid - 1.519 ml per sec 

Rate of Flow - Hater 

No. of Impellers - 1 

6. 010 ml per sec 

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

BEl~ZEN}~-ACETIC AC.I:-: ;:;J;i"c~;fi'nArJ'IJ •. : - ·25. 5 ml 0.1015N NaOH 

for 25 ml Sample 

SAMPLE EQUILIBRIUM 
HPM EXIT h20 0.10151: r1rL SAMPLE 0.1015N ML 

(AVG.) r.:; :w11 ;iUOil ( I\. i/G. ) TN .ML NaOH(AVG.) 

0 50 10.29 25 6.5 

330.3 50 10.74 25 6.5 

495.7 50 11. 92 25 6.5 

565.2 50 12.42 25 6.5 

630.0 50 12.48 25 G.5 

703.l 50 13.35 25 6. 5 

766.9 50 13. 48 25 6.5 

862.1 50 13.30 25 6. 5 

907.3 50 13.36 25 6.5 

- - - - -
952.0 50 13.20 25 6.5 
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NO. OF 
EQUILIBRIUM 

UNITS 

o. 792 

0.827 

0.918 

0.956 

0.961 

1.026 

1.036 

1.022 

1.028 

-
l.015 
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TABLE 8 

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 - 1 

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

Benzene-Acetic Acid Concentration - 22 ml 0.1015N NaOH 
for 25 ml Sample 

SAMPLE EQUILIBRIUM 
RPM EXIT H20 0.1015N ML SAMPLE 0.1015N ML 

SPEED {AVG.) IN ML NaOH(AVG.) IN ML NaOH{AVG.) 

0 0 50 6.3 25 4.5 

1 361.3 50 6.88 25 4.5 

2 444.5 50 7.65 25 4.5 

3 596.8 50 8. 03 25 4.5 

4 671.3 50 8.67 25 4.5 

5 762.0 50 9.03 25 4.5 

6 822.5 50 9.26 25 4.5 

7 851.5 50 9.50 25 4.5 

8 893.4 50 9.48 25 4.5 

9 941.0 50 9. 95 25 4.5 

10 970.0 50 9.90 25 4.5 

33 

NO. OF' 
EQUILIBRIUM 

UNITS 

o. 702 

0.765 

0.850 

0.893 

0.964 

1.004 

1.028 

1.055 

1.054 

1.105 

1.100 



TABLE 9 

EXTRACTION CURVE DATA 

Rate of Plow - Benzene-Acetic Acid - 1.519 ml per sec 

Rate of Plow - Wa tar 6. 010 ml per sec 

Size of Impellers - l" x • 047" dia. 

Benzene-Acetic Acid Concentration - 18. 2 ml 0.1258N NaOH 
for 25 ml sample 

SAMPLE E'=tUILIBHIUM 
No. OF RPM EXJT H20 0.1258N ML SAMPLE 0.1258N ML 

IMPELLERS (AVG.) IN ML NaOH(AVG.) I.'.'J ML NaOH(AVG.) 

1 960 50 8.00 25 4.67 

2 965 50 8.60 25 4. 67 

3 950 50 8.80 25 4. 67 

4 950 50 9.00 25 4.67 

5 962 50 9.40 25 4. 67 

6 950 50 9.00 25 4.67 

NO. OF 
EQUILIBRIUM 

UNITS 

0.858 

0.922 

0.945 

0.963 

1.008 

0.963 



READINGS 
LEFT DIAL 

·:{ 
IN EIGHTS 

' I : I 
1 

I : 

2 

1 
3 

I 4 
' 

5 

6 

7 

8 

'?ABLE 10 

PUMP CALIBRATION 

ML PER SEC FLOW READINGS 
RIGHT DIAL 

1 2 3 avg. IN EIGIITS 

0.717 0.'725 0.627 0.690 1 

1.445 1.573 1.540 1.519 2 

2.470 2.450 2.410 2.665 3 

3.230 3.558 3.220 3.336 4 

4.175 4.410 4.215 4.267 
,. 
0 

5.130 5.320 5.000 5.150 6 

5.910 5.925 5.905 5.913 7 

6.710 6.795 6.530 6.678 8 

ML PER SEC PLOW 

1 2 3 avg. 

0.780 0.654 0.'770 0.735 

1.546 1.569 1.650 1.588 

2.530 2.505 2.630 2.555 

3.540 3.760 3.710 3.670 

4.210 4.610 4.570 4.463 

5.130 5.220 5.175 5.175 

6.020 6.000 6.015 6.010 

6.740 6.660 7.400 6.933 



TABLE 11 

EXTRACTION CURVE DATA 

COLUMN NO. 3 

36 

Rate of Flow - Benzene-Acetic acid solution - 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 11 x 1-4/5" x 1/16" 

i\UU II- 1/8" X 4/5 rr X 1/16" 

Benzene-Acetic Acid Concentration - 20.0 rtl 0.1122 N NaOH 
for 25 ml Sample 

Speed - 950 RPM 

SAMPLE EQUILIB,iIUM NO. OF 
EXIT H2o 0.1122N ML SAMPLE 0.1122N ML EQUILIBRIUM 

RUN IN ML NaOH(AVG.) IN ML NaOH(AVG.} UNITS 

1 50 10.s 25 4.9 over two 

2 50 10.65 25 4.9 over two 
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I. . On.a 1<4uµ.1br1 ~ Unit. 

~ate of Flow· ot Benzene-Acetic Acid Sol"tition - 1.519 ml per sec 

Ra.~e of Flow of il20· ..;. 6 •. 910 ~. ,per· sec 

.100 ml 6.010 ml/seo = 396 ml 
1. 519 ·~/sec · · · · 

Equil~brium ·sample Used .. 

100' ·nil .of Benz.ene-Acetic acid ·solution. 

396 ml ·of· H2o 

Tit~atlng. the Eq~ilibrium Sample wlth .1258N ~aOH 

ml .125.BN 
NaOH. 

4·.5 
4.p 

ml 
-.Sample 

·2.5 
25 

For 50 ml. ·sampl.e, 1 equ111br1 um unit = 9. O ml .1258N NaQH 

II. Two Equilibrium .Unit~. 

Using data from Column .3, Ts.bl~ ~l 

Benzene .'.) 
-

' 
H20 Benzene. 

·C 
Bl ' CBII 

'y 
.~ 

,\. 

'-7 
' 

kCBl .kCBlI 

0 
Benz.ens 

' I .... :. . - I~ 

H20 -
~ 

Jlatwial ~-~ 

Unit l - + -.0SII • BCBI + ·1i1J1I 
. ,O . 

w, U •·+·Beaz • atazI ·• BO.all 

cw 
k=-

Cs_ 

. ..Ii: 



-~ ! ~ . J.: .. , ' 

r..,,r 1 .~1 .. ,,~~/• 
~.1.-.c.-.,.,i,·-:- r:-•,.: __ -· .'1._ .. ;:1,..,.lL1 

... J .•., .• , ~ .... ~ 

r jJ:r{'.j 

where B = Rate of flow in ml/sec of Benzene and 

Acetic Acid solution 

53 

a= Concentration of Acetic Acid in benzene 1n 

ml of .1122 N Na. OH 

W = Rate of flow of water in ml/sec 

k·= Distribution coefficient= CW 
CB 

CW== Concentration of Acetic Acid i~ water at 

equilibrium 

CB == Concentration of Acetic Acid :!.n Benzene at 

equilibrium 

b = Cancentra tion of acetic acid :!.n water in ril 

of .1122N Na.OH 

The equilibrium sample contains 

100 ml of benzene-acetic acid solution 

396 ml of water 

Strength of benzene-acetic acid solution 15 20 ml of 

0.1122N NaOH for a 25 ml sample 

Thus in 100 ml benzene-acetic acid solution there are 

4 x 20 = 80 ml 0.1122 N Na.OH 

At equilibrium 25 ml sample water titrated 

4. 9 ml 0.1122N NaOH 

Thus the amowit of acetic acid in the 396 ml water at equil

ibrium is s:~ x 4.9 = 77.8 ml of 0.1122N Na.OH 

Since there was 80 ml of 0.1122N NaOH originally, then there 

is left in the 100 ml of benzene 

80 - 77.8 = 2.2 ml or 0.1122N NaOH of acetic acid 

Thua k = 2.7:J!. 2- 2. 2 = 8, 92 - C. ~ 
3.96 • Ca 

"- - ... - . - . 
- - - . . 
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With a rate of flow for benzene anq acetic acid solution 

8 1/V 
of 1.519 ml/sec and for water 6.010 ml/sec, and substituting 

in equilations I and II and solving for 

CBI we get 

CBI = O. 02227 ml of 0.1122N NaOH per ml sample 

since Cw= k CB 

Cw= (8.92)(.0227) iu:203 ml of NaOH per ml sample 

Thus for a 50 ml sample two equilibrium units are 

50 x .203 :: 10.15 ml of 0.1122.N NaOH 

! 
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