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INTRODUCTION 

The process of simple liquid extraction is a means of sepa- 

ration involving the relative solubilities or the distributional 

properties of a material between two immiscible liquids. If a 

solution of the material to be extracted is brought in contact 

with a second immiscible liquid, and the material has a prefer- 

ential solubility in the second, an extractive transfer occurs 

between the liquids. After equilibrium is attained the two liq- 

uid phases are separated and the solvents recovered by distilla- 

tion or another economical recovery system. 

Instead of bringing the solution to be extracted and the ex- 

tracting solvents together in single stage, it is also possible 

and sometimes advantageous to allow the contact to be of a multi- 

stage form with countercurrent flow of the solvents. A vertical 

tower is usually incorporated and the difference in specific 

gravities of the immiscible liquids passing through numerous mix- 

ing and calming sections allows both countercurrent flow and 

multi-stage contact. Thus, it can be seen that as the solvent 

flows up or down the tower, as the case may be, there is an en- 

richment or a stripping effect comparable to that of fractional 

distillation. Numerous designs and patented pilot-plant extrac- 

tors have been created in recent years, but economically feasible 

industrial applications, the lack of ternary and polynary phase 

data, distribution coefficients for complex systems, and methods 
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of calculating equilibrium stage efficiencies have curtailed the 

advancement of the field. 

Scheibel, designer of the apparatus used in this study, pre- 

sented a method of stage calculation for a fractional extraction 

of isomers of chloronitrobenzene and several nonideal systems 

(18). Hixson and Smith (11) developed a method for predicting 

the quantitative performance of an agitator in liquid-liquid ex- 

traction systems. An equation was derived for weight of solute 

transferred from one phase to the other and verification was 

shown through a water-iodine-carbon tetrachloride system. Bar- 

tels and Kleiman (2) proposed a simplified mathematical approach 

for determining the effect of operating variables on liquid- 

liquid fractionation and presented equations and charts relating 

recovery and purification to the number of ideal stages and the 

feed point for fractional distribution coefficients between im- 

miscible solvents. Methods of obtaining overall stage efficien- 

cies, distribution coefficients, and overall performance data 

will be discussed more in detail in the section on Calculations. 

The field of metallurgical extraction of inorganic salts 

from minor amounts of contaminating elements has been advanced 

by workers for the Atomic Energy Commission and others working 

on rare earth separations. Uranium metal, in an extremely pure 

form, has been obtained through an ethyl ether leaching-extrac- 

tion of uranyl nitrate in water solution with concentrations of 

boron, cadmium, indium and salts of other elements. Both thorium 

nitrate and uranyl nitrate can be extracted and separated from 
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water solution by ether, owing to a difference in distribution 

coefficients (16, 19, 23). 

Ferric chloride in aqueous solution has been extracted with 

isopropyl ether and studies for increasing the distribution 

coefficients with HC1 in common ion effect have shown favorable 

results (10, 14, 15). 

Garwin and Hixson (9) performed a separation of nickel and 

cobalt chlorides by extraction of the aqueous solution with 

capryl alcohol. 

The liquid extraction method for separation of the rare 

earth metals has become a most important field, in recent years, 

since it eliminates the time consuming batch recrystallizations 

necessary under the older method. Through the work of Asselin 

and Comings (1), the separation of neodynium and thorium has 

been accomplished and separations of zirconium and hafnium, lan- 

thanum, neodymium and neptunium from their impurities with ether 

(4, 6, 7, 21, 24), also have been performed by simple liquid ex- 

traction. There are potential possibilities in the pilot-plant 

extraction of other rare earth nitrates using water and hexanol 

(21) and various other organic solvents (3). 

PURPOSE OF THE STUDY 

The purpose of this research study was to obtain a high 

purity extraction process for the separation of cadmium salts 

from those of copper. With the increasing demand for purification 



of certain metallic elements as set forth by the Atomic Energy 

Commission and interest extended by the paint pigment industries, 

this study was conducted to obtain a method of separation for 

high purification employing continuous flow equipment. 

Yost generally, cadmium salts are associated with the salts 

of zinc, lead, and copper, and metallic cadmium is recovered in 

an unpurified commercial form by the direct smelting of the sul- 

fide ores. The sulfide mineralization of cadmium, called green- 

ockite, occurs as a yellow strain or coating on lead and zinc 

ores of Joplin, Missouri, Southern California, and New Jersey. 

In the Kansas-Missouri district, zinc blend ores containing as 

high as 2.02 cadmium are associated with copper pyrites of con- 

centrations of 0.1 - 3.0%. A 60 - 80% pure form of cadmium 

metal is obtained as a byproduct of the zinc distillation of 

these ores. Cadmium being more volatile, distills off in the 

first fraction and through a series of batch distillations-re- 

crystallizations a 98% pure form may be obtained. In the case 

where there are contaminating elements in the zinc product, the 

ore is put into solution and the zinc is precipitated as the 

sulfide under controlled pH conditions. Cadmium is then pre- 

cipitated-from solution, but because of chemical similarity, 

copper contaminates the product. Introduction of an extraction 

step might prove economical in the zinc industry if employed be- 

tween these two precipitation steps. 

Another important resource for cadmium is the flue dust and 

waste products of the copper industry. Treatment of these ores 
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or the use of the flue dust material in acidic solution may 

prove feasible as a feed material in this extraction study. 

It has been mentioned in the Introduction that several 

metallurgical systems have been tested in a liquid-liquid type 

of extractor. In some of these, separations of metal salts as 

high as 90 - 100% were obtained, giving a 99.9% pure metal after 

reduction. Knowledge obtained from these processes was applied 

to the system under study. 

THE EXTRACTIVE- SEPARATION STUDY 

An extraction process, regardless of the type method used 

or the equipment employed for study, can only perform extraction 

to the limit of the properties of the solvent or solvents used. 

Therefore, an extended study was performed to determine the sol- 

vents which would be most applicable to study for highest puri- 

fication-separation of the copper-cadmium salts. Following the 

discussion on the Selection of the Solvents, a choice of equip- 

ment and method of analysis was outlined in which purity and 

contamination were the major determining factors. 

Selection of the Solvents 

Since the salts of cadmium and copper were chosen as the 

materials to be extracted, and water was the most feasible heavy 

solvent, it became necessary to select an immiscible solvent 
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with a specific gravity of 0.8 or less which would exhibit pref- 

erential solubility for either the cadmium or copper salt. Solu- 

bility data for the nitrates, chlorides, sulfates, and acetates 

of cadmium and copper in organic solvents were obtained from 

Siedell's "Solubilities of Organic Compounds", Vol. 2, (19) and 

Perry's "Chemical Engineers' Handbook", 3rd ed. (17). These four 

anions were chosen because of their commercial importance and 

availability and the fact that one of the two metallic salts was 

noted to be quite soluble in a certain organic solvent. But a 

trial and error method would be required since the solubility of 

a selected salt could very well be affected both by the presence 

of water and the other metallic salt. A system for laboratory 

rough checks similar to that used by Garwin and Hixson (9) in 

the separation of nickel and cobalt, and by Weinhardt and Hix- 

son (24) on the separation of vanadium and chromium, was employed. 

Testing the cadmium and copper salts separately, it was found 

that both the aliphatic and the aromatic hydrocarbons (unsub- 

stituted and substituted with nitro- and chloro- groups) were 

Unsuitable as solvents and the solubility of the salts in the 

ethers was extremely low. A few of the aldehydes, esters and 

acids were tested but solubility was only moderate and the pos- 

sibility of catalytic interaction during solvent recovery elim- 

inated them from further exhaustive tests. 
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Organic Solvent 
Name 

Test Results 
Solubility 

Acetaldehyde Negative 
Benzoldehyde Fair 
Methyl Acetate Negative 
Ethyl Acetate Negative 
n-Butyl Acetate Negative 
n-Amyl Acetate Poor 
Acetic Acid Negative 
n-Butyric Acid Poor 
Propionic Acid Fair 

The alcohols and the ketones gave the best results with 

the solubility of the salts decreasing with an increase in molec- 

ular weight. Of the ketones, methyl isobutyl ketone and methyl 

ethyl ketone proved to be the better solvents, NEK having a 

greater solubility ratio (ratio of gms of cadmium or copper salt 

in MEK/gms of salt in H20) for each of the salts and MBK having 

a lower solubility with water (0.02 ml MBE/m1 H20). In using 

these two solvents the sulfates and the acetates had to be 

eliminated as anions because of their low solubility and a pos- 

sibility of a slow transfer rate which would require an addition- 

al number of equilibrium stages. The chlorides of cadmium, in a 

mildly acidic solution, formed an interesting white precipitate 

of complex organic nature with NEK and possibilities in this ex- 

traction combination had to be abandoned. After several trial 

runs with the metal nitrates and MEK the presence of an organic 

complex was noticed, which, because of its olive green color was 

believed to be suboxidic cadmium in form. This caused the dis- 

continuation of ketones as a solvent. 
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The alcohols were decidedly the best solvents and secondary- 

butyl alcohol was chosen from the standpoints of importance and 

its preferential solubility of cadmium over copper salts. It 

was found that the copper salts were insoluble in pure SBA. 

Through several tests on various salt concentrations, it was con- 

cluded that in mixtures of water - SBA - copper nitrate (in equi- 

librium), the concentration of the copper nitrate in the upper 

layer (SBA) was directly proportional to that in the lower layer 

(H20) only to the extent of the amount of H2O in the upper layer 

(the solubility of H2O in SBA at 20° C is 22.5 ml /l00 ml). There- 

fore, it was believed that extraction might be possible if the 

concentrations of the nitrates (or the chlorides as later shown) 

were moderately dilute. But dilution created another problem. 

The cadmium salt, receiving little opposition from the dilute 

copper salt, lost its preferential solubility in the SBA and 

both salts remained in aqueous solution. A logical explanation 

for the cause of this problem was discussed at length by Garwin 

and Hixson (9) referring to cobalt chloride. 

Preliminary qualitative experiments yielded the 
result that cobaltous chloride in dilute aqueous solu- 
tion is not extracted at all by capryl alcohol; it is 
only as saturation is approached that the alcohol layer 
takes on light blue tint, indicating the presence of 
some cobaltous chloride. The cobalt was extracted best 
from dark blue aqueous solutions and not at all when 
the aqueous phase was red. In the former case the al- 
cohol layer turned blue, in the latter it remained 
colorless. Of the hypothesis which explain these ef- 
fects ... the facts tend to support the hydration 
hypothesis. (That the degree of hydration produces a 
color change of the ion.) 

Therefore, in the extraction of a dilute solution of cobaltous 
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chloride it is essential that a blue aqueous solution be ob- 

tained through some manner for reducing the degree of hydration. 

Studies were continued on the effect of the addition 
of various foreign electrolytes in the belief that the 
presence of these electrolytes in solution would render 
the cobalt salt less hydrated and hence make possible 
its extraction by the alcohol. 

It was found that these electrolytic additions to the dilute co- 

baltous chloride solution classified themselves into three groups: 

(A) Those which produced a gradual color change from red 

through violet to dark blue. 

(B) Those which produced a red to darker red color change. 

(C) Those which produced a detrimental reverse color change 

from blue to red or from violet to dark red. 

Hydrochloric acid and calcium chloride, being a type (A) electro- 

lyte, were employed with favorable results in the Garwin-Hixson 

cobalt-nickel extraction. 

From these studies and from other articles on electrolytic 

behavior it was believed that an electrolyte must be added if an 

extraction of dilute solutions of cadmium and copper salts was 

to be accomplished. A list of possible electrolytes for this 

dehydration was obtained from the literature (1, 13, 24) and 

through trial and error methods, noting the solubilities of the 

compounds, calcium carbonate was chosen. The carbonate was se- 

lected in view of its extremely low solubility (0.0012 gm/100 ml 

of H20) and its interference in the analysis of the products 

would prove negligible. 
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Equipment 

The liquid extraction column used in this research study was 

a two-inch laboratory extractor designed by Scheibel of Hoffmann- 

La-Roche, Inc., and constructed by the Otto H. York Company of 

East Orange, New Jersey (Plate I). The column casement was two 

inch pyrex pipe with flanged caps of Teflon and stainless steel 

at the ends, and 3/8 inch pyrex tubing placed along the column 

for proper liquid introduction (Plate II). The internal structure, 

all of stainless steel, consisted of alternatecalming and mixing 

sections with a centrally located shaft upon which were mounted 

vertical blade agitators. The calming section was a four inch 

cylinder of loosely woven stainless' steel wire mesh which served 

as an entrainment separator for the immiscible' liquids. The mixing 

section was a one inch open area with the agitator blade in the. 

center. At the top of the column, coupled to the agitator shaft, 

was a one-twentieth horse-power air driven motor which maintained 

a constant rotary speed under a given air pressure and a somewhat 

constant load. A tachometer'was attached to the upper end of the 

motor enabling a constant check of the rotor speed during the runs. 

Pressure on the air line was regulated by a diaphragm air control 

and a 3/8 inch needle valve. 

Three Fischer-Porter flowrators indicated the rate of the 

liquid feed and each of the two solvents flowing to the column at 

their proper introduction points. Mounted upstream from the flow- 

rators of the two immiscible solvents were two one-half horse-power 



EXPLANATION OF PLATE I 

York-Scheibel Liquid Extractor 

1. Flowrater for lighter solvent. 

2. Flowrater for feed solution. 

3. Flowrater for heavier solvent. 

4. Tachometer. 

5. Light solvent centrifugal pump. 
By-pass valve to the right of the motor. 
Control switches on the board at the right. 

6. Heavier solvent centrifugal pump. 

7. Mercury manostat. 

8. Air motor connected to agitator shaft. 
Air line pressure indicator and valve on 
the board at the right. 

9. Feed tank. 
Feed line to the flowrater and air pressure 
line for maintaining a constant head in the 
tank are above the tank. 
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EXPLANATION OF PLATE II 

Liquid-liquid Extractor Dimension 
Diagram and Detail of 
One Complete Stage 

A. Outlet for the Lighter Liquid (SBA). 

B. Inlet for the Heavier Liquid (H20). 

C. Agitator Center Rod (1/4 inch) Stainless Steel Rod. 

D. Feed Inlet. 

E. Inlet for the Lighter Liquid. 

F. Outlet for the Heavier Liquid. 

G. Glass Pipe (2 inch Pyrex). 

H. Stainless Steel Wire Mesh Entrainment Separator. 

J. Stainless Steel Agitator Blade. 





15 

centrifugal pumps for maintaining a continuous flow and a con- 

stant head. A stainless steel pressure feed tank was upstream 

to the feed flowrator and flow was accomplished by maintaining 

a five pound per square inch air head in the tank. All of the 

connection lines were 1/4 inch stainless steel tubing. The 1/4 

inch control needle valves and their threaded tube adaptor fit- 

tings were of 344 stainless steel. The connections between the 

glass inlets of the column and stainless steel tubing were 1/4 

inch Tygon tubing. A mercury manostat at the bottom outlet of 

the column offered a finger-tip control of the height of the 

interface. Four five-gallon 314 stainless steel kettles were em- 

ployed as solvent reserviors and product collectors. 

The greater part of the equipment which came in contact with 

the solvents or the metallic salts was either glass or stainless 

steel. These two materials were selected to eliminate the possi- 

bility of contamination of the solvents or corrosion of the equip- 

ment. A 314 stainless steel steam heated batch still with water 

cooled condenser was employed for solvent recovery. 

Analysis of the Products 

The analysis of the products, both in the upper (SBA) layer 

and the lower (H20) layer, was accomplished by the use of a Beck- 

man pH meter, Model H-2 with glass electrode (Fig. 1). 

This instrument gave an immediate pH reading (in a range from 

0 to 14 pH) when the two electrodes were emerged in unkows sample 
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Fig. 1. Beckman pH Meter - Model H-2. The essential 

parts of the pH Meter are the calomel reference 

electrode (1), the glass electrode (2), the 

temperature correction control (3), range 

selector switch MI the calibration control (5) 

and the indicator dial (6). 
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solution. A 7.00 * 0.004 pH buffer solution was used to cali- 

brate the meter. 

The method of analysis is explained in full by Fales and 

Kenny (5) in a paragraph entitled "Potentiometric Titrations 

Involving Precipitation." The titrating solution was 0.10 N 

sodium hydroxide. The concentrations of the cadmium and the 

copper salts were obtained by plotting pH against the number of 

milliliters of 0.10 N NaOH added to the test sample (Plate III). 

The number of milliliters necessary to precipitate the total 

amount of cadmium salt (precipitating in the 4.0 to 5.5 pH range) 

and the copper salt (precipitating between 4.0 and 8.0 pH) was 

found by estimation of the values between the extrapolated slope 

line intersections. From Plate III on a test sample of 10 ml, 

the amount of 0.10 N NaOH needed to precipitate the Cd salt was 

2.55 ml, and for the Cu salt was 5.00 ml. In grams of salt 

present, this became: 

Cd (2.55) (0.0001) (1/2) (236.43) = 0.0314 gm 

Cu (5.00) (0.0001) (1/2) (187.58) = 0.0469 gm 

For the study itself, the unit of gm/ml of solvent product was 

employed. 

RUN PROCEDURE 

Eight extraction runs were made in this study, and a uni- 

form procedure was followed throughout. The volume of feed was 

determined by a calibrated flowrater and the composition pre- 

determined in the make-up. The water phase, saturated with 



EXPLANATION OF PLATh III 

Potentiometric Titrations 

Involving 

Precipitation 
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calcium carbonate, was introduced into the column (H20 saturated 

with CaCO3 at the top and SBA at the bottom, Plate II) through a 

calibrated flowrater as was the secondary butyl alcohol. Since 

the solvents used were the products obtained from distillation- 

solvent recovery, both the SBA and the H2O were split equilibrium 

phases and of course were interchangeably saturated. 

In starting-up, the column was filled with both solvents so 

that the interface of the liquids was at the mid-point with the 

solvent rates being constant. The agitator speed was set and 

recorded. Feed was then introduced and a minor adjustment of the 

manostat was made for a change in the height of the interface. 

Check, was made from time to time to insure that the speed and rates 

were constant. At the end of one hour, samples of the top and 

bottom products were taken and the speed and rate constants were 

changed. Equilibrium was assumed to be established in a one hour 

period. This time assumption was well in excess of the required 

time to obtain equilibrium in single stage equilibrium tests. 

Another sample was taken at the end of a second hour and the ap- 

paratus was then emptied and cleaned. The products and the re- 

maining solvents were distilled and prepared for the next run, 

after recording their total volume. 

In this type of extraction column the height of the calming 

section was fixed in the design. Therefore, for a given calming 

section height there must exist an upper limit for the agitator 

speed above which the separation will become incomplete. At this 

point the droplets in the coalescent phase fail to divide in 
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their transfer from stage to stage. In this work the upper limit 

of the agitator speed was found to be 300 R.P.M. The interface 

between the solvents was a coalescent - SBA interface at the top 

and a coalescent - H2O interface at the bottom of the column. 

It was essential that none of the coalescent fraction be removed 

from the column as products. 

The samples of the upper and lower products were evaporated 

to dryness, and then made acidic with HNO3. The total amount of 

Cu and Cd salts present in the products was determined by poten- 

tiometric titration with 0.10 N NaOH in the manner described in 

Analysis of the Products. Tabulation of the results for all 

eight runs may be found on Table 1. Potentiometric Titration 

Data for the lower and upper layer products nay be found in the 

Appendix on data Tables 2 and 3, respectively. 

An overall material balance was outlined for Run 16-1 on a 

weight percentage basis (Appendix), and since this method of 

calculation offers no indication as to the degree of extraction 

existing at each stage, Scheibel's method for individual stage 

calculation was employed. 
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CALCULATIONS AND INTERPRETATION OF THE DATA 

Calculations for the composition of the top and bottom pro- 

ducts were accomplished by using the potentiometric titration 

method and converting milliliters of 0.10 NaOH to equivalent 

weight of salt and dividing through by the number of milliliters 

of sample taken. 

Potentiometric Titration Calculations 

Sample Calculation Run 13-1 

From Tables 2 and 3 plots of pH versus the number of milli- 

liters of 0.10 N NaOH were constructed (Plate IV) for both the 

upper and lower layers. Plate V is a plot for Run 13-2 and a 

similarity in the method of analysis may be noted. Interpolating 

in the manner described in the Analysis of the Products for Run 

13-1 the points, 

A = 1.61 ml 

B = 17.22 ml 

A' = 6.31 ml 

B' = 8.23 ml 

D' = 28.65 ml 

were determined. The amount of sample taken was tabulated at the 

top of the data column. This value was 36 ml for Run 13-1. Con- 

verting by equivalent weights, 

(17.22 - 1.61) (0.0001) (1/2) (216.4) = 0.005125 gm Cd salt 

36 ml SBA 



EXPLANATION OF PLATE IV 

Plot of the Potentiometric Titration on Run 13-1 

pH versus the number of ml of 0.1 N NaOH added. 
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EXPLANATION OF PLATE V 

Plot of the Potentiometric Titration on Run 13-2 

pH versus the number of ml of 0.1 N NaOH added. 
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(8.23 - 6.31) (0.0001) (1/2) (236.4) 0.000532 RM Cd salt 
36 ml H2O 

(28.65 - 6.31) (0.0001) (1/2) (187,58) 0.005820 gm Cu salt 

36 ml H2O 

The results of the calculations for this run, and the other seven, 

may be found on Table 1. It has been mentioned that the concen- 

tration of the copper salt in the upper layer would be in pro- 

portion to the amount in the H2O layer on the top most stage, and 

present only to the extent of the solubility of H2O in SBA. It 

was impossible to detect any copper in the upper layer samples by 

this method of analysis, so an average distribution coefficient 

of 0.45 was estimated from experimental equilibrium data, and a 

theoretical concentration was determined for the Stage Calculations. 

Stage Calculations 

In order to correlate the material so as to approximate the 

number of stages necessary for economical industrial application, 

and to obtain some indication of the performance of the column 

with fifteen actual stages in respect to fifteen theoretical equi- 

librium stages, the method suggested and outlined by Scheibel (18) 

was employed. A relationship for the equilibrium-stage calcula- 

tions was derived in a manner parallel to that employed in dis- 

tillation calculations. 

Let, 

Ln = flow rate of lighter liquid 

Hn = flow rate of heavier liquid 
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Y = concentration of the salt in the lighter liquid 

X = concentration of the salt in the heavier liquid 

Above the feed, 

Input = Hm Xt + Ln Ym4.1 

Output LT Hn Xn + Ln Y., 

Balance, 

Hn Ln Yn+1 = En Xn Ln Yt 

At a given concentration, based on the same liquid concen- 

tration as X and Y, 

Yn = pn Xn 

And, for the n+1 stage (Plate VI), 

Yn+1 m 71 [4:En + Ln Yt] 
vn 

[ Hn 
Yn Yt LnDn 

And, for the stages below the feed, 

;fa = [Lm 
4m 

Dmi 

When Dn and Dm are independent of concentration, 

Y2 = Hn 
rnT) + 1 Yt 

Y3 [ Hn II 
Hn 1} 

LnD LnD Yt, 

= 0)2 a 1] Yt 



EXPLANATION OF PLATE VI 

Material Balance on the Column 

Nomenclature for Data Calculations 

x = The stage number as a power of subscript. 

n = Top stage (The same as t in the material balance, 
and equal to x -1 when Y values are 
being calculated.) 

m = Bottom stage (The same as sub-B in the material 
balance, and equal to xel when X 
values are being calculated.) 

Hn - Flowrate (gm/ml) of the heavier liquid entering. 

Ln = Flowrate (gm/ml) of the lighter liquid leaving. 

Hm = Flowrate (gm/ml) of the heavier liquid leaving. 

Lm = Flowrate (gm/ml) of the lighter liquid entering. 

X = Grams of salt per milliliter of heavier solvent. 

Y = Grams of salt per milliliter of lighter solvent. 

D = Distribution coefficients equal to Y over X. 

De = Distribution coefficients for the cadmium concentration 
in the stages above the feed, determined from Plate VII. 

Df = Distribution coefficients for the cadmium concentration 
in the stages below the feed, determined from Plate VII. 

A = The value Hn for Scheibel's equations. 

B = The valueD for Scheibel's equations. 
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This forms a simple geometric progression such that for 

any Y value, 

Hn +1 

Yn+1 = Yt 

(-LnlinD) - 1 

In a similar manner, it can be shown that, 

T1 1 

(1) 

(2) 

An additional notation in the nomenclature for the data 

includes, 

A = jak, and B 
LmD 

BM 

In the solution for X and Y values, it should be noted that 

sub-x in the data designates the stage number (n41) in the equation 

above, assigning values down from the top for Y and up from the 

bottom for X, in the case of (m41). 

Sample Calculations for Run 16-1, Cu and Cd calculations on 

stage 2, upper and lower layers. 

Cu Calculation 

From Table 1, 

Hn Lm 
7" = O.775 and mg 1.222 
bn Hm 
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It might be noted that, 

Hm = Hn + 0.10 

for all runs, since the concentration and the flow rate of 

the feed was predetermined to simplify the calculations. Since 

the concentration of the copper nitrate in the lower layer was 

found to be proportional to the amount in the upper layer to the 

extent of the solubility of H2O in SBA, an average distribution 

coefficient (D) was estimated for use in all Cu calculations. 

D = 0.45 x = 2 

A = Eu 0.775 . 1.722 
LnD 0.45 

Ax = (1.722)2 = 2.970 

Ax r1 = 1.970 

A-1 = 1.722 - 1.000 = 0.722 

Yt = 0.00705 (0.45) = 0.00317 gm/ml, using equation (1), 

Y2 = AA-1 
u 

X-1 Y+ 
0.722 
"97° (0.00317) = 0.00865 gm Cd/m1 SBA 

calculating for the lower stage 2 using equation (2), 

D = 0.45 x = 2 

B = - 1.222 (0.45) = 0.546 

Bx = (0.546)2 = 0.298 

Bx-1 = -0.702 

B-1 = -0.1+51+ 

XB = 0.00705 gm/m1 

X2 = Bx-1 XB . 0.702 (0.00705) = 0.01090 gm Cd/ml H2O 
B-1 0.454 

In a like manner the calculation of other X and Y values for the 
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different stages'were computed (Tables 4 and 5 in Appendix). 

Cd Calculation 

The ideal situation involving a constant distribution coef- 

ficient, or the use of an average value of D could not be employed 

in the Cd salt calculations since the distribution coefficient 

varies with the total cadmium concentration and the amount of 

copper in solution. An equilibrium diagram (Plate VII) was con- 

structed from experimental data, plotting the concentrations of 

Cd(NO3)2 between SBA and H2O (saturated with CaCO3) with constant 

concentrations of Cu(NO3)2. The lighter lines were obtained by 

interpolation of the experimental data. The dotted line to the 

left is the lower limit beyond which the linear relation could 

not exist since all lines must merge at (0,0). Values in this 

region were not used in the calculations. Continueing with the 

above sample calculation; 

Cd Calculations 16-1, stage 2 

The distribution coefficient for the stage in consideration 

was computed by determining the equilibrium conditions from 

Plate VII using the calculated concentrations of the cadmium 

and copper nitrates in the stage above, 

Cd, Yt = 0.00215 gm/ml 

Cu, Yt = 0.00317 gm/ml 

D 
e. 

0.00215 = 0.80, using equation (1), 
0.00215 + 0.00047 

Y2 = 
A 

= 1.97 (0.00215) = 0.00424 gm Cd/ml SBA 



EXPLANATION OF PLATE VII 

Equilibrium Data for Dilute Solutions 

with Constant Concentrations of Cu(NO3)2 + CaCO3 

Concentration of Cd(NO3)2 in H2O 

versus 

Concentration of Cd(NO3)2 in SBA 
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calculating for the lower stage 2 using equation (2), 

Cd, X3 = 0.00196 gm/ml 

Cu, XB = 0.00705 gm/m1 

Cu, X2 = 0.01090 gm/m.1 

of = 0.00115 = 1.095 
0.00105 

X2 - .1_32E1-_, XB = 1.01 (0.00196) = 0.00199 gm Cd/m1 H2O - B-1 

From the equilibrium diagram (Plate VII) a value in gm Cd/ml 

SBA was found which corresponded to the value for XI = 0.00196 gm 

Cd/ml H20. When this value was multiplied by Bx-1/B-1, and the 

results (x') plotted with the stage concentration of cadmium 

above the feed, the intersection indicated the theoretical stage 

at which the feed should enter, according to equilibrium data 

(Plate VIII). The theoretical stage efficiencies were then cal- 

culated for the eight runs by dividing the number of theoretical 

equilibrium stages needed for cadmium and copper separation plus 

one for the feed, by the actual number of stages used (Plate VIII). 

For run 13-1 

T.S.E. = 101% 
1 

For run 13-2 

T.S.E. = 2(6.19t1 = 92.0% 
1 

In a similar manner, plots were constructed for each of the 

other runs and the T.S.E. values (Table 6). 

Theoretical stage efficiency values greater than 100% are 

possible in this type of calculation since the reference for 100% 

efficiency would be fifteen individual equilibrium stages each 
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thoroughly mixed and allowed to separate into their two phases, 

independently, in an infinite duration of time. The mechanical 

mixing between the stages and the countercurrent flow through 

the packing section, as was pointed out by Scheibe' (18), may 

increase the stage material balance to above normal equilibrium 

conditions. 



EXPLANATION OF PLATE VIII 

Determination 

of the 

Theoretical Stage Efficiency 

Plotted for Runs 13-1 and 13-2 
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Table 6. Summary of theoretical stage efficiencies. 

Run 
:No. of Cd. Equil. Stages : 

: Needed for Separation : 

Theoretical Stage 
Efficiency 

13-1 7.1 101 % 

13-2 6.4 92 

14-1 9.98 139 

14-2 2.45 39 

15-1 4.6 68 

15-2 4.4 65 

16-1 10.9 152 

16-2 6.7 96 

CONCLUSIONS AND RECOMI,ENDATIONS 

From the equilibrium data and Scheibel's equations for the 

calculation of the theoretical number of equilibrium stages, the 

overall theoretical stage efficiencies were determined for each 

run (Table 6). Three things must be remembered in the founda- 

tion of the definition for this overall efficiency. 

(1) The concentration of the copper salt in the upper layer 

was obtained for these calculations of efficiency by the use of 

an average distribution coefficient obtained through single equi- 

librium stage data. Calculation of the copper concentration in 

this layer could not be determined accurately by the potentio- 

metric method since the copper, being present in low 



1+2 

concentrations, precipitated along with the cadmium in the lower 

pH range. A gravimetric method of analysis was employed on runs 

16-1 and 16-2 upper layer products and the cadmium was precipi- 

tated directly with H2S in the presence of KCN. Subtracting from 

a total sulfide precipitation of the sample, the amount of copper 

present was determined to be, 

16-1 0.0002+ gm Cd(NO3)2 / ml of SBA sample 

16-2 0.00015 gm Cd(NO3)2 / ml of SBA sample 

Therefore, in the actual extraction, the amount of copper 

present in the upper product was less than 1/10 of the theoreti- 

cal value calculated from single stage distribution coefficients. 

For Run 16-1, reduction of the upper layer products would produce 

a metallic cadmium with a minimum copper contamination of, 

0.0705 (0.40 (0.10) gm Cu salt/m1 SBA 000968 gm Cu Salt/gm 0.00328 gm Cd salt/ml SBA 
. 

Cd 

0.00968 (657 112.4 1 446 7. ) :... 0.0072 gm Cu metal/gm Cd metal 

purity 1.0000 
1.0000 + 0.0072 = 99.3% 

(2) Mechanical mixing with continuous flow of the immiscible 

solvents and the addition of an electrolyte to decrease the degree 

of hydration, increased the transfer rate for the column separa- 

tions. 

(3) Material balances around the stages assumed that the 

solvents to be saturated in each other throughout the column. If, 

however, there should be a stage in the column which (due to a 

high concentration of the salt or the electrolyte) does not produce 
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a near equilibrium stage effect, the results of the stage to 

stage calculations are in error. This effect is comparable to 

"column holdup" in distillation problems. 

It might be recommended for future studies that the cadmium- 

zinc salt and SBA - H2O solvent system be investigated to modify 

the results of this study for direct industrial applications. 

The column itself might be changed, with a decrease in the actual 

number of stages and an increase in the diameter of the column. 

This should prove advantageous since it was apparent through the 

eight runs that more calming area was needed for the subdividing 

of the solvents. Also, this change might allow a study of the 

theoretical stage efficiency as a function of the agitator speed 

for a wider R.P.M. range. Studies might also be made for a defi- 

nite feed product, cost of solvent recovery, initial equipment 

cost, and locality in respect to the advantageous factors of 

continuous flow and high purification, for each of the many in- 

dustrial applications of this extraction study. 
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Overall Material Balance 
on a Weight Percent Basis for Run 16-1 

Using Distribution Coefficients 

Upper Layer 

Cu Salt/sec = 0.00317 gm/ml (2.29) ml/sec = 0.00725 gm/sec 

Cd Salt/sec = 0.00215 gm/ml (2.29) ml/sec = 0.00492 gm/sec 

Lower Layer 

Cu Salt/sec = 0.00705 gm/ml (1.775+0.1) ml/sec = 0.01320 gm/sec 

Cd Salt/sec = 0.00196 gm/ml (1.77540.1) ml/sec = 0.00367 gm/sec 

Weight percentage indicating the degree of extraction 

Cd into the upper layer = 

% Cd into the lower layer = 

% Cu into the upper layer = 

% Cu into the lower layer = 

Using Actual Composition 

0.00+92 (100) 

(100) 

(100) 

(100) 

= 

= 

a 

574% 

42.67 

35.4% 

64.5% 

0.00859 

0t0223.62. 

0.00859 

0.00725 
0.02045 

0.01\20 
r 0.020 7 

Since the value of 0.00215 gm Cu Salt/ml of SBA was obtained 

by using the average (D) 0.45 as explained on page 2e, the Cu 

percentages were recomputed using the actual amount for this Run 

as calculated by precipitation methods (see pages 41 and 42). 

Cu into the upper layer = 0.00024 (100) 1.78% 
0.01344 

Cu into the lower layer = 0.01320 
(100) = 98.22% 

0.01344 
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7.06 
7417 

at 
7,40 
7 .5 
7.6.L 

7 
7.81 
7.90 

7.9-1 

c3.02 

3.11 

8.1 

3.31 
8.3S 

L.u3 
1.11 
1,20 
1.29 
1.40 
1.52 
1.75 
2.09 
2.35 
2.73 
2.96 
3.10 
3,30 
3.3 
3.54 
3,6 0 
a.-T4 
3.64 
3.95 
4.00 
4.10 
4.20 
4.22 
4.30 
4.35 
4.45 
4.55 
4.69 
4.80 
5.01 
5.27 
5,63 
6.00 

13.04 
7,40 
7,66 
7,39 
8.01 
8.14 
8.2 

0.40 
8,59 
8.70 
8.00 
8,00 
9,0 2 
9.15 
0.30 
5.49 
9.75 

1.0 .07 
10.51 
10 .00 

1.0.11111 
.010 

0.00 O.'69 04400 1.42 1.3o 1.29 
1.00 0.00 1.00 1.49 2.T6 1.39 
000 095 2.00 1.58 .00 1.46 
3.00 1.00 2.30 1.62 1.00 
4.00 1.05 3.00 1 .5 7 5,0 0 1,04 
5.00 1.09 3.50 i.70, . 6.00 1.-3 
6.00 1 .15 4.00 1.75 7 .00 1.87 
7.00 1.19 4.50 1.7 9 7,50 1.91 
8,00 1.1 5.00 1.82 8;00 2.07 
0.00 1.27 ..50 1,89 0050 2.19 

10.00 1.31 6.00 1.9S 9.00 2.32 
11.00 1.38 u .50 1,09 9.40 2, 16 
12.00 1.43 74,00 2.01 9.00 2.-60 
1 3.0 0 1,49 7,50 2.0-8 10.20 ...80 
14.00 1.57 5,00 2.16 - 10 .50 2.94 
15.00 1.b 8.50 2.23 10.70 3,0 
18.00 1.72 9.00 2.33 11 .00 3.1 
17.00 1. 05 0.50 2.13 11.20 3.31 
l8.00 3.00 3.0.00 2.63 11.50 3.40 
19 .00 2.21 10.30 2.75 11.80 3.01 
19.00 2.3o 10.50- 12.00 3.53 
20,00 2,52 10,70 3.00 1.2.10 338 
20.50 2.76 11 .00 3.1 9 1280 377 
21.00 2.90 11 .20 3.32 18.00 0. -31 

21.20 3.12 11.5o 3.49 14.0 3.92 
21.50 3.20 11.70 3.50 14.00 4.01 
21.70 3.32 12.00 3.75 14.50 4.10 
20.00 3.40 12.20 62 16.00 4.10 
22.40 3.53 12.50 3091. 15.50 4.27 
22.z:0 3.67 12.80 1.01 16.00 4,35 
23.00 3.70 13.00 4.08 15.50 4.42 
23.20 3.75 13,40 4.18 1 .00 009 
23 050 3, 4 13.80 ti 17.501 4.5 
23.70 3.35 14.20 4.38 1 '000' t.00 
01.00 3.06 14.60 4.45 10.00 4,79 
21,30 2.95 15,00 1.52 10.00 40'.00 
2.b0 4.03 10,50 4.31 10.50 5,01 
25.00 4.07 16.00 4;71 20.00 545 
25.30 1,10 16.50 4.81 20 .00 5.36 
26.00 4.21 17.00 4.91 20.0 5.3 
30 .50 1.29 11.30 5.02 01.20 0.70 

.27,00 
37.50 
2 8.00 
23.50 
29.00 
20.00 
30.00 
30 .50 
31.00 
01.50 
33.00 
32.50 
33,10 
33.60 
.34 .00 
34.50 
35.00 
35.50 
36.00 
36.50 
37.00 
37.50 
35.00 
38.50 
39.00 
39.50 
40.00 
40.50 
43 .00 
42.00 
43,00 
44.00 
45.00 
46.00 
47.00 
48.00 
49400 
50.00 
51.00 
52.00 

00,00 13.019 ,01 t. 

44,12 10.30 0001. 
4.51 J8.30 6.02 
4.09 19.00 0.11 
4.6 6 1920 5.52 
4.76 10,50 5.69 
4.87 19.tt) 5.53 
4.99 '20.00 0.00 
5.11 20.30 6.17 
5,30 20.50 5 .28 
5.55 20,80 6.40 
5. eiS 21,0Q 0.51 
5.19 21.30 0 .52 
6,41 21.50 6.76 
6,71 21.0 5.n3 
7.05 22.00 7.11 
7.38 22050 7.51 
7,57 23.ô0 7S 

1,70 2:3.50 7.137 

7.82 2 3, 5D 4.G3 
7.94 24.00 8411 
3002 : 24,30 5.19 
8.10 24.60 8,2'6' 
848 25.00 *'.33 
6.20 25,40 6.45 
8.24 25.90 8.00 
8.32 26.50 3.59 
8.40 27.00 5.66 
5.42 27.50 8.71 
3.56 2 6.00 4.7 6 
8.68' 28,50 8,82 
8.75 29.00 8.89 
5.85 2 9.30 0.94 
8. 30.00 . n.01 
9.14 30.50 .08 
9.29 -31.00 9.13 

,,49 31.50 9.20 
-0.72 32.00 0,25 

10.0'S 32,50 9.32 
10 .42 33,00 9.40 

03.50 ..41.14 

34.00 9,55 
34.50 0005 
35;00 0.78 
35.50 0.90 
36.00 10 .10 

21.00 
22.10 
23.50 
22 .430 
2340 
23.10 
23;60 
24 .00 
24050 
'25.00 
23,50 
2'3.00 
1.).&,50 

2 ° .C-0 

2 3.00 
2 8.50 
2 9 .0) 

30 .0 0 
30 .50 
31.00 
31.60 
32 .0 0 
32 
33.00 
33.60 
34.00 
34.50 
35.00 
35.50 
36 .00 
at5.50 
37,00 
37.50 
34.00 
30.00 
40 .00 
41,0 
42.00 
43.00 

0 
6 .1 3 

.30 
6 41 
0 .49 
8.70 
6.97 
7.06 
7.09 
7.045 
7,01 
'7471 

7,91 
7 
3.06 
8.13 
8.1C) 

0.24 
8.30 
8.36 
8.40 
6.17 
8,49 
8.52 
5.57 
.4461 

802 
3.75 
1.79 
0.82 
46.05 
d 

491 

,;;.10 
9.20 
9032 

9062 

0' 

41. 



I 

r4 r. 

r! 

f 

1.4 

c 

TABLE 3 

Upper layer titrations 



 

Run 13-1 R:An 13-2 2Ln 14-1 a_n 14,-2 ,1,,n L3-1 Run 15-2 Run 1i-1 Run 13-2 
3:3 m1 20 r1 4011. . 3 . 25 ml 25n1 25i 20r 20 T1 

.00 
0.50 
3 0 0 U 

14:20 
o 

'3.72 
2.79 
3.02 
J.11. 
3,13 

0.00 
1.00 
2.00 
3.(.10 
.3.50 

1.43 
1.6'3 
1 . 
a. 

0.00 
1.00 
9.00 

1.51 
1.51 
1.59 
11.02 

.26 
.3..35 4.00 2. -0 3.32' 

1. ,1a) s.O 4,50 .. 2,41 
4.00 ,..0t 2.49 1,1 

3.33 5.30 2.1' 2.58 
1. CI i.41 5.36 j. 1.40 2.54 
?.75 3,17() 

3.31 6.30 3 .t, 
3,25 C .50 3.30 
5.50 4A, 
3.75 . . 

4.06 . J.t33 . .00 
4.4:3 t 3,72 V.tt, .11 
4 2.70 3.80 7.60 , 

5.00 . 

473 9.40, .3.90 650 J.25 
5,25 3,46 9,60 3.25 3.30 
'5.50 3.62 10.20 ' 4.00 10.00 ,30 
5.75 3.35 1C .5C 4,02 11.00 3.40 
8.00 3.35 11.00 4.09 12.00 .10 

3.A 11.5C 13,00 3.5Z 
6,04.0 i.95 11.00 3.17 
5.75 J8 12.40 1-.2.a .00 
7.25 4.01 13,00 .25 2 b 0 3.X 
780 .00 13.50 4.33 17.00 5.f:9 
8,00 40.0 11.10 .40 1 's..7!01 

1,4,(;(1 1.15 1'4.00 3."7 
i.:0 .00 7.30 

F-.36 15.30 o. 31.00 3,64 
1 .31 1'..0(, 4..61 22,00 3.68 
10.:0 4.41 
11.00 '1.11 1 .00 4q1,r 5 24,00 1.?4 
11.5u 1. 17 37 4. 1.3' 3 
12000 4.51 1:i.00 23.00 4.01 
13000 A.30 27.00 4,04 

. 1 1t 1 e.u0 4.03 
4'0 2t.ut 4-" 

.4:- 11-3 1.15 
31.00 4.18 

4. 1 :4 32.Q( 4.20 
36.00 1.22. 

.1-14 34.1.10 4.26 
13.40 3560u 4.2'71 
19.410 0, 9.11 23:30- 17 3C,00 t. 
15.54r 23.00 0.50 47.00 4.55 
20.00 9.5-9 .23.60 10..28 38.00 4.39 
20.50 10,25 24.00 10.49 39.00 , 4.42 
21.00 10.42 24.30 10;30 40.00 "17 
"1.50 10.34 25.00 3.0.67 41.00 1.51 
2'2.00 10.52 2(. .00 

27.00 
ip,82 
10.9"2 

42.00 , 

43,00 
4.59 

2,3.00 11.0c -44.00 4.65 
15.0i. 4.I;- 
4i-.0t .00 4.74 
17.00 4.'r5 
1400 4.65 
49.00, 4.50 
56.00 . 4.'79 
51.00 5011 

5.22 
51.00 5.30 
54.00- 5.59 
'34.00 .0 
55 .50 6.715 
'65.10 5.5: 
6c t8 '.'3 

57.00 1648 

,-7,,!, 

pp %I r.11 

.03 . 0.00 0.32 1.'77 0.00 0.05 
0.50 1.57 1.00 0.55 ;.5() 1 ..7() 1.72 .00 1.03 
0.75 2.10 2.00 0.81 4.00 2.28 2.00 2.0$3 2.00 1.1.0 
0.95 2.26 3,00 0.3'8 1.30 2.5:3 2030 3.00 1.14 
1.05 2.30 4.00 0.72 1.30 2 ." 2.60 2.5. 1.50, 1.24 
1..20 2.40 5:00 0.79 1.90 2.68 2.90 2.972' 5.00 1,38 
.1..30 2.49 5.00 0.31 5.00 2.90 3.00 :3.14 1.54 
1.40 2.1d 0 .S7 5.30 3;17 .10 3.25 QC 1 .,-38 

"?.55 3.00 1.09 5.50 3 3.10 3.35 5.00 1..1)9 
..70 2.64 5.00 1.3J) sit 3.33 3.30 3.15 8.5C '2.23 

2.14) 2.77 10.00 1.32 Cs' .00 .35 3,40 3.b2 S.00 2.55 
2.25 2.32 3.1.00 1.55 8.30 3,48 3.30 3.31 9.30 294 
2.50 2.91 12.0C 1.15 6,50 3,42 3.50 3..35 5.80 3.18 

2.58 13.50 2.46 7.00 3.0.2 1.70 3.74 10.00 3.42 
1.00 5.05 14.00 2.58 7.50 3.71 3.80 2.60 10.35 3,55 
,3.25 3.09 11.'40 3.16 840 3.31 3.50 13.45 .7C 
5.30 3:12 1'5.00 3.30 3.50 3.91 4.00 3.91 11.00 3.81 
3.75 3.13 15.30 333 5.00 4.00 4,20 1.01 11.30 337 
4.00 2.20 15.50 5.41 4.08 4.40 4.17 4.01 
4.25 3,23 15.70 3,45 IC .00 4.13 4.50 1.20 12.00 4.09 
4.3-0 1.540 3.50 11.00 4.29 N) 4.29 12.30 1.18 
4.7: 3.29 13.50 js 1-1.00 4.16 5.00 1.34 12,50 1.23 
. .00 3,31 17.00 3.035 13.00 1.54 4,42 11_2.80 4.31 

3.32 17..30 3671 14 1.37 5.40 4.49 1300 1.33 
95G 3.33 1 3,75 15605 5.36 5.50 459 13.50 1.51 

C.DO .3.40 16.50 3.134 13.00 5 . 4.70 14.00 4.56 
114 1,9.00 1.('0 17.0C .61 5,00 1.31_ 14.50 4.90 

;30 3.96 `3.20 t Q4 1540 5.19 
7.50 20.00 4.02 f3.45 511 15.50 3.00 
3.00 21,00 1615 6,50 5.43 1''.0 
1'.50 1.25 3.11 .55 15.50 

23.0U 4.37 7.00 17.00 955 
9.50 4 24.00 4.'0 740 f..37 1,7.50 1! eu 

10.00 . 4.0 7.40 C. 9C 1'oet) 10,29 
1 . 4.01 7.60 C; .31 le.50 10.45 

t, 5.0 f1.03 1.(; .00 10.55 
13. >9 -6,co 10.10 
12. , C n.20 10.29 

10.43 
:,.U0 

,J.J0 
14000 
14,50 
15.00 

633 
lo.00 

II 

1.6.50 3,86 
it .ou 3.8d 
a., .30 4.90 
1 3 .4)0 
18.50 1.f' 4 
19.00 3.93 
19.50 
20.00 4.0k 
20 1.33 
21.00 1.04 
23.40 4.05 
22.00 4.03 
23.00 4.10 
24.00 1,12 
25,00 .1.14 
za.cic 4.18 
27.ko. 4.21 
23..241 4.25' 

4..28 
30.00 4.30 

4.32 
4.35 

.00 4.42 

.00 4,45 
33 .U0 4.43 
37.00 4.51 
37,50 4.53 

52.00 
53.00 5,0E1 
51.0)0 '3.17 

.06 5,23 
56.00 '..29 
57.00 5.39 

3.30 
59.0C 5.66 
60.00 
61606 
62.00 

.00 9.47 
9.90 

3 10.11 

A, .00 
1 . 



TABLE 4 

X and Y Calculations for Cu 



AX A x_i A_--L Y 
13x Bx-1 11 %1 

Y 

.403 0.41)3 1 .00 C 02 2 0.654 
1j7i1 0 ,t.70 .f/031. 0.128 

1.78.5 1.35 0.011 44 0 .2 4) 
4 .16 c 15' IF( 0 ...83 

5.14 
,e;4 

10.72 
15,10 

4.44 
3.64 
4:1,72 

1;4410 

16 .&0 
24 .15 

).02864 
0.0 
0.x`851 
0.0D1* 

0.120 
0 At` 7 Z1 

.051 
*033 

-4, . 346 

-0.572 
-00720 

3tk 
.4.Y22 

-o 949 
.967` 

1.00 

2.54 
2.k06 
2.74 
2.`+s 

0 000562 
,G096 
.0121 

0,0137 
0 .01475 
0.0 i 345 

.01.9 

.0152 

1 1,370 `0,370 1 ,CC 0.0050 0 4,68 -0.332 1.00 0.01137 
2., 1. an 0*dr 2.37 0.0112 0.445 .0.554 1.67 0.01897 
3 2,37 1.57 4,24 0.0217 0,293 41.702 2 01 0.02398 

3.52 2.52 5,71 0 .0 3428 0,199 -0, A)1 2.43. .0.0271 
5 4." 2, 32 10.31 0.0527 £.133 -0.137 2.31 C .0'2.6 
6 0 060 5.6C 15.15 0.0771 0,089 -0,911 2.74 0 .0311 
7 ct.05 8.05 21."0 0.1110 0.059 -41.41 9 . '.,1 0 .0322 
8 1203t - 11.36 30.70 0.1570 0 .039 -0.61 2- .90 C .0 329 

14..1 

X 

1 
2 

3 

14-2 

1 .470 0.47T, 1 .00 0 ,C,0417 0.605 -0,395 1 .(0 0 .flo929 
2.3 35: 1.185 2.4' 0.0103n 0 .38C3 -'3.634 1 .b05 t.03.490 
3 4`.,3 , ., 

4.. 
9 
....., - 4.53 0.03.94i) 0.2215 -01,7735 1.132 0,01.133 

4. `,t., 3:78 7.t0 0.03295 0.1310 .0 , 866 2.194 0..0204 
''.01'3 6.08 12.70 0.0230 0..061 -0.919 2.326 0.0213 

1.C.- 44 9.44 1:....7C 0 .0 &325 0.049 --0.951 2.410 0.0224 
1..; .13 14.43 30,1 0.1251 0 .C10 t',9'71 :!,45 0 ,C223 
22 d:'5 272..465 43,5 0,1510 0 .Y.I. -.', -0.9d2 2,49 , 0,0231 

1 1.365 C, s05 1.00 
1 .3,.)5 C.;t.i5 4.37 
2 ,645 i.45 -,,u...4 . 9- 

4 9.48 2.43 . ,':.190 
5 4.75 3.75 10.27 
5 u.49 2., .1.!' 15 et05 

8.16 7,36 ?I ,5b 
8 '12.10 11.10 30 ,40 

1'.(42615 C 

C .01933 00434 
0:.03450 46 

0.0 3,h; .121 
0.1229 u 

.1 755 0 .G5 
.2481 0 .035, 

1.00 0 .01815 
1.66 0 43415 
2.09 - .037 
2 0 .0432 
2.57 0.0456 
2,69 0.'0'1130 

.k.)502. 
k3 0.0513 

I 1 s2,4e 0.248 1 .(10 0..0037 0.7105 ..0.(28P,5 1 .r" 0 4'0838 
2 1,.-F(55 -0 .555 2.21 C '0083 0,505 -C *105 1 . -1 0 .01432 
3 1.1)40 0.40 %,79 0.7110 Co, 59 -0 0641 20215 0,(11656 
4 

2.42 1,42 5.73 0.0208 0.255 -C.' 45 2.57 0.02151 
5 :3.08 2,05 6..39 0 .0 ,n.p e .1. Az -ce.83.iss .1. tkl o *043% 
6 1.75 .1 

.1...i 
1.1 :'.`7w , 11 ,12 0.0411 0..1211 -0.3M. .vim 0.025.-'.0 

7 '4.69 -, 3.69 34.88 0,0550 a x si.(', -0 e V3. :34 - 3.17 C .0")35!.... 
8 a. ez. 1.85 1 fii 55 6.0`'122 0 .065 -0.935 3,a3 C .02706 

1.240 0.243 1.00 0.00569 - ' 0 .7105 -0.231;5 ,..0t, 0 .;:146b 
1,555 0.555 2.24 0601335 ' v .::05 ...0 .195 1.71 C .i. 2167 
1.b40 0.940 ,.-.79 0.01220 0.359 -0 .611 2.215 0.0261 

* 4 2.42 1,,I2 : .73 0.0342 C .:.:5:-.± .4...745 2.57 0 .0.3.b 
5 3.011 2.05 t;.,.19 - e .(500 0.1812 -0 . 61 ;..ib 2.6'3 0,0159 
6 3,76 2.7t) 11.12 0.1:663 5 .129 -0 . 871 3.03 0 .f.t3c..%0 

4..v.i 14.30 0.0 3ik 0 .0 91 -0 .91 e.11 3.17 c0402 7 1,39 -, ,.., 

5 . ?,5 4.35 : 1.',-.., .55 C .3.10 3 0.J55 -0 ,035 3.23 0.0109 

16-1 

x 0.00705 
1 1 .722 0 .722 
x 

1.00 0.0033.7 0.546 -0.454 1.00 

2 2.970 1.970 2.73 0.00865 0.298 -0.702 1.545 0.01090 

3 5.115 4.115 5.70 0.01805 0.163 --0.837 1.845 0.01300 

4 8.82 7.82 10.82 0.0343 0.039 -0.911 2.008 0.01414 

5 15.2 14.2 19.65 0.0623 0.048 -0.952 2.097 0.01475 

6 26.2 25.2 34.9 0.1105 0.026 -0.974 2.3.45 0.01510 

7 45.2 44.2 01.1 0.1935. 0.014 4.936.... 2.173 0.01530 

8 77.8 76.8 106.2 0.3370 0.008 4.992 2.185 0.01540 

16 -2 

X 
1 1.722 0.722 1.00 0.00147 

2 2.970 1.970 2.73 0.00401 
3 5.115 - 4.115 5.70 0.00 837 

4 8.82 7.82 10.82 0.01595 

5 15.2 14.2 19.65' 0.0289 
6 26.2 25.2 34.9 0.0514 
7 45.2 44.2 61.1 0.090.0 

8 77.3 76.6 106.2 0.1565 

0.546 
0.298 
0.163 
0.089 
0.048 
0.026 
0.014 
0.008 

-0.454 
-0.702 
-0.837 
-0.911 
-0.952 
-0.974 
-0.936 
-0.992 

1.00 0.00328 
1.545 0.00507 
1.845 0.00605 
2.008 Q.00658 
2.097 0.00687 
2,145 0.00703 
2.173 0.00712 
2.185 0.00717 



13-1 A- 

x 
1 C .7L J 

2 0.62'i G.572 

3 0.032 0 .,43C, -0.b65 
I 0.337 - 0.334 

G .844 0.'435 4...765 
dad 

. 0.1 -0'. 1.5 

0.515 0.16 -0.632 
8 C.505 0.150 -6.'35 
c; 0.0 0.11Ei 

13-2 

x 

1 
) 

3 
4 

5 

6 

7 

b 

u..,1_, 

(.17 
C07:3 
0.855 
0 .841. 

0.4'300 

0.74) 
' 

,. :66 

L .14 
C..W. 
'iti.41) 

0.1n 
0.139 
U.150 
0.132 

-C A.C. 

-C.351 

-1G.305 
au ,831 

X,X and Y 

TABLE 5 

Calculations for Cd 

11-1 

x 
1' c .733 0.902 -0.090 
2 0.74U 0.7% 
v 0.7i4 0.880 -c, .111 
4 0 .'..tiO 0.241 -C.472 
5 0.750 0.540 -0.160 

7 0.750 (425 -0.675 
o 0'..50 0.37i; -0,t24 
9 0.750 0.33: 

0.750 
, 0.314 

14-1: 

1 0 .874 0.704 
00E118 C.44C 
0 .'412 0 

4 .769 
5 0.152 J113 

C. .5t; Q.144 65E, 
J.3J( 0,122 .073 

8 0. cap o .1.11 -V . o39 



13-1 

1 

9-a 
H2O IT 

,;.7,. J c .,02.8 .-.i . : .0,, C .,,k 01:3 1001 -, 1 0,0;<, 0'.)EI:0 1.00 

0.847 0,572 -0 . ,,.2 Z00, 0 001.2'.`5 I J 7 - .'.3 . - 1.' 
5 0.632 0 ."4 3:. 3.36 0.01685 1-(03 '00.'3 _: ,35 0.01 

0 .337 0.334 3,i7 0 .0198:; 1.00 r';.6,', t. ,:i 7.32 

,.., 0.844 0.235 400765 .45 0.022'8 1.C' 8.40 -.10 3 .2 

3 0.'836 0.183 -0,810 4.74 0.024,3 1,05 12.8 11,35 1.7,90 

0.815 0.168 -0.832 ' 4,84 0.0248 1 .0::, 19.'71 16.7 2'04 
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The purpose of this research study was to develop a high 

purity extraction process for the separation of cadmium from cop- 

per salts. From a literature survey of accomplished metallic 

salt extractions, it was found that a fractional liquid-liquid 

extractor of the multistage form could produce a highly efficient 

separation. A York-Schiebel, fifteen stage, countercurrent 

gravity flow, two inch laboratory extractor was employed in the 

study. 

The ability to perform the necessary extraction-separation 

was known to be limited to the preferential solubility and the 

physical properties of the solvents used, and a study was made to 

determine the two solvents which would be most applicable. Sec- 

ondary butyl alcohol was chosen as the light solvent (introduced 

at the bottom of the column) and water, the heavy solvent (in- 

troduced at the top). The nitrates (and also the chlorides) of 

cadmium and copper in aqueous solution were introduced as feed at 

the mid-point of the column. Agitator speeds of 150-300 R.P.M. 

were studied. 

Independent stage calculations were made for determining the 

stage concentration of the salts using an equation derived by 

Scheibe' and based on product composition, material balances 

around the stages, and equilibrium data. Overall theoretical 

stage efficiencies were determined for each of the runs (efficien- 

cies from 39-152% were reported), and an explanation for eff i- 

ciencies greater than 100% was outlined by the following: 
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(a) Material balances around the stages in the calcu- 

lation assumed the solvents to be fully saturated 

in each other. 

(b) Calculations were based on single stage equilibrium 

data, whereas true equilibrium conditions throughout 

the column were not established. 

(c) Mechanical mixing with continuous countercurrent flow 

and the addition of an electrolyte increased the 

transfer rate. 

The analysis of the products in the upper layer (secondary 

butyl alcohol) indicated that from the dilute nitrate feed solu- 

tion, the cadmium salt could be extracted and finally reduced 

to the metal with a purity of about 99.3%. 


