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ABSTRACT ABSTRACT ABSTRACT ABSTRACT     

Lanthanide elements such as lanthanum and neodymium are important 

elements in photo-electronic and metallurgical industries as well as in nuclear 

technology. The main constituents of the spent nuclear fuel are actinides like 

uranium, thorium and various fission products including lanthanides. The co-

ordination compounds of the trivalent lanthanum and neodymium continues to 

be an active research area, which includes the specific spectroscopic and 

magnetic properties of rare earth ions and their applications as super molecular 

device, contrast-enhancing agents in magnetic resonance imaging, optical signal 

amplifiers and electroluminescent (EL) devices. Hence, the separation and 

purification of these elements is of great concern. Solvent extraction technique is 

employed to separate and purify rare earth elements in an industrial scale, but 

the separation of lanthanum and neodymium is a difficult task, as lanthanide 

ions exhibit similar chemical and physical properties. They have generally 

common and stable +3 oxidation state that requires synthesis of certain 

extractants which are able to extract them from different aqueous solutions. 

During the last twenty years, different publications have pointed out the 

remarkable properties of alkyl amide in the field of separation chemistry. These 

extractants are able to form stable co-ordination compounds with different 

metallic ions. In this concern, this thesis deals with the synthesis of different 

amide extractants namely N, N diethylacetoamide (DEAA), N, N Teteraphenyl 

malonamide (TPMA), N, N diphenylbenzamide (DPBA), N, N' 

diphenylacetoamide (DPAA), and N, N' Teteraethyl malonamide (TEMA), which 

were synthesized, characterized  and compared with Aliquat-336 in kerosene for 

extraction and separation of La (III) and Nd (III). The effect of the different 

parameters affecting the extraction of these metals from aqueous nitric acid 

medium in the different systems has been studied in terms of  shaking time, 

nitric acid, hydrogen ion, nitrate ion, extractants, metal ion concentration, 

loading capacity, temperature as well as stripping investigations. The 

experimental results were modeled in terms of the extraction equilibrium of the 

two lanthanides. Further, the separation feasibility of La (III) and Nd (III) from 

their mixture by the investigated extractants was also discussed based on the 

difference in their extraction and stripping behavior in the studied systems.  
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1 

1. INTRODUCTION 

1.1 GENERAL 

The technological and economical behavior of extraction systems are 

dependent on the performance of extractants that are closely related to the 

chemical structure of the latter. Consequently, structure reactivity studies of 

solvent extractants can, in very practical terms, contribute both to the 

discovery of new selective extractants and to the progress of extraction 

chemistry in general. Both qualitative and quantitative examinations of 

structure – reactivity relationship of extractants are helpful for the design and 

selection of extractants (Marcus and Kertes, 1968). 

  Organic compounds are usually lipophilic (i.e., they dissolve easily in 

organic solvents) and hydrophobic (i.e. they dislike water). Typically the 

situation is the opposite for inorganic substances and particularly for metals. 

To extract inorganic substances, they must be rendered lipophilic by reaction 

with organic compounds which refer to as organic extractants, organic 

complex formers, extracting agents or - simply and commonly –reagents. The 

extractant is normally dissolved in an organic diluent. Normally organic 

phase then becomes the extract (i.e., the phase that contains the substance 

extracted from the aqueous phase). The organic contains a diluent, the 

extractant, and, in some cases a modifier, in addition to the extracted 

complex or substance. The modifier is added to improve the physical 

properties of the system (e.g., to cause phase disengagement after mixing the 

two phases).  
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In recent years, there has been a reduction in the development, 

production, and marketing of new commercial extractants as the overall costs 

of such activities increases. However, the used of established reagents in new 

hydrometallurgical applications continues to expand. Because metals 

generally exist in aqueous solution as hydrated ions before the metal can be 

extracted into a nonpolar organic phase, the water molecules must be 

replaced and any ionic charge reduced or removed. This can be achieved in 

different ways by using three types of extractants: acidic, basic, and solvating 

(Cox, 2008). 

1.2. METHODS OF SEPARATION: 

     Separation of metals from each other is the most important step of their 

extraction from the ore. It may be achieved by several methods that include 

solvent extraction, ion exchange, fractional crystallization, fractional 

sublimation, and other techniques. The material of the following paragraphs 

are given to throw light  on the ore properties, compounds, uses and 

separation methods for the metals studied in this thesis.  

1.2.1. Precipitation 

 

Precipitation is one of the most widespread methods of separating 

elements and is based on the difference in solubility of the metal compounds 

in the aqueous solution. La (III) and Nd (III) are precipitated as hydrous 

oxides and hydroxides, respectively. For example when chemical separations 

rely on using stabilities of unusual oxidation states, Eu+2 is the only ion in 

that state formed on reduction by zinc amalgam and can then be precipitated 

as EuSO4. In 0.2 M Na2CO3, the light lanthanides (cerium group) are 

precipitated quantitatively, while the remaining lanthanides and scandium are 

partially precipitated (Upor and Nagy, 1971) 
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1.2.2. Fractional Crystallization 

Repeated fractional crystallization, which made use of slight 

solubility differences between the salts of neighbouring lanthanides, such as 

the bromates Ln (BrO3)3.9H2O, ethyl sulfates and double nitrates, was once 

the only possible way of obtaining pure lanthanides.  

In fractional crystallization, a part of the salt in solution is precipitated 

by a change in temperature or by evaporation of a saturated solution. If the 

solubility of various components in the solution differ, the composition of the 

crystal crop will be different from that of the original solution. While the 

crystal crop becomes enriched in the less soluble component, simultaneously, 

the more soluble components will be enriched in the liquor. The most 

suitable compounds have been the double ammonium nitrates RE 

(NO3)3·2NH4NO3·4H2O for the removal of lanthanum. Fig.(1.1),             

(Gupta and Krishnamurthy, 2005). 

 

Fig.1.1 Separation of lanthanum by fraction crystallization 
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Although the classical fractional crystallization method forms 

effective separation, it is a tedious process, such technique was unable to 

cope with demands for significant quantities of certain pure compounds 

required by the electronics industry; hence, other separation methods were 

developed. It is particularly slow and tedious for the heavy rare earths and in 

the Sm (III) – Gd (III) region, because the property difference between rare 

earths decreases as the atomic number increases. For example, a bromate salt 

of a thulium fraction recrystallized 15,000 times still contained ytterbium and 

erbium. The rare earth bromate had to be crystallized every day for 4 years to 

obtain good holmium. (Gupta and Krishnamurthy, 2005). 

1.2.3. Ion Exchange 

The most important methods for separating lanthanides are based on 

ion exchange technique. It is applied most often to produce high purity 

lanthanum and neodymium in small quantities. The technique can be used for 

the removal of undesirable cations and /or anions from water or aqueous 

solutions. Ion exchanger may be synthetic or natural. The size of column is 

selected according to the quantity of ions to be retained in the column. Fe, Al, 

Ti, U (IV), Ca, Mg, and certain other metal ions can be eluted from a cation– 

exchanger with 1.0-1.75M HCl, La (III), and Nd (III) being subsequently 

eluted with 3M HCl. The effect of eluent concentration, pH of eluent and 

column length should be studied upon using such technique as a mode of 

separation (Strelow and Baxter, 1969). 

Ion-exchange chromatography is not of real commercial importance 

for large-scale production, but historically it was the method by which fast 

high-purity separation of the lanthanides first became feasible. As radioactive 

lanthanide isotopes are important fission products of the fission of 235U and 

therefore need to be separated from uranium, and because the actinides after 
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plutonium tend to resemble the lanthanides, the development of this 

technique is an important aim. It was found that if Ln3+ ions were adsorbed at 

the top of a cation-exchange resin, and then treated with a complexing agent 

such as buffered citric acid, then the cations tend to be eluted in reverse 

atomic number order Figure 1.2; the anionic ligand binds most strongly to the 

heaviest (and smallest) cation, which has the highest charge density. A 

disadvantage of this approach when scaled up to high concentration is that 

the peaks tend to overlap Figure 1.3 (Cotton, 2006). 

 
 

 Fig.1.2 Cation-Exchange Chromatography             Fig 1.3. Overlap of Peaks at High                        

                                                                                                        Concentration of Ln (III)  

It was subsequently found that amine polycarboxylates such as 

EDTA4− give stronger complexes and much better separations. In practice, 

some Cu2+ ions (‘retainer’) were added to prevent precipitation of either the 

free acid H4EDTA or the lanthanide complex H Ln (EDTA).xH2O on the 

resin. The major disadvantage of this method is that it is a slow process for 

large-scale separations. 
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 1.2.4. Solvent Extraction 

Most of metal species can form compounds which are appreciably 

soluble in both aqueous and organic media. The conditions for high solubility 

in an organic solvent are often fairly specific to an element, compared with 

the metal ion impurities with which it may be associated.  Consequently, the 

process of solvent extraction, involving a transfer of metal species from an 

aqueous to an organic solvent phase can be used for purification in relatively 

simple manner. Multi-stage processes are, however, generally necessary if it 

is desired to extract a high proportion of the solute into the solvent phase, and 

further complications arise when impurities also have appreciable solubilities 

in the solvent (Danesi et al, 1985).  

The ratio of the metal species concentration in the organic phase to 

that in the aqueous phase, known as the partition coefficient or the 

distribution coefficient, D, is fairly constant. However, economic solvent 

extraction processes are always concerned with higher regions of 

concentration, in order to reduce the usage of organic solvents and the size of 

plant for a given throughput. The distribution coefficient is a function of the 

nature of solvent, the temperature, and the equilibrium compositions of the 

aqueous and organic phases. 

Solvent extraction is an economic alternative to pyromettallurgy for metal 

extraction when physical benefication of the ore to provide a suitable 

concentrates for smelting is difficult. Solvent extraction technique is based on 

the difference in the solubilities of elements and their compounds in two 

immiscible liquid phases. It is usually fast, simple, less expensive and 

demands only very simple equipments. It lends itself to multistage operation, 

without increased consumption of heat and chemicals which make it 

particularly useful; when extreme purification is necessary or when the 
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metals are so similar in their properties that is a single precipitation or 

crystallization would not give the required degree of separation. It is also 

preferable when large amounts of metals are found. 

1.2.4.1. Extraction systems 

On the basis of the nature of extractable species, extraction systems 

can be conveniently classified into ion association complexes systems and 

chelate extraction systems.  

1.2.4.1.1. Chelate extraction systems 

Organic compounds like 8-quinolinol, cupferron, dithizone, etc., give 

rise to chelate complexes with many metals. In these complexes, a metal ion 

is linked to a polyfunctional base which can occupy two or more positions of 

the co-ordination sphere of the metal ion to form a cyclic compound. 

Chelating agents can be broadly classified into different groups depending on 

the charge type of the basic groups present. If both the basic groups are 

uncharged, positively charged metal chelates are obtained e.g., ferrous-o-

phenanthroline complex. 

If the reagent has one anionic and one uncharged basic group, neutral 

chelates are generally formed, e.g. lead diethyldithiocarbamate and 

aluminium 8-quinolate. Negatively charged chelates originate from chelating 

agents with multiple negative charges, e.g., copper tartarate. 

Most types of chelating agents are useful in solvent extraction of metals. The 

neutral chelates are very easily extracted into organic solvents like 

chloroform, benzene, etc. Few cationic chelates form uncharged species by 

uniting with certain anions and then they can be extracted into organic 

solvents. 
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Masking action is shown by reagents like EDTA which gives rise to anionic 

chelates that lead to anionic complexes with metals. Such reagents actually 

prevent the extraction of metals with which they react strongly and thereby 

eliminate their interference without any actual separation (Bendict, 1980). 

1.2.4.1.2. Ion association complexes 

These complexes are formed due to electrostatic combination of the 

oppositely charged ions, which have in general low charges and high 

molecular weights. This category may be divided into halometallic acids, 

heteropoly acids and solvent complexes. 

Halometallic acids e.g. (HFeCl4, HSbCl6… etc) are produced from the 

reaction between metals with hydrohalic acids. These compounds are 

extracted from acid solutions containing high concentration of halide ions by 

oxygen containing solvates such as ethers, alcohols and ketones. 

In heteropoly acids oxygen compounds of Mo, W, Si, P, As, Ge and 

other metals are extracted into oxygen containing solvents. The third type of 

ion association is represented by solvated salts, usually nitrates, sulfates or 

chlorides. Solvation with tri-n-butylphosphate (TBP) or trioctylphosine 

oxide, TOPO, enables metal salts such as La (NO3)3.TBP to be extracted 

with nonpolar solvents. High molecular weight amines and quaternary 

ammonium base (QAB) salts are widely used for the extraction and 

separation of rare-earth elements from their aqueous nitrate solutions 

(Pyartman et al., 2003). TBP and Aliquat-336 extract lanthanide salts and 

negatively charged complexes, respectively, but lanthanides are poorly 

extracted in presence of highly hydrated anions such as nitrate, percholrate or 

thiocynate with individual extractant (Gaikwad and Damodaran, 1992). 

1.2.4.2. Types of extraction modes 
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Generally, there are three types of solvent extraction, namely, batch, 

continuous, and discontinuous counter current extractions (Lundel and 

Hoffman, 1938; Jinshan, 1987). 

1.2.4.2.1 Batch extraction  

In this method, a given volume of a solution equilibrates with a 

definite volume of the solvent and separation of the two layers. This is the 

simplest and most extensively used extraction procedure. 

Batch extraction is particularly useful when the distribution ratio is large. Let 

VA ml of a solution (phase I) with concentration CA of solute is extracted 

with volume VO ml of another solvent (phase II) which is immiscible with the 

first. Let (CA) n be the concentration of the solute remaining in the phase I 

after n extraction. Then  

( ) A

A n A

A O

V
C C

V DV

 
=  

+ 
 

where D is the distribution ratio. For the complete extraction it is essential to 

make Vo as small as possible and n as great as possible for a given amount of 

solvent; in other words, a relatively large number of extractions with small 

volume of solvent gives best results (Lee and Marples, 1973). 

 

 

 

 

1.2.4.2.2. Counter - current extraction 
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It is based on a continuous flow of immiscible solvent through the 

solution or continuous countercurrent flow of both phases. The extracting 

solvent is distilled from a boiler flask, condensed and passed continuously 

through the solution being extracted. The extracting liquid separates out and 

flows back into a receiving flask where it is again evaporated and recycled 

while the extracted solute remains in the receiving flask. When the solvent 

can not be easily distilled, fresh solvent is added continuously from a 

reservoir. 

Continuous extraction is suitable where the distribution ratio is relatively 

small. To ensure a high efficiency in continuous extraction, it is necessary to 

maintain a large area of contact between the two liquids. Baffles, stirrers, 

small orifices and fritted glass discs may be used to bring the two immiscible 

layers in close contact. 

1.2.4.2.3. Discontinuous counter-current extraction 

This type of extraction has been successfully applied to the 

fractionation of organic compounds, particularly where the distribution ratios 

are of the same order of magnitude. This technique has not been used for 

extraction of metals (Chen et al, 1981). 

1.2.4.2.4. Types of contactors 

 The technique of solvent extraction for the separation of multi-

component mixtures involves the partitioning of two or more solutes between 

two substantially immiscible solvents and such processes in general require a 

greater number of stages than is necessary for the extraction of a single 

solute. The key piece of equipment for any solvent extraction process is the 

contactor to mix intimately the two phases to provide sufficient interfacial 

area across which the transfer of the required solute takes place. 



                                                                                                      INTRODUCTION 

  
                                                                                                                        

11 

The basic requirements of an industrial contactor imply efficient 

extraction, high throughput, low volume, low capital, and low operating and 

maintenance costs. The efficiency of the extraction may be affected by 

different factors, namely, phase composition, phase ratio, phase properties, 

energy input, temperature, and back extraction. 

Extraction contactors may be classified by the force applied in mixing 

the phases. The force applied, which is either gravitational or mechanical, 

acts on the density difference between the phases. All continuous multistage 

contactors may also be further subdivided according to the type of operation, 

discrete stage-wise contact or differential contact. 

Stage-wise contactors provide a number of discrete stages in which 

the two phases are brought to equilibrium, separated, and passed counter 

current to adjoining stages. Differential contactors, however, provide 

conditions for mass transfer throughout their entire length. Equilibrium 

between the immiscible phases is not established at any point and phase 

separation occurs only at the ends of the contactor.  

1.2.4.2.4.1 Mixer – settlers 

The mixer-settler is a stage-wise device which consists of two parts, 

the mixer where one phase is dispersed in the other by mechanical or 

pneumatic energy input to permit solute extraction between two immiscible 

phases; and the settler where one phase is disengaged from the other. Mixer-

settlers may be stacked vertically or horizontally with flows generally 

countercurrent within as well as between devices. Pumping is effected within 

or between devices by mechanical, hydraulic, or gravitational means. The 

design principles for mixer-settlers are largely empirical in nature. The 

pertinent design parameters are phase properties, geometry of mixer and 
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settling chambers, internals of mixer and settling chambers and the energy 

input into the mixer (Yuan et al, 1981), Fig. (1.4). 

      
Fig. (1.4).Conventional mixer–settler unit. 

The aim of any design of mixer-settler is to make the total equipment 

volume as small as possible, commensurate with the flow–sheet requirement. 

The mixer chamber should be of sufficient size to give an adequate residence 

time to bring the two phases close to equilibrium and the settler should be big 

enough to ensure complete phase disengagement. 

1.2.4.2.4.2. Extraction columns 

The column is a differential contactor device in which one phase is 

dispersed in and flows countercurrent to the other by the action of 

gravitational force on the density difference between the phases. With the 

light phase dispersed, phase disengagement is at the top of the column, 

internals are fitted to improve the contact between the two immiscible phases. 

Column height may be further reduced by pneumatic energy input. Once 

again the design principles for columns are largely empirical in nature. The 

pertinent design parameters are phase properties, geometry of columns, and 

the energy input, Fig. (1.5). 



                                                                                                      INTRODUCTION 

  
                                                                                                                        

13 

 
Fig. (1.5) Contacting Columns 

 

1.2.4.2.4.3. Centrifugal devices 

The centrifuge can be dispersed in and flows countercurrent to the 

other by the action of centrifugal force on the density difference between the 

two phases. As for mixer-settlers and columns, the design principles for 

centrifuges are largely empirical in nature. The pertinent design parameters 

are also phase properties, geometry of the centrifuge, internals of the 

centrifuge and the rotational force applied, Fig. (1.6). 
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                     Fig. (1.6). Aqueous and organic flow in a centrifugal 

extractor 

Centrifugal contactors can take various forms such as a single or multi-stages 

and be mounted either in horizontal or vertical modes. They have several 

advantages which include, short residence time, hence less solvent damage, 

lower hold up of material, smaller space requirements, hence lower shielding 

and building costs, easier wash out and greater flexibility with respect to 

physical properties of solutions such as density and viscosity. 

1.3. TYPES OF EXTRACTANTS 

The most important classes of extractants that have been used for the 

recovery of elements are ketones, ethers, organophosphorus compounds, 

organosulphur compounds and organonitrogen compounds. The mechanism 

by which the extraction proceeds will be greatly influenced by the type of 

extarctant used. In general, extractants can be classified into three different 

groups: acidic, basic, and neutral, Table1.1. 

 

 

 

Table1.1. Liquid–Liquid Extraction Reagents 

Type Examples Manufacturers Commercial 

Uses 

Acidic 

Extractants 

Carboxylic acids 

 

 
 
 
 

Naphthenic acids 
Versatic acids 

 
 

Monoalkylphosphoric 

 

Shell Chemical Co 

Mobil Chemical Co 

 

Cu/Ni separation, Ni 
extraction 

Yttrium extraction 

 

Uranium extraction 
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Alkyl phosphoric 
Acids 

 
 
 

Alkyl phosphonic 
Acids 

 
 
 
 

Basic 

Extractants 

 
Primary amines 

 
Secondary amines 

 
 
 
 
 

Tertiary amines 
 
 
 
 

Quarernary amines 

Neutral 

Extractants 
Carbon–oxygen 
donor reagent 

Acids 

 
 

Di-alkylphosphoric 
acids and sulfur 

analogs 

 
2-

ethylhexylphosphonic 
acid 2-ethylhexyl 

ester, 
and sulfur analog 

 
Primene JMT, 
Primene 81R 

 
LA-1, LA-2 
Adogen- 283 

 
 
 
 

Alamines (e.g., 
Alamine-336) 

 
 

Aliquat - 336 
 

 

 
 

 
 

Alcohols, (decanol) 
Ketones (MIBK) 

Esters 
Ethers, etc. 

 

Daihachi Chem Ind 

Co Ltd 

 

Daihachi Chem Ind 

Co Ltd 

 

Rohm and Haaas 
 

Rohm and Haaas 
Witco Corp 

 
 
 

Cognis Inc formerly 
Henkel 

Corp, Witco Corp 
 
 
 

Cognis Inc formerly 
Henkel 
Corp 

Witco Corp 
 
 
 

Various chemical 
companies 

Rare earth extraction 
Cobalt/nickel 

separation 
Zinc extraction, etc. 

 

 

 
Cobalt/nickel 

separation 
Rare earth separation 

 
 
 

No known 
commercial use 

 
Uranium extraction 

Proposed for 
vanadium, tungsten 

extraction 
 

Uranium extraction 
Cobalt from chloride 

media 
Tungsten, vanadium 

extraction, etc. 
 

Vanadium extraction 
Possible chromium, 
tungsten, uranium, 

etc. 
 
 

Niobium/tantalum 
separation 

Zirconium/hafnium 
separation 

1.3.1. Acidic Extractants 

With these extractants complexes are formed through the reaction 

between a metal cation and anions of an organic acid such as, 

dialkyldithiophosphoric acid, di (2-ethylhexyl) phosphoric acid, salicylic 

acid, cupferron… etc. The complex formation between the metal ion and 

acidic extractant proceeds as: 
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Z+ - Z-1M +A MAƒ  

where Mz+, A- refer to a metal cation and anion of organic acid, respectively. 

The anions coordinate to the metal atom through two (or sometimes more)   

basic atoms (O, N, or S) attached to the hydrocarbon matrix so that a chelate 

is formed. Although charge neutralization is a necessary requirement for the 

formation of the uncharged metal complex, MAz, chelation provides an extra 

stability to the metal complexation. Acidic extractants are mainly divided 

into carboxylic acids, alkyl phosphoric acids and aryl sulfonic acids. Both 

carboxylic (versatic) and organophosphoric acids have been used 

commercially to extract most of metals. Organophosphorus acids, of which 

di-2-ethylhexyl phosphoric acid has received most attention, are more 

powerful extractants than versatic acid. Extraction takes place by a cation 

exchange mechanism. 

1.3.2. Neutral Extractants 

The neutral extractants facilitate the extraction of metals from the 

aqueous phase by competing with water for the first solvation shell of the 

metal atom, solvating the neutral inorganic molecules or shell of the metal 

atom, solvating the neutral inorganic molecules or complexes with lipophilic 

organic reagents of electron-donor properties. These extractants are capable 

of extracting both acids and metal ions. The metallic species is extracted 

from the aqueous medium as neutral complex. 

These extractants are mainly classified into two groups: those 

containing oxygen or sulphur bonded to phosphorus [alkyl phosphates as tri-

n-butyl phosphate (TBP) or alkyl thiophosphates] and others containing 

oxygen bonded to carbon [alcohols, ethers, ketones, etc.] (Thornton, 1992). 
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The extraction of metals by neutral or solvating extractants occurs formally 

by the reaction 

n n 2MX +pS MX Sp+H Oˆ ˆ †‡ ˆ ˆ  

Where MXn is an uncharged salt coming out of the aqueous phase and S‾ is 

the extractant in the organic phase species and denoted by an over line. 

Inorganic acid can also be extracted by a reaction of the type 

qqHX+S (HX) Sˆ ˆ †‡ ˆ ˆ  

1.3.3. Basic Extractants 

These extractants are mainly the protonated form of high molecular 

weight amines such as primary, secondary, tertiary or quaternary ammonium 

salts that are used for the extraction of anionic metals; the amine is first 

converted to the appropriate amine salt to provide an anion which exchanges 

with metal species in the form of an amine salt or polar ion-pair. 

(p-n)- + - -

p 4 4 p-n pMX +(p-n)R N Y (R N) MX +(p-n)Yˆ ˆ †‡ ˆ ˆ  

 

 

or addition reaction as: 

+ - + -

4 n 4 (n+1)R N X +MX R N MXˆ ˆ †‡ ˆ ˆ  

Where R4 N+ is a high molecular weight amine, MXn is the neutral metal 

complex and MXp
(p-n)- is the anionic metal complex. 
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1.3.3.1. Amide extractants 

For already a long time, amide extractants have been a hot subject to a 

number of investigations especially as potential substitutes for tri-n-butyl 

phosphate (TBP) for the recovery of uranium and plutonium from dissolution 

liquors of nuclear burnt fuel. Amongst their advantages, it is worth 

mentioning that amides are less sensitive than TBP to radiolysis and therefore 

should give rise to lesser amounts of troublesome radiolytic degradation 

products during the separation procedure. In addition, amides appeared quite 

promising for exhaustive alpha decontamination of some radioactive waste 

streams, including high level waste (Naganawa and Tachimora, 1996). 

 In this last case it must be pointed out that quantitative removal of 

trivalent actinides and lanthanides can take place in the presence of 

diphosphoramides or pentaalkyl propane diamide. In addition, some amides 

like the N, N-dialkylialiphatic amides demonstrated good capabilities of 

removing noble metals (Pd, Pt, Os, Au…) from hydrochloric acid solutions 

(Perston et al., 1988). 

One of the main merits of the amides is that they are in general 

readily incinerable without giving rise to ash production. However, this is 

partially offset by the fact that some of them are subject to hydrolysis 

reactions. Therefore, during the past twenty years amides as extractants have 

come to occupy an important place in the solvent extraction of metals. The 

special features of these extractants are that they are more selective, 

kinetically faster and exhibit higher efficiency (Siddall, 1960).  These 

attractive features make them worthy candidates for further investigations in 

nuclear waste management. Unlike the organophosphorus extractants which 

give P2O5 or H3PO4 by incineration, the incinerated amides produce only 

gases which can be easily separated from non- incinerable contaminates.  
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This feature is an important advantage in the nuclear industry for 

which the amount of wastes must be minimized because of the cost of the 

waste storage. TBP has the disadvantage that it suffers radiolytic degradation, 

such as dibutylphosphate (HDBP) which causes many undesirable reactions, 

as it forms very stable or insoluble complexes with some metallic cations, 

such as Zr (IV). 

 On the other hand the main degradation products of amides (such as 

carboxylic acid and amines) do not affect the separation and the extraction 

processes, and can be easily washed out of the extractant. Therefore, amides 

can become important candidate in the reprocessing of fuels at elevated burn-

up (Musikas, 1988). However these advantages are partially elemented by 

the tendency of different amides toward the formation of a third phase or 

precipitates with acid and element of concentrations above certain value in 

hydrocarbon diluents.  

The non substituted amides are less useful as extractants, which in 

turn leads to poor metal extraction characteristics (Preston and Preez, 1993). 

It is expected that the substituted amides should be strong extractants. The 

carbonyl stretching frequency of amides is considerably lower than that for 

ketones. The lower frequency has been ascribed to resonance (Weissberger, 

1994). 

 

 

  O                   R'                                                      O 
(-)

        R' 

R         C           N                       ↔   R        C   ------ 
(+)

 N       

                                        R"                                                               R"  
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             (I)                                                                            (II) 

 

The contribution of (II) not only weakens the carbonyl bond, but also 

increases the availability of electrons of the oxygen atom for bond formation. 

The infra red spectra of many complexes formed by the reaction of metals 

with amides have been determined where the amides are bonded to the metals 

through oxygen or nitrogen. The majority of infra red studies have shown 

metal − oxygen bonding.  

Earlier assignments of metal-nitrogen bonding have been 

reinterpreted to accord with metal-oxygen bonding. Crystallographic studies 

and nuclear magnetic resonance spectra have also shown that the amides are 

bonded the metal through the carbonyl oxygen (Meutterties, 1960). 

 

1.3.3.1.1. Synthesis of amides 

Amides are commonly formed from the reaction of a carboxylic acid 

with an amine. This reaction forms peptide bonds between amino acids. 

These amides can participate in hydrogen bonding as hydrogen bond 

acceptors and donors, but do not ionize in aqueous solution, whereas their 

parent acids and amines are almost completely ionized in solution at neutral 

pH. Amide formation plays a role in the synthesis of some condensation 

polymers, such as nylon. In biochemistry peptides are synthesized in solid 

phase peptide synthesis.  
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Substituted amides are easily prepared by the reaction of acyl chloride on 

secondary amines in the presence of basic medium to facilitate the amide 

formation, according to the following reaction (Poland and Fritz, 1978): 

- -- - --R-CO-Cl + HNR R R- CON R  R + HCl→  

For monoamides, reaction yields are generally higher than 90% and 

compounds are easily purified by distillation whereas diamides yields are 

respectively low (Baldwin et al., 1965). 

The commercial availability of the dimethylcarbamyl chlorides permits 

another possible synthesis (Stein and Bayer, 1953) 

- -- - --

2RCOONa+Cl-CO-NR R R-CONR R +NaCl+CO→  

1.3.3.1.2. Physical properties of amides 

Amides with a sufficiently high molecular weight are insoluble in 

water and quite soluble in hydrocarbons. Amide-water-nitric acid – dodecane 

system have a marked tendency to form third phase; in aromatic diluents, the 

third phase appears generally at very high acid concentrations and, the 

tendency to form a third phase depends on the initial aqueous concentration 

and branching of aliphatic chains. Also, the third phase formation is also 

influenced by the position of the branched chain and the determining factor 

seems to be the distance between the branched chain and the carbonyl group. 

The problem of third phase formation in amide extraction systems is far from 

solved, however, as there is not always a direct dependence between the 

branching of an aliphatic chain and third phase formation.Table (1.1). shows 

some characteristics of amides (Gasparni and Grossi, 1986). 

 

 

Table.1.2. Characteristics of Amides  
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1.3.3.1.3. Chemical properties of amides 

Amides are stable amphoteric substance whose basicity is very close 

to that of water. N-alkylation of amides increases the basic strength slightly 

and decreases the acidity. The acidity of amides varies with the structure in 

the same way as that of carboxylic acid (Gasparni and Grossi, 1986). 

Amides form salts with both acids and bases that are readily hydrolyzed by 

cold water. 

Disubstituted amides in solutions do not form hydrogen bond dimers 

like those formed by carboxylic acids and unsbstituted amides. High boiling 

amides can usually be distilled with little decomposition and disubstitution 

increases the stability. 

Amides are resistant to oxidation and reduction processes. 

Photocatalyzed oxidation of monosubstituted amides by oxygen principally 

attacks the N-alkyl group in position 1, but generally disubstituted amides are 

stable. 
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1.3.3.1.3.1. Thermal stability 

     Amides in general decompose below the composition temperature of TBP 

(289 oC) but the difference is not sufficiently large to cause serious 

complications in process applications. From this point of view, amides 

present the same problems and require the same precautions that must be 

observed with TBP (Sidall, 1961).  For example, amides should not be 

introduced into acidic evaporator. 

 

1.3.3.1.3.2. Hydrolytic stability 

Amides are essentially inert toward water. However, both acids and 

bases catalyze the hydrolysis of amides. Hydrolysis of amides is retarded by 

branching in the neighborhood of the amido group (Gasparni and Grossi, 

1986). Highly hindered amides are not readily hydrolyzed. The hydrolytic 

stability of disubstituted amides is about equal to that of TBP.  

The structure of amides plays an important role in their hydrolytic stability. 

For example, the stability of amides with the structure, 
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The conclusions have been obtained with tests at 70 oC for 67 hours with 

amide preequilibrated with 3M nitric acid (Siddall, 1960). The most 

important conclusion derived from the studies on amide hydrolysis is that the 

preferential breaking point of the hydrolytic attack is at the C-N bond. 

Consequently, the more important degradation products resulting from 

hydrolysis of amides are the carboxylic acids and the secondary amines. 

 The result is important because these compounds do not present the same 

problems during the extraction process as do the degradation products of 

TBP. Furthermore, if the aliphatic chains are chosen properly, the 

degradation products of amides are soluble in water and are directly 

eliminated. 
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1.3.3.1.4. Amide analysis 

  Potentiometric titration with perchloric acid in acetic anhydride 

(Wimer, 1958) and gas chromatography (Gasparni and Grossed, 1980) are 

the two procedures used to determine impurties in prepared and degraded 

amides. 

The potentiometric method has been employed more frequently for routine 

determinations, although the sensitivity of this method is not high (› 10-2 

molar solution). During tests, the results can be affected by the presence of 

unexpected impurities. In this case the gas chromatographic method is a good 

complementary method. 

 Gasparni and Grossi, developed an HPLC method to determine more 

accurately the solubility of amides in aqueous solutions. 

1.3.3.1.5. The mechanism of extraction with amides 

     Monoamides and diamides of structure RCONR'R" and 

RR'NCO(CH2)NR'R", respectively, extract metal ions by the same  

mechanism of other well known extractants such as ethers (I), ketones (II) 

and alkly phosphate (III) (Gasparni and Grossi, 1986): 

                                                                                           OR' 

R-O-R'                                    R-CO-R'                        RO-P (O)-OR'                

   (I)                                               (II)                                  (III) 

     In case of substituted amides, the equilibrium of the two resonance forms 

(IV-V) is shifted to the right thereby increasing the electron density                

at the oxygen atom more than in non substituted amides. Thus the stretching  
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frequency of the carbonyl groups in such amides is lower than that in ketones 

and esters (Gasparni and Grossi, 1986), Table 1.3. 

             

            O                                            
                                     (-) 

O         R' 

                         R'  

R C—N                                                      RC —
          (+) 

N 

     R"                                                                       R" 

         (IV)                                                                      (V) 

      This behaviour is reflected in increasing capacity for extracting 

hexavalent actinides. Investigations of the extracting capacity of amides are 

also justified when the elevated stability of these compounds to hydrolytic 

attack by acidic and basic reagents is considered. The aqueous solubility 

characteristics of amide extractants are also favorable; they are insoluble in 

water and very soluble in the most common nonpolar solvents.  

 

 

 

 

 

 

 

 

 



                                                                                                      INTRODUCTION 

  
                                                                                                                        

27 

Table.1.3. C=O Stretching Frequency of Some Carbonyl 

Compounds in Diluted Solutions. 

Compound Structure Stretching frequency 

C=O 

Esters 

Ketones 

Primary Amide 

Secondary Amide 

Tertiary Amide 

R-C(O)-OR' 

R-C(O)-R' 

R-C(O)- NH2 

R-C(O)-NHR' 

R-C(O)-N(R')2 

 

1750 - 1735 cm
-1

 

1725 – 1705 cm
-1

 

~  1690 cm
-1

 

1700 – 1670 cm
-1

 

1650 – 1620 cm
-1

 

 

1.4. LANTHANIDES 

As the present thesis deals with the extraction of some lanthanide elements, 

the following material will focus on the main characteristics, occurrence, and 

uses of lanthanides. The rare earths are generally defined as the lanthanides 

with the addition of yttrium. The lanthanides are the series of 1S elements 

with atomic number 57-71. They are well known for their chemical 

similarities. Table (1.4) summarizes some of the physical properties of the 

rare earths (Cotton, 2006). 

 

 



                                                                                                      INTRODUCTION 

  
                                                                                                                        

28 

1.4.1. Occurrence 

All the lanthanides series of elements with atomic number 57-71 

except promethium (a product of fission product) occur in nature. Table (1.4.) 

reports the estimated elemental abundance in parts per million in the earth 

curst and solar system.   

The first seven lanthanides (La to Eu) are usually referred to cerium 

subgroup of the rare earth elements as "light" lanthanides elements and their 

remaining eight elements (Gd to Lu) together with yttrium belong to yttrium 

subgroup or "heavy" lanthanide elements. There is an odd-even relationship 

seen through the table within the lanthanide series.  

  Table.1.4. Abundance of the Lanthanides in the continental Crust 

(Cotton, 2006) 

 

Cerium for example Z = 58 which is more abundant on earth, has a 

similar crustal concentration to the lighter Ni and Cu, whilst even Tm and Lu, 

the rarest lanthanides, are more abundant than Bi, Ag or the platinum metals. 

The abundances are a consequence of how the elements were synthesized by 

atomic fusion in the cores of stars with heavy elements only made in 

supernovae. Synthesis of heavier nuclei requires higher temperature and 

pressures and so gets progressively harder as the atomic number increases. 

The odd/even alternation (often referred to as the Oddo–Harkins rule) is 

again general, and reflects the facts that elements with odd mass numbers 

have larger nuclear capture cross sections and are more likely to take up 

another neutron, so elements with odd atomic number (and hence odd mass 

number) are less common than those with even mass number. Even-atomic 

number nuclei are more stable when formed (Cotton, 2006). 
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1.4.2. Lanthanide Ores 

 

Table.1.4 gives the principal sources of lanthanides which are 

Bastnasite LnFCO3; Monazite (Ln, Th) PO4 (richer in earlier lanthanides) and 

Xenotime (Y, Ln) PO4 (richer in later lanthanides). In addition to these, there 

are Chinese rare earth reserves which amount to over 70% of the known 

world total, mainly in the form of the ionic ores. These Chinese ion-

absorption ores, weathered granites with lanthanides adsorbed onto the 

surface of aluminium silicates, are in some cases low in cerium and rich in 

the heavier lanthanides; the Xunwu deposits are rich in the lighter metals and 

their small particle size makes them easy to mine. The Chinese ores have 

made them a leading player in lanthanide chemistry. 

Table.1.5.Typical abundance of the lanthanides in their main ores 

(Cotton, 2006) 

 

1.4.3 Characteristics of the Lanthanides 

The lanthanides exhibit a number of features in their chemistry that 

differentiate them from the d-block metals. The reactivity of these elements is 

greater than that of the transition metals. A very wide range of coordination 

numbers generally 6–12, and numbers of 2, 3 or 4 are known. Coordination 

geometries are determined by ligand steric factors rather than crystal field 

effects. They form labile ‘ionic’ complexes that undergo facile exchange of 

ligand.  
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The 4f orbitals in the Ln3+ ion do not participate directly in bonding, 

being well shielded by the 5s2 and 5p6 orbitals. Also, their spectroscopic and 

magnetic properties are thus largely uninfluenced by the ligand.  

           They have small crystal-field splittings and very sharp electronic 

spectra in comparison with the d-block metals. They prefer anionic ligands 

with donor atoms of rather high electronegativity (e.g. O, F). They readily 

form hydrated complexes (on account of the high hydration energy of the 

small Ln3+ ion) and this can cause uncertainty in assigning coordination 

numbers. 

Insoluble hydroxides precipitate at neutral pH unless complexing 

agents are present. The chemistry is largely that of one (3+) oxidation state 

(certainly in aqueous solution). They do not form Ln=O or Ln≡N multiple 

bonds of the type known for many transition metals and certain actinides. 

Unlike the transition metals, they do not form stable carbonyls and have 

(virtually) no chemistry in the 0 oxidation state. 

1.4.4. Some Aspects of Lanthanides Chemistry 

Lanthanides are rather soft reactive silvery solid with a metallic 

appearance, which tend to tarnish on exposure to air, they react slowly with 

cold water and rapidly in dilute acids. They ignite in oxygen at around 150-

200 oC; similar reactions occur with the halogens, while they react on heating 

with many non metals such as hydrogen, sulfur, carbon and nitrogen (above 

100 oC).The metals have relatively high-melting and boiling points. Their 

physical properties usually show smooth transition across the series, except 

that discontinuities are often observed for the metals that have a stable +2 

states, europium and ytterbium. Similarly, Sm, Eu, and Yb have boiling 

points that are lower than those of neighboring metals (Cotton, 2006). 

Assuming that one can  represent the structure of metal as a lattice of ions 
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permeated by a sea of electrons, then metals like lanthanum can be shown as 

(ln+3)(e-)3, however, metals based upon divalent ions (like Eu, and Yb) would 

be (ln+3)(e-)2. The ions with (+3) charge have a smaller radius, as the higher 

charge draws in the electrons more closely, and the stronger attraction means 

it takes more energy to boil then similarly they would be predicted to have 

higher conductivities. 

1.4.5. Applications of Lanthanide Metals and their 

Compounds  

  Most of the traditional applications of lanthanides in industry are 

based on their similar chemical properties. Rare earths are used in the 

medical, pharmaceutical, rubber, photographic, space, oil and lubrication, 

instrumentation, polymer and other industries (Eyring, 1966).  

The rare earth (RE) elements have been widely utilized in metallurgy, 

glass ceramics and broadly used as high performance catalysts, as well as for 

high efficient production of permanent magnets. The unsaturated 4f 

electronic structure of RE elements gives them special properties in 

luminescence, magnetism and electronics. With the recent advances in 

superconductivity, laser applications, magnetostrictive materials, and 

hydrogen storage materials, the RE elements are attracting increased attention 

and have taken on some added significance (Franken, 1995). 

1.4.5.1. Uses of lanthanide elements 

Lanthanides are used in metallothermic reaction due to their 

extraordinary reducing property (Ce is a stronger reducing agent than Al). 

Lanthanide-thermic processes can yield sufficiently pure Nb, Zr, Fe, Co, Ni, 

Mn, Y, W, U, B and Si. These metals are also used as de-oxidizing agent, 

particularly in the manufacture of Cu and its alloys. 
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The alloys of the light RE metals in the same ratio as in the natural 

mineral is called mish-metal. The mish metal contains predominantly the first 

four lanthanides, the light lanthanides. The major use of mish metal is as 

additive for steel treatment (Leyckx and Gschneidner, 1981) which 

improves its resistance to oxidation. Mish metal used in Mg-alloys for 

making parts of jet engine and alloyed with iron to be usefuel in lighter flints 

it also used in nickel- metal- hydride a rechargeable battery which has high 

capacity and capacity and long-life( Sakai, 1993). 

The use of the rare earths in laser glasses must be added to this list of 

applications in glasses.  The major uses of the rare earths are as additives to 

ductile iron, steels, and nonferrous metals, such as magnesium, and super 

alloys, as lighter flints, in ordnance, and in research. In most of these 

applications the rare earths are used as mixed metals in which they are 

present in their natural proportions. In this form they are popularly known as 

misch metal. The rare earths, in their separated metallic forms, are used only 

as additives to superalloys and in research. 

1.4.5.2. Uses of lanthanide compounds  

Colour televisions and similar displays are the largest commercial 

market for lanthanide phosphors, with over 100 million tubes manufactured a 

year. About 2 g of phosphor is used in each tube. An important application 

pertains to the use of europium oxide in phosphors for color television picture 

tubes and other cathode ray tube (CRT) displays. In combination with yttrium 

oxide, yttrium oxysulfide, or yttrium ortho vanadate, a superior red color is 

produced. The application of fluorescent materials for lighting with regard to 

a three wavelength lamp has been successful, and this lamp is widely used in 

the market as the only lamp that simultaneously achieves high efficiency and 

high color rendering. The rare earth compounds are used for polishing the 
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CRTs of televisions and the substrates of photomasks for integrated circuits. 

Their use for polishing purposes is very well found. (Gupta and 

Krishnamurthy, 2005). 

The use of the rare earths as glass additives constitutes a well-known 

application field. Neodymium oxide is used to color decorative glass from 

light pink to blue-violet. It is also added to welding glasses to protect the eyes 

from the yellow flare emitted by sodium vapor. Optical glasses are 

incorporated with lanthanum oxide to increase the index of refraction and 

decrease the dispersion of light. Camera lenses and other applications 

needing a high degree of light transmission may be cited as other important 

examples of uses of lanthanum oxide. Yttrium oxide and gadolinium oxide 

are used as additives for lenses. Cerium oxide is used as an achromatic agent, 

and neodymium oxide is used as an additive to the CRT front glass of TVs.  

1.4.5.3. Nuclear applications 

Lanthanide elements, and compounds have found a variety of 

applications in nuclear uses, e.g., in nuclear fuel control, where europium is 

used for control rods in compact nuclear reactors because it exhibits a high 

capture cross-section of the natural isotopes (Greinacher, 1981). Gadolium 

oxide is one of the largest uses in the nuclear power as shielding and fluxing 

devices. It is used in general electric's boiling water reactors as a burnable 

poison (Goldstein and Strasser, 1983) mixed directly with uranium to 

achieve a uniform neutron flux during the life time of a fuel element 

(Farr,1982). Pr is used in the production of atomic battery. Ce and Y 

hydrides are useful as neutron moderators (Greinacher, 1981). 
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Dysprosium doped crystals, particularly CaSO4 or CaF2, have been 

used in dosimeters for monitoring exposure to ionizing radiation, such as 

gamma rays or neutrons (Molycorp 1993). Such a crystal on exposure to 

energetic radiation creates in situ and qualitatively excited Dy atoms. When 

the crystal is heated these atoms luminesce producing a glow peak. The 

magnitude of the glow peak is related to the radiation dose. Thalium doped in 

CaSO4 is used in dosimeters for radiation measurements. This is used for 

precise measurements of low radiation doses in the range 0.1 mR to R, for 

example in personal badge detectors (Molycorp, 1993). 

The exceptional thermal stabilization of monazite and xenotime 

structures, possible single phase behavior up to their melting points, 

combined with limited chemical reactivity has led to the suggestion that rare 

earth phosphates be considered as hosts for the long storage of radioactive 

waste (Molycorp 1993). 

1.5. INVESTIGATED METALS 

1.5.1. Lanthanum 

In 1839 Mosander separated a new element from ceria. Berzelius 

suggested to Mosander the name “lanthanum” for the new element (in Greek 

“lanthano” means “to escape notice”). (Gupta and Krishnamurthy, 2005). 

Lanthanum has been obtained from the ceria earths after the removal 

of cerium, by fractionation with ammonia or magnesia, by extracting the 

roasted oxides with mineral acid, by precipitation as oxalate or chromates, by 

electrolysis, or by fraction crystallization of various double nitrates, 

bromates, or m-nitrobenzene sulphonates.  

Lanthanum metal has been obtained by reducing anhydrous 

lanthanum chloride with heated sodium or potassium: 
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3LaCl +3K La+3KClˆ ˆ †‡ ˆ ˆ  

It is also obtained by electrolysis of the fused lanthanum chloride covered 

with a layer of ammonium chloride; a current of 50 amperes. at 10-15 volts is 

necessary. The metal is purified by remelting it in the crucible made from 

magnesia and covered with a layer of barium chloride.  

1.5.1.1. Physical and chemical properties of lanthanum    

Lanthanum metal has the whiteness of tin. Its hardness increases in 

the following series: Pb, Sn, Ce, La, Zn, Nd, Pr, Sm. Lanthanum is malleable 

and is ductile enough to be hammered into foil drawn into wire. Its atomic 

heat is 6.23 and entropy 13.7 at 25oC and atmospheric pressure. 

When lanthanum oxide is heated with magnesium in an atmosphere of 

hydrogen, a hydride, LaH3 is formed; the lanthanum metal tarnishes rapidly 

even in dry air. It slowly forms the hydroxide with cold water and rapidly 

with hot water; in both cases hydrogen is evolved. The metal in the form of 

fillings combines vigorously with chlorine when heated, forming LaCl3; and 

also with bromine at 220o, and slowly with iodine vapour. Nitric acid 

oxidizes lanthanum violently.  

The metal forms a stable alloy, LaAl4 (lanthanum tetra-aluminide) 

with aluminium. It is also a component of the mischmetal. 

The density of lanthanum at 24°C is 6.146 g/cm3; the conduction 

electrons are 3 electrons; the color of lanthanum ion in aqueous solution is 

colorless, while lanthanum oxide, La2O3 has a white color. The melting point 

of lanthanum is1918°C and the boiling point is 3457°C; Recrystallization 

temperature of lanthanum 300°C. (Gupta and Krishnamurthy, 2005). 
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1.5.1.2. Lanthanum compounds 

It is obtained by ignition of hydroxide, carbonates, nitrate and oxalate 

of lanthanum. It resembles quicklime in that it readily absorbs water and CO2 

when exposed to air. When lanthanum is fused with sodium carbonate and 

washed with alcohol, or when digested with an excess of caustic soda at 

100oC, sodium lanthanate, Na2La4O7 is formed. 

La (OH) 3 is obtained when alkali or ammonium hydroxide or 

ammonium sulphide is added to a choride, nitrate, sulphate etc. of lanthanum. 

It is sufficiently soluble in water to color red litmus blue. 

Lanthanum salt solutions give a white precipitate of the hydroxide, La 

(OH) 3 with ammonium hydroxide; then precipitation is prevented by citric or 

tartaric acid.  Lanthanum hydroxide is peculiar in absorbing iodine and 

acquiring a blue color like starch; this blue color is destroyed by acids and 

alkalis. In the presence of a sufficient amount of tartarates, no precipitation 

occurs with sodium hydroxide. With oxalic acid or ammonium oxalate, a 

precipitate of lanthanum oxalate, La2 (C2O4)3 is formed. 

  A crystalline double salt is precipitated by potassium, sodium or 

ammonium sulphates, e.g., La2 (SO4)3(NH4)2SO4.8H2O and La2 

(SO4)3.5(NH4)2SO4. These double salts are sparingly soluble in cold water, 

fairly soluble in hot water and almost insoluble in a saturated solution of the 

alkali sulphate. (Satya Prakash, 1969). 

LaCl3, has been obtained by evaporating to dryness a solution of 

lanthanum oxide in hydrochloric acid, or by heating the oxide in a mixture of 

sulphur monochloride and chlorine. By heating the hydrated chloride with 

ammonium chloride, the anhydrous chloride is obtained, m. pt. 900o, sp. 

Gr.3.947. It dissolves in water with the evolution of heat. The hydrates are 

LaCl3.6H2O; LaCl3.71/2H2O, which on heating give oxychloride, 
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2LaCl3.3La2O3 or LaOCl; the latter is also obtained by heating lanthanum 

oxide at 200o in a stream of chlorine. Lanthanum chloride unites with a 

number of other metal chlorides giving double salts as LaCl3.3CsCl.4H2O 

and LaCl2. 4HgCl2.12H2O. 

By heating the lanthanum oxide in a mixture of sulphur monochloride 

and hydrobromic acid in excess, the hydrates as LaBr3.7H2O, the oxybromide 

as LaOBr, and the double salts, as 2LaBr3.2NiBr2.18H2O Or 

LaBr3.BiBr2.12H2O, have also been prepared.  

Lanthanum salts with alkali carbonates yield shining crystalline scales 

of lanthanum carbonate, La2 (CO3)2.3H2O, and other hydrates of this 

carbonate. The carbonate is soluble in an excess of potassium or sodium 

carbonate, on account of the formation of such double carbonates as 

K2CO3.La2(CO3)3.12H2O ; and 3Na2CO3.2La2(CO3)320H2O. 

La (NO3)3. 6H2O is obtained by dissolving the oxide, hydroxide or 

carbonate in nitric acid. The hexayhydrated nitrate when treated with 

ammonia at 43 oC yields lanthanum hexamminonitrate, La (NH3)6. (NO3)3. 

The hexahydrated nitrate crystallizes in the triclinic system and is 

isodimorphous with bismuth nitrate. The nitrates give such mixed crystals as 

2NaNO3. La (NO3)3.H2O or 2NH4NO3.La(NO3)3.4H2O.   

La2 (SO4)3.6H2O, can be prepared by dissolving the oxide, hydroxide 

or carbonate in dilute sulphuric acid; the crystals, may be dehydrated at 400 

oC, the decomposition taking place above 500o. Various oxysulphates are 

formed above 800o as La2O2SO4.  
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1.5.1.3. Uses 

Lanthanum was first used in the optical glass industry in 1935 by 

Morey (1938). Low silica glass containing lanthanum oxide possesses a high 

index of refraction and low dispersion and is extensively used in the 

manufacture of camera and other lenses (Greinacher, 1981). Optical glass 

for camera lenses is made from a “lanthanum-flint” composition containing 

Ca2O3 and B2O3 (Molycorp 1993). Lanthanum oxide does not impart color to 

the glass. Optical glasses containing up to 40% lanthanum oxide are made 

and these are also corrosion resistant. 

Lanthanum-rich rare earth compounds have been extensively used as 

components in fuel catalytic converter (FCC) catalysts, especially in the 

manufacture of low-octane fuel from heavy crude oil. Lanthanum-rich rare 

earth metals have an important role in hydrogen storage batteries. Lanthanum 

is utilized in green phosphors based on the aluminate (La0.4Ce0.45Tb0.15) PO4. 

Lanthanide zirconates are used for their catalytic and conductivity properties 

and lanthanum stabilized zirconia has useful electronic and mechanical 

properties. Lanthanum is utilized in laser crystals based on the yttrium-

lanthanum-fluoride (YLF) composition (Gupta and Krishnamurthy, 2005). 

Ceramic fuel cells, also called solid oxide fuel cells (SOFC’s) 

generate electricity directly from the reaction of a fuel with an oxidant. Power 

is produced electrochemically by passing a hydrogen-rich fuel over the anode 

and air over the cathode and separating the two by an electrolyte. In 

producing electricity, the only byproducts of SOFC are heat, water and CO2. 

A current government-industry partnership program in U.S.A. is aiming to 

ready a 1-megawatt fuel cell micro turbine power plant. These cells operate at 

1000°C. LaMnO3 is a P type conductor and Sr-doped LaMnO3 has a high 

electronic conductivity in oxidizing atmospheres. It is the preferred cathode 

material for use in severe conditions of SOFC’s. 
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More than any other material LaB6 shows resistance to attack by 

aggressive fluorine at very high temperatures. This property leads to many 

strategic applications involving fluorine gas. The resistance is conferred by 

the formation of an adherent fluoride film on the boride (Molycorp 1993, 

Holocombe et al. 1982). 

 In electronics formation of glass, frits and LaB6 can be screen printed 

and fired to provide resistor components required in modern integrated 

circuitry (Molycorp 1993). 

1.5.2. Neodymium  

Neodymium is discovered in 1885 by Von Welsbach (Austria) 

(Bousyeph and Yefemov, 1987) and its metallic form was obtained in 1902 

by Mouthmann (Germany). It is recovered from the minerals bastnasite and 

monazite. The possible oxidation states of neodymium are +2 and +3. The 

trivalent state is the most common oxidation state for this element. 

Neodymium has one naturally occurring radioisotope, 144Nd (23.8%) with 

half- life 2.1x1015 year (α – emitter). The most common salts of Nd (III) are 

oxide, acetate, carbonate, chloride, fluoride, hydroxide, nitrate, oxalate and 

sulphate. Since neodymium lies in the cerium group, it can be separated from 

the yttrium group elements by extraction methods based on the thiocyanate, 

cupferron, and di-n-butylphosphate and TBP complexes. Also, it has been 

isolated from other elements by extraction with TBP and tri-n-octyphosphine 

oxide (TOPO) from a nitrate medium.  

The density of neodymium at 24°C is 7 g/cm3 and conduction 

electrons are 3 electrons and the color of neodymium in aqueous solution is 

pink while the color of neodymium oxide, Nd2O3 is pale blue. The melting 

point of neodymium is 1021°C, the boiling point 3068°C and the 

recrystallization temperature of neodymium is 400°C. (Gupta and 

Krishnamurthy, 2005). 
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1.5.2.1. Physical and chemical properties of neodymium 

The absorption spectrum of aqueous solutions of neodymium salts is 

complex, with maxima near 6890, 5800, 5090, 4800, 4690 etc. the spectra 

depend on the solvent also. The paramagnetic susceptibility is 36x10-6. 

Neodymium strips combine with hydrogen at 220o to form the 

hydride, NdH3. The metal preserves luster in dry air though it tarnishes in the 

moist. The oxide, NdO3, is obtained by igniting its hydroxide, carbonate, or 

nitrate. The addition of ammonium or alkali hydroxide to neodymium salt 

solutions yields a blue precipitate of the hydroxide, Nd (OH)3. Its peroxide, 

NdO2 is only doubtful; it is perhaps formed in the presence of cerium or 

praseodymium. The pentoxide, Nd2O5.nH2O, comes out in the presence of 

hydrogen peroxide. (Satya Prakash, 1969) 

1.5.2.2. Neodymium compounds 

Neodymium chloride, NdCl3 is obtained by the action of chlorine on 

its carbide. It yields pink transparent hygroscopic crystals. It melts at 784oC, 

forming a red liquid. The hydrated crystals of NdCl3.6H2O are pink, which 

when heated in air yield the oxychloride, NdOCl, purple-colour. The chloride 

is soluble in alcohol, from which crystals of NdCl3.3C2H5OH are deposited. 

The anhydrous chloride absorbs ammonia giving NdCl3.12NH3. Similarly, 

neodymium fluoride NdF3 is obtained as a pale lilac coloured crystalline 

powder by the action of fluorine on its carbide.  

Anhydrous neodymium bromide, NdBr3. is prepared by treating the 

oxide with sulphur chloride and hydrobromic acid. It is a green crystalline 

substance which melts to a dark brown liquid.  

Neodymium sulphate Nd2 (SO4)3, is obtained by dissolving the 

carbonate or oxide in dilute sulphuric acid. It is light red. Neodymium 
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sulphide Nd2S3, is obtained by heating the anhydrous sulphate in a stream of 

hydrogen sulphide. 

Neodymium carbonate, Nd2 (CO3)3.xH2O is prepared by the action of 

carbon dioxide on the hydroxide suspended in water; or by the precipitation 

of a neodymium salt with ammonium carbonate. It has a light red colour. It 

forms an amorphous pale-red double carbonate with sodium or potassium, 

3Na2CO3.2Nd2(CO3)3.22H2O and K2CO3. Nd2(CO3)3.12H2O. 

By the action of nitric acid on the oxide, hydroxide or carbonate, one 

can prepare neodymium nitrate, Nd2 (NO3)3.6H2O, from which bright red- 

dish violet plates of the double rubidium nitrate, Rh (NO3)3.Nd (NO3)3 are 

prepared.  

1.5.2.3. Uses  

Neodymium is used in high energy products, high coercive force 

magnets for computers and other applications. Neodymium is also used in 

decorative and welding glasses, and in amplifier glass for lasers. The 

continuing demand for neodymium has created strong market conditions. The 

word laser stands for ‘light amplification by stimulated emission of 

radiation’. A laser produces beams of mono chromated, very intense radiation 

in which the radiation waves are coherent. The principle of a laser is that of 

stimulated emission: an excited state can decay spontaneously to the ground 

state by emitting a photon, but in a laser, the emission is stimulated by an 

incoming photon of the same energy as the emission. The advantages of this 

over spontaneous emission are that the energy of emission is exactly defined; 

the radiation emitted is in phase with the radiation used to stimulate it, and 

the emitted radiation is coherent with the stimulating radiation. Further, 

because their properties are identical, the emitted as well as the stimulating 

radiation can stimulate further decay, and so on, i.e. the stimulating radiation 
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has been amplified. Primary applications include lasers; glass coloring and 

tinting, dielectrics and, most importantly, neodymium-iron-boron (Nd2Fe14B) 

permanent magnets.  

It is used extensively in the automotive industry with many 

applications including starter motors, brake systems, seat adjusters and car 

stereo speakers. Its largest application is in the voice coil motors used in 

computer disk drives. Neodymium has a strong absorption band centered at 

580 nm, which is very close to the human eye’s maximum level of sensitivity 

making it useful in protective lenses for welding goggles. 

 It is also used in cathode ray tube (CRT) displays to enhance contrast 

between reds and greens. It is highly valued in glass manufacturing for its 

attractive purple coloring to glass. Neodymium is included in many 

formulations of barium titanate, used as dielectric coatings and in multilayer 

capacitors essential to electronic equipment. Yttrium-aluminum-garnet 

(YAG) solid-state lasers utilize neodymium. 

 

1.5. LITERATURE SURVEY 
1.5.1. Extraction and Separation of Lanthanides: 

Dukov and Atanassova (2003)
 studied the extraction of La, Nd, Eu, 

Ho and Lu from chloride or perchlorate solutions with 

thenoyltrifluoroacetone (HTTA) and the quaternary ammonium salt Aliquat-

336 in CHCl3, C6H6, CCl4 and C6H12. The composition of the extracted 

species was determined as Q+ [Ln (TTA) 4]
-(Q+ is the quaternary ammonium 

salt cation). The values of the equilibrium constant KT,Q increased in the 

order CHCl3<C6H6<CCl4<C6H12 for both HTTA–QCl and HTTA–QClO4 

combinations. For all metals and diluents, the change in the quaternary 

ammonium salt anion caused a decrease in the log KT,Q value of about 3 
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orders. In most cases, the lanthanides separation was not influenced by the 

change of the diluent but a considerable increase of the separation factor of 

the pair Nd/La was found when CHCl3 was changed with C6H6, CCl4 and 

C6H12. 

The liquid-liquid extraction of neodymium and praseodymium with 

mixtures of tributyl phosphate and Aliquat-336 in xylene was investigated by 

Gaikwad and Damodaran (1992). They found that Nd (III) is extracted 

preferentially over Pr (III). The difference in the extraction of these elements 

was observed in the concentration range from 2 to 3M of ammonium nitrate. 

The distribution ratio of Nd and Pr reached   a maximum at 6M ammonium 

nitrate. The observed extraction trend of these elements with TBP was Nd > 

Pr, when using Aliquat-336, the extraction of Nd and Pr is almost 

independent of the pH above 4.0, and the extraction increases with the 

increase of Aliquat-336 concentration. The extracted complexes of Nd (III) 

and Pr (III) were M (NO3)
-L+. TBP. 

Atanassova and Dukov (2004) discussed the synergistic solvent 

extraction and separation of trivalent lanthanide metals with mixtures of 4-

benzoyl-3-methyl-1-phenyl-2-pyrazolin-5-one (HP) and Aliquat-336 (QCl). 

They proved that the change of the quaternary ammonium salt anion (Cl− 

with ClO4
−) causes a significant decrease of the overall equilibrium constant 

KP,Q. A large difference of the separation factors of the pair Nd/La was found 

for 4-benzoyl-3-methyl-1-phenyl-2-pyrazolin-5-one (HP) and Aliquat-336 

(QCl) system. The diluent CHCl3 that gives the lowest extraction causes the 

highest separation of the pairs Nd/La and Eu/Nd. 

Krea and Khalaf (2000) studied the liquid–liquid extraction of 

uranium and lanthanides from phosphoric acid using a synergistic mixture of 

di-octylphenylphosphoric acid (DOPPA) and tri-n-octylphosphine oxide 

(TOPO). They reported that an organic phase composed of 0.5 M DOPPA 
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and 0.125 M TOPO with kerosene as diluent is optimal for extraction of 

lanthanides and uranium. The extractable species found in phosphoric acid 

being in the form of: UO2 (H2PO4)
+, U (H2PO4)

2+, and Ln (H2PO4)
2+.The 

number of stages required for achieving the overall separation is four using 

an organic-to-aqueous volume ratio of 1: 2. The kinetic study indicated that a 

time of 3 minutes is sufficient for reaching equilibrium, and the rate of 

extraction is 4.66 x10-2 and 4.25 x10-2 kg /m2 min for U (IV) and lanthanides, 

respectively. The stripping of the organic phase in two stages is very efficient 

with a mixture of 10 M phosphoric acid and 6% HF. 

Morais et. al.
 
(2007) studied the separation of europium (III) and           

gadolinium (III) using basic extractants such as Primene JM-T, Primene 81R,     

Alamine-336 and Aliquat-336. They reported that sulfuric acid solutions 

indicated higher metal extraction levels with Primene JM-T in comparison 

with Primene 81R.    A high separation factor was achieved when the 

concentration of Primene JM-T was halved. The contact of these extractants 

with hydrochloric and nitric acid solutions resulted in formation of stable 

emulsions, and therefore these chemicals were excluded from the study. 

The synergistic extraction of rare earths by mixture of Di (2-

ethylhexyl) phosphoric acid (HDEHP) and 2-(ethylhexyl) phosphonic acid 

mono-2-ethylhexyl ester (HEH/EHP) in sulfuric acid medium was 

investigated by Yongqi et al. (2008). They reported that the mixture of 

HDEHP and HEH/EHP exhibited synergistic effect for La (1.96), Nd (3.52), 

Sm (5.96), and Gd (5.71) at pH of 2.0, and the synergistic enhancement 

coefficients (Sf) increased with increase of pH.  The stoichiometry of the 

extracted complexes has been considered to be RE (SO4) xH2x (HB2)3 with 

HDEHP, RE (SO4)xH2x(HL2)3 with HEH/EHP, and RE (HB2)2(HL2) with 

synergistic mixture.      The calculated equilibrium constants and stability 

constants indicated that the mixture system was more stable for heavy rare 
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earths than light rare earths, and therefore, it can be used to separate rare 

earths in relatively low acidity. It can also be indicated that the extracted 

complexes RE (SO4)xH2x(HL2)3 were more prone to form the synergistic 

complex RE (HB2)2(HL2). The extraction mechanism was cation exchange 

reaction. 

Zuo et al. (2008) discussed the extraction and separation of Th (IV) 

from La (III), Ce (III), Nd (III), Gd (III), and Er (III) by primary amine 

N1923 in ionic liquid. They found that the protonated amine N1923 shows 

very poor extraction ability for the extraction of Th (IV). However, the 

addition of salt-out agent could greatly enhance the extraction of Ln (III).  

Slope analysis indicate that 2 molecules of extractants participate in  the 

extracted species .A good separation effect of Th (IV) from La (III), Ce (III), 

Nd (III), Gd (III), and Er (III) by N1923 may be obtained at proper conditions 

of 0.4M Na2SO4, 0.1M H2SO4. Over 70% of the Th (IV) may be stripped 

using a mixed solution of 0.1 M critic acid, 0.1M formic acid and 0.1M 

hydrazine hydrate. 

Supercritical direct extraction of neodymium using 

thenoyltrifluoroacetone (TTA) and tri-butylphosphate (TBP) was discussed 

by Vincent et al. (2008). They observed that by increasing the flow rate from 

2 to 4.3 rpm, the extraction percent increases. However, the extraction of 

TBP also increases with the increase in flow rate, and the mass transfer 

coefficient increases from 1.13×10–5 to 1.71×10–5 cm/s when the flow rate is 

increased from 1.8 to 3.1 rpm. With the synergistic effect of ligands, TTA 

and TBP, it was found that the extraction percent of Nd is enhanced. 
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Maroun et. al. (2006) investigated the solvent extraction of 

lanthanum (III), europium (III) and lutetium (III) by bis (4-acyl-5-

hydroxypyrazoles) HPMBP derivatives. They reported that the extraction of 

representatives of light, medium and heavy lanthanides by polyethylene-bis 

(acylpyrazolones) shows that those extractants are more efficient and more 

selective than their parent compound. However, they are much less efficient 

in liquid–liquid systems than in the micellar extraction.  

The extraction of La (III) from acidic nitrate-acetato medium by bis 

(2, 4, 4-trimethylpentyl) phosphinic acid (Cyanex272, H2A2) in toluene either 

alone or in combination with trioctylphospine oxide (TOPO, B) was 

investigated by Saleh et al. (2002). They found that the distribution 

coefficient decreases with increasing La (III) concentration up to 7.34 x 10-3 

M La (III) in the aqueous phase, after which it increases up to 9.79 x 10-3 M 

La (III) concentration and again decreases. Species [La (Ac) 2 A-3HA] and 

[La (Ac) A2-B] are extracted in the system without and with TOPO, 

respectively. The equilibrium constant, Kex, is 10-2.16 in the extraction system 

without TOPO and 10-2.58 for the extraction system with TOPO. The loading 

capacity of Cyanex 272 it was found to be 15.97 g La (III) /100 g Cyanex 

272. The phosphorus to lanthanum ratio of the solid complex obtained is 3. 

Pyartman et. al. (2003) studied the extraction of lanthanide (III) and 

Y (III) nitrates with trialkylbenzylammonium nitrate (TABAN) in toluene. 

They reported that the extraction isotherms of Dy (III) with 0.86, 0.55, and 

0.29 M TABAN in toluene (20 -60 vol %) show that, with increasing 

TABAN concentration, the equilibrium concentration of Dy (III) nitrate in 

the organic phase increases. and the TABAN concentration does not 

appreciably influence the shape of the extraction isotherms.  
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Logarithms of the extraction constants of Dy (III) with 0.86, 0.55, and 

0.29 M TABAN in toluene are 0.55 ± 0.04, 0.60 ± 0.03, and 0.62 ± 0.03, 

respectively, i.e., they are virtually independent of the TABAN 

concentration. The largest difference between the extraction constants is 

observed for Ln (III) of the yttrium group (up to 0.2 - 0.24 log units, which 

corresponds to the separation factors of 1.6 -1.75). 

The extraction of thorium, lanthanum and europium ions by bis (2-

ethylhexyl) phosphoric acid using 2-nitrobenzo-18-crown-6 as ion size 

selective masking agent was studied by Zamani and Yaftian (2004). They 

concluded that the combination of chelating properties of acidic extractants 

and ion size selective masking effect of crown ethers, having opposite 

complexation tendencies, improves the separation of lanthanides. The results 

reveal the improved extraction–separation of lanthanum and europium ions 

by bis (2-ethylhexyl) phosphoric acid in the presence of NB18C6. The 

evaluated stability constants and selectivity factors show that NB18C6 is 

more efficacious masking agent and a better separation was obtained as 

compared to 18C6. This work provides a series of thermodynamic data that 

contribute to a better understanding of the extraction process as well as the 

metal ion complexation of lanthanum and europium ions by crown ethers in 

aqueous phase  

Nayak et. al. (1999) studied the synergistic extraction of neodymium 

and carrier-free promethium by the mixture of di-(2-ethylhexyl) phosphoric 

acid (HDEHP) and (2-ethylhexylphosphonic acid mono-2-ethylhexyl ester) 

PC88A. With the binary mixture of 0.1% (v/v) HDEHP and 0.1% (v/v) 

PC88A, a moderated synergistic effect was observed in the extraction of Nd 

(III) and Pm (III) from 10-4N HCI. Further, the extraction of carrier free 

promethium from bulk neodymium from 10-4N HC104 by 0.1% HDEHP and 

0.25 ml H202, provides a high separation factor with a sufficiently high 
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distribution ratio of Pm 3+ and low distribution ratio of Nd 3+. Though a clear 

and quantitative separation was not achieved, but a relatively high 

enrichment of the organic phase in promethium and the purification of 

neodymium from promethium in aqueous phase, respectively, are possible. 

Chitry et. al. (1999) investigated the separation of gadolinium (Ill) 

and lanthanum (III) in aqueous medium by nanofiltration combined with a 

complexation step. They have chosen DTPA (diethylenetriaminepentaacetic 

acid) as ligand for a selective Gd (IIl) / La (III) complexation, and they found 

that the presence of sodium nitrate decreased the initial gadolinium and 

lanthanum retentions, and the use of EDTA or DTPA makes the filtration 

system more selective. The difference between gadolinium and lanthanum 

retentions was at a maximum for a 2 mmol / l ligand concentration (i.e., when 

[Gd]/ [ligand] = l). It was also observed that DTPA gives a better separation 

(nearly 13% between Gd and La retention when [Gd]/ [DTPA] = I) than 

EDTA (only 6% under the same conditions). This result can be compared 

with the ratios of stability constants: KGd/KLa = 955 for DTPA, which is 

superior to          KGd/KLa = 74 for EDTA.  

Rabie (2007) discussed the separation and purification of Sm, Eu and 

Gd from Egyptian beach monazite mineral using di-2-ethylhexylphosphoric 

acid/ kerosene from nitric–hydrochloric acid mixture. He found that a rare 

earth cake free from cerium containing 93.11% RE2O3 is separated from 

monazite mineral. Di-2-ethylhexylphosphoric acid diluted with kerosene was 

used for separation processes. The REEs acid feed was prepared in 

hydrochloric–nitric admixture (1 HCl: 1 HNO3) which showed the best 

separation factors for the middle REEs with D2EHPA/K. A concentrate 

containing 98% of Sm, Eu and Gd as a group was obtained with 78% 

recovery from their concentration in mother monazite mineral. The 

composition of the final middle REEs concentrate was assayed to contain 
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60.6 %, 3.21 % and 34.4 % of Sm, Eu, and Gd, respectively, with 1.66% Nd 

and 0.02 % Tb, all represented as their oxides. 

The solvent extraction of trivalent lanthanides with 

hexafluoroacetylacetone (HFAA) and tri-n-octylphosphineoxide (TOPO) was 

studied by Ksrmurthy et al (1998). They observed that by solvent 

extraction, mixed ligand complexes of lanthanides, Ln (HFAA)32.TOPO can 

be efficiently separated from interfering with major matrix elements and the 

pure solid volatile mixed complexes can be rapidly prepared by evaporating 

the extractant and recrystallisation. Further, the extract of the mixed ligand 

complex of lanthanides can be directly fed into gas chromatograph for the 

separation of individual lanthanides and their estimation. 

1.5.2. Investigated Extractants: 

The structural investigations of N, N'-substituted malonamide crystal 

compounds as a basis to support trivalent lanthanide extraction mechanisms 

was discussed by Ionova et. al. (1998). They reported that across the 

lanthanide series, the 4f shell is progressively filled. In the beginning of the 

series there is some covalent bond between Ln 4f atomic orbitals and their 

surroundings. Besides, the excited 5d and 6s have significant contribution for 

covalent bonding. For the heavy Ln elements, the 4f atomic orbitals are 

highly contracted and have only a small overlapping with 2s and 2p oxygen 

orbitals. The excitation energies sharply increase in the heavy lanthanides. 

The strong localization of 4f electrons decreased the bond energy La-O when 

one passes from the light to the heavy elements. This regularity is 

demonstrated for the nitrato complexes of La with malonamides. 

Cuillerdier et. al. (1988) investigated the possibility of using malonic 

acid diamides as extractants in the processes of nuclear fuel reprocessing. 

Mechanisms of americium and europium extraction from HClO4 and HNO3 
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aqueous solutions by dimethyldioctylmalonamide in t-butlyl benzene was 

studied. It was found that distribution coefficients of Eu (III), Am (III) 

increase with the concentration of dimethyldioctylmalonamide and the 

extractants studied were of interest for extracting alpha-emitters from wastes 

of nitric acid solutions. 

The synthesis of some N, N, N', N'-Tetraalkyl-3- Oxa-Pentane-1, 5-

Diamide and their applications in solvent extraction was investigated by 

Mowafy and Aly (2007). They reported that diglycolamides have been 

prepared directly by the reaction of diglycolic anhydride with a secondary 

amine in two steps. This method results in a product of high purity and 

reasonable yield as well as being less time consuming. The DU (IV) values 

significantly decreased as the alkyl chain length increased through the series 

C3H7 >C4H9 >C6H13>C8H17. It was considered that the donor oxygen of 

diglycolamide are interacting with the polar aromatic and halogenated 

diluents, which decreases the extraction ability of diglyolamides for Am(III) 

and Eu(III) compared with n-hexane and n-dodecane diluents. 

Yan (2005) studied the synthesis and luminescence properties of Eu 

(III) and Tb (III) complexes with two new aryl amide type ligands L1 and L2 

(L1 = 2,4,6-tris{[2'-N-hydroxymethylformyl) phenoxyl]methyl]-1,3,5-

trimethylbenzene, L2 = 2,4-bi{[2'-N hydroxymethylformyl)phenoxyl]-

methyl]-1,3,5-trimethyl benzene) and their europium and terbiumnitrate 

complexes were synthesized. They found that the synthesis of Eu (III) and Tb 

(III) complexes with two new amide-type bonds and their luminescence 

properities are reported. The Eu (III) and Tb(III) complexes of L1 and L2 

have almost equal luminescent intensity. It also could be concluded that both 

L1 and L2 absorb and transfer energy to Ln (III) ions effectively. This might 

indicate that the triplet state of the ligands L1 and L2 is suitable for the 

resonance level of the Ln (III) ion. 
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The application of N, N-dialkyl aliphatic amides in the separation of 

some actinides was discussed by Gasparini and Grossi (1980). They found 

that the N, N-dialkyl aliphatic amides proved to be good extractants of some 

actinides such as U, Pu, and Th.  Their  stability  is comparable  to that  of  

TBP,  and  their  degradation  products  do  not  interfere as do  the  

degradation  products  of  TBP.  On the  other  hand,  the principal  

disadvantage  of  the  amides  is  their  tendency  to  form  poorly  soluble  U  

adducts  in  organic  diluents. Their preparation at high degree of purity is 

easy and cheap. The performance of the amides examined, in regards to 

solubility, stability, and extraction behavior, supports the possibility of their 

use in the field of recovery and separation of actinides even on an industrial 

scale.  

Nigond et.al. (1995)  used the diamides, N, N'-dimethyl N, N'-dibutyl 

tetradecyl malonamide (DMDBTDMA) as extractant for extraction of 

actinides (II1) from concentrated nitric acid, they found that there is restricted 

third-phase formation.  Long alkyl groups (R") and different R and R' on the 

amide nitrogen limit the extent of third-phase formation.  The second class of 

extractants studied, the picolinamides, seem to have potential for the 

separation of Actinides (III) /Lanthanides (III).   Also malonamides are able 

to extract actinides (II1, IV and VI) from nitric acid solutions.  It has been 

demonstrated  that while DMDBTDMA is  a  satisfactory  molecule,  its 

properties  can  be  improved  substantially,  especially  concerning  the  

third-phase  boundary  when  extracting  solutes  like nitric  acid  or  metallic  

nitrates. 

Cuillerdier et. al. (1991) investigated pentaalkylpropane diamides as 

new extractants for nuclear waste solutions.  Due to their chelating effect on 

metallic cations, they found that pentaalkylpropane diamides extract trivalent 

actinides such as Am3+ and Cm3+ from acidic nitrate nuclear waste solutions. 
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These solvents are completely incinerable and do not generate large amounts 

of waste. A review is provided of their chemical properties, leading to the 

choice of the proper molecule. The results of a bench-scale experiment 

performed in a mixer-settler battery are presented; products can be washed 

with NaOH (carboxylic acids) and do not yield precipitates or emulsions, as 

shown by a proper choice of diluents and R”, R, and R’. Considering their 

lack of industrial development, diamides seem to be promising extractants 

mainly because of their incinerability and behavior under degradation. 

 

Cuillerdier et. al. (1993) investigated the pentaalkylpropanediamides 

as new extractants for actinides from waste solution. They found that 

pentaalkylpropanediamides can be used for the treatment of several types of 

waste solutions.  In nitric acid, these extractants can remove all of the ά - 

emitters from high-activity liquid wastes giving “non TRU’ solutions which 

can be stored in near- surface repositories. The use of aliphatic diluents like 

TPH facilitates the utilization of diamides in nuclear reprocessing.  

Moreover, progress obtained in the separation of iron from  alpha  emitters  

increases  the  interest  of  these  solvents  for  the  treatment  of  concentrates 

of high-activity wastes.  Utilization of diamides is possible in chloride 

medium to treat effluents coming from military plants (in this case, TPH is 

usable too).  Concerning waste treatment, it is very important to notice that 

these extractants are completely incinerable, hence creating no additional 

wastes. For the partitioning and transmutation concept, diamides can be used 

with other molecules (for instance TPTZ) to separate lanthanides from 

actinides. 

 The extraction and separation of Pd(II), Pt(IV), Fe (III), Zn(II), 

Cu(II) and Ag(I) from hydrochloric acid solutions with selected cyanamides 

as novel extractants discussed by Mowafy and Aly (2007). They proved that 
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N, N-dihexylcyanamide (DHCY), N, N-di (2-ethylhexyl) cyanamide 

(DEHCY) and N, N-dioctylcyanamide (DOCY) are synthesized and 

characterized by different techniques.  Increasing the chain length of the alkyl 

substituted cyanamides on the nitrogen atom from C6H13 to C8H17 decreases 

the extraction of Pd, Pt and Fe.The very low values of extraction of Zn, Cu 

and Ag with all the synthesized extractants indicated that the change in 

structure have no effect on the extraction of these metal ions. The extraction 

of hydrochloric acid with cyanamides increases with the increase of its 

concentration in the aqueous phase. Pd is strongly extracted at low 

hydrochloric acid concentration (0.01 M) and shows a maximum around 0.01 

M. Cu(II) and Ag(I) are poorly extracted by cyanamides in the entire range of 

aqueous acidity used while significant extraction, especially from relatively 

high hydrochloric acid concentrations, was observed for Pt(IV), Fe(III) and 

Zn(II). The general formula of palladium extracted species is PdCl2·2L for 

the cyanamides used.  
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 2.  EXPERIMENTAL 

 

2.1. CHEMICALS AND REAGENTS  

All chemicals and reagents used in this work were of high grade 

purity and used without further purification.  The lanthanide (III) nitrates 

were prepared from their oxides acquired from Sigma (USA). All other 

chemicals used were of analytical grade. During all the experiments, even for 

washing the glassware, double distilled water was used. The different 

chemicals and reagents used in this work together with their specifications 

are listed in Table (2.1).  

 

2.2. PREPARATION OF SOLUTIONS 

For extraction investigations, two types of solutions were prepared, 

aqueous solutions which contain the investigated element and the organic 

solutions in which the organic extractant was dissolved in the required 

diluent. 

2.2.1. Aqueous Solutions   

 

Stock solutions of lanthanum (III) or neodymium (III) was prepared 

by dissolving their oxides (99.9 purity) in 5ml conc. HNO3 and diluted using 

deionized distilled water to 100 ml in volumetric flask. Finally, a stock 

solution of lanthanum (III) or neodymium (III) (100 ppm) in 3M nitric acid 

was prepared. AresanzoIII (Merck) reagent was prepared by dissolving 

0.05gm of this reagent in    100ml of deionized distilled water. 
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Table (2.1): The Chemicals Used: 

 

Name 

 

 

Formula 

 

Purity 

 

M.Wt., g 

 

Product of 

Lanthanum oxide La2O3 A.R 325.82 Sigma, USA 

Neodymium oxide Nd2O3 A.R 336.48 Sigma, USA 

Nitric acid HNO3 A.R 63.01 Aldrich, Germany 

Sulfuric acid H2SO4 A.R 98.08 Merck, Germany 

Oxalic acid (COOH)2.2H2O A.R 126.07 S.D.fine, India 

Sodium carbonate Na2CO3 A.R 105.99 Fluka, Switzerland 

Triethylamine (C2 H5)3N A.R 101.19 Merck, Germany 

Arsenzo-III AS2N4S2O14H8C22 A.R 776.38 Merck, Germany 

Amm.carbonate (NH4)2CO3 Pure 78.00 Aldrich, Germany 

Hydrochloric acid  

HCl 

 

A.R 

 

36.46 

El Nasr 

Pharmaceutical 

Chemicals. Co., 

Egypt 

Thionyl chloride SOCl2 A.R 118.97 Merck, Germany 

Sodium nitrate NaNO3 A.R 85.00 Fluka,  

Switzerland 

di-n-hexylamine (C6H13)2NH A.R 185.36 BDH, England 

Kerosene - - - Misr Petroleum 

Co., Egypt 

di-n-benzylamine (C6H5-CH2)2NH A.R 192.28 Merck, Germany 

Chloroform C6H5-CH3 A.R 119.38 BDH, England 

di-n-butylamine (C4H9)2NH A.R 129.2 Merck, Germany 

     Aliquat-336 

(tricapryl methyl 

ammonium chloride) 

 

(CH3) R3 N
+
Cl

-
 

R= (C8-C10) 

 

pure 

 

442 

 

Fluka,  

Switzerland 
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2.2.2. Organic Solutions 

For extraction process, stock solutions of synthesized amides 

extractants [N, N diethylacetoamide (DEAA), N, N Teteraphenyl 

malonamide (TPMA), N, N diphenylbenzamide (DPBA), N, N' 

diphenylacetoamide (DPAA), N, N' Teteraethyl malonamide (TEMA)] in 

chloroform were prepared as well as Aliquat-336 in kerosene. Different 

concentrations from these stock solutions were obtained by suitable dilution.  

Organic solutions (pre-equilibrated solvents) and aqueous solutions were 

shaken together for 15 minutes. Phase disengagement was achieved by 

centrifugation. 

 

2.3. INSTRUMENTATION 

 2.3.1 General  

 

 An analytical balance of Precisa 205 type having maximum 

sensitivity of 10
-3

 g and an accuracy ± 0.01 mg was used for weighing all 

samples used in this work.  

 

All the glassware were cleaned with tap water, organic detergents, 

and finally washed thoroughly with double distilled water. The hydrogen ion 

concentration for the solutions was measured using a digital pH meter of 

Hanna Instruments type at the ambient laboratory temperature degree 

25±1 ºC.  

 

 

 

 

 



 57Experimental 

 

A thermostated mechanical shaker of the type Julabo SW-20 C, 

Germany, controlled within ±1ºC with a stirring range 20 - 2000 rpm, was 

used in the extraction experiments for mixing the organic and aqueous 

phases. 

 

Complete separation of the two phases was attained by using a 

centrifuge of the type Z 230 obtained from Hermle, Germany, with maximum 

speed of 5500 + 5% rpm. 

The absorbance of the investigated solutions was measured using a 

double beam recording UV-VIS spectrophotometer, Model160-A, Shimadzu, 

Japan. This instrument has a wavelength range 200-1100 nm and an accuracy 

of ± 0.5 nm. In all measurements, two 5ml glass cells with a pathlength of 1 

cm were used for sample and blank solutions.  

 

Characterization of the synthesized amides extractants and complexes 

formed after extraction were accomplished through measurements of IR 

spectra on a PYE UNICAM FTIR spectrophotometer of type PU 9706 

(England). The samples were measured in organic solution using a NaCl cell 

and using KBr discs for the solid samples. 

 

2.3.2. Analytical Techniques 

2.3.2.2. Determination of La (III) and Nd (III) using Arsenazo 

III: 

In weakly acidic medium the lanthanides and yttrium react with 

Aresnazo III, 2, 2´-(1, 8-dihydroxy-3, 6disulphonaphthalene-2, 7,-bisazo) 

bisbenzene arsonic acid, which is a very useful spectromphotometric reagent 

(MuK and Savvin, 1971; Pakalns, 1969; and Savvin, 1964).  
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In weakly acidic solution, the reagent is violet, whereas its complexes with 

the rare earth elements are green. The maximum absorbance for Lanthanum 

(III) and neodymium (III) is obtained at pH 2.3-2.7. The optimum pH values 

for the various REE differ slightly. 

 

The spectrum of La (III) shows the absorption peak at 651 nm, Fig. 

(2.1). while the spectrum of Nd (III) shows the absorption peak at 650 nm, 

Fig. (2.2).  The calibration curve of La (III)-ArsenazoIII and Nd (III)-

ArsenazoIII complexes were plotted using different metal concentrations in 

the range 0-100 ppm and shows that Beer's law (A = ЄCL), where C is 

concentration of the sample, (Є) is the molar absorpitivity and L is the path 

length, is obeyed in the investigated concentration range.  

The molar absorpitivity of the Aresnazo III complex is 2.4 x 10
4
 L 

mole
-1

 cm
-1

 and 2.2 x 10
4
 L mole

-1
 cm

-1
 at λ=  650 nm and λ=  651 for 

Lanthanum (III) and neodymium (III) respectively, Figs.(2.1,2.4)  .  

 

Chloride, sulphate, and phosphate do not interfere in the 

determination of rare earth elements with Arsenazo III; neither do small 

amounts of titanium, aluminum, calcium, and iron (reduced to Fe (II) with 

ascorbic acid), but larger quantities of these metals and certain other metals 

(Th, Zr, U, Bi, Cu) should be removed. 

 

When EDTA is used to mask interfering metals, the properties of 

Aresnazo III complexes of REE are significantly different from those in the 

absence of EDTA. (Spitsyn et. al. 1971) 
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2.4. GENERAL PROCEDURE 

2.4.1. Batch Extraction Technique 

The extraction behavior of the elements under investigation in the 

present work was determined by the batch extraction technique, using equal 

volumes of the organic and aqueous phases in a stoppered glass penicillin 

bottles. 

The bottles were shaken by a mechanical water shaker thermostated at              

25 + 1 
o
C. It was found that the time needed for equilibrium during the 

extraction was obtained after shaking the two phases for 15-30 minutes for all 

the studied elements. The phases are allowed to settle for 15 min or 

centrifugation for 5 minutes for complete separation of the two phases. 

 

For measuring the concentration of the metal ions under investigation, 

known aliquot portions were carefully withdrawn from the aqueous phase 

and the concentration was calculated from the difference between its 

concentration in the aqueous phase before and after the extraction. The 

distribution coefficient (D) was calculated from the relation:  

 

 

oC -  C  V
D  =   X  

C V
                          (2.1) 

 

where Co
 
is the initial metal concentration before extraction, C is the metal 

concentration in the aqueous phase after extraction, while V, V are the 

volume of the solutions in the aqueous and organic phases, respectively. 
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The change in volume of the two phases after equilibration was 

negligible in all cases and the extraction percentage, % E, can be calculated 

from the equation:  

                                 

 D  
%   E  =  x  1 0 0

D  + 1
                                             (2.2) 

 

For the stripping process, equal volumes of the stripping solution and 

organic phase solution containing the extracted element after extraction were 

shaken till equilibrium; the solution was centrifuged for 5 minutes to obtain 

complete phase separation. Known aliquot portions were carefully withdrawn 

from the stripping aqueous phase for measuring the concentration of the 

stripped element.  

 

2.4.2. Application of the Extraction Process 

 

A block of spent optical glass was washed with distilled water to 

dispel mechanical impurities, dried at constant temperature of 105 
o
C for 1 h, 

crushed, milled and dry screened. The size fraction from 0.044 to 0.074 mm 

was gathered as sample for extraction of rare earths which are shown in 

Table.2.2. 
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The components of various solid products were identified by Energy 

Dispersive X-Ray. The concentration of the aqueous phase was investigated 

using Shimadzu UV/VIS, double beam recording spectrophotometer, Model 

160-A, Japan.  

 

 

Table.2.2. Spent Optical Glass Sample identified by Energy Dispersive 

X-Ray. 

 

10 ml of 55 wt. % sodium hydroxide and 5 g of the glass sample were 

put into stirring conical at a temperature of 140 
o
C for 60 min. The reaction 

products were cooled to room temperature and then filtered using 5C filter 

paper. The filter cake was washed two to three times using 20–30 ml 

deionized water. The filtrate was then collected. The filter cake was gathered 

and put into a 100 ml water-bathed Teflon flask with a thermometer, a 

Teflon-covered magnetic agitator and a water-cooled condenser. The water-

bathed flask was equipped with a Corning stirrer/hot plate, and the stirring 

speed was set at 500 rpm. While stirring, 20 ml of 6 M hydrochloric acid was 

added to the flask. The mixtures were reacted at 95 
o
C for 30 min and cooled.  

The reaction products were filtered and the solid residue was washed two to 

three times with 20–30 ml deionized water. The solution was collected, 

diluted to 200 ml, and then La (III) was extracted by solvent extraction 

technique. 

 

 

 

 

Component          La2O3      Gd2O3  ZrO2    ZnO2  Nb2O5  Sb2O3   BaO   B2O3     SiO2  

Percentage, %         43.         4.60     6.48    0.25    3.30      0.13    125      24.5    6.25    
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Fig. (2.1): U.V-Visible absorption spectrum of La (III) –  

                 Aresnazo (III) complex 
 

λmax = 650.0 
nm 
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λ max = 651.0 nm 

          Fig. (2.2): U.V-Visible absorption spectrum of Nd (III) – 

                 Aresnazo (III) complex. 
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Fig. (2.3) Standard Curve of Lanthanum (III) with 

Aresanzo (III), in nitrate medium at λmax = 650nm. 
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Fig. (2.4) Standard curve of neodymium (V) with 

            Aresanzo (III), in nitrate medium at λmax = 651nm. 
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2.5. SYNTHESIS OF EXTRACTANTS  

N, N-dialkyl amides were prepared by adding the corresponding 

acylchloride to a cooled solution of the secondary amine in ether in the 

presence of triethylamine (Gasparni and Grossi, 1980): 

 

2 5 3(C H ) N:

2 2R ' C O C l + H-N=R   R'CONR  + HC1 →
              (2.3) 

Acylchloride was prepared by reaction of thionylchloride (0.12mol) 

with (0.1 mol) of corresponding acid, at room temperature with stirring. After 

complete addition of thionylchloride to the corresponding carboxylic acid, 

the temperature was raised to 80 
o
C and the mixture was refluxed for about 

30 min; any excess of thionylchloride was easily removed by distillation. The 

prepared acylchloride was added to the mixture of the corresponding amine 

(0.2 mol) and triethylamine (C2H5)3N (0.2 mol) in the presence of benzene 

(100 ml). The temperature during the addition of acylchloride was kept at 2-5 

o
C, and after complete addition of acylchloride the temperature of the mixture 

was raised to the boiling piont of benzene and reflux for about four hours. 

The solution was cooled to room temperature and the formed 

triethylaminehydrochloride was separated by filtration and the unreacted 

triethyl amine was washed with distillated water. The filtrate was purified by 

washing two times each with 4% HCl, 5% NaOH and finally with distilled 

water. The organic layer obtained was dried overnight over excess of 

anhydrous sodium sulphate.  
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N, N' diethylacetoamide (DEAA), N, N' Teteraphenyl malonamide 

(TPMA), N, N' diphenylbenzamide (DPBA), N, N' diphenylacetoamide 

(DPAA), N, N' Teteraethyl malonamide (TEMA)] extractants were 

synthesized according to the previous procedure. The purity of the prepared 

compound was checked by available spectroscopic tools such as FT-IR and 

elemental analysis Fig. (2.5). 

 

 

Wave number [Cm
-1

] 

Fig. (2.5).FT-IR Spectra of Synthesized Extractants 

 

N, N' diphenylacetoamide (DPAA) and N, N' Teteraphenyl 

malonamide (TPMA) are yellow brown liquids while diphenylacetoamide 

(DPAA), N, N' diethylacetoamide (DEAA), are white solids. 
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RESULTS AND DISCUSSION. 3 

 

The main constituents in the nuclear spent fuels are actinides like 

uranium, thorium and various fission products such as lanthanides. Recovery 

of lanthanides such as La (III) and Nd (III) is a challenging task. Solvent 

extraction technique is employed to separate and purify rare earth elements in 

an industrial scale, but the separation of lanthanum and neodymium is a 

difficult task because lanthanide ions exhibit close similarity in chemical and 

physical properties such as ionic radii, and atomic weight as well as 

electronic structure. During last twenty years, different publications have 

pointed out the remarkable properties of alkyl amide in the field of separation 

chemistry. These extractants are able to form stable co-ordination compounds 

with different metallic ions. 

In this concern, this chapter is divided into four main parts. The first 

one, deals with the synthesis of different amide extractants namely N, N 

diethylacetoamide (DEAA), N, N Teteraphenyl malonamide (TPMA), N, N 

diphenylbenzamide (DPBA), N, N' diphenylacetoamide (DPAA), and N, N' 

Teteraethyl malonamide (TEMA). These amides were synthesized and 

compared with the traditional extractant Aliquat-336 in kerosene for 

extraction and separation of La (III) and Nd (III). The second part deals with 

the extraction of La (III) and Nd (III) from aqueous nitric acid medium using 

the different prepared amide extractants and Aliquat-336. In this respect, the 

effects of the different parameters affecting the extraction processes have 

been studied in terms of shaking time, nitric acid, hydrogen ion, nitrate ion, 

extractants, metal ion concentration, loading capacity, temperature as well as 

stripping investigations.  
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The third part deals with the separation feasibility of La (III) and Nd (III) 

from their mixture by different investigated extractants. The fourth part, deals 

with the application studies for the recovery of La (III) from spent optical 

glass after leaching process. 

3.1. SYNTHESIS OF N, N-DI-ALKYL ALKYL AMIDES   

 

During the past twenty years, N, N-di-alkyl alkyl amides extractants 

have come to occupy an important field of solvent extraction. The special 

features of these extractants have good selectivity and high extraction 

efficiency (Tian and Hughes, 1993). In addition to their ability to form 

chelate complexes, these extractants are successfully applied in different 

areas, such as in the extraction of acitinides and lanthanides. Siddall, 1963 

first suggested that, the substituted alkylamides are promising extractants for 

actinides in the early 1960's. In comparison with organophosphorus 

extractants, the main advantages of amides are the non-interference of their 

degradation products in the separation processes. These attractive features 

make them worthy candidates for further investigations in the nuclear waste 

management (Tan et al. 1999). The solubility of these amides is generally 

extremely low in aqueous media and very high in organic diluents, thus 

showing a very promising behavior for application in liquid-liquid extraction 

technique. The general structure of amide extractants are in Fig (3.1): 
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Fig. (3.1) Possible molecular structure of amide extractants 

Where R', R are alkyl groups, (Nigond et al., 1994). 

 
The chemical formula for Aliquat-336 is CH3N [(CH2)7CH3]3.NO3

- and the 
proposed structure is shown in Fig. (3.2). 

 

CH3                                                   (CH2)7CH3 

 

                            NO3 
--------   N+ 

 

(CH2)7CH3                       (CH2)7CH3 

 
 

Fig. (3.2) Possible molecular structure of Aliquat-336 
extractant 

 
3.1.1. Synthesis of DEAA 
 

All amides were prepared and purified according to reported 

procedures (Gasparni and Grossi, 1986) with slight modifications. N, N - 

Di-ethyl acetamide (DEAA) was obtained by the reaction of di-n-ethylamine 

with acetyl chloride in triethylamine medium:  
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3 2 3 2 3 2 3 2

:N(C H )
2 5 3CH COCI + NH(CH CH ) CH -CO- N(CH CH ) HCl→ +

                   

 

DEAA was purified, and the final DEAA was checked by using IR 

spectrometry. The obtained yield based on acid chloride was generally close 

to 80%. 

 

3.1.2. Synthesis of DPAA 
             

  N, N -DiphenylAcetoamide (DPAA) was synthesized by reacting di-

n-phenyl amine with acetyl chloride in the presence of   triethylamine 

according to the reaction:  

:

3 6 5 2 3 6 5 2

N(C H )
2 5 3CH COCI + NH(C H ) CH -CO- N(C H ) HCl→ +                   

 

 

DPAA was purified, and the final DPAA was checked by IR spectrometry. 

The obtained yield based on acid chloride was 60%. 

 

3.1.3. Synthesis of DPBA 
 
          N, N - Phenyl benzamide DBPA was obtained by the reaction of di-n-

phenyl amine with benzoyl chloride in triethylamine medium:  

6 5 2 6 5 2

:N(C H )
2 5 3PhCOCl + NH(C H ) Ph-CO- N(C H ) HCl→ +

 

The acid chloride was prepared from benzoic acid by refluxing with excess 

thionyl chloride in the presence of few drops of N, N-dimethylformamide 

catalyst. 
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2 2 PhCOOH + SOCl PhCOCl+SO + HCl→  

 

DPBA was purified as given in experimental section, and the final DPBA 

was checked by IR spectra. The yield obtained based on acid chloride was 

generally close to 90%. 

 
3.1.4. Synthesis of TEMA 
 

N, N' – Tetra ethyl malonamide (TEMA) was prepared by the reaction 

of di-ethyl amine with malonyl chloride in triethylamine medium; malonyl 

chloride first was prepared by the reaction of thionyl chloride SOCl2 with 

malonic acid. 

2 2 2 2 2 2 CH (COOH)  + SOCl CH (COCl)  + 2SO +2HCl→  

 

                  COCl                          CH2CH3                        CON(CH2CH3)2 

CH2                     +        2 HN              �           CH2                   +2HCl             

                   COCl                           CH2CH3                       CON(CH2CH3)2 

 

TEMA was purified, and the final TEMA was checked using IR 

spectrometry. 

 
3.1.5. Synthesis of TPMA 
 

N, N' – Tetra Phenyl malonamide (TPMA) was obtained by the reaction of 

di-n-phenyl amine with malonyl chloride in triethylamine medium; malonyl 

chloride prepared by the reaction of thionyl chloride SOCl2 with malonic 

acid. 
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2 2 2 2 2 2 CH (COOH)  + SOCl CH (COCl)  + 2SO +2HCl→  

 

                  COCl                          Ph                         CON(Ph)2 

CH2                         + 2 HN                     �   CH2                          +2HCl     

                 

                   COCl                           Ph                          CO(Ph)2 

TPMA was purified with washing several times with alkali, and the final 

TPMA was checked using IR spectrometry. Table 3.1. shows the 

characteristics of the synthesized amides. The purity of the amide products 

was checked using elemental analysis. Table 3.2.  The purity was found to be 

in the range (96- 98 %). 

 

3.1.6. Stability of the Synthesized Amides  

      Investigations of the extracting capacity of amides are justified when the 

elevated stability of these compounds to hydrolytic attack by acidic and basic 

reagents is considered. The aqueous solubility characteristics of amide 

extractants are also favorable; they are insoluble in water and very soluble in 

the most common nonpolar solvents. The chemical stability of the 

synthesized extractants was investigated by shaking the extractant with 6 M 

nitric acid for overnight, if there was no change in the volumes of aqueous 

and organic phases, thus the extractant appears to be chemical stable. 

Therefore the chemical stability of N, N- Dialkyl amides appears to be very 

high, since samples of amides showed no trace of degradation even after few 

months of continuous contact wth 3M nitric acid. 
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Table.3.1.Charateristics of the synthesized amides: 

 

Extractant 

 

Structure 

 

M.Wt, 

g 

 

Yield, 

% 

 

N, N - Di-Ethyl 

Acetamide  

(DEAA) 

 

N, N - Di-Phenyl 

Acetamide 

 (DPAA) 

 

N, N – Di- Phenyl 

Benzamide 

 (DPBA) 

 

N, N' – Tetra Ethyl 

malonamide 

 (TEMA) 

 

 

 

N, N' – Tetra Phenyl 

malonamide (TPMA) 

 

CH3-C(O)- N (CH2CH3)2 

 

 

CH3-C(O)- N (C6H5)2 

 

Ph-C(O)- N (C6H5)2 

   

       C(O)- N (CH2CH3)2 

CH2 

         C(O)- N (CH2CH3)2 

 

         C(O)- N (C6H5)2 

CH2 

         C(O)- N (C6H5)2 

 

 

115 

 

 

223 

 

 

 

273 

 

 

 

 

214 

 

 

 

 

 

406 

 

 

 

80 

 

 

60 

 

 

 

70 

 

 

 

 

65 

 

 

 

 

 

60 
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Table. 3.2. Elemental Analysis Data of Amides 

Extractant Empirical 

Formula 

Analysis, % 
Found (Calc) 

 
C (%)                   H (%)                   N (%) 

DEAA 

DPAA 

DPBA 

TEMA 

TPMA   

C6H15NO 

C15H13 NO 

C19H20NO 

C11H22N2 O2 

C27H22N2 O2 

62.4 (62.6)             13.1 (13.0)              12.0(12.2) 

80.3 (80.7)             5.5  (5.8)                  5.8 (6.2) 

83.2 (83.5)             7.1 (7.3)                   4.8 (5.1) 

61.3( 61.7)            10.4 (10.3)               12.7 (13.1) 

79.5 (79.8)             5.1(5.4)                    6.7(6.9) 

3.1.7. IR Spectroscopic investigations 

To learn about the structure of the synthesized amides, the infrared 

spectroscopy of all these amides were investigated in the wave number 

region 2050 – 1000 cm-1. IR-spectra show almost identical absorption bands 

for N, N diethylacetoamide (DEAA), N, N Teteraphenyl malonamide 

(TPMA), N, N diphenylbenzamide (DPBA), N, N' diphenylacetoamide 

(DPAA), and N, N' Teteraethyl malonamide (TEMA). The position of the 

main absorption frequencies and their possible assignments for representative 

compounds are given in Table.3.3.  

Table.3.3. IR spectral data 

Extractant υ(C=O), cm-1 υ(C=N), cm-1 

 
DEAA 
DPAA 
DPBA 

 TEMA 
 TPMA 

 
1650  
1640  
1645 
1647 
1648 

 
1530  
1460 
1470 
1420 
1450  
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IR absorptions due to the carbonyl group (-CO) symmetric as well as 

asymmetric, show the presence of a strong band in the region1600 cm-1- 1650 

cm-1 indicating the amide type carbonyl group. The C=O stretching band 

frequency and intensity are sensitive to changes in the C=O environment, 

Fig.(3.3). Preliminary expirments showed that among the synthesized amides 

extractants DEAA and DPAA are effective in solvent extraction of Ln (III) 

than the others. In this concern, IR-investigation of the Ln (III)-complexes of 

these two extractants was discussed in details. 

 

To learn about bonding of La (III) complexes extracted by 0.3M DEAA in 

chloroform, and 0.5M DPAA in benzene from nitrate medium, the IR-spectra 

of the organic phase were studied before and after La (III) extraction from 

nitrate medium.  

The IR- spectrum, Fig. (3.4) or Fig. (3.5) shows that the C=O 

stretching frequency and intensity are sensitive to the changes in the C=O 

environment. The spectrum also suggest the fact that Ln (III) is bonded to 

amide extractant through C=O carbonyl group, (Musikas and Hubert, 

1987).   
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Fig(3. 3). IR-spectra of synthesized amides (a) DEAA, (b)    DPAA, (c) DPBA, (d) 
TEMA, 

 and (e) TPMA. 

(a) 

(b) 

(c) 

(d) 

(e) 
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Fig. (3.4) IR-spectra of                                 Fig. (3.5) IR-spectra of  
  0.3MDEAA in chloroform                            0.5MDPAA in benzene 
(a) before extraction                                     (c) before extraction 
(b) after extraction of La(III)                       (d) after extraction of La(III 

Before extraction free C=O stretching band appear at 1650 cm-1 and 1645   

cm-1 for DEAA, and DPAA, respectively. After extraction of La (III) two 

bands are observed at 1635, and 1595 cm-1 in case of using DEAA in 

chloroform. The band at 1630 cm-1 can be assigned for bonded C=O, and that 

at 1595 cm-1 is assigned to NO3
-
, supporting the presence of nitrate in organic 

phase.  The variation in C = O stretching bands from sharp band at 1650 cm-1 

to broad band at  1630 cm-1 confirm the fact that La (III) is bonded to DEAA 

through C=O carbonyl group, as lanthanum nitrate.  

After solvent extraction of La (III) with DPAA in benzene from nitrate 

medium two bands are observed at 1600, and 1550 cm-1which are assigned 

for bonded C=O and the presence of nitrate group, respectively. The decrease 

of free C=O at 1645 cm-1 suggest that La (III) is bonded to DPAA through 

C=O carbonyl group. 

(a) 

(c) 

(b) 
(d) A
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(c) 



                                                                                RESULTS AND DISCUSSION 79 

3.1.8. Effect of Diluent 

       Different aliphatic and aromatic diluents were tested for the extraction of 

Nd (III) and La (III) from 3M HNO3 using constant amide concentration. To 

clarify the effect of diluent, the DNd and DLa values were measured for selected 

diluents, under the same conditions. The data obtained are given in Table 

(3.4). It is found that the distribution ratio using chloroform as diluent has 

higher DNd (III) and DLa (III) values than the other diluents. In case of using 

DEAA as extractant. On the other hand, it is found that benzene has higher 

DNd (III) and DLa (III) values than the other diluents in case of DPAA system.  

 
Table (3.4). DM values of Nd (III) and La (III) with 0.4M synthesized    
                    Amides for various organic diluents. 

TPMA TEMA DPBA DPAA DEAA 
DLa DNd DLa DNd DLa DNd DLa DNd DLa DNd 

 
Diluent 

 
NE 
NE 
NE 
NE 
NE 

 
NE 
NE 
NE 
NE 
NE 

 
NE 
NE 
NE 
0.01 
0.03 

 
NE 
NE 
NE 
0.01 
0.06 

 

 
0.03 
0.08 
NE 
0.07 
0.01 

 
0.05 
0.12 
NE 
0.09 
0.02 

 
1.20 
0.51 
0.05 
0.01 
NE 

 
1.40 
0.79 
0.09 
0.05 
NE 

 
1.40 
1.20 
1.80 
0.23 
NE 

 

 
1.69 
1.50 
2.10 
0.31 
NE 

 
Benzene 
Toluene 

Chloroform 
n-dodecane 
kereosene 

Where NE no extraction 

From data it was found that benzene is a good diluent for N, N 

diphenylacetoamide (DPAA) and chloroform is a suitable diluent for N, N 

diethylacetoamide (DEAA). In terms of diluents it is found that the extraction 

take the order chloroform >benzene >Toluene >n-dodecane> kerosene in 

case of using DEAA for extraction of Nd (III) and La (III). Where by 

extraction DPAA it is found that the extraction in terms of diluents take the 

order benzene >Toluene >chloroform >n-dodecane> kerosene. The variation 

in the order of the diluent on the two extractants for chloroform and benzene 

suggest a possible interaction between the diluent and the two extractants 

(Mowafy and Aly, 2007).      
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3.1.9. Reactivty of the Synthesized Amides  

The reactivity of amide depends mainly upon the electron density of the 

donor oxygen atom of carbonyl group, which represents an even more 

important factor for determining the configuration of the metal extracts. But 

the electron density affected by the structure of substituents, thus the nature 

of substituting groups palys an important role on the extraction ability of the 

amide extractants. The effect of the substituents on the extraction of Ln (III) 

ions from nitrate medium was investigated and the data are listed in Table 

(3.5). 

 
Table .3.5.Effect of the substituents R, R" on the extraction of Nd3+and 
La3+from nitrate medium.  

D  

Amide 

 

R 

 

R" 

 

Moleclualr Structure Nd3+ La3+ 

 
DEAA 

 
DPAA 

 
DBPA 

 
Diamide 

 
-CH2CH3 

 
-C6H5 

 
-C6H5 

 
R 

 
-CH3 

 
-CH3 

 
-C6H5 

 
R 

 

 
0.31 
 
0.09 
 
0.05 

 
0.23 
 
0.07 
 
0.01 

TEMA 

TPMA 

 

 
-CH2CH3 

-C6H5 

 
-CH2CH3 

-C6H5 

0.01 

NE 

0.01 

NE 

 

 

R 

 
R R

R
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The nature of the two substituting groups R and R' palys an important 

role on the extracting power of the synthesized amides. The synthesized 

amides were classified into two main groups; the first group includes the 

mono amides (DEAA, DPAA, and DBPA) in which their extraction power 

decreases in the order DEAA >DPAA>DBPA, these data can interpreted by 

the structural variations of these amides, because of the replacement of alkyl 

group (-CH2CH3) which acting as electron donating groups, with phenyl 

rings (-C6H5) which acting as electron withdrawal groups which decrease of 

the electron density on the oxygen donor atoms of the -C = O carbonyl 

groups,  hence the basicity of carbonyl group decreases in this order 

DEAA>DPAA>DBPA which results in decrease the extraction of Ln (III) in 

this order.  

On the hand in the second group which included TEMA and TPMA 

from the listed the extraction of Ln (III) was found to be decreased further    

than the first group. This may be due to the presence of branched alkyl 

groups bonded to the nitrogen atoms of the TEMA and TPMA extractnts. 

The steric hindrance of branched alkyl groups (-CH2 CH3) in case TEMA 

was found to cause a marked decrease in the extraction of Ln (III). These 

results demonstrated that the substituents have a great effect on the extraction 

of Ln (III). 

Whereas in TPMA in addition to the steric hindrance of phenyl rings 

(-C6H5) which cause repulsive interaction between the donor atoms there is 

electron withdrawal effect which prevent the extraction in this case (Mowafy 

and Aly, 2007). 
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3.1.10.Conclusions 

• N, N-dialkyl aliphatic amides proved to be extracting agents for 

lanthanides. 

• Their preparation at high degree of purity is easy and cheap. 

• The performance of the examined amides, in regard to solubility, 

stability, and extraction behavior, supports possibility of their use in the 

field of recovery and separation on industrial scale. 

• (DEAA), (DPBA), and (DPAA) are white solids whereas (TPMA) and 

(TEMA) are yellow brown liquids.   

• Among the prepared amide extractants DEAA and DPAA were found to 

be effective in solvent extraction of Nd (III) and La (III). 

• IR absorptions due to the carbonyl group (-CO) symmetric as well as 

asymmetric, show that the presence of a strong band in the region 1600 

cm-1- 1650 cm-1 indicating the amide type carbonyl group. The C=O 

stretching band energy and intensity are sensitive to changes in the C=O 

environment. Free C=O stretching bands appear at 1650 cm-1 and 1645 

cm-1
 assigned for DEAA, and DPAA. 

• Because of the increasingly polar nature of the carbonyl groups the order 

of basicity is: 

DEAA> DPAA > DPBA>   TEMA> TPMA 
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3.2. EXTRACTION OF TRIVALENT LANTHANUM AND 
NEODYMIUM: 

 

This section is divided into two main subsections, the first one deals, 

in details, with the extraction of La (III) by N, N-Diethylacetoamide (DEAA) 

in chloroform, N, N- Di phenyl acetoamide (DPAA) in benzene, as well as, 

Aliquat-336 in kerosene and the second deals with the extraction of Nd (III) 

with the same extractants.  

3.2.1. Extraction of Lanthanum (III) 

Batch experiments were carried out to find out the optimum conditions for 

the extraction of La (III) by the investigated extractants N, N 

diethylacetoamide (DEAA), N, N - Di-phenylacetamide (DPAA) in benzene 

and Aliquat-336 in kerosene from nitric acid medium. Different parameters 

affecting the extraction process were separately investigated, such as shaking 

time, nitric acid, hydrogen ion, nitrate ion, extractants, metal ion 

concentration, loading capacity, temperature as well as stripping 

investigations. 

3.2.1.1. Effect of equilibration time 

The effect of shaking time on the extraction of (100 ppm La = 0.7 x 

10-4 M) La (III) by 0.3M DEAA in chloroform, 0.5M DPAA in benzene and 

0.4M Aliquat-336 in kerosene was investigated in the range 1-60 minutes.  

The results illustrated in Fig. (3.6) show that, 15, 10 and 30 minutes are 

sufficient to reach extraction equilibrium forAliquat-336, DEAA and DPAA, 

respectively.  
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3.2.1.2. Effect of extractant concentration 

 

The effect of extractants concentration on the extraction of La (III) 

was studied within the concentration range 0.1– 0.5 M, 0.075 – 0.5M and 

0.15 – 0.5 M for  Aliquat-336, DEAA and DPAA, respectively. The obtained 

results are plotted in Fig. (3.7). as a relation between the distribution ratio (D) 

and the corresponding extractant concentration on a log - log scale. The 

figure shows clearly that the extraction of La (III) increases linearly with 

increasing the extractants concentration within the molarities used. The slope 

value of the linear relations obtained was found to equal 1.2, 2.9, and 3.0 for 

Aliquat-336, DEAA and DPAA, respectively, indicating that the extracted 

species in the extraction systems contains one extractant molecule in   

Aliquat-336 and three extractant molecules from DEAA and DPAA.  

 

3.2.1.3 Effect of nitric acid concentration 

 

The effect of nitric acid concentration on the extraction of 100 ppm 

La (III) using 0.4M Aliquat-336 in kerosene  and 0.3M DEAA in chloroform, 

0.5M DPAA in benzene, was investigated in the range (0.1-5.0M). The 

results represented in Fig. (3.8). show that the extraction of lanthanum (III) 

slightly decreases with the increase in nitric acid concentration in the range 

(0.1-2.0M) then decreases markedly with further increase in nitric acid 

concentration in case of using DEAA and DPAA extractants; in case of 

Aliquat-336, the extraction of lanthanum (III) increases with the increase in 

the acid concentration up to 2M then remains nearly constant with further 

increase in nitric acid concentration.  
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This behavior can be explained by the fact that at lower acidities, the 

small amount of acid in the organic phase can not compete with the metal for 

the extractant, but at higher acidities, complex formation between the acid 

and the extractant becomes appreciable and this affects the extraction; the 

extractant complexed with acid is no longer able to solvate the metal 

compared with free extractant and this is in agreement with (Tan et al., 

1999) suggesting the adduct formation between the extractant and the acid at 

higher nitric acid concentration and not  at lower acidities. 

 

In case of Aliquat-336 extractant, it is clear that the extraction is 

constant at high nitric acid concentration. This indicates that competition for 

nitric acid extraction is limited and the metal extraction is more one less is 

saturated by the Aliquat-336 (Gaikwad and Damodaran, 1992). 
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                  Fig. (3.6) Effect of shaking time on the extraction of  
                              La (III) from nitric acid medium by 0.4M  
                              Aliquat-336, 0.3 M DEAA, and 0.5M DPAA. 
                  [La (III)]   = 100 ppm                  A: O        = 1: 1 
                       T      = 25 ± 1 ºC                    [HNO3]    = 3M  
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        Fig. (3.7) Effect of extractants concentration on the 
                  extraction of La (III) from nitric acid medium. 
  

           [La (III)]   = 100 ppm                  T   = 25 ± 1 ºC   

          O: A       = 1: 1                           [HNO3]     = 3M   
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Fig. (3.8) Effect of nitric acid concentration on the extraction 
                    of La (III) by Aliquat-336 in Kerosene, DEAA  
                     in chloroform, and DPAA in benzene. 
 
             [La (III)]   = 100 ppm                            A: O         = 1: 1 
                   T         = 25 ± 1 ºC                   [Aliquat-336]   = 0.4M 
             [DEAA]     = 0.3M                          [DPAA]           = 0.5M 
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3.2.1.4. Effect of nitrate ion concentration 

 

The effect of nitrate ion concentration on the extraction of 100 ppm 

La (III) by 0.4 M Aliquat-336 in kerosene, 0.5 M DEAA in chloroform and 

0.5 M DPAA in benzene was investigated in the range 3.0 - 5.0 M at constant 

nitric acid concentration (3M). The logarithm of distribution ratio of La (III) 

was plotted against the logarithm of ammonium nitrate concentration, in Fig. 

(3.9). The shown results indicate that, the increase of nitrate ion 

concentration increases linearly with La (III) extraction to give a slope equals 

2.9, 2.7, and 3.1 in case of Aliquat-336, DEAA, and DPAA, respectively. 

These results indicate that 3NO3
- anions contribute in the structure of 

extracted lanthanum species in the organic phase. 

 

3.2.1.5. Effect of hydrogen ion concentration 

 

The effect of hydrogen ion concentration on the extraction of 100 

ppm La (III) by 0.4 M Aliquat-336 in kerosene, 0.5 M DEAA in chloroform 

and 0.5 M DPAA in benzene was investigated in the range 1.0 - 5.0 M at 

constant nitrate ion concentration, 5M. Log-log relations between [H+] of the 

aqueous medium and respective distribution ratio D values, Fig. (3.10) show 

a negligible decrease in the distribution ratio by increasing the hydrogen ion 

concentration in case of Aliquat-336, DEAA in the investigated range. In 

case of DPAA system the extraction remains nearly constant with the 

increase of [H+] from 1 to 2M then decreases with further increase in 

hydrogen ion concentration;  
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  Fig. (3.9) Effect of nitrate ion concentration on the extraction    
            of La (III) from 3M nitric acid by Aliquat-336 in    

             kerosene, DEAA in chloroform, and DPAA in benzene. 
           [La (III)]   = 100 ppm                                A: O  = 1: 1 
                  T        = 25 ± 1 ºC                [Aliquat-336] = 0.4 M 
              [DEAA]   = 0.3M                             [DPAA] = 0.5 M 
               [H+]        = 3 M 
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          Fig. (3.10) Effect of hydrogen ion concentration on the         
                         extraction of La (III) from nitric acid by     
                        Aliquat-336 in kerosene, DEAA in chloroform,  
                        and DPAA in benzene. 
 
                   La (III)]   = 100 ppm                          A: O = 1: 1 
                            T    = 25 ± 1 ºC           [Aliquat-336] = 0.4 M 
                    [DEAA]  = 0.3M                         [DPAA] = 0.5 M 
                    [NO3

‾]    = 5 M(NH4NO3) 
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3.2.1.6. Effect of La (III) concentration 

 

The effect of initial La (III) concentration on its extraction by 0.4 M            

Aliquat-336 in kerosene, 0.3M DEAA in chloroform and 0.5 M DPAA in 

benzene was investigated in the range (0.12 − 1.72 x 10-4M) from 3M nitric 

acid.  The results obtained are represented in Fig. (3.11) as a relation between 

the concentration of La (III) in the aqueous and in the organic phases. The 

shown results indicate that the equilibrium concentration of La (III) in the 

organic phases increases with its initial concentration in the aqueous phases 

up to 0.79 x10-4 M, 0.55 x10-4M, and 0.37 x 10-4M for Aliquat-336, DEAA, 

and DPAA, respectively, while further increase showed no effect on the 

extraction processes. The plot of log D versus initial La (III) concentration in 

the aqueous solution indicates that the distribution ratio decreases with the 

increase in initial La (III) concentration for the used extractants, Fig. (3.12). 

the slopes of the linear relation are -1.0, -0.95, and -1.2 for Aliquat-336, 

DEAA, and DPAA, respectively, indicating the extraction of mononuclear 

species into the organic phase.  
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 Fig. (3.11) Effect of initial La (III) concentration on  
                            its extraction from nitric acid by Aliquat-336 

in kerosene, DEAA in chloroform and DPAA in benzene. 
             [HNO3 ]   = 3 M                                      A: O       = 1: 1 
               T       = 25 ± 1 ºC                         [Aliquat-336] = 0.4 M 
             [DEAA]    = 0.3M                             [DPAA]       = 0.5 M 
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 Fig. (3.12) log-log relation between initial La (III)   
                  concentration and Distribution ratio (D)  

  

               [HNO3 ]   = 3 M                           A: O           = 1: 1 
                     T       = 25 ± 1 ºC             [Aliquat-336]    = 0.4 M 
               [DEAA]    = 0.3M                   [DPAA]           = 0.5 M 
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3.2.1.7. Loading Capacity 
 

       The loading capacity property of extractant was investigated by 

repeating the extraction step with the same organic solution at constant phase 

ratio O: A = 1: 1. In this concern, 10 ml of the aqueous solution containing 

100 ppm La (III) in 3M nitric acid was shaken with an equal volume of 

organic phase containing 0.4 M Aliquat-336 in kerosene or 0.3 M DEAA in 

chloroform or 0.5 M DPAA in benzene.  The two phases were separated, La 

(III) concentration was determined and the same organic phase was used 

again for the extraction with fresh aqueous solution. The procedure was 

repeated until the extractant is saturated with the investigated element, Fig 

(3.13). The results shown indicate that a maximum concentration of            

3.7 x 10-4 M La (III) could be reached after seven extraction stages in case of 

using Aliquat-336 in kerosene as extractant, while the maximum 

concentration of La (III) in the organic phase was found to be 2.1 x 10-4 M 

and 0.5 x 10-4 M, could be reached after five extraction stages in case of 

DEAA and DPAA, respectively  

 

3.2.1.8. Effect of phase ratio 
 

           The effect of phase ratio on the extraction of 100 ppm La (III) from 

3M HNO3 solution by 0.4 M Aliquat-336 in kerosene, 0.3 M DEAA in 

chloroform, and  0.5 M DPAA in benzene was investigated. The method was 

carried out by contacting aqueous and organic phases at different aqueous to 

organic phase ratios (O: A) of 1:1, 2:1, 3:1, 4:1, and 5:1. The obtained 

extraction percentage of La (III) reached 98 %, 77.2 %, and 67 % in case of 

using Aliquat-336, DEAA, and  DPAA respectively, at organic: aqueous 

phase ratio 5: 1, Fig. (3.14).   
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Fig. (3.13) Effect of number of stages on the extraction of      

             La (III) from nitric acid by Aliquat-336 in      
             kerosene, DEAA in chloroform and DPAA in benzene. 

 

            [HNO3 ]   = 3 M                                 A: O           = 1: 1 
               T          = 25 ± 1 ºC                   [Aliquat-336]    = 0.4 M 
           [DEAA]    = 0.3M                         [DPAA]           = 0.5 M 
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Fig. (3.14) Effect of phase ratio on the extraction of La (III)    
               from nitric acid by Aliquat-336 in kerosene, DEAA in    
              chloroform and DPAA in benzene. 
                       T    = 25 ± 1 ºC                     [Aliquat-336] = 0.4 M 
                  [DEAA]    = 0.3M                             [DPAA]   = 0.5 M 
                 [La (III)]   = 100 ppm                          [HNO3 ]   = 3 M 
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3.2.1.9. Extraction equilibrium 

   

     Based on the slope analysis results of these experimental data and 

on those reported for the predominant species of La (III) at high 

concentration of nitric acid (Gaikwad and Damodaran, 1992)., the 

extraction of La (III) by Aliquat-336 in kerosene at 25 oC can be generally 

represented at equilibrium by the reaction: 

 

         exK 3+ + +
3 3 3 4La + 3 NO + L NO    La (NO )  L− − −ˆ ˆ ˆ†‡ ˆ ˆ ˆ                              (3.1) 

 

where L+ NO-
3 denotes Aliquat-336 in nitrate form and bars refer to the 

organic species. The extraction constant (Kex) of the formed metal chelate is 

given by: 

 

                           
+

3 4
ex 3+ 3 +

3 3

[La (NO )  L ]
K =

[La ] [NO ]  [L NO ]

−

− −

                        (3.2) 

 

                  - 4
e x 3 +

3 3

D
K =  , M

[ N O ]  [ L N O ]− −

                (3.3) 

 

Where, D is the distribution ratio of La (III) between organic and aqueous 

phases. Different values of the extraction constant were evaluated at different 

[Aliquat-336] and [NO3
‾] and given in Table (3.6). The tabulated data 

indicate that, the average value of Kex is 11.8 ± 0.5 x10-2   M-4. 
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Table (3.6): Extraction constants, Kex, for the extraction of 100 
ppm La (III) extracted by Aliquat-336 in kerosene from 3M 
nitric acid at 25 OC. 
 

[Aliquat-336], 
M 

Kex, x102,  M-4 [NO3‾], M Kex, x102,  M-4 

0.10 
0.15 
0.25 
0.30 
0.40 
0.50 

12.1 
11.8 
11.6 
11.7 
12.0 
11.8 

3.0 
3.5 
4.0 
4.5 
5.0 
5.5 

11.8 
11.8 
11.7 
11.6 
12.1 
12.0 

Mean value 11.8 ± 0.5 Mean value 11.8 ± 0.5 
The whole mean value of Kex =11.8 ± 0.5 x 10-2 M-4 

 

The extraction of La (III) with DEAA in chloroform can be generally 

represented at equilibrium by the reaction: 

 

exK 3+
3 3 3 3La + 3 NO +3 DEAA    La (NO )  (DEAA)− ˆ ˆ ˆ†‡ ˆ ˆ ˆ                                (3.4) 

 

 3 3 3
ex 3+ 3 3

3

[La (NO )  (DEAA) ]
K =

[La ] [NO ]  [(DEAA)]−

                                                  (3.5) 

 

ex 33
3

D
K = 

[NO ]  [DEAA]−

        ,             M-6                                      (3.6) 

 

Different values of the extraction constant were evaluated at different 

[DEAA] and [NO3
‾] and listed in Table (3.7). The average value of Kex is         

8.2 + 0.25 x 10-1 M-6. 
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Table (3.7): Extraction constants, Kex, for the extraction of 100 
ppm La (III) extracted by DEAA in chloroform from 3M 
nitric acid at 25 OC. 
 

[DEAA], M Kex, x10+1,  M-6 [NO3‾], M Kex, x10+1,  M-6 
0.10 
0.15 
0.25 
0.30 
0.40 
0.50 

8.3 
7.8 
8.0 
7.9 
8.2 
8.4 

3.0 
3.5 
4.0 
4.5 
5.0 
5.5 

8.3 
8.4 
8.1 
8.3 
8.4 
8.5 

Mean value 8.10 ± 0.3 Mean value 8.3 ± 0.2 
The whole mean value = 8.2 + 0.25 x 10-1 M-6. 

 

The extraction of La (III) by DPAA in benzene can be generally represented 

at equilibrium by the reaction: 

 

exK 3+
3 3 3 3La + 3 NO + 3DPAA    La (NO )  (DPAA)  − ˆ ˆ ˆ†‡ ˆ ˆ ˆ                     (3.7) 

 

 

3 3 3
ex 3+ 3 3

3

[La (NO )  (DPAA) ]
K =

[La ] [NO ]  [DPAA]−

                                                  (3.8) 

 

ex 3 3
3

D
K = 

[NO ]  [DPAA]−

,    M-6                                                            (3.9) 

Different values of the extraction constant were evaluated at different 

[DPAA], and [NO3
‾] and listed in Table (3.8). The average value of Kex is    

2.0 + 0.08 x10-1 M-6. 
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Table (3.8): Extraction constants, Kex, for the extraction of 100 
ppm La (III) extracted by DPAA in chloroform from 3M 
nitric acid at 25 OC. 
 

 
[DPAA],M 

 
Kex, x10+1,  M-6 

 
[NO3‾], M 

 
Kex, x10+1,  M-6 

0.15 
0.25 
0.30 
0.40 
0.50 

2.0 
1.9 
2.0 
1.9 
2.0 

3.0 
3.5 
4.0 
4.5 
5.0 
5.5 

2.0 
1.9 
2.0 
2.1 
2.0 
2.0 

Mean value 1.96± 0.05 Mean value 2.0± 0.1 

The whole mean value = 2.0 + 0.08 x10-1 M-6. 

The tabulated data indicate that, for all the extractants experimented, the 

average value of the Kex increase in the order DEAA> DPAA > Aliquat-336. 

 

3.2.1.10. Effect of temperature 

The effect of temperature on the extraction of 100 ppm La(III) from 

3M nitric acid, by 0.4  M Aliquat-336 in kerosene, 0.3 M DEAA in 

chloroform and 0.5 M DPAA in benzene was investigated in the range 10-50 
oC. The extraction constant values Kex of the extracted species are evaluated 

for each extractant at the corresponding temperature degrees.  Plotting log 

Kex values against the reciprocal of the respective absolute temperature 

experimented (1/T) K-1 gave straight lines with negative slopes, Fig (3.15). 

The figure shows that Kex increases with increasing temperature in the range 

applied.  
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The temperature effect on the metal extraction could be evaluated in terms of 

their respective thermodynamic values, in this concern the following 

conventional relations (Van’t Hoff, 1995) are applied. 

             ex

∆H
ln K  = - ( ) + Constant

 RT
                                          (3.10) 

   ex∆ G = - RT ln K                                                                   (3.11) 

   ∆ G =∆ H - T ∆ S                                                              (3.12) 

Where, PH, PG and PS are the enthalpy change, the free energy 

change, and entropy change, respectively, R is the universal gas constant 

(8.314 Jmole-1K-1), T is the absolute temperature and Kex is the extraction 

constant of  the respective species at 25 oC. These thermodynamic parameters 

of the extraction of La (III) were calculated and given in Table. (3.9). The 

data obtained show that the enthalpy variations, PH, have a positive value 

indicating the endothermic character of the extraction process, The positive 

sign PS value reveals the disordering nature of the extracted metal species in 

the three investigated systems. 

Table (3.٩): Thermodynamic parameters for La (III) 
extracted by 0.4 M Aliquat-336 in kerosene, DEAA in 
chloroform and DPAA in benzene from nitrate medium. 

Thermodynamic Parameters  

Extractants ∆H 

(k Jmole-1) 

∆G 

(k Jmole-1) 

∆S 

(Jmole-1 k -1) 

Aliquat-336 8.2 + 0.35 1.36 + 0.1 32 +  0.1 

DEAA 34.5+ 0.16 3.6+ 0.15 103+ 0.8 

DPAA 32.0+ 0.25 5.6+ 0.20 88.6+ 1.6 
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Fig. (3.1٥) Effect of temperature on the extraction of 
                 100 ppm La (III) from nitric acid by 
                 Aliquat- 336 in kerosene, DEAA in chloroform and         
                 DPAA in benzene. 
 
                [HNO3 ]   = 3 M                   A: O           = 1: 1 
                [Aliquat-336] = 0.4 M           [DEAA]    = 0.3M 
                [DPAA]   = 0.5 M                
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3.2.1.11. Stripping investigations of Lanthanum  

 

The stripping investigations were carried out to choose an appropriate 

stripping agent that can successfully strip La (III) from the loaded organic 

phases. Various stripping agents of different concentrations including HCl, 

HNO3, H2SO4, oxalic, KOH, Na2CO3, and NaOH solutions in the range 0.1-

1M in addition to distilled water were contacted with the loaded organic 

phase which contains Aliquat-336 in kerosene or DEAA in chloroform or 

DPAA in benzene solutions. The relation between the strippant concentration 

and the stripping percent of La (III) from the organic phase is listed in Table 

(3.10).  

The tabulated data show that the stripping percent of 3.7x10-4 M La 

(III) from loaded Aliquat-336 in kerosene solution using nitric acid had 

almost a constant value of 52 % in the investigated concentration range. The 

increase in sulphuric acid concentration in the same range, showed an 

increase in the stripping of La (III), and reached 65 % with 0.5M H2SO4 then 

remains constant with further increase in the acid concentration. This result 

indicates that H2SO4 is preferred for the stripping of La (III) from loaded 

Aliquat-336 solution.  

 

          As 65% La (III) was recovered by 0.5 M H2SO4 from one stage, more 

than 95 % could be recovered from the organic layer after two stripping 

stages. 

To strip 2.1x10-4 M La (III) from loaded 0.3M DEAA, hydrochloric 

was found to be the most effective stripping agent in comparison with the 

other investigated stripping agents, where 0.5M HCl can strip more than 80 

% in one stripping stage and reached 9٨ % in two stripping stages .  

  

 



                                                                                RESULTS AND DISCUSSION 105 

 

For stripping of 0.5 x 10-4M La (III) from loaded 0.5 M DPAA into 

the aqueous medium, sulphuric acid was found to be the most effective 

stripping reagent where a stripping of more than 70 % La (III) was achieved 

in one stripping stage. Maximum stripping 9٦ % of 0.5 x 10-4M La (III) from 

loaded 0.5 M DPAA was achieved in two stripping stages by 0.5M H2SO4. 

            

         Therefore, H2SO4, HNO3, and HCl acids are the most effective stripping 

agents for La (III) from the loaded organic phases in the three investigated 

systems. 

 

The effect of contact time on the stripping of La (III) from loaded 

Aliquat-336, DEAA, and DPAA was investigated in the range 1-60 minutes. 

The results obtained, show that the stripping percent increases with the 

increase in the contact time. The equilibrium was reached after 10, 30, and 5 

minutes for Aliquat-336, DEAA, and DPAA respectively, Fig (3.16). 

 

            The effect of temperature on the stripping of La (III) from loaded 

Aliquat-336, DEAA, and DPAA was investigated in the range 10- 60 oC. The 

results obtained and given in Fig (3.17), show that the stripping from loaded 

Aliquat-336 solution was nearly not affected by the increase in temperature 

in the range 10 − 25 ± 1 oC, while it decreased with further increase in 

temperature; the stripping from DEAA solution decreased by the increase in 

temperature, and was nearly not affected by the increase in temperature for 

DPAA extractant. 
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Table (3.10): The effect of the strippant concentration, on   
                    the striping percent of La (III) from the loaded      
                    0.4 M Aliquat-336 in kerosene, 0.3M DEAA in    
                    chloroform and 0.5 DPAA in benzene at contact    
                    time of 45 minutes. 
 

Stripping percentage,  %  
Stripping 

agent 
Aliquat-336 DEAA DPAA 

 

0.1M    HCl 

0.2 M HCl 

0.5 M HCl 

1.0 M HCl 

 

0.1 M HNO3 

0.2 M HNO3 

0.5 M HNO3 

1.0 M HNO3 

 

0.1 M H2SO4 

0.2 M H2SO4 

0.5 M H2SO4 

1.0 M H2SO4 

KOH, 0.5  M 

 

NaOH, 1 M 

Distilled water 

Na2CO3,  0.4 M 

Oxalic acid, 0.1 
M 

 

10 

30 

35 

35 

 

52 

50 

52 

51 

 

55 

62 

65 

65 

 

 

40 

30 

5.0 

0 

0 

 

48 

55 

80 

73 
 
 

35 

46 

55 

51 
 

24 

28 

30 

25 

 

 

0 

0 

14.4 

0 

0 

 

 
5 

10 

15 

15 

 

 
24 

31 

35 

33 

 
39 

61 

70 

65 

 
 

0 

0 

5.0 

0 

0 



                                                                                RESULTS AND DISCUSSION 107 

 
 

0 20 40 60 80

0

20

40

60

80

100

Stripping:0.5MH
2
SO

4

 Aliquat-336

DEAA

 DPAA

Contact Time, min

S
tr

ip
p

in
g 

P
er

ce
n

t,
 (

%
 S

)

      

   Fig. (3.16) Effect of contact time on the stripping of 
                              La (III) from loaded organic solutions. 
 
                              T   = 25 ± 1 ºC                       O: A   =1:1           
                     [Aliquat-336] = 0.4 M             [DEAA] = 0.3M 
                      [DPAA]   = 0.5 M                  [H2SO4] =0.5 M 
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     Fig. (3.17) Effect of temperature on the stripping of 
                   La (III) from Loaded organic solutions. 

                      
                    [Aliquat-336] = 0.4 M      [DEAA]    = 0.3 M 
                    [DPAA]          = 0.5 M      [H2SO4]   = 0.5 M 
                     O: A               =1:1 
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3.2.2. Extraction of Neodymium (III) 

Batch experiments were carried out to find out the optimum 

conditions for the extraction of Nd (III) by the investigated extractants N, N 

diethylacetoamide (DEAA), N, and N - Di-Phenyl acetamide (DPAA) in 

benzene and Aliquat-336 in kerosene from nitric acid medium. Different 

parameters affecting the extraction process were separately investigated. 

 

3.2.2.1. Effect of shaking time 
 

  The kinetics of extraction of 100 ppm ( 6.93 x 10 -4 M ) Nd (III) by 

0.3M DEAA in chloroform, 0.5M DPAA in benzene and 0.4M Aliquat-336 

in kerosene was investigated in the range 1-60 minutes. The results illustrated 

in Fig. (3.18) show that 30, 30, and 45 minutes are sufficient to reach 

extraction equilibrium forAliquat-336, DEAA and DPAA, respectively. 

 

3.2.2.2. Effect of extractant concentration 

The extraction dependence of 100 ppm Nd (III) from 3M nitric acid 

on the extractant concentration in the ranges 0.1– 0.6 M was investigated for 

Aliquat-336 in kerosene, DEAA in chloroform and DPAA in benzene. The 

obtained results are plotted in Fig. (3.19). as a relation between the 

distribution ratio (D) and the corresponding extractant concentration on a log 

- log scale; the figure shows clearly that the extraction of Nd (III) increases 

linearly with increasing the extractants concentration with the molarities 

used. The slope value of the linear relations obtained was found to to equal 

1.2, ٣, and 2.9 for Aliquat-336, DEAA and DPAA, indicating that the 

extracted species in the extraction systems contains one extractant molecule 

in Aliquat-336 and three extractant molecules DEAA and DPAA.  
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Fig. (3.18) Effect of shaking time on the extraction of 
Nd (III) from nitric acid medium by 0.4M 

  Aliquat-336, 0.3 M DEAA, and 0.5M DPAA. 
 
 

T         = 25 ± 1 ºC                   O: A = 1:  1 
[Nd (III)]    = 100ppm                 [HNO3] =   3 M 
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Fig. (3.19) Effect of extractants concentration on the      
                   extraction of Nd (III) from nitric acid medium. 

 
[Nd (III)]    = 100 ppm                   [HNO3] =   3 M 
    T             = 25 ± 1 ºC                         O: A = 1:  1 
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3.2.2.3. Effect of nitric acid concentration 

 

The effect of nitric acid concentration on the extraction of 100 ppm 

Nd (III) by 0.4M Aliquat-336 in kerosene, 0.3M DEAA in chloroform, and 

0.5M DPAA in benzene, was investigated in the range (0.1-5M). The results 

represented in Fig. (3.20). show that the extraction of neodymium increases 

markedly with the increase in nitric acid concentration in the range (0.1- 2M) 

and then remains nearly constant with further increase in nitric acid 

concentration above 2 M till 5M in all investigated systems. This behavior 

can be explained by considering that at lower acidities, the small amount of 

acid in the organic phase can not compete with the metal for the extractant, 

but at higher acidities, complex formation between the acid and the extractant 

becomes appreciable which affect the percentage extraction of neodymium 

(III) from nitric acid medium. 

 

3.2.2.4. Effect of nitrate ion concentration 
 

The effect of nitrate ion concentration on the extraction of 100 ppm 

Nd (III) by 0.4 M Aliquat-336 in kerosene, 0.5 M DEAA in chloroform and 

0.5 M DPAA in benzene was investigated in the range 3.0 - 5.0 M at constant 

hydrogen ion concentration (3M). The logarithm of distribution ratio of La 

(III) plotted against the logarithm of nitrate ion concentration, in Fig. (3.21) 

shows that the increase in nitrate ion concentration increases Nd (III) 

extraction; the dependency of Nd (III) extraction on NO3
- ion concentration 

was found to be a straight line with a slope equals 3.0, 2.9, and 3.1 in case of 

Aliquat-336, DEAA, and DPAA, respectively. These results indicate that 

3NO3- anions contribute in the structure of extracted neodymium species in 

the organic phase. 
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3.2.2.5. Effect of hydrogen ion concentration 

 

The effect of hydrogen ion concentration on the extraction of 100 

ppm Nd (III) by 0.4 M Aliquat-336 in kerosene, 0.3 M DEAA in chloroform 

and 0.5 M DPAA in benzene was investigated in the range 1.0 - 5.0 M at 

constant nitrate ion concentration, 5M. Log-log relations between [H+] of the 

aqueous medium and respective distribution ratio D, values, show a constant 

decrease in the extraction of Nd (III) with the increase in hydrogen ion 

concentration, in all extraction systems, Fig. (3.22).  

 

3.2.2.6. Effect of Nd (III) concentration  

The effect of initial Nd (III) concentration on its extraction by 0.4 M 

Aliquat-336 in kerosene, 0.3 M DEAA in chloroform and 0.5 M DPAA in 

benzene was investigated in the range (0.11 – 0.55 x 10-4 M) from 3M nitric 

acid.  The results obtained are represented in Fig. (3.23) as a relation between 

the concentration of Nd (III) in the aqueous and in the organic phases, 

indicate that the equilibrium concentration of Nd (III) in the organic phases 

increases with its initial concentration in the aqueous phases up to 0.61 x10-4 

M, 0.42 x10-4M, and 0.57 x 10-4M for Aliquat-336, DEAA, and DPAA, 

respectively, while further increase showed no effect on the extraction 

process. The plot of log D versus initial Nd (III) concentration in the aqueous 

solution indicates that the distribution ratio decreases with the increase in 

initial Nd (III) concentration for the used extractants, Fig. (3.24). The slopes 

of the linear relations are – 0.91, – 1.2, and – 0.92 for Aliquat-336, DEAA, 

and DPAA, respectively, indicating the extraction of mononuclear species 

into the organic phase. The extracted species appears to be Nd (NO3)4
-.L+ 

where L, refers to the investigated extractant (Gaikwad and Damodaran, 

1992). 
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Fig. (3.20) Effect of nitric acid concentration on the extraction 
                  of Nd (III) by Aliquat-336 in Kerosene, DEAA 
                  in chloroform, and DPAA in benzene. 

 
[Nd (III)]   = 100 ppm              A: O          = 1: 1 

T         = 25 ± 1 ºC             [Aliquat-336]    = 0.4M 
[DEAA]    = 0.3M             [DPAA]            = 0.5M 
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Fig. (3.21) Effect of nitrate ion concentration on the extraction    
     of Nd (III) from nitric acid by Aliquat-336 in 

             kerosene, DEAA in chloroform, and DPAA in benzene. 
 

 [Nd (III)]   = 100 ppm.                             A: O = 1: 1 
        T              = 25 ± 1 ºC                  [Aliquat-336] = 0.4 M 

[DEAA]     = 0.3M                            [DPAA]   = 0.5 M 
           [H+]           = 3M 
 
 
 
 

 
 
 
 



                                                                                RESULTS AND DISCUSSION 116 

 

5x10
-1

10
0

10
1

10
-1

10
0

5x10
0

 Aliquat-366

 DEAA

 DPAA

D
is

tr
ib

u
ti

on
 r

at
io

[H
+
], M

 
Fig. (3.22) Effect of Hydrogen ion concentration on the      

                 extraction of Nd (III) from nitric acid by  
                 Aliquat-336 in kerosene, DEAA in chloroform,  
                 and DPAA in benzene. 

 

        [Nd (III)]  = 100 ppm                      A: O        = 1: 1 
       T      = 25 ± 1 ºC                [Aliquat-336] = 0.4 M 
[DEAA]  = 0.3M                        [DPAA]       = 0.5 M 

         [NO3
‾]      = 5 M (NH4NO3) 
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Fig. (3.23) Effect of initial Nd (III) concentration on 
                  its extraction from nitric acid by Aliquat-336 
                  in kerosene, DEAA in chloroform and DPAA 
                  in benzene. 
 
                  [HNO3 ]   = 3 M                          A: O = 1: 1 

              T      = 25 ± 1 ºC        [Aliquat-336] = 0.4 M 
        [DEAA] = 0.3M                        [DPAA]  = 0.5 M 
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Fig. (3.24) log-log relation between the initial Nd (III)     
                    concentration and the distribution ratio (D). 

 
[HNO3 ]   = 3 M                       A: O          = 1: 1 

           T     = 25 ± 1 ºC       [Aliquat-336]    = 0.4 M 
[DEAA]    = 0.3M                   [DPAA]       = 0.5 M 
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3.2.2.7. Loading Capacity 
 

       The loading capacity property of extractant was investigated by 

repeating the extraction step with the same organic solution at constant phase 

ratio O: A = 1: 1. In this concern, 10 ml of the aqueous solution containing 

100 ppm Nd (III) in 3M nitric acid was shaken with an equal volume of 

organic phase containing 0.4 M Aliquat-336 in kerosene or 0.3 M DEAA in 

chloroform or 0.5 M DPAA in benzene. The two phases were separated, Nd 

(III) concentration was determined and the same organic phase was used 

again for the extraction with fresh aqueous solution. The procedure was 

repeated until the extractant was saturated with investigated element, Fig 

(3.25). The results shown indicate that a maximum concentration of 2.4 x 10-

3 M  Nd(III) could be reached after seven extraction stages in case of using of 

Aliquat-336 in kerosene as extractant. While the maximum concentration of 

Nd (III) in the organic phase was found to be 0.61 x 10-3 M and 0.41 x 10-3 

M, and could be reached after six extraction stages in case of DEAA and 

DPAA.  

 

3.2.2.8. Effect of phase ratio 
 

           The effect of phase ratio on the extraction of 100 ppm Nd (III) from 

3M HNO3 solution by 0.4 M Aliquat-336 in kerosene, 0.3 M DEAA in 

chloroform, and  0.5 M DPAA in benzene was investigated. The method was 

carried out by contacting aqueous and organic phases at different aqueous to 

organic phase ratios (O:A) of 1:1, 2:1, 3:1, 4:1, and 5:1. The obtained 

extraction percentage of Nd (III) reaches 90 %, 80 %, and 75 % in case of 

using Aliquat-336, DEAA, and  DPAA respectively, at organic: aqueous 

phase ratio 5: 1, Fig. (3.26).   
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Fig. (3.25) Effect of number of stages on the extraction of      
                  Nd (III) from 3M nitric acid by Aliquat-336 in      
                  kerosene, DEAA in chloroform and DPAA 
                  in benzene. 
 
                   [HNO3 ]   = 3 M                      A: O    = 1: 1 

              T       = 25 ± 1 ºC   [Aliquat-336]= 0.4 M 
        [DEAA]    = 0.3M                [DPAA]  = 0.5 M 
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Fig. (3.26) Effect of phase ratio on the extraction of Nd (III)    
                  From nitric acid by Aliquat-336 in kerosene,  
                  DEAA in chloroform and DPAA in benzene. 

 
                   T        = 25 ± 1 ºC          [Aliquat-336] = 0.4 M 

 [DEAA]    = 0.3M                        [DPAA]   = 0.5 M 
           [Nd (III)]   = 100 ppm                 [HNO3 ]   = 3 M 
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3.2.2.9. Extraction equilibrium 

   

     Based on the slope analysis results of these experimental data and 

on those reported for the predominant species of Nd (III) at high 

concentration of nitric acid (Gaikwad and Damodaran, 1992)., the 

extraction of Nd(III) by Aliquat-336 in kerosene at 25 oC can be generally 

represented at equilibrium by the reaction: 

 

         exK 3+ + +
3 3 3 4Nd + 3 NO +  L NO    Nd (NO )  L− − −ˆ ˆ ˆ†‡ ˆ ˆ ˆ                           (3.13) 

 

where L+ NO-
3 denotes Aliquat-336 in nitrate form and bars refer to the 

organic species. The extraction constant (Kex) of the formed metal chelate is 

given by: 

 

 

                           
+

3 4
ex 3+ 3 +

3 3

[Nd (NO )  L ]
K =

[Nd ] [NO ]  [L NO ]

−

− −

                     (3.14) 

 

                             -4
ex 3 +

3 3

D
K = , M

[NO ]  [L NO ]− −

                        (3.15) 

 

Where, D is the distribution ratio of Nd (III) between organic and aqueous 

phases. Different values of the extraction constant were evaluated at different 

[Aliquat-336], and [NO3
‾] and given in Table (3.11). The tabulated data 

indicate that, the average value of Kex is 9.2 ± 0.3 x 10-3 M-4. 
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Table (3.11): Extraction constants, Kex, for the extraction of 
100 ppm Nd (III) extracted by Aliquat-336 in kerosene from 
3M nitric acid at 25 OC. 
 

[Aliquat-336], 
M 

Kex, x103,  M-4 [NO3‾], M Kex, x103,  M-4 

0.10 
0.15 
0.25 
0.30 
0.40 
0.50 

9.2 
9.1 
9.3 
9.1 
9.0 
9.2 

3.0 
3.5 
4.0 
4.5 
5.0 
5.5 

9.1 
9.3 
9.0 
9.2 
9.1 
9.0 

Mean value 9.2 ± 0.3 Mean value 9.2 ± 0.3 
The whole mean value of Kex =9.2 ± 0.3 x 10-3M-4 

 

The extraction of Nd (III) with DEAA in chloroform can be generally 

represented at equilibrium by the reaction: 

 

exK 3+
3 3 3 3Nd + 3 NO +3 DEAA    Nd (NO )  (DEAA)− ˆ ˆ ˆ†‡ ˆ ˆ ˆ                                      (3.16) 

  

 3 3 3
ex 3+ 3 3

3

[Nd (NO )  (DEAA) ]
K =

[Nd ] [NO ]  [[DEAA]]−

                                                      (3.17) 

 

ex 3 3
3

D
K = 

[NO ]  [DEAA]−

     ,                    M-6                                         (3.18) 

 

Different values of the extraction constant were evaluated at different 

[DEAA], and [NO3
-] and listed in Table (3.12). The tabulated data indicate 

that the average value of Kex is 4.4 x10-1 ± 0.1 M-6. 
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Table (3.12): Extraction constants, Kex, for the extraction of 
100 ppm Nd (III) extracted by DEAA in chloroform from 3M 
nitric at 25 OC. 
 

[DEAA], M Kex, x10+1,  M-6 [NO3‾], M Kex, x10+1,  M-6 
0.10 
0.15 
0.25 
0.30 
0.40 
0.50 

4.5 
4.3 
4.4 
4.2 
4.1 
4.3 

3.0 
3.5 
4.0 
4.5 
5.0 
5.5 

4.4 
4.5 
4.3 
4.4 
4.5 
4.3 

Mean value 4.35 ± 0.12 Mean value 4.40 ± 0.08 
The whole mean value = 4.4 x10-1 ± 0.1   M-6. 

 

 

While the extraction of Nd (III) by DPAA in benzene can be generally 

represented by: 

exK 3+
3 3 3 3Nd + 3 NO + 3DPAA    Nd (NO )  (DPAA)  − ˆ ˆ ˆ†‡ ˆ ˆˆ                   (3.19) 

 

3 3 3
ex 3+ 3 3

3

[Nd (NO ) . (DPAA) ]
K =

[Nd ] [NO ]  [DPAA]−

                                                   (3.20) 

 

ex 33
3

D
K = 

[NO ]  [DPAA]−

   ,   M-6                                                  (3.21) 

 

Different values of the extraction constant were evaluated at different 

[DPAA], and [NO3
-] and listed in Table (3.13). The tabulated data indicate 

that the average value of Kex is 1.86 ± 0.06 x10-1 M-6. 
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Table (3.13): Extraction constants, Kex, for the extraction of 
100 ppm (III) extracted by DPAA in benzene from 3M nitric 
acid at 25 oC. 
 

 
[DPAA],M 

 
Kex, x10+1,  M-6 

 
[NO3‾], M 

 
Kex, x10+1,  M-6 

0.1 
0.2 
0.4 
0.5 
0.6 

2.0 
1.8 
1.9 
1.8 
1.9 

 

3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 

1.8 
1.9 
1.9 
1.8 
1.8 
1.9 
1.8 

Mean value 1.85± 0.06 Mean value 1.84± 0.05 
The whole mean value = 1.86 ± 0.06 x10-1 M-5. 

 

The tabulated data indicate that, for all the extractants experimented, the 

average value of the Kex increase in the order DEAA > DPAA> Aliquat-336. 

 

3.2.2.10. Effect of temperature 

 

     The effect of temperature on the extraction of 100 ppm Nd(III) 

from 3M nitric acid, by 0.4  M Aliquat-336 in kerosene, 0.3 M DEAA in 

chloroform and 0.5 M DPAA in benzene was investigated in the range 10-50 
oC. The extraction constant values Kex of the extracted species are evaluated 

for each extractant at the respective temperature degree for Nd (III).  Plotting 

log Kex values against the reciprocal of the respective absolute temperature 

experimented (1/T) K-1 gave straight lines with negative slopes, Fig (3.27). 

The figure shows that Kex increases with the increase in temperature in the in 

the 10-50 oC range.  
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The temperature effect on the metal extraction could be evaluated in terms of 

their thermodynamic pramaters calculated from the following relations. 

             ex

∆H
ln K  = - ( ) + C

2.303 RT
                                             (3.22) 

   ex∆ G = - 2.303 RT log K
                                                    (3.23) 

   ∆ G =∆ H - T ∆ S                                                             (3.24) 

 

Where, PH is the enthalpy variation, PG is the free energy change, and 

PS is entropy variation. R refers the universal gas constant (8.314 Jmole-1K-

1), T is the absolute temperature. 

The thermodynamic parameters of the extraction of Nd (III) were 

calculated and given in Table. (3.14). the data obtained show that the 

enthalpy variations, PH, have a positive value indicating an endothermic 

character of the extraction process, but the negative PS value in case of using 

Aliquat-336 reveals the ordered nature of the extracted metal species in this 

system, while the high positive entropy value in case of DPAA reveals the 

high disordering of the extracted species in this system. 

Table (3.14): Thermodynamic parameters for Nd (III) 
extracted by 0.4 M Aliquat-336 in Kerosene, DEAA in 
chloroform and DPAA in benzene from nitrate medium. 
 

Thermodynamic Parameters  

Extractants ∆H 

(k Jmole-1) 

∆G 

(k Jmole-1) 

∆S 

(Jmole-1 K -1) 

Aliquat-336 10.1 + 0.24 11.60 + 0.03 -5.0 +  0.2 

DEAA 14.2 + 0.3 5.0 + 0.15 30.8 +  0.5 

DPAA 57.4 + 0.4 3.0 + 0.1 182.5 +  0.8 
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Fig. (3.27) Effect of temperature on the extraction of 100 ppm 
                  Nd (III) from nitric acid by Aliquat-336 in                 
                  kerosene, DEAA in chloroform and DPAA in   
                  benzene. 
 

        [HNO3 ]   = 3 M                   A: O           = 1: 1 
[Aliquat-336] = 0.4 M             [DEAA]    = 0.3M 

                    [DPAA]   = 0.5 M 
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3.2.2.11. Stripping of neodymium (III)  

 

Stripping is the removal of the extracted solute from the organic 

phase for further preparation for the estimation step of the analysis. The usual 

procedure to strip the solute from the solvent is, shaking the solvent with a 

volume of water containing acids or other reagents under conditions whereby 

the extractable complex is destroyed. The metal ions are then quantitatively 

back extracted into the stripping aqueous phase. 

 

To strip Nd (III) form the loaded 0.4M Aliquat-336 in kerosene or 0.3 

M DEAA in chloroform or 0.5 M DPAA in benzene solutions.  Different 

concentrations of HCl, HNO3, H2SO4, oxalic, KOH, Na2CO3, and NaOH 

solutions in the range 0.1-1M in addition to distilled water was investigated, 

to choose the suitable stripping agent that can successfully strip the Nd (III) 

from the loaded organic phase. The relation between the strippant 

concentration and the stripping percent of Nd (III) from the organic phase is 

listed in Table (3.15).  

The tabulated data show that stripping of 2.4 x 10-3M Nd (III) from 

loaded 0.4M Aliquat-336 in kerosene, using nitric acid had almost an average 

value of around 53% in the investigated concentration range. The increase in 

sulphuric acid concentration in the same range, showed an increase in the 

stripping of Nd (III) where the stripping percent reached 95 % with 0.5M 

H2SO4 and remains constant with further increase in acid concentration. 

These results indicate that H2SO4 is preferred for the stripping of Nd (III) 

from loaded Aliquat-336 solution. Maximum stripping of 98% Nd (III) was 

achieved after two stripping stages. 
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In the stripping of 0.61 x 10-3 M Nd (III) from loaded 0.3M DEAA 

solution, 0.2 M HNO3 could strip 90 % of Nd (III) in one stripping stage. 

Maximum stripping of 99% Nd (III) was achieved after two stripping stages. 

  

 

Nd (III) also could be stripped to the extent of about 80 % from 

loaded 0.5 M DPAA into the aqueous medium in a single stripping stage with 

about a 0.5 M nitric acid. Maximum stripping of 96 % of 0.41 x 10-3 M Nd 

(III) was achieved after two stripping stages.   

 

Therefore, sulphuric acid and nitric acid are considered the most 

effective stripping agents for Nd (III) loaded organic phases in the three 

investigated systems and under the used experimental conditions. 

 

The effect of contact time on the stripping of Nd (III) was 

investigated in the range 1-60 minutes. The results obtained, show that the 

stripping increases with the increase in the contact time. The equilibrium was 

reached after 30 minutes for all the investigated systems, Fig (3.28). 

 
The effect of temperature on the stripping of Nd (III) was investigated 

in the range 10- 60 oC. The results obtained given in Fig (3.29), show that the 

stripping was nearly not affected by the increase in temperature in the range 

10 − 30 ± 1 oC, while it decreased with further increase in temperature for all 

investigated systems. 
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Table (3.15): The Relation between the strippant    
                       concentration, and the striping percent of  
                       Nd (III) from the loaded 0.4 M Aliquat-336 in   
                       kerosene, 0.3M DEAA in chloroform, and 0.5    
                     DPAA in benzene at contact time of 30 minutes. 

Stripping percentage,  % 
 

 
Stripping agent 

Aliquat-336 DEAA DPAA 
 

 0.1M  HCl 

0.2 M HCl 

0.5 M HCl 

1.0 M HCl 

 

0.1 M HNO3 

0.2 M HNO3 

0.5 M HNO3 

1.0 M HNO3 

 

0.1 M H2SO4 

0.2 M H2SO4 

0.5 M H2SO4 

1.0 M H2SO4 

 

KOH, 0.5  M 

NaOH, 1 M 

Distilled water 

Na2CO3,  0.4 M 

Oxalic acid, 0.1 
M 

 

90 

80 

75 

40 

 

53 

52 

55 

54 

 

75 

90 

95 

95 

 

50 

45 

3.0 

0 

0 
 

 

25 

10 

5 

5 
 
 

75 

90 

80 

70 
 
 

14 

25 

25 

20 

 

0 

0 

5.0 

0 

0 

 

 
75 

70 

65 

60 

 

 
55 

60 

80 

78 
 
 

35 

              70 

75 

73 

 

0 

0 

4.0 

0 

0 
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Fig. (3.2٨) Effect of contact time on the stripping of 
              Nd (III) from loaded organic solution. 

 
                  T   = 25 ± 1 ºC                                   O: A =1:1           
               [H2SO4]   = 0.5 M 
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Fig. (3.29) Effect of temperature on the stripping of 
             Nd (III) from loaded organic solution. 

 
[H2SO4]   = 0.5 M                                      O: A    =1:1 
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3.2.2.12. Comparative study between thermodynamic data of    

                La (III) and Nd (III) Extraction 

 

The thermodynamic data PH, PG, and PS were evaluated for La (III) and    

Nd (III) and listed in Table (3.16). 

 

Table (3.16): Comparative study between thermodynamic 
data of La (III) and Nd (III) Extraction. 

Thermodynamic Data 

∆H 

(k Jmole-1) 

∆G 

(k Jmole-1) 

∆S 

(Jmole-1 K -1) 

 

 

Extractant 

La(III) Nd(III) La(III) Nd(III) La(III) Nd(III) 

 
Aliquat-336 

 

 

8.2 + 0.35 

 

10.1+ 0.24 

 

1.36 + 0.1 

 

11.6+0.03 

 

32 +  0.1 

 

-5.0 +  0.2 

 
DEAA 

 

34.5+ 0.16 

 

14.2 + 0.3 

 

3.6+ 0.15 

 

5.0 + 0.15 

 

103+ 0.8 

 

30.8 +  0.5 

 

DPAA 

 

32.0+ 0.25 

 

57.4 + 0.4 

 

5.6+ 0.20 

 

3.0 + 0.1 

 

88.6+1.6 

 

182.5+ 0.8 

 

These data show that the enthalpy variations (PH) are positive 

indicating an endothermic character of Nd (III) and La (III) extracted species 

in the organic phase. The formation of the extracted species were found to be 

enthalpy and entropy favoured in case of extraction of Nd (III) than La (III). 

This may be related to the large entropy gain due to the complexation with 

Nd (III) ions in aqueous phase than La (III).  
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The evaluation of PH and PS for Nd (III) and La (III) extracted 

species show also an extra stability of Nd (III) than La (III), which can 

interpreted also in the difference between the extraction behaviour of Nd (III) 

and La (III) can be explained by differences in ionic radii (Nd3+=1.821Å and 

La3+=1.877 Å). The radius contraction with constant ionic charge increases 

the charge density and hence the ionic association.  The complexation being 

mainly ionic, this is in agreement with an increase the extraction from Ce 

(III) to Eu (III) (Nigond et al., 1995). 

 

This behaviour called (lanthanides contraction) means steady decrease 

in the atomic and ionic radii with the increase in the atomic number.  The 

greater the atomic or ionic radius the greater the atom or the ion will lose 

electrons. Thus, it is the measure of basicity of the species where basicity 

decreases as the ionic radius decreases. Therefore, basicity of lanthanides 

decreases in the order La3+ >Nd3+. 

 

The positive sign of PG indicates a spontaneous process for extraction of Nd 

(III) and La (III). 
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3.4. SEPARATION FEASIBILITY 

            The mutual separation of trivalent lanthanide ions is very difficult 

because of the similar chemical nature of these ions. The use of these metal 

ions in technical fields such as electronic, optical and magnetic materials is 

growing annually. Hence, it is desirable to develop a suitable economically 

viable separation technique for the separation of these metal ions. Thus the 

present section will describe in details the separation feasibility of La (III) 

and Nd (III) from nitrate medium. 

     The separation factor (SF) is the ratio of the distribution ratio of both 

solutes measured under the same conditions.  Mathematically it can be 

written as: 

I

I I

D
S F =

 D
 

where the subscripts I and II refer to two distinct metal ions. 

      In the study of metal ions separation, the dependence of the separation 

factors on metal ions concentrations, aqueous acidities, organic phase 

extractant concentration and temperature of extraction was investigated in 

order to determine the optimum experimental conditions which achieve the 

greatest separation factors (Juang et al., 2004).  
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The separation of Nd (III) from La (III) can be evaluated in terms of 

separation factor (SF) between La (III) and Nd (III) which is given by  

                              
Nd

Nd/La 

La

D
SF =

 D
                                                      (3.25) 

Where DNd and DLa are the distribution ratios of La (III) and Nd (III) between 

organic phase and aqueous nitrate medium, respectively.  

 

3.3.1. Separation of Nd (III) from La (III) by Aliquat-336  

         The effect of extractant concentration, shaking time and metal ion 

concentration on the separation factor of Nd (III) from La (III) are shown in 

Table. (3.17). It is noticed that separation factors gradually decrease with the 

increase in the Aliquat-336, metal ion concentration and the shaking time. 

Table (3.17): The separation factors of Nd (III) from La (III) 
at different metal ion concentrations, extractant concentration 
and shaking time. 
 

 

Aliquat-336, 

 M 

 

SF 

 

Shaking time, 

 min 

 

SF 

 

M3+, ppm 

 

SF 

 

0.10 

0.15 

0.25 

0.30 

0.40 

0.50 

 

8.30 

6.85 

4.50 

2.35 

2.00 

1.78 

 

1 

3 

5 

10 

15 

20 

30 

45 

 

 

4.2 

3.0 

2.9 

2.7 

2.6 

2.3 

2.2 

1.3 

 

 

25 

50 

75 

100 

125 

150 

200 

 

 

6.30 

2.75 

2.34 

1.78 

1.34 

1.36 

1.10 
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The effect of temperature and concentrations of nitric, nitrate, and hydrogen 

ion on the separation factor for Nd (III) and La (III) are shown in Table. 

(3.18). The tabulated data show that the separation factor decreases with the 

increase in temperature and the concentrations of nitric acid and hydrogen 

ion, while the separation factor was found to increase slightly with the 

increase in nitrate ion concentration. 

 

Table (3.18): The separation factors of Nd (III) from La (III) 
at different [NO3

-], [H+], [HNO3] and temperatures using 
Aliquat-336 in   
kerosene solution 
 

 

NO3
-, M 

At constant  

H+= 3M 

 

SF 

 

H+, M 

At constant 

NO3
- = 5M 

 

SF 

 

HNO3, M 

 

SF 

 

Temp. 

,OC 

 

SF 

 

 

3.0 

3.5 

4.0 

4.5 

5.0 

 

 

1.2 

1.3 

1.4 

1.5 

1.9 

 

1.0 

2.0 

3.0 

4.0 

5.0 

 

2.55 

1.95 

1.72 

1.45 

1.40 

 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

 

3.3 

3.0 

3.0 

2.8 

2.1 

1.5 

 

 

10 

15 

20 

25 

30 

45 

60 

 

3.1 

2.3 

1.9 

1.5 

1.3 

1.2 

1.1  

 

     Thus, the optimum conditions for separation of Nd (III) and La (III) based 

on change in the extraction parameters could be obtained at low temperature, 

Aliquat-336, metal ion concentrations, contact time and high nitrate 

concentration. 
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 The separation of Nd (III) and La (III) based on the change in the stripping 

conditions could also be obtained when using 0.1M HCl as a stripping agent 

and contact time of 25 minutes where S.F= 9.0.  On the other hand the 

increase in HCl concentration increased the stripping of La (III) while it 

decreased the stripping of Nd (III), Table (3.23); 0.1 M HCl stripped 90 % 

Nd (III) while it stripped only 10 % of La(III) under the same experimental 

conditions. This indicates that the use of 0.1 M HCl as a stripping agent 

could give a better separation between Nd (III) and   La (III). 

 

3.3.2. Separation of Nd (III) from La (III) by DEAA 

       The effect of DEAA and concentrations of nitrate, and hydrogen ion on 

the separation factor for Nd (III) and La (III) are shown in Table. (3.19) 

. 

Table (3.19): The separation factors of Nd (III) from La (III) 
at different [DEAA], [NO3

-] and [H+] using DEAA in 
chloroform 
 

DEAA SF NO3
- SF H+ SF 

0.10 

0.15 

0.25 

0.30 

0.40 

3.4 

3.3 

3.0 

2.9 

2.3 

3.5 

4.0 

4.5 

5.0 

5.5 

2.6 

2.3 

2.0 

1.9 

1.8 

1.0 

2.0 

3.0 

4.0 

5.0 

3.0 

2.7 

2.4 

2.3 

2.2 

 

From data in table (3.19) it is clear that the separation factor decreases with 

the increase in DEAA and the concentrations of hydrogen ion, and nitrate ion 

concentration. 
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 The effect of nitric, shaking time and metal ion concentration on the 

separation factor of Nd (III) and La (III) are shown in Table. (3.20). It is 

noticed that the separation factor gradually increases with the increase in the 

nitric and metal ion concentrations, while it decreases with the increase in the 

shaking time and temperature. 

 
Table (3.20): The separation factors of Nd (III) from La (III) 
at different [HNO3], [M+3], shaking times and temperatures 
using DEAA in chloroform 
 
HNO3 SF time SF M+3 SF temp SF 

1.0 

2.0 

3.0 

4.0 

5.0 

 

1.5 

2.0 

2.4 

2.6 

3.0 

5 

10 

20 

30 

45 

5.0 

4.5 

3.0 

2.2 

2.0 

25 

50 

75 

100 

125 

150 

200 

6.6 

7.2 

7.3 

8.0 

7.8 

7.8 

7.2 

10 

15 

20 

25 

30 

45 

60 

6.0 

4.0 

3.5 

3.0 

2.2 

1.9 

1.8 

 
 

Thus, the optimum conditions for separation of Nd (III) and La (III) based on 

change in the extraction parameters could be obtained at low temperature of 

10 oC, metal ion concentration of 100 ppm, and shaking time of 5 minutes. 

 
     The separation of Nd (III) and La (III) based on the change in the 

stripping conditions could be obtained when using 0.5M HCl as a stripping 

agent and contact time of 25 minutes where S.F= 16.  On the other hand the 

increase in HCl concentration increased the stripping of La (III) while it 

decreased the stripping of Nd (III), Table (3.23); 0.5 M HCl stripped 80 % La 

(III) while it stripped only 5 % of Nd(III) under the same experimental 

conditions. This indicates that the use of 0.5 M HCl as a stripping agent  
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could give a better separation between Nd (III) and   La (III) in case of using 

DEAA as extractant. 

3.3.3. Separation of Nd (III) from La (III) by DPAA 

Separation factors between Nd (III) and La (III) were calculated at 

different extraction parameters, to get the optimum conditions for separating 

Nd (III) and La (III) using DPAA in benzene as extractant. The effect of 

extractant and concentrations of nitrate, and hydrogen ion on the separation 

factor for Nd (III) and La (III) are shown in Table. (3.21). whereas Table 

(3.22) show the effect of nitric acid, time, metal ion, and temperature. 

Table (3.21): The separation factors of Nd (III) from La (III) 
at different [DEAA], [NO3

-], and [H+] using DPAA in benzene 
 

DPAA SF NO3
- SF H+ SF 

0.10 

0.15 

0.25 

0.30 

0.40 

1.0 

1.2 

1.4 

1.6 

2.0 

3.5 

4.0 

4.5 

5.0 

5.5 

3.7 

3.0 

2.5 

2.3 

1.6 

1.0 

2.0 

3.0 

4.0 

5.0 

1.8 

1.4 

1.3 

1.1 

1.0 

 

Table (3.22): The separation factors of Nd (III) from La (III) 
at different [HNO3], [M+3], shaking times and temperatures 
using DPAA in benzene. 
 
HNO3 SF time SF M+3 SF temp SF 

1.0 

2.0 

3.0 

4.0 

5.0 

4.0 

3.6 

3.5 

3.1 

3.0 

1 

3 

5 

10 

20 

30 

45 

0.8 

0.9 

1.2 

1.5 

2.0 

2.5 

3.0 

25 

50 

75 

100 

125 

150 

200 

10 

9.1 

8.5 

7.2 

6.4 

5.0 

5.0 

10 

15 

25 

30 

45 

60 

2.3 

2.9 

4.8 

5.7 

8.3 

9.2 
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     Thus, the optimum conditions for separation of Nd (III) and La (III) based 

on change in the extraction parameters could be obtained at high 

temperature, and low metal ion concentration. 

     From the stripping investigations, it is concluded that 0.1 M HCl can 

recover 75% of Nd (III) in one cycle, while it recovered only 5% La(III) at 

the same concentration, giving a separation factor of 15  Table (3.23). 

Table (3.23): Separation of Nd (III) and La (III) from loaded           
              Aliquat-336 or DEAA or DPAA by hydrochloric acid  
 

Stripping percentage,  % 

 

Loaded Aliquat-336 

 

Loaded DEAA 

 

           Loaded  
DPAA 

 

 

Stripping Agents 

 

Nd (III) 

 

La (III) 

 

Nd (III) 
 

La (III) 
 

Nd (III) 
 

La (III) 

 

0.1M  HCl 

0.2 M HCl 

0.5 M HCl 

1.0 M HCl 

 

 

90 

80 

75 

40 

 

10 

30 

35 

35 

 

 

25 

10 

5 

5 
 

 

48 

55 

80 

73 
 

 
75 

70 

65 

60 

 

 

5 

10 

15 

15 
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3.4. Applications 

For separation of La (III) from spent optical glass, a block of spent 

optical glass was washed with distilled water to dispel mechanical impurities, 

dried at constant temperature of 105 oC for 1 h, crushed, milled and dry 

screened, Fig. (3.30). 

          The optimal conditions for conversion of RE borosilicates to RE 

hydroxides were identified as a 55% NaOH aqueous solution and a liquid-to-

solid ratio of 2 at 140 oC for 60 min. The optimal conditions for leaching the 

RE hydroxides were recognized as 6 M hydrochloric acid and a liquid-to-

solid ratio of 4 at 95 oC for 30 min. The mixture of RE chlorides may be used 

to generate individual pure RE products by using solvent extraction 

technique. 

 
        After the leaching process an aqueous mixture of RE chlorides 

containing 3 g/L La was obtained at a corresponding recovery of 99.4% from 

the glass. Solvent extraction investigations indicate that Aliquat-366 extract 

La (III) more than DEAA and DPAA   due to the effect of different ions in 

the mixture. 

       25% Aliquat-336 in kerosene extract 70% of La (III). The maximum 

stripping percent of La (III) from the loaded organic phase is obtained with 

0.5M H2SO4. The shaking time and temperature effects for maximum 

stripping were also investigated, it was found that 10 minutes and 45 oC were 

the best conditions where 98% of La (III) was stripped. 

         The results indicate that the proposed process is potentially useful for 

recycling secondary RE resources as spent fluorescent lamps and spent 

optical fibers, beside spent optical glass. 
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Process flow sheet 
Waste optical glass 

 
    

              washing with dist.H2O 
 
 

          Crushing 
 

            Milling 
                                                       

Screening 
-0.074+ 0.044mm 

 
                                                           
                                              (Digestion in 55%NaOH) 
                                                             Wash 
          
                                                    Wash 
                                                 (Reject )              Precipitate  
                                                                (RE hydroxides, RE (OH)3) 
                                                               
                                                                          Acid Leach  
                                                                             (6 MHCl) 
 
                                               LaCl3 rich solution          solid          Reject        
 
                                     Extraction with 25% Aliquat-336 
 
 
                             
                                 organic phase                      aqueous phase 
                                        loaded with La 
                      
                                    
                                    Stipping 0.5MH2SO4 

                                                                              98% La (III) 

Fig. (3.30). The proposed flow sheet for separation La (III) 
                                   from sample of the waste optical glass 
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General Conclusion 

• N, N-dialkyl aliphatic amides have proved to be very promising as a new 

category of extracting agents for lanthanides such as La (III) and Nd (III). 

• Their preparation at high degree of purity is easy and cheap. 

• The performance of the examined amides, with regard to solubility, 

stability, and extraction behavior, supports the possibility of their use in 

the field of recovery and separation on industrial scale. 

• Among the prepared amide extractants it was found that DEAA and 

DPAA are effective in solvent extraction of Nd (III) and La (III). 

• (DEAA), (DPBA), and (DPAA) are white solids whereas (TPMA) and 

(TEMA) are yellow brown liquids.   

• IR absorptions due to the carbonyl group (-CO) symmetric as well as 

asymmetric, show that the presence of a strong band in the region1600 

Cm-1- 1650 Cm-1 indicating the amide type carbonyl group. The C = 0 

stretching band energy and intensity are sensitive to changes in the C = 0 

environment. Free C=O stretching bands appear at 1650 cm-1 and 1645 

cm-1
 assigned for DEAA, and DPAA. 

• For all the extractants experimented, the average value of the Kex increase 

in the order DEAA> DPAA > Aliquat-336 in case of La (III) extraction. 

• In the extraction of Nd (III) for all the extractants experimented, the 

average value of the Kex increase in the order DEAA > DPAA> Aliquat-

336. 
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• La (III) can be separated from spent optical glass by using solvent 

extraction techniques using 50% Aliquat-336 in kerosene after the 

leaching process which extracts 70% of La (III)        . 

• The optimum conditions for the separation of La (III) and Nd (III) from 

nitrate solution could be obtained at low temperature, Aliquat-336, metal 

ion concentrations, and high nitrate concentrations in Aliquat-336 system 

whereas the best conditions in case of DEAA was obtained at low 

temperature, metal ion concentration, and shaking time, and that for 

DPAA at high temperature, and low metal ion concentrations. 

• HCl could be used for the separation of Nd (III) and La (III) by 

monitoring its concentration in the stripping solution. 

 



SUMMARY 1 

SUMMARY 

Main constituents in the nuclear spent fuels are actinides like 

uranium, thorium and various fission products including lanthanides. 

Lanthanide metals have recently drawn considerable attention in various 

applications exploiting their fluorescent, magnetic, optical, catalytic and 

laser properties. Increasing interest for high-purity rare earth oxides, 

lanthanum and neodymium are the two lanthanide metals found in a large 

part of monazite and basnasite ores. However, they tend to come in a 

mixture form. Therefore, there has been a great interest in trying to purify 

these elements. 

The main objective of the work presented in this thesis is the 

synthesis and characterization of new amide extractants in view of 

extraction properties towards lanthanides elements which have nuclear 

and industrial interest applications.  

Series of amide extractants were synthesized namely, N, N 

diethylacetoamide (DEAA), N, N Teteraphenyl malonamide (TPMA), N, 

N diphenylbenzamide (DPBA), N, N' diphenylacetoamide (DPAA), and 

N, N' Teteraethyl malonamide (TEMA). These extractants are used in 

details for the extraction and separation of lanthanum and neodymium 

from nitric acid medium and compared with traditional extractant 

Aliquat-336 in kerosene solution.  

The work carried out in this thesis is presented in three chapters, 

namely, introduction, experimental, as well as result and discussion. 

The first chapter, "the introduction", includes some aspects related 

to the properties of amides; the introduction includes general properties of 

lanthanides and their applications in different fields. This chapter 

comprises, also, the different separation methods of lanthanides with an  
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emphasis on their solvent extraction with some aspects about the type of 

extracants, a detailed survey which is related to the present work.     

The second chapter "the experimental", contains detailed 

information concerning the chemicals and reagents, preparation of the 

different aqueous solutions.  It includes also a detailed description for the 

instruments used and the preparation for the synthesized extractants. 

The third chapter, "result and discussion", it was classified into 

three main sections summarized in the following: 

The first section includes the preparation and characterization of the 

synthesized amides extractants namely N, N diethylacetoamide (DEAA), 

N, N Teteraphenyl malonamide (TPMA), N, N diphenylbenzamide 

(DPBA), N, N' diphenylacetoamide (DPAA), and N, N' Teteraethyl 

malonamide (TEMA). The general method for synthesizing the 

extractants was to react relevant acylchloride with secondary amines in 

basic medium the proposed structure was characterized,  the yields for 

synthesized amides extractants were found in the range   (70 - 90 %). 

To select the suitable diluent for the extraction of lanthanum (III) and 

neodymium (III) from nitric acid medium, different aromatic and 

aliphatic diluents such as kerosene, benzene, toluene, o-xylene, 

chloroform and n-dodecane were tested as diluents for synthesized 

amides extractant.   It was found that, benzene is a good diluent for N, N 

diphenylbenzamide (DPBA) and chloroform suitable diluent for N, N 

diethylacetoamide (DEAA), also n-dodecane for N, N' 

diphenylacetoamide (DPAA), and N, N' Teteraethyl malonamide 

(TEMA). Aliquat-336 was dissolved well in kerosene and o-xylene. 
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IR absorptions due to the carbonyl group (-CO), show that the presence 

of a strong band in the region1600 Cm-1- 1650 Cm-1 indicating the 

amide type carbonyl group. The C = 0 stretching band energy and 

intensity are sensitive to changes in the C = 0 environment. Free C=O 

stretching bands appear at 1650 cm-1 and 1645 cm-1 assigned for DEAA, 

and DPAA. 

The second section, in this section, two main systems were studied, the 

first one is La (III) /L/ NO3
-
 at

 
25 

o
C where L = DEAA, DPAA, and 

Aliquat-336. The investigations included the different parameters 

affecting the extraction
 

process, shaking time, metal concentration, 

extractant concentration, loading capacity, hydrogen ion concentration, 

nitrate ion concentration, as well as, temperature.  

Based on the slope analysis of the linear relations obtained, evaluation for 

the extraction constant was determined.  

The stoichiometry of the extracted species was confirmed to be La 

(NO3)
-
4L

+
, 3 4 3La (NO )  (DEAA) .− , and 3 4 3La (NO )  (DPAA)−  for Aliquat-

336 in kerosene, DEAA in chloroform, and DPAA in benzene 

respectively. For all the extractants experimented, the average value of 

the Kex increase in the order DEAA> DPAA> Aliquat-336. 

The same system was investigated at 5, 15, 35 and 45 
o
C. The effect 

of temperature on the extraction indicated that the extraction constants 

increasing with the increasing temperature. The thermodynamic 

parameters, enthalpy change (DH), free energy change (DG), entropy 

change (DS) for La (III) was evaluated. The data obtained indicate an 

endothermic character for extraction of La (III) by investigated 

extractants. (DG) data reflects the spontaneous nature of this system, 

while (DS) indicated that the system is more ordered.  
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          Mineral acids such as sulphuric and hydrochloric acids are found to 

be the most effective stripping agents for La (III) loaded organic phases. 

The stripping investigations studied in terms of the stripant concentration, 

shaking time, as well as temperature. 

The other system Nd (III) /L/ NO3
-
 at

 
25 

o
C where L = DEAA, 

DPAA, and Aliquat-336. The investigations included the different 

parameters affecting the extraction
 
process has been studied in terms of 

shaking time, metal concentration, extractant concentration, loading 

capacity, hydrogen ion concentration, nitrate ion concentration, as well 

as, temperature.  

Based on the slope analysis of the linear relations obtained, evaluation 

for the extraction constant was determined. The error is not exceed + 5 %. 

The stoichiometry of the extracted species was confirmed to be Nd 

(NO3)
-
4L

+
, 3 4 3Nd (NO )  (DEAA) .− , and 3 4 3Nd (NO )  (DPAA)−  for Aliquat-

336 in kerosene, DEAA in chloroform, and DPAA in benzene 

respectively. For all the extractants experimented, the average value of 

the Kex increase in the order DEAA > DPAA> Aliquat-336. 

The same system was investigated at 5, 15, 35 and 45 
o
C. The effect 

of temperature on the extraction indicated that the extraction constants 

increasing with the increasing temperature. The thermodynamic 

parameters, enthalpy change (DH), free energy change (DG), entropy 

change (DS) for Nd (III) was evaluated. The data obtained indicate an 

endothermic character for extraction of La (III) by investigated 

extractants.  
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Nitric and sulphuric acids are found to be the most effective stripping 

agents for La (III) loaded organic phases. The stripping investigations 

studied in terms of the stripant concentration, shaking time, as well as 

temperature. 

 

The third section includes the separation feasibility of La (III) 

and Nd (III) from their mixture in nitrate solution. The separation was 

studied in terms of the extraction by the investigated extractants in order 

to find out the best conditions for the separation of these ions. In case of 

Aliquat-336 system data obtained from separation factor (SF) indicates 

that the best conditions for separation of Nd (III) and La (III) could be 

obtained at low temperature, Aliquat-336, metal ion concentrations, and 

high nitrate concentrations, whereas the best conditions in case of DEAA 

was obtained at low temperature, metal ion concentration, and shaking 

time, and that for DPAA at high temperature, and low metal ion 

concentrations. 

   The separation feasibility of La (III) and Nd (III) from their mixture in 

organic phase, from the stripping investigations it was found that HCl is 

preferred for the separation of Nd (III) and La (III) by monitoring its 

concentration   in the stripping solution. 

 

            After leaching process getting aqueous mixture of RE chlorides 

containing 3 g/L La at a corresponding recovery of 99.4% using acid 

leaching, is obtained from the spent optical glass. 50% Aliquat-336 in 

Kerosene could extract 70% of La (III). the maximum stripping percent 

of La (III) from the loaded organic phase is obtained with 0.5M 

H2SO4.The Shaking time and temperature effects for maximum stripping 

were also investigated, it was found that 10 minutes and 45 
o
C were the 

best conditions for 98% of La (III) stripped. 
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 الملخص العربى

           ������	
���ص و�	� ا
����� ذات ا�ه���� ا
��و�� وا��� ����
�� ا�ن ا
 را��ت ا"#

         ������
�-���,           و��)   ، اه��� آ%��ة  �) '&��ت ا
%"�ث وا
ه�5ا ا���4ر ��3  ��	��ى ا
�0��10/ .�.�) ا
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%����M و إ ���'�>
�	���د� اNوا� �������	
ا

              (����	�دى ه�م ا
) O0�3 ا
%�  ا
%�M) ا�Nا  �� �1��� ا'<� �) ��P ا
	����ت ا��Cى �و#�  . ا

�Q#  ���<=���

&��� ا
��=>���ت ا
	������� ا���
�->���ءة  �' "���8�
5%�ت '��? ا
���9ق ا���
�����ص ��� .����  ا�

8�� '�   و�=) ه5ا �Tن    �
� ا�B�
8��=	�ت(4%��� ا
��اد ا�
 .#�=O دورا '<�� ��) ه�5ا ا
����Wع      ) ا

              
�. ��1' X���>�#�� و ا
���و�� �=) �90ق #&��رى وا�<
� ا�B�
8��=	�ت ا�
��P ا Y0آ� ��
�1)  و

�>�ت �<
���#�� ا )TBP(             (
�دى ا ��' �>N�E ��8ه� او-#  �� ���; ��<� '�=>�ت 3  ة[�� '�[��

  '? ا
�:�آ�   �
8��=	�ت 3  ة '�1 ا   ، ا' ?� ^"%
��0<� ذات _�-�ن '? ا
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         ��	<
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N, N diethylacetoamide (DEAA), N, N Teteraphenyl malonamide 

(TPMA), N, N diphenylbenzamide (DPBA), N, N' diphenylacetoamide 

(DPAA), and N, N' Teteraethyl malonamide (TEMA). 
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N, N diethylacetoamide (DEAA), N, N Teteraphenyl malonamide 

(TPMA), N, N diphenylbenzamide (DPBA), N, N' diphenylacetoamide 

(DPAA), and N, N' Teteraethyl malonamide (TEMA). 
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دراسات كيميائية على فاعلية بعض المستخلصات العضوية  "  
 "وساط مائيةأستخالص وفصل بعض العناصر من أل
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 اءيالكيمقسم 

  جامعة عني مشس– العلوم كلية
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دراسات كيميائية على فاعلية بعض المستخلصات العضوية  "  
 "وساط مائيةأالستخالص وفصل بعض العناصر من 

 
 مـن مقدمـةرسالة 
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 )كيمياء( العلوم فىالفلسفة دكتوراة درجة  علىللحصول
 

 

 

 التوقيع                                       : املشرفون السادة

 ..          ....................                       سيد ثابت عبد الرحيم/ .د.أ

 الكهربائية  الطبيعية و الكيمياءأستاذ

 .   العلوم جامعة عني مشسكليةب

 ..................                              فؤاد عــلىهشــام/ .د.أ

 . الطاقة الذريةهيئة- النووية  الكيمياءأستاذ

  االسبق الطاقة الذريةهيئةرئيس 

  .......................                              جاكلني عبد املسيح داود/ .د.أ

 .هيئة الطاقة الذرية -االشعاعية غري العضويةالكيمياء أستاذ

         .......................                             ابراهيم الدسوقىسحر/ .د.أ

 .هيئة الطاقة الذرية -وكيل شعبة معاجلة الوقود النووى

 الكيمياء قسم رئيس                                                

 
 ) فخرى عبد العزيز البسيوىن /.د.أ(   

 



 دكتوراة الةـرس
 

 براهيم علىإمحمد محمد   :  الب الطاسم

    : الرسالة عنوان

دراسات كيميائية على فاعلية بعض المستخلصات العضوية  "  
 "الستخالص وفصل بعض العناصر من اوساط مائية
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    شكر وتقديرشكر وتقديرشكر وتقديرشكر وتقدير
 

يات الشكر والتقدير للسادة األساتذة الذين قاموا باإلشراف على هذه آى أتقدم بأسم

 :الرسالة

     الكهربائية  الطبيعية وأستاذ الكيمياءسيد ثابت عبد الرحيم سيد ثابت عبد الرحيم سيد ثابت عبد الرحيم سيد ثابت عبد الرحيم األستاذ الدكتور  •

 .   جامعة عين شمس-كلية العلوم      

 -يةهيئة الطاقة الذر-النووية  أستاذ الكيمياء هشام فؤاد علىهشام فؤاد علىهشام فؤاد علىهشام فؤاد علىاألستاذ الدكتور  •

  ."سابقا هيئة الطاقة الذريةرئيس 

      االشعاعية غيرالعضويةأستاذ الكيمياء  جاكلين عبد المسيح داودجاكلين عبد المسيح داودجاكلين عبد المسيح داودجاكلين عبد المسيح داود الدكتور األستاذ •

 .هيئة الطاقة الذرية- مركز المعامل الحارة-" سابقاشعبة معالجة الوقود النووىرئيس 

 وكيل شعبة - االشعاعيةأستاذ الكيمياء  سحر ابراهيم الدسوقىسحر ابراهيم الدسوقىسحر ابراهيم الدسوقىسحر ابراهيم الدسوقىاألستاذ الدكتور  •

 .هيئة الطاقة الذرية -معالجة الوقود النووى 

 . مركز المعامل الحارة–مدرس الكيمياء محمد ابراهيم احمد محمد ابراهيم احمد محمد ابراهيم احمد محمد ابراهيم احمد الدكتور  •

 كيمياء الوقود النووىكما أتقدم بخالص الشكر للسادة األساتذة والعاملين بقسم 

 هيئة الطاقة –رة  بمركز المعامل الحا وجميع الزمالءوكذلك السادة األساتذة العاملين

 .الذرية وكل من قام بمساعدتى فى إتمام هذه الرسالة

 وهللا الحمد والشكر من قبل ومن بعد

 



 

 

 

                 قسم الكيمياء/   كلية العلوم 

   

 محمد محمد ابراهيم على:      سم الطالبأ

 يةهيئة الطاقة الذر - مدرس مساعد:         الوظيفة

 )كيمياء(دكتوراة الفلسفة فى العلوم :   الدرجة العلمية

 الكيمياء: القسم التابع له 

 العلوم:       سم الكليةأ

  شمسعين:         الجامعة 

  م١٩٩٩ : سنة التخرج     

 م  ٢٠١٠ :      سنة المنح

 


