A SEMINAR REPORT 

ON 

THE PRINCIPLE AND PRACTICE OF SOLVENT EXTRACTION SEPARATION TECHNIQUES 

DEDICATION
This seminal is dedicated to the almighty God, the one who made it possible for me to successfully write this seminal, all glory, honor and adoration be unto his name.


I also dedicate this seminal to my lovely family.
ACKNOWLEDGEMENT


I want to acknowledge the almighty God for his strength and support over my life and over this seminal, for giving me the privileged to complete this seminal write up, May God be praise and exalted forever.


I also want to use this opportunity to acknowledge my supervisor in person of MR. IBRAHIM AYINLA KURANGA, for his support and guidance over the success of this seminar; I pray that may God almighty reward him in hundred folds {Amen}. My gratitude also goes to my parent MR. & MRS. KALEJAIYE for their endless support both morally, financially, physically e.t.c., I want to say thank you. I am deeply indebted to my brothers and sisters for their love, support and guidance throughout the period of my program, they are ADELOLA KALEJAIYE, ADEDOYIN KALEJAIYE, ADESHINA KALEJAIYE, KEHINDE KALEJAIYE and lastly EMMANUEL IDOWU KALEJAIYE, I pray that, may God reward them accordingly {Amen}, my sincere gratitude goes to my friends and lecturers for their support in everyway.


Lastly, I like to thank my well wishers and colleagues for their support and advice, may God bless you all.

TABLE OF CONTENT

Dedication









Acknowledgement










Content 









CHAPTER ONE

1.0  
Introduction







1.1  
Solvent








1.2
Types of solvent or classification of solvent



1.3  
Composition of solvent







1.4  
Reaction and property of solvent





1.5  
Physical property of solvent





1.6  
Chemical property of solvent





1.7  
Extraction









1.8  
Extraction process






1.9  
Importance of extraction






CHAPTER TWO

2.0  
Solvent extraction







2.1  
Advantages of solvent extraction





2.2  
Disadvantages of solvent extraction 




2.3  
Process of solvent extraction





2.4  
Principle and practices of solvent extraction



2.5    Factors that affect the principle of solvent 

Extraction








2.6  
Distribution of solvent extraction




2.7   Factors that affect the distribution of solvent 

Extraction








2.8  
Solvent extraction separation techniques



2.9    The principle and practice of solvent 

Separation techniques






2.10 
Solvent extraction of metals





CHAPTER THREE

3.0  
Conclusion









3.1  
Reference









CHAPTER ONE

1.0 
INTRODUCTION

1.1 
Solvent

A solvent chemically is a substance that dissolves a solute {a chemically different liquid, solid or gas} resulting in a solution.[1]

According to oxford English dictionary, solvent is the ability to dissolve other substances [2]. Solvent is gotten or derive from the Latin word “solvo” which means loosen, untie or solve. A solvent is usually a liquid but can also be a solid or a gas. The maximum number or quantity solute that can dissolve in a specific volume of solvent varies with temperature. [1] Therefore most solvent {not all} dissolves other solute under certain conditions.


When one substance is dissolved into another, a solution is formed [3]. This is opposed to the situation when the compounds are insoluble like sand in water. In solution, all of the ingredients are uniformly distributed at a molecular level and no residue remains. The mixing is referred to as miscibility. Whereas the ability to dissolve one compound in to another is known as solubility. However, in addition to mixing, both substances in the solution interact with each other.


When something is dissolved, molecules of the solvent arrange themselves around molecules of the solute. Heat is involved and entropy is increased making the solution more thermodynamically stable than the solute alone. This arrangement is mediated by the respective chemical properties of the solvent and solute, such as hydrogen bounding, dipole moment and polarizability. [4]

1.2
Types of Solvent or Classification of Solvent


Solvent can be broadly classified into two types or categories: - i.e. Polar and Non-polar

 Generally, the dielectric constant of the solvent provides a rough measure of a solvents polarity. The strong polarity of water is indicated at 20oc by a dielectric constant of 80.10. Solvent with a dielectric constant of less than 15 are generally considered to be NON-POLAR [5]. Technically, the dielectric constant measures the solvent’s ability to reduce the field strength of the electric field surrounding a charged particle immersed in it. This reduction is then compared to field strength of the charged particle in a vacuum [5].


Apart from dielectric constant measure or polarity scale measure, there are other measures because solvents are used by chemists to carry out chemical reaction or observe chemical and biological phenomena, more specific measures of polarity are required. Examples are the Grunewald Weinstein my scale measures polarity in terms of solvent influence on build up of positive charge of a solute during a chemical reaction, and Kosower’s Z scale measures polarity in terms of the influence of the solvent on UV-absorption maxima of a salt, usually pyridinium iodide or the pyridinium zwitterion [6], also donor number and donor acceptor scale measures polarity in terms of how a solvent interacts with specific substances like a strong Lewis acid or a strong Lewis base [7].


Solvents with a relative static permittivity greater than 15 can be further divided or classified into: Polar protic and Polar aprotic

·      Polar protic solvents solvate anions (negatively charged solutes) strongly via hydrogen bonding e.g. water is a protic solvent.

-
Polar aprotic solvents such as acetone or dichloromethane tend to have large dipole moments (separation of partial positive and partial negative charges within the same molecule) and solvate positively charged species via their negative dipole [8].

In chemical reactions, the use of polar protic solvent favors the SN1 reaction mechanism, while polar aprotic solvents favours the SN2 reaction mechanism.

In other words, polar solvents have large dipole moments (partial charges) i.e. they contain bonds between atoms with very different electro-negativities, such as oxygen and hydrogen. [9] 

Non polar solvents contain bonds between atoms with similar electro-negativities such as carbon and hydrogen (hydrocarbon such as gasoline). Bonds between atoms with similar electro-negativities will lack partial charges; it’s this absence of charge which makes these molecules “non-polar”. [9]


Also, protic solvents have O-H or N-H bonds, because protic solvents can participate in hydrogen bonding which is a powerful intermolecular force. Additionally, those O-H or N-H bonds can serve as source of protons (H+), and aprotic solvents may have hydrogens on them somewhere but they lack OH or N-H bonds, and therefore, cannot hydrogen bond with themselves [9].

1.3
Composition of Solvent

Solvent are generally or majorly composed of organic and inorganic solvent. Organic solvents are those solvents that contain carbon together with one or more other elements, such as hydrogen, oxygen, chlorine, nitrogen and sulphur. [10]. Examples of organic solvents are tetrachloroethylene, toluene, turpentine, acetone, methyl acetate, ethyl acetate, hexane petrol, ethanol e.t.c [1].


Most organic solvents are non-polar, unless the compounds that consist of a very electronegative element like chlorine or the hydroxyl group. Organic solvents are generally soluble in non-polar solvents like benzene or other. [10].

-
Inorganic solvent are those solvents that does not contain carbon. Example of inorganic solvent is water; inorganic solvent is typically limited in research and some technological processes. 

1.4 
Reaction and Property of Solvent


The reaction and properties of solvent determines what type of compounds it is able to dissolve and with what other solvents or liquid compounds it is miscible with. As a rule of thumb, polar solvents dissolve polar compounds best and non-polar solvent dissolve non-polar compounds best; “like dissolves like strongly polar compounds like” sugars (e.g. sucrose) or ionic compounds, like inorganic salts (e.g. table salt) dissolve only in very polar solvents like water, while strongly non-polar compounds like oils or waxes dissolve only in very non-polar organic solvents like hexane. Similarly, water and hexane (or vinegar and vegetable oil) are not miscible with each other and will quickly separate into two layers even after being shaken well. [8]

1.5 
Physical Property of Solvents


The solvents are grouped or classified into non-polar, polar, polar aprotic and polar protic solvents and ordered by increasing polarity. The polarity is given as the dielectric constant. The properties of solvents that exceed those of water are bolded [11].
	Solvents
	Chemical formula
	Boiling Point

	Pentane
	CH3- CH2- CH2- CH2- CH3
	36OC

	Cyclopentane
	C5-H10
	40OC

	Hexane
	CH3- CH2- CH2- CH2- CH2- CH3
	36OC

	cyclohexane
	C6-H12
	81OC

	Benzene
	C6-H6
	80OC

	Touene
	C6-H5 CH3
	111OC

	1, 4 dioxane
	/-CH2 - CH2 - CH2 –o- CH2 –o-\
	101OC


Table 1: Properties of common solvents (non polar solvent and their boiling point).

	Solvents
	Chemical formula
	Boiling Point

	Dichloromethane {DCM}
	CH2- CL2
	40OC

	Tetrahydrofuran {THF}
	/-CH2 - CH2 - CH2 -\
	60OC

	Ethyl Acetate
	CH3 - C(=O) – O- CH2 – CH3
	77OC

	Acetone
	CH3 – C
	56OC

	Dimethylformacicle{DMF} 
	H-C(=O)N(CH3)2
	153OC

	Dimethyl sulfoxide{DMSO}
	CH3 – S(=O)-CH3
	189OC

	Propylene Carbonate
	C4H6 O3
	240OC


Table 2: Polar aprotic Solvents and their boiling point.

	Solvents
	Chemical formula
	Boiling Point

	Formic acid
	H-C(=O) OH
	101OC

	n-butanol
	CH3 – CH2 – CH2 –OH
	118OC

	Isopropanol
	CH3 – CH(-OH) - CH3 
	82OC

	Ethanol
	CH3 – CH2 –OH
	79OC

	Methanol
	CH3 –OH
	65OC

	Acetic acid
	CH3 –C(=O) OH
	118OC

	n-propanol
	CH3 CH3 – CH2  –OH
	97OC

	Water
	H-O-H
	100OC [11]


Table 3: Polar protic Solvents

Generally, boiling point is an important property of solvent. It determines the speed of evaporation, small amounts of low-boiling point solvents like diethyl ether, dichloromethane or acetone will evaporate in seconds at room temperature, while high-boiling point solvents like water or diethyl sulfoxide need higher temperatures, an air flow, or the application of vacuum for fast evaporation.


Low boilers are those solvent that their boiling point fall below 100OC.

Medium boilers boil between 100OC and 150OC while high boilers boil above 150OC
	Solvent
	Boiling point

	Ethylene dichloride
	83.48

	Pyridine
	115.25

	Methyl isobutyl ketone
	116.5

	Methylene chloride
	39.75

	Iso octane
	99.24

	Carbon disulfide
	46.3 [11]


Table 4: Low and Medium Boiler Solvents.
1.6 
Chemical properties of solvents 

Density


Most organic solvents have lower density than water, which means they are lighter and will form a separate layer on top of water (an important exception are most of the halogenated solvents like dichloromethane or chloroform which will sink to the bottom of a container, leaving water as the top layer. Often, specific gravity is cited in place of density. Specific gravity is defined by the density of the solvent divided by the density of the water at the same temperature. As such, specific gravity is a unit less value.


It readily communicates whether a water-insoluble solvent will float (specific gravity is less than 10), or sink (specific gravity is greater than 10) when mixed with water [12] examples are shown in the table 5.
	Solvent
	Boiling point

	Pentane
	0.626

	Petroleum ether
	0.656

	Hexane
	0.659

	Heptane
	0.684

	Diethyl amine
	0.707

	Diethyl ether 
	0.713

	Triethyl amine
	0.728 [12]


Table 5: Low density Solvent.

There are other properties like the violability of solvent, melting point, refractive index e.t.c.


The table below shows the summary of the properties of some solvent.

	Solvent 
	Melting point oc
	Boiling point oc
	Refractive index
	Specific gravity

	Acetone 
	-94
	56
	1.3590
	0.791

	Acetonitrile
	48
	82
	1.3440
	0.786

	Benzene
	5
	80
	1.5010
	0.874

	Benzonitrile
	-13
	188
	1.5280
	1.010

	1-butanol
	-90
	117.7
	1.3990
	0.810

	2-butanone
	-87
	80
	1.3790
	0.805

	Butyl acetate
	-78
	124-126
	1.3940
	0.882

	Carbon disulfide
	-112
	46
	1.6270
	1.266

	Carbon tetrachloride
	-23
	77
	1.4595
	1.594

	Chloro benzene
	-45
	132
	1.5240
	1.107

	I-Chlorobutane
	-123
	77-78
	1.4024
	0.886

	Chloroform
	-63
	60.5-61.5
	1.4460
	1.492

	Cyclo hexane
	6.5
	80.7-81
	1.4260
	0.779

	Cyclopentane
	-94
	50
	1.4000
	0.751

	1,2-Dichloro benzene
	-18 to -15
	179-180
	1.5510
	1.306

	1,2- Dichloroethane
	-35
	83
	1.4438
	1.256

	Dichloromethane
	97
	39.8-40
	1.4240
	1.325

	Ethyl ecetate
	-84
	76.5-77.5
	1.3720
	0.902

	Ethyl alcohol
	-130
	78
	1.3600
	0.785

	Ether
	-116
	34.6
	1.3530
	0.708

	Methyl alcohol
	-98
	64.6
	1.3290
	0.791

	Pentane
	-130
	35-36
	1.3580
	0.626

	Toluene
	-93
	111
	1.4960
	0.867

	Water
	0
	100
	1.3328 (4)
	1.000

	O-xylene
	-25 to -23
	143-145
	1.5050
	0.870

	P-xylene
	12-13
	138
	1.4950
	0.66 [13]


1.7 
Extraction


This is the act of extracting or the condition of being extracted. It can also be something obtained by extracting an extract. [14]. It is also the act of extracting or the condition of being extracted. [15].


Extraction can be said to be a process of obtaining something from a mixture or compound by heating, chemical, mechanical or physical means. [16]. The process of extracting moisture elution or the process of extracting one material from another by washing with a solvent to remove absorbed material from an absorbent (as in washing of loaded ion-exchange resins to remove capture ions). Mostly used to obtain uranium ions [16].


Therefore, extraction in chemistry is a separation process consisting of the separation of a substance from a matrix. It may refer to liquid-liquid extraction, and solid phase extraction. [17] Extractions use two immiscible phases to separate a solute from one phase into the other. The distribution of a solute between two phases is an equilibrium condition or process which is described by partition theory [18].

1.8 
Extraction Process


Extraction is a separation technique based on differences in solubilities of substances in two immiscible solvents (usually water and a water insoluble organic solvent). Therefore, the process of extraction is base on the recovery of a desired substance fro a complex mixture also extraction of a product from the reaction mixture is also sometimes necessary as a means of separating it from the other component. Isolation of a substance from animal or plant matter is another application or process of extraction, either to obtain the compound for some uses e.g. medicinal or as a preliminary step in an analytical procedure.


A solvent chosen for extraction usually has a low boiling point, so that it can be easily removed if the dissolved material is to be extracted. The two most commonly used solvents for extractions of organic substances from aqueous solutions are diethyl either (CH3CH2 –O-CH2CH3 with boiling point 35oc), and dichloromethane (methylene chloride) CH2Cl2 with boiling point 41oc.


Some separation techniques or methods are use for extraction of some mixture. They are decantation, filtration, distillation, chromatography, fractional distillation, evaporation e.t.c. in some experiment, apparatus like separating funnel, ring clamps, beakers soxhlet extractor, coffee machine e.t.c are needed for the extraction process. 


In most liquid to liquid extraction separating funnel is the type of apparatus use for the extraction process. Liquid to liquid means that two liquids are used in the extraction procedure, the liquid must be immiscible (this means that they will form two layers when added together; e.g oil and water). Some compounds are more soluble in the organic layer (the oil) and some compounds are more soluble in the aqueous layer (the water) [19]. Using water and oil as an example of a mixture, separating funnel can be use for the extraction process or decantation can also be use to extract oil from water or water from oil.

1.9 
Importance of Extraction


Extraction process can be use to extract tannins, the obromine, and caffeine out of tea leaves. Extraction is also important in the extraction of organic compounds out of an aqueous phase into an organic phase. [18]. Extraction helps to recover a solvent that has been mixed with another (mixture).


Extraction is important and needed in industries today to separate solvents e.g coffee industries to extract water of ground coffee, salt industry (extract salt from salt water by evaporation) petroleum industries e.t.c

CHAPTER TWO
2.0
Solvent Extraction


Solvent extraction is a method for separating mixtures by exploiting differences in the solubilities of the components. [20], solvent extraction can also be the partial removal of a substance from a solution or mixture by dissolving it in another immiscible solvent in which it is more soluble. [21] for example, a coffee machine extracts the soluble components of ground coffee with water and leaves the insoluble components behind , the sample is shaken or mixed with solvent ( or with two immiscible solvents) to effect the separation. The like dissolves like” is a useful guide for selecting solvents to use in extraction. Non polar substances are usually successfully extracted into nonpolar solvents like hexane or methylene chloride. Polar and ionic substances are often extracted with water [20].


Solvent extraction can be said to be a method of separating compounds on the basis of their solubility in two different immiscible liquids like water and organic compound. We can also say that it is a method of separating a compound which is soluble in an immiscible or a partially immiscible liquid which gives you   a desired compound either in the form of a solute or inform of a residue. This forms different layers which facilitates the separation of the compounds. The simplest solvent extraction examples may be derived from water and organic compounds e.g Benzene is non-polar and is immiscible in was the polarity of water is very high.  So if we want to separate benzene from a liquid which contains a component that dissolves in water, then we can mix it with water and the separated layer will be benzene. [22]. Solvent extraction is commonly known for processing materials by using solvent  to separate out various components within a material sample . It is commonly used with liquids, but can also be employed gases and solids [23].

In solvent extraction, a solvent is introduced to a materials and as some components are more soluble than others, the sample starts to separate   out, allowing people to remove the separated components individually [23]. 

 2.1       Advantages of Solvent Extraction 

· Solvent extraction is use in the laboratory to purify samples. 

· It is use to analyze unknown samples

· It is use to perform variety of other task like in petrochemical refining industry.

· People using this technique have an array of solvents to choose from 

· The time required for extraction varies depending on the sample in some cases, solvent extraction depending on the sample, in some cases, solvent extraction to choose from.

· The time required for extraction varies depending on the sample, in some cases, solvent extraction works very quickly.[23]

· Solvent extraction can be utilized for synthesis and other activities involving chemicals 

· This technique is mostly used by researcher in fields like pharmaceuticals to gather information about he chemical constituents of the compounds they are researching. 

· Solvent extraction can be used in nuclear reprocessing, or processing and other industries 

2.2     Disadvantages of solvent extraction

· There are potential concerns about bad chemical interactions in unknown samples that must be considered  when selecting a solvent [23]

· Condition  under which the reaction or the extraction process taken place also affects  the separation  

· Temperature and pH also affect the separating components, so it is very necessary to maintain the temperature and pH  of the compound during the extraction  process [22]

· Factors like pressure, vapor pressure, precipitation of solid etc. affect solvent extraction.

· Some solvent are hazardous and must be handled with care.

· In other solvent, the materials must be allowed to mix and sit for the component to separate out which usually takes time [23].

2.3       Process of Solvent Extraction 

There are various process in solvent extraction, where solvent are been extracted in various ways and pattern. The need for this process is to guide the user or industries on the type and ways to extract solvents.  The process of extraction include: -

-
Liquid – Liquid extraction

This is the most commonly use process of extraction usually known as solvent extraction and partitioning. This is a method use to separate compounds based on their relative solubilities in the different immiscible liquids, usually water and an organic solvent. It is an extraction of a substance from one liquid phase into another liquid phase liquid – liquid extraction is a basic technique in chemical laboratories, where it is performed using a seperatory funnel [24]. Liquid – liquid extraction is also a mass transfer operation in which a liquid solution (the feed) is contacted with an immiscible or nearly immiscible Liquid (solvent) that exhibits preferential affinity or selectivity towards one or more of the components in the feed [25].

The term partitioning is commonly used to refer to the underlying chemical and physical process involved in liquid – liquid extraction but may be fully synonymous. The term solvent extraction can also refer to the separation of a substance from a mixture suitable solvent. In this case, a soluble compound is separated from an insoluble compound or a complex matrix. Liquid–liquid extraction is possible in non-aqueous systems. Example, in a system consisting of a molten metal in contact with molten salts metals can be extracted from one phase to the other. This is related to a mercury electrode where a metal can be reduced, the metal will often dissolve in the mercury to form an amalgam that modifies its electrochemistry greatly. For example, it is possible for sodium cations to be reduced at a mercury cathode to firm sodium amalgam, while at an inert electrode (such as platinum) the sodium cations are not reduced; instead water is reduced to hydrogen. A detergent or fine solid can be used to stabilize an emulsion or third phase [26].

In solvent extraction, a distribution ratio is often quoted as a measure of how well-extracted a species is. The distribution ratio is equal to the concentration of a solute in the organic phase divided by its concentration in the aqueous phase. Depending on the system, the distribution ratio can be a function temperature the concentration of chemical species in the system and a large number of other parameters.

Sometimes, the distribution ratio is referred to as the partition coefficient (governed by partition law or Nernst distribution law. Note that D is related to the   G of the extraction process and that a distribution ratio for uranium and neptunium between the inorganic solids (Zirconolite and Perovslacte) has been reported [27]. In solvent extraction, two immiscible liquids are shaken together. The more polar solutes dissolve preferentially in the more polar solvent, and the less polar solutes in the less polar solvent.


Separate factor is one distribution ratio divided by another it is a measure of the ability of the system to separate two solutes. For instances, the distribution ratio for nickel (DNI) is 10 and the distribution ratio for silver (DAg) is 100, then the silver/nickel separation factor (SFAg/NI) is equal to DAg/DNi
: -


    100
= 10

                                                   10

Decontamination factor is used to express the ability of a process to remove a contaminant from a product in solvent extraction, for instance, if a process is fed with a mixture of 1.9 cadmium to indium, and the product is a 1.99 mixture of cadmium and indium, then the contamination factor (for  the removal of cadmium) of the process is 

0.1
= 10

                                           0.01

-
Solid – Liquid extraction [28] 

This process or method is usually known as continuous extraction process and is use for extraction of solid sample by a hot solvent or using a hot solvent. This process is very useful for extracting organic compounds that are easily affected by high temperature; the use of soxhlet extractor machine is mostly used for the extraction.

 We have other process like Gas – liquid extraction but there are various techniques or various methods of solvent extraction they are: 
· Centrifugal Extractions – Centrifugal devices work at very high – speed. They are high – speed rotator machines which rotate the solvent and due to the density and the centrifugal force, the liquids are separated from each other [22].

· Aqueous Two Phase Extraction: They are used for organic water solvent system [22]. Aqueous two phase extraction, also known as two phase liquid extraction is a unique form of solvent extraction. In aqueous two phase extraction, compounds are still separated based on their solubility, but the two immiscible phases are both water based, an aqueous two phase system. Aqueous two phase extraction have a number of advantages over traditional solvent extraction, solvents are often destructive to proteins, making the traditional extraction impossible for purifying proteins. In addition, organic solvents can be flammable and their use can cause both environmental and health concerns. Aqueous – two phase extractions do not require solvents and so avoid these concerns [29]. They are excellent for the extraction of enzymes and proteins [22]. 


Types of aqueous two phase extractions include

Polymer – Polymer systems

Poly-salt systems 

  Ionic liquids e.t.c

· Batch – wise single stage Extraction: It is used in small scale chemical industries and the extraction is carried out in a simple separator funnel [22]. For instance if a chemist were to extract anisole from a mixture of water and 5% acetic acid using ether, then the anisole will enter the organic phase. The two phases would be separated; the acetic acid can then be scrubbed (removed) from the organic phase by shaking the organic extract with sodium bicarbonate. The acetic acid reacts with the sodium bicarbonate to form sodium acetate carbon dioxide and water [29].

· Multistage counter-current continuous process: This process is helpful in processing metals. It is used for the components which need multistage to be separated [22]. It is commonly use in industries for the processing of metals such as the lanthanides because the separation factors between the lanthanides are so small many extraction stages are needed. In the multistage processes, the aqueous caffeinate from one extraction unit is fed to the next unit as the aqueous feed, while the organic phase is moved in the opposite direction. Hence, in this way even if the separation between two metals in each stage is small the overall system can have a higher decontamination factor [29].

· Mixer Settlers: This method is used in the metal industry the mixing is done at a very high – speed and a long residence time is given for the components to settle down [22].

· Extraction without chemical change: This is one of the simplest methods. It does not involve any chemical elements which can be lead to chemical reactions. Two immiscible liquids are shaken with the mixture. The compound dissolves with its relevant liquid and is extracted easily [22]. Some solutes such as noble gasses can be extracted from one phase to another without the need for a chemical reaction. When a solvent is extracted two immiscible liquids are shaken together. The more polar solutes dissolve preferentially in the more polar solvent and the less polar solutes in the less polar solvent. Some solutes that do not at first sight appear to undergo a reaction during the extraction process do not have distribution ratio that is independent of concentration. A classic example is the extraction of carboxylic acids (HA) into non-polar media such as benzene [29]. Here, it is often the case that the carboxylic acid will form a dinner in the organic layer so the distribution ratio will change as a function of the acid concentration (measured in either phase).

· Salvation mechanism: Using solvent extraction, it is possible to extract uranium plutonium or thorium, from acid solutions. One solvent used for this purpose is the organophosphate tri-n-butyl phosphate. The PUREX process that is commonly used in nuclear reprocessing uses a mixture of tri-n-butyl phosphate and an inert hydrocarbon (kerosene), the uranium (VI) are extracted from strong nitric acid and are back-extracted (stripped) using weak nitric acid.

An organic soluble uranium complex [UO2(TBP)2[NO3)2] is formed, then the organic layer bearing the uranium is shifted away from the organic soluble uranium complex and towards the free TBP and uranyl nitrate in dilute nitric acid. The plutonium IV forms a similar complex to the uranium VI but it is possible to strip the plutonium in more than one way a reducing agent that converts the plutonium to the trivalent oxidation state can be added. This oxidation state does not form a stable complex with TBP and nitrate unless the nitrate concentration is very high (circa 10mol/l nitrate is required in the aqueous phase). This PUREX chemistry is a classic example of a salvation extraction [28].

Other technique include ion exchange mechanism, ion pair extraction etc.

2.4  
Principle and Practice of Solvent Extraction

This technique or separation techniques is widely use in the petrochemical refining industry. As petroleum products are processed, impurities remain in the samples. Solvents chosen to interact with these impurities are introduced, allowing the impurities to sink or float, depending on their nature. Once separated, they can be easily removed leaving behind a clean product that can be prepared and packaged for sale. Chemical manufacturing also utilizes solvent extraction for synthesis and other activities involving chemicals [23].

2.5 
Factors that affect the principle and practice of solvent extraction                    

People or manufacturers uses wrong solvent for their extraction, because solvent selection is very important so as to have an appropriate or successful solvent extraction, so it is very important to choose a perfect solvent for the compound to get better results. The following are some of the points which are important while selecting a perfect solvent for separation.

-
The solvent should be able to dissolve at least one component to a large extent than the rest of the components in the mixture.  

-
The reaction taking place should be stable and irreversible. Reversible reactions can bring back the dissolved components in their previous form and the extraction will not be completed successfully.

-
The compound formed after the reaction should be easily separated from the extracted compound so that it can be re-used.

-
The density of the compound should be different from the required component to help the separation readily.

-
It should be inexpensive and cost-effective

-
The solvent should not be toxic or corrosive as it can be arm the extraction instruments.

-
Other factors important during solvent selection are viscosity, boiling point, flammability, etc [22].

2.6  
Distribution of Solvent Extraction

Solvent extraction is widely used for the separation, recovery and purification of any component [22]. Solvent extraction is used in nuclear reprocessing, ore processing, the production of fine organic compounds the processing of perfumes, the production of vegetable oils and bio-diesel, and other industries [30], like oil production industry by using hexane, solvent extraction is also use for refining, research and environmental remediation [23]. It can also be use for DNA purification and for food industry to isolate or eliminate particular flavors.
2.7  
Factors that affect the distribution of solvent extraction

These are a lot of factors that affect the distribution of solvent extraction like lack of knowledge on how to engage in solvent extraction and also lack of personnel and improved machinery to practice solvent extraction, such machines include centrifugal contractors, this layer extractors, spray columns, pulsed columns and mixer settlers etc [29]. Temperature and pH also affects the distribution of solvent extractions in industries.

2.8 
Solvent Extraction Separation Techniques

People using this technique have an array of solvents to choose from. Solvents are selected on the information available about the sample. The time require for extraction varies depending on the sample; in some cases, solvent extraction workers very quickly, and in others, the materials must be allowed to mix and sit for the components must be allowed to mix and sit for the components to separate out. Some solvents are hazardous and must handle with care, and there are potential concerns about bad chemical interactions in unknown samples that must be considered when selecting a solvent [23].

In the laboratory, people use solvent extraction to purify samples, analyze unknown samples, and perform a variety of other tasks. People learning chemistry may be taught the basics of solvent extraction in the classroom as they learn about how to separate and analyze chemical samples. Researchers in fields like pharmaceuticals rely on this technique to gather information about the chemical constituents of the compounds they are researching. This information becomes very important when people work on developing compounds for mass production and research the effects of those compounds on the human body.

2.9 
The Principle and Practice of solvent separation techniques.    

In environmental remediation projects, solvent extraction is one technique available for cleaning soil, water, and other contaminated substances in the natural environment. The materials are processed through an extractor, separating out the contaminant and the clean materials. Cleaned substances can be returned to the environment, while the pollutants can be secured and disposed of or destroyed to prevent future pollution problems[23]. 

An industrial process will use solvent extraction step or technique in which solutes are transferred from the aqueous phase to the organic phase, this is often followed by a scrubbing stage in which unwanted solutes are removed from the organic solutes are removed from the organic phase, then a stripping stage in which the wanted solutes are removed from the organic phase. The organic phase may then be treated to make it ready for use again. After use the organic phase may be subjected to a cleaning step to remove any degredation product, for instance, in PUREX plants the used organic phase is washed with sodium carbonate solution to remove any dibutyl hydrogen phosphate or butyl dihydrogen phosphate that might be present [29].

2.10  
Solvent Extraction of Metals

Solvent extraction is an important technology for the separation, purification and recovery of metals particularly uranium, copper, nickel, cobalt, and rare earths from solutions.

Solved extraction uses an organic solution containing a special reagent (extractant) to transport selected metals from one aqueous solution to another, so that metals are separated, purified and recovered. For example, after mixing an organic solution with an aqueous solution containing copper, iron and other impurities (feed), the organic solution selectivity extracts coppers and leaves iron and other impurities in the aqueous solution (raffeinate). This step is called extraction. In the next step termed stripping, the copper in the organic solution is stripped by an acidic solution (spent electrolyte) to form a loaded strip liquor (loaded electrolyte), resulting in a much purer copper solution. If the volume of the strip solution is much smaller than that of the organic solution, copper is concentrated.

In the next step, which may be electrowning, the copper in the loaded strip liquor is deposited onto a cathode and pure copper is obtained. Factor such as the composition of feed solution and the nature of metal to be purified must be considered when selecting solvent extraction technology [33].

The extraction methods for a range of metals it includes [31].

-
Cobalt: The extraction of cobalt from hydrochloric acid using alamine 336 in metaxylene[32] cobalt can be extracted also using cyanex 272 [bis-(2,4,4 – trimethylpentyl) phosphinic acid]

-
Copper: Copper can be extracted using hydroxyoximes as extractants, a recent paper describes an extractant that has a good selectivity for copper over cobalt and nickel [34].

-
Neodymium: This rare earth is extracted by di-(2ethyl-hexyl) phosphoric acid into hexane by ion exchange mechanism[35].

-
Nickel: Nickel can be extracted using di(2-ethyl-hexyl) phosphoric acid and tributyl phosphate in a hydrocarbon diluents (Shellsel) [36].

-
Palladium and Platinum: Dialky sultides, tributyl phosphate and alkyl amines have been used for extracting these metals [37][38].

-
Zinc and Cadmium: The zinc and cadmium are both extracted by an ion exchange process [39].

In modified Zincex process, zinc is separated from most divalent ions by solvent extraction. D2EHPA (Di (2) ethyl hexyl phosphoric acid) is used for this extraction; a zinc ion replaces the proton from two D2EPHPA molecules. To strip the zinc from the D2EHPA, sulfuric acid is used, at a concentration of above 170g/L (typically 240-265g/L) [37].

In mineral processing, the composition of the feed solution is complicated and the valuable metal to be purified varies [33].

CHAPTER THREE

3.0
CONCLUSION


Solvent extraction is very useful for the separation and recovery of important metals and compounds and is an important part in the world of chemistry. Due to cost–effectiveness, it is widely used in various sectors. The most important aspect of this extraction is that it separates the required component without changing its properties and identity [22].


Some solvents including chloroform and benzene (an ingredient of gasoline) are carcinogenic. Many others can damage internal organs like the liver, the kidneys or the brain. Chronic exposure to organic solvents in the work environment or industries can produce a range of adverse neuropsychiatric effects. For example, occupational exposure to organic solvents has been associated with higher numbers of painters suffering from alcoholism. So it is important to take care while working on a solvent for extraction in industries.


Solvent extraction is therefore widely used for a lot of purposes, and different method or processes are use e.g. liquid – liquid extraction is the most popularly known and used solvent extraction process in industries today.
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