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MODULE-I

Introduction:
Many industrial processes, at some stage, generate or utilize fine particles ranging in size from over 100 µm to less than 1 µm. It is often required subsequently to remove them from liquid streams, since they contribute to fouling, coking and erosion; they also cause foaming, entrainment and emulsion stabilization problems. Their release may also cause potential environmental problems This is usually the case in mineral processing; ultra-fine particulate matter, however, exists in water and wastewater, too, needing removal before it is made potable or is discharged. The availability of an effective separation technology is essential, because of the impact on downstream operations and product quality. Flotation is one of the processes available for the separation of particulate matter from dispersions; it is extensively used in mineral processing, and to a lesser extent in wastewater treatment 2. The present paper is the second part of a review of currently available flotation technology; the first part    dealt with the recovery of metals by ion flotation from dilute aqueous solutions. 

Froth Flotation:
Froth flotation is a highly versatile method for separating particles based on differences in the ability of air bubbles to selectively adhere to specific mineral surfaces in a mineral/water slurry. The particles with attached air bubbles are then carried to the surface and removed, while the particles that remain completely wetted stay in the liquid phase. Froth flotation can be adapted to a broad range of mineral separations, as it is possible to use chemical treatments to selectively alter mineral surfaces so that they have the necessary properties for the separation. 

Mineral Processing:
· What?	Process of Up-gradation of value mineral from an ore by separating it from the gangue mineral by exploiting difference in physical properties between them economically.
· Why?	Depletion of High-Grade ores (due to selective mining)
Production of low-grade fines (due to mechanized mining). For value addition, pollution abatement
· When?	Disparity in quality of ROM and Quality of product for end use
When Min. Pro.  is advantageous

Flotation is a physico-chemical separation process thatutilises the difference in surface properties of thevaluable minerals and the unwanted gangue minerals.

Scope for flotation:
Froth flotation-widely used process for separating valuable mineral from the gangue by using their difference in physico-chemical surface properties.With the depletion of high grade ore resources, there is a need to process low grade discarded ores and tailings to meet the current demand of minerals.With the decreasing grade of ores, increased dissemination of the target mineral within the ore and finer liberation, the flotation process has become a significant unit operation over the years.

Major steps involved in flotation:
1. Liberation
2.   Establish hydrophobic film on minerals that are not naturallyhydrophobic.
3. Promote bubbleformation
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· Greater the selectivity 	- better the flotation
· Froth flotation	- Multi-phase, probabilistic, interactive phenomena
· Phases		- solid, liquid, sir/gas, reagent
· Probabilities	-
1. Particles of adequate surface area
2. Collector adsorption on mineral surface
3. Dissociation of reagents into ions and their interaction at interfaces
4. Proper bubble size distribution
5. Bubble life expectancy
6. Mineral-bubble contact and attachment
7. Stability of mineral-laden bubble
8. Proper recovery of the froth

Fundamentals of flotation

Froth Flotation is a physicos-chemical process that utilizes the difference in the surface property to separate gangue minerals from valuable minerals selectively. Development and selection of an appropriate reagent regime suitable for the material to be processed plays a key role in the flotation process. 

The technique of selective separation by froth flotation can effectively be applied to the materials in which fine liberated valuable and gangue mineral grains are present. Despite numerous years of research and development work since 1900, flotation is still not fully understood, fully interpretable and remains a challenge, as it requires a good understanding of the interactions involved between the major phases (macro processes) and the number of inter-related events (micro processes).
[image: F:\review for separation and purification\final figs\fig 1.tif]
Process and phases in flotation (Pattanaik and Venugopal, 2018)
Separation and value enhancement of minerals by flotation occurs, when minerals to be separated, have different affinities for air and water. The perfect condition required for flotation of a mineral is when the work of adhesion between the desired mineral particle and an air bubble is high enough to prevent the disruption of the particle-bubble interface. Increased contact angle at the solid surface–air interface increases the work of adhesion between a particle and an air bubble, enhancing the hydrophobicity and improving mineral floatability. 
The reagents thus should be chosen selectively for the achievement of good separation of minerals. Ensuring maximum floatability of desired minerals through maximum selectivity with the aid of reagents are the key elements of flotation research and the driving force of flotation research efforts. 
Flotation is basically divided into three main types:  
a) Salt type flotation
b) Sulphide flotation
c) Oxide flotation	


a)  Salt type flotation
This type of flotation process is generally applied for industrial minerals like Calcium chloride, Manganese, Talc, Phosphate, Pyrophyllite, Illite, Calcite, Limestone, Dolomite, Feldspar, Muscovite, Jasper, Corrundum, Diaspore, Baryte, etc. Various groups of oleic acid and amine types are used as collectors to float these minerals.
b) Sulphide flotation
Thisis applied to sulphide group of minerals like chalcopyrite, Cuprite, Galena, Sphalerite, etc. This type of flotation is carried out using xanthates, dithiophospates group of collectors which includes potassium amyl xanthates, sodium isopropyl xanthates and other groups of xanthates, etc. 
c) Oxide flotation
Most of the iron ores are found in oxide form except pyrite. Amine collectors and anionic group of collectors are common oxide mineral collectors, which are used to float iron oxides, silicon oxides, aluminium oxides, etc. 
Classification of Minerals
· Polar
· Non-polar
All minerals are classified into polar or non-polartypesaccording to their surface characteristics.
Since water is a polar molecule, polar mineral surface tend to be hydrophilic whereas nonpolar mineral surface tend to be hydrophobic.







Classification of polarminerals
	Group1
	Group2
	Group3(a)
	Group4
	Group5

	Galena  Covellite  Bornite  Chalcocite  Chalcopyrite  Stibnite  Argentite  BismuthiniteMilleriteCobaltite  Arsenopyrite  Pyrite  Sphalerite  Orpiment  Pentlandite  RealgarNative Au,  Pt, Ag,Cu
	Barite  AnhydritGypsum  Anglesit
	CerrusiteMalachitAzurite  Wulfenit
Group 3(b)  Fluorite  Calcite  Witherite  Magnesite  Dolomite  Apatite  Scheelite  Smithsonite  Rhodochrosite  Siderite  Monazite
	Hematite  Magnetite  GothiteChromite  Ilmenite  Corundum  Pyrolusite  Limonite  Borax  Wolframite  Columbite  Tantalite  Rutile  Cassiterite
	Zircon  Willemite  Hemimorphite
Beryl  Feldspar  Sillimanite  Garnet  Quartz



Degree of polarity of mineraltypes
Sulfides	<	sulfates	<	carbonates	<	phosphates	<oxides <hydroxides <silicates.


















Surface Characteristics and Analysis
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The method of froth floatation can be classified into three steps:
1. True floatation – In this process minerals are selectively attached to froth. This process is very critical and important as the extraction of the valuable minerals is decided by this step only while the other two steps determine the separation efficiency between the mineral and the gangue.
2. Entrainment – Under this process of entrainment air bubbles are passed in liquid water which the froth leads to the generation of air bubbles.
3. Aggregation – In this process, the mineral particles are trapped by the froth.
An important criterion of separation of minerals by the froth floatation method is that the size of the particles of the ores must be very small equivalent to powder form. This is very important because the heavier and bigger particle would require a greater adhesive force without which they would no longer attach to the froth and settle down in the bottom. Thus, separation will not be possible.
Froth flotation is mainly operated under two common techniques:
1. Direct floatation technique – In this method, the mineral sticks to the air bubble and the remaining gangue settles down at the bottom.
2. Reverse floatation technique – In this method, the gangue sticks to the air bubble and ore particle settle down in the bottom
Adsorption 
Adsorption is the adhesion of atoms, ions or molecules from a gas, liquid or dissolved solid to a surface.[1] This process creates a film of the adsorbate on the surface of the adsorbent. This process differs from absorption, in which a fluid (the absorbate) is dissolved by or permeates a liquid or solid (the absorbent), respectively.[2] Adsorption is a surface phenomenon, while absorption involves the whole volume of the material, although adsorption does often precede absorption.[3] The term sorption encompasses both processes, while desorption is the reverse of it.
Similar to surface tension, adsorption is a consequence of surface energy. In a bulk material, all the bonding requirements (be they ionic, covalent or metallic) of the constituent atoms of the material are filled by other atoms in the material. However, atoms on the surface of the adsorbent are not wholly surrounded by other adsorbent atoms and therefore can attract adsorbates. The exact nature of the bonding depends on the details of the species involved, but the adsorption process is generally classified as physisorption (characteristic of weak van der Waals forces) or chemisorption (characteristic of covalent bonding). It may also occur due to electrostatic attraction.[5]
Adsorption is present in many natural, physical, biological and chemical systems and is widely used in industrial applications such as heterogeneous catalysts,[6][7] activated charcoal, capturing and using waste heat to provide cold water for air conditioning and other process requirements (adsorption chillers), synthetic resins, increasing storage capacity of carbide-derived carbons and water purification. Adsorption, ion exchange and chromatography are sorption processes in which certain adsorbates are selectively transferred from the fluid phase to the surface of insoluble, rigid particles suspended in a vessel or packed in a column. Pharmaceutical industry applications, which use adsorption as a means to prolong neurological exposure to specific drugs or parts thereof,[citation needed] are lesser known
Adsorption, capability of all solid substances to attract to their surfaces molecules of gases or solutions with which they are in contact. Solids that are used to adsorb gases or dissolved substances are called adsorbents; the adsorbed molecules are usually referred to collectively as the adsorbate. An example of an excellent adsorbent is the charcoal used in gas masks to remove poisons or impurities from a stream of air.
The amount of heat evolved when one mole of the adsorbate is adsorbed on adsorbent is called enthalpy of adsorption. Adsorption is an exothermic process and enthalpy change is always negative. When adsorbate molecules are adsorbed on the surface, freedom of movement of molecules become restricted and this results in decrease in entropy. Adsorption is a spontaneous process at constant pressure and temperature, thus Gibb’s free energy is also decreased.
[bookmark: _Types_of_Adsorption]Types of Adsorption
[bookmark: _Physical_Adsorption]There are two types of Adsorption – Physical Adsorption or Physiosorption and Chemical Adsorption or Chemisorption.
Physical Adsorption
It involves adsorption of gases on solid surface via weak van der Waal’s forces.

Characteristics of Physical Adsorption
· There is no specificity in case of physical adsorption. Every gas is adsorbed on the surface of the solid.
· Nature of the adsorbate. Easily liquefiable gases are strongly adsorbed physically.
· Physical adsorption is reversible in nature. If pressure is increased volume of gas decreases as a result more gas is adsorbed. So, by decreasing the pressure, gas can be removed from the solid surface. Low temperature promotes physical adsorption and high temperature decreases the rate of adsorption.
· More surface area more is the rate of adsorption. Porous substances and finely divided metals are good adsorbents.
· Physical adsorption is an exothermic process.
· No activation energy is needed.
Chemical Adsorption or Chemisorption
When the gas molecules or atoms are held to the solid surface via chemical bonds, this type of adsorption is chemical adsorption or chemisorption.
Characteristics of Chemical Adsorption
· This type of adsorption is specific as compared to physical adsorption. Adsorption occurs only if there is formation of chemical bonds between the adsorbate and adsorbent.
· Chemical adsorption is irreversible.  It is an exothermic process but the process occurs slowly at low temperature. Chemisorption is accompanied by increase in temperature. High pressure promotes chemisorption.
· Chemisorption increases with increase in surface area.
· Due to chemical bond formation enthalpy of chemisorption is high.
· Activation energy is needed.
· It results in unimolecular layer.











Electrical characteristics of interfaces
[image: What is the difference between surface charge and zeta potential?]

Origin of Surface Charge and Zeta potential 
When mineral is suspended in water, charged species/ions (potential determiningions) are transferred upon the surface which develops an electric charge orelectric double layer. In thecase of oxide minerals, H+ and OH_ ions are theprincipal potential determining ions, and they interact with water and producesurface hydroxyls.
Due to the charge inequality, a double layer around the particle’s surface iscreated. The potential difference between the stern layer and diffused layer isknown as zeta potential.
At certain pH, an equal number of positive and negative surface sites are created,where the surface is having no specific charge, termed as point of zero charge (PZC).These two terms have great influence on the flotation performance of mineral atspecific pH.
Zeta potential denotes charge properties of particles and in turn implies adsorption,penetration and adherence of certain substances. Processes such as adsorption,particularly surfactants or macromolecules, can alter the interfacial behaviour of thesolids markedly. Adsorption and desorption of potential determining ions (H+ andOH_ ions) play an important role in accounting the surface charge:
[image: ]

In the case of iron ores, the isoelectric point of natural hematite varies inbetween 5.98 and 7.01, depending upon the association of gangues. If the hematiteparticles are not liberated completely, then isoelectric point will be closer to quartz.The zeta potential of quartz depends on the hydroxylation of quartz surface atdifferent pH values and the interaction of amine species. The pHPZC and pHiepvalues for various oxides and hydroxides of alumina vary widely (pH 5–9.6)depending upon the association of other minerals. The pHiep of quartz is atpH = 2.5, below which it acquires a positive charge, and above this pH, the quartz
surface acquires negative charge
[image: Zeta_Potential |authorSTREAM]
Zeta potential is the electrical potential at the slipping plane. This plane is the interface which separates mobile fluid from fluid that remains attached to the surface.
Zeta potential is a scientific term for electrokinetic potential[1][2] in colloidal dispersions. In the colloidal chemistry literature, it is usually denoted using the Greek letter zeta (ζ), hence ζ-potential. The usual units are volts (V) or millivolts (mV). From a theoretical viewpoint, the zeta potential is the electric potential in the interfacial double layer (DL) at the location of the slipping plane relative to a point in the bulk fluid away from the interface. In other words, zeta potential is the potential difference between the dispersion medium and the stationary layer of fluid attached to the dispersed particle.
The zeta potential is caused by the net electrical charge contained within the region bounded by the slipping plane, and also depends on the location of that plane. Thus, it is widely used for quantification of the magnitude of the charge. However, zeta potential is not equal to the Stern potential or electric surface potential in the double layer,[3][4][5][6] because these are defined at different locations. Such assumptions of equality should be applied with caution. Nevertheless, zeta potential is often the only available path for characterization of double-layer properties.
The zeta potential is a key indicator of the stability of colloidal dispersions. The magnitude of the zeta potential indicates the degree of electrostatic repulsion between adjacent, similarly charged particles in a dispersion. For molecules and particles that are small enough, a high zeta potential will confer stability, i.e., the solution or dispersion will resist aggregation. When the potential is small, attractive forces may exceed this repulsion and the dispersion may break and flocculate. So, colloids with high zeta potential (negative or positive) are electrically stabilized while colloids with low zeta potentials tend to coagulate or flocculate as outlined in the table.
Surface tension and surface activity
Liquid surfaces are known to behave like stretched membranes that make itpossible for small insects like water strider to walk across its surface as if it were asolid substrate. While molecules within the bulk of the liquid experiences no netforce being pulled equally from all possible directions, at an interface it experiencesunbalanced forces arising from the pull from molecules in the liquid layer just belowit that makes the interface behave like a stretched membrane. These forces called thesurface tension act parallel to the plane of the interface and are defined as force perunit length or surface energy per unit area of the interface and are a characteristicof the interface. Typical surface tension at the water-air interface is 72 mN/m,while for the mercury-air interface, it is 456 mN/m.
Surface active molecules or surfactants or amphiphiles as they are often calledconsist of a hydrophilic (water loving, polar) group at one end and a hydrophobic(water hating, nonpolar) group at the other. These molecules are unique inthat when added to water, its surface tension reduces significantly. Thecoexistence of the hydrophilic and hydrophobic end group in the same molecule
allows them to self-organize at interfaces that make them surface active. While the
hydrophilic end remains in contact with water, the hydrophobic end stands out
in air, and the axis of the molecule makes an angle with the plane of the air-water
interface which is a characteristic of the molecule and depends on its molecular
structure and packing at the interface. It is this self-organization of the amphiphile
at the air-water interface that reduces the surface tension of water. It has been
observed that the extent of surface tension lowering depends on several factors,
namely, (a) the structure of the molecule, (b) temperature, (c) electrolyte concentration
of the aqueous phase.



Module-II

Contact Angle and its role in froth flotation 
[image: ]
The contact angle is the angle, conventionally measured through the liquid, where a liquid–vapor interface meets a solid surface. It quantifies the wettability of a solid surface by a liquid via the Young equation. A given system of solid, liquid, and vapor at a given temperature and pressure has a unique equilibrium contact angle. However, in practice a dynamic phenomenon of contact angle hysteresis is often observed, ranging from the advancing (maximal) contact angle to the receding (minimal) contact angle.[1] The equilibrium contact is within those values, and can be calculated from them. The equilibrium contact angle reflects the relative strength of the liquid, solid, and vapour molecular interaction.
[image: ]


When an interface exists between a liquid and a solid, the angle between the surface of the liquid and the outline of the contact surface is described as the contact angle θ (lower case theta). The contact angle (wetting angle) is a measure of the wettability of a solid by a liquid.
In the case of complete wetting (spreading), the contact angle is 0°. Between 0° and 90°, the solid is wettable and above 90° it is not wettable. In the case of ultrahydrophobic materials with the so-called lotus effect, the contact angle approaches the theoretical limit of 180°.

[image: ]
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The angle between the tangent to the liquid to surface at the point of contact and solid surface inside the liquid, is called contact angle.

The attachment of the bubbles to the surface is determined by the interfacial energies between
the solid, liquid, and gas phases. This is determined by the Young/Dupre Equation,
γlvcosϴ= (γsv – γsl)
where lv is the surface energy of the liquid/vapor interface, sv is the surface energy of the
solid/vapor interface, sl is the surface energy of the solid/liquid interface, and  is the “contact
angle”, the angle formed at the junction between vapor, solid, and liquid phases, as shown in
Figure 4. If the contact angle is very small, then the bubble does not attach to the surface, whilea very large contact angle results in very strong bubble attachment. A contact angle near 90° issufficient for effective froth flotation in most cases.

Work of Adhesion and work of Cohesion
Greater the contact angle, greater the work of adhesion between particle and the bubble and the more resilient the system is to disruptive forces .
Work of Adhesion :
Work done to separate two different phases from each other, is called work of adhesion.
The work of adhesion is a measure of the strength of the contact between two different phases.
Work of Cohesion :
The work of cohesion specifies the work which must be expended to produce droplets from a volume of liquid when spraying. If the work of cohesion is larger, the liquid does not spread; if the work of adhesion is larger, the liquid spread
Attractive forces between molecules of the same type are called cohesive forces. Liquids can, for example, be held in open containers because cohesive forces hold the molecules together. Attractive forces between molecules of different types are called adhesive forces. Such forces cause liquid drops to cling to window panes, for example. In this section we examine effects directly attributable to cohesive and adhesive forces in liquids.



Surface Tension

Cohesive forces between molecules cause the surface of a liquid to contract to the smallest possible surface area. This general effect is called surface tension. Molecules on the surface are pulled inward by cohesive forces, reducing the surface area. Molecules inside the liquid experience zero net force, since they have neighbors on all sides.
[image: ]

Interface
Interface is the boundary between two or more phases exist together q The properties of the molecules forming the interface are different from those in the bulk that these molecules are forming an interfacial phase. Several types of interface can exist depending on whether the two adjacent phases are in solid, liquid or gaseous state.
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adhesive forces:
the attractive forces between molecules of different types
capillary action:
the tendency of a fluid to be raised or lowered in a narrow tube
cohesive forces:
the attractive forces between molecules of the same type
contact angle:
the angle θ between the tangent to the liquid surface and the Solid surface
surface tension:
the cohesive forces between molecules which cause the surface of a liquid to contract to the smallest possible surface area
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Reagents


















The properties of raw mineral mixtures suspended in plain water are rarely suitable for froth flotation. Chemicals are needed both to control the relative hydrophobicitiesof the particles, and to maintain the proper froth characteristics. There are therefore many different reagents involved in the  froth flotation process, with the selection of reagents depending on the specific  mineral mixtures being treated. (Klimpel,1995).

Hydrophobicity and hydrophilicity

The basis of froth flotation is the difference in wettabilities of different minerals. Particles rangefrom those that are easily wettable by water (hydrophilic) to those that are water-repellent(hydrophobic). If a mixture of hydrophobic and hydrophilic particles are suspended in water,and air is bubbled through the suspension, then the hydrophobic particles will tend to attach tothe air bubbles and float to the surface. The froth layer that forms on thesurface will then be heavily loaded with they hydrophobic mineral, and can be removed as aseparated product. The hydrophilic particles will have much less tendency to attach to airbubbles, and so it will remain in suspension and be flushed away (Whelan and Brown, 1956).
Particles can either be naturally hydrophobic, or the hydrophobicity can be induced by chemicaltreatments. Naturally hydrophobic materials include hydrocarbons, and non-polar solids such aselemental sulfur. Coal is a good example of a material that is typically naturally hydrophobic,because it is mostly composed of hydrocarbons. Chemical treatments to render a surfacehydrophobic are essentially methods for selectively coating a particle surface with a monolayerof non-polar oil.

Hydrophobic particles in froth flotation
[image: ]








· Render minerals hydrophobic by attaching to thesurface
of mineralparticles.
· A collector’s polar head will attach to a polar mineral  surface, leaving the nonpolar tails toward the  surrounding water  molecules, rendering the mineral  hydrophobic,
Fig 2: interaction of collector with mineralsurface











· Produces stable bubbles for hydrophobic particles to  attach.
· When the mineral surfaces havebeen  rendered  hydrophobic by the collector, the frother is meant to  produce a stable bubble. Frothers alsoact  as  collectors, which can lead to decreasedselectivity.
· Some collectors are such good frothers as well that they stabilize the froth so much as to reduce their  transportability.
· Example frothers include pine oil and MIBC (methyl  isobutylcarbinol).
Bubble Particle Attachment
· (1) Initially air bubbles are fully loaded with floatable particles as the total of area of bubble surfaces is less than the area required for floatable particles. This condition is described as inhibited/explosive/loaded flotation.
   (2) After some time air bubbles are sparsely loaded as the total of area of bubble surfaces is more than what is required by the floatable particles at a particular time. This condition is described as free flotation.
   (3)Transitional flotation is where all the conditions of (1) and (2) may exist.
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Regulators, or modifiers, are used extensively in flotationto modifythe action ofthe collector, either by intensifying or by reducing its water-repellent effect on the mineralsurface.
regulatorscanbe	classed
	as activators, depressants, or pHmodifiers.Dispersants










· These reagents alter the chemical nature of mineral  surfaces so that they become hydrophobic due to  the action of thecollector.
· Activators are generally soluble salts which ionisein  solution, the ions then reacting with the mineral  surface.
A classicalexample is the activation of sphalerite by  copper insolution

ZnS+Cu2.              	CuS+ Zn2+
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Conditioning
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Conditioning in Flotationcells
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Reagents used in froth flotation
[bookmark: _Toc7540162]Collectors

Collectors are reagents which render minerals’ surface hydrophobic by adsorption. The selection of an appropriate collector is critical for selective separation of valuable minerals from gangue minerals. Collectors can be classified into non-ionic, anionic and cationic depending on their ionic charge and active ion participation. 
The non-ionic collectors are simply hydrocarbon oils, while the cationic collectors have a positively charged active functional group and anionic collectors have a negatively charged active functional group. The collectors can be adsorbed on the mineral surface by either of the following mechanism. 
A) Chemisorption

Chemisorption occurs in the inner Stern layer of the electrical double layer. It involves the complete or partial transfer of electrons. Adsorption through chemisorption involves the chemical interactions between the cations and the mineral surfaces through the formation of ion complexes, which is irreversible. In addition to the chemical bonds, hydrogen bonds can be formed when the mineral surface and collectors contain hydroxyl and amine groups (weak chemisorption) (Bulatovic, 2007).

B) Physisorption

Collectors adsorb via ion exchange or electrostatic attraction, where no true bonds are formed and are reversible. The physisorption is typically observed at low surfactant concentrations and when the surface charge density of mineral is comparatively less. Physical adsorption occurs in the outer Stern layer of the electrical double layer. The most common interactions present in physical adsorption are ions or molecules held in the outer stern layer through electrostatic or dispersion forces or a combination of both (Patridge and Smith, 1971). 




Frothers

The role of frothers is to stabilize air bubbles so that they will remain well dispersed in the slurry and will form a stable froth layer that can be removed before collapsing. The most commonly used frothers are alcohols. Particularly Methyl Isobutyl Carbinol (MIBC) or water-soluble polymers such as polypropylene glycols derived from propylene oxide (PO), cresols and pine oils.
Modifiers

Modifiers are chemicals that are added during flotation which influence the conditions for the selective adsorption of collectors on the desired mineral surface. They may either increase the adsorption of collector onto a given mineral (activators) or prevent the collector from adsorbing onto a mineral not to float at that instance (depressants). Modifiers also include pH regulators.
(a) pH regulators

The surface chemistry of most minerals is affected by the pH of the slurry. The acids such as sulphuric acid, hydrochloric acid and bases like sodium hydroxide, calcium oxide acts as pH regulators to create a pulp of acidic or alkaline pH.
[bookmark: _Toc7540166](b) Activators

Activators are specific compounds that make it possible for collectors to adsorb onto surfaces that they could not normally attach to. Soluble salts interact with the mineral surface, promoting collector adsorption and, in turn, mineral hydrophobicity.
(c) Depressants

A depressant plays the role of making specific minerals hydrophilic during flotation, thus keeping them in the flotation pulp. Different depressants act differently on the different mineral surface due to their varied form, chemical composition and behaviour.
Zones of flotation

A flotation system consists of three distinct zones and two phases, each characterized by different physical and chemical processes. The zones are namely, agitation, transportation and froth zone and phases are namely the pulp phase and the froth phase. In the pulp phase, the milled ore slurry mixture, conditioned with different reagents. Consequently, attachment occurs in the pulp zone and the mineral-bubble aggregate moves up to the froth phase against gravity whilst the hydrophilic substance remains in the pulp (Yianatos and Contreras, 2009).

In a flotation cell, minerals reach the froth phase by two methods, viz, true flotation and entrainment. True flotation is the selective attachment of mineral particles to bubbles. It is brought about by the effective actions of collector and depressants (Wise et al., 2005). Entrainment, on the other hand, is non-selective and undesirable and thus results in the reporting of the gangue along with the valuable minerals to the froth zone during direct flotation. Recovery by entrainment is affected by particle size and density as well as the recovery of water into the froth. It has been inferred that the factors that affect the froth phase can also result in entrainment (Robertson, 2003).
[bookmark: _GoBack]
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As surface or interfacial work is equal to surface
tension multiplied by the area increment.

- The work of cohesion, which is the energy required to
separate the molecules of the spreading liquid so as it can
flow over the sub-layer=
Where 2 surfaces each with a surface tension =y |

- The work of adhesion, which is the energy required to break
the attraction between the unlike molecules=

Where: y, =the surface tension of the spreading liquid
v s =the surface tension of the sub-layer liquid
Y s =the interfacial tension between the two liquids.
- Spreading occurs if the work of adhesion is greater than the
work of cohesion, i.e.Wa>Wc or Wa-Wc=>0
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Spreading Coefficient is The difference between
the work of adhesion and the work of cohesion

SI=Wa=Wc=(y'| + V= Vis)=2y
S=V¥Ys=YL"Yis
S=Ys=(Y_L+VYis)

Spreading occurs (S is positive) when the surface tension
of the sub-layer liquid is greater than the sum of the surface
tension of the spreading liquid and the interfacial tension
between the sub-layer and the spreading liquid.

If (y . + Y s ) is larger than Y., (S is negative) the substance
forms globules or a /oating /ens and fails to spread over the
surface.
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Figure 3: Selective attachment of air bubbles to hydrophobic particles. The buoyancy of the
bubbles then carries these particles to the surface, leaving the hydrophilic particles behind.




image21.png
Collectors




image22.png
Frothers




image23.png
Polar group

_~ Non-polar group




image24.png
Regulators




image25.png
Activators




image26.png
Flotation Conditioning is often necessary as it is not sufficient merely to make the addition of the various
reagents to the pulp and then to proceed with flotation. Intimate admixture is essential in order not only to
bring about their even dissemination throughout the pulp but also to ensure that the millions of particles of
varying nature shall each receive its proper degree of treatment. Moreover, sufficient air-bell contacts must be
provided to promote flocculation of the minerals that it is desired to float. In general, opportunity must be
afforded for the various complex physical reactions outlined in the preceding paragraphs to become effective,
since the reagents are added in such relatively minute proportions that their effective action demands a
multiplicity of contacts in order to establish the proper balance.

The time required to bring about this flotation equilibrium is termed the conditioning period, and it necessarily
varies with the intensity of the agitation afforded to the pulp. A few minutes may suffice to condition the
mixture in a mechanically operated flotation machine in which intense agitation is provided by means of a
rapidly rotating impeller in a baffled chamber. On the other hand, the same ore may need a period ten times as
long when the operation is carried out by comparatively slow stirring in a conditioning tank followed by
flotation in a pneumatic cell without agitation. In the former type of machine the air is introduced into the
mixing chamber and is subjected to the same intense churning action in the pulp as are the reagents ; in the
pneumatic cell the air-bells are showered upward through the already prepared or conditioned pulp, which
passes along the length of the cell in an even flow. It is evident, therefore, that the conditioning period
depends largely on the type of machine employed for flotation.
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Whatever the method of conditioning adopted, it is seldom that all the reagents are added at the same point.
Frothing oils which are sparingly soluble in water, and some insoluble collecting oils, are often put into the
feed end of the ball mill for ease in dissolving or emulsifying them. Those reagents which need a very long
contact period with the pulp are also added at the same point. When the time of contact of some of the
reagents cannot be controlled accurately enough by their addition to the ball mill, a conditioning tank is
installed between the grinding and the flotation sections ; both the pulp and the reagents enter the tank in a
continuous stream and the discharge level is so regulated as to give the exact period of contact necessary. If
the pulp from the grinding section or conditioning tank has to be pumped to the flotation machine, it is
common practice to add readily soluble frothing oils, such as cresol and pine oil, and quick-acting promoting
reagents, such as xanthate, to the intake of the pump. This method of addition is specially useful when
flotation is carried out in pneumatic machines in which no violent agitation takes place ; if machines of the
agitation type are employed, the reagents can safely be put in at the head and at any point along the length of
the machines themselves.

When a comparatively large quantity of a solid reagent such as soda ash is required in the circuit, the usual
method of feeding it is by a miniature belt conveyor working under a storage bin ; sparingly soluble solids such
as thio-carbanilide are also handled in this way. Very soluble chemicals such as the xanthates are made up into
strong solutions and added by means of a special type of feeder which is described at the end of the chapter.
Oils are fed to the circuit by the same method in their normal condition without dilution.

Modern chemical reagents require the hydrogen ion concentration (pH value) of the pulp to be controlled with
considerable accuracy ; it is usual for determinations to be made at half-hourly or hourly intervals. While
ordinary titrations for alkalinity or acidity with an indicator such as methyl-orange are often satisfactory
enough, the more accurate method of determining the pH value by means of special indicators is becoming
increasingly common.
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Although the flotation reagents in common use are described in the pages that follow under the headings
which indicate the purpose for which they are normally employed, it is seldom that they act solely in the
manner indicated. Thus frothing oils function chiefly by reason of their partial solubility in water, the dissolved
portion constituting the means of disseminating a cloud of air-bells through the pulp and stabilizing the froth
at the surface, but their undissolved fractions remain emulsified and to this extent function as collectors. Even
pure chemicals may perform a dual role ; xanthate, for instance, is generally classified as a promoter, although
at times it undoubtedly behaves as an activator. Moreover, many reagents, whatever their ostensible functions,
influence to some extent the surface-tension of water. Nevertheless their practical application is indicated with
sufficient accuracy by the class under which they are described.

Preparing the Pulp (Slurry) for Flotation

Before the reagents are described in detail, it is advisable to consider the way in which the pulp is prepared in
order to make the action of the reagents as effective as possible.

It is essential, in the first place, to grind the ore in water in the final stages of its reduction. The necessity for
this is explained by the fact that, when broken in air, a freshly exposed ore surface is, for a while, in a condition
of strain and exhibits the energy common to all “ strained ” areas. Such a surface, for a short period, is readily
wetted by water, but this energy is quickly dissipated, owing to movements of the surface molecules in
readjusting themselves to relieve strain, when the surfaces become more difficult to wet. When, however, the
ore is broken under water, the strain-energy of the fresh surfaces is immediately relieved by its utilization in
attractional reaction with the water molecules, and the surfaces are wetted to the full extent of the adhesion
mutually possible. In flotation dry-crushed ore gives poor separations, and wet grinding is essential to secure
effective wetting and sinking of the unwanted gangue particles.
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After passing through the grinding section, the resulting pulp must conform to two conditions. Firstly, the
particles of ore must be as nearly as possible of the size required for flotation. The general rule is that they
should be reduced in the grinding machines to such a degree of fineness that the minerals which it is desired
to concentrate are substantially free from gangue, but, since it is often possible to float particles of mineral
which have not been completely liberated from the gangue, it may sometimes be advisable, for reasons of
economy, to allow a certain proportion of such material to enter the concentrate. The latter will, of course, be
permanently contaminated with the amount of gangue so floated, unless steps are taken subsequently to
regrind and refloat it, a mode of procedure that is becoming increasingly common as a means of reducing the
expense of grinding. It is not often possible, however, to allow mineral particles larger than 48 mesh to enter
the flotation machines because they have too great a tendency to drop out of the froth ; only a few substances
of a special nature, such as coal, graphite, and molybdenite, can be floated at a coarser mesh. This, therefore,
determines the upper limit of grinding ; the lower limit does not depend on any factors affecting flotation but
on the fact that grinding finer than 200 mesh is generally too costly to be economical. It should be
remembered that, whatever the mesh of grinding, the pulp always contains all grades of particles from the
maximum allowable size, as determined by the setting of the final classifiers, down to the finest slime.

Secondly, for reasons of economy, the pulp should be as dense as possible in order to keep the power and
reagent consumption as low as possible. In practice a W/S ratio in excess of 4/1 is only used in exceptional
cases ; for ores of normal specific gravity it lies between 3/1 and 4/1 mainly because the classifiers in the
grinding section have ordinarily to be run at a dilution between these limits. The classification of ores of high
specific gravity, however, can be carried out in denser pulps, and consequently their flotation can be, and often
is, effected at W/S ratios between 1%/1 and 2/1. This applies particularly to operations such as the flotation of
galena in preference to sphalerite in an ore with a pyrite gangue. The reagent cost of an operation of this sort
is high, and, since the consumption of most of the reagents required is dependent on their degree of
concentration in the water rather than on the amount of valuable minerals present in the ore, it pays to carry
out flotation in as thick a pulp as possible, but the thickening must not be overdone. It is possible to reduce the
proportion of water so much that, when the pulp enters the flotation machine, the bubbles are crowded too
closely together and carry particles of gangue up into the froth by mechanical entanglement. It is evident, then,
that the density of the pulp depends to a large extent on the work of the classifiers in the grinding section, and
that, for reasons of economy, it should be as thick as is consistent with good flotation.
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Surface and Interfacial Tensions

 In the liquid state, the cohesive forces between
adjacent molecules are well developed.
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- For the molecules in the bulk of a liquid o
They are surrounded in all directions by other molecules for
which they have an equal attraction.
- For the molecules at the surface (at the liquid/air interface)
= Only attractive cohesive forces with other liquid molecules
which are situated below and adjacent to them.

= They can develop adhesive forces of attraction with the
molecules of the other phase in the interface

= The net effect is that the molecules at the surface of the
liquid experience an inward force towards the bulk of the

liquid and pull the molecules and contract the surface with
aforce F.




image13.jpeg
#- To keep the equilibrium, an equal force must be applied to
oppose the inward tension in the surface.

& Thus SURFACE TENSION [y ]is the force per unit length that must
be applied parallel to the surface so as to counterbalance the net
inward pull and has the units of dyne/cm

& INTERFACIAL TENSION is the force per unit length existing at the
interface between two immiscible liquid phases and has the units
of dyne/cm.

< Invariably, interfacial tensions are less than surface tensions
because an adhesive forces, between the two liquid phases
forming the interface are greater than when a liquid and a gas
phase exist together.

% If two liquids are completely miscible, no interfacial tension exists
between them.

% Greater surface tension reflects higher intermolecular force of
attraction, thus, increase in hydrogen bonds or molecular weight
cause increase in ST





image14.jpeg
Its equivalent to the surface tension y _

Thus the greater the area A of interfacial
contact between the phases, the greater the free energy.

‘ For equilibrium, the surface free energy
of a system must be at a minimum.
Thus Liquid droplets tend to assume a
spherical shape since a sphere has the
smallest surface area per unit volume.
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When a liquid is placed on the surface of other liquid, it will
spread as a film if the adhesion force is greater than the
cohesive forces.





