
International Journal of Advanced Scientific and Technical Research                                   Issue 5 volume 7, Nov. –Dec. 2015  

Available online on   http://www.rspublication.com/ijst/index.html                                                                     ISSN 2249-9954 

©2015 RS Publication, rspublicationhouse@gmail.com Page 267 
 

Design of Froth Flotation Column to Extract Gold from Recycling Jewelry sludge Powder 

 

T. A. Patil
1
 and Sanjeev T.  Patil

2
 

11
TTaattaa  CChheemmiiccaallss  LLttdd..,,  MMuummbbaaii--440000  005599,,  IInnddiiaa..  EEmmaaiill  ::ttaappaattiill@@  rreeddiiffffmmaaiill..ccoomm;;  

  
22
  MMeettaalllluurrggiiccaall  aanndd  MMaatteerriiaallss  EEnnggiinneeeerriinngg;;  VViissvveessvvaarraayyaa  NNaattiioonnaall  IInnssttiittuuttee  ooff  TTeecchhnnoollooggyy  NNaaggppuurr--

444400001100..    SSaannjjeeeevvppaattiill2299@@  yyaahhoooo..ccoomm  

  

 

Abstract  :  

The treatment of jewelry division shop floor dust, casting powder, effluent sludge from scrap jewelry 

recycling was considered mineral ore equivalent to recover gold.A limited experiments were carried out 

on laboratory froth flotation column. Various models were regressed to fit laboratory experimental data 

to estimate model parameters. Attempts were made to design and scale up of froth flotation 

column.Select data, design equations for likewise systemsaugmented computational aspects. The 

power per unit column volume is the most pertinent design criteria for evaluating flotation column 

design efficiency and economic operation of this physic-chemical process. 

 

 

Introduction :  

Flotation is a physico-chemical separation process done in aqueous medium based on difference 

between surface properties of the mineral and the gangue. The mineral surface is made hydrophobic 

using select reagents.These particles are attracted to air bubbles introduced in the system and collect as 

froth where as the hydrophilic wetted particles are left behind in the slurry. Flotation reagent is 

essential for removal of mineral concentrates depending on adhesion properties of minerals to 

(hydrophobic) air and to (hydrophilic) water governing froth flotation process. Introduction of flotation 

agents into the liquid phase of the pulp and subsequent adsorption along gas-liquid and solid-liquid 

interfaces create conditions conducive for selective flotation of specific mineral particles. The principal 

flotation reagents include collectors (xanthates, dithiophosphates, sulfonates, sodium oleate); 

regulating agents (acids, alkalis for pH adjustment) and frothing agents act to stabilize bubbles ( 

alcohols, propylene oxide, PPG). Activators (copper sulfate) enable collectors (xanthates) to adsorb on 

to surfaces as in the case of sphalerite (ZnS) flotation.  



International Journal of Advanced Scientific and Technical Research                                   Issue 5 volume 7, Nov. –Dec. 2015  

Available online on   http://www.rspublication.com/ijst/index.html                                                                     ISSN 2249-9954 

©2015 RS Publication, rspublicationhouse@gmail.com Page 268 
 

Flotation,analogous to chemical reaction depends on successful collision and adhesion of the particles 

on to the air bubbles, hence on particle and bubbles size. The parameter Rthe mineral recovery is 

important from laboratory scale kinetic data, while on plant scale, parameter kthe flotation rate or τ 

the column residence time is most important. It is too expensive to provide larger cell volume to 

recover all the material that does not float in a finite short time. This is why, laboratory results can be 

very poor predictors of plant performance. The column performance can be evaluated from laboratory 

kinetics data of R and k. Based on residence time of plant scale units, it is interesting to  to determine 

whether plant performance is dominated by kinetics (k) or by ultimate recovery (R). 

The selection of flotation cell is based on laboratory and pilot plant data to ensure appropriate agitation 

of pulp to hold particles in suspension; wetting the minerals to cover with collector; adding frother in 

stages with makeup water to maintain pulp level and froth depth. The cell capacity increases as percent 

solids increase. Practically, highest percent solids with particles size 75 -150 µm provide best process 

economics. Pulp density determines size and number of flotation cells for a given capacity. Theflotation 

timeis decided for acceptable recovery. 

The chemisorptions improves fines recovery because of large free energy of adsorption requiring lower 

consumption of reagent, for low electric charge on mineral to yield better recovery. That corresponds to 

reduced adsorption of collector on bubble surfaces contributing to better recovery of fines. On industry 

scale froth flotation, people tend to use finer ore particles and extend flotation time 2-3 times that of 

laboratory flotation time to ensure recovery implying more research has to go to avoid over design of 

expensive flotation columns. The flotation circuits design handling fine size particles needs agitation at 

minimum speed for suspension of all particles for optimum recovery. There is enormous scope to apply 

knowledge of chemistry and chemical engineering in novel design of froth flotation columns that are 

almost identical to chemical reactors.  

Column flotation have distinct advantages over agitated cells because of longer retention time, collision rate 

increases adhesion of particles on the bubbles. Wash water offers increased grade concentrate. Flotation 

column are designed for 50-70 m3 capacity in mineral processing industry by an empirical, trial and error 

requiring less energy, savings in operating costs and environmental benefits. The tank geometry, 

impeller diameter, its positioning above bottom, flow rate, residence time and power input are 

important design parameters. Often, the flotation cells are analyzed for hydrodynamic characteristics in 

terms of dimensionless numbers to describe mixing pattern in chemical processes. Some industrial 

columns have been designed to operate with residence times up to 15-20 minutes between the bottom 

of the froth and the top of the air sparger.   

The incorporation of air stream to disperse gas bubbles through flotation slurry  making it gas-liquid-

solid system really complicates the whole situation. The agitation has bearing on gas hold up, power 

consumption in aerated pulp, flooding of reactor because of high flow rate and bubble size distribution 

resulting from dispersion of air stream.  The equipment manufacturers hold most of the valuable data 
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on design and performance parameters such as agitation speed, aeration rate, power per unit volume 

and capacity. Only for iron and steel, cement and fertilizer industries associations share their data on 

public forum of conferences, and in published literature.  Unfortunately, same is not the case especially 

for precious metals industry. After all they are precious metals. The customers and consumers have to 

bear this burden of overdesign and expensive operation of precious metals recovery. 

Design of froth flotation column :                     

The superficial velocity is measured from gas flow rate and column cross section area. Bubble size is 

measured by viewing through high power spectrophotometer. 

Superficial fed gas velocity = Jg = volumetric flow rate / column cross section = QF/AC = 4QF/π dc
2(1) 

The superficial feed velocity determines the column flotation results and fixes the slurry residence time, 

liquid velocity, bubble rise velocity. In the counter current flow, air bubbles should exceed certain 

velocity to reach the froth, else they will report to tailings thus limiting utilization of fine bubbles.   

The slurry aeration is described by air hold up ϵg. The gas hold up depends on air flow rate and column 

capacity.  The slurry residence time τl  defined by  

   τl = AcHc (1- ϵg)/Qr      (2) 

where  Qr  is volumetric tailings flow.  The particle residence time  τp is higher for smaller particles. Thus 

the particle residence time  is given by     τp =   τlJl (1- ϵ g ) / [Jl /(1- ϵ g ) + Usp ]   (3) 

where Usp  is  particle settling velocity. 

The mineral recovery in collection zone is given by first order kinetics: 

           R = 1 - { 4 a exp (1/2Nd) } / [ (1 + a)2 exp (1/2Nd) - ( 1 – a)2exp (1/2Nd) ]                 (4)    

Where  a = (1 + kτ Nd)0.5;  Nd =  vessel dispersion number;  τ =  mean residence time and  k = kinetic rate 

constant . 

The modified Peclet number is given by   NPe  =   ( Up + Ul) H/D            (5) 

The total recovery in the column ,  R =  RcRf / [ 1 – Rc + Rc Rf ]            (6) 

The recovery R depends on superficial gas rate Jg, superficial water rate Jw and froth depth Hf .  

  Rf  =  95 exp [ - 1.44 (10)-2  Hf ( 1+ 3 Jw) / Jg
3 ]           (7) 

The dispersion coefficient is calculated relating column geometry, dc and air flow rate, based on axial 

dispersion  model 

   D  =   0.35  dc
4/3  (g.Jg)

1/3           (8a) 
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The same is represented by Dobby and Finch   D =  0.063 dc ( Jg / 0.016 )0.3         (8b) 

The vessel dispersion number is calculated from dispersion coefficient  Nd =  D / (Ui Hc)        (9) 

The relative phase velocity ( interfacial velocity )  Ui can be derived from superficial velocity and gas hold 

up in the column         Ui  =  Jl / ( 1 - ϵg )         (10) 

From column parameters, the dispersion number is given by Kolmogorov’s approach 

   Nd  =  (D/Hc ) / [ Jp/ ( 1 - ϵg )  + Usp ]         (11) 

The flotation rate can be determined from kinetic test data recovery vs. slurry retention time. 

Reproducibility of pilot study is poor. The flotation rate is given by approximately as 

 k = 1.5 Jg Ek /db   and    db = C Jg
0.25.  Therefore   C  =  db / Jg

0.25   (12) 

The gas hold up and column height affect bubble size and hence affect flotation performance. Further, 

  Nd = 1.6 (dc/Hc)
0.48 [Jg

0.36/Ji
0.47]  =  1.227 

or                            Nd =  0.56 [dc/Hc) (Jg/Jl){(Jg/ϵg) + (Jl)/(1- ϵg)}] 
0.41     (13) 

The collision probability can be computed for intermediate bubble Reynolds number NRe< 100.Pc = 

collision probability  =  f( bubble Reynolds number ) =  [ 1.5  +  (4/15) NReb
0.72 ] (dp

2/db
2 )  (14)  

The bubble Reynolds number  Rels =  dpi
2ρlUpi(1-ϵg) / µl       (15) 

Here, ϵg=solid hold-up in the slurry,  andµl=viscosity of the slurry. 

The Peclet number is  given by  NPe  =  0.6 (Hc/dc)
0.63 [ Jl / Jg(1- ϵg ) ]

0.5        =   1.23  (16) 

Data : ψ = 0.6, gas hold up ϵg = 42%, Jg = 1.3 – 2.3 cm/s;  Jl = 0.19 -0.47 cm/s; Ja =  0.8 – 3.3 cms;               

db = 1–2 mm;  dp = 100 microns. 

The recovery in conventional mechanical cell, R = kτ/(1 + k τ)     (17) 

The column carrying capacity  Ca =  0.06 ψ π dp ρs Jg /db          ~  60% of total column capacity (18) 

The ψ depends on bubble loading, probability of detachment in froth. The dp, db are particle and bubble 

diameter respectively.  Jg is superficial gas velocity and ρs is solid density. 

The flotation rate depends on bubble diameter and gas hold up to calculate collection zone recovery k 

k = (3/2) (Pc/db) Jg = (3/2)( 0.156/0.1 cm) x 1.8cm/s  = 13.5 cm/s = 0.23 min-1.   (19). 

The maximum carrying capacity is calculated as product of free bubble surface and bubble load as 

    Na =  4 dp ρp Jg β/ db      (20) 
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Here, the  ρp  is particle density; and  β depends on packing of particle on bubble surface. 

The flow rate of solids and water in the tails stream is calculated by the difference between feed and 

concentrate streams. The simulated cell residence time is computed as 

     =  V(1- ϵg)/ Qtails     (21) 

Where    -  residence time, min,  V – pulp volume, m3,    ϵg  -  gas hold up (%) and Qtails – volumetric flow 

rate of tails stream ( m3/min).                  

The recovery of each particle class (Ri) for perfect mixing is obtained by 

 Ri =  ki .  / (1 + ki. )          (22) 

The degree of mixing in gas-liquid floatation column is of paramount importance.It was found to be 

affected by relative magnitude of gas and liquid flow rates among various parameters. Any increase in 

gas flow rate increases the degree of mixing in the column, whereas the increase in liquid flow rate had 

opposite effect. Froth phenomena is more complex to describe. Models and computers are extensively 

used for design, implementation and simulation of floatation circuits.  

The froth flotation process involves solids, water and froth,practiced in mineral industry for long, yet, it 

is not wellunderstood. The flotation process is influenced by surface properties of minerals, 

choiceofreagent, dosage, pulp pH and density, air velocity, bubble size, impeller speed, particle size.This 

complexity owes to describing flotation by first order kineticsbacked by laboratorybatchdata.Models 

available to validate experimental data and design of flotation cells are given here below.Classical 

model ( two parameter model) : 

                (23)   

  Where R  is recovery of mineral,  is equilibrium recovery - maximum possible recovery of mineral, 

(parameter 1); k is flotation rate constant, min-1 (parameter 2);   is flotation time, min.Klimpel 

model(two parameters model by Klimpel 1980) 

 

      (24)       

Where  R- recovery of mineral ;  - equilibrium) recovery of mineral,(parameter 1) ; - modified first 
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order rate constant, min-1, (parameter 2);  - flotation time [min] (independent variable).Well mixed 

model(Imaizumi and Inoue 1965) :          

R =     [ 1 – 1/ (1 + k  ) ]                 (25) 

Here,  - recovery of mineral,  - maximum possible recovery of mineral (parameter 1);  - flotation 

rate constant [min-1] (parameter 2) ;  - flotation time (min). The motivation for this study was 

observed inventory of jewelry shop floor dust, casting powder, refinery effluent sludge from recycling 

scrap jewelry to recover gold. This waste has been subjected to pilot size gravity separation, 

hydrocyclone, smelting and then aqua-regia process for final 9999 gold. It was noticed that hydro-

cyclone operation is less efficient. Therefore proposed design and operation of more efficient 

laboratory froth flotation column to replace less efficient hydro-cyclone. A very limited amount of 

kinetic and equilibrium data was acquired to evaluate this flotation column performance in terms of size 

of equipment and power consumption. 

Experimental : 

Laboratory flotation column of Hc = 2.0m, and dc = 0.2 m is constructed in polypropylene pipe (Figure 1). 

The column is operated by feeding mineral solid particles 10-350µmdispersed with collector, frother 

and re-circulating tailings through distributer above mid height of column, pumping air at near bottom 

of column through sparger to generate large number ofvery small size bubbles to rise through fresh 

wash water fed at top of column through nozzle spray to generate high surface area.The wash water 

flushes down the entrained ultrafine mineral particles (Figure 2).  

The tailings separator at column bottom improves mixing and contact of tiny bubbles and solids by re-

circulating about 1/3rd of the solids back into flotation column. The tailings are rejected. Factors 

influencing flotation such as feed rate, feed solids concentration, collector dosage, gas flow rate, frother 

dosage and superficial wash water rate are measured.From variation in gas flow rates (residence time = 

0-15 minutes), after reaching steady state sample was collected for analysis. The flotation rate ( velocity 

constant k) is obtained strictly from initial recovery data by either varying feed flow rate or column 

height . 
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Fig 1 Schematic sketch of the laboratory froth flotation column    Fig . 2 :   The mineral attachment to bubble  

Results and Discussion :  

Model regression on laboratory kineticdata was undertakenfor classical model,Klimpel model and Well 

Mixed model. The Figure 3 compares experimental and prediction values as shown below.   Table  2 :  

Laboratory experimental data and model prediction (k = 0.6 min-1 ) 

Flotation Time, min (Recovery) Experimental Classical Model Pred Klimpel Model Pred Well MixedModel pred 

0.00 0.000 0.000 0.000 0.000 

0.08               0.048 0.047 0.024 0.048 

0.17             0.092 0.093 0.047 0.091 

0.25             0.139 0.136 0.069 0.130 

0.33 0.180 0.176 0.091 0.167 

0.50             0.250 0.252 0.132 0.231 

1.00             0.431 0.439 0.241 0.375 

2.00           0.652 0.680 0.406 0.545 

3.00           0.786 0.812 0.522 0.643 

4.00           0.858 0.885 0.604 0.706 

10.0           0.943 0.971 0.811 0.857 

 



International Journal of Advanced Scientific and Technical Research                                   Issue 5 volume 7, Nov. –Dec. 2015  

Available online on   http://www.rspublication.com/ijst/index.html                                                                     ISSN 2249-9954 

©2015 RS Publication, rspublicationhouse@gmail.com Page 274 
 

 

The data scatter is approximated by smooth curves. The model parameters are estimated from best fit 

equation with reliable experimental data. In some cases higher values of regression coefficient can be 

achieved with the lower value of this parameter. Also some other parameters are constrained when 

optimization is run. When using unconstrained optimization, values of some estimated parameters can 

be unrealistic.  

The feed rate, feed solids concentration, collector dosage, frother dosage, gas flow rate, wash water 

rate are important factors influencing froth flotation. The material recovery decreases with increase in  

solids concentration; and slightly increases with  increase in collector dosage. The micro bubbles exhibit 

more material recovery at medium collector dosage than at higher collector dosage. For a given 
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collector dosage, the material recovery decreases with increase in feed rate. Gas hold up was found to 

be 42%. The work is in progress to bring out influence of various parameters on flotation performance. 

The laboratory froth flotation study results seem to closely resemble fully mixed reactor behavior rather 

than plug flow reactor. The size of reactor for froth flotation reduces if operated in well mixed tanks in 

series fashion. Plant throughput decides the number of reactors to be incorporated for the required 

duty.Operating a series of well mixed reactors is justified for precious metals recovery. 

The ultimate mineral recovery by classical model prediction has been 0.971 compared to experimental 

value of 0.943. Further mineral recovery in froth zone RF = 0.575 and collection zone mineral recovery 

RC = 0.360 are well in agreement with literature and industry practice. 

The dimensionless quantity dispersion number value is indicative of flow behavior of feed materials ( 

slurry )  in the froth flotation column. Nd = 0, means negligible dispersion, hence plug flow pattern. An  

Nd = ∞, means large dispersion, hence mixed flow.  In our study dispersion number Nd =1.223 reflects 

the flow pattern shows mix of partly plug flow and partly mixed flow. This is also evident from Fig. 3 . 

Conclusions :  

1. A limited kinetic data was generated on laboratory froth flotation column.  The various model 

parameters were estimated by regression for comparison. Here a simple first order kinetics was 

followed represent complex multiphase system. 

2. Although well mixed model represents froth flotation cells circuit well, it is interesting to conduct froth 

flotation using series of continuous stirred tank reactors.  

3. It is desired to operate tall slender columns with Hc/dcratio ≥ 10  for better phase separation and total 

recovery. 

4. Here, evaluation of radial mixing in the columns, and composition of flotation feed suggests that 

the laboratory flotation column operation exhibits plug flow behavior as axial dispersion is very 

minute. As many as 15 cells with with Hc/dc ratio 10 and similar fluid stream flow rates for 

optimal recovery.. 

5. Estimated recovery in collection zone Rc = 63.8%, froth zone recovery Rf = 28.8% and wash water 

zone = 7.4% in the column. 

6. The froth height estimate for laboratory flotation cell comes out to be 2.4 cm as compared to 

10-50 cm for full scale industrial cell of about 12 m height. 
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Nomenclature : 

 Description Magnitude  units 

Ac column cross section area  m
2
 

a parameter = (1 + k  Nd)
0.5

 3.13  

Ca carrying capacity experimentally determined  t.d
-1

m
-3

 

db bubble diameter 0.0015 m 

dp particle diameter 0.0001 m 

D dispersion coefficient 0.023-0.342 m
2
/s 

g acceleration due to gravity 9.81 m/s
2
 

H height of column 2 m 

Hf Froth height in the column 0.024 m 

Jw superficial wash water velocity 0 - 0.001 m/s 

Jl superficial feed velocity 0.0035 m/s 

K,  flotation rate constant 0.6 min
-1

 

N number of cells in the circuit 15  

Na maximum carrying capacity = 4 dp ρp Jg β/db =0.4 kg/(m
2
s) for laboratory flotation column 0.4 kg/(m

2
s) 

n order of flotation kinetics equation 1  

ND =  D/uL =  Dispersion number = 1.223    

ND ND = 0     negligible dispersion, hence plug flow;   0  

ND ND = ∞   means large dispersion, hence mixed flow. ∞  

NFr Froude number = N
2
D/g =[V/(gL)

0.5
] = The ratio of inertial forces to gravitational forces 0.1 to  5  

NGr Grashof number  = gβ(Ts-Tb)L
3
/ν

2   
=  Buoyancy force/viscous force   

NNu Knudson number = (f/2)xLchxVch/µ = 283  =  Ch length x Transfer coefficient /diffusivity                                 
=   Interface flux / molecular flux 

  

NP Power number = P/( ρN
3
D

5
 ) 0.5  to  5        

NPe Peclet number  = LchxVch  =     
Characteristic length x Characteristic velocity/diffusivity 

1.255  

NQA Air flow number  = QA/ND
3  

 0.01 – 0.1  

NQL Impeller Discharge flow number = QL/ND
3
  = 0  means negligible axial dispersion ( i.e. plug flow) 0.02-0.2  

NQL =  (D/ud)(d/L) = ( intensity of dispersion) (geometric factor ) 0.1-0.12  

NRe =ρND
2 

) /µ =  Reynolds number =  Inertia forces / viscous forces 10
3
 – 10

4
  

NSc = µC /ρc DAB  = Schmidt number = Momentum diffusivity/ mass diffusivity 10
-1

-10
-2

  

NSh =  LchxK/DAB  =  Sherwood number = Interface flux / molecular flux   

NSt Stanton number = (2/f)(K/Vch)=NSh/(NReNSc) = Mass transfer coefficient/momentum transfer coefficient   

NWe =  Weber number  = ( ρN
2
D

3
 ) / ς 1-2  

P/V power/flotation volume  52.6 – 210.6 kW/m
3
 

QA air volumetric flow rate  10.1(10)
-3

  to 30.5(10)
-3

m
3
/s per m

2
 of froth surface 0.01 to 0.0305 m

3
/s/m

2
 

Qtail volumetric flow rate of tailings stream   m
3
/min 

Qr volumetric tailings or slurry flotation rate  0.004344 m
3
/min for laboratory flotation column 0.150 m

3
/min 

R overall recovery of mineral   97% - 

Rc mineral recovery in collection zone 63.8 % 

Rf mineral recovery in froth zone 28.8 % 

R∞ maximum recovery  92 % 
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tM flotation time 12-15  minutes 

Usp particle settling velocity 0.00585 m/s 

V pulp volume, or total volume of cell 0.058 m
3
 

VD dead volume 0.005 m
3
 

 Greek letters   

β model parameter 0.0173 - 
εg gas hold up 0.4 - 
λ parameter 11.7 - 
ρ slurry sp. gr. 1300 kg/m

3
 

τ mean residence time  or flotation time 12-15 min 
ψ parameter 0.6 - 
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The design and scale up methodology traditionally includes laboratory pilot scale experiments to the 

extent possible. 

The start up feasibility studies define the major operating parameters (gas and slurry flow rates). 

In typical coal mine,  total recovery = 85-90%,  particle size = 100 – 300 microns, density 2.95 g/cc, slurry 

density = 1.3 – 2.1 g/cc; air bubble size in conventional froth flotation column = 0.6 – 1.0 mm.  

Gas flow rate  = 1.5 cm/s 

Collector dosage = 300 ppm 

Frother dosage = 20 ppm  

Solids concentration  = 10%,  20%  

Feed rate  = 0.2,  0.6,  1 cm/s 

Superficial water rate = 0.1,  0.3,  0.5 cm/s . 

The gas hold up in the laboratory column in this study for the flow rates used is εg = 0.42. 
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Typical order of magnitudes of flow streams in the flotation column are :   

Feed rate > feed solids concentration > collector dosage  >  gas flow rate > frother dosage > superficial 

wash water rate . 

Peclet number NPe =  0.6 (Hc/dc)
0.63 [{Jl / Jg(1-  εg)}]

0.5  = 1.23 

The kinetic tests determine flotation rate for different mineral components based on dependency of 

recovery from retention time in the column (attained by changing Jl or collection zone height). 

The empirical flotation rate constant kT = dp
m/db

n = (0.00031.5/0.00152.7=  0.49 min-1 . 

The experimental flotation rate constant by CSTR operation,    k = dx/dt = (0.048-0)/(0.08-0) = 0.6 min-1. 

The mineral recovering is measured in laboratory batch flotation experiment to estimate ore floatability 

parameters (rate and degree of flotation). Floatation is considered a first order kinetics process, 

recovery being function of time (t) and a flotation rate constant (k). For laboratory batch recovery. 

     R  =  1 – exp(-kt) 

The flotation recovery process is independent on its particle residence time distribution. The 

conventional mechanical cells behave as perfect mixers and its recovery is given by  

R = [ k τ/(1 + k τ)] = 0.6 min-1 x 15 min/(1+0.6 min-1x15 min)  = 0.90 or 90% 

The dispersion coefficient is determined empirically by 

D = 2.98 dc
1.31 Jg

0.3 e– 0.0255 =  2.98 x 201.31cm/s x e-0.0255 = 109.15 cm2/s = 0.011 m2/s. 

Dobby and Finch suggested  D = 0.063 dc(Jg/1.6)0.3 =  0.063 x 20 (1.8/1.6)0.3  = 1.3 cm2/s = 0.00013 m2/s. 

The parameter a is given by 

 a   =(1 + k τ ND)0.5 = (1 + 0.6 x 15 x 1.23)0.5 = 3.13 

The slurry residence time is computed using column geometry and (varying flow rate or column height ) 

τl=   AcHc(1- εg )/Qr 

Therefore, slurry flow rate Qr = 3.142 x (0.2m)2 x 2 m (1-0.42)/4x15 min= 0.00243m3/min  (145 Lits/hr). 

Similarly  the superficial slurry velocity Jl, Jg, Jw,  arecalculated . 

Ja = 1.0 – 3.0 cm/s 

Jg = 1.3 – 2.3 cm/s     =    The superficial gas velocity  Jg =  (Qg/Ac ) = (4Qg/πdc
2 ) 
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Jl = 0.2 -0.5 cm/s 

Jw =  0-0.1 cm/s  = superficial wash water  velocity   

From mixing study by Levenspiel’s approach, in the column (dispersion number Nd, dispersion 

coefficient D,  or  Peclet number NPe) using empirical or  analytical dependencies. 

The vessel dispersion number, ND = D/uL  = axial dispersion coefficient /(velocity)(characteristic length)            

for         =  0         means negligible dispersion. Hence plug flow.For               =   

∞   large dispersion.     Thus mixed flow. 

Axial mixing is due to velocity gradient in the fluid flow; where as radial mixing is due to molecular 

diffusion.  ND = (D/uL)(d/L) = (Intensity of dispersion)(geometric factor) 

For the system deviating little from plug flow say for D/uL =0.0001 - 0.011, the fractional decrease in the 

maximum of intermediate formed is roughly given by the value of D/uL itself. 

Dispersion coefficient estimate by Marvos follows : D = (9.3 dc– 30.1)Jg
0.63 = 10.28 cm2/s = 0.00103 m2/s. 

From this,  ND = D/uL = (10.28 cm2/s)/ (1.8 cm/s)(200 cm) = 0.0286 . 

The  Peclet number NPe =  2 N/ (1 + 2λ )    where λ is back flow coefficient and λ = f(Jg, D) = 11.7.  

In the counter current flow, air bubbles should exceed certain velocity to reach the froth, else they will 

report to tailings. This limits utilization of fine bubbles. The slurry aeration is described by air hold up εg. 

Gas hold up depends on air flow rate and column capacity. Flotation kinetics are obtained from 1-2 m 

laboratory column for precise recovery vs. retention time data 

The particle residence time is higher for smaller particles   τp  =   (τl )Jl (1 - εg)/[ Jl(1 - εg) + Usp ] 

τp  =  15 min x 0.35 cm/s x (1- 0.4) / [ 0.35 cm/s  x (1- 0.4) + 0.585 cm/s] = 3.96 min ~ 4 minutes. 

Nd  = vessel dispersion number =  1.223  

Parameter identification and calculation of recovery of components in the collection zone by Levenspiel 

equation. 

The parameter  a  =  (1 + k τNd)0.5 = ( 1 + 0.6min-1 x 12 min x 1.227 )0.5 = 3.13 

Rc  =  [1 – 4a(e)1/2Nd/{(1 + a)2 (e)a/2Nd – (1-a)2 (e)-a/2ND}] 

Rc  =  [ 1 – 4x 3.13 (e)1/2 x 1.227/{(1 +3.13)2 (e)3.13/2x1.227 – (1-3.13)2 (e)- 3.13/2x1.227}]  
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Rc  = 1 – [4 x 3.13 x 1.503)/{ (17.057)x 3.58 – 4.537 x 0.2793}] =  1 – 18.817/ [ 61.064-1.2672]= 0.638 . 

The recovery in froth zone = Rf= 17.34/ ( 61.3243 – 1.09596) = 17.34/60.2 = 0.288 =   28.8% .                           

The balance = 100- (63.8 + 28.8) = 7.4% corresponds to wash water zone. 

Estimate overall column recovery including froth recovery. 

Pi = Probability particle collection 2.41 x [(Jg)
2]1/3 = 1.209 x (0.018)2/3 = 2.41 x 0.0687 = 0.1655 . 

Recovery by using n number of columns  R = 1 – (1–Pc)
n = 1 – (1–0.1655) 15 = 1 - 0.0662 = .9338 = 93.4% . 

The column carrying capacity,  Ca =  0.06 x ψ π dp ρs Jg /db 

That is Ca= 0.06 x 0.6 x 3.142x 0.0001m x 1300 kg/m3x 0.018m/s x /0.0015=0.1765kg/m2s . 

The maximum column carrying capacity is given by substituting  β = 0.0173 

Na = 4 dp ρpβJg/db = [4(10)-4 m x 1300 kg/m3x βx0. 018 m/s]/0.0015 m . = 0.1078 kg/m2s. 

Thus, in practice the industrial flotation columns operate at~60%of its column overall capacity. The 

model predictions were correlated with the operating variables, such as superficial gas rate Jg, 

superficial wash water rate Jw and froth depth Hf by the equation 

Rf = 95 exp[ -1.44(10)-2 x Hf(1+3Jw)/Jg
3]  = 95 exp[ -1.44(10)-2 x Hf(1+3x 0.005 m/s)/(0.018)3 = 0.288.  

Thus Hf = 2.4 cm resulted for laboratory flotation column is in tandem with Hf = 10-50 cm  for full scale 

cell   may have froth height 10-50 cm for about 12 m height flotation cell.                        

In present study gas hold up  = εg =  0.42 . 

Ja = 0.8 – 3.3 cm/s 

N is the number of machines. 

Calculation of dispersion coefficient   

D = 0.35 (dc)
4/3 (g Jg)

1/3  =  0.35  x 021.333 x (9.81 x 0.018)0.333 = 0.35 x 0.117 x 0.561 = 0.023 m2/salso that  

D = dc
1/3=[ 0.2 m2/s]1/3   = 0.342 m2/s 

Relating D to column geometry dc and air flow rate, the vessel dispersion number is calculated from 

dispersion coefficient   Nd = (D/Ui)(1/Hc) 

The relative phase velocity ( interstitial velocity) Ui can be derived from feed superficial velocity and gas 

hold up in the column given by   Ui =  Jl/ (1 – εg) = 0.33  cm/s /(1 -0.42) = 0.585 cm/s . 

Dispersion number from column diameter is given by Kolmogorov’s approach 
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Nd = [ D/{ Jp/(1-εg) + Usp ] (1/Hc) = 0.583 

The gas hold up and column height affect bubble size and hence affect flotation 

ND  = 1.6 (dc/Hc)
0.48 (Jg

0.36/Jl
0.47) = 1.6 (0.2/2)0.48 [ 0.180.36/0.150.47] =  1.6x0.331x (0.5394/0.41) =    0.696 

ND =  0.56[ (dc/Hc)(Jg/Jl)(Jg/εg) + (Jl/ {1- εg) ]
0.41= 0.56[ 0.1x1.2x0.045+0.03]=     0.56x0.254 =  0.142 . 

Thus the ND range 0.14 – 0.7 is observed. 

 


