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OZET

Maksimum flotasyon randimani (R«0 ve zaman sabitinin (x) karistir-
ma hizina (N) bagimlilig1, toplayici konsantrasyonu, pH ve tane boyutu-
nun fonksiyonu olarak incelenmistir. Ballotini ve galen deneylerinin sonug-
larindan ampirik bir iligki x (N) c¢ikarilmistir. Toplayici konsantrasyonu ve
pH randimani arttirmistir. Tane boyutunun randiman tizerinde fazla bir et-
kisi gorilmemistir.

ABSTRACT

The dependence of the ultimate recovery R¢> and time constant x on
the impeller speed N is investigated as a function of the collector
concentration, pH and particle size. On the basis of experiments with

ballotini and galena particles an empirical relation x (N) is derived. The
collector concentration and pH improve the recovery: the higher R™ the

faster the process. Particle sizes slightly affect and their influence on R* is
almost negligible.
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1. 1 NTRCDUCTI CN

At present flotation is quite good understood as an
optimal conbination of intensive collisions and successful
attachments of mneral particles on bubbles (Leja, 1982,
Schul ze, 1984; Wiss, 1985). The collision Kkinetics,strongly
dependi ng on the hydrodynamc regime in the cell,is wusually
controlled by the cell types, by the air flow the pulp
density, but nainly by regulation of the inpeller speed. The
attachnent of the particles on bubbles interface, being a
problem of three-phase contact formation, is solved in
practice by an appropriate choice of collectors, pHvalues,
frothers, etc.

In the last 40-50 years considerable effort has been
directed to the quantitative estimation of these paraneters
but regardl ess of the useful results concerning sone details
a general consistent theory of flotation is still not
formulated. It is well known that in nunerous cases flotation
ki neti cs obeys an exponential time-dependence:

R(t)/Rn= 1 - exp(-t/T) (1)

usual ly reffered to as "first order chemcal reaction nodel".
Her e RDis the ultimate recovery, and T is the tine constant

of the process. According to the kinetic theory, creating the
basis of expression (1), T is proportional to the particle
collision flux j (per bubble) T~ - Ej, wth an effective
coefficient E equal to the nunber of attached particles
di vided by the nunber of collided particles.

The situation with the ultimate recovery is not so
trivial but the application of the Langmuir adsorbtion mnodel
leads to another sinple relation (Radoev, 1990): R - 1 -

T.q .Cgc , V\her%C is the bubble concetrati on, ch initial
J— o [o}

particle concentration, and q_ - a factor accounting for the
detachnent probability of particles from bubbles. Bot h
paranmeters R, and T depend on the hydrodynam cs and col lision
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characteristics. The aimof this study is to illustrate, on
the basis of concrete experinents» the role of the inpeller
speed in the recovery as a function of col | ect or
concentration. pHvalues, and particle size.

2. NMATER ALS AND METHODS

The naterial floated consisted of glass spheres
(ballotini) (100-160 *n) and galena particles (20-200 pm) .
The density of the suspension was p = 40 gl i.e. 3-4.10
particles per liter. The collector was dodecyl am ne
hydrochl ori de at concentrations of 10 and 10 M The pH -
value was set with a universal buffer (0.2 M NaCH 0.12M
CH;C00H. 0. 12MH3P04. 0.12 M H3BO4) and controlled by a
gl ass el ectrode. The glass particles were cleaned before each
experiment wth hot bichromate mxture and afterwards
repeatedly washed with  bidistilled water. Pot assi um
et hyl xant ogenat e aqueous solution of 10 and 10 Mwas used
as collector for galena particles. The pHvalue of 8,9 was
attained by the addition of NaCH and controlled by a pH neter
with glass electrode. Pine oil (2.58.10%/1) was used as
frother. The flotation experiments were perforned with a
nmechani cal laboratory flotation machine in a Plexiglas cell
of 0.5 1 capacity (height 11.5 cm wdth 6,5 cm and length
7,0 cm) and a rotor-stator systemoperated at 1600 to 4600
rom The air flowrate was 55 1/h. Mean value of bubble
radi us 500 pm

The flotation was preceded by agitation (for about 10
mn) after which air was fed into the nmachine, determning
the start of the experiment. Duration of the experiment -
until the recovery rate (dRdt) reached zero. The froth
product was renmoved manual |y 15-20 tines per mnute with due
care not to scoop up any liquid fromthe pul p.

The detachnent force of the adhered particles from the
liquid-gas interface was neasured by the centrifugal nethod,
after some prelimnary procedures as foll ows.
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The glass particles were treated with chromc acid for 15
mnutes while continuosly stirred; then they were rinsed with
distilled water and, while still wet, they were rinsed 3-4
tinmes with the solution studied.

Experience in the field of wettability has shown that the
reproduci bility of the experimental results requires special
care. The glass particles were allowed to absorb for 30
mnutes with continuons stirring in a glass beaker in order
the adsorption on the solid-liquid interface to reach
equilibrium Portions of the surfactant solution were
replaced 3-4 tinmes by fresh solution, taking precautions for
the glass particles not to be caught at the liquid - air
interface. The glass particles on the bottomwere cought at
the liquid-air interface by tilting the beaker. The glass
particles were left for one hour wuntil the equilibrium
contact ongle was established and then were transferred with
a carefully cleaned spatula onto the surface of the initial
solution in the centrifugal tubes.

The glass particles were then subjected to the detaching
action of centrifugal forces at different speed for 5
mnutes. A "T-24 Yanetzki" centrifuge of maxi mum speed of
20000 rpmand radius of rotation 3.5 cmwas used.

The centrifugal force necessary for detaching a particle

fromthe liquid-gas interface was calculated with the aid of
equat i on. -

2
FN - 4/31’!Rp(.0p- pt) al
2

where a is the centrifugal acceleration ( ot = (nN30) .R ),
rot

N is the nunber of revolutions per mnute at which detachnent
takes place, R . is the radius of rotation, p and p are the
rot p L

densities of the particle and liquid, respectively.
3. RESULTS AND DI SCUSSI ON

The analysis of the collision rate in turbulent flow is
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based on the gas kinetic nodel. Here the eddies play the role
of the nolecul es, their velocities are assuned as
uncorrelated, and the turbul ent tenperature Q . is
turb
proportional to the energy dissipation rate e (Chao, 1964 ;
Nonaka, 1982, Abrahanmson, 1975). Fromthis point of view the
collision rate (collision flux) j of mneral particles per
bubble is described by three different relations:

j - cPd’/ <{grad w)?> (Canp. 1943) (29
i o= cpd’f <u?> (Abr ahanson, 1975) (2%
i~ cRD, (Nonaka, 1982) (29

Here cIO is the mneral particles concentration; d (r.b+ rp)
accounts for the so called effective collision cross section
(r. and r - the bubble and particle radii ); <u> is the
P a
nmean square velocity, <(grad u) > is the nean square of the
velocity gradients. The velocity gradients in viscous flows
are sinply related to the dissipation rate e <(grad u) > clv,
v - kinematic viscosity;, D - turbulent diffusion coefficient
of the particles. Relation (2%, know in the literature as
"gradient collision nechanism’ (Shol uchovski, 1917) is
suitabl e when the collision cross section dianeters d are
smal ler as conpared to the length scale of the turbulent
eddies X (Abrachanmson 1975) . These conditions are satisfied
at a relativly low dissipation rate e Relation (2 )

describes the collision rate for larger particles ( r > 100
p
Am and at higher energy dissipations (Abrahanson, 1975). Here

<u>- <u>+<u >is the sumof the nean square velocities
b p

of the colliding bubble and particle (sumof the velocities

di spersi ons).

The difusion nodel (29 is another aproximation for the
cases of relatively large bubbles and highly concentrated
suspensions of snmall particles. Snce the turbulent kinetic
energy is supposed to be rmuch larger than the thernal energy
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Table 1. Effects of the rotation velocity Non time constant Table 3. Effects of the rotation velocity N on time constant
T and ultinate recovery R at two collector concentrations, T and ultimate recovery R for ballotini (100-160 ~m) at
for ballotini (100-160 im) and pH - 11.2. concentration 10°® Mand PH - 6.
DDA 10-" 10-* . 10-"
o.. W
M rpm TiTme const. Utimte Ti me const . Utimte N Ti me const . Utimte
[m n] recovery R\ T [min) recovery R* rpm T [mni recovery R,
1600 1.01 0. 7500 0.70 0. 9000 1600 0.88 0. 6167 *
1700 1. 00 0. 7200 0.70 0. 9030 1700 0.71 0. 6001
1800 1.00 0. 7300 0.70 0. 8945 1800 0.71 0.6278
1900 0.90 0. 7810 0.70 0. 8900 1900 0.87 0. 6004
2000 1.04 0. 7340 0.70 0. 8800 2000 0.94 0. 5950
2150 0.95 0. 7500 0. 64 0. 9075 2150 0.95 0. 5890
2250 1.10 0.5730 0. 64 0. 8965 2250 1.13 0. 4965
2300 1.20 0. 4965 0. 64 0. 8970 2900 1. 40 0. 3025
2900 1.40 0. 4095 0.70 0. 9040
4600 1.70 0.1180 0.95 0. 2980

Table 4. Effects of the rotation velosity N on time constant

Table 2. Effects of the rotation velocity N on tinme constant T and ultimate recovery Ry at two collector concentrations
T and utimate recovery R at two collector concentrations for galena (20-200 fJm) and pH - 8,9.
for ballotini (300-400 pm mand pH = 11. 2.
C'E)Bf& IM " [u"*
CBo*m 10"* 10-* H Time const. Utimte Time const. Utimte
Nrpm Time const. Utimte Time const. Utimte rpm Thmin] recovery Ry Tl ni recovery R_
T [min] recovery R | T [nini recovery Re 1600 0.61 0. 8342 0. 49 0. 8968
1600 0. 64 0. 7020 0. 52 0. 8650 1800 0.76 0. 8011 0. 47 0.9121
1700 0. 64 0.7028 0.52 0. 8600 2000 0. 67 0. 8200 0. 47 0. 8975
1900 0. 68 0. 6900 0. 53 0. 8500 2150 0.67 0. 7430 0. 46 0. 9239
2150 0. 68 0.7110 0. 52 0. 8650 2250 0.99 0. 6807 0. 47 0. 8750
2300 0.73 0. 4500 0. 52 0. 8700 2300 1.27 0. 5641 0. 50 0. 8050
2900 0.76 0. 3500 0.51 0. 8820 2900 1.24 0. 2543 0.55 0. 7975




(kT) , the diffusion coefficient D should depend on the
disipation rate e (and on the particle radius r ) rather than

p
on the temperature T. In homogeneous isotropic turbulent £flow
the relation D (e,r ) could be establiched as (Nonaka, 1982):
1 p

13 a
a) Dt - (crpl at rp L N (37)

11’21*.2

b) D, ~ (e/v) at r, < A (3")
where \ u /e is the Kolmogoroff length micro-scale.

As mentioned above (see Introduction), the collision
flux j is proportional to the rate constant T~ E J.
According to relations (2) j is a power function of N, so it
could be expected that T-' = N~ withm > 0. The data in

tables (1-4) do not confirm such a behavoir.

On the contrary, at N > 2000 rpm the process slows down
abruptly and the ultimate recovery drops drastically. The

data in all four tables satisfy the empirical relation

IlntT~/N’) = A + B.N , the constants A, B being evaluated by
linear regression analysis (see table 5) .

At the moment the relation E(N) is quite poor understood.
Regardless of this fact, the experimental result E(N) could
be qualitatively explained by the following considerations:
at higher velocities N the turbulent pulses destroing the
bubble-particle aggregates get stronger and the probability
of three-phase contact building should decrease (compere T (N

= 1700) = 1 min and T(N = 2400) = 1.4 min; R (N = 1/00) =
0.72, and RGJN - 2400) = 0.41, etc., see tablg% 1-4).

The role of the collector concentration on the recovery
kinetics could be treated in the frames of a similar
reasoning: the better the hydrophobization the higher the
attachment probability, i.e. the better the recovery and
faster kinetics: T (10-°M) ~ 1.2 min |, T(10~*M) ~ 0.7 min;
R (10~M) ~ 0.75 - 0.4, R (10~*M) ~ 0.9, See table 1).

00 00

A quantitaive measure of the hydrophobization degree 1is

the three-phase contact (adhesion) force (F ) . Some
experimental data of F obtained by the centrifugal method
TPC
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(see Materials and Methods) are presented in Table 6. A

conpari son between nmacroscopic parameters T, R and the
@

m croscopi ¢ characteristics F confirms the supposed role
TPC

of the adhesion forces on the flotation kinetics.

Table 5. Constants A and B in the enpirical relation
In(T~/W) = A+B N for different cases, evaluated by |inear
regression (regression coefficient 0.98).

Bal oti ni 100-160 ym 300-400 pm
PH ‘DDA »« A B A B
6.0 lu"® -12.2749 | -0.0014

11.2 10-* -12.8252 | -0.0012 | -12.7283| -0.0009
11.2 Q4 -13.0318 | -0.0009 | -13.0318 | -0.0009

Gal ena 20-200 "m
PH CKet x [ M1 A B
8.9 i 0-° -11.9589 | -0.0015
8.9 10"* -12.5885 | -0.0009

Table 6. Three - phase contact force (F ) measured by the
TPC

centrifugal nethod. Nunber of the particles in the centrifuge
tube n~4; F (1) - the force for a single particle.

Bal oti ni Gl ena
PH C F (I)xIo| PH C F..,.(1)*10 TPC
DDA TPC KEt X TPC
[N I vl [N I Ayl [ dyn]
Ly Coyny L Laynj
11.2| 10~ 1.96 8.9 10" 3.2 12. 83
11.2| 10"* 2.01 8.9 10"~ 4.08 17. 39
6.0 i o" 5 0.94
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Data for F (n) here denonstrate another very strong
TPC

effect of the nunber of attached particles n (per bubble) on
their adhesion force F(n). There are nmany reports in the

literature confirmng the so called " collective-capillary
effect" (Varbanov, 1988, Al exandrova, 1992), but satisfactory
expl anation of its role on the recovery still | acks.
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