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A COMPARISON OF THE KINETIC
AND ADSORPTION MODEL
OF METAL PRECIPITATE FLOTATION
IN THE ABSENCE OF COLLECTOR

A kinetic model of dissolved air flotation of Cu(OH), in the absence of collector and frother
was proposed and compared to an adsorption model.

The results of experimental studies on the effect of some parameters on the flotation kinetics
were described either by “normal” (N-kinetic model) or “S” saturation curves (S-kinetic model).
Both the calculated and experimentally determined values of the kinetic constants corresponding
to different conditions of pressure, temperature, initial concentration of Cu(OH),, and different salt
concentrations give a sufficiently realistic description of the equilibrium state of the system.

The mathematical analysis performed is in agreement with the physico-chemical nature of the
investigated process. A significant correlation between the present kinetic model and the one
previously reported, i.e., adsorption model of metal precipitate flotation, was found. General
characteristics of these models is their formal similarity to the Langmuir equation for adsorption
equilibria.

DENOTATIONS

b — empirical constant,

C — correction,

Cecuomy, —. initial concentration of Cu(OH),,
Cs — total salt (CaCl,) concentration,

D — bubble diameter,

F, f — functions,

Mgu(OH)z — equilibrium amount of Cu(OH), moles recovered in the foam,
gu(OH)z_c — calculated value of the equilibrium kinetic constant for different physico-chemical
parameters,

MEESHORZC=D _ experimental values of the equilibrium kinetic constant determined under
different conditions of pressure, initial concentration of Cu(OH),, concentration of CaCl, and tem-
perature,

* Institute of Chemistry, Faculty of Sciences, 21000 Novi Sad, Yugoslavia.
** Institute of Mathematics, Faculty of Sciences, 21000 Novi Sad, Yugoslavia.

3 — EPE 3-4/88




D. MiskoviC et al.

Mbyom, — amount of Cu(OH), moles recovered during time t,
p — pressure, )

Q — air flow rate,

r2 — coefficient of determination,

T — temperature,
£ — equilibrium time of flotation,
I'Eom, — surface equilibrium ‘concentration of Cu(OH),.

1. INTRODUCTION

Precipitate flotation encompasses all the processes in which a ionic species is
concentrated from an aqueaus solution by formation of a precipitate, which is then
separated by flotation [1], [2].

It has been shown earlier that with the use of surfactants as collectors, metal
hydroxides can be separated from water suspensions by precipitate flotation, i.e.,
colloid flotation [1]-[13]. The applicability of dissolved air precipitate flotation
(DAF) in the absence of collector and frother has been also demonstrated [14].
Besides, mainly theoretical aspects of these methods have been dealt with [13],
[15]-[17].

The primary objective of this study is to set up an empirical model of dissolved
air flotation of Cu(OH), in the absence of collector and frother, based on kinetic
investigations of the process. For this purpose, the effects of various factors, such as
the initial concentration of Cu(OH),, pressure, temperature, concentration of the
salt, etc., have been studied in detail. A mathematical analysis of the derived
relations is carried out, and the model compared with the adsorption model,
described earlier.

2. EXPERIMENTAL

Batch precipitate flotation of Cu(OH), with dissolved air was carried out by
means of a conventional laboratory set-up for microflotation, adopting the procedu-
re described earlier [14]. The air flow rate corresponding to the saturation pressures
(100, 200 and 300 kPa) was dependent on the duration time of the process and
ranged from 0.150 to 0.026 cm?/s.

Suspensions of different Cu(OH), concentrations were prepared and analysed as
described earlier [14], [17].

The statistical data treatment was performed on a Hewlett-Packard, HP-25C,
calculator.
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3. ANALYSIS

The system under investigation was described first in terms of the advanced
adsorption model, proposed earlier [17]. The surface equilibrium concentration of
Cu(OH), per unit surface area of the air bubble was defined as:

‘McE:u(OH)z "D
I'éuony, = 60 (1)

where M¢,on), is the equilibrium number of moles of Cu(OH), separated in the
foam, D the bubble diameter, Q the air flow rate, and t£ the equilibrium time (the
time needed for the equilibrium in the system to be established).

Afterwards, the DAF system was considered as a kinetic process in which the
concentration of flotated species, Cu(OH),, changes in time. The amount of Cu(OH),
(in moles) separated in the foam during time ¢, M¢Gony,, is a general function of the
following physico-chemical parameters:

cuom = F| S (PHO); /(P 0)); £ (Ceuom, ) 1 (Cs@); £ (T (1) 2)

where p is the pressure in DAF, C¢, oy, the initial concentration of Cu(OH),, C the
total salt concentration, and T the temperature. On the basis of experimental results,
the dependence of M, on), on different parameters during time could be expressed
by a local empirical equation:

Muony, = at® (3)

where a and b are the empirical constants for particular parameters.

The mathematical and physico-chemical correlation between M¢,on), from
equation (1) and the term M{,on, in equations (2) and (3) is not possible. If we
assume ¢ — o, then M¢,on), in equation (3) would also increase to infinity:

lim Mg, on), = 00 4)
t— o0
which does not correspond to the physico-chemical nature of the process. Namely, in
a real system the term Mg, on), can only amount to its equilibrium value M¢,on),-
Therefore, other empirical equations were defined assuming the condition:

E
MtCu(OH)z = MCu(OH)2~ (5)

t— oo

For normal saturation curves, describing the dependence of MGyony, on different
parameters in time, the following kinetic model was examined (N model):

E
_ Mcyon), "t

Mg, = 6
Cu(OH), t+b (6)
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where b is the empirical constant. Further, the “S”-form saturation curves were
described using the expression (S model):
t2

My 0m), = Méuony, + (7

b

After linearization of the proposed expressions, it was possible to calculate the
ME,om), values by least squares method. For the given physico-chemical parameters,
this quantity can be conditionally termed “equilibrium kinetic constant”.

The correction method for fitting the experimental results to kinetic curves was
based on the following general function:

Mbyomy, = F()+Co (1), (8)

where Co(t) denotes the correction.

Taking for M&,om), one of the above kinetic models, for F(t) one of the functions
describing the dependence of flotation kinetics on the particular physico-chemical
parameter (equation 2), and for ¢ () we obtain

tZ
) =—5—-. 9
00 =777 ©)
The correction can be expressed by the following total equation:
s Fioilt
Mkl ) (10)
2 (oi(t)

4. RESULTS AND DISCUSSION

Tables 1-4 contain the values of the kinetic constants of equilibrium both
calculated and determined experimentally by variation of all the above physi-
co-chemical parameters influencing kinetics of flotation in the absence of collector
and frother. The calculations were carrid out by using both the equation (6)
(N-model) and (7) (S-model).

Table 1

Dependence of experimental M2, . and calculated M omy,-on  (N-model),
ME? ony, s (S-model) values of the equilibrium concentrations on pressure

p

ME ony, - ME& ony; - N = M cyomy;—es i
kPa
100 0.66x 1073 283x1073 0.97 0.66x 1073 0.99
200 271%x1073 446%x 1073 0.83 191x1073 0.69
300 2.96x 1073 5.46x 1073 0.96 3.15x 1073 0.99

Ceviom, = 41x107% (M/dm?; pH = & T=200°C.
*r2 _ determination coefficient.
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Dependence of experim

ECu(OH
ental MEGEOM:2

Table 2

and calculated MEGOM2 « (N-model,

MEGERM: ¢ (S-model) values of the equilibrium concentrations on initial concentrations of
Cu(OH),
CC (OH) ECu(O! 2
O OMEMER. MEMRN 2 MEER.
M/dm3
1.025x 1073 0.64 x10°3 1.71x 1073 0.94 085x10°3 1.00

2.05
4.10
8.20

x 1073 1.78x1073
x 1073 296x1073
x 1073 7.21x1073

pH = 8 T = 20.0°C; p = 300 kPa.

222x1073 0.90
546 x 103 0.96
1048 x 1073 1.00

191x 1073 0.97
315%x1073 0.99
1242x 1073 0.93

Table 3

Dependence of experimental MEGSH . and calculated
(S-model) values of the equilibrium concent-
rations on concentration of CaCl, (Cy)

ECaCly
M Cu(OH)2 —cS

Coc,  vEash . MESSH rz
g/dm?
0.62 361x1073 3.82x1073 0.94
1.25 3.35x1073 3.66x 1073 0.96
245 330x1073 3.76 x 1073 1.00
5.0 3.11x1073 475%x1073 1.00

Ceuom, = 4.1x1073 (M/dm3): p = 300 kPa; pH=38, T=16.5°C.

Table 4

Dependence of experimental MEloy,,_. and calculated ME{om), -~ (N-model),
Mg om), - cs (S-model) values of the equilibrium concentrations on temperature

T

°C MEuT(on)z —e Mgz(ou)z —cN r? MguT(OH)z —cS r

20 0.64x 1073 1.71x1073 0.99 0.85x10°3 1.00
30 0.74x 1073 1.04x1073 1.00 0.67x 1073 0.97
40 0.89x10°3 1.03x 1073 0.98 082x10°3 0.93

Cc..(omz =1.025x10"3 (M/dm?); p = 300 kPa; pH = 8.

On the basis of a comparison of the calculated and experimentally determined
kinetic constants of equilibrium it can be concluded that both models can be, in |
principle, used for description of the kinetic process under study. If the N-model is
employed to calculate the equilibrium concentrations of Cu(OH),, then the values
obtained are in all cases higher than both the equilibrium concentrations determined
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by experiment and initial concentrations of Cu(OH),. The only exception is the value
of ME2 om), -~ at p = 100 kPa (tab. 1). On the other hand, if the S-model is used to
calculate the equilibrium concentrations, they are closer to the experimental and
initial concentrations of Cu(OH),.

After taking into account all the above, it is possible to propose the following
complex function (which satisfies the condition of equation (5)) to describe kinetics of
the process studied:

Méuom, = F f(p ®); f(Ccuony, (®); f(Cs0)); f(T (1))

2
E(p;CCu(OH)3Cs:T) t
= Mcaom 0 +3- (11)

The dependence of M¢yon), on pH was described earlier by a local empirical
equation of linear and power law type [14].

A consistent (strict) application of equation (10) to calculate the corrections of the
experimental values for kinetic curves can lead to meaningless results. This is
especially- true if the relatively large experimental errors and a rather poor
reproducibility of the experimental data are taken into account.

Following the proposed mathematical analysis, it can be concluded that both the
calculated and the experimental values of kinetic equilibrium concentrations
presented here and the maximal amounts of species separable by flotation, calculated
in [17] (adsorption model), have essentially the same physico-chemical meaning.
They are, namely, the correlative quantities.

5. CONCLUSIONS

The values of equilibrium concentrations ME, on),, determined by experiment
and calculated by employing the N- and S-models for variations of different
physico-chemical parameters give a sufficiently realistic description of the equilib-
rium state of the flotation system.

A common feature of the models described here, as well as of the.adsorption
model, is a formal similarity to the Langmuir equation for adsorption equilibria.
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POROWNANIE KINETYCZNEGO 1 ADSORPCYJNEGC MODELU WYTRACANIA METALI
W PROCESIE FLOTACJI BEZ CZYNNIKA AGREGUJACEGO

Zaproponowano kinetyczny model flotacji Cu(OH), bez stosowania srodka’ agregujacego i piano-
tworczego oraz poréwnano go z modelem adsorpcyjnym.

Wyniki badan do$wiadczalnych, obejmujace wplyw wybranych parametréw na kinetyke flotacji,
opisano za pomoca modelu konwencjonalnego (model kinetyczny N) oraz za pomoca modelu krzywych
nasycenia (model kinetyczny S). Stwierdzono, ze zaréwno obliczone, jak i doswiadczalnie wyznaczone
wartosci statych kinetycznych odpowiadajace réznym warunkom fizyczno-chemicznym (ci$nienie, tem-
peratura, poczatkowe stezeniec Cu(OH),, stezenie soli) daja wystarczajaco realistyczny opis stanu
rébwnowagi systemu.

Analiza matematyczna zgadza si¢ z fizyczno-chemicznym charakterem badanego procesu. Stwier-
dzono dobra korelacje miedzy modelem kinetycznym a modelem adsorpcyjnym (wczesniej przed-
stawionym) wytracania metali w procesie flotacji. Cecha charakterystyczna tych modeli jest ich
podobienistwo do rownania rownowagi adsorpcyjnej Langmuira.

CPABHEHME KUHETUYECKON U AJICOPBLIMOHHOW  MOJEJU OCAXJIEHU S
METAJIJIOB B IMTPOLIECCE ®JIOTALIUA BE3 ATPETUPYIOUETO PEATEHTA

B macrosiueii pa6ote mpemioxuau KuneTricckyio mMoziens ¢uotammn Cu(OH), 6e3 npumenenus
Arperupyrolero u NeHOreHHOTO CPEICTB, A TaKXe CPABHHIH ee C aICOPOLIMOHHON MOJEINbIO.

Pesynbratel  skcnepuMeHTanbHBIX HMCCIIEJOBAHUH,  OXBATHIBAIONME  BJMSHHE — M3OPAHHBIX
ApaMETPOB  HA KMHETHKY (OTALMH, OMHMCAIM 0OPH TOMOLM KOHBEHUMOHATLHOIN MOJEH
(xuneTnyeckas mozenb N), a Takke IPH NOMOIIH MOJE/H KPUBBIX HACHILIECHUS (KHHETHYECKAS MOJIETh
S). VcTaHOBWIM, 4TO KaK pacCuMTaHHble, Tak W OIPECNICHHbIE JKCIEPUMEHTAIBHO 3HAYCHHSI
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KHHETHYECKMX IIOCTOSHHBIX, OTBEYaloIME pPa3HBIM (U3MKO-XMMIYECKUM  YCIIOBHAM  (aBJieHHE,
TeMmmepaTypa, HadajbHas KOHICHTpAIHs Cu(OH),, XOHUEHTpaUHs coJiei), AT JOCTATOYHO
PEANMCTHYECKOE ONMMCAHHE COCTOAHMS PABHOBECUS CHCTEMBL.

[IpoBeNeHHbI MATEMATHYECKHA aHAIM3  COTJIACEH  C (GU3MKO-XMMHYECKIM  XapaKTEPOM
WccaeAyeMOro mpomecca. bpira  yCTaHOBICHAa  XOpOUIQA KOppENAmMs MEeXIy KHHETHYECKOH
1 aICcOpOIMONHOM (IPEICTABICHHOR paHblile) MOJENAMHU OCAXICHHA METAJLIOB B MPOLECCE ¢dbnoTanuu.
XapakTepHo# 4YEpPTOH ITHX MofeNiell SBJISETCS MX CXOACTBO C YPaBHCHHEM aacopOIMOHHOrO
paBHoBecus Jlanrmyapa. :




