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ABSTRACT

An experimental study of the settling characteristics of a
washery effluent originating as tailings from a froth flotation
circuit was undertaken by using a systematic approach to select
the most appropriate flocculant(s) under predetermined condi-
tions. Selection and evaluation procedures which greatly
reduce the effort required to select flocculants are described.

The results show that, although different flocculants display
superiority at different ranges of dosage, Separan MG 700
(Dow) is the most suitable on absolute economic grounds.
Flocculant evaluation is based on a Cost Performance Index
(CPI) which expresses the cost of flocculant (¢/ton) required
to produce a unit settling rate (in./hr).

From experiments carried out with a number of flocculant
aid and flocculant combinations, it was concluded that the use
of flocculant aids can be economically justified only if the set-
tling rates required are higher than those obtainable at the op-
timum flocculant dosage. Otherwise, the value of the floc-
culant aid appears to be limited largely to the reduction of
supernatant turbidity.

Introduction

This investigation is a contribution to a general CANMET
study initiated in 1976 and directed toward improving coal
cleaning processes, especially for low-grade or fine coals, and
alleviating environmental problems associated with the mining
and processing industries.

Water conservation, reduction of land use for disposal and
prevention of stream contamination by plant effluents are
among the immediate benefits of such a study. Additional
benefits stem from the availability of the results to industry on
a scale and in a form immediately applicable to large-scale
operations. The purpose of this paper is to outline a systematic
method of selecting the most suitable flocculants, using this ef-
fluent as a field example.

The effluent used in the present investigation originated as a
tailing from the flotation section of the Cardinal River Coals
Ltd. washery at Luscar, Alberta (Fig. 1). The tailings from the
flotation cells are fed to a number of classifier cyclones having
a cutpoint of approximately 120 mesh (125 microns). Cyclone
overflow constitutes the main portion of the feed to a 95-ft-
diameter thickener. Cyclone underflow (plus 120 mesh) joins
the thickener underflow to form the feed to a solid bowl cen-
trifuge. The centrifuge solids are withdrawn as a final reject
while the centrate is sent back to the thickener.

Alternative plans for the centrate from the solid bowl cen-
trifuge might include retreating it in another centrifuge with
provision for internal additional of flocculant, combining the
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centrate of this second centrifuge with the overflow of the
thickener and recycling the stream to the washery after being
diluted with make-up water. As another alternative, the cen-
trate of the second centrifuge could be sent to the thickener if
its solids content were too high to permit immediate recycling
as plant water

At the time of the investigation, two flocculants were being
used in the water treatment circuit of the plant: a cationic,
added as far ahead of the thickener as possible; and an
anionic, added at a point approximately 5 ft from the
thickener inlet.

Test Procedure

The test procedure consisted of characterizing the tailing sam-
ple, prescreening for a number of suitable flocculants based on
sample characteristics and, finally, rating of the prescreened
flocculants on a cost-performance basis.

Effluent Characteristics

The effluent sample (cyclone overflow) was collected in in-
crements at the washery over a period of one week in order to
be as representative as possible of the plant situation. Sample
characteristics are shown in Tables 1, 2 and 3. Table 1 includes
density, % ash, zeta potential of the solids and weight per cent
solids of the effluent. Water analysis is shown in Table 2 and
size analysis of the solids in Table 3; standard sieves were used
for sizes down to 325 mesh (44 microns). The subsieve
distribution is the average of results obtained by three indepen-
dent techniques: sedimentation on a balance-pan (Shimadzu
Sedimentograph), X-ray scanning of settling particles
(Micromeritics Sedigraph 5000) and the electronic sensing zone
method (Coulter Counter TAII).

Prescreening of the Flocculants

Three hundred and ninety commercially available flocculants
were prescreened by reference to an index of
flocculants®,wherein flocculant characteristics, prices and
operating or process conditions and limitations are
catalogued.

Knowledge of the effluent characteristics, as outlined above
and given in the tables, permits rapid elimination of those floc-
culants which have little or no chance of performing well
under existing effluent conditions.

Through the prescreening process, a number of suitable
flocculants were selected. Characteristics of these flocculants
are shown in Table 4, columns 2-5. Superfloc 330 (polyamide),
used as a flocculant aid, was treated in conjunction with
several of the selected flocculants.
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FIGURE 6. Effect of sequence of addition of Superfloc
330 and Alfloc 1202 (initial settling rate vs flocculant
dosage).
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FIGURE 8. Effect of sequence of addition of Superfloc
330 and Percol 352 (initial settling rate vs flocculant
dosage).
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FIGURE 7. Effect of sequence of addition of Superfloc
330 and Alfloc 1202 (initial settling rate vs flocculant cost).

Superfloc 330 was only obtained at a cost of 36¢/long ton. The
difference was not as pronounced in the case of Percol 352
(Figs. 8 and 9).

Results of the second test series are shown in Figures 6, 7, 8
and 9 for the pulp treated first at the optimum dosage of the
polyacrylamide flocculant, then with incremental additions of
Superfloc 330. Only two polyacrylamide flocculants were used
in this series: Superfloc 1202, and anionic liquid
polyacrylamide, and Percol 352, a cationic solid
polyacrylamide. It is apparent from the graphs that there was
no advantage to this sequence of addition regardless of the
level of Superfloc 330 used. Moreover, in the case of Percol
352, the settling rate dropped below the level obtained
previously for the optimum dosage of Percol 352 by itself.
Such a decrease may be due to floc breakdown by agitation
and the incapability of Superfloc 330 to restore the original
state of flocculation.

The settling behaviour of the pulp when treated with a com-
bination of flocculants can be explained by the following
postulates.

1. A fixed number of adsorption sites occur on the surface of
each solid particle.

2. In general, the higher the molecular weight of the floc-
culant, the longer the chain length and the larger the number
of functional groups per molecule.

3. The higher the number of functional groups per molecule,
the higher the probability of coverage of adsorption sites on
the surface of each particle by the flocculant molecule. This is
due to either direct adsorption of functional groups on the
sites or to collapse of the molecule on the solid surface follow-
ing initial adsorption of a number of functional groups.

4. Flocculation is a competition between two mechanisms: 1)
adsorption of some of the flocculant functional groups on ad-
sorption sites located at the surface of the particles and 2)
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