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verage 97.0 96.5 94.8 94.2 91.7 85.0 83.2 82.0 algal form. The influent to this pond is rich in nutrients which become concentrated

in the algae cells. Removal of the algae would be highly desirous since their discharge

into any receiving water would constitute a significant organic loading on the stream.

" The additional benefit of algae harvesting could then be realized by the use of the re-

covered product as an animal food or crop fertilizer, thus creating a semi-closed nutrient
system. .

In the initial study, water samples containing the algae were brought to the labora-

tory and tested. These samples were observed to froth quite readily, probably as a re-

sult of a natural frothing agent produced by the Chlorella valgaris itself.

: Later, the effects upon harvest efficiency by the variation of certain parameters such
as (1) pH, (2) temperature, (3) addition of a frothing agent and (4) frothing dosage

~ were investigated.

Literature Cited Mechanism of Froth Flotation

Froth flotation is a highly complex phenomenon involving numerous parameters. These
parameters include concentration of material to be frothed, temperature, oxygen content
of the solution, types of frothers and their concentrations, and pH. Although mineral
froth flotation has been practiced for over fifty years, it is still regarded by many workers
" as an art rather than a science.
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Several theories have been presented to explain froth flotation. However, the simple -
mechanism shown in Figure 1 has found general acceptance in the mineral processing
industry. A long-chained, monomolecular, dipolar hydrocarbon coats the particle in 3
suspension. The hydrocarbon then links to the air bubble. Thus, the particle is attached
to the air bubble.
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Figure 1. Possible froth flotation mechanism.

Materials and Methods

Algae culture

The algae to be harvested were obtained from the dairy waste lagoon just before the
tests were to be made (1 to 3 hours). Preliminary investigation had shown that there
was little difference between the harvesting efficiencies of lagoon cultures compared to

the harvest efficiencies of laboratory grown Chlorella vulgaris when harvesting condi-
tions were equated.

Froth flotation apparatus
Figure 2. Froth flotation apparatus.

The froth flotation apparatus is shown in Figure 2. Frothing was accomplished by
using a Wemco-Fabergren Mineral Tester. This laboratory-scale device is used for
mineral separations by froth flotation. It was equipped with a 2600 ml capacity Pyrex
bow! with an overflow lip approximately 14 cm wide. A small pan was placed under
the lip to collect the froth overflow. A Reliance tachometer was attached and all tests
were run at 3500 rpm impeller speed. Air was introduced into the bowl through the
impeller shaft, and a valve atrached to the stationary shaft of the unit controlled the air
introduced into the test sample. The impeller had a vigorous mixing and shearing
effect creating small bubbles in large volume.

Temperature adjustment

Temperatures were adjusted by utilizing refrigeration, a variable temperature room, and,
in some instances, a hot plate.

Frothing agents

Various frothing agents and coagulants including pine oil, sodium oleate, oleic acid,
linoleic acid, sodium chloride and ferric sulfate were tested in preliminary investiga-
tions. However, only sodium oleate appeared to be of any value. Sodium oleate was

. tested at various concentrations at normal pH and at 1 ppm at various pH values.
pH adjustment

For high and low pH levels, 3N sodium hydroxide and 3N hydrochloric acid were
added respectively. Measurements of pH were made with a Beckman portable pH
meter.

Harvesting procedure

The sample to be tested was poured into the frother bowl. The machine was then
started with the air valve closed. This provided highly turbulent mixing, but no intro-
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duction of air. Chemical addition and pH adjustment, in that order, were perfor 75}
Next, the air valve was opened to allow frothing to occur. The froth produced ov
flowed into the collecting pan. A small scraper was used to help move the froth
the overflow lip. When frothing ceased or the bubble load appeared nil, the operation
was discontinued. After the froth returned to liquid, the volume of overflow was noted.
Also, time was recorded from the start of the frothing until the overflow returned to a
liquid. Samples of both the overflow and the original algal solution were taken for
analysis. Total Kjeldahl nitrogen was used as an indicator of algae removal (Standard
Methods, 1965). The bowl and impeller were thoroughly cleaned and rinsed after each

test to prevent carryover of chemicals to the next batch.

Results and Discussion
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Figure 3. Nitrogen removal as a function of pH.

Preliminary investigation
Before any intensive work was undertaken with any specific frothing agents, several
compounds were investigated. These chemicals are in widespread use in the mineral
processing industry as frothing agents. Compounds such as xanthates were eliminated
from consideration due to their toxicity, odor, or other such undesirable characteristics.
Oleic acid, sodium oleate, pine oil, sodium chloride, linoleic acid and ferric sulfate
were tested in several batches both separately and in combination. The pH was also
varied. Oleic acid, and linoleic acid destroyed the natural frothing of the culture at all
pH values. Pine oil, sodium chloride, and ferric sulfate had no effect upon the natural
frothing; however, sodium oleate appeared to increase the bubble load of the froth. For
these reasons, sodium oleate was the only compound extensively investigated in subse-
quent tests.

Effect of pH on harvesting
In the first tests, harvesting efficiency versus pH with no chemical addition was in-
vestigated. The overflow bubble characteristics at high and low pH values were marked-
ly different from those at natural pH (9.2) and 7.0. At high and low pH, the bubbles
were very large and did not collapse readily as indicated by the total time of the frothing
operation. At pH 9.2 and 7.0, frothing occurred quite rapidly. The bubbles were rela-
tively small and returned to the liquid form fairly rapidly.

The largest percentage of total nitrogen removed occurred at a pH of 3.0 with 75.2
per cent removal, as shown by Figure 3.
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Effect of temperature on harvesting
Four samples each were tested at 10, 15, 20, and 25°C. In these experiments the natural
pH was 9.8. As indicated by Figure 4, the per cent of nitrogen removal varied only
slightly. "Temperature had essentially no effect on harvesting efficiency.

igure 4. Nitrogen removal as a function of temperature.

ultiple flotations

A series of three flotations were performed at natural pH, 9.5. The froth of the first
age was the influent of the second, etc.

The removal of nitrogen of each stage based on the influent to that stage was 55.3,
4.0, and G0.9 per cent respectively for the first, second, and third stages. Overall re-
noval based on the original algal solution was 55.4, 29.9, and 18.2 per cent for the first,
ond, and third stages respectively. The concentration of the algal solution increased
er each frothing operation, and after three stages the nitrogen concentration was
70.2 mg/1 compared to 84.0 mg/1 for the original solution.

Effect of frother on harvesting
Sodium oleate in varying concentrations was investigated as a method of improving flo-
tation. The greatest nitrogen reduction occurred at a frother concentration of 2.3
ppm. The natural pH 9.5 was used in this series of tests (Figure 5).

In later experiments, 1.0 ppm of sodium oleate was added to each batch and the
pH of the algal solution was varied. As occurred at previous pH values, the froth chat?
acteristics were best at, or near, natural pH (9.8), as shown in Figure 6.
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stable and took a relatively long time to collapse. At or near natural pH, frothing time
was short and bubble collapse took place quite rapidly. It was concluded that tempera-
ture had no effect on the frothing operation.

With the addition of sodium oleate, frothing of the algal solution increased. Total
nitrogen removal remained about the same as with no chemical addition. The maxi-
mum removal efficiency with sodium oleate occurred at natural pH, 9.5, in a concentra-
~ tion of one ppm. Frothing without any chemical additions produced the most efficient
harvesting. Thus, the addition of sodium oleate, although improving the frothing char-
acteristics, resulted in less process efficiency.

The results of multiple flotation showed that each stage removed approximately
50 to GO per cent of the total nitrogen input to that stage. Single-stage frothing opera-
tion preceding another harvesting technique, such as centrifugation, also has definite
. possibilities for application.

No explanation can be offered for the failure of many widely used frothing agents.
Oleic and linoleic acids are widely used in the mineral processing industry but were of
no value when used in the algal suspension. However, frothers might not be expected
to perform in an organic system as they do in an inorganic system, because as other
workers such as Gaudin (1962) have pointed out: (1) microorganisms are much
smaller than mineral particles, (2) the specific weight of the organism is close to that
of the liquid itself, (3) bubble encounter is probably less likely because of the first two
reasons, and (4) an organic system is constantly changing, making it difficult to balance
frothing dosages.

The next step will be to undertake a pilot study actually to determine the feasibility
of this process on a larger scale. This later study can also provide a base for a realistic
economic evaluation.
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gure 5. Nitrogen removal at a pH of 9.5 as a function of sodium oleate concentration.
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igure 6. Nitrogen removal with 1 ppm sodium oleate as a function of pH.
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‘onclusions

‘he pH was found to have a significant effect on both the efficiency of the froth
peration and the froth characteristics. At high and low pH values, the froth was ve
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