


method originally developed to concentrate metallic
ores in the minerals industry looks set tor success In

the treatment of industrial waste.
Known as foam flotation, the innovation basically uses air
bubbles to remove unwanted contaminants in the waste-water
discharged by potentially water-polluting industrial processes

Brett Wright

In a series of pilot-plant trials, a team led by Dr Julie Beeby
at BHP Research in Newcastle and Dr David Dixon at CSIRO's
Division of Chemicals and Polvmers in Melbourne evaluated
an experimental foam flotation unit used in the treatment of
effluent from steel rolling mills

I'he effluent — an emulsion of water, oil and detergent -

comes from the rolling of steel at two BHPP

A foam generated by the bubbles attaches
to the contaminants, separating them from
the water.

The use of flotation to separate ore par-
ticles from the surrounding gangue or
dross is a long-established technique in
minerals processing. A three-year joinl
research project between CSIRO and BHP
has developed ftlotation into a versatile
technology capable of handling a range of
liguid wastes. The wastes may be from
industries such as food processing, pulp-
and [*.1}:.-1'-|t1.=ku~.;:_ stoel ]*uulln tion, wool
scouring, chemical manufacture, and tex
tile dveing.

Australian industry each year produces
a torrent of waste-water — one estimate is
100 million cubic metres a vear — much of
it contaminated with oil, grease, detergent,
salt or rotting vegetable and animal matter.
The cost of treating this water before re-use

in the plant or discharge to sewer, creek or

Aim
Adapt foam flotation technology for
treating a range of liquid wastes.

Benefits

Cheaper and more versatile than
existing methods. More water can
be recycled in plant.

Future

Installation of foam flotation plants
al Western Port and Port Kembla,
Partners sought for commercialisa-
tion of process in Australia and
OVErseas.

Contact

Technical enquiries: Dr David
Dixon, CSIRO Division of
Chemicals and Polymers, Private
Bag 10, Clayton, Victoria 3168,
(03) 542 2418, fax (03) 542 2415.

mills. The mills are at Western Port in
Victoria and Port Kembla in New South
Wales. The Victorian mill produces aboul
250 000 litres of waste-water a day, requir-
ing treatment before discharge. An exist-
ing treatment plant, built in the 1970s
uses heat and acid to ‘crack’ the emulsion
and separate oil from water, but the acid
plant i1s severely overloaded and costly to
run.

At Port Kembla, the mill dailv pro-
duces more than 600 000 litres of waste
water that needs treatment and, although
the mill has an adequate treatment plant,
there is an urgent need to improve the
plant’s ability to handle other effluents
from steel production

Foam flotation is based on the princi-
ple that many of the contaminants com-
monly found in industrial waste-water,

such as oil and grease, can be made to

farmland is rising sharply, in line with
tighter environmental controls on industri-
al and commercial premises

In 19490, BHP and CSIRQ agreed to jointly investigate and
test novel methods of ameliorating industrial effluents and
spills by both biological and chemical means. Among three
areas of research under the agreement was foam flotation, a
CSIRO-patented process that had not then been studied
beyvond the laboratory.

coalesce and rise to the surface more read
ily than sink and settle at the bottom. This
1s because the organic compounds in oil
repel water molecules and, whenever possible, tend to move
quickly to the air-water interface

|.)L'IL'|-],.:L'|”“, however, kL‘L‘[_“' the oil LiTl!‘P[L'l‘-\ finely L“H}"L‘I'HL'Lt
through the water and stop them from coalescing and floating
to the surface. In treatment systems that depend on settlement,
it may take many hours or days for the oil to separate from the

Foam treatment bubbles oil away
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1. Oil is dispersed in fine droplets throughout the waste-water coming
from the rolling mills. Such oil-water emulsions are often highly stable
and do not quickly separate out with treatment.

2. Polyelectrolytes are added to the effiuent, flocculating the emulsion.
‘Bridges’ are formed between the dispersed oll molecules, causing them
to clump together.

3. Air is pumped into the water. The aggregated oil particles attach
themselves to the air bubbles and rise to the surface.

4. The oil and air form a foam floating on the surface of the effluent
which can be skimmed off for further treatment. The remaining liquid is
much cleaner and suitable for discharge or re-use in the plant
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water, But in foam
flotation, the effect of
the detergent is
reversed by adding a
chemical called a poly-
electrolvte that forms
an electrical l?rn.l_ur
between the organic
compounds in the oil
and makes it easier for
the emulsion to break
down into separate
water and oil phases.

The specific poly-
electrolytes used in the
CSIRO-BHP research
Aare i | COITIMErc I-!I
secret. Typically, how-
ever, they are polymers
in the shape of long
chains with eleclrical-
ly-charged side branch-
es that attract the oil
molecules. Each poly-
electrolyte molecule
can I.ht.'ill..'hlll." cause
many oil molecules to
join up and form an aggregate or clump
11I’I l‘:il| Lil'ﬂr\ll.‘t.‘* ] |"It' |1!'(1:_'|'Nh s L'a!”l._‘n.!
flocculation.

Air is then pumped into the effluent
through a tube that has a small rotating
blade at its base. The blade “slices’ the
air into finely dispersed bubbles about
I mm in diameter. As these percolate
through the water, the aggregated oil
[mrhg'iu- attach themselves to the bub-
bles and are rapidly carried to the sur-
face where a froth or foam is formed
Once on the surface in a foam, the oil
can be mechanically skimmed and

removed, leaving a relatively clean
body of water behind for discharge or
re-use in the plant.

A major advantage that foam flota-
tion has over other treatment systems is
its ability to handle widely varying con
centrations of contaminants without
any substantial loss in treatment quali-
ty. The concentration of oil in rolling-
mill effluent, for example, can vary from
100 parts per million (ppm) toas high as
10 000 ppm.

Although the principle behind foam
flotation is surprisingly simple, much

BHP Western Port: the steel mill
preduces about 250 000 litres of
waste-water a day.

Inside BHP's hot strip mill.
Rolling of steel slab into long
sheets occurs here and at the
cold-rolling mill, whera mineral
oil and tallow are used as lubri-
cants. The mills roll about 1.5
million tonnes of steel a year.




research effort has been devoted to
determining the best combination of
two key factors: the amount of polyelec-
trolyte added and the length of time
spent aerating the effluent. In the trials,
the researchers set themselves two main
goals: the process had to remove at least
90% of the oil, and the volume of the
removed oil-foam fraction had to be less
than 15% of the incoming effluent.
Achieving these goals is a balancing act:
a high level of oil removal requires
more flocculant and aeration, but at the
expense of creating a greater volume of
oil and foam.

U:-,iin!_; a g'nml_‘!utt‘riﬁed technique
known as statistical experimental
design, the scientists devised a series of
laboratory tests that would optimise the
concentration of polyelectrolyte and the
‘residence time’ (the time the effluent
spends in the treatment tank). These
tests led to lengthy trials, using a pilot
plant with 10-litre tanks capable of
treating up to 6 litres of effluent a
minute.

One such trial — with effluent con-
taining between 350 and 3500 mg of oil
per litre of water — removed more than
95% of the oil and grease. When the res-
idence ime was limited to 8 minutes, it
was still possible to remove more than
92% of the oil, while maintaining the
volume of the output below 15% of the
input volume.

Dr Dixon, a senior principal research
scientist at the CSIRO Division of
Chemicals and Polymers, says the foam
flotation system is faster, more robust,
cheaper to build and cheaper to run
than existing treatments.

'BHP has 100 years of flotation
expertise, and we have a long history in
effluent treatment, so the combination
of research skills has been pretty good,’
he says.

In recent months, the researchers
have proved that foam flotation can
treat effectively many different types of
industrial effluent. With the highly pol-
luting effluent from wool-scour mills,
for example, the process removed more

than 98% of the turbidity (a measure of
the cloudiness of the effluent) and more
than 95% of the wool grease.

Successful tests have also been con-
ducted with effluents from dve houses,
abattoirs, chicken and coffee-processing
plants, print businesses and pulp and
paper mills.

BHP Steel is considering the installa-
tion of two foam flotation plants, one at
Western Port and the other at Port
Kembla. CSIRO is seeking a business
partner interested in the commercialisa-
tion of the process, both in Australia
and overseas.
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