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Foam flotation 
an efficient liquid-waste treatment 



Br ett Wri ght 

AmeU1od originally developed to concentTate metallic 
ores in Lhe minerals industry looks set for success in 
the treatment of indus tTia l was te. 

In a series of pilot-plant trials, a team led by Dr )ulie Beeby 
at BHP Research in Newcastl e and Dr David Dixon at CSlRO's 
Division of Chemicals and J>olymers in Melbourne evaluated 
an experimental foam flotation un it used in the treatment of 
effluent from s teel roll ing mil ls. 

Known as foam flotation, the innovation basic:al ly uses air 
bubbles to remove unwanted contaminants in the WilSt<~wa ter 

discharged by potential ly water-polluting industrial processes. 
A foam genera ted by the bubbles attaches 
to the contaminants, separa ting them from 
the wilier. 

The effluent -an emulsion of water, oil and detergent -
comes from the rolli ng of s teel at two BHP 
mills. T he mills a rc at Western Port in 

The use of flotation to separa te ore par
ticles from the surrounding gang uc or 
dross is a long-es tablished technique in 
mineml~ processing . A three-year joint 
research project between CSrRO and BHP 
has developed flota tion into a versatile 
technology capable of handling a range of 
liquid wastes. The wastes may be from 
industnes such as food processing, pulp
and paper-making, steel production, wool 
scouring, chemical manufocture, and tex
tile dyeing. 

Austral ian industry each year produces 
a torrent of waste-water- one estimate is 
100 million cubic metres a year- much of 
it contaminated with oil, g rease, detergent, 
salt or rotting vegetable and animal ma tier. 
1l1e cost of trea ting this water before re-use 
in the plant or dL>charge to sewer, creek or 
farmland is ris ing sharply, in li ne with 
tighter environmenta l controls on industri · 
al and commercial premises. 

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 
at Western Port and Port Kembla . 
Partners sought for commercial isa
tion of process In Australia a nd 
overseas. 

Contact 
Technical e nquiries : Or David 
Dixon, CSIRO Divis ion of 
Chemicals and Polymers , Private 
Bag 10, Clayton, VIctoria 3168, 
(03) 542 2418, lax (03) 542 2415. 

Victoria and Port Kembla in New South 
Wales. The Victorian mW produces abou t 
250 000 litres of waste-water a day. requir
ing tr·eatment before discharge. An exist· 
ing trea tment p la nt, built in the 1970s, 
uses heat and acid to 'crack' the emulsion 
and separa te oil from wa ter, but the acid 
plant is severely overloaded and cosily to 
run. 

AI Port Ke mbla, the mill daily p ro
d uces more than 600 000 litres of waste
wa ter that needs treatment and, a lthough 
U1e miU has an adequate treatment plant, 
there is a n urgent need to improve the 
plnnt's ability to hnndlc other effluents 
from s teel production. 

Foam flotation is based on the princi
ple that many of the contaminants com
monly found in indus trial waste-water, 
such as oil a nd g rease, can be made to 
coalesce and rise to the s urface more rend-
it y than sink a nd setUe a t the bottom. This 
is because the organic compounds in oil 

In 1990, BHP and CSIRO agreed to jointly investiga te and 
test novel methods o f a meliorating industrial effluents and 
spilb by both biological a nd chemica l means . Among three 
areas of research under thl' agreement w;~s foam flolillion, a 
CSlRO-patented process that had not the n been s tudied 
beyond Lhe laboratory. 

repel water molecules a nd, whenever possible, tend to move 
quickly tu the air-water interface. 

Detergents, however, keep the oi l droplets finely dispersed 
through the water and s top them from coalescing and floating 
to the s urface. In treatment systems that depend on settlement, 
it may take many hours or days for U1e oil to separa te from the 
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water. But in foam 
flotation, the effect of 
the detergen t is 
reversed by add ing a 
chemical called a poly
electro ly te that forms 
an e lcc t ri cnl bridge 
between the organic 
compounds in the oi l 
and makes il easier for 
the emulsion to break 
down into separa te 
water and oil phases. 

The specific poly
electrolytes used in the 
CSTRO-BH P research 
arc a commercia l 
secret. Typically, how
ever, they are polymers 
in the shape of lo ng 
chains wi th e lectr ica l
ly-charged side branch
es tha t attract the oil 
molecules. Each poly
electrol y te molecu le 
can therefore cause 
many oil molecules to 
join up and form an aggrcgnte or dump 
of oi l drop lets. The process is called 
flocculation. 

Air is then pumped into the effluent 
through a tube that has a small rotating 
blade at its base. The blade 'slkes' the 
air in to finely dispersed bubbles about 
1 mm in diameter. As these percolate 
through the water, the aggregated oil 
particles 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 mechan ically skimmed and 
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ren1oved 1 leaving a relatively clean 
body of water behind for discharge or 
re-use in the p lnnt. 

A major adv;mtage that foa m nota· 

tion has over other treatment system~ is 
its ability to handle widely varying con· 
centrations of contaminan ts w ithout 
any subst~ ntial loss in treatment quali
ty. Th e concentrat ion o f oi l in rolli llg· 
mill effluent, for exilmple, c~n vary from 
100 parts per million (ppm) to as high as 
10 000 pp m. 

Although the princip le behind foam 
flotation is surprisingly simple, much 

BHP Western Port: the steel mill 
produces 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, where mineral 
oil and tallow are used as lubrl· 
cants. The mills roll about 1 .5 
million tonnes of steel a year. 



research e ffo rt h as been d evoted to 
determining the best combination of 
two key factors: the amount of polyelec
trolyte added a nd the length o f time 
spent aerati ng the effluent. ln the trials, 
the researchers set themselves two main 
goals: the process had to remove at least 
90% of the oil, a nd the volume of the 
removed oil-foam r raclion had to be less 
than 15% of the incoming effl uent. 
Achieving these goals is a balancing act: 
a high level of oi l removal requires 
more flocculant and aeration, but at the 
expense of creating a greater volume of 
oil and foam. 

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 time was limi ted to 8 m.inu tes, il 
was s till possible to remove more than 
92% of the o il , while mainta i11lng the 
volume of the output below 15% of the 
input volw11e. 

than 98% of the tmbidlty (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 dye houses, 
aba ttoirs, chicken and coffee-processing 
p lants, print businesses and pulp and 
paper m.ills. 

BHP Steel is considering the installa
tion of two foam flota tion plants, one at 
Wes te rn Por t and the other at Port 
Kembla. CSIRO is seeking a business 
partner interested i.n the commercial isa
tio n of the process, both in Austra lia 
and overseas. 

Dr Dixon, a senior p rincipa l research 
scient ist at the CSlRO Div ision o f 
Chemicals and Polym ers, says U1e foam 
flotation system is faster, mo re robust, 
cheaper to build and cheaper to run 
than existing treatments. 

Using a computerised technique 
known as s tatist ica l 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 
plan t with 10-lilre tanks capable of 
treating up to 6 litres of effluent a 
minute. 

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

tn recent months, the re sea re hers 
have proved that foam flotation can 
treat effc,.'Ctivcly many d ifferent types of 
industrial effluent. With the highly pol
lu ting effluent from wool-scour mills, 
for exam pie, the process removed more 
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CSIRO'~ research DiviSIOns and the 
Institutes to which Utey belong arc 
listed below. Inquiries can be dir~'Cted 
to lhe appropriat~ Division or 
l.nstitut~, or to any o[ficc of the CSIRO 
Inform~ti<ln NeMork: 

Institute of Information Science and 
Engineering 

105 Delhi Road, North Ryde, NSW 
PO Box 93, North Ryde, NSW 2113 
Tel (02) 887 8222 Fax. (02) 887 2736 
Division of lnfonnation Technology 
Division of M;Jthcmatics and 

Statistics 
Division of Radlophysics 
CSIRO Office of Space Science and 

Applications (COSSAI 

Institute of Minerols, Energy •nd 
Construction 

105 Delhi Road, North R)•de, NSW 
PO Box 93, North Ryde, NSW, 21 13 
Tel. (02} 887 8222 Telex 25817 
Fax. (02) 887 SJ97 
Di'•ision of llui lding, Construction 

,tnd Engineering 
Division of Coal and Energy 
Technology 

Division of Exploration Ceoscience 
Division of Gcomcchanics 
Division of Min.crnJ and Process 

Engineering 
Division of Mineral Products 

Institute of Industria l Technologies 
Nonnanby Road, Oayton, Vie 
Private Bag 28, Clayton, Vie, 3168 
Tel. (03) 542 2968 Telex 32945 
Fax. (03) 543 2114 
Division of Applied Physics 
Division of Biomolecular Engi neering 
Division of Chemicals and Polymers 
Division of Manuiacturing Technology 

Institute of A11inutl Production MOd 
l'rocessing 

105 Delhi Road, North Rydc, NSW 
PO Box 93, North Rydc, NSW, 2113 
Tel. (02) 887 8222 Fax. (02) 887 8260 
Division of Anin1at Health 
Division of Animal Production 
Division of Food ProcessiJlg 
D ivision of Human Nutrition 
Division of Tropical Animal Production 
Division of Wool Technology 

Lnst.ilutc of PI M~tl'roduction a.nd 
Processing 

Limestone A vt>nue, ACT 
PO Box 225, Dicks<m, ACT, 2602 
Tel. (06} 276 6512 Telex 62003 
Fax. (06) 276 659 
Division of Entomology 
Division of Forestry 
Division of Forest Producl5 
Division of Horticu lture 
Divis ion of Plant Industry 
Divis ion of Soils 
Divisioll o£ Tropical Crops and Pastures 

IJtstitute of Natural Resources and 
Environment 

Limestone Avenue, Canberra, ACI 
PO Box 225, Oickson, ACT, 2602 
Tel. (06) 276 6240 Telex 62003 
Fax. (06) 276 6207 
Division o£ Atmospheric Research 
Division of Fisheries 
Division of Oceanography 
Division of Wa ter Resources 
Division of Wildlife and Ecology 
Centre for Envitorune.ntal Mechanics 

CSIRO lnfonnation Network 
Sydney 

Tel. (02) 413 7526 
Fax. (02) 413 7631 

Melbourne 
Tel. (03) 662 7116 
Fax. (03) 662 7140 

Adelajde 

Hoba.rt 

I'erth 

Tel. (08) 21i80116 
Pax. (08) 347 1703 

Tel. (002) 206 222 
Fax. (002) 240 530 

Tel. (09) 387 0200 
Pax. (09) 387 6046 

Oanvin 
Tel. (089) 221 711 
Pax. (089) 470 052 

Brisbane 
Tel. (07) 377 0390 
Fax. (07) 377 0387 
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