
Industrial wastes with 
potential 
O n the Swa n coastal plain , tn the south
western com er of Western A ustrali a, three Alcoa 
re fin eries, along with a refinery owned by the Worsley 
Consortium, generate about e leve n million to nnes of 
bauxite residue each year - twice the weight of the 
alumina produced in the re fining process. 
Western Australia has the dub1ou~ distinc
tiOn of producing more than 40% of the 
Western world's ·red mud' from bauxite 
proccssmg. due to the pcculiaritic~ of the 
Darlin!( Range o re. Because this ore is so 
low grade. with its 2: I ratio or waste to 
alumina produced. the refining proccs~ pro
duce, more red mud here than in other 
countncs. where the ratio ~~ usually about 
1.1 

At the moment. the Western Australian 
refineries pump the residue '"a ' lurry or 
~olid' in caustic solution into Iorge hold
ing ponds. The solids settle and most of the 
cau~llc solution is recycled. Pumps and 
drain:~ge pipe~ remove additional caustic 
solution over a period or yea~ The mdus· 
tr) finall) reclaims ponds b) co,cnng the 
rc;iduc mud with a layer of the coarser 
rc;iduc sand and growing pn'lurc' on them. 

The po•!ds present some environmental 
risks to surrounding arcus. At Alcoa's 
K win;1nu refinery, small amounts or caustic 
;olution h:tvc leaked through minor defects 
in the clay layer lining the ponds. and have 
contaminated groundwater beneath the 
pond,. Furthermore. after pumping or the 

ponds \tOJl". winter rains can flood them. 
bringing caustic solutions to the surface. 

The pond' ttc up quite a bit of lund bet
ween them. l'he present area covered by 
red mud ponds ut the three Alcoa refineries 
is about 650 hecla res. This area increases at 
a rate or 40 ha annually. 

Dr Mike 1 hornbcr of the cstKO Divi~ion 
of Mineralogy and GeochemiStry e,timatcd 
that. "ith the waste practices used before 
1978. b) the tnnc the industry wound down 
in about the year 2030, some 40 "I· km of 
the Swan cousta l plain would have been 

A 'dry' disposnl nreo at K><inana , sho,.ing 
the cracking oun-dried red mud. 

covered w a depth of 20 me tres. About 23 
million tonncs of cau;t ic soda would huve 
been used 111 the processing. Now. 
improved caustic recovery from the mud 
and better dt'>po,al procedures are 1mpnn 
ing the s1tuat1on 

The residue COnSISts of two fraCtiOn' -
sand and riner red mud. The sand compo 
nent quicldy lch the highly alkaline caustic 
pass through it. Uut the fine red mud hold' 
n lot of chemically combined ;lncl dis;.olvccl 
caustic. and i' more difficu lt to 'clean' . 

Some has been u'cd 10 make brick.. but 
not enough to ~ub~tantially reduce the dis
posal problem. Possibly a d•scover) b) Or 
Jim Barrow of the 0-.tRO Division of Anunal 
Production in Penh - that red mud can be 
used to improve loca l soils - will help 
mnucrs. 

Soil a me ndmcnl 

The three Alcoa n:rineries on the Swan 
coastal plain -at Kwinana. PmJarra. and 
Wagerup he 30, 80. and 100 km >Outh of 
l'usture growing on u trial plol in 
springtime- this plot had been prepared 
by adding 2000 lonnes ur red mud-,zypo-.nn 
mixlurc per hectn rc. 



Perth rel>pectjvely. Soils in the region con
sist of (:oarse acid sands that cannot retain 
water and added fertilizers. Further. some 
of the soils are difficult to wet as they repel 
water. 

Dr Bnrrow's imerest in red mud began 
when he w~tS researching the pollution of 
coastal recreational areas by fertilizer con
stituents. particularly phosphates. Farmers 
in the area have to add large quantities of 
phosphates to the porous sandy soils to try 
to make them productive. These eventually 
leach into the groundwater and out into 
areas like the Peel-Harvey Inlet . causing 
suffoctllion of the marine life there through 
cxccs~ive growth of algae. 

Dr Darrow suspected thnt the fine 
alkaline red mud from alumina processing 
could be used to counter the problems 
posed by acid sandy soils. He <;ct up labora
tory and pot trials to stud} the effects on 
pasture plants of adding red mud Cilter-cake 

obtttincd by fi ltering red mud slurry- to 
the coastal plain soi ls. 

It rapidly became cle<tr that the red mud, 
even after filtering, was too a lkaline 10 use 
on its own. since it contained large umounts 
of the alkahne salts, sodium carbonate and 
~odtum hydroxide. The solution to this 
problem came from another waste product 

gypsum. 
Lmge ttmOutHs of waste gypsum arc pro

duced as a by-product of phosphatc
fcni litcr production at Kwinana . Until a 
few y~ar~ ago. manufacturers discharged it 
into the sea. but this ceased after authorities 
reali1cd that phosphate and cadmium in the 
gypsum caused pollution problems. 
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When Or Barrow mixed gypsum (hyd
rated calcium sulfate) with caustic red 
mud, the highly alkaline substance~ were 
ncutrali7ed , leaving limestone and dissolv
ed sodium sulfate. Not only had he found a 
means of disposing of the gypsum. he had 
also found a way of buffering the red mud to 
give it a much lower al kali nity . 

This buffering c[fcct had add itional sig
nificance. I lis laboratory studies had shown 
that. if the red mud was acidified. the more 
acid it became, the more strongly it retained 
phosphate. On the other hand. the more 
alkaline the mud was, the more strongly it 
retained potassoum and cadmium. Dr Bar
row felt that the presence of lime. precipi 
tated from the gypsum, huffercd the red 
mud :tt a convenient poin l o n the scale 
- not so acid that low availabi lity of 
phosphoru~ might be a problem, but alk
aline enough so that cadmium was not very 
available and potassium was held ugain<t 
leaching. 

In glasshou~e pot trials , Dr Barrow found 
that medics could be grown on the modified 
red mud, particularly with the ~tdditiorl of 
phosphate. potassium. and manganese. But 
residua l sodoum sulfate seemed to limit the 
growth of other ~pecies such as clovers. Dr 
Barrow believes that this problem arose 
bce;tusc the red mud was leached too 
quickly to remove sufficient sodium sulfate. 

Late r experience in the field ~howcd that 
the slower leaching caused by rain ~ccmcd 
to be more effective at wash ing the sodium 
sulfate out . This, however. gcncrotes the 
new problem of addi tional sodium sulfate in 
the groundwater. But, as Dr Barrow 
pointed out . the consequence of a once
only dOl>c of ~alts would be a reasonable 
price 10 pay to prevent the more ~erious 
phosphate problem. 

To test red mud application on u lurgcr 
scale. Mr Sam Ward of Alcoa set up field 
trials during 1982-84, using red mud from 
the Kwinnna refinery and waste gypsum 
from a ncarh) ~upcrphosphatc \\ Ork~ . In 
experimental plots, Mr Ward. and Mr 

Rec.laiming dried mud-gypsum mixture 
from a drying bed for usc in soil
amendment trials. 

Warren Tacey and Mr John Summers. also 
of Alcoa. incorporated from 200 to 2000 
ton nell of gyp~urn-trcated residue per hec
tare into sandy soils typical of those in the 
Peel- Harvey estuarine system. They then 
planted medics and subterranean clover 
pasture on the treated plots. 

The treatment ~ignificantly increased ~ec
ond-ycar pasture yields on all sites. The 
amended red mud. which has a loamy tex
ture, increased sotl water and potac;.~ium 
retention. and the legumes· Rlrizobi11m 
nodulation. 

'Red mud' can be used to 
improve local soils. 

The Alcou team had also set up special 
micro-plots on t rca ted areas to coll ect 
leachate after rainfall . On these plots. they 
spread superphosphate to supply up to 270 
kg of phosphorus per hectare- 15 times 
the normal application rate- to gauge the 
residue's ability to retain that nutnent. 
Their re~ult~ proved that this ability was. 
indeed. high enough to prevent phosphorus 
loss into groundwater, even at very high 
application rntcs. 

Whttt arc the pract ical possibilit ies"/ Mr 
Don Glcni!.ter, Alcoa's Residue Develop· 
mcnt Manager. has suggested two possible 
courses of action. One is to cover a lot of 
country quickl) with a low level of residue 
to reduce phosphorus loss and pollution of 
the Pccl- Hnrvcy estuary. Thb would 
require additions of up to 200 tonnes per 
hcct<trc. Sut ~uch levels don't help increase 
pasture productivity through improved soil 
texture and water retention. For thttt to 
happen. you need applications of between 
SOO and 2000 tonnes of treated red mud per 
hectare Of pasture ~Oib. These level~ \\OUid 



virtually replace the existing sandy topsoil 
with a new loamy one. 

At this point, cost efficiency doesn't look 
good. Transporting the residue to farms and 
spreading it on land costs much more than 
storing it. So bauxite residue used in this 
way is not likely to absorb more than <t small 
proportion of the total amount produced. 

Dry dis pos al 

One of the alternatives being considered by 
Alcoa is dry waste disposal. The technique 
involves distributing the residue in layers 
onto drying beds, where the sun dries it . 
The dried mud may be stacked on top of 
existing residue deposits rather than dis
posed of in new slurry ponds. Although the 
dry residue is still alkaline, the disposa l 
operation al lows for the addition of gypsum 
or acid to neutralize the caustic. 

The main advantage of dry-stacking is 
that it reduces the area ,of land needed for 
future waste storage and results in a denser 
and more stable deposit. The residue is also 
easier to handle in a concent rated dried 
form , and so can readily be used for soil 
amendment and other purposes. Alcoa has 
had a small dry disposal operation under 
way at Kwinana since early in 1984 and 
hopes to heg.in converting all of its plants to 

The red mud-gypsum mixtu re greatly 
reduces phosphate losses from sandy soils 
in the south-west of Western Austra.lia . 
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dry disposal within the next few years. The 
Worsley Consortium refinery has already 
begun dry stacking bauxite waste. 

Nevertheless. in places like the Peel
Harvey inlet area. the possible benel'i\S of 
treated-residue application - increased 
productivity and a cleaner estuary- can't 
be dismissed. A lcoa is carrying out research 
into alternative methods of residue treat
ment for so il application, includ ing mixing 
red mud with the acid efnuent from 
titanium relining . 

The titanium dioxide refining company, 
S.C.M. Chemicals, has a refinery at 
Australind, some 70 km from Wagerup. 
The Western Australian government is col
laborating with Alcoa to investigate the 
feasibility of co-disposal. 

Titanium processing leaves a residue of 
su lfuric acid and ferrous su lfate. or 'cop
peras'. At Murdoch University in Perth. a 
team headed by Dr Goen Ho has found that 
copperas-neutralized red mud has excellcn t 
phosphate-adsorption capacities. Tn one 
trial, they mixed a small amount of this red 
mud with leachate from heavily fertilized 
farming areas and found that the mixtu re 
removed up to 97% of the dissolved phos
phate. 

Dr 1-lo has also been investigating the 
environmental impact of red mud and its 
usc in pollution control. The very qualities 
that make the red mud usefu l for agricu l
tural purposes are being appl ied 10 pollu
tion problems. 

With the assistance of Penh's Metropoli
tan Water Authority, Dr Ho has been devis
ing a technique for purifying sewage 
effluent so it can be used to recharge 
groundwater. Recharging of groundwater is 
usua ll y carried out by pumping previously 
treated effluent through a spreading (or 
'recharge') basin, in which the soil further 
filters the erouent. But sandy soils filter 
inefficiently. Dr Ho discovered that the 
addition of treated red mud to the soil 
increased the filtration rate of heavy metals, 
bacteria , and viruses from the effluent. He 

... and mixing it info sandy soil using an 
earthmoving 'scraper' . 

believes that this use of red mud could even 
be extended to lining rubbish tips to prevent 
leaching of pollutants into groundwater. 

The main problem associated with the 
usc of treated red mud is the addition of 
salts, especially sodium su lfate from gyp
sum-treated mud, to soils . Dr I Jo observed 
that- due to soil porosity and high winter 
rainfall - most of these salts leached into 
the groundwater during the first year of 
treatment , and b<!came diluted and dis
persed to safe concentrations. 

As Mr Glenisrer points out, the idea of 
using bauxite residues on soi ls is sti ll a radi
cal one. The. long-term effects of treated red 
mud have yet to be evaluated. And equita
hle transponation cost-sharing arrange
ments - between State departments, 
refineries , and farmers - would have to be 
worked ou t. But the benefits of increased 
pasture productivity, usefu l employment of 
industria l wastes, and a cleaner environ
ment may make the red mud hard to refuse. 

Mary Lou Considine 
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