


A tidier way 
to clean up 
water 
The underground water 
supplying a growing 
proportion of Perth's 
needs is typically dirty, 
smelly, and foul-tasting. 
But when it emerges 
from the treatment plant 
it is indistinguishable 
from the clean water 
drawn from the river 
reservoirs in the hills. 

Trea tmen t r e m o v e s a variety o f sub
stances — i n c l u d i n g c lay , d i s so lved o r 
gan ic c o m p o u n d s , i ron , and the h y d r o g e n 
sulf ide that is ma in ly respons ib le for the 
Water's bad smel l . I t a lso takes o u t b a c 
teria, viruses , and algae. 

T h e plant that treats m o s t o f the Perth 
underground water employs a process that 
has remained u n c h a n g e d in its essentials 
for 80 years or more. T h i s tried and proved 
t echn ique c leans u p t o w n water a round 
the wor ld . But a longs ide the c o n v e n t i o n a l 
plant is another, p r o c e s s i n g 35 m i l l i o n 
litres o f water a day, that e m p l o y s an en
tirely n e w p rocess ca l l ed S i ro f loc . 

D e v i s e d at t he C S I R O D i v i s i o n o f 
C h e m i c a l T e c h n o l o g y i n M e l b o u r n e , 
S i ro f loc ' s advantages i n c l u d e substantial 
savings i n the c o s t o f treatment plants and 
b i g r e d u c t i o n s i n was te -d i sposa l p r o b 
l ems . W o r k o n the p rocess began o n l y in 
1976 , and progress f rom the laboratory 
b e n c h to full-scale p r o d u c t i o n o c c u r r e d at 
near - record p a c e . D e v e l o p m e n t to full 
c o m m e r c i a l sca le has b e e n carried o u t by 
CSIRO and A U S T E P , a jo in t venture o f 
D a v y M c K e e Pac i f ic and J. O . C l o u g h 
and S o n . 

Las t year the T a s m a n i a n Rivers and 
Water Supply C o m m i s s i o n p laced the first 
order for a S i ro f loc plant w o n i n o p e n 
c o m p e t i t i o n against all c o m p e t i n g sys
tems. T h e $ 1 • 2 m i l l i o n plant is due to be 
g i n treating the water suppl ied to Be l l 
B a y , n o r t h o f L a u n c e s t o n , b y n e x t 
summer . 

Perth 's S i ro f loc plant — f inanced by the 
F e d e r a l D e p a r t m e n t o f S c i e n c e a n d 
T e c h n o l o g y under a s c h e m e to e n c o u r a g e 

24 



the d e v e l o p m e n t and market ing o f water-

treatment t e c h n o l o g y in Austral ia — has 

an exper imenta l ro l e as w e l l as its very 

pract ical o n e i n the water-supply system. 

Scient is ts and engineers are u s ing it to 

l o o k for ways to further i m p r o v e the w o r k 

ings o f the p roces s and its e c o n o m i c s . 

T h e water fed th rough this plant is as 

diff icult to treat as virtually any u sed for 

a t o w n supply , w h i c h makes it ideal for 

use in an exper imenta l plant. A sys tem 

that c a n c o p e w i th s u c h unpleasant water 

s h o u l d b e able to c o p e a lmos t anywhere 

e l se . 

T h e water has a turbidity rating o f about 

2 0 , c o m p a r e d w i t h the requi rement for 

dr ink ing water o f less than 1. Turb id i ty is 

c aused by material s u c h as c lay that is sus

pended, rather than dissolved, in the water, 

and its readings are der ived f rom m e a 

surements o f l ight-scattering by the sus

p e n d e d part icles. 

M e a s u r e m e n t s o f l ight absorpt ion g ive 

water 's c o l o u r rating, and the f igure for 

the Perth unde rg round water is be tween 

30 and 100 , c o m p a r e d wi th the usual re

qu i r emen t o f less than 5. ' C o l o u r ' is d is 

s o l v e d m a t e r i a l — m o s t l y o r g a n i c 

c o m p o u n d s der ived f rom rott ing vegeta

t ion. I f y o u fill a bath w i th water that has 

a c o l o u r rating o f 10, y o u c a n see the c o l 

our . I f the rating is 50 , y o u w o n ' t see the 

b o t t o m o f the bath. C lea r ly the Per th 

water , in its untreated state, w o u l d n o t b e 

n i c e to bathe in . 

T h e h y d r o g e n sulf ide (rotten e g g gas) 

in it, at a concen t ra t ion o f be tween 1 and 

2 mi l l ig rams per litre, w o u l d make the 

bath even m o r e unpleasant. D i s so lved i ron 

is another con taminan t that w o u l d make 

i tself felt, l eav ing a stain o n the bath and, 

perhaps, the bather. 

The conventional way 

I n the traditional water-treatment m e t h o d , 

f i ne p a r t i c l e s o f a l u m i n i u m h y d r o x i d e , 

g e n e r a t e d f r o m a l u m , g a t h e r u p t h e 

material c a u s i n g turbidity and c o l o u r , and 

the other impur i t ies . T h e particles carry 

a smal l pos i t ive electr ical cha rge , and as 

a result attract the general ly negat ively 

c h a r g e d c o n t a m i n a n t s . W i t h c o n t a m i 

nants attached, they c o m e together (or 

f loccu la te ) in to l o o s e aggregat ions ( f locs ) 

that gradually settle to the b o t t o m o f the 

treatment tank. T h e c l e a n e d water is then 

r e m o v e d and run th rough sand filters that 

prevent any r emain ing f l oc s f rom enter

i ng the water-ret iculat ion p ipe l ines . 

T h e ge la t inous watery s ludge left b e 

h ind , con t a in ing the a l u m f loccu lan t and 

con taminants , has to b e d i s p o s e d of. 

C o m m o n l y it is spread ou t o n the g round 

in large 'drying beds ' , w h e r e evaporat ion 

and infiltration into the earth eventual ly 

get r id o f m o s t o f the water. T h e semi 

sol id res idue is then usual ly transported 

to landfi l l sites. 

B e c a u s e o f the large areas required for 

dry ing and the c o s t o f transport, d isposa l 

o f the s ludge c a n b e very expens ive . I n 

s o m e parts o f the w o r l d , w h e r e the land 

needed for drying is no t avai lable or the 

weather rules out evaporation as the drying 

m e t h o d , centr i fuges are used to r e m o v e 

the s ludge water. T h i s adds greatly to the 

d isposa l cos t s . 

Was te d isposal is m u c h less o f a p r o b 

l e m wi th S i ro f loc , because the material 

that p i cks u p the impuri t ies dur ing water 

treatment is r ecyc l ed rather than d u m p e d . 

T h e quanti ty o f waste is m u c h smaller , 

and essential ly all it c o m p r i s e s , apart f rom 

water, is the c o l l e c t e d impuri t ies . 

It c o u l d be used for irr igation, o r s imply 

b e a l l o w e d to infi l t rate b a c k i n t o the 

g round . W h e r e the water b e i n g treated 

w a s taken f rom a river and represented 

o n l y a smal l p ropor t ion o f its f l o w , the 

waste c o u l d b e returned to the river — 

what w a s b e i n g d u m p e d , after all , w o u l d 

b e essential ly what was r e m o v e d , m i n u s 

m o s t o f the water. 

The magnetite method 

Instead o f a l u m i n i u m hydrox ide , S i ro f loc 

uses magnet i te particles to gather u p the 

water 's impur i t ies . Ac t iva ted by treatment 

w i th caus t ic soda , they acqui re a pos i t ive 

cha rge w h e n dispersed in the water re

qu i r ing treatment. Usua l ly smal l quan

tities o f ac id n e e d to b e added to the water, 

as l o w e r i n g the p H increases the charge 

o n the magnet i te , and h e n c e increases its 

a t t r ac t ion fo r the n e g a t i v e l y c h a r g e d 

con taminan ts . 

Set t l ing ou t the part icles p lus impur i 

ties is a m u c h q u i c k e r ope ra t i on w i t h 

S i ro f loc than i n the c o n v e n t i o n a l system, 

because advantage is taken o f the par

t ic les ' m a g n e t i c propert ies . T h e m a g n e 

ti te-water mixture is passed be tween the 

po le s o f a magne t . A s a result , the par

t icles b e c o m e magne t i c , c l u m p together , 

and rapidly fall to the b o t t o m o f the set

t l ing tank. 

B e c a u s e this happens in minu tes c o m 

pared wi th the h o u r or t w o it takes the 

f l oc s to settle in the c o n v e n t i o n a l p roces s , 

a m u c h smaller area o f sett l ing tank is 
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n e e d e d in a S i ro f loc plant, resul t ing in 

s ignif icant c o s t savings. 

A l s o the settl ing ou t is virtually c o m 

plete, e l imina t ing the n e e d for the sand 

filters used in c o n v e n t i o n a l plants and 

again r e d u c i n g cos t s . H o w e v e r , the nex t 

step in the p rocess — regenera t ion o f the 

magnet i te for re-use — d o e s n o t have a 

counterpart in the c o n v e n t i o n a l p roces s 

and reduces the cos t savings o f S i ro f loc . 

T h e magnet i te wi th attached impur i 

ties is washed wi th caust ic soda , ra is ing 

its p H and in the p rocess c h a n g i n g the 

cha rge o n its surface f rom posi t ive to neg 

ative. A s the magnet i te and con taminan t s 

n o w carry the same charge , they repel 

e a c h other . N e x t the magnet i te is washed 

wi th untreated water and magne t i c a l l y 

separated f rom the impuri t ies washed off. 

I t is then demagne t ized , w h i c h breaks u p 

the c l u m p s , preparing the part icles for re

use . 

A b o u t 5 0 t o n n e s o f m a g n e t i t e are 

c y c l i n g th rough the Perth plant. M o s t o f 

it c a m e f rom a nearby plant that up-grades 

minera l sands m i n e d in Wes t e rn A u s 

tralia; magnet i te is a by-product o f the up 

grading p roces s . Inevi tably s o m e is los t as 

water treatment p r o c e e d s , but the CSIRO 

and A U S T E P t eam e x p e c t s l o s s e s to 

a m o u n t to less than a tonne a year, w h i c h 

is n o t very m u c h f rom a plant p r o c e s s i n g 

35 m i l l i o n litres o f water per day. 

Polymers help 

T h e bas ic S i ro f loc p rocess deals m o s t ef

fect ively w i t h h i g h levels o f c o l o u r . T h e 

water it w i l l have to c o p e w i th i n T a s 

mania shou ld suit it w e l l ; this has a c o l o u r 

rating o f abou t 140 — h i g h e n o u g h to c o n 

cea l the b o t t o m o f a partly f i l led bath — 

but is n o t very turbid. 

T o r educe turbidity to acceptable levels 

in s o m e water, i n c l u d i n g Perth 's , small 

quanti t ies (about 1 mi l l i g ram per litre) o f 

o rgan ic p o l y m e r s k n o w n as po lye lec t ro -

lytes are used in c o n j u n c t i o n wi th the 

magnet i te . In teract ion o f the magnet i te 

and p o l y m e r p romote s turbidity remova l . 

T h e polye lec t ro ly tes either end u p i n the 

S i ro f loc p lant ' s waste stream or remain 

wi th the r ecyc l ed magnet i te . H i g h e r tur

bidity c a n m e a n that h igher concen t ra 

t ions o f magnet i te and polye lec t ro ly te are 

needed , together w i th b igge r and m o r e 

p r e c i s e a d j u s t m e n t s t o the i n c o m i n g 

water 's p H . 

Water hardness creates diff icult ies, t o o , 

as it d o e s w i th the conven t iona l a lum-

treatment p roces s . T h e p r o b l e m , i n Si ro

f l o c ' s case , is that the c a l c i u m and mag

n e s i u m ions that cause the hardness affect 

the electr ical charge o n the magnet i te . 

T h i s enhances the adsorpt ion o f the i m 

purit ies, but of f - loading the contaminants 

c a n b e c o m e m o r e difficult . 

Nevertheless , tests d o n e o n a w ide range 

o f waters s h o w that, w i th suitable adjust

ments to the p r o c e s s i n g c o n d i t i o n s , S i ro -

floc c a n c o p e i n m o s t si tuations. E v e n 

water drawn f rom the Murray River , wi th 

turbidity readings be tween 130 and 250 

and a c o l o u r level o f 2 5 0 , has b e e n up 

graded to drinking-water standard, wi th 

h e l p f rom an appropriate polye lec t ro ly te . 

T h e CSIRO team has tested bo th Si ro-

f loc and a lum treatment o n water f rom 

dozens o f sou rces . Usua l ly b o t h m e t h o d s 

proved equal ly effective, and in several 

cases S i ro f loc d id signif icantly better. 

Cos t savings 

Studies o f compara t ive cos t s sugges t that, 

despite the need for equ ipmen t to regen

erate the magnet i te , the capital c o s t o f a 

S i r o f l o c - b a s e d w a t e r - t r e a t m e n t p l a n t 

Treated water flows out of the Perth Sirofloc plant. 
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T h e s e magnetic drum separators in the 
Perth plant help prepare the magnetite 
for re-use. 



I n the m i d 1970s , spurred by est imates 
that Austra l ian ci t ies and t o w n s w o u l d 
need n e w water-treatment plants w o r t h 
m o r e than $500 mi l l i on by 1990, the C S I R O 

D i v i s i o n o f C h e m i c a l T e c h n o l o g y b e g a n 
l o o k i n g at the prospects for i m p r o v i n g 
treatment t e c h n o l o g y . T h e researchers 
d e c i d e d to e x a m i n e approaches m a k i n g 
use o f m a g n e t i s m to speed the sett l ing-out 
p r o c e s s a n d a l l o w i n g r e - u s e o f t h e 
f loccu lan t . 

I n early exper iments , they found that 
use o f magne t ized i on e x c h a n g e resins as 
the f loccu lan t gave g o o d results, but the 
resins were t o o expens ive to be c o m p e t i 
tive. S o they l o o k e d at magnet i te , a readily 
ava i l ab l e na tura l c o m p o u n d w i t h the 
wanted m a g n e t i c propert ies . 

T h e p r o b l e m wi th it was the apparent 
necess i ty to coa t it wi th a subs tance that 
w o u l d acquire the pos i t ive charge n e e d e d 
to gather u p the water 's turbidity and c o l 
our . D r D o n W e i s s , then C h i e f o f the 
D i v i s i o n , sugges ted coa t ing the m a g n e 
tite wi th ferric hydrox ide . T h i s w o r k e d 
we l l initially, but the coa t ing proved t o o 
fragile. 

S u c c e s s c a m e w h e n M r L u i s K o l a r i k 
found that magnet i te part icles acqui red 
the necessary electr ical characteris t ics i f 
t hey w e r e s i m p l y w a s h e d w i t h d i l u t e 
caus t ic soda and used in c o n j u n c t i o n wi th 
a lum. T h e nex t major step was the dis
cove ry by M r N e v i l l e A n d e r s o n that smal l 
dose s o f ca t ion ic polye lec t ro ly te , used in
stead o f a lum, made magneti te m u c h m o r e 

e f f e c t i v e at g a t h e r i n g u p s u s p e n d e d 
material . 

T h e early S i ro f loc exper iments were 
'jar tests ' , in w h i c h the in te rac t ion o f 
magnet i te wi th different types o f water 
and the effects o f c h a n g e s in acidity and 
alkalinity were studied in s imple labora
tory glassware. 

P r o d u c i n g a workab le p rocess p o s e d a 
n e w set o f p rob l ems . T h e mos t difficult o f 
these turned ou t to be separating the c o n 
taminants f rom the magnet i te part icles 
and preparing the magnet i te for re-use 
w i t h o u t u s i n g u n e c o n o m i c a l l y l a r g e 
quanti t ies o f wash water and caus t ic soda. 

D r T o n y Priestley o f the D i v i s i o n c a m e 
u p wi th a viable answer: magne t i c d r u m 
separators, used for years in the c o a l -
w a s h i n g industry. I n a counter-current 
w a s h i n g train, these r educed the a m o u n t 
o f wash water required to 3 - 6 % o f the 
plant's total water throughput. S ince then, 
further d e v e l o p m e n t has b rough t this fig
ure d o w n to 1%, increas ing the e f f ic iency 
o f the S i ro f loc p rocess and r educ ing the 
a m o u n t o f effluent p roduced . 

B e c a u s e by 1977 S i ro f loc was s h o w i n g 
s u c h p romise , C S I R O p l aced a contract 
w i th the Aus t ra l i an M i n e r a l D e v e l o p 
m e n t Labora tor ies in A d e l a i d e to bui ld 
and test a p i lo t plant in A d e l a i d e . T h i s 
s tarted o p e r a t i n g i n D e c e m b e r 1 9 7 7 , 
treating 140 0 0 0 litres o f water a day. T h e 
f o l l o w i n g year, after d i scuss ions wi th the 
Perth Water Board , w h i c h was impressed 
by the results o f laboratory tests in M e l 

b o u r n e and Perth, the p i lo t plant w a s 
m o v e d to Perth. T h e r e it demonst ra ted 
S i ro f loc ' s ability to deal wi th the ci ty 's 
bore water. 

I n late 1979 , the Depar tmen t o f S c i e n c e 
and T e c h n o l o g y awarded A U S T E P the 
contract to bu i ld the demons t ra t ion plant 
in Perth that treats 35 m i l l i o n litres per 
day. S i n c e then, A U S T E P has w o r k e d o n 
eng inee r ing improvemen t s a imed at in
creasing Sirof loc ' s eff ic iency, and has w o n 
the contract to bu i ld the n e w treatment 
plant in T a s m a n i a . 

T h e C S I R O team, co-ord ina ted by M r 
Bi l l Raper , is also c o n t i n u i n g to l o o k at 
ways to make S i ro f loc m o r e efficient — 
D r Priest ley dea l ing wi th c h e m i c a l en
gineer ing aspects, M r A n d e r s o n wi th ways 
to i m p r o v e the bas ic p roces s , D r D a v i d 
D i x o n and M r K o l a r i k wi th the m a g n e 
tite 's surface chemis t ry , and D r Br ian 
B o l t o wi th the behav iour o f po lye lec t ro -
lytes and ways to des ign better o n e s . 

D r John Athe r ton and D r I an M a c R a e , 
o f the Univers i ty o f Q u e e n s l a n d ' s Depart
men t o f M i c r o b i o l o g y , are s tudying Si ro
f loc ' s ability to r emove bacteria and viruses 
f rom water. T h i s w o r k , init ially c o m m i s 
s ioned by the D i v i s i o n , has s h o w n that 
S i ro f loc matches the 9 9 % and above re
m o v a l rates normal ly ach ieved by the c o n 
ven t iona l t reatment p r o c e s s . H o w e v e r , 
nei ther fo rm o f treatment e l imina tes the 
n e e d for ch lo r ina t ion o f d o m e s t i c water 
s u p p l i e s , b e c a u s e ne i the r g i v e s 1 0 0 % 
remova l . 

c o u l d be as m u c h as 3 0 % less than that o f 
an equivalent conven t iona l plant. R u n 
n ing cos t s shou ld be m u c h the same for 
the t w o systems. 

T h e m a i n sources o f savings are the 
very large reduc t ion in the size o f the tank 
required for settling out the f l ocs , avoid
ance o f the need for sand filters, and e l im
inat ion o f the need for large areas o f land 
for s ludge drying. Inevitably, the charac
teristics o f the water to be treated influ
ence the c o s t o f e a c h type o f plant and also 
the cos t c o m p a r i s o n . 

T o see whether S i ro f loc may find a ro le 
in water -pol lu t ion con t ro l as we l l as the 
t reatment o f t o w n water supp l i e s , the 
scientists have tried it ou t o n a range o f 
industrial effluents. T h e y have found that 
it can c l ean u p many effluents sufficiently 
to a l l ow their re-use in industry. A m o n g 

the substances that it wi l l r e m o v e in large 
quantities are heavy metals, synthetic dyes, 
o i l , a lgae, viruses, and bacteria. It can i m 
prove the quality o f effluent f rom sewage-
treatment plants. 

E c o n o m i c c o n s i d e r a t i o n s w i l l u l t i 
mately de termine whether S i ro f loc finds 
app l i ca t ions in eff luent t reatment; the 
ques t ion to b e de termined in e a c h case is 
whether it does the j o b as effectively as 
alternatives and m o r e e c o n o m i c a l l y . R e 
sults to date indicate that o n e j o b it may 
d o compet i t ive ly is c l ean u p the 'whi te 
water ' effluent p r o d u c e d by paper-making 
plants. 

Robert Lehane 
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