
In mainland Australia we generate most of our electricity by 

burning pulverized coal, so we burn a lot of it—some 33 

million tonnes annually in fact. This produces about 3 million 

tonnes of ash, much of which is in the form of a light-grey 

dust known as fly-ash. 

I f all this fly-ash were t o pass u p t h e 
power s ta t ion ch imneys , it wou ld emerge 
as bi l lowing p lumes of greyish smoke 
t h a t wou ld sett le on t h e count rys ide 
for miles a round . T o avoid th i s , our 
coa l -burn ing power stations are p r o ­
v ided wi th electrostat ic precipi ta tors tha t 
r emove near ly all of t h e fly-ash f rom t h e 
smoke before i t enters t h e ch imney . 

T h e r e ' s no th ing n e w abou t e lec t ro­
stat ic prec ip i ta tors ; i ndus t ry has used 
t h e m for years , a n d usual ly they work 
very well . B u t cer ta in Aust ra l ian coals 
have a repu ta t ion of be ing 'difficult '— 
t h e y p r o d u c e fly-ashes tha t sl ip t h r o u g h 
wi thou t be ing t r apped . T h u s , ins tead 
of ca tching m o r e t h a n 9 9 % of t h e fly-ash, 
giving an a lmost invisible smoke , t h e 
precipi ta tors m a y ca tch 9 0 % or less, 
giving a definite p l u m e . I n fact t h e pas t 
exper ience of some Sta te electricity 
authori t ies has been so b a d tha t they 
insist on tes t ing precipi ta tors on a pi lot 
scale before t h e final design for instal la­
t ion in a power s ta t ion is p repa red . 

T h e s e days t h e clean air regulat ions 
of each State lay d o w n str ict l imits on 
t h e a m o u n t s of dus t t h a t m a y b e emi t t ed 
f rom t h e tops of smoke stacks, so in ­
efficient precipi ta tors can n o longer b e 
to lera ted . 

A b o u t 10 years ago the N e w S o u t h 
Wales Electr ici ty Commiss ion approached 
the C S I R O Divis ion of Mine ra l C h e m ­
istry for he lp in designing precipi ta tors 
for use wi th some unfamil iar coals. A 
collaborative s t u d y revealed precipi ta t ion 
difficulties wi th some of t h e coals, a n d a 
research t e a m f rom t h e Divis ion led by 
D r E d m u n d Po t te r t h e n took u p t h e 
p rob lem. 

T h e answer t h a t t h e t e a m came u p 
w i t h was to a d d very small quant i t ies 
of t r i e thy lamine , k n o w n a m o n g t h e r e ­
searchers as T E A , t o t h e smoke s t r eam 
before it passed t h r o u g h t h e precipi ta tors . 
T h e very low concent ra t ion of 10 par t s 
of T E A pe r mil l ion injected in to t he 
smoke s t ream will increase t he p r e ­
c ip i ta tors ' efficiency enough t o guaran tee 
tha t emissions f rom power s ta t ion c h i m ­
neys conform to t h e s t r ingent State clean 
air regula t ions . 

Reduc ing dus t pol lu t ion f rom power 
s ta t ion ch imneys s imply b y add ing T E A 
obviously has m u c h to c o m m e n d it . B u t 
t h e ques t ion has arisen as t o w h e t h e r 
t r i e thy lamine itself can cause po l lu t ion— 
even at t h e very low concentra t ions used . 

Quer ies abou t its use have cent red 
on th ree fea tures—the idea tha t it m a y 
react wi th n i t rous acid in t h e smoke 

TEA increased the efficiency 
of the electrostatic 
precipitators from 86% to 
more than 99-5%. 

s t r eam to form a carcinogenic n i t ros -
amine , its smell , a n d t h e fear t ha t it m a y 
pol lu te watercourses w h e n it dissolves 
off fiy-ash particles d u m p e d in lagoons. 

N o n i t r o s a m i n e s 

A quick look at t h e chemis t ry of T E A 
will show tha t , be ing a ter t iary amine , it 
is very unl ikely t o react w i th n i t rous acid 
in t h e smoke s t r eam to fo rm a n i t r o s -
amine . O n e class of amines—the secon­
dary amines—may , b u t t he re is n o 
validated r eco rd of ter t iary amines such 
as t r i e thy lamine doing so . 

T o m a k e sure , D r Po t te r and his 
colleagues t r i ed t o detect n i t rosamine in 
fly-ash t h a t had come from a smoke 
s t r eam in to wh ich 35 p . p . m . of T E A h a d 
been injected. T h e y d i d n ' t detect any. 
I n add i t ion , in a laboratory exper iment 
they t r i ed pass ing a gas mix tu re tha t 
conta ined n o less t h a n 17 000 p . p . m . of 
T E A as well as n i t rous acid t h r o u g h a 
fresh, uncon tamina t ed b e d of fly-ash at 
2 2 0 ° C — t h e t e m p e r a t u r e at wh ich p r e ­
cipitators often opera te . F r o m this con­
cen t ra ted m i x t u r e t h e researchers were 
able to detect only one pa r t of n i t ros ­
amine pe r mil l ion. T h u s it seems t h a t 
only extremely low levels of n i t ros ­
amine , if any , could b e formed if only 
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1 0 p . p . m . of T E A were injected. 
As t o t h e smel l of th is addi t ive , D r 

P.otter has been us ing it in his tes t r ig 
at t h e Divis ion 's N o r t h R y d e labora tory 
for m o r e t h a n 2 years—at t imes w i t h 
smoke s t r eam concent ra t ions of u p to 
1 0 0 p . p . m . H e has never received c o m ­
plaints abou t T E A ' S ammonia- l ike smell . 
H e d i d n ' t receive any compla in ts e i ther 
w h e n it was used in a power s ta t ion 
be longing to S o u t h e r n Por t l and C e m e n t 
P t y L t d a t Ber r ima in N e w S o u t h Wales . 
I n addi t ion , unl ike some amines , T E A 
does no t cling t o an opera tor ' s skin a n d 
c lothes , a n d the re have been n o c o m ­
pla ints on t h a t score . 

Anyway , D r Po t t e r poin ts ou t , very 
l i t t le of t h e 1 0 p . p . m . of T E A normal ly 
injected in to t h e smoke s t r eam is likely 
to emerge f rom t h e ch imney t o p , since 
t he gas reacts w i th su lphu r oxides in t h e 
smoke to become a solid, odour- f ree 
salt t ha t sticks t o t he fly-ash part icles 
r emain ing in t he prec ip i ta tors . 

H e canno t b e qui te so su re tha t t h e 
t r ie thy lamine salt a t tached to t h e fly-ash 
part icles doesn ' t wash off fly-ash d u m p e d 
in lagoons, especially as t h e salt dissolves 
in water . F ly -ash part icles f rom smokes 
t o which 1 0 p . p . m . of T E A have b e e n 
a d d e d can conta in u p t o 2 5 0 p . p . m . of 
t r i e thy lamine sa l ts—that is , 2 5 0 grams 
pe r t o n n e . 

T h e p r o b l e m wi th lagooning fly-ash 
is t h a t it contains a n u m b e r of chemicals 
t ha t are water -so luble a n d pol lu tants 
anyway. S o m e o the r way of disposing 
of i t wou ld b e desirable . S o m e fly-ash 
can b e used for b r ick-making , a n d to 
m a k e cemen t go fur ther . I t fetches abou t 
$ 1 0 p e r t o n n e . 

I n fact T E A is no t t h e only chemical 
t h a t makes electrostat ic precipi ta tors 
m o r e efficient. W h e n D r Po t t e r a n d his 
colleagues began the i r invest igat ions, 

engineers h a d k n o w n for some years t h a t 
add ing cer ta in gases t o t h e smoke s t r eam 
increases t h e prec ip i ta tors ' efficiency. 
S u l p h u r t r ioxide a n d ammon ia were 
k n o w n to do th i s , a n d indeed several 
power stations in N e w Sou th Wales do 
a d d a m m o n i a to the i r smoke s t reams . 
B u t ne i ther gas is pleasant t o hand le , 
a n d su lphu r t r ioxide does no t always give 
t h e expected improvemen t . 

F i n e d u s t w o r s t 

Ear ly exper iments by t h e C S I R O r e ­
search t eam revealed t h a t t h e efficiency of 
electrostat ic precipi ta tors d e p e n d e d on 
t h e size of t h e dus t particles they were 
t ry ing to ca tch—the smaller t h e par t ic les , 
t h e less well t h e precipi ta tors worked . 
T h e t e a m therefore looked for an addi t ive 
t h a t wou ld m a k e t h e fine ash part icles 
stick t o one ano ther or t o larger ones . 
T h e e q u i p m e n t would t h e n main ly have 
to deal wi th larger part ic les . I n this way 
the researchers succeeded in selecting a 
n u m b e r of p romis ing addi t ives . 

W h e n tes ted at t h e low Concentrat ion 
of 1 0 p . p . m . on fly-ash der ived f rom 
a part icular ly difficult Aus t ra l ian coal, 
T E A increased t h e efficiency of t h e 
electrostat ic precipi ta tors f rom 8 6 % to 
m o r e t h a n 9 9 - 5 % . 

Hea r ing of these figures, t h e m a n a g e ­
m e n t of Sou the rn Por t l and C e m e n t 
suggested t h a t full-scale tests b e m a d e o n 
its Ber r ima power s tat ion. T h i s power 
s ta t ion b u r n s p o w d e r e d coal m i n e d f rom 

Dr Potter has never received 
complaints about TEA'S 

ammonia-like smell. 

t h e company ' s own pi t nea rby . Sou the rn 
Po r t l and C e m e n t was having great 
difficulty w i t h t r app ing the fly-ash. 
Tes t s carr ied ou t b y D r Po t t e r a n d his 
colleagues confirmed tha t t he prec ip i ­
ta tors instal led t he re were barely 8 0 % 
efficient, a n d so abou t 2 0 % of t h e ash 
in t he smoke s t r eam was escaping in to 
t h e a tmosphe re . 

T h e Mine ra l Chemis t ry t e am dec ided 
to compare t h e effects o n t h e smoke 
stack of us ing ammonia a n d T E A . T O 
conform wi th t he emission levels set in 
t h e N e w S o u t h Wales Clean Air Act, 
t h e precipi ta tors h a d to r e m o v e 9 8 - 5 % 
of t h e fly-ash. At t he relatively h igh 
concent ra t ion of 8 0 p . p . m . , ammon ia 
increased the prec ip i ta tors ' efficiency to 
9 8 · 8 % — g o o d e n o u g h to satisfy t h e Act. 
B u t t h e efficiency reached 9 9 - 7 % wi th 
only 2 0 p . p . m . T E A . G r a d u a l reduc t ions 
in t h e T E A concent ra t ion showed tha t 
t h e i m p r o v e m e n t r ema ined good e n o u g h 
to pass t h e Clean Air Act regulat ions 
un t i l t h e level fell t o 9 p . p . m . 

T h e Ber r ima factory has n o w o rde red 
its own stocks of t h e c o m p o u n d , since 
in t he long r u n it shou ld b e m o r e con­
venien t a n d economic to u s e t h a n a m m ­
onia . T h e Electr ici ty Commiss ion of 
N e w S o u t h Wales has also asked for 
t ende r s to supp ly t h e chemical . I n c i d e n ­
tally, t r i e thy lamine is no t manufac tu red 
i n Austral ia , b u t has to b e i m p o r t e d from 
t h e major indus t r ia l countr ies whe re i t 
is u sed in quant i ty as an in te rmedia te in 
plastics manufac tu re . 

M o r e a b o u t t h e t o p i c 

I m p r o v e m e n t s of electrostat ic p rec ip i ­
ta tor per formance b y carrier gas 
addit ives a n d its graphical assessment 
us ing an ex tended D e u t s c h equa t ion . 
E . C . Po t t e r a n d C. A . J . Paulson . 
Chemistry and Industry, 1 9 7 4 , 5 3 2 - 3 . 

Fly-ash being empt ied from an 
electrostatic precipitator. 

A coal-burning power station near 
Sydney. 
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