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1. INTRODUCTION 

The l a s t r e p o r t on /this, p r o j e c t (AMDL Repor t .191) dealt with the 
l a b o r a t o r y t e s t i n g of c lays and sha l e s and r e c o m m e n d e d fou r s a m p l e s f o r 
pilot t e s t s in a r o t a r y kiln. T h e s e s a m p l e s have now been t e s t e d and the 
r e s u l t s a r e given in the p r e s e n t r e p o r t . 

2. SUMMARY 

Pi lo t s ca l e r o t a r y ki ln t e s t s have been c a r r i e d out on Tap leys Hill 
sha le , Ha l le t s Gove and S tur t i an s l a t e s and a r e cen t c lay f r o m the Hundred 
of P o r t Adela ide . 

Continuous b loat ing of Tap leys Hill Shale was not achieved owing 
to. r ing f o r m a t i o n . i n the ki ln, but the sha le behaved in the pilot ki ln in a 
m a n n e r s i m i l a r to that of R e i d ' s Vic to r i an sha le , which is u sed c o m m e r c i a l l y 
f o r the m a n u f a c t u r e of l ightweight a g g r e g a t e . It is t h e r e f o r e pos s ib l e that 
T a p l e y s Hill sha le could be s u c c e s s f u l l y b loated if su f f i c ien t ly a c c u r a t e 
t e m p e r a t u r e con t ro l o r o the r m e a n s could be found to p reven t s t ick ing . 

The Ha l le t s Cove slate! had a n a r r o w e r b loat ing r ange than the 
Tap leys Hill sha le and caused g r e a t d i f f icu l ty with ba l l ing and s t icking, in the 
ki ln . It was the l e a s t s a t s i f a c t o r y of the s a m p l e s t e s t e d , and does not 
a p p e a r to have any p r o m i s e a s a c o m m e r c i a l b l o a t i n g . m a t e r i a l . 

The b loat ing c h a r a c t e r i s t i c s of the Sturt ian. s l a t e lay be tween those 
of the Hal le t s Cove s l a t e and the Tap leys Hill sha l e . It a p p e a r e d to be 
def in i te ly i n f e r i o r to the Tap leys Hil l sha le f o r the p u r p o s e of mak ing a 
l ightweight a g g r e g a t e . However / if a method w e r e found f o r the s a t i s f a c t o r y 
cont inuous bloat ing of Tap leys Hil l sha le , the s a m e method might be s u c c e s s -
fu l with S tu r t i an s l a t e , though the p r o s p e c t s of th i s s e e m r e m o t e . 

The clay s a m p l e b loated without d i f f icul ty and cont inuous running 
of the ki ln was pos s ib l e . T h e r e i s no r e a s o n to doubt that th i s m a t e r i a l 
could be s a t i s f a c t o r i l y b loated in a c o m m e r c i a l ki ln. The l ightweight 
agg rega t e p roduced was of low bulk dens i ty but not p a r t i c u l a r l y g r e a t s t r e n g t h . 
C o m p r e s s i o n t e s t s of conc re t e cy l i nde r s made with the a g g r e g a t e indica ted 
that conc re t e having a c o m p r e s s i v e s t r eng th of about 2000 p s i and a bulk 
dens i ty of 95 lb p e r cubic foot could be expec ted f o r a cement content of 
6 bags p e r cubic y a r d of c o n c r e t e . 

R e c o m m e n d a t i o n s a r e m a d e f o r a p r o g r a m m e of f u r t h e r work . 

MATERIALS EXAMINED 

Samples r ang ing f r o m 2. 5 to 5 tons of each of the fol lowing w e r e 

1. G r e y l amina t ed Tap leys Hill sha le f r o m 
Sect ion 79, Hundred of Noar lunga . 

2. Recen t c lay f r o m Sect ion 3070, Hundred 
of P o r t Adela ide . 

3. 

- r e c e i v e d : 



A -2 

3. Red Mar inoan s l a t e s and s i l t s t ones f r o m 
Ha l l e t s Cove, Section 569, Hundred of Noar lunga . 

4. Grey S tur t ian s l a t e , Sect ion 1041, Hundred of 
Adela ide . 

The sha le and s l a t e s a m p l e s w e r e r educed to minus 3/4 .inch by 
be ing p a s s e d th rough a jaw c r u s h e r se t at % inch and r o l l s se t at %6 inch. 
S c r e e n a n a l y s e s of the f ina l p roduc t s a r e shown in Table 1. Sized f r a c t i o n s 
f o r feeding to the ki ln w e r e obtained by s c r e e n i n g . 

.TABLE 1: SCREEN ANALYSES O F CRUSHED SAMPLES: 

Size : Weight, * - : 
Tap leys Hil l Ha l l e t s Cove S tur t i an 

Shale Slate Slate 

Y4 + Yz inch 19 .0 2 2 . 3 2 1 . 3 

Vz + % : " 31. 0 31. 3 29. 3 

% + % " 12. 9 15. 2 13. 0 

y4 + 3/16 " 9 . 1 8 .1 7 . 5 
3 / u + 1 0 - m e s h 1 4 . 3 12 .5 . 1 3 . 5 ' 

1 0 - m e s h (BSS) 13.7 10 .6 15 .4 

The c lay s a m p l e was c r u s h e d to minus 1 0 - m e s h and fed with w a t e r 
to a ro t a t ing d r u m to p roduce pe l l e t s . The pe l l e t s w e r e d r i ed at 10Q°C and 
s c r e e n e d to p rov ide a su i tab le ki ln feed . -

4. EQUIPMENT 

The r o t a r y ki ln used was 11 fee t long, with a d i a m e t e r ins ide the 
r e f r a c t o r y l in ing of 8l/z i nches . The ki ln was ro t a t ed by a chain d r ive and 
4 s p e e d s w e r e ava i l ab le a s follow: 

G e a r r p m 
1 3 .42 
2 4. 14 
3 6. 79 
4 10. 1 
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The s lope of ..the ki ln could be ad jus t ed by m e a n s of a s c r e w jack 
f r o m . 0. to 8 inches in 10 fee t ( throughout t h i s r e p o r t f i g u r e s f o r the s lope of . 
the ki ln a r e given in inches p e r 10; fee t ) . 

M a t e r i a l was fed to the uppe r end. of the kiln by a v i b r a t o r y f e e d e r 
at a ra te , of 10-20 lb p e r hour . ••' The r e s i d e n c e t i m e in the k i lmwas d e t e r m i n e d 
not only by the speed of ro ta t ion and the s lope of the kiln, but a l so by the 
s ize and shape of the feed p a r t i c l e s . By put t ing about 2 lb of s a m p l e into 
the uppe r end of the cold ki ln and noting the t i m e when the f i r s t and l a s t 
p a r t i c l e s w e r e r ecove red , f r o m the lower end, the fol lowing a v e r a g e f i g u r e s 
w e r e obtained: 

Slope G e a r No. Ave rage R e s i d e n c e T i m e 
i n . / l O ft min . 

2 . 5 ' . 4 18 
3. 75 3 15 
3 .75 4 12 
5 . 5 2 16 
5 . 5 4 . 6 

The a v e r a g e r e s i d e n c e t i m e in the hot kiln was probably- longer t han . t he se 
f i g u r e s indica te , owing to obs t ruc t ion of p a s s a g e th rough the ki ln by adhes ion 
of p a r t i c l e s to the wal l in. the ho t tes t zone of the ki ln. 

In the f i r s t e x p e r i m e n t s ' (with Tap leys Hill sha le only) the ki ln 
was hea ted with town gas and t e m p e r a t u r e was m e a s u r e d by a . thermocouple 
contained in a s t e e l p robe and a t t ached by . leads to a r e c o r d e r . The p robe 
could be i n s e r t e d into the ki ln f r o m e i t h e r end. N e i t h e r of t h e s e a r r a n g e -
m e n t s was s a t i s f a c t o r y . F luc tua t ion in the gas p r e s s u r e m a d e t e m p e r a t u r e 
con t ro l v e r y di f f icul t , and the gas b u r n e r was r e p l a c e d by an oil b u r n e r . 
I n d u s t r i a l d i e s e l fue l oil was fed .to the b u r n e r f r o m a g rav i ty tank and a i r 
was suppl ied f r o m a c o m p r e s s e d a i r l ine th rough a . f loa t - type , m e t e r . 
Consumpt ion of oil was about 1- gal lon p e r hour . The t h e r m o c o u p l e p robe . 
could not be m a d e su f f i c ien t ly robus t f o r the. p u r p o s e and was d i s c a r d e d in 
f avour of an opt ica l p y r o m e t e r . P y r o m e t e r r e a d i n g s quoted in. t h i s r e p o r t 
w e r e m a d e with the b u r n e r on and m a y be somewhat high. Read ings t aken 
a s soon a s pos s ib l e a f t e r t u rn ing off the b u r n e r w e r e 50-100°C lower than 
those t aken with the b u r n e r on, and w e r e c e r t a i n l y too low b e c a u s e the kiln, 
owing to i t s s m a l l s i ze , cooled v e r y rap id ly . The hot tes t zone (the b loat ing 
zone) of the ki ln began about 2 fee t f r o m the lower end of the kiln, and 
extended thence about 18 inches t o w a r d s the uppe r (feed) end. 

5. EXPERIMENTAL PROCEDURE AND RESULTS 

5 .1 Tap leys Hill Shale 

Town gas was used f o r hea t ing in the fol lowing s e r i e s of t e s t s 
(1-3) in which t e m p e r a t u r e was m e a s u r e d with the t h e r m o c o u p l e p r o b e . 
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1. The feed cons i s t ed of the c rushed , s a m p l e with the 
minus 1 0 - m e s h m a t e r i a l s c r e e n e d out. A s lope 
of 5. 5 inches and g e a r No. 4 w e r e u sed . . When the 
t e m p e r a t u r e in the bloating, zone r e a c h e d 900°C the 
feed .was begun, and the t e m p e r a t u r e was then 
slowly, r a i s e d . Bloa t ing began at about 1100°C, but 
feed soon began to s t i ck to the kiln l ining and then 
b roke off to f o r m c l i n k e r s which r ap id ly i n c r e a s e d 
in s i ze , the la rger , p a r t i c l e s be ing cemen ted t oge the r 
by the f ine m a t e r i a l . 

2. Six-runs w e r e m a d e with the fol lowing opera t ing 
condi t ions: 

F e e d -V2 + % m a t e r i a l 
Slope .3 . 5-and 4 . 5 inch 
Speed g e a r s No. 3 and. 4 
T e m p e r a t u r e in bloat ing zone: 1100 - 1200°C 

Oxidis ing, n e u t r a l and reduc ing f l a m e s w e r e u sed . 
In e v e r y ca se r i n g f o r m a t i o n o c c u r r e d in the b loat ing 
zone a f t e r b loat ing began. Ring f o r m a t i o n a p p e a r e d 
to take p lace in the fol lowing m a n n e r . The s a m p l e 
not be ing homogeneous , s o m e p a r t i c l e s so f t ened m o r e 
r e a d i l y than o t h e r s and a d h e r e d . t o the wal l of the ki ln . 
As the kiln ro t a t ed and the a d h e r i n g p a r t i c l e s 
app roached the u p p e r m o s t p a r t o f . the i r c i r c u l a r path 
they dropped off, the g rav i t a t iona l exceeding , the 
adhes ive f o r c e . In so. doing the p a r t i c l e s fe l l t h rough 

•the f l a m e and w e r e thus r a i s e d . t o a . h i g h e r t e m p e r a t u r e , 
. which caused t h e m to s t i ck the m o r e r e a d i l y both to 
the ki ln and to o t h e r f e e d . p a r t i c l e s . • In . th is way the 
r i ng built up at each revolu t ion and the p a s s a g e of 
f eed . th rough the ki ln was s topped. As the t h i c k n e s s 
of the r i ng i n c r e a s e d the m a t e r i a l p r o j e c t e d . i n t o the 
f l a m e and was r a i s e d to a t e m p e r a t u r e much h ighe r 
than the uppe r l imi t of the bloat ing r a n g e . At th i s 
s tage accumula t ion was v e r y r ap id and would soon 
have c losed the ki ln had not ac t ion been t aken to 
p reven t it by r educ ing the gas supply and b r e a k i n g up 
the r i ng with a length of half inch i r o n piping. 
Reduct ion of the t e m p e r a t u r e a f t e r ring, f o r m a t i o n 
had begun caused .the r i ng g radua l ly to fa l l away and 
b r e a k up-into b a l l s or c l i n k e r s which w e r e d i s c h a r g e d ; 
to ach ieve t h i s , however , it was n e c e s s a r y to r e d u c e 
the t e m p e r a t u r e below the bloat ing r a n g e . 
Although the p roduc t conta ined we l l -b loa t ed p a r t i c l e s , 
condi t ions w e r e not found unde r which a s t eady and 
continuous yield of s u c c e s s f u l l y b loa ted m a t e r i a l 
could be obtained. 
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3; The feed s i ze was i n c r e a s e d to minus % plus V2 inch 
. in an a t t empt to avoid r i ng f o r m a t i o n . The s lope 
was v a r i e d f r o m 4 to 7 . 5 inches with g e a r No. 4. 
The r e s u l t s w e r e s i m i l a r to those desc r ibed , in 2 
above. When bloat ing began it was r ap id ly fol lowed 
by r i ng f o r m a t i o n and ope ra t i ng condit ions w e r e not 
found such that b loa ted m a t e r i a l could be cont inuously 
obtained f r o m the kiln. 

The r e m a i n i n g t e s t s of Tap leys Hill s h a l e ' w e r e m a d e with the oil 
b u r n e r , and t e m p e r a t u r e s w e r e m e a s u r e d . w i t h the p y r o m e t e r . The m o s t 
s u c c e s s f u l r u n s w e r e with, feed s i zed to minus 3/4 p lus Y2 inch,, with s lope 
5 . 5 inches , g e a r No. 4, and t e m p e r a t u r e in the bloat ing zone of 1240°C. 
The feed r a t e was 15-20 lb p e r hour . Although r ing ing was not a l t oge the r 
avoided, it was found poss ib le to run . the kiln f o r up; to 30 minu t e s without 
r ing ing . . About half the product was we l l -b loa ted m a t e r i a l ; the r e m a i n d e r 
was pa r t i a l l y ,b loa t ed or unbloated. m a t e r i a l , m o s t l y obtained when, the t e m p -
e r a t u r e had to be r educed to b r e a k up r i n g f o r m a t i o n s . A t t empt s to i n c r e a s e 
the p ropo r t i on of we l l -b loa ted m a t e r i a l by ad ju s tmen t of the f l a m e to give a 
l o w e r t e m p e r a t u r e and m o r e r educ ing a t m o s p h e r e , or a h ighe r t e m p e r a t u r e 
and m o r e oxidis ing a t m o s p h e r e , w e r e u n s u c c e s s f u l , and only r e s u l t e d . i n 
r i n g f o r m a t i o n with the fo rmat ion , of ba l l s o r c l i n k e r s in the hot zone behind 
the r ing . 

The bulk dens i ty of the feed was 70 lb p e r cubic foot . The .bulk 
dens i ty of the produc t was 39 lb p e r cubic foot . A s a m p l e of the we l l -
b loated m a t e r i a l , s e p a r a t e d f r o m the produc t by hand picking,, had a bulk 
dens i ty of 24 lb p e r cubic foot and a w a t e r a b s o r p t i o n of 7 . 4 p e r cent a f t e r 
be ing soaked in w a t e r fo r 48 h o u r s . 

This sha le tended to b r e a k into f l akes on c rush ing , , and the f l a t t e r 
p i e c e s showed v e r y i m p e r f e c t b loat ing. To o v e r c o m e inhomogene i t i e s in 
the feed, the sha l e was ground to minus 1 6 - m e s h in r o l l s and pe l l e t i s ed in a 
r o t a r y d r u m . The pe l l e t s , which f o r m e d eas i ly , w e r e d r i ed at 80-100°C 
and s c r e e n e d to give a c lose ly s i zed feed of mirius % plus % inch. R e s u l t s 
of kiln t e s t s with the pe l l e t i s ed feed w e r e s i m i l a r to t hose obtained, with the 
o r ig ina l c r u s h e d m a t e r i a l . Some we l l -b loa ted .ma te r i a l was obtained, but 
ring, f o r m a t i o n g radua l ly took p lace and the r i ng buil t up unt i l it had t o be 
dis lodged,(about e v e r y 20 minu te s ) . To b r e a k up the r i ng it was n e c e s s a r y 
to r e d u c e the t e m p e r a t u r e by cut t ing back the oil supply, and the p roduc t 
obtained f r o m the kiln was h e t e r o g e n e o u s , conta ining we l l -b loa ted , s e m i -
bloated and unbloated m a t e r i a l . 

5. 2 Clay 

In the f i r s t s e r i e s of t e s t s pe l l e t s s c r e e n e d t o minus 3/4 p lus V2 
inch w e r e used f o r the: feed . The s lope of the ki ln was 4. 5 inches and g e a r 
No. 4 was used . The t e m p e r a t u r e in the b loa t ing zone was 1120°C. The 
feed r a t e was 15 lb p e r hour . A we l l -b loa ted we l l - rounded produc t was 
obtained; T h e r e was no s ign i f ican t adhes ion or ba l l ing of the p a r t i c l e s and 
no t endency to r ing fo rmat ion , in the kiln, so that continuous bloating, was 
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achieved . Weak adhes ion of the p a r t i c l e s did take p lace in the b loat ing 
zone, but the loose c lumps so f o r m e d r e a d i l y b r o k e up and fe l l a p a r t as they 
moved out of th i s zone. The bulk dens i ty of the f eed .was 58 lb p e r cubic 
foot, of the produc t 27 lb p e r cubic foot . '. The p lus 3/4 inch f r a c t i o n of the 
produc t had a bulk dens i ty of 16 lb p e r cubic foot,, and the minus 3/4 inch 
f r a c t i o n a bulk dens i ty of 36 lb p e r cubic foot. 

A r u n was m a d e with feed s i zed . to minus 5/8 p lus A/z inch u n d e r the 
s a m e condi t ions a s b e f o r e . A we l l -b loa t ed p roduc t was obtained, having a 
bulk dens i ty of 30 lb p e r cubic foot, and a w a t e r abso rp t i on of 23 p e r cent 
a f t e r i m m e r s i o n fo r 24 h o u r s . 

The p roduc t s of the above runs w e r e mixed to give a c o a r s e l igh t -
weight a g g r e g a t e having a bulk dens i ty of 27 lb p e r cubic foot and the fol lowing 
s c r e e n a n a l y s i s : 

inch ' % 

+ 1 

i • - 1 + % - % + % 

- % + 7z 
- % 

This m a t e r i a l was r e s e r v e d . f o r t e s t i n g in c o n c r e t e . 
T h r e e r u n s were : m a d e with f ine m a t e r i a l p r e p a r e d - b y drying, 

c r u s h i n g and s c r e e n i n g . t h e c lay s a m p l e to give feed s i zed . to : 

Mesh . 

(a) - 4 + 1 6 
(b) - 4 + 3 0 
(c) - 4 + 100 

F o r t h e s e r u n s , a s lope of 5. 5 inches , wi th g e a r No.,4 and a t e m p e r a t u r e of 
1120°C w e r e u sed . T h e r e was no s t i ck ing or bal l ing, and the feed . f lowed 
evenly and f r e e l y th rough the ki ln . The l a r g e r p a r t i c l e s in the p roduc t w e r e 
ev ident ly .b loa ted . The bulk dens i t i e s of feed and produc t w e r e : 

F e e d Size . Bulk Densi ty , l b / c u . f t 
" Mesh Feed P r o d u c t 

4 9 . 4 

58. 0 (combined product ) 

The 3 p roduc t s w e r e combined and s c r e e n e d at 1 6 - m e s h . Sixty pounds of 
the minus 6 - m e s h f r a c t i o n w e r e mixed with 73 lb of the plus 16-mesh f r a c t i o n 
to give a f ine a g g r e g a t e having the fol lowing s c r e e n ana ly s i s : 

3. 4 
28 . 2 
33. 6 
23. 1 
11 .7 

4 + 16 

4 + 30 
4 + .100 

59. 4 

61 . 1 
. 6 2 . 1 
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' Mesh , (Ty le r ) % 

% - i n c h 100 
4 - m e s h 96 .7 

- 16 " 4 5 . 1 
- 50 " ' 4 . 4 
- 100 " 0 . 6 

Th i s f ine a g g r e g a t e con fo rmed to the g rada t ion r e c o m m e n d e d by the ASTM 
and was re ta ined, f o r u s e with the c o a r s e a g g r e g a t e in mak ing c o n c r e t e 
c y l i n d e r s f o r t e s t ing . It had a bulk dens i ty of 59 lb p e r cubic foot . 

. ' > i : 
5 . 3 Ha l l e t s Gove Slate 

Th i s m a t e r i a l , when in t roduced to the hot kiln, showed a m a r k e d 
t endency to. dec rep i t a t ion , the p a r t i c l e s burs t ing , into s m a l l f l akes . . T h i s , 
was o v e r c o m e by dry ing the feed in an a i r oven at 100°C. The d r y m a t e r i a l , 
s i z ed to m i n u s 3/4 p lus V2 inch, was fed to th£ o i l - f i r ed , ki ln. G e a r No. 4 was 
used , with a ki ln s lope of 5 . 5 inches and t e m p e r a t u r e in the b loat ing zone of 
1240-1260°C. Ringing and ba l l ing caused cons ide rab l e di f f icul ty , and only 
a s m a l l p r o p o r t i o n ( l e s s than'10%) of we l l -b loa t ed m a t e r i a l was obta ined. 
The bulk dens i ty of the feed was 83 lb p e r cubic foot, of the produc t 52 lb p e r 
cubic foot , and of s e l ec t ed we l l -b loa ted p i ece s 36 lb p e r cubic foot . The 
b loa ted p i ece s w e r e wel l po l i shed , and in fac t had a l m o s t r e a c h e d the s t age 
of me l t ing . The w a t e r abso rp t i on (24 hours ) of we l l -b loa t ed m a t e r i a l was 
5 . 7 p e r cent . 

The running condit ions given above w e r e the l e a s t u n s u c c e s s f u l . 
O the r condi t ions of s lope , speed and t e m p e r a t u r e w e r e t r i e d , but in no ca se 
was b loat ing without r i ng f o r m a t i o n ach ieved . The propor t ion , of we l l -
bloated, p i e c e s in the p roduc t s was s m a l l , and even t h e s e p i e c e s w e r e obtained 
only by b r e a k i n g up and dis lodging the r i n g that f o r m e d . 

5 . 4 S tur t i an Slate 

Five: ki ln r u n s w e r e m a d e with th i s m a t e r i a l , us ing . the oil b u r n e r . 
The feed was s i zed to minus 3/4 p lus V2 inch and had a bulk dens i ty of 81 lb 
p e r cubic foot . It was n e c e s s a r y to d ry the f eed at 100°C b e f o r e in t roduc t ion 
into the kiln-to. p reven t dec rep i t a t ion . , The s lope of the ki ln was v a r i e d . f r om 
1 to 5. 5 . inches . G e a r s No. 3 and 4 w e r e used with t e m p e r a t u r e s r ang ing 
f r o m 1J 00 to 1340°C in the b loat ing zone ( m e a s u r e d with the opt ica l p y r o m e t e r ) 

T o w a r d s the u p p e r ' e n d of the t e m p e r a t u r e range, (1250-1300°C) a j 
f a i r l y . u n i f o r m produc t , in which m o s t of the p i e c e s showed s o m e d e g r e e of 
b loat ing, was obtained, but cont inuous running without, r ing ing followed by 
s o m e ba l l ing was not ach ieved . The bulk dens i ty of this : p roduc t was 48 lb 
p e r cubic foot . The n e c e s s i t y of r educ ing the t e m p e r a t u r e f r o m t i m e to 
t i m e in o r d e r to b r e a k up r ing f o r m a t i o n s was the chief r e a s o n f o r the 
p r e s e n c e of unbloated m a t e r i a l in the p roduc t . When th i s unbloated 
m a t e r i a l , which amounted to about 25 p e r cent,: was r e m o v e d ; a p roduc t of 
bulk dens i ty 42 lb p e r cubic foot r e m a i n e d , having a w a t e r a b s o r p t i o n a f t e r 
48-hours ' i m m e r s i o n in w a t e r of 4. 3 p e r cent and cons i s t ing m o s t l y of well 
po l i shed p i e c e s . 
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The r u n s with S tur t i an s l a t e m a y be s u m m a r i s e d by say ing tha t 
the kiln could be ope ra t ed so that the g r e a t e r p a r t of the feed was b loa ted , 
but the deg ree of expans ion was not v e r y g r e a t . The kiln was worked n e a r 
the max imum, t e m p e r a t u r e a t t a inab le with the oil b u r n e r used , but a h ighe r 
t e m p e r a t u r e could not have been used s ince s t i ck ing and r ing ing would have 
m a d e running i m p o s s i b l e . 

5 . 5 S u m m a r y of Kiln T e s t s 

' .A s u m m a r y of . the k i l n . t e s t s is given in Table 2. 

TABLE 2: SUMMARY OF KILN TESTS 

Tap leys Hil l . 
,Shale 

Clay, ' Ha l l e t s Cove 
Slate 

S tur t i an 
Slate 

Bloa t ing t e m p , °C 1240 1160 1250 .; 1280 
Bulk: dens i ty , l b / c u ft 

F e e d (-3/4 + V2 in. ) 70 58 83 81 
Run of ki ln p roduc t 39 27 52 48 
Selec ted produc t 24 - 36 42 

M o i s t u r e abso rp t i on of 
p roduc t , % 7 . 4 23. 0 . 5. 7 4. 3 

5. 6 T e s t i n g of Lightweight Conc re t e P r e p a r e d . f r o m Expanded Clay 

Samples of c o a r s e and f ine l ightweight agg rega t e , p r e p a r e d f r o m 
the c lay s a m p l e a s d e s c r i b e d in 5. 2 above, w e r e suppl ied to the S. A. 
Ins t i tu te of Technology f o r the p r e p a r a t i o n of s t a n d a r d cy l inde r s to be t e s t e d 
in c o m p r e s s i o n . The compos i t ion of. the t e s t cy l i nde r s is shown in Table 3. 

TABLE 3: COMPOSITION O F TEST CYLINDERS 

Ba tch Cement F ine Aggrega t e C o a r s e Aggrega te F i n a l w a t e r / 
(by volume) (by volume) (by volume) cemen t r a t i o 

(by weight) 

LI 1 2 ' ' 4 0. 65 
L2 1 1. 5 3 0 . 5 2 
L3 , 1 . 2 3 ,. 0. 60 
L4 . 2. 5- -, .4 0 . 7 3 
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The cy l inde r s w e r e cu red in wa te r and t e s t e d 28 days a f t e r c a s t -
ing. A v e r a g e r e s u l t s a r e shown in Table 4. Deta i l s of t h e s e t e s t s a r e 
given in the Appendix. 

TABLE 4: TESTS ON CONCRETE CYLINDERS 

Batch A v e r a g e Bulk Dens i ty 
l b / cu ft 

A v e r a g e C o m p r e s s i v e St rength 
l b / s q in. 

LI 90. 8 1160 
L2 . > 94. 6 2200 
L3 • • 97 .1 . 2350 

- L4 95 .0 I960 ; 

6. : DISCUSSION 

6 . 1 T a p l e y s Hil l Shale 

.Although th i s is undoubtedly a b loat ing sha l e , cont inuous b loa t ing 
could not be achieved in the l a b o r a t o r y kiln owing to r i ng f o r m a t i o n and 
a g g l o m e r a t i o n (balling) of the feed in the bloat ing zone. It s e e m e d p o s s i b l e 
that t h e s e d i f f i cu l t i es might be caused by n o n - u n i f o r m i t y in the feed p a r t i c l e s . . 
Var ia t ion- in s i ze , shape and compos i t ion might cause some: p i ece s to so f t en . 
and me l t at a l o w e r t e m p e r a t u r e than o t h e r s ; ' such p i ece s would s t i c k to-the 
ki ln wall and a t t ach o the r p i e c e s to t h e m s e l v e s and so build up an a g g l o m e r a t e . 
T o exclude such a .poss ib i l i t y the sha le was ground and pe l l e t i s ed to p roduce . 
a u n i f o r m feed . No advantage however was gained by t h i s m e a n s , s ince 
the pe l l e t i s ed feed was jus t a s p rone to r ing ing and ba l l ing a s the o r ig ina l 
feed , though s o m e exce l len t ly b loated and well rounded pe l l e t s w e r e obtained. 

It is. c l e a r that the d i f f icu l ty found in. bloating, th i s sha le was due . 
m a i n l y to f a i l u r e to s e c u r e su f f i c i en t ly a c c u r a t e t e m p e r a t u r e con t ro l and 
u n i f o r m i t y of t e m p e r a t u r e in the bloat ing zone. St icking of the feed was 
caused by overb loa t ing , the r e s u l t of too high a t e m p e r a t u r e . But a s soon 
a s the t e m p e r a t u r e was r educed to a l eve l low enough to e n s u r e that no 
s t ick ing . took p lace , s e m i - b l o a t e d or unbloated m a t e r i a l a p p e a r e d in the 
p roduc t ; if the t e m p e r a t u r e was then r a i s e d to e n s u r e p r o p e r bloat ing, 
r ing ing soon took p lace . The b loat ing range of th i s s a m p l e a p p e a r s to be 
somewhat too n a r r o w f o r b loa t ing to be effectively, con t ro l l ed in a. s m a l l 
l a b o r a t o r y ki ln, though m o r e a c c u r a t e t e m p e r a t u r e con t ro l m a y wel l be 
poss ib l e in a - c o m m e r c i a l ki ln of d i a m e t e r . 8 - 1 2 ft_and length 10.0-120. f t . 

The e x p e r i m e n t with pe l l e t i s ed feed shows that the d i f f i cu l t i e s 
encoun te red cannot be a t t r ibu ted to n o n - u n i f o r m i t y in the compos i t ion of the 
feed . The ques t ion then a r i s e s , why, at a t empera tu re ; below the s t i ck ing 
point , was an uneven produc t conta ining b loated and unbloated m a t e r i a l 



A -2 

obta ined? The explanat ion m a y be that each p a r t i c l e did.not t r a v e r s e the . 
s a m e path th rough the kiln, owing to phys ica l c a u s e s such as i r r e g u l a r i t i e s 
in the kiln wall a n d . d i f f e r e n c e s in the shapes and s i z e s of the p a r t i c l e s . 
Some p a r t i c l e s would then be hea ted to a higher- t e m p e r a t u r e o r have a longe 
r e s i d e n c e time,;.in'the bloat ing zone than o t h e r s . The r ange of such f luc tua -
t ion would depend, onjthe des ign of the kiln, but w h a t e v e r the extent , of th i s 
r ange , it would have to be a c c o m m o d a t e d within t he ' f i xed b loat ing range, of the 
m a t e r i a l f o r s u c c e s s f u l b loa t ing to be ach ieved . 

F o r c o m p a r i s o n , a^kiln run was m a d e ' w i t h R e i d ' s S i lu r ian s h a l e , 
f r o m Vic to r i a , which is u sed in the c o m m e r c i a l product ion.of l ightweight , 
a g g r e g a t e . Th i s sha le behaved in v e r y much the s a m e way a s Tap leys Hil l 
sha l e . Bloat ing was uneven, with a t e n d e n c y to. r i n g f o r m a t i o n , and s a t i s -
f a c t o r y cont inuous bloating, was not ach ieved . The bulk dens i ty of the 
produc t was 48 lb p e r cubic foot, tha t of the feed 78 lb p e r cubic foot . It 
s e e m s v e r y p robab le that in a ki ln in which s u c c e s s f u l continuous, b loa t ing 
of R e i d ' s sha le can be ach ieved , Tap leys Hill Shale could a l s o be s a t i s f a c -
t o r i l y b loa ted . : 

The bloat ing r a n g e s e s t a b l i s h e d . f o r the p r e l i m i n a r y t e s t s a m p l e s 
( see AMDL Repor t 1.91) w e r e , in °G : 

A t m o s p h e r e 
Sample ———: — 

Reducing Oxidis ing 

Tap leys Hill sha le , 5.0 100 
Wingfield c lay 115 185 
Ha l l e t s Cove s la te 25 75 

. Sturt ian. s l a t e 50 ,75 
Reidfe sha le 75 100 

Tap leys Hill sha le d i f f e r s f r o m R e i d ' s in bloating, r ange only in. having a 
somewhat lower r ange in a. r educ ing*a tmosphe re . 

6. 2 Clay ; ' 

. Th i s s a m p l e has a much wide r b loa t ing r ange than the sha l e , and 
no d i f f icu l ty with r inging and a g g l o m e r a t i o n in the kiln- was found, i n . t r e a t i n g 
c o a r s e o r f ine m a t e r i a l . The a t t empt to obtain . l ightweight f ine a g g r e g a t e 
by b loa t ing /minus 4 - m e s h m a t e r i a l was not v e r y - s u c c e s s f u l b e c a u s e the .. 
d e g r e e of b loat ing was, slight.- In fac t , only the l a r g e r p a r t i c l e s showed 
a p p r e c i a b l e bloat ing, p r e s u m a b l y b e c a u s e the bloating, ga se s e s c a p e d f r o m 
the s m a l l e r part icles^ b e f o r e the p y r o p l a s t i c condit ion was r e a c h e d . It .is 
pos s ib l e that a m o r e s a t i s f a c t o r y l ightweight f ine a g g r e g a t e could be made 
by gr ind ing . the l ightweight c o a r s e a g g r e g a t e . 

T h e r e should be no d i f f icu l ty in b loa t ing . th i s c lay in a c o m m e r c i a l 
ki ln, and it would p robab ly not be n e c e s s a r y to pe l l e t i s e the feed . A i r -
d ry ing to a . su i t ab l e m o i s t u r e content followed by c r u s h i n g and s c r e e n i n g 
should produce: a. s a t i s f a c t o r y feed . Any m a t e r i a l t oo f ine f o r b loa t ing 
could be pe l l e t i s ed , o r e l s e al lowed to consol ida te in heaps exposed to the 
w e a t h e r unt i l once aga in r e a d y f o r crushing, , so tha t there-would be no 
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was te . Haml in and Templ in 1 s t a t e t h a t r a w . m a t e r i a l s that show sat is fac tory-
p r o c e s s i n g c h a r a c t e r i s t i c s in a. 1 4 - f t ' t e s t ki ln can be readi ly, handled in 
c o m m e r c i a l k i lns . 

Lightweight a g g r e g a t e p r e p a r e d f rom, th is c lay s a m p l e was t e s t e d 
f o r i t s su i tab i l i ty f o r s t r u c t u r a l l ightweight c o n c r e t e . S tandard c o n c r e t e 
t e s t cy l i nde r s w e r e cas t and. t h e i r 28-day c o m p r e s s i v e s t r eng th -was d e t e r m i n e d . 
T h e s e t e s t s w e r e made in the Civi l Eng inee r ing Tes t ing L a b o r a t o r y of the 
S .A . Ins t i tu te of Technology, and M r M. G. Symons , L e c t u r e r in Civil. . 
Eng inee r ing , m a d e the fol lowing obse rva t ions upon t hem: . 

" The s lump t e s t was not a s a t i s f a c t o r y - c r i t e r i o n in th is . . 
cvyork. Each m i x was p r e p a r e d d r y and. w a t e r added unt i l 
an a v e r a g e workabi l i ty was obtained. The f i r s t ba tch 
was mixed in a s t a n d a r d c o n c r e t e m i x e r , but due to con-
s i d e r a b l e s eg rega t ion , a t t r i bu ted . to the l i gh tness of the 
c o a r s e agg rega t e , the subsequent b a t c h e s w e r e mixed by 
hand to a s a t i s f a c t o r y consistency.. The i n c r e a s e in 
w a t e r - c e m e n t r a t i o with i n c r e a s e in p ropor t ion .of a g g r e g a t e s 
in . the m i x is due to the i n c r e a s e d s u r f a c e a r e a to be "wet ted" . 

It a p p e a r s f r o m the se r e s u l t s tha t the u l t ima te s t r e n g t h 
of the l ightweight c o n c r e t e can only be i n c r e a s e d by i n c r e a s -
ing the c o m p r e s s i v e s t r e n g t h of the c o a r s e a g g r e g a t e . 
Also a g raded a g g r e g a t e could p roduce a conc re t ^ with an 
improved cons i s t ency . " 

In o r d e r to a s s e s s the r e s u l t s of t h e s e t e s t s it i s n e c e s s a r y to 
have some in fo rma t ion on the r e l a t i onsh ip betw;een s t r eng th and cement 
content , and th i s was. found in the A m e r i c a n Conc re t e In s t i t u t e ' s S tandard 
ACI 613A-59 (Recommended P r a c t i c e fo r Selec t ing P r o p o r t i o n s f o r S t r u c -
t u r a l Lightweight Concre te ) . The au tho r s of th i s s tandard , s t a t e t h a t , . 
b e c a u s e of the wide r ange of cement contents r e q u i r e d to p roduce c o n c r e t e 
of the s a m e c o m p r e s s i v e s t r e n g t h with v a r i o u s l ightweight a g g r e g a t e s , they 
w e r e r e luc t an t to p rov ide any; indica t ion of the c o m p r e s s i v e s t r e n g t h to be 
a s soc i a t ed .w i th a c e r t a i n cement f a c t o r . However , they prov ide the fo l low-
ing a p p r o x i m a t e r e l a t i onsh ip : ; 

„ . m .. Cement Content C o m p r e s s i v e St rength , , , „ , . b a g s / c u yd (of concre te ) 

2000 4 to 7 ' 
3000 5 to 8 
400.0 6 to 9 
5000 7 to 10 

(a bag of cement i s t aken to be 1 cu f t o r 94 lb) 

1. Hamlin , H. P . , and Templ in , G. , Eva lua t ing r aw m a t e r i a l s f o r r o t a r y -
kiln product ion , of l ightweight a g g r e g a t e , U . S . B u r . Min. I n fo rma t ion 
C i r c u l a r 8122, (1962). ' 
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The ca lcu la ted cement contents of the t e s t cy l inde r s a r e shown in 
Tab le 5. ' 

TABLE 5: CALCULATED CEMENT CONTENT OF TEST CYLINDERS 

Batch A v e r a g e C o m p r e s s i v e St rength 
p s i 

Cement Content 
b a g s / c u yd of conc re t e 

LI 1160 . 6. 4 
L2 2200 ' . 8. 1 
L3 2350 7 . 4 
L4 1960 6. 1 ' 

A c o m p a r i s o n of t h e s e r e s u l t s with the f i g u r e s given by the ACI 
shows that the cy l i nde r s a r e somewhat w e a k e r than would be expec ted f r o m 
t h e i r cement content . Th i s is p a r t i c u l a r l y the ca se with Ba tch L I , but it 
should be r e m a r k e d that th i s batch, was the f i r s t u s ing l ightweight a g g r e g a t e 
e v e r to be cas t at the Ins t i tu te , and the cy l inde r s showed m a r k e d s e g r e g a t i o n 
of c o a r s e agg rega t e , with voids which r educed the e f fec t ive l o a d - b e a r i n g , 
c r o s s sec t ion . The inhomogenei ty of the m i x t u r e is r e f l e c t e d in the wide 
s c a t t e r of r e s u l t s fo r .this batch, 530 to; 1980,1b p e r s q u a r e inch. Too much 
weight s h o u l d . t h e r e f o r e not be given to the r e s u l t s fo r Ba tch L I . The b e t t e r 
r e s u l t s f o r the subsequent ba t ches p e r h a p s r e f l e c t , at l e a s t in pa r t , an 

. improved mix ing technique . It i s poss ib l e that, with b e t t e r g raded aggrega te , 
m i x t u r e s that would, give s t r e n g t h s within the ACI r a n g e s quoted above could 
be p ropor t ioned , but it is c l e a r that the cement content would a lways be at 
t he top r a t h e r than the bottom.of the r ange . Examina t i on of the b r o k e n 
cy l inde r s showed that it was the agg rega t e , not the m o r t a r or the bonding, 
that had fa i led : the p a r t i c l e s of c o a r s e agg rega t e :had s h e a r e d in e v e r y c a s e . 

O r d i n a r y h e a v y - a g g r e g a t e conc re t e has a. bulk dens i ty of 
140-160.lb. p e r . c u b i c foot, w h e r e a s l ightweight conc re t e made f r o m expanded 
clay, o r sha le a g g r e g a t e has a bulk dens i ty va ry ing f r o m 7.0. to 110 lb p e r 
cubic foot , depending upon the dens i ty of the agg rega t e and .the p ropo r t i ons 
of the m i x t u r e . The t e s t s p e c i m e n s a r e t h e r e f o r e quite s a t i s f a c t o r y in . th is 
r e s p e c t . It is of i n t e r e s t to note* tha t , a cco rd ing , to a bul le t in of c o n c r e t e 
f a c t s publ i shed by the Expanded Shale, Clay and Slate Ins t i tu te (U. S. ), the 
f loor of the Wi l l a rd b r i d g e in K a n s a s Was paved.with expanded sha le c o n c r e t e 
of bulk dens i ty 105 lb p e r cubic foot , and that th i s r e s u l t e d in a saving.of 
4 lb of s t ee l f o r e v e r y cubic foot of f l oo r . 
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The following rough c l a s s i f i c a t i o n of l ightweight c o n c r e t e s , 
r e p o r t e d by Cole and Z e t t e r s t r o m 1 , m a y be of i n t e r e s t a s a guide to t h e i r 
u s e : 

C l a s s St rength Use 
_ p s i : _ 

A (S t ruc tura l ) 

B (Lightweight) 

• C ( Insula t ion-
l ightweight) 

3000 to 5000 

1000 to 3000 

200 to 1000 

S t r u c t u r a l m e m b e r s , b e a m s e tc . 

L o a d - b e a r i n g . w a l l s , s l a b s , 
such as found in m a j o r i t y of. 
m e m b e r s in house cons t ruc t ion . 

N o n - l o a d - b e a r i n g s u b - f l o o r s , 
insu la t ion sec t ions of wa l l s and 
r o o f s . 

With r e g a r d to the phys ica l p r o p e r t i e s of the c o n c r e t e o ther than 
i t s c o m p r e s s i v e s t r eng th and bulk densi ty , the modul i of e l a s t i c i t y in c o m -
p r e s s i o n and f l e x u r e , the modulus of r u p t u r e , and the abso rp t ion by weight 
a l l a p p e a r to be l i n e a r func t ions of the c o m p r e s s i v e s t r eng th , and a p p r o x -
i m a t e equat ions f o r d e t e r m i n i n g t h e s e quant i t ies f r o m the c o m p r e s s i v e 
s t r e n g t h a r e given in Techn ica l R e c o r d BS45 /25 /215 of the Commonweal th 
E x p e r i m e n t a l Bui lding Station. 

6. 3 Ha l l e t s Cove Slate 

Th i s m a t e r i a l was t he - l ea s t s a t i s f a c t o r y of the four s a m p l e s 
examined . It gave the mos t d i f f icu l ty with, ba l l ing in the kiln and the s m a l l -
e s t amount of wel l b loa ted m a t e r i a l was1 obtained. The bloat ing r a n g e i s 
evidently, too s m a l l f o r b loat ing to be control led , in. the e x p e r i m e n t a l ki ln. 
Wel l -b loa ted p i e c e s had a pol i shed and at t i m e s a l m o s t g lazed s u r f a c e . 
T h e y w e r e h a r d and of low w a t e r absorp t ion , and could be expected to m a k e 
a s t r o n g c o n c r e t e . N e v e r t h e l e s s owing to i ts n a r r o w bloa t ing range th i s 
s l a t e does not look p r o m i s i n g a s a c o m m e r c i a l b loat ing m a t e r i a l . 

6 . 4 . S tu r t i an Slate 

In. i t s b loat ing p r o p e r t i e s th i s s l a t e l i e s be tween Tap leys Hil l 
sha le and Ha l l e t s Cove s l a t e . The wel l -b loa ted , p i e c e s ' w e r e s i m i l a r to 
t hose f r o m . t h e Ha l l e t s Cove s l a t e , h a r d e r and m o r e polished, than, t hose 
f r o m the Tap leys Hill sha l e . C o m m e r c i a l bloat ing.of S tur t i an s l a t e might 
howeve r .be dif f icul t owing to i t s r e s t r i c t e d bloat ing r a n g e . 

1. W. A. Cole and J . D. Z e t t e r s t r o m , U . S . B u r . Min. R . I . 5065 (1954). 
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7. RECOMMENDATIONS 

The s u c c e s s f u l b loat ing in. the r o t a r y kiln of the c lay s a m p l e f r o m 
Sect ion 3070, Hundred of P o r t Adela ide , sugges t s that c lay f r o m Sect ion 1012, 
Hundred of P o r t Adela ide ,and Sect ion 104, Hundred of Ya ta la , should a l so be 
tes ted , in the r o t a r y kiln, s ince l a b o r a t o r y t e s t s on s a m p l e s of t h e s e c lays 
showed a high b loat ing index ( see AMDL Repor t 191). A m o r e comple te 
a s s e s s m e n t of the c lay f r o m Sect ion 3070, Hundred of P o r t Adela ide , should 
a l s o be. m a d e . Since . there is s o m e indicat ion tha t it m a y be poss ib l e to 
bloat Tap leys Hill sha le in a c o m m e r c i a l kiln, f u r t h e r work on t h i s sha l e 
m a y be d e s i r a b l e . The S tur t i an and Ha l le t s Cove s l a t e s have not shown 
suf f i c ien t p r o m i s e to w a r r a n t f u r t h e r work upon t h e m . The fol lowing 

. p r o g r a m m e of f u tu r e work is . the re fo re r e c o m m e n d e d : 

1. Bloating.of the c lay f r o m Sect ion 3070, Hundred of 
P o r t Adela ide , without p r e l i m i n a r y pe l l e t i s ing , to 
check the f ea s ib i l i t y of d i r ec t b loa t ing of c r u s h e d 
m a t e r i a l . • Bloa t ing of the c r u s h e d feed without 
pe l l e t i s i ng should prov ide a g raded a g g r e g a t e f o r 
t e s t i ng , capable of p roduc ing a c o n c r e t e of i m p r o v e d 
cons i s t ency . F ine a g g r e g a t e f o r incorpora t ion , in 
the c o n c r e t e to be obtained by gr ind ing the c o a r s e 
a g g r e g a t e . 

2. R o t a r y kiln t e s t s on c lays f r o m '— 

a. Sec. 1012, Hd. P o r t Adela ide 
b. Sec. 104, Hd. Yata la 

3. P r e p a r a t i o n of suf f ic ien t we l l -b loa ted m a t e r i a l f r o m 
Tap leys Hil l sha le to m a k e s t a n d a r d l ightweight 
c o n c r e t e cy l inde r s f o r c o m p r e s s i o n t e s t i ng . 
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. De ta i l s of t e s t s c a r r i e d out on conc re t e cy l inde r s and s u m m a r i z e d 
in Table 4 a r e se t out in the fo l lowing. table . 

TABLE A - l : COMPRESSION TESTS 

Cyl inder Ident i f ica t ion . D imens ions Weight( a ) 

lb Ba t ch 1 N u m b e r Height 
in. 

D i a m e t e r 
in. 

Sect ional A r e a 
sq in. 

Weight( a ) 

lb 

LI 1 12. 2 . 5. 96 27 .9 17. 3 
2 12. 2 5. 97 28. 0 • 18 .4 
3 12. 1 5. 96 27 .9 17. 2 
4 1 2. 2: 5. 96 27. 9 17. 9 
5 12. 1 5. 97 28 .0 16 .6 
6 12. 2 5. 96 : 27. 9 " 18. 3 

L2 1 12. 2 , 6. 00 . 28. 3 18. 2 
2 J12; 5. 99 28. 2 18. 8 
3 ' 12. 1 6. 01 28. 4 18 .8 

L3 1 12. 2 5. 97 28. 0 . 18. 1 
2 12. 1 5. 97 28. 0 19. 3 
3 12. 0 5. 99 . 28. 2 19. 3 

L4 1 . 12. 2 5. 97 28. 0 18. 2 
2 12. 2 5. 97 28. 0 18 .6 
3 • 12 .2 .5 .98 28. 1 18. 6 

(a) Exc luding caps . 
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ON CONCRETE CYLINDERS 

V o l u m e ^ Dens i ty A v e r a g e Dens i ty C o m p r e s s i v e A 
St rength 

v e r a g e C o m p r e s s i v e 
Strength; . 

cu ft l b / c u ft l b / c u ft l b / s q in. l b / s q in. 

0. 193 89. 2 870 
0. 194 94. 8 1630 
0 . 1 9 4 88. 7 730 
0 . 1 9 4 • 9 2 . 3 1210 
0 . 1 9 4 85. 6 530 
0 . 1 9 4 94. 3 

90. 8 1980 
1160 

0 .197 . 9 2 . 4 1530 
0. 196 9 5 . 9 2740 
0 .197 9 5 . 4 94". 6 2320 

2200 
0. 194 9 3 . 3 1690 
0. 194 9 9 . 5 2750 
0. 196 98. 5 97.' 1 2620 2356 
0 . 1 9 4 9 3 . 8 1930 
0. 194 9 5 . 9 2100 
0 . 1 9 5 9 5 . 4 95 :0 1840 .. I960 

(b) Exc luding caps . 


	Report Book 57/100 - Lightweight Aggregate Rotary Kiln Tests - November 1963
	Contents
	Appendix - Compression Tests on Concrete Cylinders


