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1. INTRODUCTION 

The cons t ruc t ion of an oil r e f i n e r y at Hal le t t s Cove t oge the r 
with a n c i l l a r y bus ines s p r e m i s e s and dwell ings in the Hal le t t s Cove-
Morphe t t V a l e - C h r i s t i e s Beach a r e a s , s o m e 15-16 m i l e s south of 
Adela ide , South A u s t r a l i a , is l ike ly to c r e a t e an i n c r e a s i n g demand f o r 
good quali ty building m a t e r i a l s . At p r e s e n t t h e r e is no l a r g e heavy c lay -
w a r e plant south of Adela ide and consequent ly the e s t a b l i s h m e n t of a 
m o d e r n works would be both a p ro f i t ab le ven tu re and an a s s e t to the 
communi ty . 

Within the pas t 12 months the Rosewal l Sand and Q u a r r y i n g Co. 
Ltd . has d i s c o v e r e d a deposi t of highly wea the red sha l e at Nor th Reyne l la 
s o m e 12 m i l e s south of Adela ide on the Southern Highway. This deposi t 
is loca ted in Sect ion 500, Hundred of Noar lunga , County of Adela ide . 
The Company owns a 3 0 - a c r e s i t e and has opened up two q u a r r i e s on an 
ad jo in ing 50 a c r e s over which they have a 1 5 - y e a r l e a s e for the r e m o v a l 
of m a t e r i a l . 

In o r d e r to encourage the development of the deposi t the 
D e p a r t m e n t of Mines s p o n s o r e d this p r o j e c t f o r an inves t iga t ion into the 
su i t ab i l i ty of the m a t e r i a l fo r the m a n u f a c t u r e of heavy c l ayware p r o d u c t s . 

The inves t iga t ion r e c o r d e d in th is r e p o r t dea l s s p e c i f i c a l l y 
with the 5 0 - a c r e l e a s e d s i t e . The two q u a r r y workings r e f e r r e d to in 
the text as the top and bottom q u a r r i e s w e r e inspec ted and s a m p l e d in 
company with Mr . G. O l l i ve r , geologis t of the D e p a r t m e n t of Mines . 

2. SUMMARY 

A c o m p r e h e n s i v e inves t iga t ion into the p r e s s i n g and e x t r u s i o n 
behav iour of Nor th Reynel la sha l e has been unde r t aken . 

The r e s u l t s a r e p r o m i s i n g but indica te that a v a r i e t y of d i f f e r -
ent m a t e r i a l s ex i s t s in the depos i t . 

Good b r i cks could p robab ly be m a d e f r o m the m a t e r i a l by 
e i t h e r the p r e s s i n g o r d e - a i r e d e x t r u s i o n method . 

The g r een and f i r ed s t r e n g t h of w a r e was found to be not v e r y 
high. 

C o n s i d e r a b l e va r i a t i on in the f i r ed colour of s p e c i m e n s as 
wel l as f l ash ing due p robab ly to so luble s a l t s was obse rved . 

The produc t ion of sound w a r e is l ikely to r e q u i r e a f i r i n g 
t e m p e r a t u r e somewhat h ighe r than is p reva len t in loca l p r a c t i c e , but the 
bes t white m a t e r i a l f r o m the bot tom q u a r r y cannot be r e g a r d e d as r e -
f r a c t o r y . 

The deposi t could be a l a r g e one as the Company owns a 
3 0 - a c r e s i t e and a l s o has a 1 5 - y e a r l e a s e fo r the r e m o v a l of m a t e r i a l 
f r o m an ad jo in ing 5 0 - a c r e s i t e f r o m which the s a m p l e s unde r e x a m i n a -
t ion w e r e taken . However , it is r e c o m m e n d e d that the whole 80 a c r e s 
be bored in a s y s t e m a t i c gr id p a t t e r n to p rove the quanti ty, qual i ty and 
c o n s i s t e n c y of the m a t e r i a l ava i lab le b e f o r e any l a r g e s c a l e deve lopmenta l 
work is unde r t aken , or a m o d e r n heavy c l a y w a r e plant is e r e c t e d . 
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MATERIALS EXAMINED 

The following m a t e r i a l s w e r e examined : -

One compos i t e s a m p l e - (No. CM1548; D / M . A 3 3 7 / 6 1 ) 

Bottom Q u a r r y 

Selec ted white m a t e r i a l 
" yel low " 
" pu rp le " 

(No. CM1549 
(No. CM1550 
(No. CM1551 

D / M . A338/61) 
D / M . A339/61) 
D / M . A340/61) 

EXPERIMENTAL PROCEDURE 

Smal l p i eces of m a t e r i a l w e r e s e l ec t ed f r o m each s a m p l e and 
submi t t ed to the s lak ing t e s t . 

Each s a m p l e was then ground to p a s s an 1 8 - m e s h s c r e e n (BSS). 
Scout t e s t s w e r e m a d e on the p r e s s i n g and ex t ru s ion behaviour 

of each m a t e r i a l s e p a r a t e l y and a l s o on a p p r o p r i a t e l y p r e p a r e d b lends . 
The r e s u l t s ob t a ined . f rom t h e s e t e s t s w e r e used as a guide 

in the p r e p a r a t i o n of the following batches, fo r m o r e de ta i led inves t iga t ion : 

Tog_Quarry;J^a_terial (No. 1548) 

S el e ct e d_ e o m _ Q u a te r ial_ (No. 1549) 

Bo«om^^ar_i^_men_d_(No. CM 1556) cons i s t ing of -

2 p a r t s of s e l ec t ed white 
1 p a r t of " yel low 
1 p a r t of " pu rp l e 

m a t e r i a l (No. CM. 1549) 
" (No. CM. 1550) 
M (No. CM. 1551) 

Bl_e_ndTog_an_d_Bottom_Quar_r^ J ^ l ^ a J s . (No. CM. 1557) 
in the p ropo r t i ons of -

4 p a r t s of top q u a r r y m a t e r i a l (No. CM. 1548) 
2 p a r t s of bot tom q u a r r y white m a t e r i a l (No. CM. 1549) 
1 p a r t of " " yel low " (No. CM. 1550) 
1 p a r t of " " pu rp le " (No. CM. 1551) 

T h e s e ba tches w e r e examined f o r t h e i r p r e s s i n g and e x t r u s i o n 
behav iour followed by dry ing , f i r ing , t r a n s v e r s e s t r e n g t h and e f f l o r e s c e n c e 
t e s t s on p r e p a r e d s p e c i m e n s . 

5. RESULTS 

5. 1 D e s c r i p t i o n of the Raw M a t e r i a l s - T h e i r Slaking and 
Gr inding Behav iour 

All m a t e r i a l was ground to p a s s an 1 8 - m e s h s c r e e n (BSS). 

5 . 1 . 1 Top Q u a r r y Stockpile M a t e r i a l (No. 1548) 

This cons i s t ed of l a r g e p i ece s of yel low and l i g h t - c r e a m to 
white m a t e r i a l of a highly wea the red or decomposed n a t u r e and a s m a l l 
amount of brown s u r f a c e m a t e r i a l . 

Some of the w h i t e . m a t e r i a l s laked down in 45 m i n u t e s , but 
o ther p i e c e s , al though v e r y w a t e r a b s o r b e n t , did not s l ake . The yel low 
m a t e r i a l ab so rbed wa te r s lowly but did not s l ake . 
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The m a t e r i a l ground f a i r l y eas i ly but tended to f lake on 
p a s s i n g through the gr inding r o l l s . 

The colour a f t e r gr inding was c r e a m . 

5 . 1 . 2 Selected White M a t e r i a l f r o m Bot tom Q u a r r y (No. 1549) 

This m a t e r i a l cons i s ted of hand picked p ieces of bes t white 
sof t sha l e f r o m the bot tom q u a r r y . 

Some p ieces s laked down in 45 minu tes , w h e r e a s o the r s did 
not s l ake at a l l but b e c a m e v e r y sof t . 

It ground eas i ly . Af t e r gr inding the colour was of f -whi te . 

5 . 1 . 3 Selected Yellow M a t e r i a l f r o m Bot tom Q u a r r y (No. 1550) 

The s a m p l e cons i s ted of hand picked p ieces of yellow s ta ined 
sof t sha le . Some of the p ieces contained f e r rug inous quar tz bands. 

R e p r e s e n t a t i v e p ieces s laked down in 30 minu tes whilst o the r s 
abso rbed w a t e r without sof tening . 

The m a t e r i a l ground eas i ly . A f t e r gr inding it was m u s t a r d 
colour^ 

5.1. '4 Selected P u r p l e M a t e r i a l f r o m Bottom Q u a r r y (No. 1551) 

This s a m p l e cons i s ted of hand picked p ieces of purp le s ta ined 
sof t sha le containing ha rd veins of i rons tone . 

Some p ieces s laked down in 30 minu tes but ha rd p i eces a b s o r b e d 
w a t e r without s lak ing or sof tening . 

The m a t e r i a l ground eas i ly a p a r t f r o m ha rd p i eces containing 
i rons tone . The colour a f t e r gr inding was pale purp le . 

5. 2 P r e s s i n g Behaviour of the M a t e r i a l s 

The pa ren t m a t e r i a l s and blends w e r e scout p r e s s e d at d i f f e r -
ent m o i s t u r e contents . The op t imum m o i s t u r e content fo r each m a t e r i a l 
was found to be 10 .5 p e r cent . 

Accord ingly batches of each m a t e r i a l and blends w e r e p r e s s e d 
at th is m o i s t u r e content . 

They p r e s s e d quite well but l amina t ions developed in the 
b r ique t t e s if they w e r e "bumped" in the p r e s s . 

5 . 3 Mixing and E x t r u s i o n Behaviour of the M a t e r i a l s 

All r aw m a t e r i a l s mixed r ead i ly with wa te r when p r e p a r e d fo r 
ex t rus ion . 

The individual m a t e r i a l s and blends w e r e scouted fo r ex t rus ion 
m o i s t u r e content and then l a r g e ba tches w e r e p r e p a r e d fo r ful l s c a l e 
ex t rus ion t e s t s . 

All d e - a i r e d ex t rus ion work was conducted at 28 inches 
vacuum. 

5. 3. 1 Compos i te Top Q u a r r y Sample (No. 1548) 

A. batch was p r e p a r e d with a m o i s t u r e content of 21. 7 p e r cent . 

5 . 3 . 1 . 1 Not D e - A i r e d 

When not d e - a i r e d the ex t ruded columns were weak to handle 
and s o m e of them developed d o g - e a r c r a c k s . However , the oil l ub r i ca t ed 
column f r o m the \ l/z x 1-inch br ique t te die and the plain r ibbon t i le column 
did not develop d o g - e a r c r a c k s . 
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The speed of ex t ru s ion was high and the power consumpt ion 
low. 

5 . 3 . 1 . 2 D e - A i r e d 

When the m a t e r i a l was ex t ruded d e - a i r e d it b e c a m e tough, 
p l a s t i c and c lean to handle . 

A v a r i e t y of shapes was p roduced including spec i a l b r i q u e t t e s , 
roof ing t i l e s and s e w e r p ipes . 

Speed of ex t rus ion was high and the power consumpt ion low. 

5 . 3 . 2 Selec ted White M a t e r i a l f r o m Bot tom Q u a r r y (No. 1549) 

A batch was p r e p a r e d f o r e x t r u s i o n at a m o i s t u r e content of 
21 .7 p e r cent . 

5 . 3 . 2 . 1 Not D e - A i r e d 

When ex t ruded not d e - a i r e d the m a t e r i a l was weak and f o r m e d 
d o g - e a r c r a c k s on the co lumns . 

5 . 3 . 2 . 2 D e - A i r e d 

When ex t ruded d e - a i r e d it was tough, s t rong , p l a s t i c and 
c lean to handle . Only b r ique t t e s w e r e f o r m e d as the m a t e r i a l was unde r 
examina t ion f o r i ts potent ia l u s e as a r e f r a c t o r y . 

Speed of ex t rus ion was high and power consumpt ion low. 

5. 3. 3 Compos i t e Blend of Bot tom Q u a r r y M a t e r i a l (No. 1556) 

2 p a r t s of white m a t e r i a l (No. 1549) 
1 p a r t of yel low " (No. 1550) 
1 p a r t of pu rp le " (No. 1551). 

A batch was p r e p a r e d f o r e x t r u s i o n at a m o i s t u r e content of 
20. 5 p e r cent . 

5. 3. 3. 1 Not De-Aired 

and weak, 

e x t r u s i o n 

When ex t ruded not d e - a i r e d the m a t e r i a l was v e r y s h o r t 

The columns developed s e v e r e d o g - e a r c r a c k s dur ing 

Speed of ex t ru s ion was high and power consumpt ion low. 

5 . 3 . 3 . 2 D e - A i r e d 

When d e - a i r e d the blend was found to be st iff and c lean to 
handle but r a t h e r s h o r t and not as s t r o n g as the compos i t e s a m p l e 
(No. CM. 1543) f r o m the top q u a r r y . However , a p la in r ibbon (tile) 
co lumn could be ex t ruded and p r e s s e d into M a r s e i l l e s p a t t e r n t i l e s which 
w e r e r a t h e r weak to handle in the p l a s t i c s t a t e . 

Speed of ex t rus ion was high and power consumpt ion low. 

t 
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5 . 3 . 4 Compos i t e Blend of M a t e r i a l f r o m Top and Bot tom Q u a r r i e s 
(No. 1557) 

A batch of th is blend, composed of -

4 p a r t s of top q u a r r y m a t e r i a l (No. 1548) 
2 p a r t s of white bot tom q u a r r y m a t e r i a l . (No. 1549) 
1 p a r t of yel low " " " (No. 1550) 
1 p a r t of pu rp l e " " " (No. 1551) 

was p r e p a r e d f o r ex t ru s ion at a m o i s t u r e content of 21. 0 p e r cent . 

5 . 3 . 4 . 1 Not D e - A i r e d 

When ex t ruded not d e - a i r e d the m a t e r i a l was weak and s h o r t . 
Columns developed d o g - e a r c r a c k s on ex t rus ion . 

E x t r u s i o n speed was high and power consumpt ion low. 

5 . 3 . 4 . 2 D e - A i r e d 

When ex t ruded d e - a i r e d the blend was tough, s t r ong , p l a s t i c 
and c l ean . to handle . However , s o m e ex t ruded co lumns tended to f o r m 
notches on the edges . 

Sockets could be f o r m e d on p ipes . 
The speed of e x t r u s i o n was high and the power consumpt ion 

low. 

5. 4 Dry ing Behav iour of Spec imens 

5 . 4 . 1 P r e s s e d B r i q u e t t e s 

No fau l t s developed in p r e s s e d b r i q u e t t e s when s e p a r a t e 
s a m p l e s w e r e d r i ed in two d i f f e r en t ovens , one of which was ma in ta ined 
at 105-110°C and the o the r at 40°C (i. e. , heat wave condi t ions) . D r y i n g 
s h r i n k a g e was ni l . 

5. 4.'2 Ex t ruded W a r e 

5 . 4 . 2 . 1 Compos i t e Top Q u a r r y M a t e r i a l (No. 1548) 

No fau l t s developed in w a r e m a d e f r o m th i s m a t e r i a l when 
d r i e d in the two ovens . 

The l i n e a r d ry ing s h r i n k a g e was 6. 0 p e r cent . 

5 . 4 . 2 . 2 Selec ted White M a t e r i a l f r o m Bot tom Q u a r r y (No. 1549) 

No oven dry ing t e s t s w e r e conducted on s p e c i m e n s m a d e f r o m 
th i s m a t e r i a l as the n u m b e r and type w e r e v e r y l imi t ed . The l i n e a r 
d ry ing s h r i n k a g e was 5 p e r cent . 

5 . 4 . 2 . 3 Blend of Bot tom Q u a r r y M a t e r i a l (No. 1556) 

No fau l t s developed when s p e c i m e n s m a d e f r o m th is m a t e r i a l 
w e r e d r i ed in the two ovens. The l i n e a r d ry ing s h r i n k a g e was 4. 0 p e r 
cent . 
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5 . 4 . 2 . 4 Blend of Top and Bot tom Q u a r r y M a t e r i a l s (No. 1557) • 

Solid and p e r f o r a t e d b r i q u e t t e s and p ipes m a d e f r o m th is 
m a t e r i a l developed no faul ts when d r i ed in the two ovens. However , 
t i l e s tended to warp . 

The l i n e a r d ry ing sh r inkage was 5 p e r cent . 

5. 5 F i r i n g Behaviour 

When d r y the p r e s s e d and d e - a i r e d ex t ruded b r i q u e t t e s w e r e 
f i r e d over the t e m p e r a t u r e r a n g e 800-1200°C. Spec imens m a d e f r o m 
the white m a t e r i a l w e r e a l so f i r ed to 1250 and 1300°C. 

The gene ra l a p p e a r a n c e of the b r i que t t e s was noted and t h e i r 
l i n e a r s h r i n k a g e was m e a s u r e d . 

The r e s u l t s a r e shown in Tab les 1 to 4. 

T A B L E 1A: LINEAR SHRINKAGE AND GENERAL 
A P P E A R A N C E A F T E R FIRING 
Top Q u a r r y - Stockpi le Sample (No. 1548) 
P r e s s e d B r i q u e t t e s 
L i n e a r Dry ing Shr inkage Nil 

T e m p Lm£aj^Shrn ikage_ Appea rance a f t e r F i r i n g 
°C F i r i n g Tota l 

% % 

800(AE) 0 0 Soft and chalky, poor r i ng and r a t h e r j 
weak. F ine mot t l ed s a l m o n pink co lour . . 

850(AD) 0 0 As above 

900(AC) 0 0 Slightly s t r o n g e r and b e t t e r r ing than . 
above 

950(AB) 0. 5 0. 5 As above 

1000(A) 1. 5 1. 5 B e t t e r r ing , o the rwi se s i m i l a r to above. 

1050(B) 2. 3 2. 3 As above 

1100(C) 3. 0 .3. 0 S t rong and be t t e r r ing . Slightly d a r k e r 
co lour . 

1150(D) 5. 0 5. 0 
£ 

Hard and good r ing . Light mot t l ed 
brown co lour . Suggested op t imum f i r i n g 
t e m p e r a t u r e . 

1200(E) 5. 8 5. 8 Hard and v e r y good r ing . Low p o r o s i t y . 
Slightly d a r k e r co lour . 

fc Sugges ted op t imum f i r i n g t e m p e r a t u r e 1150°C. 



- 7 -

TABLE IB: LINEAR SHRINKAGE AND GENERAL 
A P P E A R A N C E A F T E R FIRING 
Top Q u a r r y ~ Stockpi le Sample (No. 1548) 
D e - A i r e d Ex t ruded B r i q u e t t e s 
L i n e a r Dry ing Shr inkage 6 p e r cent 

T e m p LJjiea^x^Shrinkage A p p e a r a n c e a f t e r F i r i n g 
F i r i n g Tota l 

o C % % 

800 (AE) 0 6 Not v e r y ha rd but good r ing . Salmon pink 
co lour but l i gh t e r than the p r e s s e d ones . 

850 (AD) 0 6 Slightly h a r d e r . Good r ing . Slightly 
l i gh t e r co lour than above. 

900 (AC) 0 . 5 6 . 5 Slightly h a r d e r . Good r ing . Same 
co lour as above. 

950 (AB) 0 . 5 6 . 5 Slightly h a r d e r . Good r ing . Same co lour 
as above, but s l ight ly d a r k e r f l a sh ing due 
to sa l t s c u m . 

1000 (A) 1 .0 7 . 0 H a r d e r , o the rwi se s a m e as above. 

1050 (B) 2 . 5 8. 5 H a r d e r . D a r k e r due to sa l t s c u m . 

1100 (C) 3 .75 9 -75 Very sound r ing . Light r ed brown co lour 

with d a r k e r f l a sh ing due to s a l t s c u m . 

1150(D) 5 . 4 11 .4 D a r k e r than above. 

1200 (E) 6 . 2 12 .2 Ha rd . Medium brown co lour 
i Suggested op t imum f i r i ng t e m p e r a t u r e of 1100°C. 
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TABLE 2A: LINEAR SHRINKAGE AND GENERAL 
A P P E A R A N C E A F T E R FIRING 
Bot tom Q u a r r y - White M a t e r i a l (No. 1549) 
P r e s s e d B r i q u e t t e s 
L i n e a r Dry ing Shr inkage Nil 

T e m p L^^^L^illj-Il^L^B^ A p p e a r a n c e a f t e r F i r i n g 
F i r i n g Tota l 

°C % % 

800 (AE) 0 0 Soft and chalky. P o o r r ing . Of f -whi t e 
co lour . 

850 (AD) 0 0 As above. 

900 (AC) 0 0 Good r ing . Becoming h a r d e r . 

950 (AB) 0 0 As above. 

1000 (A) •0. 5 0. 5 As above. 

1050 (B) 1. 0 1. 0 As above. 

1100 (C) 1. 6 1. 6 Hard with good r ing . C r e a m co lour . 

1150 (D) 2. 7 2. 7 Good r ing and h a r d . C r e a m co lour . 

1200 (E) 4. 0 4. 0 As above. 

1250 (F) 6. 0 6. 0 Hard . D a r k e r c r e a m co lour . Vi t r i f i ed . 
Smal l pockets of incipient fus ion . 

1 300 (G) 6. 8 6. 8 Ha rd . Grey co lour . Smal l pockets 
showing m o r e pronounced fus ion . 

i Suggested opt imum f i r i ng t e m p e r a t u r e of 1100°C. 
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TABLE ZB: LINEAR SHRINKAGE AND GENERAL 
A P P E A R A N C E A F T E R FIRING 
Bot tom Q u a r r y - White M a t e r i a l (No. 1549) 
D e - A i r e d Ex t ruded B r i q u e t t e s 
L i n e a r Dry ing Shr inkage 5 p e r cent 

T e m p L'iH^^L^.^Hlll^E®. A p p e a r a n c e a f t e r F i r i n g 
F i r i n g Tota l 

°C % % 

800 (AE) 0 5 Soft and chalky. Of f -whi te co lour . 

850 (AD) 0 5 ii ii ii it ti 

900 (AC) 0 5 n ii n ii ti 

950 (A.B) 0 5 Becoming h a r d e r . M o d e r a t e ' r i n g . 
Of f -whi te co lour . 

1000 (A) 1. 25 6. 25 Good r ing . M o d e r a t e l y h a r d . C r e a m 
co lour . 

1050 (B) 1. 8 6. 8 £ 
Good r ing. B e t t e r s t r eng th . C r e a m 
co lour . 

1100 (C) 2. 5 7. 5 Good r ing . H a r d e r . C r e a m co lour . 

1150 (D) 4. 0 9- 0 As above. 

1200 (E) 5. 0 10. 0 As above. 

1250 (F) 7. 4 12. 4 Hard . D a r k c r e a m co lour . Smal l 
pocke ts showing incipient fus ion . 

1300 (G) 7. 8 12. 8 Vit r i f i ed . G r e y co lour . Smal l pocke t s 
showing m o r e pronounced fus ion . 

£ Suggested opt imum f i r i ng t e m p e r a t u r e fo r c r e a m b r i c k s is 1050°C. 
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TABLE 3A: LINEAR SHRINKAGE AND GENERAL 
A P P E A R A N C E A F T E R FIRING 
Blend of Bot tom Q u a r r y M a t e r i a l (No. 1556) 
P r e s s e d Br ique t t e s 
L i n e a r Dry ing Shr inkage Nil 

T e m p L i n e a r S^rinka_ge_ A p p e a r a n c e a f t e r F i r i n g 
F i r i n g Total 

°C % % 

800 (AE) 0 0 Soft and chalky. P o o r r ing . F i n e 
mot t l ed pa le b rownish s a l m o n pink co lour . 

850 (AD) 0 0 As above. 

900 (AC) 0 0 Ring improv ing . Colour as above. 

950 (AB) 0 0 Becoming h a r d e r . Same co lour . 

1000 (A) 0. 3 0. 3 As above, but s o m e f l ash ing due to s a l t 
s c u m . 

1050 (B) 0. 8 0. 8 Good r ing . Same co lour as above and 
s o m e f lash ing . 

1100 (C) 1. 3 1. 3 £ 
Hard . Good r ing. Slightly d a r k e r 
mot t led co lour . Some f lash ing . 

1150 (D) 3. 0 3. 0 D a r k e r co lour . 

1200 (E) 4. 7 4. 7 Ha rd . Good r ing . D a r k mot t led brown 
co lour . D a r k e r co loured f lash ing . 

i Suggested opt imum f i r i ng t e m p e r a t u r e of 1100°C. 
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T A B L E 3B: LINEAR SHRINKAGE AND GENERAL 
A P P E A R A N C E A F T E R FIRING 
Blend of Bot tom Q u a r r y M a t e r i a l (No. 1556) 
D e - A i r e d Ex t ruded Br ique t t e s 
L i n e a r Dry ing Shr inkage 4 p e r cent 

T e m p Linear_Shrinkage_ A p p e a r a n c e a f t e r F i r i n g 
F i r i n g Tota l 

°C % % 

800 (AE) 0 4 M o d e r a t e r ing . Not v e r y h a r d . P a l e 

s a l m o n pink co lour . 

850 (AD) 0 4 As above 

900 (AC) 0. 5 4 . 5 S l igh t ly .ha rde r and b e t t e r r ing . Same 
colour as above. 

950 (AB) 0 . 5 4. 5 Slightly h a r d e r and b e t t e r r ing . Slightly 
.. . . d a r k e r co lour . • Some, f l ash ing . 

1000 (A) 1 .0 5 .0 Ha rd . Good r ing . Slightly d a r k e r co lour . 
Some f lash ing . 

£ 
1050 (B) 2 . 0 6 . 0 H a r d e r and s l ight ly d a r k e r co lour . P r o -

nounced f l ash ing . 

1100(C) 3 .0 7 . 0 Ha rd . D a r k e r than above. 

1150(D) 5 . 2 9 . 2 D a r k e r and h a r d e r . Some f lash ing . 

1200 (E) 6 . 4 10 .4 Hard . P a l e brown co lour . Some f l a s h -
. ing. 

1250 (F) 8 . 6 12.6 V e r y h a r d . Vi t r i f i ed . D a r k g r e y co lour . 
Scumming on ends . 

£ Suggested op t imum fir ing ' t e m p e r a t u r e of 1075°C. 
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TABLE 4A: LINEAR SHRINKAGE AND GENERAL A P P E A R A N C E 
A F T E R FIRING 
Blend of Top and Bot tom Q u a r r y M a t e r i a l (No. 1557) 
P r e s s e d Br ique t t e s 
L i n e a r Dry ing Shr inkage Nil 

T e m p LI^^L^^HI^LH^EL A p p e a r a n c e a f t e r F i r i n g 
F i r i n g Total 

°C % •% 

800 (AE) 0 0 Soft and chalky. P o o r r ing . F ine 
mot t led pale b rownish s a l m o n pink colour, 

850 (AD) 0 0 As above. 

900 (AC) 0 0 As above. 

950 (AB) 0. 3 0. 3 Ring improv ing but s t i l l so f t . Colour 
s a m e as above with s o m e f lash ing . 

1000 (A) o. 5 0. 5 As above. 

1050 (B) 1. 4 1. 4 As above. 

1100 (C) 2. 1 2. 1 Good r ing, becoming h a r d e r . Slightly 
d a r k e r co lour . 

1150 (D) 3. 3 3. 3 £ 
Good r ing. Hard . Same co lour as 
above. 

1200 (E) 5. 7 • 5. 7 Very good r ing . Hard . Mott led p u r p -
l i sh brown co lour . 

i Sugges ted opt imum f i r i ng t e m p e r a t u r e of 1100°C. 
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TABLE 4B: LINEAR SHRINKAGE AND GENERAL A P P E A R A N C E 
A F T E R FIRING 
Blend of Top and Bot tom Q u a r r y M a t e r i a l (No. 1557) 
Ex t ruded D e - A i r e d Br ique t t e s 
L i n e a r Dry ing Shr inkage 5 p e r cent 

T e m p 

°C 

L i n e a r Shr inkage 
F i r i n g To ta l 

% % 

A p p e a r a n c e a f t e r F i r i n g 

800 (AE) 0. 7 5. 7 Good r ing but r a t h e r so f t . Salmon pink 
co lour . 

850 (AD) 0. 7 5. 7 As above but p a l e r co lour . D a r k colouret 
f l a sh ing . 

900 (AC) 0. 7 5. 7 Good r i ng but not v e r y h a r d . Same 
co lour as above with s o m e f l ash ing . 

950 (AB) • 0 . 7 •5. 7 H a r d e r . Good r ing . Same co lour as 
above but s e v e r e f lash ing . 

1000 (A) 1 .1 6. 1 As above. 

1050(B) 1 .8 6. 8 £ 
Hard . Good r ing . Slightly d a r k e r 
co lour . 

1100 (C) 3. 1 8. 1 As above. 

1150 (D) 5. 0 10. 0 Ha rd . Sound r ing . D a r k e r co lour . 

1200 (E) 6. 0 11. 0 Ha rd . Sound r ing . D a r k brown co lour . 

1250. (F) 8. 0 .13. 0 Very h a r d . V i t r eous . Good r ing . 
Grey co lour . • 

£ Suggested op t imum f i r i n g t e m p e r a t u r e of 1050°C. 

Some s p e c i m e n s showed pronounced f l a sh ing on edges and 
f a c e s , p a r t i c u l a r l y those m a d e of m a t e r i a l f r o m the bot tom q u a r r y . The 
f lashing is v e r y p robab ly due to the p r e s e n c e of so luble s a l t s in the r a w 
m a t e r i a l . 

P r e s s e d w a r e r e q u i r e s a h ighe r f i r i n g t e m p e r a t u r e than 
ex t ruded w a r e . A sugges ted op t imum f i r i n g t e m p e r a t u r e f o r w a r e m a d e 
f r o m the d i f f e ren t m a t e r i a l s is given in Tab le 5. 
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T A B L E 5: SUGGESTED OPTIMUM FIRING T E M P E R A T U R E 

M a t e r i a l Method of F o r m i n g Opt imum T e m p 
°C 

Tog_£uar£^_ 
(Stockpile No. 1548) P r e s s e d 

Ex t ruded d e - a i r e d 
1150 
1025 

B oU om _qu a^rr^ 
(Bes t white No. 1549) P r e s s e d 

Ex t ruded d e - a i r e d 
1100 
1050 

Bot tom _quarr j^ 
fBlend No. 1556) P r e s s e d 

Ex t ruded d e - a i r e d 
1100 
1075 

B lend _of_ t_op_and _bott om _gua_rries 
(No. 1557) P r e s s e d 

Ex t ruded d e - a i r e d 
1150 
1050 

Min i a tu r e roof ing t i l es m a d e f r o m the compos i t e s a m p l e of the 
top and bot tom q u a r r i e s and blends the reof f i r e d s a t i s f a c t o r i l y without 
d i s to r t i on . 

In the m a n u f a c t u r e of roof ing t i l e s and s e w e r p ipes the m a t e r i a l s 
f r o m the top and bottom q u a r r i e s or b lends of t h e s e t oge the r would have 
to be f i r ed to at l e a s t 11 50°C. At this s t age the m a t e r i a l s a p p e a r to be 
p r o m i s i n g but f u r t h e r work involving blending with o ther m a t e r i a l s fo r th i s 
type of w a r e should be unde r t aken . 

The white m a t e r i a l f r o m the bot tom q u a r r y cannot be r e g a r d e d 
as r e f r a c t o r y b e c a u s e incipient fus ion t akes p lace at 1250°C. Apar t f r o m 
i ts co lour , no a p p r e c i a b l e d i f f e r e n c e was noted when c o m p a r e d with s p e c i -
m e n s of the o ther m a t e r i a l s , f i r ed at the s a m e t e m p e r a t u r e . 

5 . 6 T r a n s v e r s e St rength (Modulus of Rupture) 

B a r s f o r m e d by the p r e s s i n g and ex t ru s ion methods w e r e t e s t e d 
f o r t h e i r t r a n s v e r s e s t r e n g t h in the un f i r ed and f i r e d s t a t e . U n f i r e d 
s p e c i m e n s w e r e d r i ed at 105-110°C b e f o r e being t e s t ed w h e r e a s f i r e d ones 
w e r e soaked in w a t e r f o r 24 h o u r s . The r e s u l t s a r e shown in Tab le 61 
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Ĵ 

I—
I 

0
0

 
0
0

 tNJ
 

oo
 

-J
 

o
 

sO
 

oo
 

o
 

o
 

>s
 

fD
 

m
 

CO
 

fD
 

a 

& c p
 

•-s
 

£ D"
 

0)
 

CO
 

c+
 

tr
 

C+
 

fD
 

o u
i sO
 

sO
 

OS
 

oo
 

tv
 

o
 

IN
) 

Un
 

tSJ
 

ai
 

tSJ
 

v£>
 

-s
i 

M
 
W

 
x 

x 
r+

 c-
t-

>-
i 

"T
j 

c 
c 

a 
a 

fD
 

fD
 

a 
a 

a 0)
 

i p
 

0)
 

a 

p
 

0
 

c-t
-

a
 

0)
 

1
 

.p
 fD
 

a
 

IH
' 

U
D

 
IS

 

h 
a 

is
; 

IP
 

lu
i 

Is
 

a>
 

to
 

CO
' 

fD
 

oo
 

oo
 

oo
 

ts;
 Q

s 
t—

• 

OO
 O

 
M

 
I 

OO
 

OO
 

' 
U
i 

00
 

-v
l 

-J
 

<J
i 

oo
-

u
i 

o
 

Un
 

o
 o
 > 

n 
fD

 
'-i

 

1—
 

H{
 

1—
 

h—
' 

o
 cnq

 
o

 o 
o

 
O

 

ai
 

o
 o o
 

tSJ
 

o
 

o
 

' o
 

o
 

fD
 

•"S
 

t-1*
 

P 

C
 

| 
£
 a

 
' 

% 
^ 

fD
 ^

 
i 

a 
|. 

o
 

o
 

o
 o O
 

I r P I03
 

ir
: 

I I I 

> ED
 

r.
 

H
 

OS
 

H
 

>
 

2!
 

C
fl.
 

<
 

M
 

to
 

C
fl 

W
 

w
 

H
 

M
 

Q
 

H
 

ff
i 

O
 

0
 

c
. 

r- c
 

w
 

6"
' 

W
 

S3
 

a
. 

H
' 

c
j;
 

S3
 

H
 

- 
51

 -



- 16 -

\ The results indicate that the strength of all unfired bars was 
low. [Extruded de-aired ones were considerably better than those pressed 
or extruded not de-aired. Bars made from the top quarry material gave 
a higher unfired strength than those made from the bottom ̂ quarry material. 

Specimens pressed from the white material developed better 
strength than those made from other materials when fired at the same 
temperatures in the range 1050-1150°C. ; 

On the whole the strength of pressed bars did riot develop 
until they had been fired to at least 1100-1150°C. This was found to be 
in agreement with the remarks on the fired briquettes (see; Tables 1 to 
*)• ' j. . 

The strength of extruded bars was not high at 1000°C although 
it was. similar to that of the pressed ones fired at 1150-1200°C. 

5.7 j Efflorescence ! 

A small amount of efflorescence developed on briquettes 
which had been fired at temperatures up to and including 1050°C. No 
efflorescence was detected on specimens which had been fired above 
1050°C. 

6. CONCLUSIONS AND RECOMMENDATIONS i : 

The results of this investigation have shown that good bricks 
can probably be made from the materials by the pressing or de-aired 
extrusion method. A composite blend of material from both quarries 
will probably lend itself to the stiff de-aired extrusion process as the 
rate of extrusion was found to be high and the power consumption low. 
Extrusion by the not de-aired method is not recommended. 

The ware will need to be well burnt to acquire 'adequate 
strength whatever the method of manufacture. In particular if the press-
ing method is adopted it will be necessary to fire to a relatively high 
temperature for sound ware. On the other hand should the de-aired 
extrusion process be used, a rather lower temperature will be necessary 
but still higher than local practice. 

From the refractories point of view the white material 
(No. 1549) has no better overall heat resisting properties than the other 
materials and cannot therefore be recommended for use in refractories. 
In fact when fired to 1250°C it developed small pockets of incipient 
fusion. However it can be regarded as the best of the series of mater-
ials examined. 

Whilst it was possible to make pipes and roofing tiles from 
the materials in the laboratory it would seem necessary to add a plastic 
bond or pipe clay to the shale for the satisfactory manufacture of this 
type of ware on an industrial scale. From this point of view the materials 
appear to be promising but the question of blending with other raw 
materials has not been dealt with and therefore no definite recommenda-
tions can be made in this respect. 

The colour of fired ware was somewhat, erratic due to flash-
ing caused, presumably, by the presence of soluble salts in the raw 
material. This was more pronounced with material from'the bottom 
quarry. 

As a result of the investigation it would seem that the deposit 
would be best utilised by an overall blending and stock piling of all the 
different types of material present.;. Selective mining is likely to work 
out the best material and leave the lower quality material which may be 
difficult to utilise at a later date. 

At this stage it can be said that the deposit is promising but 
there-appear to be potential difficulties such as the relatively low 
strength of ware in the green and fired states and variation in the fired 
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colour. 
Finally it is recommended that the whole deposit be bored in 

a systematic grid pattern to determine the quality, quantity and consist-
ency of the material present in the 80-acre site. This will govern the 
overall blending and stockpiling of the material and so make it possible 
to utilise the whole deposit to the best advantage. 

If a large modern works is contemplated on or near the site 
and we sincerely hope that this will eventuate, it is recommended that 
further laboratory work and/or works trials be undertaken on the mater-
ial available after the recommended drilling programme has been 
completed. 
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