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ABSTRACT 

This r e p o r t d«£0*ibes t h e f l u i d i s a t i o n and 
c a l c i n a t i o n t r ea tmen t of two"-samples of Mt. 
Gambier polyzoal l imes tone under b a t c h and 
cont inuous condit ions. . 

Although high-grade lime could, be produced 
under s i n g l e s tage c o n d i t i o n s , dust l o s s e s 

h-igh and a t t empts t o ob t a in c.ontjinuous 
m u l t i s t a g e s o l i d s t r a n s f e r were u n s u c c e s s f u l . 

1.. SUMMARY ; 

I n v e s t i g a t i o n s have t een c a r r i e d "out on t h e f l u i d i s a t ion 
t r e a t m e n t of- two ' samples of Mt. Gambier po lyzoa l limestone. ' . 
A.f t e r c rush ing to minus 10' mesh t h i s m a t e r i a l can be f l u i d i s e d 
q u i t e we l l in a s i n g l e s tage r e a c t o r under ba tch and continuous 
c o n d i t i o n s . With continuous feed h igher a i r .flow r a t e s were 
r e q u i r e d t o avoid sanding of t h e minus 10 p lus 25 mesh p a r t i c l e s 
in t h e bed. • Ho.wever • attempt's t o ' o b t a i n cont inuous f e e d con-
d i t i o n s in m u l t i s t a g e f l u i d - b e d models were unsucces s fu l , , due 
t o f l u i d i s a t i o n of the s o l i d s in the t r a n s f e r t u b e s . Var i a t ion 
in t r a n s f e r tube diameters. and d i s t ance from t !he d i s t r i b u t o r 
p l a t e s did ;not overcome t h i s .phenomenon in-2..-75 inch and 6- inch 
perspex t h r e e s t age models.- .-•'•'• 

• Attempts t o obta in m u l t i s t a g e s o l i d s t r a n s f e r in a c r o s s 
flow t y p e - f l u i d - b e d model were also u n s u c c e s s f u l when using-
count e r e u r r e n t gas flow... 

Batch t e s t s on screen f r a c t i o n s produced from t h e crushed 
minus 10 mesh s tone ind ica ted t h a t t h e bes t s i z e range f o r ' 
f l u i d i s a t i o n was minus 10 p lu s 72 mesh B.; S. S'.- The two samples 
of l imestone i n v e s t i g a t e d comprised an age hardened f i n e 
gra ined sample-which had been mined t h r e e ' y e a r s p rev ious ly 
and a coarse -grained f r e s h l y mined sample.- The c rush ing 
c h a r a c t e r i s t i c s of these two samples were markedly d i f f e r e n t 
when crushed t o min;.s 3£) mesh, -;he former g i v i n g a s i z i n g of 
47 per cent v. p lus ' 72 mesh and the l a t t e r 80 per c e n t , p lus 
72 mesh B.,S,.-S. 

Fluid-bed a i r s i z i n g of the minus 10 mesh s tone produced 
s u i t a b l e sized: .feed f o r the c a l c i n a t i o n s tage /but dust l o s s e s 
were h igh . • Optimum condi t ions occurred for'-.the aged sample 
when f l u i d i s e d at . an a i r space v e l o c i t y of 1.75 f t . / s e c . . f o r 
30 minutes . This gave a. product s i z i n g of 89 per .cent,. . 'plus 
100 mesh r e p r e s e n t i n g only 58 per cent. , of t h e f e e d . For t h e 
new sample' a space v e l o c i t y of 2. 5 f t . / s e c . and a r e t e n t i o n 

- t i m e of 10 'minutes- gave a product s i z i n g 97 per c e n t , p lus 
100 mesh, r e p r e s e n t i n g 85 per cent... of the f e ed . 

For good f l u i d i s a t i o n of t h e s e a i r s i zed f r a c t i o n s a t an 
aspec t r a t i o of 1 : 1 . ( f l u i d i s e d ) , a i r space v e l o c i t i e s of 1.43 
and 2.0 f t . / s e c . - were r e q u i r e d fo r t h e aged an6 new' saraplos 
respec t ive ly . . - . 

Batch ca lc ina t ion , t e s t s c a r r i e d out on t h e s e samples in a 
3- inch diameter s i l i c a , gas - f i r e d ' f u r n a c e a t . 1000°C produced a 
high grade l'ime con ta in ing over 96.5 per cent . • a v a i l a b l e CaO 
wi th in 1 'minute of t h e t empera tu re r e a c h i n g l600°C.. Dust l o s s e s 
in t h e f u r n a c e were -quite- high be ing of t h e o rde r of 12-15 per 
cen t , of t h e o r i g i n a l minus 10 mesh feed f o r both samples. 
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The o v e r a l l dust lo s s in s c r e e n i n g apd c a l c i n i n g t h e aged 
sample was approximately 68 per c e n t . of . the o r i g i n a l minus 10 
mesh f e e d . With a i r s i z i n g i n s t e a d of s c reen ing p r i o r t o 
c a l c i n a t i o n t h e o v e r a l l dust l o s s would s t i l l exceed 60 per 
c e n t , of t h e f e e d . 

{ ; For t h e new sample a f t e r a i r s i z i n g and c a l c i n a t i o n the 
~ dust loss -was approximately 28 per cen t . . . .. 

Due t o high dust l o s s e s and the i n a b i l i t y t o ob t a in m u l t i -
s t age s o l i d s t r a n s f e r , t h i s t y p e of l imestone would not be 
s u i t a b l e f o r c a l c i n a t i o n by the f l u i d i s e d bed p r o c e s s . 

2. INTRO DUCT ION 

This p r o j e c t was inaugura ted in January 1959f t o examine 
whether t h e f l u o - s o l i d s t e c h n i q u e could be s u c c e s s f u l l y app l i ed 
t o the c a l c i n a t i o n of high grade South A u s t r a l i a n Limestones. 

E a r l i e r work c a r r i e d out in t h e M e t a l l u r g i c a l Sect ion 
(R.D. 20) on t h e c a l c i n a t i o n of Mt. Gambier Limestone, had 
shown t h a t conven t iona l type, k i l n s would not be s u i t a b l e f o r 
p roduc t ion of h igh grade lime due to i t s extreme s o f t n e s s and 
f r i a b i l i t y . I t was t h e r e f o r e decided t o examine t h e f l u i d i s e d 
bed technique f o r c a l c i n i n g t h i s type of l imes tone i 

3. . MATERIAL EXAMINED 

3 . 1 Mt. Gambier Limestone; Aged Sample 

v Th is m a t e r i a l i s a po lyzoa l l imes tone composed of f o s s i l 
s e c t i o n s which appear t o be amorphous. The stone i s very 
whi te in co lour , extremely porous and can absorb up t o 37 per 
c e n t , of i t s own weight of water and s t i l l appear to be r e l a -
t i v e l y dry . The stone con ta ins approximately 98 per cen t . 
CaCO.,, i s vary low in s i l i c a , alumina arid i ron c o n t e n t , and 
has a bulk s p e c i f i c g r a v i t y of 1 . 3 . 

The aged sample was ob ta ined from a p r e v i o u s sample used 
by t h e M e t a l l u r g i c a l Sect ion in 1955? and came from t h e n o r t h 
and south Sec t ions of Ger r icks ' P i t . Sect ion 138-Hundred of 
Blanche-, County of Grey, Mt. Gambier. The sample was found 
t o be- f i n e gra ined and had age-hardaned c o n s i d e r a b l y . 

3 . 2 Mt.. Gambier Limestone: New Sample 

This sample was r e c e i v e d in two sea led 44 ga l lon drums on 
March 23rd 1959 from Limestone Products L t d . , Mt. -Gambier., 
The s tone c o n s i s t i n g of 6 - inch lumps had been loaded in i t s 
moist s t a t e s t r a i g h t from the quar ry , t h e drums-being .kept 

< sea led dur.ing t r a n s i t t o Adela ide . 

^ Although of t h e same o r i g i n as t h e aged sample t h i s s tone 
a s f r e s h l y mined,, contained approximately 5 per c e n t , mo i s tu r e , 
was s l i g h t l y o f f - w h i t e in colour and coarse grained. . I t 
crumbled e a s i l y t o i t s n a t u r a l p a r t i c l e s i z e , t h e s e smal l p a r -
t i c l e s be ing r e s i s t a n t to' f u r t h e r c rush ing . 

The grade of t h i s s tone was a l s o 98 per c e n t . CaCO 



4 . EQUIPMENT; . 

4 . 1 2.75r-inch Diameter Parspex Ffoid^Bed Model 

This un i t :was made in f l anged in te rchangeab le s e c t i o n s ' 1 

from 2 .75- inch - i n t e rna l diameter perspex t u b e . An a i r i n l e t 
was se t a t t h e bottom and a dust - c o l l e c t o r a t t h e top, . Air 
d i s t r i b u t i o n p l a t e s were made from 3 /16 - inch perspex shee t 
d r i l l e d with 1 /32- inch diameter h o l e s a t l / 8 - i n c h c e n t r e s . 

The u n i t could be u sed - to s imulate c o n d i t i o n s in a s i n g l e 
or m u l t i s t a g e ba tch or cont inuous f l u i d - b e d ' - r e a c t o r . . P r o v i -
sion was . made , in each s e c t i o n f o r manometer ' tappings f o r 
measuring p r e s s u r e drop a c r o s s each bed. 

4. 2 "3 : inch Diameter S i l i c a Fluid-Bed R e a c t o r 

T h i s ' u n i t cons i s t ed of a 3 - i n c h i n s i d e ' d i a m e t e r fused 
s i l i c a t u b e , . 30 inches long and f i t t e d with a ' g a s d i s t r i b u t o r 
p l a t e approximately 13 inches from the bottom. . This; p l a t e 
conta ined nine, s i l i c a a i r domes, each c o n t a i n i n g 4 x i / 3 2 -
inch diameter h o l e s equa l ly spaced f o r a i r e n t r y . 

The. .bottom of t h e tube was; ses led- -except f o r a 1 /4 - inch 
diameter s i l i c a tube f o r a i r e n t r y . . The a i r f o r f l u i d i s a t i o n 
was prehea ted .in ; t h i s 13... inch long sec t ion^ before .pass ing 
th rough t h e d i s t r i b u t o r p la t e . . 

The. whole r e a c t o r f i t t e d n e a t l y , i n s i d e a v e r t i c a l gas 
f i r e d f u r n a c e f i t t e d with f o u r gas burner 's . . 

A .chr o me 1-alum•-.-1 thermocouple was used f o r t empera tu re 
c o n t r o l . v. ^ ..w 

4 .3 6 - inch Diameter Perspex F lu id Bed Model 

This un i t was s im i l a r in des ign t o t h e smal ler 2 .75- inch 
r e a c t o r except f o r t h e d i s t r i b u t o r , p l a t e s , and comprised 
t h r e e mu l t i p l e s t age s e c t i o n s each approximately 2 f t . , in 
h e i g h t . _Two t y p e s o f a i r d i s t r i b u t o r p l a t e . w e r e used a s 
f o l l o w s : " ' 

(a) Perspex p l a t e con t a in ing 18 b r a s s a i r n o z z l e s • 
evenly spaced on a c i r c u l a r p a t t e r n , with each 
nozzle c o n t a i n i n g t h r e e 0. 054- inch ^.-diamet er 
ho les d r i l l e d through t o a common 0-.T25^inch 
diameter hole.-. 

Rat io of ho le a r e a - t o p l a t e a r e a =,0.,044 sq-. 
i r i ches / sq . inch p l a t e a r e a . 

(b) Perspex p l a t e con ta in ing 29 b r a s s a i r n o z z l e s 
evenly, spaced, on. a, c i r c u l a r pa t t e ra> ...,- Each . 
nozzle conta ined t h r e e 3 /32 - inch diameter h o l e s 
d r i l l e d th rough t o a common 3 /16 - inch d iameter 
ho l e . ' 

Rat io of ho le a r ea t o p l a t e a r e a = 0 . 0 2 1 sq.. 
i nchbs / so . " inch p l a t e a r e a . 

4..4 Perspex Gross-Flow Fluid-Bed Model 

This un i t was. a. f ou r compartment - f l u i d - b e d r e a c t o r , work-
ing o n ' t h e c r o s s - f l o w p r i n c i p l e and i s shown- in drawing ' 
RC-349. ' 



T h e ' a i r d i s t r i b u t o r p l a t e in e a c h compartment was f i t t e d 
with 12 b r a s s nozz l e s having 3 x 3 / 3 2 - i n c h diameter h o l e s per 
n o z z l e . 

F i n a l s o l i d s d i scharge from t h e r e a c t o r was c o n t r o l l e d by 
means of an a d j u s t a b l e w e i r - s l i d e . ^he r e a c t o r could be s e t 
up f o r e i t h e r p a r a l l e l or coun te rcu r ren t a i r f low t o each com-
par tment . 

5. EXPERIMENTAL 

5 . 1 Aged Sample 

5 . 1 . 1 F l u i d i s a t i o n t e s t s on Sized Screen F r a c t i o n s 

In order to determine t h e f l u i d i s a t i o n c h a r a c t e r i s t i c s of 
t h i s m a t e r i a l , approximately 20 lb of t h e sample was crushed 
t o minus 10 mesh in t h e l a b o r a t o r y jaw c rusher and r o l l s ? and 
t h e f o l l o w i n g screen f r a c t i o n s were 'prepared.- ; 

Minus 10 mesh p lus 20 mesh n 20 " " 48 " 
» 48 " " 651 

» 65 » " ioo 11 

" 10 " " 65 " 

Each screen f r a c t i o n was s u b j e c t e d t o ba t ch f l u i d i s a t i o n 
t e s t s in the 2 .75- inch r e a c t o r a t v a r i o u s aspect r a t i o s . a n d 
a i r f low r a t e s . P r e s s u r e drop in inches W. G. was p l o t t e d 
a g a i n s t a i r f l o w - r a t e in l i t r e s / m i n u t e . Any p e c u l i a r i t i e s 
in bed behaviour were no ted . 

5 . 1 . 2 Batch S i z ing Tes t s on- minus 10 mesh Stone 

The f l u i d i s a t i o n c h a r a c t e r i s t i c s - ,of..minus 10 mesh m a t e r i a l 
were determined in t h e 2 .75- inch re . a c t p r with an aspec t r a t i o 
of 1 / 2 : 1 ( s t a t i c ) and then batch f l u i d - b e d s i t i n g t e s t s were 
c a r r i e d out a t va r ious a i r . f l o w - r a t e s ana f l u i d i s a t i o n t imes . 
At t h e end of each . t e s t '-'both the coa r se and f i n e p roduc t s were 
removed, weighed and submitted fo r s i z i n g a n a l y s i s . The t e s t 
g i v i n g t h e bes t combination uf recovery and grade of p lu s .100 
mesh m a t e r i a l was taken as be ing n e a r e s t t o t h e optimum- cond i -
t i o n s . 

5 . 1 . 3 Continuous F l u i d i s a t i o n T e s t s on Two Screen 
F r a c t i o n s . 

The aim was to determine, from cont inuous f l u i d i s a t i o n 
t e s t s , dust l o s s e s and the optimum screen s i z e ' f r a c t i o n t o be 
used a s f eed t o t h e c a l c i n a t i o n s t a g e . 

Two f r a c t i o n s ( -10 p lus 65 mesh and - 10 p l u s 100 mesh)' 
were prepared and cont inuous ly f ed t o t h e 2 .75- inch perspex 
r e a c t o r a t va r ious f eed r a t e s , g i v i n g nominal r e t e n t i o n t imes 
of 10 , 20 , 30 f 40 and 60 minutes r e s p e c t i v e l y . 

The a i r f l o w - r a t e s were t hose which gave good f l u i d i s a -
t i o n c o n d i t i o n s with a minimum of sanding . Continuous s o l i d s 
f eed was maintained by means of a v i b r a t i n g s p a t u l a f e e d e r . ' 

.The time, t aken t o reach equ i l ib r ium c o n d i t i o n s was assumed 
t o , b e t h e d e s i r e d r e t e n t i o n t ime in each case , and immediately 
equ i l ib r ium cond i t i ons had been obta ined t h e bed was shut down. 
The .coarse and f i n e products were removed, d i s ca rded and 
f l u i d i s a t i o n resumed. The coarse feed d i scha rge and the dust 



f r a c t i o n we;pe ^her̂  c o l l e c t oyer s p e c i f i e d t im^ ^ n t e r y a l s t q 
determine t h e dust lprsg@s, Sh@' pea?esniagg' dy§V !§§§ wag "" 
p l o t t e d a g a i n s t r e t e n t i o n t i ros , 

5*1.4 Batch Ca l c ina t i on Tes t s 

Since e a r l i e r work in t h e M e t a l l u r g i c a l Sec t ion had 
shown t h a t t he "best "burning t empera tu re f o r Mt. Gambier f l ime-
stone was 1000°C i t was decided t o adopt t h i s t empera tu re f o r 
f l u i d - b e d c a l c i n a t i o n . j • 

Two c a l c i n a t i o n r u n s were c a r r i e d out in t h e 3 - i n c h 
s i l i c a f u r n a c e , one with minus 10 p l u s 80 mesh f e e d and the 
o the r with minus 10 plus ' 65 mesh f e e d . The procedure f o r 
both runs was a s fo l l ows . ^he empty r e a c t o r was hea ted t o 
t empera tu re in t h e gas f i r e d fu rnace , - As soon as the tem-
p e r a t u r e reached 1000 0, t h e a i r f l o w - r a t e f o r f l u i d i s a t i o n 
was se t t o give 100 l i t r e s / m i n in t h e bed at 1000°C, and the 
f e e d sample of 170 g of s ized s tone in t roduced t o the r p a c t o r . 
Immediately the t empera tu re in t h e r e a c t o r had recovered t o 
1000OC, sampling of the c a l c i n e s was s t a r t e d . 

Approximately -1.5 g samples were t aken from the bed wi th 
t h e a id of a s i l i c a tube sampler a t t ime i n t e r v a l s of 0!, 2, 5, 
10 , 20 , 30 and 40 minutes r e s p e c t i v e l y . In t h e f i r s t run ' 
t he samples were placed 'in 4 o s . sample b o t t l e s and submitted 
t o the A a a l y t i c a l Section f o r t o t a l CaO and C0? d e t e rmina t i ons . 
For the . second run the samples were t r a n s f e r r e d quick ly to 
small s toppered weighing b o t t l e s i n s i d e a dessici-r-.tor and im-
media te ly analysed f o r CaO and CO p. This vras done t o kvoid 
i n a c c u r a c i e s due to mois ture and COp a b s o r p t i o n from tha atmos-
phere . 

Samples of t h e dust c o l l e c t e d from t h e t o p of t h e fu rnace 
were submit ted f o r a n a l y s i s . 

Hydration t e s t s were c a r r i e d out on t h e c a l c i n e s remaining 
in t h e f u r n a c e a f t e r each run to determine t h e q u a l i t y !of the 
hydra t e produced* 

5 .2 New Sample 

5 . 2 . 1 Crushing Tests 

Samples of f r e s h l y mined stone and s tone age-hardened in 
the open a i r f o r 10 weeks were crushed t o minus 10 mesh-B.S.S, 
in a jaw crusher and r o l l s with s c r e e n i n g between s t a g e s . The 
samples were then screen s ized and t h e s i z e s t a b u l a t e d t oge the r 
with t h o s e of t h e old sample f o r comparison of t h e i r c rush ing 
c h a r a c t e r i s t i c s . 

5. ?. 2 F l u i d i s a t i o n C h a r a c t e r i s t i c s in 2 .75- inch Model 

Batch f l u i d i s a t i o n t e s t s were c a r r i e d out on t h e minus 
10 mesh s tone at aspect ' r a t i o n of 1/4, 1/2 and l / l r e s p e c -
t i v e l y in o rde r t o determine t h e f l u i d i s a t i o n . c h a r a c t e r i s t i c s . 
Air f l o f - r a t e s in I i t r e s / minute were p l o t t e d a g a i n s t p r e s s u r e . 
drop in inches W. 

5 . 2 . 3 Continuous Fluid-Bed S i z ing T e s t s 

The minus 10 mesh crushed s tone was con t inuous ly f ed to 
s i n g l e stage f l u i d i s i n g equipment u s ing var ious a i r f low r a t e s 
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The a i r space, v e l o c i t y was va r i ed - f rom 2.10. - .3.Q . ' f t / s e c . 
and nominal so l ids 1 r e t e n t i o n time- was main ta ined a f app rox i r 
mately 9-10 minutes . "•':•'''•'•* : 

Siz ing . ana lyses were- c a r r i e d out .on t h e a i r - s i z e d s tone 
and dust f r a c t i o n s . • , 

The feed tube wa3 set a t one inch above t h e d i s t r i b u t o r 
p l a t e and t h e overf low tube was a d j u s t e d to give a bed aspect 
rat-io of. .1:1 ..when f l u i d i s e d . - . '„•;) " -

5 .2 .4 . .. Batch Ca lc ina t ion of a i r - s i z e d Minus 10 mesh .. 
•" • .Fract ion " 

The feed m a t e r i a l used f o r t h e c a l c i n a t i o n t e s t ' . h a d been: 
previously; a i r - s i z e d a t a space • v e l o c i t y of 2.5 f t . / s e c . and a 
nominal r e t e n t i o n t ime of nine minutes . This ' f r a c t i o n was' 
96-97 per cent , .p lus 100 mesh and conta ined only 5 per cen t , 
minus 72 p lus .100 mesh m a t e r i a l . 

The procedure adopted in t h i s t e s t was d i f f e r e n t from 
prev ious t e s t s in t h a t t h e fu rnace charge-of 170 g was p laced 
in t h e r e a c t o r r i g h t from t h e s tar t - . . Th is 'enabled t h e &tone 
t o prehea t g radua l ly without s u b j e c t i n g i t t o sudden the rmal 
shock as p r ev ious ly . The cold a i r - f l o w - r a t e was a d j u s t e d t o 
give 2.0 f t . / s e c . . space v e l o c i t y at 1000°C in t h e bed.- ? Dust 
l o s se s were determined. 

Samples o f ' t h e ca lc ined stone were t a k e n at ze ro , ,5 and 10 
minutes a f t e r r each ing 1000°C. 

A r a t e o f -hydra t ion t e s t was c a r r i e d out. on t h e ca lc ined 
produc t . ' " " 

5. 2 .5 Mul t i s t age F l u i d i s a t ion: 2-. 75r-.lnch Model. 

The ^perspex r e a c t o r was s e t ' u p as a Jr-stage un i t With t h e 
t r a n s f e r t u b e s a d j u s t e d ' t o - g i v e :-aj bed a s p e c t ' r a t to of 1:' 1: when 
. f l u i d i s e d - ' i n 'each-i. s t age . The height of t h e feed tube above-' 
t h e - d i s t r i b u t i o n - p l a t e in each •'•stage, was va r i ed from 1 /2" t o 
2" du r ing t h e t e s t s . ! 

The procedure adopted gene ra l l y was t o f i l l each s tage 
with t h e - . r e q u i s i t e quan t i t y of a i r s ized s t o n e , then;- to ' com-
mence f l u i d i s a t i o n with an a i r space velocity- of .2.0 f t . / s e c 
and f i n a l l y s t a r t continuous feed to give .a nominal r e t e n t i o n 
t ime of approxiuiavely 10 minutes in each s t a g e . -

5 . 2 . 6 Mul t i s t age F l u i d i s a t i o n : . 6 - inch Model 

This cons i s t ed of t e s t s us ing t h e 6 - inch perspex r e a c t o r 
wi th 3 s t ages and m a t e r i a l with a s i z e range- of minus 10 -plus 
100 mesh... 

F i r s t l y two t y p e s of a i r d i s t r i b u t o r - p l a t e d e s c r i b e d 
e a r l i e r were sub jec ted t o p ressure drop. vs. a i r f l o w - r a t e t e s t s 
to determine the ..most s u i t a b l e plat,e t o - b e used in t h e c o n t i n -
uous t e s t s . 

A b a t c h , t e s t in one s t a g e was run t o determine t h e f l u i d i -
s a t i o n cond i t ions r e q u i r e d p r i o r ~o cont inuous .mul t i s tage ' 
t e s t i n g . .. -

The 6 - inch perspex r e a c t o r was se t up' as- a 3 s t age u n i t , 
each s tage having been f i l l e d manually t o give an. .aspect - r a t i o 
of 1 : 1 when f l u i d i s e d . . 
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11/16 inch i n s i d e diameter t r a n s f e r t u b e s were used 
i n i t i a l l y , fol lowed by 7/16 inch diameter t u b e s . 

5 . 2 . 7 F l u i d i s a t i o n Tes t s in Cross-Flow Model 

I n i t i a l l y one compartment of t h e r e a c t o r was s ea l ed o f f 
from t h e next and f i l l e d t o the 3 - inch l e v e l with minus 10 
p l u s 100 mesh s tone . Batch f l u i d i s a t i o n c h a r a c t e r i s t i c s were 
t h e n determined f o r t h i s ma te r i a l over a wide range of a i r 
f l o w - r a t e s . 

Continuous t e s t s were then a t tempted in t h i s r e a c t o r f o r 
both count e r c u r r e n t and p a r a l l e l a i r f low. For counter c u r r e n t 
a i r - s o l i d s flov/ t h e s o l i d s discharge from No.4- c e l l was con-
nected t o an a i r - l o c k r e c e i v i n g b o t t l e . While i n v e s t i g a t i n g 
t h e o p e r a t i o n of t h e r e a a t o r , s o l i d s were f ed manually t h rough 
a f u n n e l above No.l c e l l . The t a i l o f . t h i s f u n n e l extended 
in to t h e s tone bed t o w i t h i n 1 inches of t h e d i s t r i b u t o r p l a t e . 
T r a n s f e r por t openings were var ied from 3/16 inch t o 3/8 inch 
dur ing t h e t e s t . . 

For p a r a l l e l a i r f low condi t ions• a s e p a r a t e a i r supply 
was connected t o t h e bottom 0*.each c e l l and f e e d t o N o . l c e l l 
was maintained by means of a Van Gelder v i b r a t ing f e e d e r ; The 
maximum feed r a t e , t o t a l a i r f l o w - r a t e and p r e s s u r e drops ob-
t a i n e d in each c e l l were noted.. For t h i s t e s t t h e b a f f l e open-
ings were se t a t 3/16 inch . 

6. RESULTS 

6 . 1 Aged Sample 

6 . 1 . 1 F l u i d i s a t i o n Tes t s on Sized Screen F r a c t i o n s 

A t y p i c a l s i z i n g of t h i s stone a f t e r c rush ing t o minus 
10 mesh i s given below. 

Mesh Tyler Cum Weight 
% 

+ 10 1.48 
+. 14 8 .72 
+ 20 17.08 
+ 28 24.96 
+ 35 32.52 
+ 48 34.60 
+ 65 46.86 
+ 100 55.30 
+ 150 64.06 
+ 200 74.88 
- 200 25.12 

100.00 

The p r e s su re drop ac ro s s one of t h e 2 .75- inch diameter 
perspex d i s t r i b u t o r p l a t e s was determined a t v a r i o u s a i r f low 
r a t e s . . R e s u l t s were a s f o l l o w s : 

Air Flow: L i t r e s / m i n P r e s s u r e Drop: Inches W.G. 

20 
' 6 0 
100 
200 

0.04 
0.30 
0 . 4 1 
1.40 
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f h e exper imenta l f i ^ e s r # 9 ® f X j ^ i s w g 
losing tfte i^ve serpen fpag i j ig^s a^e ifi" • 
f i m m H i i i e l H s i v e r " '®H§~g§B§§ iafepSgS 'h'^fik&si M i -
ca t e t o e cond i t ion of tjap' £e<| R ? ^ a i f flow-£,a,jbei§' • 
The b o i l i n g zone i s t h a t zone wlie're^all' t'fie s o l i d s ' ' a r e ' sus-* 
pended anci in motion. 

The aspec t r a t i o s or ^ / h r a t i o s i n d i c a t e d in t h e f i g u r e s 
r e f e r t o t h e r a t i o of he igh t of s o l i d s t o diameter of s o l i d s 
in t h e bed when s t a t i o n a r y . 

For t h e minus 10 p lu s 20. mesh f r a c t i o n ^ t h e bed was too 
porous f o r good f l u i d i s a t i o n ' and baa s lugg ing occurred with 
aspec t r a t i o s g r e a t e r than 0 . 25 :1 . ,iigti a i r f l o w - r a t e s were 
needed but dust l o s s e s were n e g l i g i b l e . 

For the minus 20 p lus 48 mesh f r a c t i o n good f l u i d i s a t i o n 
was observed up t o an aspect r a t i o of 1 :1 , with dust l o s s e s 
o c c u r r i n g in t h e v i o l e n t r eg ion . At h igher aspec t r a t i o s 
bad s lugging occur red . The optimum aspec t r a t i o was found 
t o be 0 . 5 : 1 . 

The minus 48 p lu s 65 mesh f r a c t i o n caused c h a n n e l l i n g 
b e f o r e t h e onset of f l u i d i s a t i o n , and h igh dust l o s s e s were 
encountered . No s lugg ing occurred with t h i s f r a c t i o n and the 
b e s t a spec t r a t i o was found t o be 0 . 5 : 1 

The minus 65 p l u s 100 mesh . f r a c t ion was worse t h a n the 
previous f r a c t i o n , in t h a t bad channe l l ing occur red s i m u l t a n -
eously with high dust l o s s b e f o r e complete f l u i d i s a t i o n was 
ob ta ined . The minus 10 p lu s 65 mesh f r a c t i o n was found t o 
f l u i d i s e q u i t e we l l with l i t t l e dust l o s s , up t o an aspec t 
r a t i o of 0 ;5 :1» At h igher aspec t r a t i o s very high a i r f l ow-
r a t e s were r e q u i r e d f o r complete f l u i d i s a t i o n and dust l o s s e s : 
from t h e top of t h e bed were h igh . The optimum aspec t r a t i o 
was found t o be 0 . 5 : 1 and t h e dust l o s s e s va r i ed from 2.4 per 
cen t , in t h e f i r s t 10 minutes of f l u i d i s a t i o n t o 4 .2 per c e n t , 
a f t e r 60 minutes . Although t h i s dust l o s s i s smal l , t h e minus 
10 p lus 65 mesh f r a c t i o n p resen ted only 47 per cen t , of t h e 
o r i g i n a l minus 10 mesh f e e d . 

Figure 6 i n d i c a t e s t h e pe rcen tage dust l o s s e s ob ta ined up 
t o a t o t a l f l u i d i s a t i o n t ime of 60 minutes . 

6 . 1 . 2 Batch S iz ing Tes t s on Minus 10 mesh Stone 

The p r e s su re drop v s . a i r f l o w - r a t e f i g u r e s ob ta ined in 
t h e f l u i d i s a t i o n of t h i s f r a c t i o n a r e shown p l o t t e d in F igure 7. 

R e s u l t s of t h e ba tch f l u i d - b e d s i z i n g t e s t s a r e shown i n 
Tables 1-9 i n c l u s i v e . From t h e s i z i n g r e s u l t s no clean-pcut 
s i z e f r a c t i o n can be produced by a i r . s i z i n g . The s i ze f r a c -
t i o n g iv ing t h e bes t combined recovery and grade of p l u s 100 
mesh stone occurred with a space v e l o c i t y of 1.75 f t . / s e c . f o r 
a nominal r e t e n t i o n t ime of 30 minutes and g i v i n g an o v e r a l l 
dust l o s s of 42.4 per cen t . ^ h i s s ized f r a c t i o n contained 
89.0 per c e n t , p lu s 100 mesh and 96.8 per c e n t , p l u s 200 mesh 
r e s p e c t i v e l y , g iv ing a r ecove ry of 92.5 per c e n t , of t h e o r i g i -
n a l p lu s 100 mesh and 85.7 per cen t , of t h e o r i g i n a l p l u s 150 
mesh m a t e r i a l in t h e minus 10 mesh f e e d . I t w i l l be noted 
from t h e s i z i n g s given in t h e t a b l e s t h a t some a t t r i t i o n i n g of 
t h e coa r se r f e e d f r a c t i o n s occurred dur ing f l u i d i s a t i o n . 

t 
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• Table 

Batch S iz ing T e s t s : 2. 75-Inch Reac tor 

Aspect Ra t io 0 . 5 » 1 ( S t a t i c Bed) ' Ma te r i a l ~ HiiauerlO' mesh 
Air Flow Rate 72 l i t r e s / m i n Space Veloc i ty - 1.0 f t / s e c 
i „ ! ! P ressu re ; F l u i d i s a t i o n 
ir""""^ tS Iw • v,+ i I drop | Time ; he igh t iWeight l o s s Weight l o s s ^ * G- M i n s i 

S g I > . . _. . , ! ' 

155 j - 1 
i ~ 1 1.55 i 0 : 

139' l 16" 1 10.3 1 .50 i 5 
124.8 i 30 .2 i 19.5 ! 1.40 1 10 ; 
119 ! 36.0 : . 23.2 ! 1.35 •15 ! 
113 1 42.0 2 7 . 1 i 1.30 30 . | 
111.8; 43.2 27.8 ; 1.25 | 45 
109.8! 45.2 ! 29.2 1.20 60 
108.0 ! 47.0 30.3 ! 1.20 90 

M a t e r i a l Balance 
Mesh Ty le r J 

: 1 
Feed % Cum Size Stone % Cum Dust io' Cum Mesh Ty le r J 

: 1 100 69.7 30. 3: 
+ 10 1 1.48 2.6 1 i 

28 ! 17.08 23.5 
35 : 24.96 34.8 j 1 
65 1 46.86 65.5 0 .5 ! 

100 55.30 75.0 0.75 i 
150 64. 06 85.2 1.00 ! 
200 74.88 94 .8 1 0 . 0 0 j 

-200 ! 2 5 . 1 2 5 . 2 90. 00 
100.00 j 100 .0 1 0 0 . 0 0 ! 

When completely f l u i d i s e d the bed expansion was 3 .5 inches 
wi th a few coarse p a r t i c l e s remaining s t a t i o n a r y on the bottom 
of the bed. A f t e r 60 minutes f l u i d i s a t i o n t ime only 76' per 
c e n t , of t he bed remained f l u i d i s e d . 

Ca l cu l a t i ons from t h e m a t e r i a l ba lance ind ica ted t h a t t h e 
f o l l o w i n g amounts were removed dur ing t h e run . 

22% of t h e - 65 + 100 mesh stone 
29.6$ " " -100 .+ 200 « " 
86.0% » " -20' » » 

Table 2 -
Batch S i z i n g Tes t s : 

iAspect Rat io 0 . 5 : 1 ( S t a t i c Bed) 
2 .75 - inch Reactor 
M a t e r i a l - Minus 10 mesh 

t\ J-X r JLUVV "aoc <_)'_>. c. 
Bed Charge 

LJ.OX CO/ UlXli 1 OJJCHJC vyj-ui. 
P re s su re 

;j.u.v — i.. t-} ±<j/ fc>e<j| 
; F l u i d i s a t i o n 

Weigh Weight l o s s Weight Loss: drop ! T ime ! 
g R 1o ! inches W. G. ! Mins 

155' ! 1.8 i 0 
! 1.7 5 

. 
; 1.42 i 20 

100 54.5 3 5 . 1 ': 1.40 i 3 0 , ; 
M a t e r i a l Balance * ; 

Mesh Tyler ' Feed $ Cum Size Sto'ne % Cum I Dust % Cum ! 
100 69.7 l 30.3 ^ | 

28 
35 
65 

100 
150 
200 

- 200 

17.08 
32.52 
46.86 
55.30 
64. 06 
74«88 

21.5 
42.4 
64.5 
75 .4 
86.9 
95 .8 

4 .2 

0.6 
0 .8 
2 .2 

19:4 
80.6 

The bed expansion was 4 . 5 inches when completely f l u i d i s e d 
and the bed remained f l u i d i s e d throughout t h e whole t e s t . Dust, 
l o s s was almost n e g l i g i b l e a f t e r 20 minutes f l u i d i s a t i o n . 

L \ 



C a l c u l a t i o n s f rom t h e m a t e r i a l b a l a n c e i n d i c a t e d t h a t t h e 
f o l l o w i n g amounts were removed d u r i n g the'.-run. 

16.3% of t h e - 65 + 100 mesh s tone 
32.4% " " - 100 + 200 " " 
8-9.2% » » - 200 " " 

Table 3 
Bat ch S i s ing T e s t s : 2 . 7 5 - I n c h React or 

Aspect R a t i o n 0 . 5 :1( S t a t i c bed) M a t e r i a l - Minus 10 mesh 
Air Flo" R a t e 8 3 . 2 l i t r e s / m i n . Space Ve loc i ty - 1 .25 f t / s e c 

Bed Charge [P re s su re j F l u i d i s a t ion 
Weight Loss; drop j Time 

% i i nches W. GI Mins 
We igh t | We ight lo s s g ; ' g 

[P re s su re j F l u i d i s a t ion 
Weight Loss; drop j Time 

% i i nches W. GI Mins 
155 | . -

107.0 48.0 

! 1 .8 j 0 
j 1 .6 5 , 
i 1.42 10 

30.9 1.40 i 15 ' . i 
M a t e r i a l Balance 

Mesh Ty le r Feed % Cum Size Stone % Cum- Dust F rab . Mesh Ty le r 
.%' Cum.-. 

100 6 4 . 1 " 30.9 ••'î '. 
10 1.48 4 .4 
28 17.08 23.5 
35 32.52 44.4 
65 46.86 64.7 0 . 5 

100 55.30 75 .1 0 . 7 5 
150 64.06 1 . 8 6 . 2 1.75 
200 74.88 ! 9 5 . 1 14.05 ! 

i -200 25.12 ! 4 .9 85 .95 : 
100.00 ! 100.0 i 100.00 

F l u i d i s a t i o n c o n d i t i o n s were t h e same a s f o r Table 2. 
C a l c u l a t i o n s from t h e m a t e r i a l ba lance i n d i c a t e d t h a t t h e 

f o l l o w i n g amounts were removed dur ing t h e r u n . 
14.7% of - 65 + 100 mesh s tone 
24.4% 
86.6% 

- 100 + 
- 200 

200 

Table 4 
Batch S i z i n g T e s t s : 2 . 7 5 - i n c h Reactor 

Aspect Ra t io 0 . 5 : 1 ( S t a t i c Bed) M a t e r i a l Minus 10 mesh 
Air Flow R a t e 8 8 . 2 l i t r e s / m i n . Space Ve loc i ty 1 .25 f t / sec, 

Bed Charge 
W e i ght ; W e i ght Lo s s; 

j : £ ; 
Weight Loss P re s su re : F l u i d i s a t ion 

drop ; Time 
Inches W. G j Mins 

155 
111. 5 4% 5 28 

1 .8 
i d . 

0 
10 

Mash T y l e r Feed% Cum Size Stone % Cum Dust Frac . % Cum ! 
100 72.0 28.0 ! 

10 1 .48 3 . 8 1 
28 17.08 22.3 » 

35 32 .52 42 .6 1 
i 

65 46.86 62 .8 1 .28 ! 
100 55.30 7 3 . 2 1.54 
150 64.06 8 5 . 1 2.06 
200 74.88 94 .9 15.86 

-200 25.12 5 . 1 i 84 .14 
100.00 100.0 I 1 0 0 . 0 0 • 

Dust l o s s e s were s t i l l c o n t i n u i n g a f t e r 10 minutes of 
f l u i d i s a t i o n . 

C a l c u l a t i o n s from t h e m a t e r i a l ba lance i n d i c a t e d t h a t t h e 
f o l l o w i n g amounts wers removed d u r i n g t h e r u n . 

11.4% of t h e - 65 + 100 mesh s tone 
20.1% » " - 100 + 200 " " 
85.5% " " - 200 '» ». 
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Table 5 
Batch S iz ing T e s t s : 2 ,75- Inch Reactor 

iAspect Rat io 0; 5 : 1 
iAir Flow Rate 106 l i t r e s / m i n 

M a t e r i a l - Minus 
Space Ve loc i ty -1 . 

10 mesh ! j 
5 f t / s e c . ! ! 

! Bed Charge 'Weight l o s s ^ ™ . 
% | Inches W. G 

F l u i d i s a t i o n ! 1 
(Weight j We ight lose 
! . g ; g 

'Weight l o s s ^ ™ . 
% | Inches W. G 

Time ! 
Mins j 

i 155 -
i i t 
i 95 .8 : 59.2 ' 38.2 

2.0 
1.55 
1.55 
1.55 

0 5 

8 
10 M 

Mate r i a l Balance \ i ; i 
| Mesh Tyler ! Feed % 
i i 100 

Cum ;Size 
! 1 

Stone fo Cum >Dust 
61.8 ; 

F rac . % Cud 
38 .2 ! 

1 .43 
17.03 
32.52 
46.36 
55.30 
64.06 
74.88 

.25.12 

4.8 
2 6 . 6 
44.6 
71.8) 

.83.0) 
92.8 
96.4 

3.6 

0 . 2 
5.4 

25.0 
.75.0 

100.00 100.0 100.0 
The bed expansion was. 4 .6 inches when f l u i d i s e d a t t h e con-

c l u s i o n of t h e t e s t . F l u i d i s a t i o n was v i o l e n t dur ing t h e 
f i r s t 5 minutes of dust l o s s . 

C a l c u l a t i o n s from t h e m a t e r i a l ba lance i nd i ca t ed t h a t the 
f o l l o w i n g amounts were removed dur ing t h e run . 

35.2% of t h e - 65 + 100 mesh s tone 
67.6% » » - 100 + 200 " " -
92.4% " " - 200 " " 

Table 6 
Batch S i z ing T e s t s : 2 .75- Inch Reactor 

iAspect Ratio. 0 . 5 : 1 ( S t a t i c Bed) M a t e r i a l - Minus" 10 mesh 1 
tAir Flow Rate 123.5 l i t r e s / m i n Space Ve loc i ty 1.75 f t / s e c ! 
I Bed Charge I m a^„h + ! P re s su re j F l u i d i s a t ion ! 
Weight |Weight l o s s j drop ! . Time 

g j • g % ! Inches Iv. G i Mins 
155 

96.0 59.0 38..X 

2 . 1 
1.75 
1.65 
1.65 

0 
2 
3 
5. 

! M a t e r i a l Balance 
i Mesh Ty le r i 1 

Feed % Cum 
100 

Sized Stone t 
61.9 

Cum j'Dust Frac. fo Cun 
! 38 .1 

1 10 
! 28 
; 35 
; 65 
i 100 
i 150 
i 200 
1 • -200 

1. 48 
17.08 
32.52 
4 6 . 8 6 
55.30 
64.06 
74.88 
25.12 

3.6 
23.6 
45.6 
68.4) 
81.0) 

! 91.8 
i 94.4 
! 5 .6 

: | 0» 4 
' ! 8". 2 . 

| 29.2 
! 70.8 

i 100.00 ; 100.0 ; 100.0 
Violent f l u i d i s a t i o n occurred dur ing t h e per iod of dust l o s s , 

t h e dust l o s se s be ing n e g l i g i b l e a f t e r the f i r s t 3 minutes of 
f l u i d i s a t i o n . The bed expansion a t t h e conc lus ion of t h e t e s t 
was 4.75 inches . . 

Ca l cu l a t i ons from t h e m a t e r i a l balance i n d i c a t e d t h a t t h e 
f o l l o w i n g amounts were removed dur ing ' t h e r u n . 

25.4% of t h e - 65 100 mesh s t o n e 
'67.6% " " - xOO + 200 " 
63.3% " " - 200 " 

11 
11 
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Table 7 
Batch S iz ing Tes t s : 2 .75-Inch Reactor 

Aspect Ratio 0 . 5 : 1 ( S t a t i c Bed) Ma te r i a l - Minus' 10 mesh 
Air Flow Rate 141 l i t r e s / m i n . Space Veloci ty 2.0 . f t / s e c . 

P ressure iF lu id i sa t ion 
drop | Tim:-: 

Inches W.G j Mins 

Charge 
Weight l o s s 

£L 

We ight 

l 
66.0 42.6 

2.25 
1.90 
1.35 ' 
1.83-

t 
c 

Mate r i a l Balance I 
! Mesh Tyler j Feed % Cum ; Sized Stone % Cum iDust Frac . % Cum! 

100 j 57.4 . i ' 42.6 ; 
10 
28 

I 5 
6 b 

100 
150 
200 

- 2 0 0 

1.48 
17.08 
32.52 
46.86 
55.30 
64.06 
74.88 
2 5 . 1 2 

6.4 
35.2 
61.0 
89! t ) 
92.8 
94.2 

c 8 > 

2.8 
17.0 
33.4 
61.6 

100.00 100.0 100.0 
Violent f l u i d i s a t i o n accompanied "by heavy dust l o s s 

occurred in the f i r s t 2 minutes. A-t the end of t h e run 
f l u i d i s a t i o n was normal g iving a bed expansion of 5.0 inches, 

Calcula t ions from the ma te r i a l balance ind ica ted t h a t 
t h e fo l lowing amounts were removed dur ing the run 

54.8% of t h e - 65 + K)0 mesh stone 
84.8% " " - 100 ^ 200 " 
88.3% " » -'.200 " 

it 
n 

Table S • • ; 
Batoh S i z i n g Tes t s : 2 .75-Inch ^eac tor 

Aspect Ratio 0 . 5 : 1 ( S t a t i c Bed) Mate r i a l - Minus'10 mesh 
Air Flow Rate 123.5 l i t r e s / n i n Space Veloci ty 1,75 f t / s e a . 
Weight 

S 

x vuaifiu 

Weight loss i 
& i 

Weight l o s s | 

' % ! 

Pressure 
drop 

Inches W.G 

F l u i d i s a t ion 
T ime . 
Mins 

155 i i j 2.05 ' o 
! 1.75 ! 2 
i 1.65 1 ,1 ! -r i i 1.60 i 5 

64.3 i 
1.55 i 1 -Ay 

90.7 64.3 i 1.55 -i 15 4 
Ma te r i a l Balance 

Mesh y l e r j Feed £ Cum 
• j 100 

Sized Stone % Cum IDust Frac. % Cum 
3 > 5 41*5 

10 
23 
35 
65 

100 
150 
20C 

- 2 0 0 

1, ,8 
17.03 
32.52 
46.86 
55.17 0 
64.06 
74.83 
2 5 . 1 2 

-.0 
26.4 
52.2 
74.4) 
37.0) 
94.8 
96.6 

0 .6 
10.. 4 
32.0 
68.0 

100.00 100.0 i 100.0 
F l u i d i s a t i o n was v i o l e n t dur ing the f i r s t few minutes 

•f high dust l o s s , r e t u r n i n g to normal a f t e r a f l u i d i s a t i o n 
time of 5 minutes and the bed expansion was 4.75 inches . 

Ca lcu la t ions from the m a t e r i a l ba lance ind ica ted t h a t t he 
fo l lowing amounts were removed dur ing the run . 

12.7% of t h e - 65 + 100 mesh s tone 
47.8% » » - 100 + 200 " " 
91.6% " " - 200 .. .. 
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Table £ 
^ e s t s : 2 .75-Inch R e a c t o r Batch ' S i z i n g - • -. 

iAspect Ra t io 0 . 5 : 1 ( S t a t i c Bed) Ma te r i a l - Minus' 10 mesh 

Be d Charge We ight 
lo 

Loss | P r e s su re 
drop 

Inches W. 

F l u i d i s a t i o n j 
j Time ! 

Gl Mins . j 
Weight g ! Weight Loss 

i ' & 
We ight 

lo 

Loss | P r e s su re 
drop 

Inches W. 

F l u i d i s a t i o n j 
j Time ! 

Gl Mins . j 
155 - -

j 
2..05 ' 0 1 1.90 -> ! 

1.66- r 5 . • ! 
i 1 .55 ' . 10 ' ! ! 
i . 1 .55 20 ) 

89.3 1 65.7. 42. 4 1 .55 ; 50 | 
Ma te r i a l Balance j 

Mesh Tyler iFeed % Cum iSized Stone % Cum :Dust Frac . % Cud 
100 j 57.6. ' j 42.4 j 

10 
28 
35 
55 

100 
150 
200 

•200 

1.48 
17.08 
35.52 
46.86 
55.30 
64.06 
74.83 
25.12 

4.8 
28.0 
54.6 
78.0) 
39.0) 
95.'4 
96.8 

3.2 

0 .6 
11.6 
32.4 
67.6 

100.00 100.0 100.0 
F l u i d i s a t i o n cond i t i ons were the same as fo r Table 8 
Ca l cu l a t i ons from t h e m a t e r i a l ba lance ind i ca t ed the 

fo! .lowing amounts were removed dur ing the r u n . 
•• • 24.9% of t h e - 65 + 100 mosli s t o 

. - 100 + '200 11 ." 
- .200 ' " 

53. > 
92.7*3 

of t h e it !! 
it ;; 

" 6 . 1 . 3 Continuous F l u i d i s a t i o n Tes t s on Two Screen 
F rac t ions 

The minus 10 p lus 65 mesh f r a c t i o n i n i t i a l l y f l u i d i s e d w e l l 
a t 1 .4 - 1.7 f t . / s e c space v e l o c i t y with an a spec t r a t i o of 0 . 5 : 1 
( s t a t i c ) . The i n i t i a l bed charge was 128 gm'. However, under 
cont inuous feed cond i t i ons t r o u b l e was exper ienced wi th feed 
tube blockages and bed sanding, so t h e a i r space v e l o c i t y had 
t o be g radua l ly increased t o a maximum of 2*14 f t / s e c . a f t e r 
20 minutes . ^he average p r e s su re drop ac ros s .the bed var ied 
from 1.8 per cen t , f o r t e n minutes r e t e n t i o n t ime t o '3.7 per 
c e n t , f o r 60 minutes r e t e n t i o n time- as shown in F ig . 8 . 

The minus 10 p lu s 100 mesh f r a c t i o n i n i t i a l l y f l u i d i s e d 
wel l a t 1 .4 - 1.7 f t / s e c . space v e l o c i t y , but again, under con-
t i n u o u s f eed c o n d i t i o n s , t o avoid sand ing and fped b lackages 
t j ie a i r space v e l o c i t y had to be inc reased t o 2 .14 f t / s e c . , 
a f t e r 25-30 minutes f l u i d i s a t i o n . ' ^he i n i t i a l bed ' cha rge was 
128 gm and t h e p r e s s u r e drop ac ross t h e bed va r i ed from 2.65 -
2 .85 inches W. G. Dust l o s s e s ' v a r i e d from 5 per cen t , f o r 
10 minutes r e t e n t i o n t ime t o 8 .7 per cen t , f o r 60 minutes r e -
t e n t ion t ime as shown in Figure 8 . 

6 . 1 . 4 Batch Ca lc ina t ion T e s t s 

In t h e f i r s t c a l c i n a t i o n t e s t u s i n g t h e minus 10 p l u s 80 
mesh f e e d , t h e f u r n a c e took 15 minutes t o reach 1000°C and on 
a d d i t i o n of t h e ' c h a r g e t h e tempera ture dropped t o 650°C.- A 
f u r t h e r seven minutes e l apsed before t h e t empera tu re r ecovered 
t o 1000°C. 



-•14-i • 

At t h i s t empera tu re the t o t a l p r e s s u r e drop a c r o s s the 
d i s t r i b u t o r p l a t e and bed was lb."5"-W.G. . During t h e Sam-
p l i n g per iod the average t empera tu re was 1015°C. 

However, approximately 43 -hours e lapsed between sampling 
and ana lys i s , , a l l c - l n g reab .sorpt ion of H2O and GO2 from t h e 
a i r . . The re fo re t h i s t e s t was abandoned." 

58.5 
The t o t a l weight of lime produced from 170 g f e e d was 

In t h e second c a l c i n a t i o n t e s t u s i n g the minus 10 p l u s 65 
mesh f e e d , t h e t empera tu re took 13 minutes t o recover t o ; 1000°C 
a f t e r a d d i t i o n of t h e f e e d . The average bed t empera tu re du r -
ing sampling was 1010°C and lime a n a l y s e s a re shown in Table 10. 

Table 10 
Lime Analyses: Minus 10 p l u s 65 mesh s tone 

ITotal 
it ime 
imins 

Sample 
Time a f t e r 

1000°C 
mins 

T o t a l CaO C02 l o s s 
; . on 
! i g n i t i o n 

Ca lcu la t ed 
avai lable 

CaO 

96. 6 
96. 6 
96. 3 
95. 7 
0 • J *.' -a b 
Of. 5 
72. 9 

Unburned 
CaC05 

12 
15 
20 
30 
40 
50 
90 

(Kav; 

2 
5 

10 
j 20 
! 30 

40 
Dust sample 
Limestone") 

-6 .6 ! 
06.6 ! 
96.3 I 
96 .7 ; Nil 
96.6 
q o. R 
84.7 9 .3 
97.25 CaOO^ 

Ni l 

21 

The t o t a l weight of lime produced from 170 g f eed was 
65 .0 g. The minus 10 + 65 mesh f e e d f o r the c a l c i n a t i o n t e s t 
r e p r e s e n t e d 47 per cen t , of t h e o r i g i n a l f eed approximate ly . 
Assuming complete c a l c i n a t i o n t h i s r e p r e s e n t s a dust l o s s of 
32 per cent , of t h e fu rnace feed o r 15.0 per cen t , of t h e 
o r i g i n a l l imestone f e e d f o r the minus 10 p lu s 65 mesh f r a c t i o n . 

.*. o v e r a l l c a l c u l a t e d dust loss i nc lud ing s c r e e n i n g 
= 53.0 + 15.0 63 per c e n t . 

Th i s i nd i ca t ed t h a t cons iderab le a t t r i t i o n i n g and d e c r e p i -
t a t i o n of t h e p a r t i c l e s occurred a t h igh t empera tu res . ' . 

Hydrat ion t e s t s were c a r r i e d out on t h e quickl ime produced 
in both t e s t s as f o l l o w s : 

(a) Weight of hydra te formed 

Water was-added t o 20 g quicklime in a d i sh u n t i l a l l 
• t h e lime appeared t o be hydra ted . . F i f t y per c e n t , 

excess vrater was added and t h e oroduct d r ied f o r 3 hours 
a t 110° C. - ' 

Weight of hydra te formed = 26.5 g 
Percentage of o r i g i n a l weight = 26.5 x 100 _ 5% 

T h e o r e t i c a l l y 100 p a r t s of CaO should produce 133 p a r t s 
of Ca(OH) 2» 
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(b) Rate of h y d r a t i o n 

200 ml of water were added t o an i n s u l a t e d beaker 
and 10 g of quickl ime dropped in to the water At 
t h e same t ime a s top clock was s t a r t e d and t h e 
s o l u t i o n c o n s t a n t l y s t i r r e d with a mercury in g l a s s 
thermometer. The tempera ture r i s e was noted a t 
va r ious t ime i n t e r v a l s , and t h e f i g u r e s ob ta ined 
were p l o t t e d in Figure 9. 

The maximum tempera ture r i s e was 11.5°C in f o u r 
minutes f o r t h e minus 10 p l u s 80 mesh cacine and . 
12.0°C In two minutes f o r the minus . 10 p l u s 65 
mesh c a l c i n e . 

The quickl ime produced was very whi te and appeared t o be 
h igh ly r e a c t i v e when s laked in water . The dry hydra te ap -
peared t o be whi ter t h a n t h e o r i g i n a l quickl ime and had a very 
f i n e t e x t u r e ^ 

The c a l c u l a t e d o v e r a l l dust l o s s f o r t h e minus 10 4- 65 mesh 
f r a c t i o n r o l e t o d . back t o t h e o r i g i n a l minus 10 v&esh f eed was 
approximately •.•:••: per cen t . 

6. 2 New Sample 

6 : 2 . 1 Crushing T e s t s 

Screen ana lyses of t h e crushed; minus 10 mesh s tone a r e 
shown in '^able 11, and compared with those f o r t h e o ld sample 
used in previous t e s t s . 

Taolc .li. 

S i z ing Analyses - New and Old Sample 

i Mesh B. S. S, • New Sample j Old Sample i 
' Fresh Mined ! Aged 10 weeke IAged 3 y e a r s i 
! % Cum ! % Cum ; % Cum • i 

1 + 10 • ! 0.75 | 0 .20 ! 1.48 | 
i 14 ! 4.65 i 4 .60 
! 18 11.60 1 . 12.60 1 17 .03 1 
I 25 29.8.2 ! 29.50 l 1 
! 36 55.57 i 5 2 . 1 5 j 32.52 
; ' 52 72.52 . | 69.25 ! ' • 

i 72 ' 79.57 1 76.25 1 46.86 i 
! 100 84.12 i 81.85 I 53.30 ; 
: 150 ! 87.87 | 86.00 ; 64.06 ! 
i 200 92.67 91.45 ; 74.88 ! 
i - 2 0 0 ! 7.,,5 i 3 .55 i 25.12 ! 
i 100.00 100.00 1 100.00 i 

i 

The c ru sh ing c h a r a c t e r i s t i c s of t he new sample were q u i t e 
d i f f e r e n t from those of t h e old sample. The percen tage minus 
200 mesh m a t e r i a l has been reduced and approximate ly 80 per 
cen t , of t h e crushed product i s p l u s 72 mesh. 

The d i f f e r e n c e in s i z i n g between f r e s h mined s tone and 
s tone age hardened f o r 10 weeks were n e g l i g i b l e w i t h i n t h e 
l i m i t of r e p r o d u c a b i l i t y . 

The new sample produced only 7 - 8 per c e n t , minus 200 
mesh m a t e r i a l compared t o 25 per c e n t , f o r the old sample 
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6 . 2 . 2 F l u i d i s a t i o n C h a r a c t e r i s t i c s : 2 .75- inch Model 

R e s u l t s of t h e ba tch f l u i d i s a t i o n t e s t s c a r r i e d out on 
the minus 10 mesh m a t e r i a l a re shown in F ig . 10. 

Space v e l o c i t i e s , i n t h e range of 1 .7 - 2.0 f t / s e c . 
were r e q u i r e d t o f l u i d i s e t h i s m a t e r i a l due t o i t s p o r o s i t y . 
Dust l o s s e s occurred s imul taneous ly with c h a n n e l l i n g in both 
c a s e s . 

6 . 2 . 3 Continuous F lu id Bed S iz ing T e s t s 

Resu l t s of t h e sizing, t e a t s a r e .shown in Tables 12, 13 
and 14 r e s p e c t i v e l y . ^he s i z i n g t e s t s i n d i c a t e d t h a t a 
s u i t a b l e a i r - s i z e d feed can "be produced f o r t h e c a l c i n a t i o n 
s tage us ing an a i r space v e l o c i t y of 2.5 - 3 .0 f t . / s e c . The 
dust losses, were of t h e order of 15-20 per c e n t , g iv ing a 
f r a c t i o n c o n t a i n i n g 96 - 98 per c e n t , p lu s 100 mesh, of which 
approximately 81 per cen t , was minus 18 p l u s 72 mesh m a t e r i a l . 

Table 12 
. S i z i n g T e s t s : 2 .75- Inch Reactor 

IAv. Feed Rate 13.8 g/min: Space Veloc i ty 2. 1 f t / s e c : 
;Av. Re ten t ion t ime 9 . 3 mins: Air f l o w r a t e 147 l i t r e s / m i n : 
'Aspect Rat io 
i 

1 : 1 F l u i d i s e d : Avi a P = 2*25" W.Gi 
jMesh B.S.S. j Feed % Cum. :Sized S bone •% Cum iDust % Cum ; 
; j 100 35.4 j 14.6 j 

j + 1 0 0.75 0.25 j 
14 ! 4.65 ; 2.15 t 

i 1 8 • 11.60 7 .20 
25 29.32 23.90 . ! ; 

S • 36 55.57 ! 53.75 i 

1 5 2 72,52 76,25 : i 
! 72 79.37 85.30 j 1.6 i 
i 100 1 84 .12 ! 93.10 2.8 j 
; 150 ; 87.17 97.50 | 10.0 . ! 
i 200 92.67 i 98.95 ! 46.6 • 
j -200 * 7 .35. 1.05 53.4 ! j 

100.00 ioo .oo ; 100.0 ! 

Ca lcu la t ions from the m a t e r i a l ba lance f i g u r e s show t h a t 
t h e minus 72 p lus 100 mesh f r a c t i o n has been inc reased by 
31 per cen t : t h e minus 100 p l u s 200 mesh f r a c t i o n reduced by 
41 .5 per cen t , and the minus 200 mesh f r a c t i o n reduced by 
87 .8 per cen t . 

Table 13 
S i z i n g T e s t s : 2 .75- Inch Reactor 

;Av. Feed Rate 14.2 g / m i n : S p a c e Veloc i ty 2 .5 f t / s e c 
jAv. Re ten t ion t ime 9 . 1 min: Air f l o w r a t e 175 • l i t r o s / m i n . 
(Aspect Rat io 1 : 1 f l u i d i s e d : Av. ± P = 2 .65" W.G. 
jStesh B.S.S. ; Feed % Cum 

100 
;Sized Stone % Cum 
i 34 .5 

; Dust % Cum 
15.5 

| + 10 
! 14 
t 18 
! 25 
1 36 
! 52 
! 72 
! 100 
! 150 
; 200 • 
i -200 

! 0 .75 
: 4,65 
i 11.60 

29.82 
1 55.57 
| 72.52 
! 79 .32 
* " 34.12 
; 37.87 

92.67 
i 7 .o3 

! 0 ,57 
1 i l l ? 
! lt:U 
I 85.77 

91.66 
! 96.77 
I 98:54 

99 .11 
.89 

1 

i 

! o: 16 
4.52 

1 19.05 
| 51.35 
1 43.65 

: ioo.oo ; 100,. 00 • 100.00 
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C a l c u l a t i o n s from t h e m a t e r i a l b a l a n c e f i g u r e s show 
t h a t t h e minus 72 p lus 100 mesh f r a c t i o n has been reduced 
by 10.3 per c e n t : t h e minus 100 p l u s 200 mesh f r a c t i o n re-
duced by 75 .3 pe r c e n t ; and t h e minus 200 mesh f r a c t i o n .. 
r educed by 39 .8 per c e n t . . 

S i z i n g Test 
jAv".~ Teed Rate 15.0 g7min: 
Av. Re t en t i on t ime 8 .6 mint 
iAspect Rat io 1 : 1 f l u i d i s e d : 

Table 14 

s : 2 .75 - Inch Reac to r 
Space V e l o c i t y 3 .0 f t . / s e c . 
Air f l o w r a t e 210 l i t r e s / m i n . 
Av. aP = 3 . 0 " P. G-. 

kesh B.S .S . Feed % Cum j Sized Stone % Cum Dust % Cum 
f 100 i 79 .5 20.5 f 

! + 10 0 .75 0 .30 : 
i 14 4.65 3.05 • 

1 18 11.60 10. 28 
25 29.82 29.83 ; 
36 55.57 60 .23 

i 52 ; 72.52 83 .98 0 . 1 5 
1 72 j 79.32 92.68 1.05 
! . 100 ! 84 .12 97 .68 11.95 
i 150 i 87.87 98 .43 29.45 
j 200 ! 42.67 98.90 60.60 
! -200 i 7 .35 1.10 39.40 
i ! 100.00 100.00 100 .00 

•Calcula t ions from t h e m a t e r i a l b a l a n c e f i g u r e s i n d i c a t e 
t h a t t h e minus 72 p lus 10Q mesh f r a c t i o n has been i n c r e a s e d by 
5 per c e n t ; t h e minus 100 p l u s 200 mesh f r a c t i o n reduced by 
85 .8 per c e n t , and t h e minus 200 mesh f r a c t i o n reduced by 
8 5 . 0 per c e n t . 

6 . 2 . 4 Batch C a l c i n a t i o n of A i r - s i z e d Minus 10 mesh 
F r a c t i o n 

With t h e s tone in t h e f u r n a c e from t h e b e g i n n i n g of t h e . 
t e s t y t h e f u r n a c e took 23 minutes t o h e a t up t o 1000°C. The 
average bed t empera tu re d u r i n g sampl ing was 1010°C. Lima 
a n a l y s e s t o g e t h e r with t h e head 'saavnle a n a l y s i s a r e ,eiven in 
Table 15. ' " 

Table 15 
Lime Analyses - Air Sized Minus 10 Mesh Stone : 

Sample i C a l c u l a t e d 
T o t a l Time T o t a l i CO2 lo s s - Unburned • A v a i l a b l e ; 
ftime i n a f t e r CaO 1 on CaCO-z ; .CaO i 
f u r n a c e 1000° C ! I g n i t i o n j i 

min. min ! % • ! l 
23 Zero 97 .5 ! 0 . 5 5 1. 25 ! : 9 6 . 8 I 

' 23 5 97 .7 | 0 .38 0 .86 ! 9 7 . 2 j 
33 1 0 * i 93.0 ! 0 . 2 2 0 .50 I 97 .7 | 
40 Dust ! 8 6 . 4 ! 13 .60 ! 30 .9 6 9 . 1 ! 

Raw Limestone Feed 98.0% CaCO*; . 1.37% M g ^ ; 0.2% Si02J 
and 0.4% AI2O3 + F e 2 0 5 

y . 

Dust sample o b t a i n e d from t o p r i n g of f u r n a c e . 
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The t o t a l weight of lime produced from 170 g feed i n -
c lud ing samples was 31 .5 g. 

The a i r s ized minus 10 mesh f eed f o r t h i s c a l c i n a t i o n 
t e s t r ep re sen ted 34 .5 per cen t , of t h e o r i g i n a l f e e d m a t e r i a l . 

Assuming complete c a l c i n a t i o n and no dus t l o s s t h e 
t h e o r e t i c a l lime weight should be 95 .4 g» 

.*. Percentage dust l o s s dur ing c a l c i n a t i o n 

.*. Ca lcu la ted o v e r a l l dust lo s s i n c l u d i n g the a i r - s i z i n g s t e p 

This dus t l o s s was l e s s t h a n h a l f t h a t ob ta ined wi th t h e 
o ld sample in t h e prev ious t e s t s . 

A r a t e of h y d r a t i o n t e s t on t h i s lime gave a t empera tu re 
r i s e of 12°C in 30 seconds (See F ig . 9 ) . However t h e c a l c i n e 
d i d not break down t o a sludge on s l a k i n g , a s i t r e t a i n e d i t s 
o r i g i n a l p a r t i c l e shape and size^ These s laked p a r t i c l e s were 
q u i t e r e s i s t a n t to c rush ing between t h e f i n g e r s , i n d i c a t i n g 
t h a t ove r -burn ing may have t aken p l a c e . 

6 . 2 . 5 Mul t i s t age F l u i d i s a t i o n : 2 .75- Inch Reactor 

. 'A t t empt s t o o b t a i n cont inuous, s t a g e ' t o s tage t r a n s f e r of 
s o l i d s in t h i s r e a c t o r were u n s u c c e s s f u l . " Although good 
f l u i d i s a t i o n was ob ta ined in each .of t h e t h r e e s t a g e s , con-
t i n u o u s flow down t h e t r a n s f e r t u b e s was not o b t a i n e d . 

Due t o t h e low s p e c i f i c g r a v i t y of t h e stone and high 
p o r o s i t y , t h e a i r p a s s i n g through t h e t r a n s f e r t u b e s kept 
t h e s tone p a r t i c l e s in " t e e t e r " t h u s s topp ing the f low by 
g r a v i t y t o th,- next s t a g e . 

On i n c r e a s i n g t h e a i r flow beyond 3 f t / s e c . s o l i d s were 
o f t e n sucked from t h e second s t age up the t r a n s f e r tube and 
in to N o . l s t a g e . 

Var i a t ion of t h e f eed tube he igh t above the d i s t r i b u t o r 
p l a t e in each s tage had l i t t l e e f f e c t . ) 

6 . 2 . 6 M u l t i s t a g e F l u i d i s a t i o n : 6- Inch R e a c t o r " 

P res su re drop- t e s t s c a r r i e d out on t h e two types of a i r 
d i s t r i b u t o r p l a t e s " indica ted t h a t a t t h e a i r flow r a t e s r e -
qu i red f o r good s tone f l u i d i s a t i o n , t h e p r e s s u r e drop a c r o s s 
the smaller" diameter nozz les would be too g r e a t f o r e f f i c i e n t 
. ope ra t ion . For a 320 l i t r e s / m i n u t e a i r f l o w - r a t e t h e p r e s s u r e 
drop a c r o s s t h e smal le r nozz les was 56 inches W. G. a s a g a i n s t 
2.0 inches W. G. f o r t h e l a r g e r nozz l e s . The p l a t e s c o n t a i n -
ing t h e l a rge d iameter nozz les were used f o r t h e f l u i d i s a t i o n 
t e s t work. 

P re s su re drop vs a i r f l o w - r a t e f i g u r e s ob ta ined from t h e 
ba t ch f l u i d i s a t i o n of t h e minus 10 p l u s 100 mesh s tone a r e 
shown p l o t t e d in F igure 11. Good f l u i d i s a t i o n was ob ta ined 
a t 320 - 375 l i t r e s / m i n u t e wi th l i t t l e s lugg ing and dust l o s s e s 
due to a t t r i t i o n appeared t o "be low. 

I t w i l l be noted t h a t t he above a i r f l o w - r a t e corresponded 
t o a space v e l o c i t y of 0 .97 - 1 .12 f t . / s e c . which i s c o n s i d e r -

= (95 .4 - 8 1 ^ ) 
95.5 x 100 = 14.6 per cent 

= 15.5 + .(84.5 x 14.6) 
100 = 15.5 + 12.35 = 27.85 per cen t , 

say 28 per c e n t . 

-i 
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ably l e s s t h a n the space v e l o c i t y of 2.0 f t „ / e e c » r e q u i r e d 
in t h e 2 .75 - inch r e a c t o r . 

Attempts t o o b t a i n cont inuous s tage t o s tage s o l i d s 
t r a n s f e r when f l u i d i s i n g t h r e e s t a g e s were again u n s u c c e s s f u l 
in t h i s equipment due t o f l u i d i s a t i o n or " t e e t e r i n g " of• the 
s tone p a r t i c l e s in the t r a n s f e r t u b e s . 

With t h e a i r f l o w - r a t e set a t 325 l i t r e s / m i n u t e good 
f l u i d i s a t i o n was ob ta ined in each of the t h r e e s t a g e s . Im-
media te ly continuous feed was s t a r t e d , s tone began t o f low 
down t h e ' t r a n s f e r t u b e between Nos. 1 and 2" s t ages u n t i l a 
s l u g of s tone approximately 4 - 6 inches long b u i l t up in the 
t u b e . ? h i s s l u g of s tone then became f l u i d i s e d and.was blown 
back in to the top s t a g e c a r r y i n g some stone from the lower bed. 
Unless t h e r e a c t o r was bumped by hand t h e t r a n s f e r t ube would 
then remain empty wi th a i r short c i r c u i t i n g through i t , even 
when a s o l i d s head of s e v e r a l inches had b u i l t up above the 
t r a n s f e r t ube in N o . l s t a g e . 

V a r i a t i o n in s i z e of t h e t r a n s f e r t u b e s and he igh t of 
t h e feed po in t above t h e d i s t r i b u t o r p l a t e s had no e f f e c t upon 
t h i s phenomenon. 

6 . 2 . 7 F l u i d i s a t i o n Tes t s in Cross-Flow Reactor 

Resu l t s of t h e ba tch f l u i d i s a t i o n u s ing a 3 - i n c h bed 
depth of minus 10 p lu s 100 mesh s tone a re shown p l o t t e d in 
F igure 12. Good f l u i d i s a t i o n was obtained a t an a i r flow 
r a t e of 180 l i t r e s / m i n u t e , r e p r e s e n t i n g a space v e l o c i t y of 
1.26 f t . / s e c . The t o t a l p r e s su re drop through t h e bed a t t he 
above a i r f l o w - r a t e was 5 .5 inches W. G, of which 2.8 inches 
'A:. G. was'due t o t h e p l a t e . ' 

Dast l o s s e s appeared to be high e.t a i r f l o w - r a t e s over 
160 l i t r e s / m i n u t e . When f l u i d i s e d t h e bed. expansion was 
5 i n c h e s . 

In t h e cont inuous t e s t s , a t t empt s t o o b t a i n cont inuous 
s o l i d s t r a n s f e r from c e l l t o c e l l with coun te r cu r r en t gas 
f low f a i l e d . Within a few minutes of commencing f e e d , t h e 
s o l i d s in ftcs. 2. • 3 and- 4 c e l l s were blown back through t h e 
t r a n s f e r p o r t s in to No . l c e l l u n t i l i t w^e completely f i l l e d . 

The exp lana t ion f o r t h i s phenomenon i s t h a t t h e p r e s s u r e 
drop ac ros s each s o l i d s t r a n s f e r p o r t , was l e s s than t h e sum 
of t h e p r e s s u r e drops across each preceding d i s t r i b u t o r p l a t e , 
s tone bed and a i r t r a n s f e r t u b e r e s p e c t i v e l y . 

Attempts were t h e n made t o i n c r e a s e t h e p r e s s u r e drop 
through t h e t r a n s f e r p o r t s by c l o s i n g t h e b a f f l e s t o t h e 
smal les t opening poss ib l e f o r s o l i d s t r a n s f e r . . T h i s opening 
was found t o be l / l 6 inch. For an a i r f low r a t e of 180 
l i t r e s / m i n u t e th rough each c e l l t h e p re s su re drop ac ro s s each 
t r a n s f e r p o r t would have t o be g r e a t e r than . 5.. 5. inches W. G. 
( a c r o s s p l a t e and s tone bed) p l u s t h e p r e s s u r e drop in the , a i r 
t r a n s f e r t u b e . 

At t h e above a i r f low-rs . t e , measured p r e s s u r e drops 
a c r o s s b a f f l e openings o f 3/16" x l i " and 1/16" x l i " were 
found t o be 1.25 inches W. G. and 4 . 3 inches W. G. r e s p e c t i v e l y . 
At openings of l e s s t han 1/16" i t was impossible t o pass t h e 
coa r se r s o l i d s . These r e s u l t s i n d i c a t e d t h a t t r u e c o u n t e r - , 
c u r r e n t cond i t i ons could not be ob ta ined in t h i s t y p e of r e -
a c t o r . 



- 2 0 -

However, cont inuous c ro s s - f l ow feed of s o l i d s ' c o u l d be 
obta ined when u s i n g p a r a l l e l a i r f low t o ea.ch ( j e l l . , The 
t o t a l a i r f low r e q u i r e d in t h e r e a c t o r , f o r f l u i d i s a t i o n was 
630 - 640 l i t r e s / m i n u t e . With t h e b a f f l e openings se t a t 
3/16% t h e maximum feed r a t e ob ta ined through t h e r e a c t p r was 
115 g/minute , cor responding to a r e t e n t i o n t ime of approx i -
mately 7 minutes per c e l l . 

The measured p r e s s u r e drops and bed expansion f i g u r e s f o r 
each c e l l a r e l i s t e d below. 

Cel l No. P ressu re Drop. 
Inches W. G. 

1 ( f eed end) 5 .0 
2 , 4 . 1 
3 3 .7 
4 (d i scharged 5 .3 

end) 

Bed Expansion 
inches 

44 

I 

The h igher p r e s su re drop in No.4 c e l l was due t o bu i ld -up 
of coarse m a t e r i a l n e c e s s i t a t i n g a h igher gas f low f o r : f l u i d -
i s a t i o n . , 

. The gradual decrease in p r e s su re drop f o r t h e o t h e r t h r e e 
c e l l s r e f l e c t e d the d i f f e r e n t i a l head of f l u i d i s e d s o l i d s 
necessa ry t o mainta in f low of s o l i d s . 

7i DISCUSSION M P RECOMMENDATIONS 

The experimental .v/ork c a r r i e d out on t h e old l imes tone 
sample has shown t h a t a l though a high grade lime can be p r o - ' 
iuced in a ba tch f l u i d i s e d bed c a l c i n e r , t h e dust, l o s s e s i n -
volved dur ing the c rush ing , a i r s i z i n g and c a l c i n a t i o n s t e p s 
were exces s ive . These l o s s e s were of t b e o rde r of 65 
per c e n t , of t h e o r i g i n a l minus 10 mesh f e e d . The ov; 
dust l o s s e s in a t y p i c a l f l u i d - b e d p l an t in t h e United 
would not exceed 25 pe r c e n t . 

- 70 
, - ra l l 
S ta te ; 

The optimum feed s i ze f o r f l u i d i s a t i o n was found t o be 
minus 10 p lu s 65 mesh Tyler* 

F lu id bed a i r s i z i n g of t h e minus 10 mesh m a t e r i a l p ro -
duced a f r a c t i o n c o n t a i n i n g 81.4 per c e n t , p lus 65 mesh and 
89 .6 per cen t , p lus 100 mesh s tone , r e p r e s e n t i n g .only 56.4 per 
c e n t , of t he o r i g i n a l f e e d . 

During t h e c a l c i n a t i o n t h e lime p a r t i c l e s became s o f t and 
t h i s led to cons ide rab le a t t r i t i o n l o s s e s in t h e bed a t h igh 
t e m p e r a t u r e s . These l o s s e s were of t h e o rde r of 32 per cent 
of t h e f u r n a c e feed or 15.0 per c e n t . . o f t h e o r i g i n a l minus 10 
mesh f e e d . 

The quickl ime produced from t h i s old sample was h igh ly 
r e a c t i v e when s laked with wa te r , producing a f i n e t e x t u r e d 
hydrated l ime. The lime b e f o r e hydra t ion r a p i d l y absorbed 
water and carbon d iox ide / f rom t h e atmosphere i f l e f t undovered 

The new sample a l though s i m i l a r in grade to t h e old was 
c o a r s e r grained and dur ing c rush ing t o minus 10 mesh broke up 
r e a d i l y t o i t s n a t u r a l p a r t i c l e s i z e . 

The produc t ion of f i n e s was a p p r e c i a b l y l e s s t han t h a t 
f o r t h e old sample, approximately 80 per c e n t , be ing c o a r s e r 
than 72 mesh B.S.S. as a g a i n s t 47 per c e n t , f o r t h e l a t t e r . 
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Age harden ing t h i s s tone over a pe r iod of t en weeks had a 
n e g l i g i b l e e f f e c t on t h e c rush ing c h a r a c t e r i s t i c s . ' However, 
i f aged f o r a period of twelve months or more the d i f f e r e n c e 
could he q u i t e l a rge g iv ing r i s e t o a h ighe r p roduc t ion of f i n e s . 

5 
F l u i d i s a t i o n of t h e new sample r e q u i r e d h ighe r a i r f l ow-

r a t e s than f o r the old sample due t o i t s high p o r o s i t y and 
coarse p a r t i c l e s i z e , A s a t i s f a c t o r y a i r - s i z e d feed f r a c -
t i o n could he prepared for c a l c i n a t i o n , "by ba tch f l u i d i s a t i o n 
a t an a i r space v e l o c i t y of 2. 5 - 3.0 f t . / s e c . and a r e t e n t i o n 
t ime of approximately 9-10 minutes . 

The dust l o s s e s produced from a i r s i z i n g were s t i l l h igh , 
b e i n g 15-20 per c e n t , of t h e feed f r a c t i o n . Th is s ized 
m a t e r i a l of which 81 per cent , was minus 18 p l u s 72 mesh B.S. S. 
f l u i d i s e d wel l in t h e 2 .75- inch r e a c t o r a t 140 l i t r e s / m i n or 
2.0 f t . / s e c . space v e l o c i t y . . 

Although lime could be produced c o n t a i n i n g over 97 per cen t , 
a v a i l a b l e CaO/ cons ide rab le a t t r i t ion ing of t h e lime p a r t i c l e s 
occurred dur ing c a l c i n a t i o n . These oust l o s s e s c o n s i s t e d of a 
mixture of unburned calcium carbonate and burnt lirae c o n t a i n i n g 
l e s s than 69 per cen t , a v a i l a b l e CaO/ and amounted t o 14.6 per 
c e n t , of t h e fu rnace f e e d . The o v e r a l l dust l o s s from a i r 
s i z i n g and batch c a l c i n a t i o n was approximately 28 per c e n t , f o r 
a t o t a l f l u i d i s a t i o n t ime of 50 minutes; This f i g u r e i s not 
excess ive when compared with t h a t f o r t h e old sample arid t h e 
25 per c e n t , l o s ses exper ienced in some f l u i d - b e d p l a n t s in t h e 
United' S t a t e s . 

However, the r e s u l t s of cont inuous m u l t i s t a g e f l u i d i s a t i o n 
in both t h e 2.75 and 6- inch r e a c t o r s were n e g a t i v e in t h a t 
s t age -to' s t age t r a n s f e r of t h e s o l i d s was not ob ta ined due t o 
f l u i d i s a t i o n of the p a r t i c l e s in t h e t r a n s f e r t u b e s . 

This phenomenon was due t o the. f a c t t h a t t he m a t e r i a l was 
of low dens i ty and porous so t h a t high a i r f l o w - r a t e s were 
needed f o r f l u i d i s a t i o n . S u f f i c i e n t head of s t one p a r t i c l e s 
could not be maintained in the t r a n s f e r t ubes t o ba lance t h e 
p r e s s u r e drop ac ros s t h e two beds and in most cases i t would 
j u s t " t e e t e r " in t h e tube or be blown up in to t h e top s t a g e . 

Lower a i r space v e l o c i t i e s , were r e q u i r e d to f l u i d i s e t h e 
new sample in the 6~inch equipment than f o r t h e 2 .75 - inch 
equipment. The d i f f e r e n c e was of t h e o rder of 0 . 9 f t . / s e c . 
The . reason f o r t h i s i s thought t o be due t o increased w a l l 
f r i c t i o n e f f e c t s in t h e smal ler r e a c t o r . . 

Attempts to o b t a i n cont inuous s tage t o s t a g e t r a n s f e r of 
s o l i d s under. counter cu r ren t gas f low in t h e c ro s s f low type 
f l u i d bed r e a c t o r were u n s u c c e s s f u l , . d u e to p r e s s u r e drop 
t r o u b l e s explained p r e v i o u s l y . However, wi th p a r a l l e l a i r 
flow to each c e l l , s t age t r a n s f e r of s o l i d s can be ob t a ined , 
making t h i s t y p e of r e a c t o r s u i t a b l e f o r d ry ing and a i r s i z i n g 
o p e r a t i o n s on ly . 

In conclusion i t i s considered t h a t c a l c i n a t i o n of Mt. 
Gambier l imestone by t h e usua l f l u i d i s a t i o n t echn ique would 
not be p r a c t i c a b l e . Lt i s suggested t h a t s ince t h i s l imestone 
i s very so f t in n a t u r e , some method of c a l c i n a t i o n in the f i n e 
s t a t e , such a s f l a s h c a l c i n a t i o n in cyclones , should be i nves -
t i g a t e d as a f u r t h e r phase in t h e programme. 

The Department of I n d u s t r i a l Development in Western Aus-
t r a l i a has c a r r i e d out a few p re l imina ry l a b o r a t o r y s c a l e f l a s h 
c a l c i n a t i o n t e s t s on a e o l i a n type l imes tone sands wi th a 
moderate degree of success . 
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APPENDIX 

A l t e r n a t i v e Methods of Ca lc ina t ion , f o r Mount Gambier.-
Po lyzoa l Limestone' - • 

1. CONVENTIONAL SHAFT KILN PROCESS , • 

Thisi.'mgthbd would, not be s u i t a b l e due t o - t h e low c rush ing 
strength;:'o'f' '. 'sized lumps of Mt. Gambier;stone;-'./ There would' 
a l s o be cons ide rab le wastage of smal l s tone .'in t h e f eed s e p a r a -
t i o n step." ' 

However, Oamaru Lime Ltd. , in New . Zealand have a ' smal l 
p i lo t - p lan t . ope ra t i ng a t t h e moment o n ' a - s i m i l a r type of l ime-
s t o n e , employing t h e use of a s p e c i a l l y designed low s h a f t 
k i l n . - The process suggested by Dr . N. V.-S., Knibbs in t h e U.K. 
c o n s i s t s of f i n e g r i n d i n g and p e l l e t i s a t i o n of t h e ground 
s tone with a s u i t a b l e b inder and coa l d u s t . • The r e s u l t i n g - , 
p e l l e t s were sa id t o be s u f f i c i e n t l y s t r o n g t o be burned i n a 
s p e c i a l v e r t i c a l k i l n . 

The economics of p e l l e t i s a t ion 'would have to' be i n v e s t i -
gated c l o s e l y b e f o r e employing t h i s method. 

2. •• ROTARY KILN' PROCESS 

This method u s u a l l y . r e q u i r e s c l o s e l y s i zed f eed of not 
l e s s than 1/4" s i z e and would involve high dust l o s s e s in the 
c rush ing and s c r e e n i n g o p e r a t i o n s . 

I n . t h e k i l n i t s e l f , - due to t h e s o f t na tu re of t h e s tone , •' 
dust l o s se s due t o a t t r i t i o n i n g of the s tone p a r t i c l e s caused 
by t h e r o t a r y ...act ion of t h e k i l n would be h igh . ; 

This process would t h e r e f o r e be u n s u i t a b l e f o r t h i s type 
of s tone un le s s f i n e g r i n d i n g a n d ' p e l l e t i s a t ion of t h e feed 
could be used-as mentioned above. 

Rotary k i l n s have been usod throughout the ' world f o r the-
r e - b u r n i n g of lime s ludges produced from, t h e su lpha t e pulp 
and. sugar bee t ' i n d u s t r i e s with considerable- success..- However' 
in t h e s t cases t h e wet s ludge con t a in s d i s s o l v e d a l k a l i s a l t s 
which, tend t o ac t as b ind ing a g e n t s f o r the, lime sludge in t h e 
d ry ing s e c t i o n of t h e k i l n . Aie sludge i s a p p a r e n t l y q u i t e 
r e s i s t a n t t o break-down in - t he - - ca l c lna t i on - zone and conse-
quently. d u s t l o s s e s ^ are.-low. . 

3. . MULTIPLE HEARTH FURNACE..PROCESS'. • 

Mul t ip le h e a r t h f u r n a c e s of the Herreschoff and .Skinner 
type-have"been used f o r c a l c i n a t i o n of some l imes tones , i n -
c lud ing lime s ludges from t h e s u l p h a t e pulp and sggar beet 
i n d u s t r i e s . 

However t h e capac i t y i s lower t h a n conven t iona l k i l n s 
and f u e l consumption h i g h e r . -.-

High maintenance c o s t s a re also* a s s o c i a t e d with1 t h i s 
type of f u r n a c e . 

I t i s thought t h a t in t h e case of .the p o l y z o a l l ime-
s tone , cons ide rab l e "break-down of t h e p a r t i c l e s would occur 
by t h e - r a b b l i n g a c t i o n on t h e h e a r t h s . Dust l o s s e s would 
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"then occur dur ing s o l i d s t r a n s f e r from h e a r t h t o h e a r t h . 

The use of m u l t i p l e h e a r t h type f u r n a c e s i s - t h e r e f o r e not 
recommended f o r Mt. Gambier l imestone c a l c i n a t i o n . 

4. CALCIMATIC FURNACE PROCESS 

This.,, type of fu rnace has a c i r c u l a r h o r i z o n t a l h e a r t h 
and was d^e-ir^ped by t h e Calcirnat ic Co. o-f- ^-pronto, Canada f o r 
the c a l c i n a t i o n of s o f t f r i a b l e limestones.;';;;-'-'. 

In t h i s p rocess the s t o n e , p r e f e r a b l y of 1/4" minimum 
s i z i n g , i s f ed evenly on t o a r e v o l v i n g o i r c u l a r h e a r t h where 
i t remains in t h e s t a t i o n a r y s t a t e u n t i l a f t e r c a l c i n a t i o n . 
A f i x e d r e f r a c t o r y hood i s mounted over the h e a r t h and is,-
sealed by means of a water or sand t r a p on e i t h e r s ide of the 
h e a r t h . This hood i s d ivided in to s e v e r a l compartments by 
means of b a f f l e s f o r p r e h e a t i n g , c a l c i n a t i o n and c o o l i n g of 
t h e s tone. 

Air f o r combustion i s fed in to t h e combustion chamber 
coun te rcu r ren t to t h e burnt lime movement. The combustion 
gases then flow back through t h e stone p r e h e a t i n g compartment 
and even tua l ly a re taken up through t h e s tone f eed and prehea t 
b in . 

The f i n a l cooled lime i s removed from t h e heSLrth by means 
of a c ros s scraper conveyor. 

The es t imated heat requirement f o r t h i s t ype of f u r n a c e 
i s approximately 8 m i l l i o n B . T . U ' s per ton~;o,f ..lime, t h u s com-
pa r ing f avo rab ly wi th convent iona l r o t a r y k i l n s . The a d d i - . 
t i o n of heat recovery equipment reduced t h i s f i g u r e t o 6 m i l -
l i o n B.T..U's per t o n . • 

F ine ly divided l imes tones a re u s u a l l y p e l l e t i s e d b e f o r e 
c a l c i n a t i o n in t h i s type of f u r n a c e . 

This f u r n a c e can produce a high a v a i l a b l e CaO product and 
can produce lime, with predetermined chemical and p h y s i c a l 
p r o p e r t i e s , and i s i n f i n i t e l y v a r i a b l e with r e s p e c t t o (a) s tone 
s i ze ( l a r g e r than 1 / 4 " ) , (b) s tone q u a l i t y , (c) f u e l type and 
(d) p roduc t ion r a t e . . 

This type of process would t h e r e f o r e be s u i t a b l e f o r t h e 
c a l c i n a t i o n of Mt. 'Gambier polyz o&-L l imes tone . * 

5. ' MODIFIED TYPE "Dwight-LLoyd" -SIHZESRING- MACHINE PROCESS 

This process was i n v e s t i g a t e d by the U.S. Bureau of Mines 
in 1926-27 u s ing modif ied 12" and 24" wide p a l l e t machines. 
Both solid- f u e l f i r i n g with coail dust and l i q u i d f u e l f i r i n g 
wi th kerosene were used,, employing downdraught f low of combus-
t i o n gases through t h e stone bed. 

Due t o c h i l l i n g of . t h e s tone in immediate contac t wi th 
t h e g r a t e b a r s , a d r e s s i n g of p rev ious ly bu rn t lime was used . 
The s tone charge was graded with the f i n e s t s i z e on t h e bottom 
and t h e coa r se r s i z e s on t h e top to ach ieve even c a l c i n a t i o n 
ra tes . -

To minimise over -burn ing of t h e lime on t h e s u r f a c e , 
f i x e d ploughs were placed in two rows of f ou r a c r o s s t h e wind-
box, such t h a t t h e charge was c o n t i n u a l l y t u r n e d over o r r a b b l e d . 
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' - •• - A^thou^h. h igh grade lime of over. 90 per cen t . . - .avai lable ' 
CaO. was produced..fram" t h e s e machines, t h e to-taV :Tuel consump-
t i o n was high be ing of the order of 10-11 m i l l i o n B.'TVU's per 
t o n o f l ime, and t r o u b l e s were exper ienced with f l u x i n g of t h e 
coa l ash with t h e l ime. 

The machine was found t o have q u i t e a high capac i ty with 
up to 300 l b . CaO/square f o o t g r a t e a r e a / 2 4 hours, . Cons ider -
able l o s s e s of minus 20 mesh stone occurred through t h e g r a t e 
bar into^the-'-windboxes, t h u s r e q u i r i n g s p e c i a l l y designed 
g ra t e b a r s Tfor stone f i n e r than 20 mesh. ".I I 

' " IT. r u . . 

I t i s probable t h a t t h e po lyzoa l l imes tone could be c a l -
cined s u c c e s s f u l l y on such a machine provided f i n e g r ind ing 
and p e l l e t i s a t i o n of the f eed was c a r r i e d o u t . . 

Maintenance and f u e l c o s t s would be h igher than f o r the 
Calc imat ic p rocess which would a l s o be more e f f i c i e n t and 
f l e x i b l e . 

6". PLASH. CALCIC AT 10:1 IH CYCICII3S 

This type of process p r e s e n t s an e n t i r e l y nev approach t o 
c a l c i n a t i o n and i t i s not known at t h i s s t age whether any com-
merc ia l p l an t employing f l a s h c a l c i n a t i o n e x i s t s "in t h e world 
today . 

However t h e Department of I n d u s t r i a l Development in 
Western A u s t r a l i a , has c a r r i e d out a few pre l iminary l abo ra to ry 
s c a l e f l a s h c a l c i n a t i o n t e s t s on "aeo l i an" type l imes tones with 
some degree of succes s . 

The process envisaged would c o n s i s t of a Ser ies of cyclones 
ar ranged f o r coun te r cu r r en t flow of combustion gases and s o l i d s . 
The a c t u a l f l a s h c a l c i n a t i o n would occur i n a 1 a l l v e r t i c a l tub.e 
f u r n a c e , o i l f i r e d , which would-de l iver t h e f l ^ s h ca l c ined pro-
duct in to the cyclones f o r g a s - s o l i d s separa t ion . 

. The s o l i d s d i scharge from each cyclone woald be c o n t r o l l e d 
at t h e bottom by means of a i r lock f e e d e r s / a f t e r which they 
would be picked up by t h e gas stream from a preceding cyclone 
and blown in to another cyclone f o r f u r t h e r heat recovery and 
g a s - s o l i d s s e p a r a t i o n . Any number of cyclone s t ages could be 
used to give a good o v e r a l l heat r ecovery . 

The feed s i z i n g used in such a process would probably be 
f i n e r than 52 mesh thus enab l ing t h e e n t i r e crushed stone feed 
t o be used f o r c a l c i n a t i o n . . 

With the s tone in such a f i n e s t a t e seconds only should be 
r e q u i r e d f o r complete c a l c i n a t i o n . 

O i l f i r i n g could be used in t h e f u r n a c e . 

I t i s recommended t h a t any f u r t h e r .work on t h e c a l c i n a t i o n 
of po lyzoa l l imestones should proceed along t h e above l i n e s . 
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