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. ABSTRACT.

This report degcribes the Pluidisation and
calcination treetment of two samples of Mt.
Gambier polyzoa. limestone under batch and
continuous conditions..

Although high- grade lime could be produced
under single stage- condltlons, dust losses
#eTra high and attempts to obtain continuous
-multlstage solids transfer were unsuccessful

1., SUMMARQ. |

Iﬂvestlgatlons hava been carrisd out on the fluidisation
treatment ol two samples of Mb. Gambier polyzoal limestone..
Af ter crushing to minus 10 mesh this material can be fluidised
quite welli in a single stage reactor under batch. and continuous
conditions,. With continuous féed higher air flow rates were
requlred to avoid sanding of the minus 10 plus 25 mesh particles
in the bed., " However attonpf" to obtain continuous feed con-—
ditions in multlstage fluid-bed models were unsuccessful, due
to fluidisation of the solids in “he-transfer tubes. Varlatlon
in transfer tube diameters. and distance Irom the :distribuior
plates did: ‘not overcome this phencmenon 1n 2 75 inch and 6 inch
perspex three stage Uodels. TR

<Attempts.to obtein multistage solids transfer in a cross
flow type-fluid-bed model ware also unsuccessful when using
count ercurrent gas. f,ow. .

Batch tests on séreen fract.ons produced from the crushed
minus 10. mesh stone indicated thet the best size range for
fluidisation was minus 10 plus r72 mesh B.S.S.. The two samples
of limestone investigated comprised an age hardened fine
grained sample whics had been. mined three years previously
and a .coarse graineé¢ freshly mined sample.. The crushing
characteristics of.these two sanples were markcdly different
when crushed to minus 10 mesh, she former giving a sizing of-

47 per centy. plus 72 mesh.and te latter 80 per cent.. plus
72 mesh B.S.S. '

Fluid-bed air s121ng of tho ‘minus 10 mesh stone produced
suitable s1zed feed for the calcination stage but dust losses
were high. - Optimum conditions occurred for the aged sample
when- fluldlsed at.an air space ve1001ty of 1.75 ft./sec. for
30 minutes. - This gave a. product sizing of 89 per cent. plus -
100 mesh representing: only 58 per cent. of the. feed. For the
new ‘sample a. space. ve1001ty of 2. 5 t. /sec. and a r‘tention
-time of 10 ‘minutes gave a product sizing 97 per -cent. pius
100 mesh, representlng 85 per oena.-of theAreei .

For good fluldlsatlon of the 5o air sized frcctlonc at an
:pect ratio-of l:l (fluidised), air space veleocities of 1.45
and 2.0 f./sec. were required for the aged anc new szmplos
respectivs 1y.__.

Betch Calclnatlon Fests carrled out on these samples in a
3-irnch diameter silica, gas-f ired furnace at .1000°C produced a
high grade lime:containing over 96.5 per cent: available Cal
within 1 minute of the temperature reaching 1000°C.. Dust- losses
in the furnace were qulte high being of the order of 12-15 per
cent. of the original minus 10. mesh feed for both samples.
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. Phe }ime produced was hishily reagtive and gave high rates
of hydration in water, - Ter TImTmTE '

The overall dust loss in screening and calcining the aggg
sample was approximaztely 68 per cent. of . the original minus
mesh feed, With air sizing instead of screening prior to
calcination the overall dust loss would still exceed 60 per
cent. of the feed,

For the new sample after air sizing and calcination the
dust loss'Was approximately 28 per cent. . . . _ '

Due to high dust losses and the inability to obtain malti-
stage solids transfer, this type of limestone would not be
suitable for calcination by the fluidised bed process.

2. INTROIUICT ION

This project was inaugurated in January 1959, to examine
whether the fluo-solids technigue could be successfully applied
to the calcinction of high grade South Australian Limestones.

Barlier work carried out in the Metallurgical Section
(R.D. 20) on the calcination of Mt, Gambier Limestone, had
shown that conventional type kilns would not be suitable for
production of high grade lime due to its extreme softness and
friability. It was therefore decided to examine the fluidised
" bed technique for calcining this type of limestonei .

3, MATERIAT EXAMINED

3.1 Mb. Gambier Limestone:  Aged Sample

This material is a polyzoal limestone composed of fossil
sections which appear -to be amorphous. The stone 1is very
white in colour, extremely porous and can absorb up to 37 per
cent. of its own weight of water and still appear to be rela-
tively dry. The stone contains approximately 98 per cent.
CaCO.,, is vary low in silica, alumina aiid iron content, and
hes 4 buik specific gravity of 1.%.

The aged s:ample was obtained from & previous sample used
by the Metallurgical Section in 1955, and came from the north
end south Szctions of Gerricks' Pit, Section 1%8-Hundred of
Blarnche, Courty of Grey, Mt. Gambier.,  The sample was found
to be fine grairied and had age-hardiened considerably.

342 Mt. Gambier Limcsstones New_ Sample

This sample was received in two sealed 44 gallon drums on
March 23rd 1959 from Limestone Products ILtd., Mt. -Gambier.
The stone consisting of 6-inch lumps had been loaded in its
moist state straight from the quarry, the drums being kept
sealed during transit to Adelaide.

Although of the same origin as the aged sample this stone
as freshly mined, contained approximately 5 per cent. moisture,
was slightly off-white in colour and coarse grained. It
crumbled easily to its natural particle size, these small par-

ticles being resistant to further crushing.

“The grade of this stone was also 98 per cent. CaCOB;



This unlt was made in flaqged 1nterchangeab1e sect1ons
from 2.75-inch dinternzl diameter perspex tube. An air 1nlet
was set at the bottom and a dust .colléctor at the top. Air
distribution plates were made from %/l6-1nch perspex sheet
‘drilled with l/32—1nch diameter holes at 1/8-inch centres.

The unit . eould be used. to s1mulate condltlonc in g 51ngle
or multistage batch or continuous fluid-bed- reactor. - Provi-
sion was made .in each section for manometer ‘tappings for
'measurlng pressuro drop aéross each bed.

4.2 "‘-_3‘.{:.i.neh_~Di-ame-ter Silica Fluid—-B’ed Reactor:

- This unit consisted of a 3-inch 1ns1de dlameter fused
silica tube, 30 inches long and fitted with a gas dlstrlbutor
plate approx1mately 13 inches from the bottem, . This:plat
contained nine silica gir domes, each contalnlng 4 x 1/32—
inch diaméeter holcs equally spaced for air entry.

The bottom of the tube was sesled- exeept for a 1/4 inch
dlameter SlllCa tube for a1r entry.. Tae alr for. fluldlsatlon

through tho dlstrlbuuor plate.

The. whol' reactor 1tted qextly 1ns1de ‘a vertLCdl gas
fired furnece fitted with four gas burners..

A chromel—alum l +hermocouple wes used for tenperature
control

4-3 6-inch Diameter Perspex Fluidand Modbl

This unlt was 51m11ar in de31gn to the smaller 2 75—1nch
reactor except for the distributor plates, .and comprlsed
three multiple stage sections .each approxlmately 2 ft. 1
height. _Two types of air distributor plate were used as
- follows:™ o

(a) Perspex plate contalnlng 18 brass air nozzles -
evénly spaced on a circular- pattern; with each
nozzle containing three 0.054-inch -diameter -
holes drilled through to a common O 125-1nch
diameter hole.

Ratio of hole area to plate area = O 044 sq.
1nches/sq. inch plate area.

(b)- Perspex plate contalnlnb 29 brass alr nozzles
evenly spaced on a, circular pattern, .. Each .. .
nozzle contained threc 3/32—1nch dlametor holes
‘drllled through to a common 3/16- inch diameter
hole.

Ratio of ho'le area 16 plate area = 0.021 sd..
inchés/sq. " inch plate area. -

.4f4- Perspex‘Gross—Flow Fluld—Beﬁ Model

Thls unit ‘was a four compartment fluid-bed reactor, work-
ing on the cross-flow_pr1n01ple and 1s shown in drawing’



The air distributor plate in each compartment was fitted
with 12 brass nozzles having 3 x 3/32—1nch d1 :meter holes per
nozzle. ”

Final solids dlscharge from the reactor was controlled by
means of an adjustable weir-slide. The reactor could be set
“up for either parullel or countercurrent air flow to each com-
partment, , _

5, EXPERIMENTAL

5.1 Aged Sample

5.1.1 Fluidisation tests on Sized Screen Fractions

In crder to determine the fluidisation characteristics of
this material, 1pproxmately 20 1b of the sample was crushed
to minus 10 mesh in the laboratory jaw crusher and rolls, and
the following screen fractions were prepared..

Mlnus 10 mesh plus 20 mesh

20 i} " 48 "
" 48 1" ] 65‘

n 65 i " 100 n
" 10 " n 65 "

Bach screen fraction was subjected to batch fluidisation
tests in the 2.75-inch reactor at various aspect ratios and
air flow rates. Pressure érop in inches W.G. was plotted
against air flow-rate in litres/minute. Any peculiarities
in bed behaviour were noted.

5.1.2 Batch Sizing Tosts on.minuc 10 mech Stone

The llUldludeOﬁ hux cteristics of minus 10 mesh material
were determined in the 2.75-inch. re. °otor with an aspect ratio
of 1/2:1 (shutic) and then bateh fluid-oed sizing tests were
carried out at verious zir flow-rates xnl fluidisation times.
At the @nd of zach test ‘both the coarse and fine products were
removed, weighad and submitted for 3121ng analysis. The test
giving thc best combination uvf recovery and grade of plus 100
mesh material was taken as being nearest to the optlmum ‘condi-
tions. .

5.1.3 Continuous Flu1d1sat10n Tests on Two Screen
‘ Fractions.

The aim was to determine, from coutinuous fluidisation
tests, dust losses and the optimum screen size fraction to be
uoed as feed to the calcination stage.

Two fractions (-10 plus 65 mesh and - 10 plus 100 mesh)’
were preparcd and contlnuouely fed to the 2,75-inch perspex
reactor at various feed rates, giving nominal retention times
of lO 20, 30, 40 and 60 minutes respectlvely.

The air flow-rates were those which gave good fluidisa-
tion conditions with a minimum of sanding. Continuous solids
feed W¢S mq1nta1ned by means of @ vibrating spatula feeder.

The time taken to reach equlllbrlum conditions was assumed
to.bé the desired retention time in each case, and immediately
equilibrium conditions had been obtained the bed was shut down.
The coarse and fine products were removed, discarded and
fluidisation resumed, The coarse feed dlecharge and the dust
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fragtions were then co}lected oyer spe01f1ed tlme ;ntervals 10

determine the dust losses, Phe gcyceatage dust lgss was
ploﬁted egaingt retention tims,

5.1.4 Batch ,ulcination Tests

Since earlier work in the Metallurgical S:ction had
shown that the best burning temperature for Mt. Gambier:lime-
stone was 1000°C it was decided to adopt this temperature for
fluid-bed calcination, .

Two calcination runs were carried out in the 3—inch
silica furnace, one with minus 10 plus 80 mesh feced and the
other with minus 10 pius 65 mesh fzed. The procedure for
both runs was as follows, - The empty reactor was hcated to
temperature in the ga§ fired furnacc.,  As soon as the tem-
perature reached 100077, the air flow-rate for fluidisation
was set to give 100 liires/min in the bed at 1000°C, and the
feed sample of 170 g of sized stone introduced to the reactor.
Imnediately the temperature in the reactor hagd recovered to
10000C, sampling of ths calcines was started.

»Dproxlmately 1.5 g sanples were tuken from the bcd w1th
the aid of a silics tupe sampler at time interv: ls of 0, 2, 5,
10, 20, BG and 40 minuSes resyvctwvoly. In the first run
the samples were pl cei'iﬂ i om, sample bottles and submitted
to the Aawlyticol Seotion for tot al Ce0 and 00, detarwmihations.
For the second run tq~ samples were transferred guickiy to
small stopcered waighing boitles inside a dessicuter snd im-
medlatelJ znalysed for Ca0 and COo. This wis doae to aveild
inaccuraciecs due to moisture and CO» ahsorption from uh= atmos-
phere. :

Samples of the dust collected from the top of th furnace
were submitted for analysis. '

Hydration tcsts were carried out on the calcines remaining
in the furnace after each run to determinc the quality ‘of the
hydrate produced,

5.2,1 Crushing Tests

Semples of freshly mined stone and stone ¢ age-hardened in
the open air for 10 weeks were crushed to minus 10 mesh B.S. 8.
in a jaw crusher and rolls with screening between stages. The
samples were then scresn sized and the sizes tabulatecd togethex
with those of the old sampl:s for compariszon of their c¢rushing
characteristics.

- 5.2.2 ZFluidisation Churacteristics in 2.75-inch Model

Batch fluidisstion tests were carried out on the minus
10 mesh stone at waspect ratios of 1/4, 1/2 and 1/1 respec-
tively in order to determin: the fluidisation characteristics.
Alr flo“ rates in Litresg/minute were plotted ageinst pressure .
drop in inches W.G.

5.2.3  Continuous Fluid-Bed Sizing Tests

The minus 10 mesh crushed stoune. was continuously fed to
single stage fluidising equipment using various air flow rates
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The air space ve1001ty was varied. from 2, 10 -3, O ft/sec.
and nominal sollds retention time-was malntalned at’approx1—
mately 9-10 mlnutes. -

Sizing analyses were: carrled out-.on the alr—81zed stone
- and dust fractlons.a ‘

The feed tube wag.set .at one. 1nch above the .distributor
plate and the overflow tube was adJusted to give a: bed aspect
rat.io of 1 L when fluidised. - AR

"o

% t |
..‘gk":’._ . . 1[_!! i

5;.,4;w Batch Calcination of. alr—51zed Mlnus -10: mesh
B Fractlon, }

The feed materlal used for the calclnatlon test had been:
previously air-sized at a space - .velocity of 2.5 ft./sec. and a
nominal retention time 0f nine minutes. This fraction was.
'96-97 per cemt, .plus 100 mesh and contalned only 5 per cent.

- minus 72 plus 2100 'mesh material. o

The procedure adopted "in- this test was differemt" from
prev1ous teste  in - that the furnace charge of 170 g was: placed"
in:the reactor right from the start. his enabled the Stone.
to ‘preheat gradually without . subaectlng 1it..to sudden.thermal.
shock -as previsusly. The cold .air.flow-rate was adgusted to
give 2.0 ft./sec..-space velocity at IOOOOC in the bed. {Dust.
losses wére: determlned.-

Sambles o0f" the calcined stone were taken at zero, .5 and LO
‘minutés after reaching 1000°C..

A rate of-hydration-test was carried out on the calcined
product.: :

5.2.5 Multistese Fluidisation:. 2,75-inch. Modael |

The :perspex yeactor was set: ‘'up as a 3-stage unit with the
transfer tiubes adjusted to- give.a bed aspect ratio of Lil when
fluidised in each: stage. The height of the feed tube above-
the .distribution plate in each stage was varied from: 1/2" to-
2" during~theftests;. ‘

The' procedure adepted generally was to fill each stage -
with the.requisite qhentrtj of air sized stone, then:to com-
mence fluidisation with =n air spece velocity of 2.0 'ft./sec
and finally start contlddous feced to give a nominal retention.
time of approximately .10 minutes in each stage. .

5e2.6: Multistage Fluidisations .

_6-inch Model

Thls consisted of tests using “the- 6=inch perspex reactor
with 3 stages and material with e:size.range of minus-10.plus.
100 mesh..

Flrstly twotypes of air distributor: plate descrlbed
earlier were subjected to pressure drop-vs air flow-rate tests

to determine the most suitable plete to be used in the contin--
wous tests.. ‘

A batch. test in one-stage was run to determine the fluidi-
sation conditions required prior -o continuous.multistage
testing. . -

" The 6~ 1ﬂch perspex reactor wis set: up'.as a 3 stage unit,
-each stage having been filled man:ually to give an.aspect: ratlo
of 1l:1 when fluidised. - E
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11/16 inch inside diameter transfer tubes were used
initially, followed by 7/16.inch diameter tubes.

5.2.7 Fluidisation Tests in Cross-Flow Model

Initially one compartment of the reactor was sealed off
from the next and filled to the 3-inch level with minus 10
plus 100 mesh stone. Batch fiuildisation characteristics were
then determined for this material over a wide range of air
flow-rates.

Continuous tests wore thern attempted in this reactor for
both countarcurrent and parallel air flow, For countercurrent
alr-soiids flow the solids 3ischarge from No.4 cell was con-
nacted to an air-lock regeiving bottle, While investigating
the operalion of the reaetor, solids were fed manually through
g funnal above No.l cell. ihe tail of this fumnel extended
into the stone bad to within 2 inches of the distributor plate,
‘Trensfer port openings were varied from %/16 inch to 3/8 inch
during the test. .

For parallel air flow coxditions-a separate air supply
was connected to the bottom of each cell and feed to No.l cell
was maintained by means of a Yan Gelder vibrating feeder. The
maximum feed rate, total air Jlow-rate and pressure drops ob-
tained in each cell were noted. For this test the baffle open-
ings were set at 3/16 inch. '

6. RESUITS

6.1 Aged Sample

6.1l.1 Fluidisatioﬁ Tests on Sized Screen Fractions

A typical sizing of this stone after crushing to minus
10 mesh is given below,

Mesh Tyler Cum Weight

: %
+ 10 1.48
+ 14 8.72
+ 20 17.08
+ 28 : 24.96
+ 35 324952
+ 48 34,60
+ 65 46,36
+ 100 . 5530
+ 150 64.06
+ 200 74.88
- 200 25.12
1

00..00

The pressure drop across one of the 2.75-inch diameter
perspex distributor plates was determined at verious air flow
rates.,. Results were as follows:

~Air Flow: Litres/min Pressure Droﬁ:.Inches W, G
20 0.04
60 - 0430
100 : 0.41

.200 1.40
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Phe experimental f;*u;es pbtrined PFrom flnidising test
using the five sized soreen frachions are shewn plobted }H )
Figvres 1=5 nclus;vo " The zones marked gn the figures indi=
cate the condition of the hed QuUer the ain flow-;&teg sﬁown.‘
The boilins zone is tuat zone where all the solids”are sus—

pended and in otlua.

The aspect ratios or L/D ratios indicated in the figures
refer to the ratio of height of solids to diameter of solids
in the bed when stationary.

For the minus 10 plus 20 mesh fractiony the bed was too
porous for gocd fluidisation and bed sluoblng occurred with
aspect ratios greater than 0,25:1. digh air flow-rates were
needed but duszt losses were negligible. '

For the minus 20 plus 48 mesh fraction good fluidisation
wis observed up to an aspect ratio of 1l:1, with dust losses
occurring in the violent rzgion. At hlcher aspect ratios

bad slugglng occurred. The optimum as pect ratio was found
to be 0.5:1. ‘

k
The minus 48 plus 65 mesh fraction caused channelling
before the onset of fluidisation, and high dust losses were

encountered, No slugging occurred with this fraction and the
best aspect_ratlo was found to ve 0.5:1

The minus 6~ plus 100 mesh . ractlon was worse than the

- previous fractlon, in that bad chamelling occurred simultan-

eously with high dust loss before complete fluidisation was
obtained. The minus 10 plus 65 mesh fraction was found to
fluldlse quite well with little dust loss, up to an aspect

etio of 0.5:1. At higher aspect ratios very high air flow-
ates were rejuired for complete fluidisation and dust losses
from the top of the bed were high. The optimum aspect retio
was found to be 0.5:1 and the dust losses varied from 2.4 per
cent, in the first 10 minutes of fluidisation fo 4.2 per cent.
after 60 minutes, Although this dust loss is small, the minus
10 »lus 65 mesh fraction presented only 47 per cent, of the
original minus 10 mesh feed.

Figure 6 indicates the percentage dust lossew obtained up
to a total fluildisation time of 60 minutes.

'641.2 Batch Sizing Tests on Minus 10 mesh Stone

Thne presoure drop vs. air flow-rate figures obtained in
the fluidisation of tnis fraction are shown plotted in Figure 7.

Results of the batch fluid-bed sizing tests are_showyn in
Tables 1-9 inclusive, From the sizing results no clean-cut
size fraction can bz produced by ailr.sizing. The size frac-
tion giving the best combined recovery and grade of plus 100
mesh stone occurred with a space velocity of 1.75 ft./sec. for
a nominal retention time of 30 minutes and giving an overall
dust loss of 42.4 per cemt. This sized fraction contained
89.0 per cent. plus 100 mesh and 96.8 per cent. plus 200 mesh
respectively, giving a recovery of 92.5 per cent, of the origi-
nal plus 100 mesh and 85.7 per cent, of the original plus 150
mesh material in the minus 10 mesh feed. It will be noted
from the sizings given in the tables that some attritioning of
the coarser feed fractions occurred during fluidisation.
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S__ls,fl
Batch Slzlng Te?.

75—Inch Reactor

Aspect Ratio 0.5¢1 (Static Bed)
Air Flow Rate 72 litres/min

Materlel ~ Minue 10 mcsh
Space Velocity - 1.0 ft/sec

) , 1 Pressure ‘Fluidisation
'éimﬁiBﬁgéghﬁig?Séé' Weight loss| , OFOP | Time
; gg ; gg : g inches ¥.G. |  Ming
155 - - . Lss 0 :
C139° 116 10,3 | 1.50 ; 5
I 124.81 30,2 19.5 | 1,40 z 10 ;
i 119 1 36.0 ! 23.2 - | 1.35 P15 !
L1131 42.0 5 27.1 1 1.30 : 30 i
© 111.8: 43.2 g 27.8 | 1.25 g 45
109.8 1 45,2 ; 29,2 + 1.2 : 60
108.0 i 47.0 ' 30.% i 1.20 90
Material Balance
Mesh Tyler | Feed % Cum Size Stons % Cum | Dust % Cunm
s 100 69. 7 ? 30,3
+ 10 ! 1,48 2.6 :
28 | 17.08 23.5 :
35 ; 24.96 34.8 '
65 | 46.86 65.5 0.5
100 : 55.%C 75.0 .75
150 64, 06 85.2 1.00
200 74498 94.8 10.0C
=200 5,12 5.2 90. G
100. 00 107, 0 100,00

with o few coarse
of the bed,

When completely fluldised the bed expansion was

cent. of the bed remained fluidised.

Calculations from the materisa

1 balanoe indicated that the

following amountas were removed during the run.

3¢5

inches
narticles remaining stationary on the bottom
Aftor 6C minutes fluidisation time only 76" per

22% of the - 65 + 100 mesh stone
29.6% " " -10C 4 200 v
86. O% 1 1 _2(\ Hi 1"
Lable 2 -

Batch Sizing Tests: 2,75-inch Reactor

iAspect Ratio C.5:1 (Static Bed) Material - Minus 1C mesh
Air Flow Rate 88,2 litres/min Space Velocity - 1.25 ft/sed
_Bed Charge | ‘Pressure . Fluidisation
Welgh Weight Ioss !Wblght Ioss, drop 5 Time
g i % inches W.G. ! Mins
155' I z 1.8 @ 0
L g 1;42 . 20 L
100 5445 ; 35,1 1,4C i 3G, ; i
Material Balance : §
Megh Tyler | Feed % Cum | Size Stohe % Cum | Dust % Cum!.
% 100 ! 69,7 : 30,3 T
.+ 10 5 1,48 i 2.9 z j
| 28 | 17.08 21.5 : _
i 35 f 32,52 | 42.4 ; _
65 Z 46,86 | 64.5 @ 0.6
! 100 | 55.30 . | 75.4 ! 0.8
i 150 2 64, 06 86,9 ‘ 2, 2
: 200 : 74,89 [ 95.8 19.4
i =200 25,12 i 4.2 8C,. 6

The bed expansion was 4,
nd the bed rem%ined fluilised throughout the whole test,
08 > negligivle after 20 minutes fluidisation,

S T""E:S C-LYP ‘C‘

5 inches when completely fluidised
Dust.
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Calculations from theé materlal balence indicated that the
following amounts were removed during the'run. .

16.%% of the - 65.+ 100 mesh stone

' %32.4% " v~ 100 + 200 "
89.2% i n _ 200 " n
Table 3

. Batch Sising Tests: 2.75-Inch Reactor

Asbect Ration 0.5:1(Static bed)  Material - NMinus 10 mesh |
Air Flo= Rate 83,2 lltres/mln. Space Velocity - 1,25 ft/sec !
Bed Charge 'Pressure FTluidisation |
Weight Weight loss Welght Toss! droo Time ‘
g S -1 % 1nches WGl Mins |
155 - ~ T 1.3 0 '
| | 1.6 5 [
: | i l.42 ‘ 10 !
| 107.0 | 48,0 3049 1.40 X 15 ) {
; Material Balance
! Mesh Tyler | Feed 4 Cum i Size Stone % Cﬁm Dust Frac.
5 , ‘ i Cum
100 { 64,1 ' 30 9
10 1.48 i 4.4 =
28 17.08 { 23.5
35 32,52 ! 44.4 )
65 416.86 I 64.7 0.5
100 55.30 t 75.1 0.75
150 64,06 _ 86,2 1.75
- 200 74.88 ; 95.1 14,05
: "200 _ /5 12 l 409 85095
100,00 l 100.0 t 100.00 ;

Fluidisation conditions were the same as for Table 2.

Calculatlons from the material balance indicated that the
follow1ng emounts wer: removed during the run.

14,7% of - 65 + 100 mesh sione
24.4% " - 100 + 200 " !
S BE.67 U - 200 " "
Table 4

‘Batch Sizing Tests: 2,75-1inch Reactor

Aspect Ratio 0,5:1 (Static Bed)

Material Minus 10 mesh

Air Flow Rate 88,2 litres/min. Space Velocity 1. 25 ft/sec.I
Bed Charge J i Prosvurn Fluldlsatlon !
Welght ‘Weight Ios velﬂht Loss | lecn Time
L. B : T § Iﬁcnbw W.Gi Mins
5 | - ! - ! 1.8 = i 0
111.5 ¢ 43,5 L 28 1.4 - 20

Material Balance

Mash Tyler | Feed? Cum [Size Stone % Cum :Dust Frac, % Cum
: 100 | 72,0 28.0
10 1.48 3,8
L 28 17,08 | 22.3 |
i 65 46,86 62.8 1.28
{100, 55430 7%. 2 1.54 '
150 64.06 85.1 2.06
b 200 74.88 94.9 15.86
1 =200 25.12 5.1 84.14
E 109. 00 102.0 109.00

Dust losses were st111 continuing after 10 minutes of
fluidisation,

Calculations from the material balance indicated that the
following amounts wers reroved during the run.

11.4% of the - 65 + 100 mewh stone
2v.l% moon 210N + 200 oo
85, 5% 1" noo 200 " 1
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Table 5
Batch Sizing Tests: 2,75-Inch Reactor
iAspect Ratio 0.5:1 Material - Minus 10 mesh
Wiy Flow Rate 106 litres/min  Space Velocity=1.% ft/sec.*!
? Bed Charge e o ‘Pressure :Fluidisation |
Meight ‘Weight loss ;Webbht 1oss§ drop g Time ;!
g g ; % i Inchzs W. G| Mins ;
f 155 T § - f 2.0 | 0 Lo
i i o i . ! 1.55 | 5
95.8 . 59,2 : 38,2 1,59 - .10

! 1
:

L : Material Balance : s
| Mesh Tyler ' Feed # Cum ;Size Stohe % Cum:Dust Frac. % Cum

1 L. 100 s 61.8 . L 38,2
| 10 oo 1,48 0 4.8 !
; 28 ; 17.03 : 26.6 .
| 35 L 32,52 44,6 @ S
i 65 3 46,86 : 71.8; : 0.2 :
; 100 g 5% « 30 i 83,0 a . ‘
g 150 P 64,06 i 92.8 ; 5.4 i
: 200 - 74,88 ! 96.2 | 25.0 ‘
=200 25,12 i 3, ; 75.0 .
t 100.00 | 100.0 i 100.0 |

The bed expansion was 4.6 inches when fluidised at the con-
clusion of the test. Fluidisation was violent during the
first 5 minutes of dust loss. ‘

Calculations from the material balance indicated that the
following amounts were removed during the run.

35,2% of the - 65 + 100 mesh stone

67 . 6% " n - 100 + 20‘0 1" 1n
92.4% " " 200 i L
Table 6

Batch Sizing Tests: 2.75-Inch Reactor

Aspect Ratio 0.5:1 (Static Bed) Material - Minus 10 mesh |
Air Flow Rate 123.5 litres/min Space Velocity 1.75 ft/sec!
Bed Charge D woignt | fressure  Fluidisation |
- Weight |Weight Loss | "©1& I “drop | Time g
g R - Y { Inches %.G | Mins ;
155 | - _ ' 2.1 0 T

R . , 1.75 2
' i o I 1.65 3 é

96.0 ! 59.0 CAR, L t 1.65 5.

Materiél Balance . :
Mesh Tyler ! Feed % Cum | Sized Sione % Cum!Dust Frac. % Cudq

i
i
i
|
[
]
!

10 @ .48 | 3.6 = '

28 17,08 23,6
L35 32,52 45.6 . g
;100 . 55,30 | 81,0 | v
L 150 62,06 | 91.8 i 8,2 |
P 200 | 74.88 | 34,4 s 29,2
L =200 L 25.12 ! 5.6 ! 70.8
i . 100,00 . 100.0 "~ 100.0

Violent fluidisation occurred during tne period of dust loss,
the dust losses being negligible after the first 3 minuvtes of
fluidisation. The bed expansion at the conclusion of the test
was 4.75 inches,. A : ~ ‘

Caleculations from the material bhalance indicated that the
followins amouvuts were removed during the run,

25.4% of the - €% + 100 mesh stone
67.6% " P 100 + 200 M "
:3'3—:‘ 11 L1 B 200 n "
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Table 7
Batch Sizing Tests: 2.75-Inch Reactor

Aspect Ratio 0.5:1 (Static Bﬂd) Material - Minus 10 mesh |
Air Flow Rate 141 11tres/m1n.' Space Velocity 2,0 #t/sec. |
Bed Charge 4 Weieght | Pressure lFluldlsatlon 1
Weight |Weight Loss & drop ; Time .
g . g R Inches ™. G ; Mins i
155 - | - 2.25 0 |

i | _‘_,QR' & !

89,0 | 66.0 | 42,6 1.87. 5 :

' ’ Material Balancs o

K Mesh Tyleli Feed % Cum : Sized Stone . CumlDust Frac., % - Cuw
t i 100 57.4 ! 42.6 :
I 10 @ 1,48 6.4 | ' s
B R z
i 20 1. 'y ‘

&6 1686 31.4) | - 5
10| 99,30 89, | . *
| 10 64.06 92.8 | 17.0 g
! 200 g 74,88 94.2 ] 33,4 |
=200 ‘ 25.12 .8 61.6 E
' 100.00 : 100.0 - 100.0 i

Violent fluidisation accompanied by heavy dust loss
occurred in the first 2 wminutes, At the ené of the run
fluidisation was normal giving a bed expansiocn of 5.0 inches.

Calculations from the material balance indicated tnat
the fellowing amounts were removed during the run

54,8% of the -~ 65 + 100 mesh stone

84.8% " "o 100 + 200
88.8% ' - 200 " "
Table &

Batoh Sizing Tests: 2,75-Inch Reactor

Aspect Ratio 0,5:1 (Static Bed) Materisl - Minus 10 mesh |
Air Flow Rate 2123.5 lltrcs/nln Space ¢e1001tv 1,75 ft/seq

h Bed Charge Ve 1ght Ioss | Pressure Fluldlsatlon

.}eight iWelght qus 5 ) drop B Time
g % g B 70 . Inches W, G' Mins
155 - i - ] 2.05 1 Y
1 R ; 75 2 !
. : _ z 1,60 i 5 |
L o & | . .22 W
90,7 ! 64.3 j 41,5 1,55 | =5

|
Material Balarce ]
Mest Tyler Teed % Cum Sized Stoue # Cum (Dust Fric. 7 Cum

T 87,5 L 41.5 i

3 — 1.8 { " 2.0 l B

i 2§ : 17_.0@ ' 2h . 4 :
L35 | 32.5¢ 52,2 - z
65 . 46,86 ! C74.4) 0. € |

100 5570 37.0) ‘ !

150 b GALLE . 94,8 , 10.4 :

L 20c | 7”.@" ! 95,6 | 32.0 E
| =200 L 25,12 | 3.4 j 68.0 !
g 1 100.00 100.0 100.0 f

Fluidisation was 7iolent during the first few minutes
of high dust loss, retﬁinlng to normal after a fluidisation
time of 5 minutes and the bed expansion was 4.75 inches,.
Calculations from ihe material balance indicated that the
following amounts were removed during the run.
12.7% of the - 65 + 100 mesh stone
47.8% " " - 100 + 200 " o
9106% n n - 200 "o 1
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| Table 9 .
Batoh SlZlng Tosts: 2,75-Inch feactor . :
Aspect Ratio 0,5:1 (Static Bed) Material - Minus 10 mesh
Air Fiow Rate 193 5 lvt:.s/mln Space Velocity 1.75 f+/secl

Dbd Charge i Pressure Fluidisstion |
eight ! Welght Loss | Welght Loss : drop ; Time
L g | g ; % ' Inches ¥W.G  Mins
155 - - . 2.05 | )
i ' j . ; i 1.90 2
b Do ? : . i © 1,60 7 - 5
| . L 10 ;
i P R - 1.5 20 -;
‘ Material Balance i
Mesh Tyler ‘Feed % Cum |Sized St tone % Cum ;Dust Frdc. % Cud~<
10 : 1l.48 ? 4.8" i i
, 28 . i 17.08 i 23.0 1 ‘
35 L 35.52 ! 54.6 * . .
55 i 46.86 i 78.og i o 6 i
i 100 0 55.30 89.0 ; i !
‘ %0 . 64.06 : 95.4 | 11.6 f
: 200 74.83 P 96.8 ! j2.4 ;
| | 100.00 | 100.0 0.0

Fluidisatinn_conditions were the szame as for Table 8

Calculations from the material balance indicated the
folilowing amounits were removed during the rua.

-24.9% of the - 65 + 100 mesh stove
58,975 " M - 100 4280 n AL
N2,7E o w o 200 ] u

-6.1.3% Continuous F1u1d1%atxon Tcsts on Two Screen
Fractions

The minus 10 plus 65 m@bh frﬂctvon 1n1t1a11v Iluldlsed well
at 1.4 - 1.7 ft./sec space velocity with an aspect ratio of 0.5:1
(static). The initizl bed chargs was 128 gm. However, under
continuous feed conditions trouble was experienced with feed
tube blockages and bed sanding, so the air space velocity had
to be'graduall%'increased'to a maximum of 2.14 ft/séc. after
20 minutes. he average pressure drop across the bed varied
frou 1.8 per cent. for ten minutes retention time to 3.7 per
cent. for 60.minutes retention time as shown in Fig, 8.

The minus 10 plus 100 mesh fraction initially fluidised
well at 1.4 - 1.7 ft/sec. space velocity, but again under con-
tinuous feed conditions, to avoid sanding and feed blackages
the air space velocity had to ve 1ncEeased to .14 ft/sec,
after 25-30 minutes fluidisation. he initial bed charge was
128 gm and the pressure drop scross the bed varied from 2e 65 —
2.85 inches V¥.G. Dust losses varied from 5 per cent, for
10 minutes retention time to 8.7 per cent, for 60 mlnutes re-
tentlon time as shown in Figure 8

| 6.1 4 ‘ Batch Calcination Tests

In the first oa101natlon test u51ng the mlnuu lO plus 80
mesh feed, the furnace took 15 minutes to reach 1000°C and on
eddition of the’ charge the temperature dropped to 650°C. A
further seven minutes elapsed before the temperature recovered

to 1000°¢C.
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At this temperature the total pressure drop across the
‘distrivutor plate and bed was 10 Ssniw.g, During the sam-
pling period the average towmperature was 10150C.

However, approrimately 43 hours elapsed between sampling
and analysis, allcing reabborpumon of HpO and COo from the
air. Therefore this test was abandoned.

The total relfht of lime proﬂuced from 170 g feed Was
58.5 &« ... .. . S

In the second calcination test using the minus 10 plus 65
mesh feed, the temperature‘took 13 minutes to rscover to! 1000°C
after addition of the feed, The average bed temperature dur-
ing sampling wds 1010°C and lime analyses are shown in Table 10.

Table 10

Lime Analyses- Minus 10 plus 65 mesh stone _
| Sample ; Calculated
'TonallTlme after ! Total Cal 002 loss |, __. |
‘tlme | 10000¢ ! | “on ivailable iUnburned !
mins i mins I % iignition | Cal CaCO3 i
—— 'r — -
| 12 i 2 1 G6.6 : 96.6 |
; 5. 5 i 06,6 ! 96.6 :
P20 0 - P 9603 ; 92.3
| 30 | 20 - 98,7 Nil 9z, 7 Nil
120 | =0 1 96,6 ETW: |
f 50 40 o GeLs 1 2€.5 |
1 90 gt sw D407 Q.3 L T2.9 Po21. 1k i
{{Raw Limesto 97.25 Calls ? ‘

B ; : ;

—r Ve a—— . e

Thz total weight of lime produced from 170 g feed was
6.0 g. The minus 10 + 65 wesh feed for the calcination test
represented 47 per cent. of the original feed approximately.
Assuming complete calcinatior this represents a dust loss of
32 per cent., of the furnace feed or 15.0 per ceni. of the
original limestone feed for the minus 10 plus 65 mesh fraction.

"o Overall calculated dust loss inciuding scfeening
‘ = 53,0 + 15.0 =3 63 _per cent,

This 1ndlcated'that considerable attritioning and decrepi-
tation of the particles occurred at high tempnratures.A

Hydratlon tests were cerried out on the guicklime produced
in both tests as follows.

(a) Ve ight of hydrate formed

Water was added to 20 g oulckllme in a dish until all
- the lime appeared to be hydrated., Fifty per cent.
~excess water was added end the product dried for 3 hours

at 110°C.
Weight of hydrate formed = 20.5 g
Percentage of original weight = 26,5 x 100

20 = 13205%

Theoretically 100 parts of a0 should produce 133 parts
of Ca(OH)Q.



(b) Rate of hydration

200 ml of watcer were added to an insul=ted beaker
and 10 g of guicklime dropped into the water At
the smmne tlno a stop ciock was started and the
solution bﬂnstantly stirred with a mercury in g;ass
thermometer The tewperature rise was noted at
various tlme 1nter\¢]s, and the flgures obtainzd-
were prfted 1n Figur:s 9,

The mex imum temperature rise was 11.59C in four
minutss for the minus 10 plus 80 mesh cacine and -
12.0°C in two minutes for the minus.10 plus 65
mesh calcine,

The guicklime produced was very white and appeared to be
highly reactive when slaked in water. The dry hydrate ap-
pezred to be whiter than the Orlﬁlndl quicklime 2and had a very
fine texture:

The cilculated overall dust loss for the minus 10 + 6% mezh

friciion ralotod back to the original mlntg 10 wesh fecd wos
apiroximetely o per cent, '

6.2 New Sample

6:2.1 Cruching Testsg

Scregn anslyses of the crushed, minus 10 mesh stone are
ghown in ‘eble 11, snd compared with those for the o;i sanple
used in previvus teste.

Sizing Analyses - New and 0ld Sample

| Mesh B.S.S. New Semple 01d Sample
i . " Fresh Mined .| Aged 10 weeks: Aged 3 years |
z L% Cum } Z_Cum % Cum - . |
i+ 10 | 0.75 | 0, 20 L 1.48 g
| 14 : £e 65 | 4.60 L g
; 18 . 11.60 L. 12,60 © 17,03 ;
| 25 L 29,82 g 29.50 g g
i 36 - 55,57 52.15 L 32,52 |
i 52 72,52 { 69.25 . ! ' i
; 72 78,37 ; 76.25 | 46,86 |
i 00 . 84,12 § 81.85 L 53,30 ;
§ 150 i 87.8 i 86.00 - 54,06 :
v 200 . 92,67 ; 91.45 . 74.88 i
i -200 | 7.5: z 8,55 i 722,12 |
; .+ 10,00 100. 00 . 100. 00

The crushing characieristics of the new sample were guite
different from those of the o0ld sample. The percentage minus
200 mesh material has been reduced and approximately 80 per
- cent, of the crushed procduct is plus 72 mesh.

) The difference in sizing between fresh mined stone and
stone age hardened for 10 weeks were negligible w1th1n the
limit of reproducablllty. '

The new sample produced only 7 - 8 per cent. minus 200
mesh material comparcd to 25 per cent. for the old sample
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6e2.2 Fluidisation Characteristi

Results of the batch fluidisation tests carried out on
the minus 10 mesh material are shown in Fig. 10.

Space velocities, in the range of 1.7 - 2.0 ft/sec.
were required to Tfluidise this material due to its poros1ty.
Dust losses occurred simultaneously with channelling in both
cases.

6o243 Continuous Fluid Bed Sizing Tests

Results of the siziang tests ave stown in Tubles 12, 13
and 14 respectively, *he 31&1a& tests indicaved that a
suitable air-sized fezd can be produced for the calcinetion
stage using an sir svece velocity of 2.5 - 3.0 ft./sec. The
dust losses were of the order of 15-20 per cent. giving a
fraction containing 96 - 98 per cent. plus 100 mesh, of which
approximately 81 per cent. was minus 18 plus 72 mesh material.

- Table 12
. 8izing Tests: 2,75-Inch Reactor

Av, Feed Rate 13.8 g/min: Space Velocity 2.1 ft/so
2Av. Retention time 9.3 mins: Air flowrate 147 litrec /VL:.
sspect Ratin 1:1 Fluidised:  Avi o P = 2:25" V.G

. Mesh B.S.S. | Feed # Cug. :Sized Btone % Cum  {Dust % Cum
| ? 100 . 35, 4 14,6
; + 10 0.75 0,25 | o
5 14 3 4.65 ! 2,15 o |
| 25 | 29,32 ' 2390 . L . :
| 36 . 55.57 53,75 : - !
i 52 - 72,52 | 76 25 : |
. 00 ¢ 84,12 93, 10 - 2.8 g
g 150 ¢ 87.17 97.50 ' 10.0 |
g 200 92,67 . 98,95 L 16.6 -
. =200 1 T7izs. 71,05 - 53.4 3
f 100.00 3 100.00 . 100.0 i

Calculations from the material balance figures show that
the minus 72 pius 100 mesh fraction has been increased by
31 per cent: the minus 100 plus 200 mesh fraction reduced by
41,5 per cernt, and the minus 200 mesh fraction reduced by
87.8 per cent,

Table 13
Sizing Tests: 2.75-Inch Reactor -
Av. Feed Rate 14,2 g/min: Space_Velocit 5 ft/sec

iAv. Retertion time 9.1 min: Air flowrate X75 11tf0 s/min.
iAspect Ratio 1:1 f1u¢dlsed- Ave 4 P = 2,6

Mesh B.3.8. | Feed 7 Cum Sized Stoue 3 Cum ;Dust 7 Cum

i 100 i 84,5 ' 1545
P * Pg Opgg ‘ 0»2? c
-L [ ] ] ' ]
18 | 188 ; 1%,53 s
25 | 29982 ! 33,47 i ;
52 I 72,52 s 83,77 1 ,
72 L 79.@2 { 91.66 ! 0. 16
100 94,12 : 96,77 ; 4,52 (
150 37.87 X 98,54 . 19,05 !
200G 92,67 99.11 i 51.35 *
- 20C T 55 . 89 l 48,65 ;
100.0C 190G, 00 i 100.00 !




Calculations from the material balance figures
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show

~that the minus 72 plus 100 mesh fraction has been reduced-
by 10.3% per cent: the minus 100 plus 200 mesh fraction re-
duced by 75.3 per cent; and the minus 200 mesh fraction , -
reduced by 8%.8 per cent,

Sizing Tests:

Table 1

2. 75=Inch

Reactor

Av. Feed Rate 15.0 g/min:

Space Veloc1tv 3,0 ft./sec.
Av. Retention time 8.6 min: Air flowrate 210 lltres/mln. ;

Aspect Ratio 1:1 fluidised: Av, LR o= 5.0M B G
Mesh B. S.S. | Feed % Cum | Sized Stone % Cum ; Dush % Cum
f 100 E ’79 5 J, °C>‘5 i
+10 1 0.75 ! ¢, 30 !
14 4.65 ; %, 05 !
18 11.60 ; 10. 28 |
25 29.82 ; 29.83 i !
| 36 55,57 | 60. 23 | |
» 52 72.52 s 83.98 | 0,15 !
72 79.32 | 92,68 . 105
100 84.12 | 97.68 I 11.95
150 87.87 z 98. 48 L 29,45 ‘
200 | 42,67 t 98.90 i 60.60
=200 . 7,35 | i.10 . 39.40
i * 100, 00 ‘ 100.00 100,00

Calculatlons from the material balance Lie
that the minus 72 plus 100 mesh fraction has been increased by
5 per cent; the minus 100 plus 200 wesh fraction reduced by

85 8 per cent and the minus 200 mesh f raction reduced by

- 85.0 per cent,

6.2.4

ures indicete

Batch Calcination of A1r~31zed Minus 10 mesh
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Table 15

' Lime Analyses - Air Sized Minus 10 Mesh Stone
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Thp
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n

e
ek

are

Sample

otal
time in
furnace
min,

| Time
| after
1000°
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i
min }

Tetal
Cal

4

ECOQ loss:

on
Ignltlon

/o

Calculated i

Unburned
CaOO3

o

" Available .
.Ca0 =

23
23
33
40

| Zero
5
10
; Dust

-
!
!
|
!
i

0,55 .
0.38
C.22
13,60

96.8
97,2
97.7 |
" 69,1 :

Raw Limestone Feed 98.
!and-0.4% Alp0z + Fe203

0aC05;

1. 37%

0.2% S100;

* Dust sample obtained from top ring of furnace.
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The total weight of lime produced from 170 g feed in-
cluding samplas was 81l.5 g.

The air sized minus 10 nesh feed for this calcination
test represented 84.5 per cent. of the original feed materlal

Assuming complete calcination and no dust loss the
theoretical lime weight should be 95.4 g.

oo Percentage duxit loss during calcination

="(95. 35-581L5) < 100 =

. Calculated overall dust lossc including the air-sizing step

14,6 per eehix

15 5 (84'513014’6) = 15,5 + 12.35 = 27.85 per cent.
say 28 per cent.

This dust loss was less than half that obtained with the
old sample in the previous tests,

A rate of hydration test on this lime gave a temperature
rise of 12°C in 30 seconds (See Fig. 9), However the calcine
did not break down to a sludge on slaking, as it retained its
Orlglnal pazrticle shape and size, These slaked particles were
qulur resistant to crushing between the fingers, 1ndlcating

that over-burning nay navs taken placef

5e2.5 Multlsteoe FluldlsatLon- 2e 75 Inch Reactor

Attenut to obtein contlnuoug sta cc to stzge transfer of
solids in this resctor were unsuccessful, Althongh gaod
fluidisation was obtseired in each of the three stages, con~-
tinuous flow down the transfer tubes was not obtained.

Due to the low spescific gravity of the stons and high
porosity, the air pa351hg through the transfer tubes kept
the stone particles in "teeter" thus stopping the flow by
gravity to the next stage.

On increasing the air flow beyond 3 ft/sec. solids were
often sucked from the second stuge up the transfer tube and
into No.l stage.

Variation of the feed tube height above the distributor
plate in each stage had little effect. !
5.! .

6.2.6  Multistage Fluidisetion:

6-Inch Reactor”

Pressurs drop tests carried out on the two types of air
distributor plates indicated that at the air flow rates re-
quired for good stone fluidisation, the pressure drop across
the smaller diameter nozzles would be too great for efficient
operation. For a 320 lltres/mlnute air flow-rate the pressure
drop across the smaller nozzles was 56 inches W.G. as against:
2.0 inches W.G. "for the larger nozzles. The plates contain-
ing the large diameter nozzles were used for the fluidisation
-test work.

Pressure drop vs air flow-rate figures obtained from the
batch fluidisation of the minus 10 plus 100 mesh stone are
shown plotted in Figure 11, Good fluidisation was obtained
at 320 - 375 1itres§minute with little slugging and dust losses
due to attrition appeared to b= low.

It will be noted that the above air flow-rate corresponded
to a space velocity of 0.97 - 1.12 ft./sec. which is consider-
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ably less than the space ve1001ty of 2.0 ft. /egc‘ required
in the 75—1nch reactor.

Attcnpto to obtain continuous stage to stage solids
transfer when fluidising three stages were again unsuccessful
in this equipment due to fluxflsatlon or "teeterlng" of! the
stone pufthlCS in the transfer tubss

With the air flow-rate set at 525 litres/minute good
fluidisation was obtained in each of the three stages. Im-
mediately continuous feed wias started, stone began to flow
down the transfer tube between Nos. 1 and 2 stages until a -
slug of stone approximately 4 - 6 inches long built up in the
tube. This slug of stone then became fluidised and was blown
back into the top stage carrying some stone from the lower bed.
Unless the rcactor was bumped by hand the transfer tube would
then remain empty with air short circuiting through it, cven
when a solids head of several inches had built up above the
transfer tube in No.l stage.

Varlatlon in size of the transfer tubes and height of
the feed point above the distributor plates had no cffect upon
this phenomenon.

6.2.7 Fluidisation Tests in Cross-Flow Reactor

Results of the batch fluidisation using a 3-inch bed
depth of winus 10 plus 100 mesch stone aro chown plotted in
. Figure 12. Good fluidisation was cbtaired =t an air flow
rate of 180 litres/mirutsa, repleo:nthg a spuace velocity of
1,26 ft./sec. The total pressure drop throush the bezd at the
above air flow-rate was 5.5 inches W.G, of which Z.8 inches
We'te was due to the plate. o

Dugt losses apJetzed to be hlgh =t air flow-rates over
16C litres/minute When #luidis=d the bed expansion was
5 inches, -

In tas continuous tests, attempts to obtain continuous
s0lids transfer from cell to cell with countercurrent gas

flow f£211 d. Withiana a faw mlﬂutws of commencing feed, the
solids in ¥ce. 2,°% 2nd 4 cells were blown back throuﬁh the
transfer iorts into No.l cell unﬁLL it wao complebely f£illed,

The explanation for this phencomenon is that the pressure
drop across each solids transfer port, was less than the sum
of the presoure drops across each preceding distributor plate,
stone bed and air transfer tube respectively.

Attempts were then made to increase the pressure drop

through the transfer ports by closing the baffles to the

mallest opening possible for solids transfer. ... This opening
WaS found to be 1/16 inch. For an air flow rate of 180
litres/minute through each cell the pressure drop across each
transfer p ort would have to be greater than 5.5 inches V.G.
(across plate and stones bed) plus the pressure drop in the. air
transfer tube.

At the above air flow-rste, measured pressure drops
across baffle opsnings of 3/16" x 13" and 1/16" x 13" were .
found to be 1.25 inches W.G and 4.3 inches W.G, respectively..
At openings of less than 1/16" it was impossible to pass the
coarser solids These results indicated that true counter- -
current COhd]thﬂR could not bhe obtalned in this type of re-
actor.
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However,. continuous cross—-flow feed of Sollds coi:ld be
obtained when uring parallel air flow to each gell. The
total air flow Iﬁqu1red in the reactor. for fluidisation was
630 ~ 640 11tres/m1nut~ With the baffle openings set at
3/16%, the maximum feed rate cbtained through the reactor was
115 :/mlnute, correspoaiing to a retention time of approx1—
mately 7 minutes per ce;l

The m

easured pressure drops and bed expans1on flgures for
each cell are

llsted below.

Ceil No. . Pressure Drop- . Bed Expansion
- Inches W.G. inches
1 (feed end) 5.0 %
2 bl 4
5 .3l 3%
4(discharged “ 5.8 34

end)

The higher pressure drop in No.4 cell was due to build-up
of coarse material neces51tat1ng & higher gas flow for fluld-
isation.

»  The graduzl dscrease in pressure drop for the other three

cells reflceoied the differential head of fluiiised solids
necessary to maivtain flow of solids.

7;» _£l§CUSSION AJID EuOMMENDATIONS

The crperimertal work carried our on the old limesztone
semple hias sl 2 thet althousgh & high grade lime can be pro-
duced in o batch fluidised bed cu]uanL, the dust losses in-

o

volved during the crushing, alr sizing ond calcination steps
were excessive., These losses were of the order of 65 - 70
per cert. of the original minus 10 mesh feed. The ov: f&Ll

dust losseg in a typlexl fluid-bed plent in the United Stotes
would not exceed 25 per cent. :

The optimum feced size f or fluidiéation was found to be
minus 10 plus 65 mesh T ‘ler

Fliid bed air sizing of the minus 10 mesh material pro-
duced a fraction containing 8l.4 per cent., plus 65 mesh and
89,6 per cent. plus 100 mesh stone, representlng only 56.4 per.
cent. of the original feea.

During the calcination the lime particles became soft and
this led to considerable attrition losses in the bed at high
temperatures. These lossus were of trhe order of 32 per cent.
of the furnace feed or 15.0 per cent..of the original minus 10
mesh feed.

The quicklime produced from this old sauple was highly
reactive when slaked with water, producing a fine textured
hydrated lime, The lime before hydration rapidly absorbed
water and carbon dioxide from ihe ut‘osphere if left undovered.

~ The new sample although similar in grade to the 0ld wes
coarser grained and during crushing to minus 10 mesh broke up
readily to its natural partlclg size.

The produétion of fines was appreciably less than that
for the old sample, approximately 80 ver cent. being coarser
than 72 mesh B.S.S. as against 47 per cent. for the latter,
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ALgze hardening this stone over a period of ten weeks had a
negligible effect on the crushing characterigtics. However,
if agvl for a period of twelve months or more tue difference
coull te guite large giving rise to a higher production of flnes.

Fluidisation of the new sample reguired higher air flow—
rates than for the old sample due to its hlgh p0¢oslty and
coarse particls size, A satisfactory air-sized feed frac-
tion could be *"fpared for ca101natlon, by batct fluldlsatlon
at an air spacc velocity of 2, 3,0 ft./sec, znd a retentlon
time of approximately 9-10 minutes. e

The dust losses produced from air sizing were still high,
being 15-20 per cent. of the feed fraction, This sized
. material of which 81 per cent. was minus 18 plus 72 mesh B.S. Se
~fluidised well in the 2.75-inch reactor at 140 litres/min or
2.0 ft./sec. space velocity.

Although lime could be produced containing over 97 per cent.
avazileble a0, considerable attritioring of the lime particles
Ubvurrmd during celcination, Thepe dust losses consisted of a
wixturs of unburied calcium carbonate and ourat lime containing
less than 69 per cent. avallable Cal, and cmounted to 14.6 per

cent, of the furnace fuoed. The overall dust loss frém air
aizing and babch caleination was zpproximately 28 psr cent. for
a total fluvidisation time of 50 minutes: This figure ig not
excessiva when compared with that for the o0ld sample and the

25 per cent. ilosses experienced in some fluid-bad plunts in tThe
United States.

However, the resulis of continuous multistage fluidisaticn
in Do“h the .75 “n& f-inch rescters were negative in that
- stage to stage traonsfer of the solids wes not obtiined due to

fluldloutlon cf the particles in ths transfer Tubes.

This phenomenon was due to the fact that the moterial was
of low density and porous so that high air Tlow-rates were
neceded for fluidisat ion. Sufficient head of stone particles
could not be meintained in the transfer tubes to balance the
pressure drop zcross the two beds and in most cases it would
just "teeter"™ in the tube or be blown up into the top stage.

Lower air space velocities were required to fluidise the
new sample in *he 6-inch equipment than for the 2,75-inch
equipment, The difference was of the order of 0.9 ft./sec.
The .reason for this is thought to be due to increased wall
friction effects in the smaller reactor.:

Attempts to obtaln contlnuous stage to stave transfer of
solids under countercurrent gas flow in the cross flow type
fluid bved reactcr were unsuccessful, due to pregssure drop
troubles explained previously. However, with parallel air
flow to each cell, stage transfer of solils can be obtained,
naking this type of reacter sultable for drying and air sizing
operaticns only. ‘

In conclusion it is considered that colcination of Mt.
Gambier limestone by the usual fluidisation technlque would
not be practicable, It is suggested that since this limestone
is very soft in nature, some method of calcination in the fine
state, such as flash calcinaiion in cyclones, should be inves-
tigated asz a furoher phase in the DProgramme.

The *euartment of Industrial Developmert in Western Aus-
tralia has carried out a few preliminary laberatory scale flash
"calcination tests on aecolizn %rpe limestone sands with a
moderate degree of success.
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, APPENDIX
Altérnative Methods of Caleination. for Mount Gambier.
Polyzoal Limestone-

1. CONVENT ION AL SHARD KIIN PROCESS

This method would not be odltuble ‘due to the low crushlng
ctre“gth of Dlvnd__umuq of Mt. Gambier stone.’ " There would
z1s0 be considerable wnsisze of small stong 'in the feed separa-
tion step. : o

However O wiaru Lime Itd., in New. Zealgnd have a small
pilot plant opﬁ_vtvng at the moment on'a-similar type of lime-
stone, employing the use of a specially designed low shaft
kiln.. The process suggested by Dr. N.V.-S. Knlbbs in the U.K.
consists of fine grinding =znd pelletlsatlon of the ground
stone with & suitable binder and coal dust. - The resultlng
pellets were said to be sufficiently strong'to be burned in a
special vertical kiln. .

.The economics of pelletisation would have to be investi-
gated closely before employing this method.

2, . ROTARY-KIEN“PROCESS

Thls method usually resuires closély 81zed feed of not
less than. 1/4" size and would involve high dust losses in the
crushing and screening operatlons.

In the kiln itself, - due to the soft nature of the stone, -
dust losses due to uttrltlonlng of the stone particles caused
by the rotary.action of the kiln would be high. -

This process would therefore be unSUltJDWO for tnis type
of stone unless fine grinding and pellsiisation of the feed
could be used as mentioned above,

Rotary kilns have besr use?d Lhroughout the. world for the

re=burning of lime sludges wroduced from the sulphate gulp
and ‘sugar best industriss with con51derab1L ‘success.: However'

in thest cases the wet sludge contains dlsDOLVGd alkali salts
which tend to act as blndlng egents for the lime sludge in the
drylng section of the kiln., - Ths sludge is apparently quite
resistant to break-down  in the:-calcination-zane and conse-
quently dust. losses: are-low. -

H

. 3. .  MUITIPLE HEARTH FURNACE_PROCESS -

Multlple hcarth furnaces of the Herreschoff and Skinner
type- have ‘been” used for calcination of some: 11mostones, in-
cluding lime sludges from the’ sulphate pulp and smgar beet
industries. -

‘However the capacity is lower than conventiohai kilns
and fuel consumption higher..-

High -maintenance costs are alsor a30001ated with this
type of furnace.-

Tt is thought thet in the case of the polyzoal lime=
stone, con31derab1e vreak-down of the particles would occur
by the- rabbllng action on the hearths. Dust’ losses would
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then ocoUr during solids tfansfer‘frem'hearth to hearth.

The use of mu1ﬁ1p1° hearth type furnaces is- therefore not
reconmended for M. Gambier limestone calcination.

4, CALCIMATIC FURNACE PHOCESS

This,type of furnace has a circular horizontal hearth
and wes develobed by the Calcimatic Co. of: LoXonto, Cenada Ior
the calclnatlon of soft friable llmeot0ues.ﬁ,_,

In this prccess the stone, preferably of 1/4" minimum
sizing, is fed evenly on to a revolving oircular hearth where
it remains in the statlonexy state until after calcination.
A fixed refractory hood is mounted over the hearth and 1s
sealed by means of a water or sand trap on either side of the
hearth.  This hood is divided into several compartments by
means of baffles for preheating, calcination and cooling of
the stone. '

Alr for combustion is fed into the combustion chamber
countercurrent to the burnt lime movenent. The combustion
gases then flow back through the stone preheating compartment
and eventually are tieken up thrcugh the stone feed and preheat
bin.

The final cooled lime is removed from the hedrth by means
of a cross scraper conveyor.

The estimzted heat requirement for this type of furnace
is approx1mate ly 8 million B.T.U's per ton‘of lime, thus com-
parlnﬂ favorably with conventional rotary kilns. The addi- .
tion of heat recovery eqdlpment reduced this figure to 6 mil-
lion B.T.U's per ton.:

Flnely divided limestones are usually pelletlsed before
calcination in this tvpe ¢f furnace. .

This fuinace can produce a high available Ca0 product and
can produce lime with predetermlned chemical and vhysical
properties, and 1is infinitely variable with respect to (a) stone
size (larger +than 1/4"), (%) stone QUulltV, (¢) fuel type and
(d) production rate. .

This type of proces ‘Neuld ther eiﬁre be suitable for the
calc1ndtlon of Mt. Gawbier polyzozl limestone. ’

5.  MODIFIED TYPE "Dmlﬁht-LLoyd"4§IN TERING MACHINE PROCESS

This process was 1nvest1gated by the U.S. Bureau of Mines
in 1926-27 ‘using modifisd 12" and 24" wide pallet machines.
Both solid fuel flrlng with cogl dust and liquid fuel firing -
with keroséne were used, employing downdraught flow of combus-
tion gases throuvh the stone bed.

Due to chllllng of.the stone -in 1mmed1ate contact with
the grate bars, a dressing of previously burnt lime was used.
The stone charge was graded with the finest size on the bottom
and the coarser sizes on the top to achieve even calcination
rates.

To minimise over-burning of the lime on the surface,
fixed ploughs were placed 'in two rows cof four across the wind-
box, such that the charge was continuaily turned over or rabbled
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Xlﬂunﬁm_hlgh grade lime of over. 90 per cent.. avallable

: CaO was produced from these machines, the total Iucl congump-
tion ‘was high being of the order of 10-11 million B.T. U's per
ton of lime, and troubles were experienced w1th fluxing of the
coal ash with the lims. . _ ‘

The machine wzs found to heve quite a high capacity with
up to 300 1b. Ca0/square foot grate area/24 hours,  Consider-
able losses of minus 20 mesh stone occurred througn the grate
bar intoitHé-windboxes, thus requiring spe01ally ces1gned
grate bers lor ~stone finer than 20 mesh. “,ﬂ - .

_ It 1is probuble that the polyzoal llmectone could be cal-
cined successfully on such & machine prov1led fine grinding
and palletisation of the feed was carried out.

Maintenarce ond fuel costs would be higher than for the
Calcimatic process which would zlso be more efficient and
flexible.

3
t
!

6., . FLASE.CALCINATION IN CYCIOUR

~ This type of process presents an‘eﬁtirely nev approach to
calcination and it is not known at this stage whather any com-
mercial plant employing fliash calcination exists in the world
today.

However the Department of Industfial Develojyment in ‘
Western Australia, has carried out a few preliwminary laboratory
scale flash calcination tests on "aeolian" type limestones with
some degrpe of success

The process ﬁnvlqaged would consist of a series of cyclones
arranged for countercurrent flow of combustion gases and. solids,
The actual flash calcination would occur 1in & tall vertlcal tube
furnace, oil fired, which would.deliver the flish calcined pro-
duct into the cyclones for gas—-solids separatiin.

The solids discharge from each cyclone woald be controlled
at the bottom by means of air lock feeders, after which they
would be picked up by the gaus stream from a preceding cyclone
and blown into -another cyclone for further hest recovery and
gas-solids separation.  Any number of cyclone stages could be
used to give a good overall heat recovery.

The feed sizing used in such a process would probably be
finer thaen 52 mesh thus enabling the entire crushed stone feed
to be used for calcination.. :

With the stone in such a fine state seconds only should be
required for complete calcination.

0il firing could be used in the furrace.

It is recommended that any further work on the calcination
of polyzoal limestones should proceed glong the above lines.
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