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ABSTRACT

~ The method of diffefeﬁtial thermél analysis was used to examine
various naturally occurring limestones, mixtures of limestone with
various minerals and clays, chemically precipitated mixtures of qalcium
"carbonate and hydrated silica, and calcium oxide-quartz and calcium’

oxide-clay mixtures.

. Inspection of differential traces and measurement of the

2 led to the
conclusion that no exothermic reactions of any significance occurred

endothermic peak due to the reaction CaCO3;ii‘Ca0 + CO

between calcium oxide and the various other materials present as

impuritiess



1.  INTRODUCTION

following a visit to Australia in 1958 by Victor J. Azbe of the
Azbe Corporation, St Louié, UeSsAey his recommendations for investigation
of limestone deposits were submitted by Hydratéd Lime Limiteds Item
3, which was headed "Exothermic Reaction of Limestone under Heat '
Treatment", wés considered the only one suitable for investigation in

the Chemistry Section.

‘No record is available of the results of work done by Azbe for
Hydrated Lime Ltd, hence it is extremely difficult to know. the exact
nature of his experimental procedure and results. ﬁdwever, itAappears
that he used blocks of several naturally occurrine limestones hollowed
into the centre to accomodate a thermocouple. The sample was heated in
a furnace, and the temperatures of the block and the furnace atmosphere
were recorded at selected time intervals. It was stated that after
calcination was complete i.e. after the removal of all the carbbn
- dioxide, the temperature ingide the block was higher than that of the
furnace atmospheree Azbe concluded that an exothermic reaction occurred
after calcination was complete and suggested that silica, argillaceous
matter, or some other impurity reacted exothermically with the calcin~

ation product,

The object of the investigation described in this report, was to
examine various natural limestones in an attempt to reproduce this
effect and to examine mixtures of limestone with various minerals and

clayse.

The investigation concerned heat of reaction of limestone at
various temperatures. A differential thermel study using the equipment
gnd technique described in another report by the author, (O*Connor, 1960)
was therefore undertaken. . "

The differential trace for a limestone normally shows one large
endothermic peak due to the loss of carbon dioxide at approximately
900°C. Any appreciable exothermic reaction occurring after this
calcination is complete should be evident as a peak on the differential
traces It also appeared possible, but unlikely, that the postulated
exothermic reaction could occur'simultanbdusly with the loss of carbon
dioxides This would cause a reduction in the size of the endothermic

peak which could be distinguished by measurement of the peak areas

Some natural limestones contain impurities which were co-precipi-
tated with the limestone during deposition. Attempts were made to
simulate such conditions by chemically precipitating calcium carbonate

and silica mixtures and examining them by differential thermal analysise



25  SUMMARY

Standardization of the differential thermal analysis
equipment in this laboratory showed that the area of the endothermic
peak for the raction CaCOj;ﬁtACaO + €0, at approximately 900°C., could .
be measured and reproduced with an error of four per cent. Samples con--

taining more than 60 per cent CaCO, could be analysed with this accuracy.

3
Vhen & sample of high~grade limestone (containing 99.6 per cent
CaCOj) wvas employed as a standard, fhe purity of various limestones
calculated from the endothermic peak areas, was almost identical with
results obtained by chemical anaiysis. This behaviour indicatéd that
no exothermic reaction occurred simultaneously,with.the endothefmicw -

reaction. In no instance was a separate exothermic reaction detected.

Exaﬁination of mixtures of free lime with quaetz or clay gave no
evidence of an exothermic reaction below 1100°C. Although thermodynamic
calculation showed that the reaction-between calcium oxide and silica
is exothermic and may proceed at 900°C, the formation of compounds is
slow until approximately 1200°C.

Chemically co-precipi tated mixtures of calcium carbonate and
silica were exagpined tut again no exothemmic reaction was identified
" below 1100°Ce Mixtures of a high grade limestone and minerals often
found associatedvith limestone deposits were examined by differential
thermal methods. Measurement of peak areas and examination of
differential traces showed no evidence of exothemmic reaction between
the limestone and impurities; In several cases e.g. when pyrite was
added, an exothermic reaction was detected but this was due to the added
mineral itself, | ‘ A

3 MATERIALS EXAMINED

3.1 Limestone Samples

L1 - Marble from Angaston, South Australia.
W1 -~ Limestone from Warooka, South Australia.
K2 & K3 -=~ Travertine limestones from Yorke Peninsula, South Australias
Sl =~ Marble from Stockwell, South Australia.
Each sample was crushed to pass a 150 mesh Tyler screene

Analysis of the samples is shown in Table 1
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TABLE 1, ANALYSIS OF LIMESTONE SAMPLES

Semple Acid  Si0. . Acid ol Gp Ca0 Mg0 . OO

5 2 Total
No. insol P I1I Oxides L S B0
% % p___ % 2 = %
LI a.4 0¢3 77 7 706677 T 55¢8 T 041 4341 046
w1 1.6 1.2 0.9 53¢3 0.l 42,0 2.0
K2 844 646 346 46.7 0.7 37«5 247
K3 Te4 5.4 2.0 4405 1o 373 2.9
S1 0.4 0098 0-5 0.8 43041 0.16 '

50 54.1

342 Clay Samples

Samples of clay from Blanche Point (A) and Hackham (B),. -
South Australia, were crushed to pass a 150 mgsh Tyler ecreen. The

results of chemical analysis are shown in Table 2.

TABLE 2. ANALYSIS OF CLAYS

Blanche Point (A) % Hackham (B) %

Si0. | | 55,1 5849
A1283 | 18.08 . 10.81
Fed 0.11 - Nil
MgO 1.9 2:.84
Ca0 0.54 1l.24
Na.,0 1.06 0.82
K.0 2444 1.20
Tf.,oz' 1.10 0.78
SO 0.02 0.07
c13 o 0.10 0.04
H,)O at 100°C. 7051 8.38
H.0 above 100°C 5464 5.66

2

343 Mineral Samples

Samples of Nairne.pyrite, quartz, cassiterite, serpentine and
rutile supplied by the Mineralogy and Petrology section, were crushed

to pass a 150 mesh Tyler screen and used in experiments.

4, ANCILLARY MATERIALS

chloride (B.D.H.) were used.

An aqueous solution of sodium silicate containing 60 per gent

_ SiO2 vas aleso used.
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5e ULPMENT

5.1 D1fferent1al Thermal Analysis E@ulpment

The equipment described in another report (O'Connor, 1960) was used

for differential thermal analysis investigations.’

The sample and inert materlal (calcined alumlna) were placed in the
two compartment steatite cell, vhich was contained in a stainless steel
block with a tight fitting lid¢ The thermocouples were platinum- »
platinum + 10 per cent rhodium and thévtemperature measuring couple was
always placed in the sample.

A heating~-rate of 400°C. per hour was maintained from room
temperature to llOOOC. ' _

The differential recorder was operated at a sensitivity of 0;3
millivolts correspondlnb to a full-scele deflection on the differential
trace of approximately 30 °c. Chart speed for the proportional and

differential recorders was 16 centimetres per hours

5.2 Peak—area-Measurement

Peak areas were measured with an "OTT" compensating polar planzmeter
accurate to + 0,02 square inches.

6o EXPERIMENTAL PROCEDURE AND RESULTS

Techniques used for all differential thermal analysis examinations

are described fully elsewhere (O'Connor, 1960).

6.1 Sfandardization of Differential Thermal Analysis Eqﬁipment

The instrument was standardized for both temperature and peak

arca measurement,

6e1ls1 Temperature
Thef;452§transition of quartz at 573°C, was adopted for temperature
standardizatione .
- Pure quartz, crushed to pass a 150 mesh Tyler screen was packed
into the steatite cell. _
An endothennic peak occurred on the differehtial trace at S74°C.

and hence it was considered that temperatures measured were accurate
and needed no correction,

6.1.2 Peak Area

Since péak areas were to be measured quantitatively to determine
relative heats of reaétion, it was necessary to standardize the equipment,
and sample L1 was chosen for this purpose because of its high purzty
(9946 per cent CaC03). '
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Preliminary experiments showed that when various wights of Ll were
subjected to differential thermal analysis, measurement of the area of
the endothermic peak due to the loss of carbon dioxide at approximately
900°C; could be reproduced with'an.error of 4 per cent. The following
example illustrated thise '

(1) 0.40g of L1 gave a peak area of 5.10 square inchese
(2) 0.33g of L1 gave a peak area of 4.05 square inches.

The second sample should give an area of 5.10 x 0.
: 0.40

or 4.2 square inches. Hence the error involved isg-
0,15 x 100 or 4 per ceit
4.05
Mixtures containing various proportions of sample L1 and calcined
alumina were mixed thoroughly bj grinding in a mortar. Weighed samples
were subjected to differential thermal analysis and the endothermic.
peak was measured. Table 3 shows the results of this investigation,

and the error involved in the method.

TABLE 3t AREAS OF ENDOTHERMIC PEAKS OF MIXTURES OF L1
| 'AND CALCINED ALUMINA |

Composition of Sample Wi Area oI endotnermic Error
mixture (L1 %) g peak (sq in) g

100 0.33 4+05 4

80 0.30 3.15 4

60 0.29 2.0 ‘ 5

40 025 1.02 18

6.2 Examination of Limestone Samples

Samples L1, W1, K2, K3 and Sl were examined by differential
thermal analysis. The samples were weighed by the difference method
and packed firmly into the cell by means of a glass plunger.

The area of the endothermic peak at approximately 900°C. was -
measured and results are shown in Table 4. This table also shows the
calculated percentage purity of each limestone compared with sample

L1 whlch is considered as pure CaCO3

CTABLE 41 AREA OF ENDOTHERMIC PEAK AND FERCENTAGE PURITY OF LIMESTONES

Sample  Sample Wt Area of endothermic Calculated - Chemical

g peak (sq ins.) purity.(CaCD3%) analysis(CaCO3%)
L1 0.33 4405 10 . 100
W1 0.26 ~ 2095 _ 92 95
K2 0.30 A 3,00 80 83
K3 0.32 3400 1 19

S1 0,32 3.98 97 98
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The percentage purity was calculated as followsi-
0.33 g L1 (100% CaC03) gave an area of 4.05 square inches thus 0.26 g

of sample W1 if 100 % Ca003 should give an area of 4.05 x 0.26

0.3
or 3.20 square inches. However, the mcasured area is 3.95 square inches

and hence percentage purity of Wl is 2,95 x 100 or 92 per cent,
302
Differential traces showing peaks and temperatures are shown in

Figure 1.

6e3 Lime-quartz and Lime-clay Mixtures

Ffee-iiﬁe was-prepéréd by hédfing.éample L1 at 950°C. for Tour
hoqrs. The product on cooling was mixed immediately with quartz to
give a mixture containing ten per cent quartz by weight: This'mixture
wasg ground for ten minutes in a mechanically operated agate mortar to
ensure intimate mixinge.

. A similar procedure was used torprepare a mixture of iime and
Hackham clay (B).

A mixture containing alumina and ten per cent by weight Hackham

clay was also prepared.

Weighed samples were examined by differential thermal analysis
and the differential treces are chown in Figure 2.

6e4 CaCO3-Sioﬂ Mixtures

Mixtures of calcium carbonate and hydrated silica were prepared

by precipitation from calcium silicate with carbon dioxide.

Sodium silicate solution (Containing approximately 60 per cent
8102) was treated with granular calcium chloride dissolved in distilled
waters The gelatinous product was stirred vigorously with a
mechanically operated glass stirrer and carbon dioxide was bubbled
continuously into the suspended prodﬁct for five hourses Calcium oxide;
prepared by heating calcium carbonate for three hours at 1000°C., was

added during one of the experiments.

The products were filtered on a Buchner funnel; washed thoroughly
with distilled water to remove water soluble impurities, and then dried
at 60°C. for 24 hourse Analysis of products is shown in Table 5.

TABLE 5t ANALYSIS CF CaCO

3—8102 MIXTURES -

Sample No. Ca0 % Si0, % CO, % Cp III Oxides % Total H,0 %

1 1542 6444 < 11.8 © 1.1 Te5

Veighed samples were subjectéd to differential thermal analysis and
the differential traces obtained are shown im Figure 3.
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6.5 Limestone-mineral mixtures

Mixtures of Angaston marble (L1) and various minerals often
found associated with limestone deposits were prepared as in 643
Each mixture contained 10 per cent by weight of the added mineral.
These mixtures, containing quartz, pyrite, serpentine, rutileAand
cassiterite were examined by differential thermal analysis.

Results in Table 6 show sample weight, and the measured area of

the endothermic peak due to the loss of carbon dioxide from the limestone.

' TABLE 6: ENDOTHERMIC PEAK AREAi L1 MINERAL MIXTURES

Added Mineral. vagple Jeisht " Area of Fesk
10% w/w ' % Sq. in.
Quartz 0.32 3465
Pyrite : 0.31 3470
Serpentine : 0.33 3495
Rutile 0.34 : 4.10
Cassiterite ' 0.36 4.00

Différential traces of these mixtures are shown in Figure 4.

6.6 Limestone-clay Mixtures

Weighed éémples of cia&é (o) and (B) were mixed thoroughly with
sample L1, the mixtures containing 10 per cent of the clay by weight.
Differential thermal analyses were carried out using weighed

samples and the traces obtained are shown in Figure 5.
Sample weights and the measured area of the endothermic peak
near 900°C. are shown in Table Te

TABLE 7: ENDOTHERMIC PEAK AREAS: L1 — CLAY MIXTURES

Sample ' Sémble WeightA " Area of Endothermlc Peak
8 ’ Sqe ine
1 10% A B 0432 ’ - 3470
10% B 0.32 365

7.  DISQUSsIoN

Tel Lxme-quartz and Lime-clay Mixtures

Differential thennal analysis traces‘obtained for mixtures
containing lime with 10 :pér cent quartz and clay show no evidence of an

exothermic reaction at temperatures below 1100° Cey since the traces are
straight lines with little deviation from the baseline,

Thermodynamic calculafions using values from Kubaschewski

and Evans (1955), for the reactions Ca0+Si0, - - CaSiO3
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and 2Ca0+8i0, —» Ca,5i0, gave the following informations-
(1) for the reaction Ca0+Si0, — CaSi0,

OHp = =22,750 + 0437T + 0429 x 10 3T + 4. 86 X 1051‘
cals/mole end 4\ Gy = -21,300 + 0.12T

AH = heat of formation:

-1

NG = free energy
(2) for the reaction 2Ca0 + Si0. - Ca SlO

AHT= =30,420 = 1.88T"¢ 2437 x 10 3'1'2 +3.92 % 109771
cals/mole and & Gy = -30,200 ~1.2T

Thus the heat of reaction in both'cases at temperatures between
900 and 1000°C. is highly exothermic and the free-energy equations show

that the reactions may proceed in this temperature range.

Howe#er; the calculations do not indicate probable rates of
reaction; it was found in fact that calcium oxide and silica do not
combine to form appreciable amounts of such compounds until approxlmately
1200°C. (Remy 1956), This is illustrated in the trace for the calcium :

oxide~silica mixture, since no peaks are evident below 1100°cC.

There was insufficient information available to enable evaluation
of the thermodynamic relationships‘in the calcium oxide-clay reaction.
The absence of any indication of an exothermic peak below 1100°C. on
the differential trace for this reaction, shows that the clay did not
react exothermically with the lime. A émall endothermic reaction at
980°C. is evident for both the lime~Hackham clay and calcined.alumina-

Hackham clay mixture and is characteristic of the clay itself.

Te2 CaC03-SiO Mixtures

These mixtures were prepared in an attempt to co-precipitate flnely

divided calcium carbonate and hydrated silica, since finely divided

solids often react at temperatures below those expected, (Cohn, 1948).

Examination of the differential traces shows no evidence of

exothermic reation in either case at temperatures below lOSOOC.

It is apparent, however from Figure 3 that the decomposition of
the calcium carbonate Wa complete at a lower temperature for sample 1.
This is due to the high proportion of impurity in relation to the

amount of calcium carbonate present.

7¢3 Limestone Samples

The decomposition of limestone is accompanied by a large

endothermic heat reaction.

Calculation of the thermodynamics for the reaction CaCO3 .;.::t‘-CaO-i-CO2

shows that the heat of reaction at a temperature K is t-
| AHy = 44,600 = 2.5TT = 1.0 x 10731~ 2.5 x 10°T cals. /mole.
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Differential thermal analysis is particularly suited for the
study of reactions where the amount of heat involved is of this order

since readily measurable peaks may be obtained on the differential tracee

It was found by measurement of peak areas represenfing the decomp-
osition of limestonsy that results could be reproduced with an error of
'approximately four per cent. Other experiments described in Section
6.1.2 showed that samples containing greafer than 60 per ceat CaCO3

could be expected to give results with approxlmately this reproduc1b111ty.

. The samples of limestone whichere examined, contained various
amounts of impurities such &5 silic., and chemical analysis showed
them to contain different amounts of calcium carbonate. Thus, the size
of the endothermic peaks at approximately 900°C., should.be correspond-
ingly smaller than the peak obtained when sample L1, which contains 99.6
per cent CaCO., was useds

3
Table 4 shows that, compared with results of chemical analysis,
the measured area corresponds closely to the expected value. There is
thus no indication of an exothermic reation occurring simultaneously
with the limestone decomposition since this would result in a decrease
in the size of the peak on the differential tracee

The differential traces show no evidgnce of exothermic reactions
at temperatures up to lOSOOC,

T7¢4 Limestone-mineral and Limestone-clay Mixtures

Minerals WBich are 6ften associated with limestone deposits were
mixed with the reference sample of limestone since it was thought
‘possible that they ﬁight react exothermically with lime near the
calcination temperature of the limestone.

However, the measured areas of the peaks at approximately 900°C.
wvere extremely close to the expected values and it was concluded that

in no instance did a simultaneous exothermic rea¢tion occur.

The serpentine-limestone mixture showed an exothermic peak at 805°C.
on the differential trace, but examination of the mineral alone showed
that this peak was characteristic of the serpentine itself and was not
due to any reaction with the limestone. In no other instance was there
evidence of an exothermic reaction near the calcination temperature of
the limestone.

The differential trace for the pyrite~limestone mixture shows an
exothermic reaction at 500 °Ce but this is due to oxidation of the pyr;te,
and not to reaction with limestone.

Mixtures of two clays with limestone showed no exothermic reaction
at temperatures below 1100°C. and it was considered unnecessary to

investigate the effect of other clays.
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8,  CONCLUSIONS

Measured areas of the endothermic peaks due to decomposition of
impure limestone were as expected, when the sample of Angaston marble
was used as a standard, This behaviour indicated that simultaneous
exothermic reactions did not occur and no separate exothermic reactions
were identifieds No evidence was obtained during investigafions in this

laboratory of the exothermic reaction referred to by Azbe.

Mixtures of limestone with various minerals and élays when analysed
by the differential thermal method also failed to show any evicence of
exothermic reaction between the limestone and the mineral or claye

No evidence of chemical reaction was obtained when mixtures of

lime with quartz or clay were examined.

Chemically precipitated calcium carbonate~silica mixtures also

showed no evidence of exothermic reaction.

While thermodynamic calculations favouf the exothermic_reéction of
liﬁe with silica at temperatures between 900°C. and IOOOOC,, the rate
of .reaction is very slow and hence no appreciéble reaction occurs until
the temperature reaches 1200°C.

It would be impractical to heat limestones to this temperature
since the lime obtained would be "dead burned" and worthless for

slaking purposess

The investigations have not indicated in any instance the occurrence
of exothermic reactions either in naturally occurring limestones or in
ertificidily prepoged tdkturea’ of high grudb;iiméctonciﬁifh:yarious

minerals and clays as impurities.
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DIFFERENTIAL TRACES - Limestone Samples.

TEMPERATURE (x 100° C.)

1.

FIGURE

_—4— K 3 -0.32 g

1 i H ! L4 1] . » . R
' - Rl T L J. { ",«-——}— L 1 - 0:33 g,
\\\ .
.t! t 4 4 + 'y + — \\ o —t— W1-0.26¢g
1 2 3 L 5 6 7 8 gt /10
AN
i ) [ ! i } : , | » JER RS K 2 - 0.30 g
. ¥ 1 RS 1 «—-1~~
’ 73 3 L 5 6 a ?\g\’. /10
i \
i 9 \
| \ 91\
-t . '. + + ’-i———\ T [ 10
1 2 3 U 5 6 7\; S 1
;'.j \ /
| 21
M e o } ~+ s b
-1 2 3 L 5 6 7 Vg \ p

. 48 1-0.32¢g
fl?




DIFFERENTTAL TRACES: ILima-Quartz and Lime-Clay Mixtures.
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DIFFERENTIAL TRACES: ILimestone~Mineral Mixtures.
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DIFFEEENTIAL TRACES:

Limestone-Clay Mixtures.
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