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ABSTRACT

Li,CO; dopant lowers the decomposition temperature of CaCO, and the process takes
place in two steps. CaO formed at low temperature reacts with SiO, to form the B-dicalcium
silicate (C,S; C = Ca0, S = Si0, ) phase even at 750°C. The reaction is completed at 1350°C,
with the formation of 8-C,S and small amounts of y-C,S by the addition of 1% dopant.
Addition of 5% dopant brings the final reaction temperature down to 1290°C, the reaction
products being B-C,S and small amounts of the tricalcium silicate (C,S) phase.

INTRODUCTION

Studies on the kinetics and thermodynamic parameters of the decomposi-
tion of pure calcium carbonate and the effect of various dopants have been
reported by several workers [1-6]. Work has also been done on the thermal
dissociation of naturally occurring limestone containing cationic impurities
[7-9]. A literature survey reveals that the systematic study of the 2:1 molar
CaCO,: SiO, system containing Li,CO; as dopant has received virtually no
attention. Some work with LiCl as mineralizer in the formation of C,S [10]
and of Li,CO; as intensifier [11] in the 3:1 molar CaCO,: SiO, mixture has
been reported. ‘

The present paper deals with the effect of varying amounts of Li,CO, on
the thermal behaviour of a mixture of CaCO,:SiO, (2:1).

EXPERIMENTAL
Materials and sample preparation

To a mixture of reagent grade CaCO, and quartz powder (purity > 99.5%)
in 2:1 molar ratio, varying amounts of Li,CO, (calculated as 0.1-5% Li,0)
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were added. The resulting mixture, after thorough mixing, grinding and
passing through a 100-pm sieve, were shaped in the form of nodules with
small amounts of distilled water. The samples, after drying at 100 + 5°C for
2 h, were tested for quantitative estimation of CaCO, to ensure complete
homogenization. These dried samples were stored for the experimental work.

Thermal analysis

The measurements were made on Mettler thermal analyser (TA-1), which
simultaneously records the DTA, DTG and TG curves. In all cases, 60-mg
samples were heated at a rate of 8°C min~! in a platinum crucible of the
thermal analyser. a-Al,O, (previously burned to 1500°C for 30 min) was
used as the reference material.

The activation energy ( E,) of CaCO, decomposition was calculated from
the DTG curve by the methods given in ref. 12. The enthalpy (A H) and the
shape index were determined from the DTA curve [13,14].

X-ray diffraction studies

The samples for analysis were powdered to pass through a 45-um sieve
and pressed into a sample holder. The instrument used was a Philips model
PW 1120. The diffraction patterns were recorded using a copper target and
nickel filter.

Examination of the intermediate phases indicated by DTA

Samples, in the form of nodules, were heated in a quench furnace at a rate
of 8°C min~! in a platinum bucket to the temperature at which the DTA
peak ends, retained for 30 min at that temperature and immediately quenched
in liquid nitrogen.

-Estimation of free lime

The amount of free lime in the final products (obtained after heating at
the final DTA peak temperature for 1 h) was estimated by titrating the
ethylene glycol extract with standard HCI [15].

RESULTS AND DISCUSSION

The thermal behaviour of the system is shown in Fig. 1. The salient
thermal features and the kinetic parameters (E,, AH and shape index),
calculated on the basis of major peaks, are given in Table 1. For comparison,
the data for pure 2:1 molar CaCO, and SiO, mixtures are also given in this
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Fig. 1. Thermal curves of (a) 2CaCO,:Si0,; (b) 2CaC0,:Si0, +0.1% Li,CO,; (c)
2CaCo0,:Si0, +0.5% Li,CO,; (d) 2CaCO,:Si0, +1% Li,CO;; (e) 2CaCO;:Si0, +5%
Li,CO;.

table. From the above, it is observed that for lithium carbonate dopant,
calculated as 5% Li,O, the behaviour is different from that of other con-
centrations of the dopant.

The thermal curves (DTG and DTA) having 0.1% Li,CO, (0.1% Li,0) did
not show a separate peak for the decomposition of Li,CO,, due to its small
mass. However, for the higher percentages of the dopant, the DTG and the
DTA curves indicate that the decomposition takes place in two steps, i.e., the
decomposition of Li,CO; precedes that of CaCO;. As the concentration of
Li,CO, changes through 0.5, 1 and 5%, approximately 2, 6 and 81% CaCO,,
respectively, undergoes decomposition along with all the Li,CO; in the first
step. No distinct peak for the decomposition of Li,CO, alone is discerned
for 5% dopant and an inflexion is observed in the early stages of the peak. It
is observed (Table 1) that with the increase in the concentration of the
dopant from 0.1 to 1%, the temperature of initial decomposition (T;), the
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enthalpy (AH) and the activation energy (E,) for the decomposition de-
crease but the temperature at which the decomposition peaks terminate (7;),
is not greatly affected. This trend of the thermodynamic parameters is not
followed for 5% dopant. The behaviour is somewhat similar to that reported
for the 2:1 CaCO,;: SiO, mixture containing varying amounts of alkaline
earth dopants [16].

All the DTA curves show a distinct endotherm at 575°C due to a-8
quartz transformation. This transformation temperature is not influenced by
the dopant. The second endotherm appearing at the same DTG peak,
T,=620°C and T;= 680 and 690°C for 0.5 and 1% dopant, respectively,
may be due to melting and complete decomposition of Li,CO, along with
partial decomposition of CaCO,. In the literature, simultaneous melting and
decomposition temperatures ranging from 712 to 728°C and polymorphic
transformations at lower temperatures are reported [17,18]. It is well known
that impurities bring down the decomposition temperature. The third endo-
therm could be assigned to the decomposition of the remaining CaCO, and
formation of silicates.
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Fig. 2. XRD patterns of lithium-doped dicalcium silicate phase. (A) y-C,S, (B) B-C,S, (C)
free lime, (D) Li,CaSiO,, (E) quartz, (F) C,S.
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TABLE 2

Intermediate compounds formed at various endothermic DTA peaks as characterized by
X-ray diffraction of liquid nitrogen-quenched samples of 2CaCO,:Si0, +5% Li,CO, (as

Li,0)

Endothermic Compounds formed Corresponding most Reported d values as

DTA peak at at the end of the intense d values (A) per ASTM cards

o) DTA peak (JCPDS values) (A)

650 Free time 2.40, 2.77, 1.70, 1.45 2.405, 2.77,1.70, 1.45
Quartz 4.27,3.33,2.45,1.81 4.26, 3.34,2.46, 1.81
CaCQO, 3.56, 3.02, 2.80, 3.57,3.02, 2.81
Li,SiO, 4.68,2.71, 2.34, 1.56 4.70, 2.71, 2.34, 1.57
B-C,S 2.80,2.78, 2.74, 2.61 2.79, 2.78, 2.74, 2.608

850 Free lime 2.40, 2.77,1.70, 1.45 2.40, 2.77,1.70, 1.45
Quartz 4.27,3.33,245,1.81 4.27,3.33,2.45,1.81
Li,Si,0; 3.61, 3.72, 2.40, 5.45 3.61, 3.73, 2.40, 545
B-C,S 2.80, 2.78, 2.74, 2.61 2.80, 2.78, 2.74, 2.61
y-C,S 2.73, 2.75, 3.01, 3.82 2.73, 2.75, 3.00, 3.82
960 Free lime 2.40,2.77,1.70,1.45 2.40,2.77,1.70, 1.45

Quartz 4.27,3.33,245,1.81 4.27,3.33,2.45, 1.81
Li,CaSiO, 2.40, 3.58,1.99 2.40, 3.58,1.99
B-C,8 2.80, 2.78, 2.74, 2.61 2.80, 2.78, 2.74, 2.61
vy-C,S 2.73,2.75,3.01, 3.82 2.73, 2.75, 3.01, 3.82

1170 B-C,S 2.80,2.78,2.74, 2.61 2.80, 2.78, 2.74, 2.61
v-C,S 2.73,2.75, 3.01, 3.82 2.73,2.75, 3.01, 3.82
Li,CaSiO, 2.40, 3.58,1.99 2.40, 3.58,1.99
Free lime 2.80, 2.78, 2.74, 2.61 2.80, 2.78, 2.74, 2.61
Quartz 4.27,3.33,2.45,1.81 427,3.33,245,1.81

Surprisingly, after the decomposition endotherm no exotherm is observed.
This behaviour is in sharp contrast with that of alkaline earth carbonate
dopants [19]. The various phases that are formed at the end of the final DTA
peak temperature are given in Table 1. These were identified from the XRD
patterns (Fig. 2).

These thermal effects become quite prominent for 5% dopant concentra-
tion. Therefore, the phases present in the liquid nitrogen-quenched sample at
the end of each endotherm have been examined by XRD. The details are
given in Table 2.

At 750°C, not only complete decomposition of Li,CO; and partial
decomposition of CaCO, takes place, but detectable amounts of 8-C,S and
Li,SiO; are also formed. This might be due to the greater activity of CaO
and Li,O formed at lower temperatures. In the sample quenched at 880°C,
Li,SiO, changes to Li,Si,0;, more 8-C,S is formed, along with some y-C,S.
Free lime and quartz are also present between 880 and 980°C, a small
endotherm at 960°C is preceded by a broad, weak inflexion. The inflexion
may be due to the melting of Li,Si,Os [20]. As a result of this, the XRD
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lines in the sample quenched at 980°C are broadened with the overlapping
of peaks, perhaps due to the formation of a solid solution and metastable
phases. A few new low-intensity lines appear in the XRD (maybe due to
solid solution formation), which are not identifiable from the ASTM cards.
Low-intensity lines are observed for 8-C,S, y-C,S, free lime and Li,CaSiO,
(lithium calcium silicate). At 1200°C, the sharp lines of 8-C,S, y-C,S, quartz
and Li,CaSiO, appear along with some C,S phase and free lime. At 1300°C,
the XRD pattern of the liquid nitrogen-quenched sample predominantly
indicates B-C,S, some C,S, quartz and very small amounts of Li,CaSiO,.
This might be due to the substitution of Li* for Ca?* and Si** and its
incorporation in the interstitial sites of C,S, which is quite possible, since
tetrahedrally coordinated Li* is well established in many compounds [21].

The absence of y-C,S might be due to its partial conversion into 8-C,S
and disproportionation of that remaining to C;S according to the following
equation:

3C,S(y-form) = 2C,S + S

This not only explains the formation of C,S but also the increased
amounts of 8-C,S and quartz in the final product.

Plots of the ratio of B-C,S and y-C,S (XRD line intensity ratios have
been used) vs. concentration of the dopants show that the amount of y-C,S
progressively decreases with the increase in the concentration of the dopant,
until, finally, it is not observed for 5% dopant (Fig. 3a). A plot of free lime
vs. dopant concentration shows an upward trend initially (up to 1% dopant)
and drops from 0.43 to 0.22% for 5% dopant. This drop is attributed to some
of the free lime reacting to form C,S (Fig. 3b).

The shape index (Table 1) of the DTA peak for CaCO, decomposition
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Fig. 3. (a) Effect of dopant on the ratio of 8-/ y-C,S phase (XRD line intensity ratio has been
used). (b) Concentration of dopant vs. free lime.
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indicates that, with increasing dopant concentration, the kinetics of reaction
approach unity.

CONCLUSIONS

(1) Li,CO, dopant lowers the decomposition temperature of CaCO,; and
causes the decomposition to take place in two steps.

(2) CaO formed at lower temperature is very reactive and reacts with SiO,
to form B-C,S even at 750°C.

(3) As the concentration of the dopant increases from 0.1 to 5%, the
amount of B-C,S increases progressively and its formation temperature
decreases from 1425°C (without any dopant) to 1300°C. Further, the amounts
of free lime also increase with increasing dopant concentration and some
C;S is also formed with 5% dopant.

(4) Li,CO, (calculated as 1% Li,O) appears to be quite effective as an
intensifier.
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