Journal of Thermal Analysis, Vol. 35 (1129-1136

THERMAL ANALYSIS OF SPURRITE
FROM A ROTARY CEMENT KILN

G. Goswami, B. P. Padhy and J. D. Panda

DALMIA INSTITUTE OF SCIENTIFIC AND INDUSTRIAL RESEARCH,
RAJGANGPUR-770017, INDIA

A number of samples from the pre-burning zone of a wet-process cement rotary kiln were
examined by combined DTA/TG and XRD for estimation of spurrite (2Ca,Si0, - CaCO,). It
was found that decarbonation temperatures of spurrite range from 1130 to 1190 K and they are
45 to 75 K higher than that of calcite occurring in the same sample. In the TG curves calcite and
spurrite can be easily distinguished and accordingly both can be estimated from the same TG
scan. Combined DTA/TG, supplemented by XRD, is a very effective method for qualitative and
quantitative estimation of spurrite in cement rotary kiln materials.

The mineral spurrite, 2Ca,Si0,-CaCO, is generally reported to be present
in the coating rings formed in the pre-burning zone of the rotary cement kiln.
Occasionally its presence has also been reacorded in the cement kiln materials [1-3].
As spurrite may cause excessive ring formation and thus affect the clinker output, its
estimation is very essential in the cement manufacturing process. Consequently in
recent years, the formation of spurrite, either from industrial cement kiln feed or
from cement clinker components has been examined extensively [4-8]. In most of
these investigations spurrite is identified by XRD and microscopic methods.
Thermal analysis has been applied very rarely for the quantitative estimation of
spurrite. Hung Chen [3] examined spurrite in cement kiln materials by DTA and TG
separately and showed that by determining CaCOj in the acid extracted part of the
material, the quantity of spurrite in the original sample could be determined by TG.
In the present study combined DTA/TG has been used for both qualitative and
quantitative estimation of spurrite in the samples collected from different pointsina
wet-process cement kiln. Thermal analysis has been supplemented by XRD.

Experimental

A 165 m long, 700 tons per day (tpd) wet-process rotary cement kiln was stopped
during normal operating conditions, allowing the kiln materials to remain in
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original positions. A number of samples were collected from different points in the
kiln, out of which samples at 120 to 150 m from the feed-end were taken for the
present investigation. This part of the rotary cement kiln may be termed as pre-
burning zone.

Simultaneous DTA/TG of the samples was carried out in a Netzsch Simultan
Thermo Analyzer, Model 429 with potentiometric recorder in air. The rate of
heating was kept constant at 10 deg per minute; 47 sensitivity was 0.05 mV/E.S.
and Awt. sensitivity was 50 mg/F.S. The weight of the sample taken for analysis in
all cases was 100 mg. Al,0, was taken as reference material. The chart speed was
kept at 120 mm/hour.

XRD patterns of the samples were obtained in a Philips X-ray Diffractometer,
PW-1730, using CuK, radiation with Ni-filter under identical conditions (40 kV,
20 mA) in 1000 range.

Results

Figure 1 shows DTA curves of two consecutive samples from the kiln. Sample
No. 1 shows 2 endothermic peaks at 846 and 1153 K for x—f quartz
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Fig. 1 DTA curves of cement kiln materials showing the appearance of spurrite in sample No. 2
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Fig. 2 XRD patterns of cement kiln materials showing the presence of different amounts of spurrite

transformation and dissociation of calcite, respectively. Sample No. 2 shows 3
endothermic peaks at 753, 1148 and 1193 K. The first endo peak at 753 K is
identified as that for Ca(OH), [9]. The third endo peak at 1193 K was not recorded
in any of the samples examined from the feed-end side of the sample No. 2 and
hence it was assumed to be due to a newly developed clinker phase. The XRD
pattern of sample No. 2 shows the appearance of spurrite (Fig. 2, sample A).
Accordingly the endo peak at 1193 K is identified as that for the dissociation of
spurrite. The XRD pattern of a sample containing 40% spurrite is also shown in
Fig. 2 (sample B).

DTA curves of some of the samples examined are shown in Fig. 3. They are
numbered 1 to 4 in the order of increasing amounts of spurrite. It is found that the
decarbonation temperture of spurrite is not a fixed one, but ranges from
1130-1190 K.

Figure 4is a combined DTA/TG trace of a spurrite-containing material from the
pre-burning zone of the kiln. Furthermore TG curves of cement kiln materials
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Fig. 3 DTA curves recording different temperatures of decarbonations of spurrite in cement kiln
materials

containing different amounts of spurrite are shown in Fig. 5. Both figures show that
mass loss due to decarbonation of spurrite can be clearly distinguished from that of
calcit in the TG curve. So it is possible to estimate the spurrite content from the mass
loss due to decarbonation of spurrite. (2Ca,SiO, - CaCQO, contains 9.9% CO,.)
Spurrite contents, calculated from the mass loss in TG and respective pulse counts
per second (PCS), for spurrites at d spacings of 2.701 A (hk/-023, 222) are shown in
Table 1. It is found that they are almost proportionate.

Discussion

The DTA curve and XRD pattern of the sample No. 2 (Figs 1+2) and 2+A)
respectively) show that both methods are equally sensitive for a qualitative analysis
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Fig. 4 Combined DTA/TG of a spurrite-containing cement kiln material

Table 1 Spurrite contents (by TG) and pulse counts per second
(PCS) for spurrite at 4 spacings of 2.701 A

Serial No. Spurrite, wt. % PCS
1 40 240
2 30 190
3 20 130
4 16 105
5 8 55
6 4 30

of spurrite. Neither XRD nor DTA could detect spurrite in any of the samples
examined from the feed-end side of sample No. 2. Janko [10] reported the
decomposition temperature of spurrite to be 1133 K for his samples collected from
the coating of a pilot plant rotary kiln. Hung Chen’s [3] DTA curves for spurrite
recorded variable dissociation temperatures but invariably lower than 1123 K. In
the present investigation they are found to range from 1130 K to 1190 K. Thus it is
observed that spurrite samples even from the same kiln may show different
temperatures of dissociation. This may be attributed to the different temperature
and pressure conditions prevailing during the formation of spurrite.

From DTA and XRD studies of number of sampfes from different points in the
kiln, it is found that the decarbonation temperature of spurrite is invariably higher
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Fig. 5 TG curves of cement kiln materials containing different amounts of spurrite

than those of calcite present in the same material. Glasser [6] has also shown that at
a given CO, pressure, the thermal stability of spurrite is greater than that of calcite.
So, identification of spurrite in presence of calcite should not pose any problem. But
in case of sample exhibiting only one peak in the temperature range of 1100 to
1190 K, it is desirable to check the sample with XRD.

As shown in Figs 4 and 5, the mass loss due to decarbonation of spurrite can be
clearly distinguished from that of calcite in the TG curve. Accordingly, the
quantities of both spurrite and calcite could be estimated from their TG curves. In
the present study, it has been found that spurrite decomposes at temperatures which
are 45 to 75 K higher than that for calcite. Glasser [6] has reported that, spurrite,
decomposed at temperatures which were 25-50 K higher than that for calcite. In
case of natural minerals this difference may be even higher than 100 K [11]. Hung
Chen [3] could not get them separated in the TG curves, most probably because of
the fact that the rate of heating of his samples was 20 deg/min and the TG sensitivity

J. Thermal Anal. 35, 1989



GOSWAMI et al.: THERMAL ANALYSIS OF SPURRITE 1135

was low (4-20 mg/FS). So, Hung Chen, had to analyze both the original and the
acid extracted part of the samples separately to estimate the spurrite content. The
present investigation shows that it is possible to estimate both spurrite and calcite
from the same TG scan by employing proper instrumental conditions.

Conclusion

Combined DTA/TG, supplemented by XRD, is a very effective method for
qualitative and quantitative estimation of spurrite in cement rotary kiln materials.

The authors are very grateful to Mr. A. H. Dalmia, president, M/s. Orissa Cement Limited,
Rajgangpur for allowing to collect the samples during the stoppage of the kiln and also for his
permission to publish the paper.

References

1 B. Courtault, CERILH Technical Pub., 140 7 H. M. Sylla, Zement-Kalk-Gips, 27 (1974)

(1963) 1.

2 F. Becker and W. Schraml, Cement and Lime
Manuf., 42 (1969) 91.

3 Hung Chen, Proc. VII Intern. Conf., Thermal
Analysis, 2 (1982) 1303.

4 A. M. Herr, W. Henning and H. Scholze,
Tonind-Stg., 92 (1968) 491.

499.
8 W. Weisweiler and W. Dallibor,” Zement-
Kalk-Gips, 37 (1984) 553.
9 H. Midgley, Cem. Conc. Res., 9 (1979) 778.
10 A.Janko, Proc. 7th Intern. Congr. on Cement
Microscopy, Ft. Worth, Texas 1984, p. 56.
11 A. Gross, Israel J. Chem., 9 (1971) 601.

S F.Steuerwald, P. Hackenberg and H. Scholze,
Zement-Kalk-Gips, 23 (1970) 579.
6 F.P. Glasser, Cement Conc. Res., 3 (1973) 23.

Zusammenfassung — Unter kombinierter Anwendung von DTA/TG und Réntgendiffraktionsverfah-
ren wurde eine Anzahl Proben aus cinem Vorkalzinator eines Drehrohrofens zur Zementherstellung
nach dem NaBverfahren auf Spurrit (2Ca,SiO,-CaCO;) untersucht. Es wurde festgestellt, daB die
Temperatur fiir das Austreiben von CO, bei Spurrit zwischen 1130 und 1190 X und somit um 45-75 °C
héher als bei in derselben Probe vorliegenden Kalzit liegt. Aufgrund der TG-Kurven kénnen Kalzit und
Spurrit leicht voneinander unterschieden und demzufolge mit einem einzigen TG-Scan bestimmt
werden. Kombinierte DTA/TG, erginzt durch Réntgendiffraktionsverfahren ist eine sehr leis-
tungsstarke Methode zur qualitativen und quantitativen Bestimmung von Spurrit in Stoffen aus
Zementdrehrohrofen.

Peswome — C uensto ycranosnenns cuypputa (2Ca,Si0, - CaCO;), KOMGHHHPOBAHHEIM METOLOM
ATA/TT u nuddpaxumeii penTreHOBCKHMX nyvedl ObL1 MCCNENOBaH psad NpoD, B3ATHIX M3 30HHI
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npenoOXura BpallalolleHcs neMeHTHOH nevr, paboraromei no MokpoMy cnocoby. Hakinero, uto
TeMIICpaTyphl AckapOORH3atmy CHyppuTa HaxonsTcs B obnacth temnepatyp 1130-1190 K, uro Ha
46-75 K poie ueM jis KaiblLMTA, HAXOASILETOCA B TOM e caMoM obpasne. Kpusrie TT s xanbuura
U CIlyppHTa MOTYT OBIThH JIErKO pasieNiCHEI M MOATOMY 06¢ KpHBBLIE MOTYT ObITh YCTAHOBJEHBI M3
omHoro u roro ke TI" mamepenns. KomOuunposanusii meron ATA/TT, nononHennsf peHTreno-
AnPPaKIHOHHBIM, ABJIAETCA OYeHb IPPECKTHBHBLIM METOAOM KAYCCTBEHHOTO M KOJIMYECTBEHHOTO
OIpeJie/ieHds CNYPPUTA B MaTepHanax Bpaulalolelics IEMEHTHOH HEeYH.
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