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Abstract—It has been shown that calcination of limestone is endothermic reaction and takes place on a definite
boundary between the undecomposed limestone and the layer of porous lime formed outside it. This boundary
moves towards the center of the limestone but remains sphericai in shape. The rates of reaction occurring during the
calcination of limestone are involved the following four processes.

The first two processes are heat transfer between gas and limestone by radiation and convection and conduction
of heat in the product layer (lime). The other two processes are chemical reaction in the reaction interface and CO;
gas diffusion in lime. Especially the rate of reaction was controlled by the conduction of heat in lime.

Applying to the unreacted-core model, rigorous expressions based on heat transfer rate have been derived for the
prediction of relations between time required for complete calcination, temperature, and sizes of limestone.

When the rate of reaction of limestone was given by ignition loss weights of COy at any time, it was proportional
to the difference between the temperature supplied from the surroundings and the decomposition temperature of
limestone. The experimental values of the thermal conductivities of limestone and lime were determined by the
unsteady state method in the temperature ranges below 600°C.
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Fig. 1. Decomposition of a sphere of limestone.
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Table 1. Chemical analysis of limestones.

Component
Swt%) | CaO [MgO | Si0, | ALO,| Fe,0,
Number
A 55.72 10.166;0.037| 0.015| 0. 112
B 55.86 0.199)0.043|0.012 0. 183
C 55.80 [0.18210.030(0.0190. 174
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Table 2. Values of r and calcination time for
various calcination temperatures.

Calcination {Radius of | Radius of un- | Calcination time
temp. limestone | decomposed reacted at radius
(t) (em) limestone, r (r) of undecom-

(em) posed limestone

(hr)

2.5 2.0 3.63

950 2.5 .35 5.33

2.5 0.65 7.0*

2.5 L6 2.43

1000 2.5 1.0 3.58
2.5 0.4 3.92*

2.5 L9 1.05

1100 2.5 1.76 1.35
2.5 0.75 1.83*

* : Calcination time reacted above 95% calcination.
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Table 4. Comparison of complete calcination time at various sizes of limestone.

c%::: 925¢C 950C 1000 1100C 1200T
Limestone A* B** A B A B A B A B
size \
14 hr 7 hr 3hr 1hr 1hr
D, =50 mm - - ) - . - .
53 min. | 30 min. 55 min. 50 min. 13 min,
7hr | 3hr 3hr 1hr 2hr . .
D,=30 mm - . 1hr 58 min. 38 min.
52 min. | 30 min. {58 min. | 55 min. | 5 min.
4 hr 2hr 2hr 1hr lhr . .
D; =20 mm - . . .| 40 min. | 36 min. 24 min.
53 min, | Smin. |27 min.| 10 min. | 17 min.

A* : Experimental value B**

. Theoretical value
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Table 5. Comparisons of thermal conductivities of various samples.

No. Ter(nag.)Range T?Cearir/nca; .Csc;r:.iuoc}?\)/ities Specifications Ref.
@ 100 9.5 x10™°* Calcium carbonate (8)
@ 60 1.24%x107° Marble stone powder, porosity 58.2 % 8)
® 60 1.45%x1073 Marble stone powder, porosity 46.5 % (8)
@ 130 3.9 x10°° High calcium limestone (9)
® 150~200 4,15%x10°° White marble (9)
® 30 5.3 x10°° Calcium carbonate, natural (6)
Q) 100 8.52x107° Single crystal calcite (8)
® 100 1.06%x10°" Steel (1%C) (6)
) 500 9.1 x10°° Steel (1%C) (10
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Fig. 12. Thermal conductivities of various samples at various temperatures.
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Table 6. Comparisons of thermal conductivities

of various samples.

No. Terr(l%. )R ange The(rcrr;ji/]cg?r;:t:.:toi\%i;ies Specifications Ref.
)] - 1.75%x107? Calcium oxide (9)
®@ 117~624 8§ X107‘~1.05%10° Packed powdered Ca0, density 1.86(g/cm®) | (8)
® 420~926 9.33X107*~1.17Xx10?* Packed powdered CaO, density 1.57 (g/cm®) | (8)
@ 420~926 9,62%X107*~1.17%X10"* | Second run of the No. @ specimen (8)
® 830 2.39%X107*+1.26x10"* | Calcium oxide (3)
® 960~ 1100 1.36X107°~1.91X10"* | Calcium oxide 1
Q) 1000 1.65%10"* Calcium oxide (5)
100 1.06x107" Steel (1% C) (6)
® 500 9.1x10°* Steel (1% C) | 1o
3188 K24 Ki3FE 19861 63
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AHy:

4849 24717

outer surface of the limestone and the
surroundings [cal/cm2 .sec.ok]
Radiation heat transfer coefficient to
outer surface of sample [cal/cm2 .sec.ok]
. Convective heat transfer coefficient

to outer surface of sample
[cal/cm? sec.’k]
Thermal conductivity of porous lime

layer [cal/cm.sec.ok]
Mass of limestone [g]
Modified Nusselt number (= hk—R ) -1
Heat transfer rate to decomposing
limestone [cal/sec]
Radius of limestone [cm]

Radius of the undecomposed limestone

[em]
Dimensionless parameter (= % ) -]
Temperature of the surroundings [°k]
Surface temperature of limestone [Ok]

Decomposition temperature of limestone

[°k]

Time [hr]
RAHt

hT,—Ty) [hr]

Density of limestone [g/cm?]

Density of lime [g/cm3]

Heat of calcination of limestone [cal/g]

Total calcination time by (a) method
[hr]
Total calcination time by (b) method
[hr]

T

10.

11,

. Touloukian, Y.S. :

213
Calcination time at h—>o or k> [hr]
Calcination time at h—>oc or k=0 [hr]
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