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ABSTRACT

The movement of calcination front depends mainly upon the
diffusion of carbon dioxide outwards through the oxide layer and
the conduction of heat inwards through the oxide layer. It has been
concluded by various investigators that the conduction of heat plays
a more important role than the diffusion of carbon dioxide, while
calcining a lump of limestone.

A heat balance equation relating the surface heat transfer co-
efficient with various other factors has been derived and ils value ts {
calculated by using the experimental data obtained by Azbe under i
the conditions for which the relation has been derived. )

UCTION : the pore dimension reduces. Any change in the pore -
Ation of limestone seems to be the simplest dimension and number of pores can very well increase
ical reactions. But the mechanism with the diffusional resistance by several powers of ten.
tion front proceeds is still not known very Murray* and other investigators® noted the shrinkage
ng of limestone still remains an art in the of the oxide layer with time and temperature. As a
result of shrinkage the volume of the oxide layer re- il

nsists of mathematical equations derived duces, while that of the carbonate remains unaffected.

nt "}'.A"]a 0 = 5
”“ i gulation of the rate of heat transfer in a Therefore the pore dimension reduces at the expense

of the fine cracks formed in the oxide layer due to i
- i ) shrinkage. This fact is in coincidence with the find-
of limestone, if dropped in a furnace, at jngs of Fischer,’ who observed that the porosity of the
ntly high temperature, is likely to be surround-  oxide layer is maximum in the temperature range of i

at envelope (Fig. 1). A temperature gradient  1070.1180°C, and smaller outside this range. i

e envelope and the surface and between the ; i .
: y Hence, it can be concluded that if we restrict

d th tre of the lump develops, whicl )
q@ 'traens?fz? I:if (])1eat.e (l;nc[:: tﬁ; suprsfacevftelr(;lz the temperature in the kiln below 1180°C, the rate of

increased above the dissociation tempera-

urface layer gets dissociated and between

ciated and undissociated limestone, an inter-
s, The following four processes take place  wearmw , cATION FRONT
usly at the interface: fak

i .
Heat is transported from the heat envelope * OXNDE LAYER |
dthe surface of the lump by convection and t
iation, ;

HEAT ENVELOPE

!

onduction of the heat which is necessary ¢ i

to dissociate as well as to raise the tempera- ba Ry =

re of the interface to the dissociation point. . —
~ Dissociation of limestone at the interface ( \H ] T
~ takes place and carbon dioxide is liberated. 5 —~—
‘Carbon dioxide is transported by diffusion N —7

om the interface to the surface of the lump. E N

It follows that either the heat, conduction or the
of carbon dioxide through the oxide layer ‘ Y
controlling step. Furnas' in 1931 and Charles? Tz

published their work supporting the view that
t conduction only which is a rate controlling

ith continuous heating in a zone of increasing FIG.Y FIGURE SHOWING THE ADVANCEMENT i

ature, a growth of layer crysial at the expense
ller ones takes place. As a result of this process - OF CALCINATION FRONT.
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calcination will depend only on the rate of heat trans-
fer. Many investigalors™® have already tried to corre-
late their data and in the present work the authors

have tried to corrclate some of these experimenlal
data, ‘

DERIVATION

Consider a spherical lump of S m? surface area,
surrounded by a heat envelope at a temperature T, at
any instant of time dt. Let T be the tempera-
turc of the lump of limestons at this instant. Assum-

ing that the properties of limestone do not vary with
time,

M;CsdTm :ha('re » Tm) Sd T (l)

Where h, is the surface heat transfer coellicient. Re-
arranging and scparating the variables

dT,, h, S
= T
(To'Tm) Ma C,
3 h,
= e et i ol dee e (2)
R p, C,
Integrating equation (2) we get
3h,
——— 1= -In (T.-TW) + Inx ......... 3)
R py C,

A is a constant of integration.
Initial conditions are
1=0; T,,=25°C
Therefore, » = (T, - 25) = T,
(Since T, >> 25°C)
Equation (3) becomes,

3hy
= - In (Ta'Tn1)+]nTu
R p.C,
= (1)
= In Te—Tm
To'Tm . [ = 3h g
&F P — =50 Rp,Cq
or
T'“ 311:;
— =1 - ex o R T SRR 4
T, =R [ R ¢, Cy 4
Equation (4) gives the temperature of the lump

of limestone at any

instant. Now, if q be the amount

of heat transferred to the lump, then
(TS-TG) !
q=2k ——TUOR L BOmAmS et an. 5)
R
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also,
dT,, M.C,
(= =~
dz S
R psCy dT..
3 dr

Diflerentiating equation (4) and

) substitutip,
value of dT,,/d< in equation (6)

_ ReCy = 3hy
ity [(- Dexp 9 R b, C. T ]
3h E

=1} .=re=8 :

[( : R pg Cq 3 ]

or,

== Bh_g;

ﬁ-aé—s T } ] ...............

Comparing equations (5) and (7) we have

q=1nh; T, I:cxp

hR T S =3hy o\
Ty T, sty 20 pL ——a1 % |
y 2K elepscsTf]
T,-T, hg R 3hg LA
In | e | = p [222] . 2hs CEU
il "[ T ] ! [zx} Re, C, "

Equation (9) is an equation of a straight line W
e ; . h,R i
slope is — and intercept is In (_il{“) !
R PS Cs \

DISCUSSION i

Azbe conducted experiments in an electric furnace
on a 5.0 ems (2 inch) sphere of a high calcium limesig
The yariation of furnace temperature, limestone surf
temperature and central core temperature with t

i TsT,
shown in Fig. 2. The values of In (—) for var

o gl
values of T have been calculated and p_lotted.on a sim-
ple graph paper. The resultant straight line l.las a
slope equal to - 0.2 and intercept equal to - 3.8 (Fig.

Now, for example, if specific heat of limeto;
C,=[0.25] KCals/kg °C.

Specific gravity of limestone,” P, 2700 kg
and thermal conductivity of limestone,”® k =0.67 Kga
m-hr °C then, h, (experimental)=1.145 KCals/m
gl 6! 3

The value of heat transfer coeflicient so obtai d
cannot be utilized directly for the calculation of ‘.'5
dimensions, since the effect of flow of gases across ?Tv}
limestone Tump is not considered in the present stu
which in turn results in the increased value of ‘I’ _.
the calculation of actual value of h, with the help of ex=

:

perimental value of h,, the following equation® may t
used _ )
T. T, hyR 3h,
T omARY L), = AR l_ g et
In ( ) = In [21(( m)] R 6l
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¢quation (9). Then by fixing the temperatures of the
mgoing and outgoing streams of gases and limestone,

f

 TEMPERATURE HISTORY OF THE

'CALCINING OF A 2IN SPHERE OF
HIGH CALCIUM LIME STONE .

the more rcliable value of h, may be calculated with
the help of equation (14). It is to be noted that the
total surface of a crushed limestone is about 25 per
cent higher than that of a spherical lump. Also, of the
total surface only about 60 per cent surface is avail-

;':‘M.C, able for the heat transfer to take place., Therefore, the
R i (11) total surface to be considered while calculating the kiln
il g Cg

e above equation (10) T, becomes the tempe-

dimensions in present case will be 1.25 x 0.6 x 4 (2.5)
or 58.88 sq. cm. !

' the gases entering the bed. The value of m

ey : Nomenclature :
éﬁgﬁfn g calcu'lated B (D Ao C Specific heat of limetone, Kcals/kg °C.
&:ia'Atm:MgCgAtg ____________________ (12) Specific heat of gases, Kcals/kg °C.
M.C, Aty h, Surface heat transfer coeflicient, Kcals/m?®
— = widesed natin. (13) hr. °C.
M,C, Aty ; K Thermal conductivity of limestone, Kcals/m
Tgaring equations (9) and (10) it could be con- hr. °C.
that M, Weight of limestone lump, kg.
; ‘M, Weight of gases, kg.

hg | experimental

n .. (14) MC, = tal =
ital AL m Water equivalent ratio -—-[ ] ;
se equations are applicable in the period during Mgy t7g -1 ;
mestone is heated from normal atmospheric q Heat entering KCals/mhr.

ature to a temperature above the dissociation di I |
ture. Hence, the value of ‘h,’ found out by the R Radius of limestone lump, m.
icthod determines the dimensions of preheat- S Limestone sutface, m?

' Ili("i)(gl: c(‘il'stgociaiiqn ZO“;’] Oft. the ki(l!"- dThC _vz:_iue T, Central temperature of limestone, °C.

ifferent in preheating and dissociation ;

he value of h, in the cooling zone may however T, Surface temperature of limestone, °C.
llated in a similar way. T, - Surrounding temperature, °C.

LUSION T Temperature of limestone at any instant, °C.
€ results of an experiment conducted in a simi- Y Uemperjljics 08 gassy leavi.n & the Dets :C'
er may be used to determine the experimental t’e Temperature of gases entering the bed, °C.

Temperature of limestone entering the bed,
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