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ABSTRACT
The low capacity cylindrical shaft and conical kilns producing less than 5 .

tonnes per day lime were extensively surveyed and some

performance  sludies

were carried out on two typical cinder-fired conical lime kilns. The study reveal-
ed that there were significant variations in the design and performance of these
kilns. The existing methods of operation are quite ineflicient and heat wasteful,
resulting in low productivities and high thermal losses. A cylindrical kiln on an
average has been found (o be 30-40% cheaper than a conical kiln, The authors fur-
ther conclude that a comparative study of these two types of kilns should be
carricd out under similar operating conditions to determine the superiority of one
type over the other in respect of productivity, product quality and fuel consump-

tion as obtained in these two designs.

INTRODUCTION

The production of building lime in India is largely ’

governed by the small scale and cottage industries em-
ploying lime kilns of several designs, namely the coun-
try batch kilns and the semi-continuous type of cylin-
drical shaft and conical lime kilns.> *® The design de-
tails and performance characteristics of kilns prodac-
ing less than 5 tonnes per day lime, particularly in res-
pect of mixed-feed conical Kilns, arc not available in
the literature.® ¥ The present study was, therefore,
taken up in order to (i) collect the salient design dala,
(i) study existing operational practices, (iii) estimale
the thermal performance etc., so as to explore methods
for improvement in the design and performance of
these low cost kilns. Apart from the conventional
cylindrical shaft kilns, conical type mixed feed Kilns
also find extensive applications in other developing
countries such as Sri Lanka, where Fernando and Yo-
ganandan® have described the production of building
lime employing kilns of similar design.

The internal diameter of the conical kiln tapers
downwards with consequent increase in wall thickness
from top to bollom, contrary to he cylindrical shaft
kiln wherein uniform inner diameters and consistent
wall thicknesses are provided. A mixed-feed of lime-
stone and fuel in appropriate proportion is charged into
the kiln at the top. Both types of kiln operate conlinu-
ously in three zones, namely, the prehealing, the burn-
ing and the cooling zones. The product lime along with
associated impurities is withdrawn from the bottom of
the kiln through ‘the discharge gates,

PRELIMINARY SURVEY

The low capacity lime kilns in the Meerut-Modi-
nagar-Ghaziabad region of Uttar Pradesh were exten-
sively surveyed. It was observed that, by and large,
these kilns were constructed in low grade brick masonry.
* Scientist.
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No fire bricks or any other high temperature abrasion
resistant material linings were provided in the interior
shell of the kiln. The data collected are reported in
Table 1.. The kilns were normally cinder-fired with
limestone and fuel charged in alternate layers. Mixed
sizes of limestone, 15-150 mm, and cinder, 5-25 mm,
were used in the burning process. Lime was usually
discharged once a day in the early hours of the morn-
ing with firc zone al the top and kilns were charged
thereafter. Significant dillerences in the designs and
operations of these mixed feed kilns, as indicated by
the survey, necessitated a study on the performance of
such kilns in some detail,

- EXPERIMENTAL

The performance of the running mixed-feed coni-
cal lime kilns was investigated under the normally exist-
ing “conditions of operation. The gencral specifications

_of the two kilns selected for this study in the Ghazia-

bad region are given in Table 2. Limestone particles
of size 15-150 mm and cinders of size 5-25 mm were
burnt in the kilns. The chemical analyses of limestune
samples and the proximate analyses of cinders are re-
poried in Tables 3 and 4 respectively.

Flue pas samples were withdrawn at different lime
intervals from just above the calcination zone by meuns
of a rubber bladder type gas sampler and the same
were analysed with the help of Orsal's apparatus, The
represenlative time-averaged gas samples collected from
the two kilns are reported in Table 5. Temperature
measurements were carried out at different lime inter-
vals and height levels to locate the preheating, calcin-
ing and cooling zones and thus to estimate the re-
tention times in the three zones. A slainless steel sheath

“type chromel-alumel thermocouple along with the indi-

caling pyrometer were used for the measurement of
temperature. The average temperatures of the outgoing
gases and the product lime samples were also measured,
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TABLE 1 T
INITIAL DATA ON MIXED-FEED LIME KILNS '
Inoer Dia. Wall Thickness i
i Inner Av,
; Wall Stone
Sl Av. Out- Height Top Bottom Top Bottom Inclina- {o Fuel Remarks
No. put Lime tion with Ratio :
(tpd)  (m) (m) (m) (m) (m) Hori-  (W/W)
zontal
(degrees)
1. 1.5 2.80 3.14 1.12 0.82 1.83 64 3.0 ]
2; 3.0 4.10 3.20 1.00 110 220 75 2.5 g:fc;flﬁrfﬁ
cilnsg
3, 20 420 280 1.20 Lo 10 78 25 [ VGRone
4. 1.0 3.07 2.70 1.00 1.05 1.80 74 3.0
5. 2.0 3.66 .3.66 0.82 1.20 2.10 69 2.0 Cindgr-ﬁred
6. 1.0 3.04 3.04 0.75 120 210 70 2.0 ( conical kiln
at Modinagar
7. 1.5 4.57 2,74 0.82 1.10. 2.20 80 3.0 Cinder-fired
conical Kiln
at Meerut
8. 1.0 3.60 1.35 135 100 1.00 90 20 | Cinder-fired
9, 1.2 2.90 1.62 1.62 1.70 1.70 90 2.0 C)_(h'ndrical
10. 1.8 2.95 292 2.20 1.50 150 90 2.0 [ kilns at
] Meerut
11. 3.0 3.05 3.00 0.80 0.95 2.05 70 5.0 S_leam cqal-
12. 5.0 3.75 3.00 0.80 200 3.10 74 5.0 | fired conical
kilns at
Meerut
LY
TABLE 2
GENERAL SPECIFICATIONS OF THE KILNS INVESTIGATED
l_Emer dia \_’iig_l}_ thickness
: Inclination Average
Kiln Height  Top Bottom Top  Boftom inner wall Capacity
No. with hori-  (fpd)
; zonial
(m) (m) (m) (m) (m)  (degrees) ad
1. - el 3.05 2.67 1.0 0.36 1.83 75.0 1.0
2. 4.17 3.15 0.93 0.46 220 - 1752 20
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TABLE 3
CHEMICAL ANALYSIS OF LIMESTONE SAMPLES

REPRESENTATIVE TIME AVERAGED ANALYSIS OF GAS SAMPLES

s Constituents . Weight Percent _ -
No. ik Kiln No. 1 Kiln No. 2
1 L.O.I 39.29 . 42.40
2 Si0, 11.15 1.45
Bl R.O, 1.58 0.65
-4, Ca0O 42.54 53.40
5 MgO 5.11 1.20
6 Tr 0.33 0.90

TABLE 4 :
PROXIMATE ANALYSIS OF CINDERS
gixed Ash Average
~ Carbon Content Calorific
Kiln No (W/We%)  (W/W%) Value
£ K.Cal/Kg
1. 38.0 62.0 3,115
29.5 70.5 2,420
TABLE §

S. No. Constifuent Kiln No. 1 Kiln No* 2
1. CO; 253 229
2. 0, 3.9 5.9
i co 1.6 2.3
4. N, 69.2 68.9
TABLE 6
DATA ON PRODUCT QUALITY OF CINDER FIRED LIME KILNS
Product Distribution (% W{W) ko
Kiln No. ~ Average  Stome; - Lump Kiln Dust Underburnt Overburnt Unburnt
Production Fuel Lime Lime+ Ash Stone Lime Fuel
@) by “:eight
tpd ~ (XR)
1. 1.0 25 - 395 52,6 6.6 0.7 0.6
2. 2.0 20 39.6 50.2 8.5 0.6 0.7
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The stone to fuel ratio in the feed, and produyc-
tion of the lime kiln were determined over a period
of about three to four days and the average values
were computed. The total output from the kiln was
carefully sampled and the unbumt stone, over-burnt
lime, powdered contaminated lime, lump lime, and yp.
burnt fuel pieces were picked up separately and weigh-
ed to assess the produc( distribution. The data collecled
from the two kilns are as reported in Table 6,

RESULTS AND DISCUSSION
Productivity :

The initial four columns of Tablo 7 represent the
relevant produclivity data obtained for the two conica]
kilns, where L/D is the height to diameter ratio: D js
the diameter representing average inner cross-scetion
of the kiln; P, is the average daily output based on per
unit cross-sectional area of the lime kiln (t/m*/d); P,
is the output based on kiln volume (t/m*/d) and
Ry represents the average kiln retention time in hours.
It is scen that kiln No, | vielded lower scctional and
volumelric outputs than those obtained from kiln No. 2,
This is on account of (i) the higher retention time (R.)
of about 90 hours imposed in kiln No, 1 compared o
that in kiln No. 2 of aboul 80 hours, (i) operational
lapses and (iii) the design of the kiln in respect of the
geometrical height to average diam.elc.r ratio.

Product Quality:

The data on the average quality of the product
obtained from the two kilns are reproduced in Table 6,
[t is observed that the product is highly contaminated
by as much as about 50 per cent of kiln dust consisling
of powdered lime and fuel ash which is basically attri-
butable to the high amount of ash content in the cinder
(Table 4). On the whole it may be concluded that, de-
pending upon the type of fuel used, the distribution of
product from a conical kiln js quite satisfactory as the
variations were found to be insignificant.

Thermal Performance :

The thermal performance of the conical lime kilns
has also been elucidated in Table 7, where E, is the
specific cnergy consumption in terms of keals per kg

of lime and F, represents the fuel consumption in
tonnes per lonne of lime produced. The average E,
578

TABLE 7 B
PERFORMANCE RESULTS FOR THE CINDER-FIRED CONICAL LIME KILNS |
Kila L/D P, P, R, E, oo
No. Ratio (t/m?d) (t/m’/d) (hrs.) (Kcal/kg (t cin'de.-)
: : lime) “tlimg
—.___ﬁ____+_____——._u__%_.-_m__ﬁ_“h__.
1. 1.43 0.28 0.09 90 2,500 08
2. 1.95 0.55 0.13 80 2,420 1.0
—-\

and F, values were compuled to be of {

2:450 kealsfkg and 09 tonnes of pgf iounidk
lime, respeclively, which denotes g Bross averypa ﬁIOE
mal elliciency of 47 per cenl. The thermy] losseg i
accounled for by the cumulative effect of several o ca{e
tional interactions, i

Firstly, the traditional method of kilp :
with a once-a-day charging and dischargingosp:}::éiﬁ"
made an allowance for the fire zone to to lh:
lop of kiln surface during the early hoyrs of the mopy.
ing, usually from midnight onwards, thereby reg|i.
Ing In tremendous heat Josses by way of radiationg
and transmission of high scnsible heat through e
flue gases. The temperature of the fiye Bases \yas
obscrved to rise, with the upward movement of (ke
fire zone, 10 as muych as 700°C in the carly hours of
the morning. This significant amount of loss of heat
could otherwise have been utilised in the
of fresh limestone, had the kiln been discharged 4nd
charged at frequent inlervals. Thig conclusion js cor.
roborated by some workers® *.% in o far ae the

general operation of a lime kiln is concerned. e
lemperature of the withdrawn lime going to ag much
as 400°C for the latter half of the product also

accounted for the loss of scnsible heat, which could
otherwise have been utilised in the preheating of in-
coming air, Another significant loss of heat was by way
of incomplete combustion of fuel resulting in" high
percenlage of CO in the flue gases (Table 5). Accord-
ing to an estimate the presence of
in the exhaust gases is tantamount to a Joss of aboul
55-65 keals per kg of lime,

COST ESTIMATES

The average initial installed costs for the cinder-
fired conical lime kilns for nominal production capa-
cities in the range of 0.5.3.0 tonnes per day of lime
were estimated for the local market conditions and
the same were compared with those of the conven-
tional cylindrical shaft kilns for similar nominal pro-
ductions. It has been conclusively brought out that for
a given capacity of production a cylindrical shaft Ililln
is about 30-40 per cent cheaper than the conical lime
kiln. Thus, costwise, conventional cylmdrical Iim'e
shaft kilns can be designed and construcled cconomi-
cally compared 10 - conjcal lime kilns when™ employ-
ing similar materials of construction for the Iwo
designs.
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CONCLUSIONS

The performance of the kilns in respect of oblain-
able productivitics can be cnhanced by lowering the
kiln retention times to an optimum value, determined
by experienced burners under the local operaling con-
ditions, i.e. by incorporating frequent charging and dis-
charging schedules at regular intervals of time conlrary
to the existing once-a-day practice of charging the raw
malerials and withdrawal of product lime. The quality
of the produce obtained from cinder-fired kilns is, how-
ever, salisfactory notwithstanding the ash content of fuel.
The fuel can be saved, and thus the energy conserved,
by proper operation of the kiln in three distinct zones
rather than allowing the fire zone to travel to the top
of the kiln with virtual elimination of the preheating
zone. The conventional cylindrical shaft kilns are about
30-40 per cent cheaper than conical lime kilns. How-
ever, it is considered imperative that a comparalive
study of the two designs, under similar operating condi-
tions, be undertaken with a view to establishing the
supremacy of one design over the other also in respect
of productivily, product quality, and thermal perfor-
mance. Thus the work on the design and performance
of mixed-feed cylindrical shaft and conical lime kilns
has been undertaken at the Central Building Research
Institute, Roorkee.

KILNS PARTICULARLY CONICAL KILNS&
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