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wpeere Khe low capaeity eylindrical shuft and conical kilus producing less than 5
{onnes per day lime were extensively surveyed and some  performance studies
werg carried-outon dwo typical cinder-lired conical lime kiéns. ‘The study reveal-
ed that there were sighificant varintions in the design gnd performance of these .
Kitng, “The existing nrethods of operndion nre quite inetlicient angd heat wusteful.,
resulling in Jow productivities and ligh (el Josses. A ¢ !:mricnl kiln on an
.

avernge hus been Tound 10 be 30-404%, chieaper then g vonical "‘Inu authors fur-

2

“tion as obtiined in these (wo designs.

RODUCTION

Tlie production of building lime in India is largcly
by the small scale und cottuge industries vm-
ime kilus of several designs, namiely the coun-

haft and conicil lime kilns®  The desipn de-
id performance claracteristics of kilng prodac-
¢ (han S tonnes per day lime, patticularly in res-
of mixed-feed conical kilns, nre not uynilable in
iterature.!™ % "The present study was, therefore,

el up in order to (i) collect the sulicnt design daty,
(i) Sludy existing o; rational practices, (iii) estima'c
lic thermal performance ete., so as to explore methods
BEimprovenent in the desipn and  petformance of

¢ low cost kilns.  Apart from the conventional
dyical shaft kilns, - conical type mixed feed kilng
50 -find extensive applications in other developing
nlrics such as Sri_Lanku, where Fernando and Yo-
ndan' have descibed the production of building
mploying Kilns of similar desipn,

16 inlernad dinmeler of the conienl kil tapers
urds with' consequent increase in wall thivkness
op lo boltom, contrary o he cylindrical shalt
\Igcrcin uniform inner dinmeters and consistent
thicknesses. are provided, A mixed-feed of lime-
and fuel in appropriate proporfion is charged into
kil al the tpp. Both types.of kiln operate continu-
n three zones, namely, the picheating, the burn-
U the cooling zones. The product Time along with
iated: impuritics is withdrawn from the bottom of
il through ihe discharge pales.

LIMINARY SURVEY

The low capacity iime kilns in the Meetut-Modi-
=Glhiaziabad region of Ullar Pradesh were exien-
sirveyed.” It was observed that, by and large,
1ns were constructed in low grade brick masenry.

al 5. o
HOF Scientilic Assistant,

ter, convlutle that @ compurative study of these two - types of Kiips shm:k! be
*gatricd oul under similar operating conditions to “delermine the supL‘-riuri:}y
" ype vver the other in respect of productivity, pruduct quality . and Tue]

) kilng and the semi-comtinuous type of cylin- -

“discharged otice a day in the early hows

one
onstgp-

No fire bricks or any other high temperature abrasion
resistint materiol linmps were provided in the infetior
shiell of the kil The duta collected are reported in
Yablo £, The Kilus were wormnlly cinder-lired with
limeslane and fuel charged in alternate lnyers, Mixed
sizes of Limestone, 15-130 mun, and cinder, 5-25 mm,
were used in the burning process. Lime ‘?-ns usuul&y
T the prord.

ing with fire zeme et the top and kitny were cluirped
therealter, Sipuiticant differences in he  desiging- and
operations of these mixed Teed kilns, as indicated by
tho survey, necessilal o study on the performance of
such kilns in some detail, :
EXPERIMENTAL

The perfornianee of the running mixed-feed coni-
cul fime kilns was investigated under the notmally exist-
ing condilions of operation. ‘Fhe peneral specilications
of the two kiles seleeted for this study in the Ghazia-
bad rvegion are piven in ‘Fable 2, Limeslone particley
of size 15-150 mn amd cinders of size 5-25 mm were
buent in the kilos, The chemical analyses of limestlone
smmples and the proximase analyses of cinders are re-
porled in ‘Fobies 3 and 4 respectively,

Flue pas sumples were withdeawn at dilferent time
ditetvaly from just above the caleination zone by means
of o rubber bludder type pas sampler and the same
were analysed with the help of Orsal’s apparatus, The -
representative tme-averaped gas samples collecled from
the twe kilns are reported in Table 8 Temperatore
measurements were carricd out al ditferent thue inter-
vals and height levels to locate the preheating, calein-
ing and cooling zones and thus to estimate the re-
tention times in ihe three zones, A stainless steel sheath
type chromel-alumel thermocouple along with the indi.
cating pyrometer were used for the ‘measurement of
temperature. The average temperatures of the oulpoin:
gases and the product lime samples were also nensured,
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TAQLLE 2
CHEMICAL ANA' VSIS OF LEIMESTONE SAMPLES T ol
e, AN Y T S TS T G T LV T T e T e e
Cungiuenis ¢ ~ Welght  Percent ]
TN 7 Kiln No. 1 Kiln No. 2
1O 3929 42.40
NO; : 115 1.45
1.0, 1.58 0.65
L0 42.54 53.40
MpQ 511 1.20
i ' 0.33 09
i TABLE & e g
PRUXIMATE ANALYSIS OF CINDERS
Flxed Ash Ave-rnge'"
Carbon Confent Calorifle
WV (WIWY) Value
: K.Cal/lg
380, | e 6000 iy 1315
298 70.5 - 2420 .
o : Il TABLE §
REPRESENTATIVE TIME AVERAGER ANALY SIS OF GAS SAMPLLES
Percent hy Volume
Constilaent Hitn Ne, 1 Kiln INo' 2
CG, 25.3 229
Q, 3.9 5.9
€0 1.6 2.3
N, 69.2 68.9

TABLE 6
DATA ON PRODUCT QUALITY OF CINDER VIRED LIME KILNS

 Froduat Digtribution (% W/W)
Average  Stone:  Lump Kiln Dust Underbvmnt Overburnt Unburd

Production Tuel Lime  Lime-+Ask Stone Lime Irpel
(1Y) by weight :
tpd (Xp)
1.0 2.5 39.5 526 6.6 D7 il 100
2.0 20 39.0 50.2 8.5 0.0 0.7

CHE
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Kiln

Lip R
No, - 57143 Mgtio (t/nvle)
1 ol b e i IR 028
2. x 1.95

0.55

The stone te feed rativ in the feed, (o o oo

lton of the fime Ain were determined over a periud

of .about thiee to four days and the average values

wei computed. The totul output  from the kiln was

carefully sampled and the unburnt stone, over-burnt

lire, powdered contamiinated lime, lump lime, and un-

. bwnt Suel picees were picked up separately and weigh-

- #d o essess the product distribution. The data collecled
fiom the two kiﬁm are as reported in Table 4.

RESULTS AND DISCUSSION
Brodustivity s

The initial four columns of 'Taklo 7 tepresent the
relevant productivity duta obtained for the two conical
kilns, where 1./D is the height to diameter ratio; D js

© the. diameter representing uverage inner cross-scction
of the kiln; P, I3 the average daily outpui based on pet
unit cross-sectional aren of the lime kiln (t/m?/d); P,
is the outpmt based on kiln volume (t/m/d) and
R, repiesents the average kiln retention tine in hours.
It is seen that kiln No, | cielded lower sectional and
volunietric outputs than those obtnined from kiin No. 2,
This is on account of (1) the higher ratcntion time {(Ry)
of about 90 hours imposed in kiln No. 1 compared to
that in kiln No. 2 of about 80 hours, (i) operational
lapses and (iii) the design of the kiln in respeet o, the
geomelrical height {o uverpge dinmeter ratio.  The
greater height of kiln Nu. 2 tesulted in increased drufl
over kiln No. 1, Thus it is inferred that the piaximun
‘allainable output from a kiln can be obtained by an
expericnced burner by regulaiing the retention times to
an optimum lower limit, i.c., by operating the kilny in
as conlinuous u manner ns feasible. :

Freduct Quality:

The data on the average quality of the lrr(uiuut
obtained from the two kilns are reproduced in 'Cuble 6.
It iy observed that the product is highly contaminated
by as much as about 50 per cent of kiln dust consiating
of powdered lime and fuel ash which is Lasically attei-
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 fusl used, the distribution of
product from a conical kiln ja quite satisfactory as the
variations were found to be insignificant.

Thermal Petformance ;

The thermel performancs of the conical lime kilns
has also been elucidated in Tuble 7, where B, is the
specific energy consumption i terms of keals per kg
of lime and f". represents the fuel consumption in
tonnes per fonne of lime produced. The average 13,
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1) CFNDER-E"!R.&KP CONICAL, LIME. KILNS.. ..
'—‘-ﬂ_:’;‘l e l?‘ Ay g ]gn SE L e .._j..';,__ e .:
(t/naydy {hra,) (Ecal/ky (t rln'der) '

RSO SO et o une) - ¢ le
0.09 90 2,500 ()8 4
0.13 80 2.420 19

g, - A sre eomnertel to he of the ordep
.::."’.'1“ e u“- : k‘ WL.UT\-““ ’ ) Of

- velt, wirieh aaae o fucl pee S GHITRENE
{ime, respeclively, which denotes » Lross aver

mal efliciency of 47 per cent. e thetmal |
accounted fur by the cumulative effect of sey
ticnal interactions,

fge ther.
O08SCS are
ctl_ll Opera.

b

Firstly, the traditiona) method of kil
with a once-a-day charging and discharging sehedule
made an allowance for the fire zone lo -reach (o the ¢
top of kiln surfuce during the carly hours of the morp. *
ing, wsually from midnight onwards, thereby resul(. |
ing in tremendous heat losses by way of radistiong
and transmission of high sensible heut through he:
fluc gases.  The (emperature of the flue  gases wag .
observed (o rise, witﬁ the upwurd movement of the.
fire zoue, 10 as much as 700°C iy the eatly houts of
the morninJ; This significant umount of loss of hent.
could othenwise have been utilised iy the preheating’
of fresh lithestone, had the kiln been discharged anﬁ
cf soged at| frequent intery s, This conclusion js cor:
roborated by some workers™ *.% 1y so far as the
general opgration of a lime kiln is concerned, he
temperaturg of the withdrawn Jime going to as niueh
a8 400°C for the latler half of (he product - also
sceeuntesd Ser the loss of sensible lieat, which couid
ollierwise bave been utilised in (he preheating of in.
comitig air, Another significant loss of heat was by way
of incoiplele combustion of fuel resulting in high
pzreentage of €O in the flue gases {Inble 5), Accord-
ing to an esitmate the preseice of one per cent CO
in the exhaust pases is tnnitamount tu n foss of about
55-65 keals per kg of lime.

COST ESTIMATLES

The average initin] installed cosis for the cinder-
lired conical time kilns for nominal produclion cupu-
cities in the range of 0.5-3.0 tonnes per day of lime
were estimated for the local market conditions und
the same were compared with those of the conven-
tichal cylindrical shaft kilns for similar nominal pto:
ductions. 1t has been coticlusively brought out that for
a given capacity of production a cylindrical shaft kiln
is about 30-40 per cenl cheaper than the conical lime
kiln. Thus, costwise, conventional cyltndrical linte
shalt kilng can be desigued and constructed cconomi-
cally compared to conical lime kilng when employ-
ing similar naterinls  of conslruction for the (wo
desipns. !
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