
Temperature Studies on Lime Burning 

Examinatiull o[ reCl:nt literature shows vcry lit lie information OJ! tlte 
optimulll time ;ll1d tClIlPlT'ltlHC necded lor burning lilllestonc to a 
lime lor Steffens w,e. HartllLIll and YlcGinllis " havc given con­
ditiolh. and procedures necessary lor lime iJurning. Clark (2-8) has 
covered the Illcchanics of good kiln operation. Daniels and Cotton (1) 
havT described a pnl(C" lur rciJurning lime cakc. ,\ considerable amount 
has iJeen vITittC'1] about the lUlldamcllLlIs of lillle I)urning for cOIlllllcrcial 
usc , and ,\tbe (ti) has examincd the ellut o[ time, tcmpcnLUrc, ;llld 
the ratc of burning 01 lilllcstones lor the l'roduction of lommc'rcial limC', 
\Vork l1'b iJecll carricd on at ;\Jassadillsells In,stitutc ;)1 Technology under 
the spomorship of the ;'\atiolJa[ Lillie "\,,()ciatioll, and "\Iurray, et aL 
h:lve cxamined the cflcct ol tcmper,lture and time on limc burned [rolll a 
number 01 limcrocks, 

Limcs oj" similar chemical (<)lllposition \'Cry lrcljuelltly act diflcrcntly 
III a gIn'!] chcmical me, aud this difkrellcc ill iJehavior is quite pronolillced 
in Stellcns operatiou. The nature ol the limestone, the (ollditiollS of 
tcmpCr;ll.Urc, :mel time under which it. II·;" burncd 10 a lillle seem 1.0 he 
the lactors that cause these dillerc1llCS in behavior. Phpical properties 
rather tklll chemical composition seem to be the governing factor and very 
little is known aiJout the differellces that do occur. 

,\s part o[ a program Oil Steffens operation IIC undertook burning 
sl.Udics on lirnerocks Ihal. :lIT w,cd ill all o[ our StenCIlS operatiolls, .\ large 
nUIlliJer o[ dillerelll rocb wcre studied but the results of ollly tIm will be 
reported here, Ruck :\ is a limcstolle givillg excellent lillle for Stdlcns 
operation, It is ~l gray limestonc COlbi.stillg 01 lightly-packed, \\'ell-CC'!1lClltcd 
oolites with crystals of rccrysullizcd calcitC', III it can Ix observed <l lCVI· 

lossil iraglllellb, Rock j) is a dark, gray, ( limestolle showing a 
wide range 01 (rpl:d ,ifCS, The cdcitc cnstais arc larger than those in "\ 
and very lew i"(l)sil lragll1cllls arc prcsent. It is a diHiclllt rock to burn, 
giving poor to Llir Stdlc:llS lime. 

Both rocks arc high in calcium Glri)()natc: Rock .\, D(j,75- percclll and 
Rock n, 98.58 pern'IlL Rock A has l.') percent silica and insoluble, whilc 
Rock B is 0,:) pcrccllt. Thc :mJoullI or irUll and aluminum oxide is abuut 
(),;l percelll ill each rock, while Rock A colltains 1.(j:J pcrccIlt magnesiulll 
carbonate as 10 a 0.:) percent im Rock B. 

Preliminary tesU, OIl bUrJliug with a small coke-fired kiln I)lm'cd un­
.satisfactory due to dilliculty ill controlling Lhe mallY varialllcs and inability 
to rq)]'oduc(' results. Small laiJoratory lurnaCl', ha\T been found unsatis­
factory except for burning ycry small :imOlllll'i oj lime, so it was necessary 
to COlbtrucl our own furllace, \Villi a basic dcsigll furnished us by The 
Carbonlllclulll Company, a large electric-type muflle furnace was built 
(Figure I), l:sing Globar beating elemcnts, special refractories and 

1 RCSe<llCh L:1horato1") ~Ianag('r and RC~Larch Enginccls, n:~p('cti\'c1y, Uolly Sugar Cor­
poration, Colorado Spring.'. Colorado. 

~ :'\umbcrs in parcntlH;sC'~ refer to litcralUIT cikd. 



6 

2300 "F 

2200 "F 

2100 "F 

4 INCH LlMEROCK CUBES 

1900 "F 

JOURNAL OF THE A. S. S. B. T. 

insul a tion, we are able to maintain very good co ntrol of tempera lure and 
obta in a very rapid recovery o[ furna ce temperature due to temperature 
drops when sa mpl es are be ing placed in or taken out of the furn ace . A 

Figure I.-Furnace for burning tests. 
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Figure 2.-Difference in burning rate 4" cubes Rocks A and B. 
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shows lhal this rod:. lor hour:; 10 maximum 
sugar reco\l'ly al ISOO' F, obwined in (j to S hour,s with .Rock ,\t I DOO" 
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the shaded area for e;l( il ,ill' rock ll'lJrc'sellts the time' ;lllt! telllpeciture at 
which the rock Gill be iJur1lnl lO all optimulll Stef]cl!) limt'. ;llld outside 
of these areas is eilhn O"Cl burllillg or ulldcrburning, 

One 01 the qUdlTies iI'hieh is a "mrcc 0\ lilllcst()IlC ['.Jr Olle oj our 
plants lias two defillitc typE'" 01 iilllCSlOIW, one \,cry S{)fr alld tlIe other 

il;lld, Samples 01 the,,,, lll'O types \Iere ground tll the s;nlle degree 

of flllelll'SS al1d bUll1cd 'It sever;d tcmpCrdl.lllTs, little diflcrCllcc 111 

the small cooler lesl (unes ,,'as olJl.ained; or was there ;my diflcrcnec III 
the rate 01 bun;illg oi (uil('s cut irolll the two diflerellt tyl'c' rocb. 

\Ve 11:1\-e loull(l ullbidcrabk \ari;ttioll hct\\'ecli the tl~mptT:lturc o{ 
(lvcriJurllillg n:istil1g lJl'l\I'CCIl diflercill limestolles, One jilllC)[OllC (on­
sidered g()()d lor StcHclIS lil11c showcd ;dIDosl the same degree of o\'cr­
burning at 2000 F. as shown ill R()( k g at 2'lOuo F., alld at 220W' F. for 
thi, rock tl](' lilllc was worthless lor StellellS rc«)\,cry III a HTy 

shon time. 

The conditiol)) oi tClllperature ,lilt! (ilile ullder wliicli \I'e ,()Il<iuCled 

our studic, do 1101 approach those tklt exist in :1 \Trlicd lime kiln using 
coke as a {uef. Hml'c\LT, the rcsult.s II'C obtaincd have ,shown the iIllpor­
t;llIU' ol iJurnillg tl:mpcralllle and t.illlC ml lil1le iDr Slciicm usc and the 
large Vilriatioll thilt exists i)uI\Tell limestol1es, Fl'cli Ilith the (Iillieult to 

burn limestollc, sucli as fl, good Stcilcns lilllc call Ix oiJtailied if the opli 
mum (olHliliolis of tClllpcrature alld timc arc meL 

COlltrol 01 telllperature ill :1 vertical coke-fired kiln is \cry dillicult 
and extreIlle \'ariatiol1,' 01 telllperature c:-.;isl that V:lf) hom day to day 
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OJ' en:n [rom hOllr to hour. ,\c('urat(" measurCJl]cnt o[ the 
a \ertical kiln is ITry dilhcult to obtaill. and prolJably ollce 

is not too <!ccunue. 
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TOTAL KILN VOLiJME-4170 cu. FT. WORKING VOLUME-3475 CU. FT. 

ill c<Ich IOIlC arc average temperature,; obLailll'd iro!ll a number of tempera­
ture determinatiolls and (nrn.:cLed r,ll the cCllter to (>lw,idc (nbs-sectional 
lHca,U1TlllCIllS. The ami low tClllpcr:ltures oil(,tincd arc showll which 
wen: mca,mred in each /\lilt' frolll day to day and from to porl­
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hole ill the same ZOIle. I'he !l'llIjlnaturc di{]ercllct's in thi> kiln 1ll;1\, not 
he or all \crlicd killlS Illn do ShOll Ihal \'ariations "t [1'lllIlCl':I­

ture do exist III ;1 kiln, 

would show ll'lIlpCr;ltun', a1>O\(' 160tF F" but 
this IUnpcr;ltu]'e aud CIlI be conside)'nl 

tl1;11 tile ('akin IOllt' (-xi,[, 

timc the to( k is in tili, mllC Oll :1 

percclltage rock 10lle IS 

7 11<lurs 20 tCIll]Kr;llun of 2000° F. 

h tube would burn (lUt. hUI 

would he 
slIth as would iJurn out 

Ii lones I C;H hed :Iud he o\,l'rlmrllnl when sub-

to tl'lI1]HratUl'es the hot 01 2:)00 0 F. thaI "'l1lclill1cS 
exist in the 101les heir'll\' 'i.Vc call that tilc lime obtained from HTtical 
kilns ,wh ;IS this is Cl mixture oj o\'l'rbUnled and untlcrhurllcd lime and 

little 0/ the lime has b(TIl to the ('<mdl-
S! elfens lime. 

with lowcl' [CllljllTClllll,(,S \Try 

beller li!lle lor Ste/!cils usc. lhlllg \'Crlical 

lIres that e'(ist ill llll' hearths :\0,. 6 to 10 oj ;r SkinllCl' 
l'o;l,ICr be idcll Inr hurnillg lime>i"l1e to good Stcflells lime. and 
it h:IS I)('('n showll that lime frnlll such ;, roaster is ('xrl'llcnt 1'01' Slclfcn, 
usc ('1). l'11c fluidi/cd .snlid, (;d( illcr dC\dollCd ill 1'('(Cut 'cars ",ith dose 
temperature CUlltrol sllOuld also c:-;ccllclll lime for StcnUI' usc. and il 
is !lOt il](ollccivahlc lilat \\'iill proper 111uh:ll1iol t(,chniquc a llluhod or 

fblsh elit ill;ll ion thing linch pulverized l1lalcri:d could he 
that would 1)(' the ultimate for producing lime for Steffens lise. 

Calcinatioll at tCl1ljl('l';j11ll'l'S of lime for IOl1g of time 
is bclicY{;d to remit ill the intCf·atomi( in the (rysl;il bltlrc bc­

so wla]] that waler molecules Llfl penetrate (Ii) . 

.showll ill the lim(Tocks \\·ltich wc have c;;Zlmillu] the 
here. th;ll up 1() 200(P F for 21 hours had Ii llic e{]'cet 

limc for S[dll'll., usc. ,\r 2()OOO F, some rock;.. 
after ilt this tcmpcr;llure (Figurc ,1), 

while otilers m;IY (werilul'Il 11101'(' rapidly. Rock J-\ ;J) did 1101 show 
at 2100° F. lip 10 2'1 hOlll-s. Somc rocks Steffens lime 

at ISOO" F, ill ,hon limc, sUlh as Rock .\. wbile others. such as Rock J-\. 
lime evcn In the CO,. is driven oft to sho\\' ma;;imum 

lie belicvc that 1herm:!1 of lilllcstolle i, valuable 
of lime.stone [or 

rangc lor individual limestoJ1('s. 
limcstonc, w(' Inyc examined. each has ,hOWl! an individual 
curvc wh ich s('em, tn he of thc qucu ry from wh idl it is obI;] i ned. 

oj in the quarry or type of rock, 


Chem iu I constituents, exccpl \'Cry 

do not ';(Till to have' an\' enCC( on 




pure 
le.,lS Oil llie rcsuli limt'. made 

,,-ere ITry J 
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ilicorHlusin: on iJolh the 

from thcll]. le.'1..> IliHI slllail (ooler (·'.alualioll of the 

11 	 )01 R\;AI or Till' .\. S. S. II. ·r. 

!!'ie. :\ Illlllllwr 01 rC;lgclll clIClllic;d, ;l(]dcd to pure rcagclll 

c;liriulYl (arhouiltl'. Bolh tile- calciulll clrbollll!C ;Jlld dwmicrls were 
and Illixcd ,,·ell. .bah {llillailll'J I per­

(Tll! I (;ddmn (;lrl)!lIICilC..\11 
w('}'c iJurned ill :'2(1(1' F [01 lIllder idc-nlhIl! ({)}1diliol1s ;lIld :1 

check of Ihe (:tiil lIlll c1l'ilolla!e \1·;t.S included lor 

Irom two dificrClll rcag('111 (;ilciulli cari)ol1atcs have 
shown \I'idc diffcreJ\( (.s to ('xi,t l>e1w(,(11 lhl' 111'0 ill the lClIIpCni\!lT 

[0 [hcllI to " Sldf"lls liltH'. This \\'ork is Ilot lompletcd :111<1 :Ill 

X-r;J.v clilfraniot] is illdiC:ltcd Oil (!the clkiulD Glrl)()n 
ales <JIH! the lin\<' obtaiJlcd i'r"1l1 (l1em. from such "utiy, these 
pllre m;ltcrilll;;, II beller ill I C\'prc[;J Iinn of tlte re.'lIlt, of X-ray diffraCi inll 
()n lilllhtOllc :mel lillie he m:l(lc. 
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