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Introduction: 

Aspart 0 f W est ern S u gar s commi t men t tom 0 de r n i z ing f a c i lit i e s 
and minimizing costs, the lime kilns at various factories were 
studied. The lime kilns at three different factories were converted 
to or replaced with Jones & Associates lime kilns. These kilns were 
individually designed for each location based on existing 
equipment, funding and factory requirements. This paper will 
present the theory and design principles the Jones and Associates 
lime kiln is based on and the operating history of the Jones and 
Associates lime kiln compared to the previous installations. 

Kiln Design: 

The Jones and Associates lime kiln is based on the fundamental 
processes involved in calcining limestone. In order to adequately 
describe the design, some of these principles must be presented. In 
its most basic form, the calcination of limestone occurs when heat 
is added to calcium carbonate (limestone) causing it to dissociate 
into calcium oxide (quick lime) and carbon dioxide which leaves as 
a gas. Theoretically, this seems simple, but several complications 
arise when applied to the practical world. High quality qu i ck lime 
requires that the calci um oxide be very reactive and the conversion 
of cal c i urn carbonate to c a I c i urn 0 x ide be ve r y hi g h . Thesetw0 

requirements compete against each other in most kiln designs. 
In order to obtain a high conversion rate of calcium carbonate 

to calcium oxide, the limestone particle must be elevated to above 
the dissociation temperature of calcium carbonate and held there 
for a certain duration. The limestone particle obeys the laws of 
heat transfer during heating and a temperature gradient is set up 
with the outside of the particle being hotter than the center of 
the particle. In order to have a high yield, the core must be 
heated above the dissociation temperature and held there long 
enough for the carbon dioxide to migrate to the surface of the 
particle and leave the system. According to heat transfer laws, 
there are two extremes to accomplish this. The particle can be 
exposed to very high heat for a relatively short time where the 
surface of the particle will be much hotter than required for 
calcining or the particle can be exposed to heat just above the 
calcining temperature and held for a very long time where the 
surface temperature is only slightly above the calcining 
temperature. Either method will yield a high calcium oxide product, 
but there are compromises with each. 
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The reactivit y of calcium oxide depends on the rate at which 
heat is put into the particle during calcination . More 
speci ficall y, i t d epends on the crystall ine structure of the 
calcium oxi d e particle . Calcium c a rbonate is generally found in a 
rhombic crys t all ine structure. Calci um ox ide prefers the c ubic 
cryst a lline structure . However, high q ua li ty , reactive quick lime 
is predominantl y rhombic in crystalline structure. This is due to 
the rhombi c c rystalline structu r e being less dense allowing water 
better access to t h e c a lcium oxide increasing the reactivity . The 
rhombic structure of the calcium carbonate continues to exist when 
the carbon dio x ide leaves the crys ta lline lattice and there is not 
sufficient energy av ailable for the lattice to conver t itself to 
the preferred cub i c shape fo r calcium oxide . A hi gh rate of h e a t 
input caused by a high calcining temp e r at u r e provi d es t he energy 
f or the crysta ll ine structur e to reor gan i z e and thus create s q ui ck 
I ime wi th poo r r e acti v i t y. Low r at es of heat input wi t h l ow 
cal cining temp e ra tu r es d o n ot p ro v i d e the energy ne ed ed to c hange 
t h e crystal structure and thus p roduc e a reactive quick lime. Thus, 
kilns are desi gned wi t h low e r hea t inpu t r ates to crea te reac t ive 
l ime , b u t th i s requires long re t e n tion t imes and thus, l arge k ilns 
wi t h h i gh construction costs. Thes e ar e the comp romis es ass ociat e d 
wi t h the two extremes of calcination. 

Th e c en tral idea behi nd the Jones & Associates lime kiln i s to 
provide a st eady state reaction vesse l with the prop e r contr o ls t o 
allow f or process adjus tme n ts. The solids are unif orml y distribut ed 
and move in a laminar plug flow t hr ough the reac t ion chamber. The 
a ir or air and gas is uniformly placed in measured amoun ts all owi n g 
for precise cont rol o f ca l c ining temp e ratures. A constant 
contr o llabl e ratio of fl ows between a~ r, fuel a nd roc k IS 
ma intained. This c reates t h e steady s ta t e co unte r current r e a ct i on 
v e sse l whi ch r es ul ts in h i g h c onv e r si on rates, hi gh reactivi ty and 
low ene rgy r equirement s. 

Th e Jon e s and ass o c i at es lime k iln is designed to p rov i de bot h 
r eactive quick lime and high t h ro ugh put r ates. Thi s IS 
a ccompl is h e d by p rovi di n g two he a t i n put leve l s wi t h va ry ing r at es. 
At t he up p er burne r be ams, the r ock i s relati vel y c oo l and is s ti l l 
pr edominan t ly ca lcium c arbonat e, thu s it can absorb a l o t of heat 
r apid l y. Th e ai r t o ga s r atio fed t o t h i s burner l ev e l is l ean 
prov i ding a sho r t h o t fl ame to hea t u p the stone r ap idly and 
diss o c iate the su r f ace ca r bon d io xid e quick ly. The middle burner 
level h as a r ich a i r to g a s ratio provi d ing a long co o l e r fl ame 
giving t h e par ti cl e a long retention time at a lowe r hea t input 
rate. This lower temp erature puts the heat in sl ow eno u gh t o a llow 
i t to p ene t ra t e to th e c or e of the particle a n d all ows t he c a r bo n 
d ioxi d e enough t ime to migrate to the sur face of t h e parti c le and 
l eave the system. Thus the Jones lime ki ln combines the two e xt reme 
approaches to calcini n g limestone and produces a highly reactive 
lime wi th h igh t hrough put rates and lower construction costs. 
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The Jones & associates lime kiln combines good thermal 
efficiency with mechanical simplicity. The mechanics of the system 
include the stone charging system, the grate system and the air/gas 
system. The stone charging system includes typical conveying 
systems with an air lock system to maintain gas quality. Particular 
attention is paid to stone distribution . Uniform size dis t ribution 
is critical in optimal kiln operation. A uniform bed prevents 
channeling of gasses and thus provides uniform heat distribution. 
This prevents areas of high core or areas of excessive heat. 
Uniform distribution of the rock is accomplished through the use of 
a distributor cone. This specially designed cone minimizes the 
segregation caused by most rock handling systems. The charging 
system also includes a generous preheat zone where the off gas is 
cooled and the raw rock is preheated. This improves the ther-mal 
efficiency of the kiln . 

The grate system is the discharge mechanism of the kiln. The 
Jones and associates kiln uses the angle of repose of the rock to 
create a stabl e bed on the discharge pI ate . A pusher bar or 
rotating eccentric then pushes the rock off of the plate causlng 
the bed to move. The critical design parameter of the grate is 
uniform bed movement. The bed should move as a laminar plug. In 
other words, a particle at the center of the kiln should travel 
straight down through the kiln at the same rate as a particle along 
the wall or a particle half way in between . In this way, each 
particle will see the same temperature for the same length of time 
and will have the same degree of calcination. Each kiln is tested 
after construction to make sure this design specification is met. 
The lime discharge of the kiln must also have an air lock to ensure 
off gas quality. 

Finally, the air / gas system consists of a blower, f l ow 
controls, burner beams and a cooling system. Air and gas are 
premixed and added at two levels of two to four burner beams per 
level. The air and gas are controlled through flow control loops 
and injected into the kiln through orifices in the burner beams. 
The orifices and piping are designed to provide a uniform amount o f 
heat to each increment of cross sectional a rea. Thus e a ch particle 
experiences the same amount of heat at each level through the kiln. 
The design takes into account such details as average particle size 
in heat penetration and bridging characteristics. The burner beams 
are water jacketed for cooling with a closed loop cooling system. 
A third level of orifices is found in the grate system. Here , the 
excess air required for complete combustion is added . At this 
level, the air removes heat from the calcined stone, cooling the 
stone for easier and safer handling. The air is preheated at the 
same time, improving the thermal efficiency of the kiln . 
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It shoul d be noted tha t t he Jo nes lime kiln can be us ed as a 
mixed feed lime kil n . As l ong as t he f ue l is uni f ormly mi xed, t he 
kiln wil l ope r at e ne arl y as wel l a s the ga s f ired k i l n and much 
bette r t han t he o l d styl e mi xed fe e d ki lns . Aga i n , t he kiln desi gn 
will a l low contr ol of whe r e t he air is added t o t he fu e l . Thi s in 
turn c ontrols the t empera tu r e prof i l e a llowing high h e a t whe re it 
is needed and lower hea t whe r e i t i s needed. The s o lids di st r i buto r 
will prevent 
po orly mixed 
requ ir ed . 

segr ega tion of 
fu e l . Thus , s

the f uel , but i t will no t 
ome s olids handl i ng chang es 

cor rec t 
ma y be 

Kiln Ope r at ion: 

The dr i ving for ce f or i mproved ki l n des i gn va r i ed a t e ac h 
f a ct ory. The previous Fort Mor gan l i me kiln was a Union Carbide gas 
f ired l ime kil n. It was pr oducing 95 - 100 tons of CaO per day at 
an average of 20.1% C0 2 and 8 6 .2% CaO. The energy usage a ve rag ed 
5.34 MMBTU per t on of CaO. The factory was op e ra ti ng as a steffens 
house and required more lime wi th be t ter gas quali t y to i mp rove 
puri fi cation. The retrof i t of the exi st i ng kiln with a J ones 
des igned kiln was the most cost effective alternative. The kiln was 
designed to fit in the rectangular cross section of the existing 
kiln to minimize refrac t ory work and cost s . This design had some 
limi t ations due to being a retrofit. The primary concern was t he 
corners of the kiln where the wa l l ef f ect of the reac t ion chamber 
was ma gnified. A conservative design was taken where it was 
expected that the corners would have some wha t higher core than the 
rest of the kiln. This design was undertaken to reduce the chances 
of overburn and clinkering in these areas. 

The Jones kiln accomplished all of its design requirements . 
The capacity of the lime kiln was inc reas e d to 120 tons of CaO per 
da y and the off gas quali t y improved to 28.5% C02. These were the 
p r imary objectives of the redesign. The addi t ional benefits 
inc 1uded an inc rease in calcination of 1.4% and a reduct ion in 
energy usage of 12 . 8%. The overal l cost of lime decreased 5.3% with 
the benefits of inc reased capaci t y and increased off gas qual i ty. 

The Greel e y factory was operating with a turn of the century 
mixed feed kiln. The capacity of the kiln was limited to 45 t ons 
per day of CaO with off gas quality of 28 - 31% C02. At higher 
capacities , the gas quality was near 28% C02. The lime averaged 
83 .6% CaO and the kiln averaged 5.47 MMBTU per ton of CaO. The ki ln 
had ai r and heat channeling problems. Hi gh core material as well as 
overburn material and even unburned fuel was discharged fr om the 
kiln at the same t ime . The t hermal bed was unstable moving up and 
down t he kiln wi t h factory demands. The driving f orce fo r 
insta ll ing a Jones kiln was the high cost of s ol id fue ls , l ack of 
lime kiln capacity and low calcinati on r a t e of the mixed f eed ki ln . 
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The retrofit in the existing kiln provided several challenges. 
The biggest challenge was the high cross sectional area of the 
existing kiln. Bed movement was going to be one sixth of typical 
Jones and Associate designs. This caused worries about lateral heat 
distribution and thus calcination and thermal efficiencies. With 
these reservations, the kiln was designed and installed . The 
operations of the kiln met all design objectives and operation 
continues to improve as it is fine tuned. The kiln will produce 70­
80 tons of CaO per day at 88% CaO. The off gas quality is in excess 
of 28% C02 with the kiln using 5.13 MMBTU per ton of CaO. Energy 
costs have been cut in half with total lime costs being reduced by 
27.8%. 

The Scottsbluff factory had two mixed feed lime kilns which 
were in need of major repair . It was decided to replace both kilns 
with a single, smaller Jones and Associates lime kiln to reduce 
maintenance costs, offset one time major repair costs and reduce 
energy costs. The major challenge with this kiln installation was 
scaling down the design from other commercial installations. This 
was the first Jones design with a 6 1/2 foot inside diameter and 
several scaling problems arose. These will be addressed this 
intercampaign and more accurate information on this kiln's 
operation will be available next year. Early indications are that 
it will be mor e energy efficient than expected while meeting all 
other design requirements . 

Conclusion: 

Three different lime kilns in Western Sugar were replaced with 
a Jones and Associates multiple fuel kiln. These kilns are being 
operated using natural gas, but can be operated as mixed feed 
kilns. The Fort Morgan and Greeley lime kilns met all major design 
specifications in their first year of operation while the 
Scottsbluff lime kiln had some size scaling prob l ems which will be 
corrected. The lime kilns combine high quality lime and off gas 
wi th low capi tal and production costs. The ki Ins can be 
retroffitted to existing installations in most cases increasing 
capacity or can be designed as a new installation. Although this 
kiln design is new to the sugar industry, it has 20 years of 
operating history in the commercial manufacture of lime. 
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LIME KILN OPERATING DATA 

LIME QUALITY 
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LM KILN OPERATING DATA 
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LIME KILN OPERATING DA1A 

CAPACITY COMPARISON 
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IME KILN OPERATING DATA 

ENERGY COST 
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LIME KILN OPERATING DATA 

ROCK COST 
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LIME KilN OPERATING DATA 

TOTAL COST 
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------------------------------------------------------------------------------------- --

The Western Sugar CaTilany 
Greeley Factory 

Lirre Kiln Operating Data 

Operating Data 1986-87 1987-88 1988-89 1989-90 1990-91 1991-92 1992 - 93 
-----------------------------------------~-------------------------------------------- -

Slice Days 161. 56 141. 89 139 .46 144. 10 143 .33 156 . 50 141.19 
Limestone Used (tons) 14003 13096 14045 14849 15228 18176 14039 
Limestone to Ki In (tons) 13653 12769 13694 14478 15000 18136 13828 
Coke Used (Tons) 1282 1387 1202 1428 
Natural Gas (MCF) 39035 50110 38325 
Cao Produced (tons) 6488 6268 6149 6279 7029 8753 7032 
% Cao 84.9 86 . 6 82.2 80 . 7 84 . 2 85 .7 88 .6 
% OJ2 31. 3 31.0 28.1 28.0 27 .4 27.5 28 . 4 
Tans Limestone/Day 84. 5 90.0 98.2 100 . 5 104 .7 115.9 97. 9 
Tons CaO/day 40. 2 44.2 44.1 43 . 6 49.0 55 . 9 49 .8 
METU/Ton cao 5 .14 5.75 5.08 5.91 5.11 5.27 5.01 
\ calcined 89 . 3 92 .3 84 .4 81. 5 88 .1 90.7 95. 6 
Energy Cos t ($/Ton caO ) $29.64 $33.19 $29.32 $34. 11 $15.33 $15.80 $15. 04 
Rock Cost ($/Ton caO) $31.56 $30 .56 $33 . 41 $34.59 $32 .01 $31.08 $29. 50 
Total Cost ($/Ton CaO) $61.20 $63.75 $62 .73 $68 .70 $47 . 34 $46. 88 $44.54 

AsstDTlptions: 
Limestone - Cost ($/Ton) $15 \caC03 95 
Coke - Cost ($/Ton) $150 B'IU/lb 13000 
Gas - Cost ($/MCF) $3 BTU/SCF 1000 

Surnrary Table 

Previous Jones & \ 
Kiln Averages Ki 1n Assoc. Change 

Slice Days 146.75 147.01 

Limestone (tons) 13648 15655 

Coke Used (Tons) 1325 

Natural Gas (MCF) 42490 

cao Produced (tons ) 6296 7605 

\ Cao 83 . 60 86.17 3.07% 

% OJ2 29.60 27.77 -6 . 19\ 

Tons Limestone/Day 93.3 106.2 13. 80\ 

Tons CaO/Day 43.0 51.6 19.98\ 

METU/Ton cao 5.47 5.13 -6.24\ 

\ Calcined 86.88 91.46 5.28\ 

Energy Cost ($/Ton CaO) $31.57 $15.39 -51.25% 

Rock Cost ($/Ton CaO) $32 . 53 $30.86 -5. 12\ 

Total Cost ($/Ton CaO) $64.10 $46.25 -27.84% 


2 62 



---------------------------------------------------------------------------------------

The Western SUgar CCIti>any 
Fort Morgan Factory 

Lime Kiln Operating Dat a 

Operati ng Data 1986-87 1987-88 1988-89 1989-90 1990-91 1991- 92 1992- 93 

Sl ice Days 156.60 140.81 142.50 147.89 152.83 154.83 140.78 
Limestone Used (tons) 34099 29760 31527 31527 38558 40203 27606 
Limest one to Kiln (tons) 30470 27090 27857 35489 36640 38890 26589 
Natural Gas CMCF) 91889 74657 65991 79686 87720 95895 65587 
Cae Produced (tons) 15362 13175 13080 17548 18182 19299 12931 
\ Cao 88.1 86.1 84.3 87.0 87.2 87.2 86.1 
\ CO2 22.0 18.9 19.5 29.8 27.0 28 . 6 28.7 
Tans Limestone/Day 194.6 192.4 195.5 240.0 239.7 251.2 188.9 
Tons caO/ day 98.1 93.6 91.8 118.7 119.0 124.6 91.9 
MBTU/Ton cao 5.74 5.44 4.84 4.36 4.63 4.77 4.87 
\ calcined 94.8 91.4 88.3 92.9 93.3 93.3 91.4 
Energy Cost ($/Tan cae) $17.23 $16.32 S14.53 S13.08 S13.89 S14.31 $14.61 
Rock Cost (S/Ton cae) $29.75 S30.84 S31.95 S30.34 S30 . 23 S30.23 $30.84 
Total Cost (S/Ton caO) S46.98 S47.16 S46.48 S43.41 $44 .12 $44.54 $45.45 
-----------------------~---------------------------------------------------------------
Assmptions: 

Limestone - Cost (S/Ton) S15 \caC03 95 

Gas - Cost ($/MCF) S3 B'lU/SCF 1000 

SUmary Tabl e 

Previous Jones & \ 
Ki In Averages Kiln Assoc. Change 

Slice Days 146.64 149.08 
Limestone (tons) 31795 34473 
Natural Gas (MCF) 77512 82222 
cae Produced (tans) 
\ cae 

13872 
86.17 

16990 
86.88 0.82\ 

\ CO2 20.13 28.53 41.68\ 
Tons Limestone/Day 
Tons CaO/Day 
MB'lU/Ton Cao 
\ Calci ned 

194.1 
94.5 
5.34 

91.48 

229.9 
113.5 

4.66 
92.73 

18.43% 
20.16\ 

-12.81\ 
1. 36\ 

Energy Cost ($/Ton cae) 
Rock Cost ($/Ton Cae) 
Total Cost (S/Ton caO) 

$16.03 
$30.85 
S46.87 

$13.97 
$30.41 
$44.38 

-12.81% 
-1. 42\ 
-5 .32\ 

2 63 


