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INTRODUCTION 


The subject of my presentation is an overview of milk of lime 
station design, engineering and its importance in the beet 
processing. My role as the desi9ner and the Technical 
Director was to provide the baslc plans based on my own 
experience, ideas and concepts. However, for the successful 
accomplishment of this projects I am indebted to the 
factory teams in both, the Billings and Fort Morgan plants. 
without their sincere cooperation and hard work this projects 
could not be accomplished. 

The Billings, Montana sugar plant was built in 1 9 0 6 by Kilby 
Machine Company to process 1200 t o ns of beets per day. The 
Colorado plant in Fort Morgan was founded by The Riter Conley 
Machinery Company the same year for 600 tons of beet s l icing 
capacity. Both factories were built with an intention of 
extractlng the maximum yield of sucrose by application o f 
Steffen process . As the years passed thelr capacities were 
gradually increased to an a verage of 41 00 and 3600 t o n s of 
beets per day respective ly. I n a n ever 9rowing demand to 
increase slicing capacities while minimlzing capita l 
investments, the idea evolved to convert these last Steffen 
plants to a straight house operation. It was obvious that 
skilful conversion shou ld result in simultaneous increa sed 
slicing capacitie s, less f ue l and lime consumpt i on and c os t 
savings in processing and maintenance. The recognize d 
drawback in such a pro ject was the decre ase in company 's 
sugar yield due to the loss in unworked molasses. Th is last 
obstacle was overcome by the 1992/93 erection of 
a molasses desugarization plant in Scottsbluff, Nebraska. 
This enabled the company t o real ize a straight ho us e 
conversion with no reductio n in the volume o f produced sugar. 

An earlier experience in one of western Sugar plants warned 
of serious negative consequences when a Steffen factory is 
converted into a Straight house without sufficient 
engineering and technological considerations. Co nseq uent l y , 
careful planning and preparation was done in advance at both 
factories. 

The basic idea was that a sugar plant cannot perform any 
better than the weakest link in the chain of the units 
com~rising the technological process. It was obvious that in 
addltion to a good training program for the management and 
station o~erators, it would be equally important to design a 
milk of llme station having sound technological 
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justificatio n, rob ust equipment and reliable automation. 

During the 1992/93 campaign the Western Sugar reached most of 
the p lanned t argets in both p l a nts. This paper is a brief 
descript ion o f t his pro jec ts . 

CONCEPTS 

The principl es behind t he Juic e Pur ification system are the 
Lime - Carbon Dioxide - Non Sugar r eactions. This p r i ncip le 
has been recognized univ e rsally thro ugho u t t he world known 
technolo9ists. The entire sys tem consists o f a l arge n umber 
o f reac t l on vessels , pumps, he a ters, mixers, ga s d istrib utors 
and s ludge separ a t ion equ i pment . During juice p urific ation 
man¥ physica l and chemi cal reactions occur. Gener ally, t he 
optlmum purif ica t ion r esults can b e a chieved o n ly with 
precisely controlled chemical react ions. The ke¥ f a ctors in 
e ach react i on are the p H, t e mper ature and retentlon time. 
Close l ¥ associ ated with t he ment ioned f actors are the 
d ens i tles and concentrat i o ns . 

The con v e ntional mi lk of lime preparation consists of mi x ing 
the burned lime wit h wat er, i .e. slaking , separat ion of 
fo r e i g n partic l es, i .e. screening a nd ad jus tment of mil k of 
lime densit i es. Though i n mode rn f a c t ories t hese a r e mostly 
a utomated, t here are still p l aces in whi ch t he operation i s 
based on manual labor. The conventional mi l k o f lime 
s c r eening is associated with messy ma int enan ce and dangerous 
c l ean ing procedur es. On the o t her hand t he manual denslty 
contro l is unreliable and i t is a source of many 
i rregu l arities during the jui ce purif icat i o n . 

The new con cept in this pro j ect was to us e very r obust and 
re l iable e qui pment , avoid scr een cleaning o f t he milk o f l ime 
and appl y r emote control devi ces a nd con sequent l y a chieve a 
tota l a utomat i on o f mi l k o f lime station. The ob jecti ve was 
t argeted to preparat i on of pure, uniform densi t y mi lk of lime 
with no l abor invo lvement . 
The mi l k of lime station oper a t ion i s monitored from t he 
fac t ory's central control r oom. All waste materia l was to b e 
conveyed and colle cted in an easy access i ble storage area 
outside the building. Enough milk of l ime s t orage capaci t y 
had to be built to store t wo hour of mi l k of l ime reserve. 
This had to serve t wo purposes: Suf f ic i e nt milk o f lime 
in case o f mi nor equipment break down and r ete ntion time fo r 
mi lk of l ime ageing. 

Some e a r lyer e x amples made us aware that introduc i ng the new 
concept s and changes in convent i ona l procedures ma y cause 
major con fusions and operat i on prob l ems. Consequently, an 
i mportant part o f t h e project was t o t ra i n t he tech n i c a l 
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management and station operators. 

Both milk of lime stations, in Billings and Fort Morgan , were 
designed to apply identica l process schemes . During the 
const~uction, due to o n site s~ecifics a~d available c apital 
spendlng we had to make some mlnor technlca l changes. 
However, all changes were done with minimum alteration of the 
original basic concept. Prov isions were made for easy 
completion of the original scheme , when the c apital s pending 
become available . 

Also, in order to avoid tec hnical errors and material o r time 
loss, the project i ncluded c lose cooperation wi th the ma c hine 
builder . A close communication with the e quipme nt supplie r 
was maintained from the beginning of the project . 

PROCESS SCHEME 

Please see the following scheme number 1 in the appendix 
section of this paper . 

The burned lime is lifted by bucket elevator ( 1) t o the 
third floor hopper (2 ) wh ich is designed for t wo hours 
reserve capacity. Followi ng the hopper is a r e ciprocating, 
variable speed, feeder that c onveys burned lime t o a 
"Silver - Toth modified" slaker (3). It is designed for 
fifteen minutes react i on time. Both slakers were built by 
the "Silver Engineering" at the Denver, Colo r ado 
manufacturing facility. The slaker's exit sides a re supp l ied 
with two sections of reverse wedge screen , built as an 
integral part of the drum . The reverse wedged screens enable 
separation, washing and conveying the unburned lime cores. 
They are des i gned to perform continuous self cleaning action. 
The entire screen sectio n is kept under modera te negat ive ai r 
pressure by a strong fan and water curtain dust c atcher . The 
negative pressure serves t wo purposes : It keeps the vapor 
under control at the exit and also eliminates dust emi s sion 
at the lime feeder sid e . 

The screened milk of lime separated from spalls were gravity 
conveyed to "Door - rake" type classifier ( 4) . This equipment 
is designed by Western Sugar engineering and built by "Emp i r e 
Steel" at Billings, Montana manufacturing facility . By the 
author's earlyer experience in Europe (1950 ' s ) and later in 
Michigan Sugar (1970's) the Door ~ rake classifier is not 
only able to replace milk of lime fine screening but in 
addition; it is a very reliable and low maintenance 
equipment . In Door classifier the grit and most of the sand 
were separated by gravity . The milk of lime over-flowed to 
high density tank (5) whlle at the same time the grit and 
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s and were i n t ended t o move to washing in an other classifier 
(10). Du e t o bo t h , time and capita l spend i n g limitations it 
was decided not t o bui l d the c l as s ifier "10" b ut t o apply 
s pray washing at t he c las sifi e r " 4" e x it s i de . 
Th e h igh dens ity mil k o f lime wa s p umped t o t he hydr o c y clone 
s e paration (6). Thi s separat i on i s abl e t o e limina te a l l 
remaining sand from the mil k o f lime . Cons i dering the 
i mportant reque s t s f o r good p e r f ormance on hyd r o separation , 
specia l des i gn mea s u r e s were t aken to a ssur e cons tant f l ow 
and p r es s ure at hydro cyclones. 

The p ur i fied mi l k of l ime density f r om hydro separatio n was 
ad jus ted and s t ored i n the " low density " t ank ( 7). Besides 
dens i ty ad j ustment s t he t a n k " 5" a nd " 7 " had t wo add itiona l 
p urposes : ( 1 ) To a ssur e a ppropriate r etent i o n time f or 
pre paratio n o f hig h quality mi lk of lime and (2) supp l y 
vo l ume for 1 .5 t o 2. 0 h ours lime r e ser ve . 

The waste materials f rom " 3" , " 4" , "6" a nd "1 0" wer e 
col l ected and conveyed b¥ scroll ( 11 ) t o the waste stor age, 
l o cated outs i de of buildlng. 

The wash waters fro m "3" a nd "10" wer e i ntend e d t o collect in 
t h e t ank (13) and recirc u l a t ed i nto t he sys t e m. The tank was 
supplied with aut omati c leve l and tempe rature controllers i n 
order t o as s ure ste ady provision o f hot water t o t he milk of 
l ime stat ion . 

AUTOMATION AND I NSTRUMENTATI ON 

The l eve l o f milk of lime tan k ( 7) s ets t h e spee d 
of slaki ng. A signal from t he l eve l sensor is sen t t o LC/ 7 . 
The output ratio f rom the i ns t rument to l i me f eeder and water 
val ve are set manua l ly. Thi s controller cal culates and sets 
an approximate milk of lime d en s ity i n the slaker to t h e 
range of 32 to 37 Brix . Fas t l evel d r op in tan k " 7" wil l 
send higher output s i gna l s t r i gge ring a n i ncrease i n the 
slaking speed a nd vice vers e. 

The l e v el control l er LC/5 contro ls the l e ve l in the t a nk 5 
assuring cons tant flow and p ressur e f or hy d ro cyclones. 
When t he tank leve l become s criti cally low i t t riggers a n 
output si~al t o reverse act ing valves send ing t he f l ow to 
t ank 5 whl1e c l os i ng i t t o t ank 7 . 

The nuc l ear den s ity controller ( DC) does a fine t un i ng in t he 
density of lime to process. It cont r o ls water addition t o 
t a n k 7 t r imming t h e high dens ity l ime to t he r equested value 
of 30 Brix. 
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The level controller LC/13 controls the valve on house hot 
water to tank 13 assuring a safe water level. 

The following instruments , micro-processors and sensors were 
used in the project : 

1. 	Moore sin9le loop d i gital controllers - 352 (6 pcs ) . 
2. 	Moore loglc and seq uence controller - 382 ( 1 pcs ). 
3. 	Moore satellite fo r controller interface - 321 ( 1 p cs) . 
4. 	Moore area console - 39M16 (1 pcs ). 
5. 	Opto relay stations for I/O interface (2 pcs ) . 
6. 	 Moor e I / P transd u c ers ( 7 pcs). 
7. 	 RTD with two wire Wilkerson transmitte rs (3 pcs ). 
8. 	 Two "Texas Nuclear" density controllers ( 2 p cs ) . 
9. 	 "Sparling" flow meters ( 2 pcs ). 

10. "Ro s emont" D/P level transmitters (3 pcs) . 
11. Bind icators for hop~er level control (2 pcs ). 
12. "Allen Bradley" varlable frequency driv e (1 pcs). 

Valves: 
1. 	 "Fisher" V- ball (1 pcs). 
2. 	 "Keystone" butterfly valves (9 pcs) . 

Pumps: 
1. 	 "Goulds "; model JC ; 2 pcs ; s i ze ; 3 x 4 x 14 ; Hp 25 ; 

Motor speed 1750 RPM; Pump s~eed 1450 RPM . 
Design conditions : Milk of llme before sand removal ; 

Temperature 95 C.; viscos s. 100 SSU j 
Sp . G. 1.2; 210 GPMi Head 155 ' H20. 

2. 	 "Goulds"; model 319 6 ; 2 pcs; size 2 x 3 -13 MTX; Hp 20; 
Motor speed 1750 RPM; Pump s~eed 1750 RPM. 
Design conditions : Mil k of llme to process; Temperature 

95 C.; v iscoss. 100 SSU ; Sp . G. 1 .2; 
Head 13 5 ' H20. 

RESULTS 

During campaign 1992/93, due to permanent mechanical and 
technological problems in the lime production , the "factory 
F" in the Western Sugar compan¥ had to be run on a very low 
lime consumption . This situatlon created an excellent 
opportunity to compare the results achi eved in Billings and 
Fort Morgan to "factory F". 
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TABLE 1 ; BEET SLICE ; BILLINGS - "FACTORY F ": 


B I L LI N G S " F A C T o R Y F " 
-

Week Av g .S lice % o f nomina l Avg. Slice % of nominal 
( Tons/day) capacit y (Tons /day) c apacity 

1 3142 76.6 - -

2 4115 100.4 - -
3 4362 106. 4 2470 68.6 
4 4129 100. 7 28 44 79.0 
5 439 1 107. 1 3061 85.0 
6 4680 1 14.5 382 3 106.2 
7 4498 10 9 . 7 3800 105.6 
8 4885 11 9.0 38 5 3 107 .0 
9 5 056 123. 3 333 1 92. 5 

1 0 4 243 103.5 3963 1 10. 1 
11 4 849 119. 3 373 1 103.6 
12 
13 

47 84 
4851 

11 6. 7 
11 8.3 

3994 
39 53 

110.9 
109.8 . 

14 4956 120.9 40 13 11 1. 5 
15 43 06 105.0 37 00 102.8 
1 6 44 1 4 107. 7 3925 109.0 
1 7 2 9 42 - 3409 94. 7 
18 4 436 108.2 3487 9 6. 9 
19 4 62 1 11 2. 7 378 1 1 05. 0 
2 0 446 4 108.9 34 54 95.9 

AVERAGE 44 5 7 109 .4 355 4 98.7 

Sl i ce d iffere nce i n % of nominal c apacity= 109. 4 - 98. 7= 10 . 7 
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TABLE 2; BEET SLICE; FORT MORGAN - "FACTORY F": 


FOR T M 0 R G A N " F ACT o R Y F" 

Week Avg.Slice 
(Tons/day) 

% of nominal 
capacity 

Avg.Slice 
(Tons/day) 

% of nomina l 
capacity 

1 3429 97.1 - -
2 3993 113.0 - -
3 3971 112 . 5 247 0 68 . 6 
4 3965 112.3 2844 79 . 0 
5 4 026 114.0 3061 85.0 
6 4 018 113.8 3823 106.2 
7 4 125 116.9 3800 105.6 
8 4170 118.2 3853 107.0 
9 4 323 122.5 3331 92.5 I 

10 4221 119.6 3963 110.1 
11 4124 116.8 3731 103.6 
12 4113 116.5 3994 110.9 
13 4018 113.8 3953 109.8 
14 4298 121.8 4013 111. 5 
15 4138 117.2 3700 102. 8 
16 4179 118.4 3925 109 . 0 
17 3792 107.4 3409 94.7 
18 4155 117.7 3487 96.9 
19 4140 117.3 3781 105. 0 I 

20 4028 114.1 3454 95. 9 

AVERAGE 4061 115.1 3554 98.7 

Slice difference in % of nominal capacity= 115 . 1 - 98.7= 16.4 

244 




TABLE 3; EXTRACTI ON; ON % SUGAR IN BEETS: 


Week BILLINGS FT . MORGAN "FACTORY F" 

1 - 82.8 -

2 - 84 . 0 -

3 85. 7 85 . 6 77.5 
4 8 6 .6 84 .1 8 0 . 3 
5 8 4. 1 87 . 0 82 .8 
6 8 2 . 6 85.8 83 . 8 
7 84. 7 85.3 8 4. 0 
8 83 .3 84 . 6 8 0 . 8 
9 84. 5 85 . 3 79 . 7 

10 84.6 85 .8 8 0 .8 
1 1 83. 4 83. 4 83. 2 
12 85 .4 8 1.7 81.5 
1 3 85.5 8 2 . 5 85 . 4 
14 85 . 9 84 . 0 82.6 
15 84. 3 84 .0 80.7 
1 6 9 1. 5 79. 8 81.2 
17 75.7 80 . 2 79 . 3 
18 87.3 80. 5 80. 7 
19 87 .0 80 . 6 7 7 .5 
20 8 3. 7 81.01 71. 6 

AVE RAGE 84.8 83.4 80 . 8 

Ex tract i o n d ifferences ; % sugar in beets: 

( 1 ) Bi llings - "Fact ory F" 8 4 .8 80.8 = 4.0 % 

( 2 ) Ft .Morgan - "Fac t o r y F" 83 . 4 80. 8 = 2.6 % 



CONCLUSION 

1. 	 Both new Milk of Lime stations implemented in Billings, 
Montana and Fort Morgan, Colorado sU9ar plants performed 
satisfactorily supporting the main llne of process . 

2. 	 The new equi~ment proved to be very reliable with no 
major mechanlcal or technological problems throughout 
the entire campai9n . 

3. 	 The advance trainlng of the factory teams resulted in a 
good start-up at the beginning of 1992/93 campaign , 
steady processing and excellent results. 

4 . 	 The Tables 1 and 2 lists results that justify the 
importance of a steady supply of high quality milk of 
lime into the beet sugar processing operation. 
We underline: Failure to provide a steady supply of Milk 
of Lime causes downfall in beet slicing as high as 10.7% 
to 16.6% from the achievable capacity. 

5 . 	 Data presented in Table 3 proved the damage caused by a 
shortage of Milk of Lime in processing. The consequence 
of Milk of Lime shortage results in sever sugar losses 
of 2.6% to 4.0% on sugar in beets. 

6. 	 The new Milk of Lime Station project completed in these 
factories; Billings, Montana and Fort Morgan, Colorado 
proved the benefit of automation when sound 
technological principles are applied. 
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