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Sugar l ost to molasses i s by f ar t h e l argest sugar loss in a 
beet suga r facto r y . The s impl i fi ed extr act i on s t atement shown in 
Figure one ind i cates the magni t ude of extraction lost to molasses. 
Typically 10 to 16 po i n t s of e x t rac tion a r e l ost to molasses . 

As we e ndeavor to minimize s ugar lost to molasses it is 
helpful to review the process steps where molasses is produced . 
Fi gure two s hows the low raw process. The low raw pans, 
crystallizers, a nd low raw centrifugals are the three major process 
steps . The l ow raw mixer which o f ten has a heating coil is a minor 
s tep. The low r aw sugar produced by the low raw centrifugals is 
ei t her dir ectly melted or undergoes affination. The affination 
ste p is not covered i n this paper. 

Our goal is t o extract as much s ugar as possible to the silos 
a nd minimize t he a mount of suga r going to the molasses tank. This 
g oal is a ccompl i shed by maximizing the purity difference between 
the low r aw pan and molasses. Ea ch o f the above mentioned proc ess 
steps contr i butes pos i t i vely or negatively t o this purity drop as 
shown i n Figure 3. 

We have a two steps forward, two steps backward situation. We 
therefore mus t maximize the purity drop across the pans and 
crystalli zers and minimize the purity r ise across the mixer and 
centri f ugals. 

In the rema i nder of this pa per I would l ike to cover some 
pract ical t echniques that have been useful i n opti mi z ing a nd 
measuring t h e four proce ss steps ment i oned a bove. 

Boiling good c lean cry stals in the low raw pan is absolute l y 
essent i al to produc i ng t he l owest possible molass es pur i ty . 
Compared to bo i ling white a nd h i-raw, l ow raw is relatively eas y . 
But, it is important t o control t he f e ed s yrup pur ity, a nd keep 
this pur ity at a min i mum pr a c t i cal leve l (Figure 4 ). 

The overa ll purity drop f rom pan purity to molasses can be 
optimized and held at a f a ir l y steady va lue . But , if pan purity 
increases, molasses pu r i t y will tend t o i ncrease a lso. 

Determining the c rysta l popu l ation by regulat i ng the amount of 
seed is critical. Ad equate s urface a rea must be provi ded by the 
crystals to allow t he s uga r to c rystal l ize out and r educe t he 
purity of the mother l iquor. Th is mother liquor purity mus t be l ow 
enough at brixing t o not al l ow gra i n to f orm spontaneous l y. Grain 
formed during brixing in the pan rarely grows lar ge e nough in the 
crystallizer to escape pass i ng through t he c entrifugal scre en a nd 
becoming sugar lost to molasses . Seed wi th ple nty of grain. Use 
a pan microscope to visually detect if grain are formed during 
brixing. Having plenty o f g r ain wi ll allow boiling tighter , i.e. 
at a higher super satura tion, without fear of breaking i n grain 
during the boiling phase. Boiling at higher super sat uration 
increases crystal growth rates. Try using a higher magnification 
pan scope with a measuring reticle. 
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with a little practic e you can estimate crystal growth r ates and 
determine the amount o f unders ized crys tals whic h will probably 
pass through the centrifuga l screen . A scope with a twenty p ower 
e yep i ece, four power obj ective and measuring r et icle works wel l . 

Crystallizer purity drop is chief l y a function of f illmass 
supersaturation and retention t ime of t he f illmass in the 
crystallizers. Supersaturati on is controlled by c ool i ng the 
f illmass. Retention time is largely dictated by crystallizer 
capacity and fillmass rate but i s significantly influenced by sugar 
a nd non-sugar recycle. 

Experimenting with c ool ing r ates and temperature profiles 
a cross the crystallizers can help maximi ze the crystal lizer purity 
drop. Our factory often has less than eight hours o f crysta llizer 
retention time. Every hour needs t o be well utilized. We 
s ignificantly i ncreased the crystal l i zer purity drop by using the 
i nformation learned from the fo l l owing t ests done with help from 
our research depar tment. 

We sampled the f illmass e ntering t he crys tallizers and then 
after two hours , four hours , a nd six hours retention time. The 
batch type crystallizers were dropped after approximately six 
hours. The mother liquor , called true green, was pressed out using 
a small air powered press (Figure 5). Apparent purities were 
2determined on the true green and fillmass temperatures were noted 
at sample times. In Figures 6A & 6B, curve #1 represents our old 
operating procedure and curve # 2 indicates an improved cooling 
procedure. Note the significant reduct ion in true green purity. 
We found that valuable time was being wasted by cooling too slow. 
Our new procedure calls for rapid cool ing down to 55°C and holding 
a t 55°C until dropping. Fillmass cooler than 55°C will not purge 
adequately at our centrifugals, therefore we do not cool below 55°C. 

It is valuable for operations managers to know the effect of 
increased crystallizer retention time on molasses purity. The 
factory lab sheet data plotted in Figure 7 was during a period of 
high molasses purity. Notice that increased retention time can 
have a significant effect on l owering molasses purity. This 
information helps motivate us to l imit non-sugar recycle by working 
to improve low raw sugar purity. Raising low raw sugar purity will 
reduce non-sugar recycle and therefore reduce the volume o f low raw 
fillmass and increase retention time in both the pan and 
crystallizers. 

It is good to know how much purity r i se occurs a c ross the low 
raw mixer when reheating fillmass. Fi llmass can be sampled before 
and a fter the mixer and true gree n pressed out a nd analyzed. We 
find that reheating 5 to 10° raises t he t rue green purity very 
little ; often the rise is not measurable. 
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with very viscous f illmass i t is somet imes necessar y to reheat 
f or t he last hou r or so in the crystall i zers . Tests h ave indicat ed 
on l y a 0.5 to 1 .0 purity r i se occur ed even when we reheated from 50 
to 75°C over 1 1/2 hours. Water leaks i n heating coils pose a 
bigger threat to increased molasses purity. I t is of value, 
therefore, to monitor the brix into and out of the l ow raw mixer. 

In the pans and crystallizer s we attempt to grow uniformly 
large c r y stals that will separate easily at the centrifugals. We 
often heat the fi l lmass in the mixer s o a s to reduce the viscosity 
of the molasses and aid in the sepa ration of c r y s tals and molasse s 
a t t he centrifugals . We strive f or a c l e a n separation of crystals 
and molasses. Do i ng so produces high purity low raw sugar which 
c ontr ibutes to a l ow non-sugar recycle and maximizes pan boiling 
t ime and crystallizer retention t ime. Obviously , keeping sugar 
c rys tals out of the molasses helps mi n i mize molasses purity. 
Usual l y the molasses is sticky enough to require the addition of 
s team and water to help effect the separation. Sugar is dissolved 
by this s team and water, and t hus , t he addit ion must be minimized. 

This i s the challenge of the l ow raw c entrifuge; to br ing 
a bout t he s eparation o f crystals and mo lasses wi th the minimum r ise 
of mo l a s ses pur i t y . 

It is impor tant to measure and monitor the purity rise across 
the c entrifugals . When factory product i on molasses purity tends 
upward it is good to check first f or t he obvious . Check to see i f 
molasses brix is lower due to overwa shing or underloadi ng ma chines 
withou t reducing s team and water. Next, check a l l centrifugal 
s cre e ns wi th a stroboscope. I f a prob l e m is not s potted , sample 
mo l a s ses from each centrifuge and chec k for brix a nd purity. Th is 
i n for mat i on wi ll tel l us i f a l l machines are produc ing higher 
purity mola sses or j ust one i s. I f one machine stand s out, usua l l y 
a badly worn scr een or similar c entrifuga l prob lem i s f ound . 

If t h e c a u se f or t he higher pur i ty is s till unknown and a 
quick rev iew o f t he pa n, c rysta llizer , a nd mixer data i s not 
r eve a l i ng , i t is good to de ter mine the true gree n at the 
centrifugal goos eneck. Th i s c a n be done wit h the c ompre ssed a ir 
press or by get t ing a s ample o f molasses from a factory cent ri fugal 
r u nn i ng without s team or wate r. You ne ed to wait s i x t o e i ght 
minutes f or t he molasses c hambe r t o f u l ly r e flect t he h i gh brix 
unwash ed mo lasses . Unwas hed mo l ass es i s typical l y close to 9 0 .0 
br ix . See Figu r e 8 . 

I f y ou pe riodic a l l y det ermi ne the washed and unwashed 
mo l asses, i t wi ll help determine whethe r a high purit y pr oble m can 
be sou r ced a t t he centri f ugals or direct you t o l ook upstr e am. 
Ev e n t houg h molass e s pur i t y var i e s up and down du e to pur ity 
profile dri f t , t h e diff e r ence between washed and unwashed mo las s es 
tends t o s t ay const a nt a t a given wash level . Figure 9 shows data 
collected at our f actory . 
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I l ike to use one centrifugal to help minimize sources of 
va r i at ion ; in this case it was #2 low r aw c e nt r i fugal. 

I f the washed - unwashed pu r ity di ffer e nt ial is less than 
typ i c al, the e l evated pur i t y problem i s more than like ly upstre am 
f rom the centrifugals. 

If pressed tru e green molasse s i s determined at the gooseneck, 
i t will run 1. 0 to 2.0 purity points lower t han the unwashed 
factory centrifugal molasses. I f the difference is greater than 
2.0, it often indicates the pre sence o f alot of s ugar crystals 
smaller than the centrifugal screen openings. Fewer undersized 
crystals will be pressed out with depth filtration a s compared to 
the very thin layer screening with the factory centrifugals. The 
probab ility of undersi z ed crystals finding their wa y to molasses is 
much greater with the t hin layer f actory c e ntrifuga l . Also, 
centr ifugals l ikely cause some c r ysta l breakage. 

Running a cent r i fuga l without stearn a nd water c a n provide 
other insightful informat ion. By i nspec ting t he unwashe d l ow raw 
s uga r, you can judge the pur gabi l i t y of the low raw f illmass. Easy 
to purge fillmasses wi l l y ie l d lighter c olored granular appea ring 
sugar bands on the centrifugal wall. Diff icult to purge f illmasses 
produce darker sugar without any granular appearance. In fact, 
with the most difficult to purge fillmasses, the low raw sugar 
purity will be very near to the feed f illmass pur ity. 

A quick check of a trial centrifugal s creen can be run by 
observing its unwashed operation versus that o f your currently used 
screen. If the open area is inadequate or the slots too narrow, 
the screen will not pass the molasses. Run the trial screen 
s evera l hours to break i t in before running the comparison. 

Working to r educe molasses purity c an be painstaking and at 
time s frustrating but it i s prof itable. Remember that a 1 .0 
reduction in molasses purity wil l r educe sugar lost to molasses by 
4%. 
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FIGURE I 


IYEl~ BEET SlIGAR FACTOBY EXTRACTION STATEMENT 

Per Cent on Sugar Entering 

White 	 Sugar Produced 82.0% 

Pulp Loss 	 2.0 

Lime Flume Loss 0.2 

Sewer 	 Loss 0.2 

Molasses Loss 13. 0 

W Unknown Loss 2.6 
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FIGURE 2 

Low Raw Process 
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FIGURE 3 

PUR ITY DROP COMPONENTS 

OVERALL PURITY DROP Puri ty Drop Pu ri ty Drop Pu r ity Rise Purity Rise 
Across LR Across Ac ross Across 

Pan Crysta ll izer MI xer Centri fugal 

FIGURE 4 
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FIGURE 7 


Mol asses PurIty vs Tlme In Low Raw CrystalIlzers
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FIGURE 8 

(No Water or Steam) 

Low Raw Fl1 Imass 

Unwashed Low Raw Sugar Unwashed Molasses 
(I\nnrox . <)0 RnS) 
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FIGURE 9 
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