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For the production of white su~ar from sugar beets, sugar 
must be separated from other soluble impurities in the factory 
juices. The ease with which this can be done, the ultimate yield 
of sugar, and th e cost of production are largely determined hy 
the amount and character of these impurities. J\:fost of the non­
sugars come from til e bee ts, but some are introduced with the 
water used for diffusion . All of the soluble impu.rilies in the 
battery supply water do not leave the diffuser in the juice, be-­
cause a portion diffuses into the pulp and is discarded at the 
tail of the diffuser. The extent of juice contamination is de­
pendent upon the quality of the diffusion supply water, the 
draft (9)2, and the equilibrium distribution of impurities bnween 
jUice and pulp (9). Th e contamination of juice by ash con­
stituents of the supply water has been estimated by various 
authors to amOUl1L to 33 to 50% of that present in the water 
(1,5,6), and water containing- 250 ppm of chloride is considered 
to be unsuitable for diffusion (1). 

The present study was undertaken to assess the ma?;nitude of 
the problem, and to devise a system to reduce th e contamination 
of the juice by ash constituents of the diffusion supply water. 
Consideration of the theoretical distribution of a soluble additive 
in a diffuser leads us to the belief that, since th e water used for 
diffusion usually is made up of two kinds, one of which is free 
of ash constituents, it sh ould he possible to alter the frClction 
of supply-water solids that are eliminated with the pulp. 

Experimental 
The diffuser used in these experiments is a labotatory 

Bruniche-Olsen continuous countercurrent diffuser (4). Beets 
were obtained from the \iVoodLmd factory of the Soreckels Sugar 
Company. They were washed and then stored in moist pine 
shavings at l ' C prior to use (4). Sodium was determined by 
use of a flamE' photometer attachment on a Beckman DC spectro­
photometer, and chloride by means of an Aminco automatic 
chloride titrator. 

For each test in the diffuser, ahout 200 pounds of beets were 
removed from storage and sliced into standard cossettes. then 
mixed in a plastic-lined cement mixer, in order to have a homo­
geneous supply during' the clay . Two runs were made in the 

1 ' .Vestern Regional Research Labor(lto!'v, vV eslcrn Utili za tion R esearch and Development 
Divi sion , Agricultural R esearch Service, U . S. Depa rtrn ent of Agri culture. Albany , Ca lifornia . 

2 Numbers in parenth eses refer to lite ra ture cited. 
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diffuser , the first to establish th e distribution of salt Irom the 
supply water betvveen pulp and juice, and the second to de­
termine the effect of: altered supply water management on this 
distribution . Feed rates to the di ffuser were 9.0 kg. of cossettes 
and 12 .0 liters of wa ter per hour. Product rates were 6.6 kg. of 
pulp and 12.6 liters of juice per hour. The draft was 140 and 
diffusion temperature 70° C , with a retention time of 57 minutes 
for beets and 27 minutes for juice. Measurements were made 
on grab samples of pulp and juice for sodium chloride, re­
fractometric solids, and pol arization sugar. 
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Fig'ure I.-Distribution of added chloride during normal operation. 

For the first run, L21, the diffuser was operated with di~tllJed 
water as the battery supply until the pulp and juice solids became 
constant, in order to establish a base concentration of sodium 
and chloride in the pulp and juice. The battery supply ,,'as then 
changed to 5% NaC l and diffusion continued without other 
changes. Fig'ure 1 shows the resulting distribution of chloride in 
the pulp and juice, expressed as a percenta~e of the chloride 
added , after subtraction of th e base concentrat ion of chloride 
introduced by the beets. Equilibrium concentrat ion of ch lorid e 
vvas reached in the pulp much more quickly than in the juice. 
Of more interest is the observation tha t although the chloride 
in th e pulp water reached essentially the sam e concentrat ion as 
that in the batt('ry suppJy , abou t 48% of the added chloride -was 
carried over into the juice, becau se th e battery suppl y volume 
was almost doubl e th e pulp wa ter volume. Countercurrent 
diffusion works very well in reverse. and pulp was shown to be 
an effici ent ('xtractOl o[ chloride ions , but the large excess of 
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water in the juice over water in the pulp permitted a great deal 
of salt to leave the process with the juice. 

One way to increase the removal of salt by the pulp is to 
decrease the draft, but this is not desirable beca use It would 
severely decrease the extent of sugar extraction. An al ternative 
is to split the battery supply into two streams, introducing one 
containing salt at the tail end, and the other containing no salt 
nearer the head end. This would give the desired low draft at 
the tail end, to favor diffusion of sa l t into the pu I p , and the 
desired high draft at the head end to favor diffusion of sugar out 
of the cossettes. Accordingly, a second run (L22) was made in 
the same way as Run L21, except t.hat the battery supply water 
was split into two streams. One haIt of th e battery supply was 
J% sodium chloride, introduced at the tail end, and the other 
half oL the battery supply was distilled water, introd uced through 
;t hole in the trough cover, 12 inches forward of the tail. The 
effective diffusion length of the apparatus is about 38 inches, 
therefore, the distilled water was introduced about one third of 
the length of the diffuser from the tail. The results of Run L22 
are shown in Figure 2. The flow rate of th e salt supply dropped 
aL 2.5 hours, but equilibrium was reached by 5 hours, as shown 
by the total recovery figure of 99.8% . Splitting th e battery 
supply into two streams resulted in a much more favorable dis­
tribution of salt between the pulp and th e juice. 

A comparison of Runs L21 and L22 is given in Table 1, 
in order to evaluate th e effect of the split stream. The amount 
of chloride in the juice at equilibrium is given as the difference 

.---- ---- ....,---------::::;000... 99.8 

86.5 
o 
w 
(.!) 

0:: 
<l 

:L 


°0 
~w 
00 


O
W
o<l 

-lL. 


~o 


° 
~~ 


20 Juic e 

2 :3 4 5 

TIME, HOURS 

Figure 2.-Distribution of added chloride using dual battery supply. 



I 

VOL. 12, No.3, OCTOBER 1962 241 

betvveen 100 and the pulp chloride. Figure 1 shows that the 
pulp chloride has reached a constant value, but that the juice 
concentration is still increasing slowly, and should be 48 70 at 
equilibrium. The material balance is as good on L22 as on L21 , 
so that the change in flow rate or salt during L22 apparently did 
not prevent equilibration. There was an increase in pulp sugar 
with the split stream under the conditions of this experiment. 
\Ve would expect that loss in a commercial battery would be 
less, because it would be possible to inlroduce the pure water 
at a point proportionally closer to the tail end of the battery, 
so that the desired high draft would hold for. a greater fraction 
of the total diffuser length. 

Table I.-Equilibrium distribution of NaCI introduced in hattery supply water. 

Single battery supply Dual hatte." supply 

Expt. L21 Expt. L22 


Pul p chl orid e, % of added 
Jui ce chloride , % of added 
rill I' sucrose . pol 
ci :Na ratio pulp 

juice 
Excess Na in pulp. g/kg 
Excess Na in pulp , Meq/kg 

52 
48' 
0.21 
I A9 
1.63 
0.95 

41 

86.5 
13.51 
0.32 
1.53 
2.34 
0.85 

37 

E:-;fitll~ tC(1 cquilihrium va lue. ~/reasured va lues w ere 44 .6 % fo r L21 and 13.3 fIn 1.22. 

The results for sodium are not quite the same as those for 
chloride. It is apparent that a disproportionate amount of sodium 
is carried out with the pulp in each case. The sodium deficit in 
the juice is more apparent in Run L22 where the CI :Na ratio 
is 2.34 instead of 1.54 as in NaC!. The total amount or sodium 
in excess of the chloride in the pulp is about the same in ('ach 
run. The explanation for this exchange capacity of the pulp is 
the presence of uronic acid polymers in the pulp (~ , 3,8) . V'Ve 
have found previously that the pulp solids are ahou·t 20% an· 
hydrouronic acid (a measure of uronic acid polymers), and 
approximately two thirds of the acid groups are free carboxyls 
(7). Since wet pulp is about 5 to 670 solids, this means there are 
about 37 to 45 milliequivalents (meq) of free acid per kilo of 
wet pulp. This would mean a total capacity for cation exchange 
amounting to 0.85 to 1.03 g Na/ kg wet pulp. This calculated 
value agrees with the observed exchange value, even though the 
excess sodium fig-ure is calculated from a small difference of 
rather large numbers. 

To verify this exchange capacity, a composite sample of pulp 
from the distilled water portion of Runs L2l and L22 was heated 
at 70 ° C for 30 minutes with an equal weight of waler containing 
CaCI ~ or NaC l. The calcium ion concentration was then 
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measured in th e supernatant. The results in Table 2 show that 
th ere was a cation exc hange in th e pulp and, furthermore, that 
sodium could displace the calcium that was already bound by 
the pulp. The total exch ange ca pacity of this pulp is estimated 
to be 47 meq/ kg of wet pulp (28.8 plus 17 .9). This is not a 
precise estimate for two reasons. First, it is quite possible t.hat 
a single ba tch eq uilibraticn with sod ium ion is not sufficient to 

displace all of the ca lcium hound by t.he polyuronide ca rhoxyl 
groups. Second , th e free carboxy l g roups of 28.8 meq / kg: shOVlin 
by th e more concentrated calcium solution could be hig'h, because 
some or the calcium may he bound as (CaC I t instead of 
Ca++ . These two effects are in oppos it.e direct ions and tend to 
cancel each other. The indica ted ca pacity is sufficient to explain 
the observed effect of: sodium exchange by th e pulp in th e diffuser. 

Table 2.-Exchallgc ca pacily of pulp . 

Sa lt added I Ca "+ exchange obsen'cd 
mcq / kg pnlp meq/ kg pulp 

Cae I, 70.6 28.8 adsorb( d 

eaCI , 21 I 14.2 aosorbecl 

"aCI 850.0 17.9 dcsorhed 

I Exhausted pulp hea ted :W JIlilllll CS at 70 ° C with equa l wei g ht of sa lt so lu tion. 

The theoretical distribution of a soluble additi ve In a 
diffuser has been studied by Stitt (9). Equations were developed 
predicting th e concentration of additive at any point in the 
diffuser in terms of th e number of cells, th e relative volume or 
Iiqu id in the juice and in the cossettes, the rate of movement 
of juice and beets, and the point in the diffuser where th e add itive 
is introduced . The present da ta have been compared with th e 
results predicted from tbese equations. One or th e assum ptions 
made in developing th e equations was that el, the ratio of juice 
volume to beet liquor volume, rema ined constant throughout 
the diffuser. This was no t true fo r these runs , for d was 1.92 at 
the tailor th e diffuser , and 1.55 a t th e head end. The explanation 
for this may be tha t when the beets are heated, th eir ca pacity for 
retention of juice is redu ced . This reduction of volume occurs 
simultaneousiy with diffusion. The reduction in volume is cal­
cul ated to be about 23 % beginning-to-end of the diffusion. T he 
water associated with the pul p was reduced from 18 .2 to 15.5 g 
cf \Va ter per gram of ma rc, a red uction of 15 %. T h us, it maybe 
seen that part of the reduction in volume is due to the loss of 
soluble solids from th e wa ter inside the beets. If it is assumed 
th at the volume ratio of 1.92 holds for th e portion of the d iffuse r 
where .active diffusion is occurring, th e number ' of theore t.ica l 
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cells calculated from the pulp sugar loss of 1. 2% is 5.6 cells. This 
leads to th e prediction for Run L21 th3t the pulp will remove 
51.5% of the added chloride while th e observed valu e was 52%. 

In the split stream experiment, the battery supply at th e tail 
end was 6 liters per hour of salt water, and th e pulp water volume 
was 6.24 liters per hour, so that d eq ua ls 0.96. Using this ratio, 
and 5.6 th eoretical ce lls, Lhe ca lculated fraction of chloride in 
the pulp is R1.1 % . The observed value is 86.5 % . The advantage 
of th e dual water supply scheme is that in order to achieve this 
elimination of chloride in th e pulp with a sing'le supply of water 
it would be necessary to reduce d to 0.96 for the entire length of 
th e diffuser, in whi ch case th e pulp sugar loss would be 16.2% 
instead of 1.9% , as found for Run L22 . 

In order to apply this system of water management to a factory 
diffuser, it is necessary to have two scurces of water, one contain­
ing salts and the other free of sa lts. Fortunate ly, this is the case 
in factories where th ere is no re turn of pulp press water , for 
some of the battery supply is mak e-up water from outside th e 
fa ctory, and the rest is condensa te from the evaporators. In this 
case , the make-up water would be added at the tai l of the battery, 
and the condensate some dis ta nce forward. The idea of using 
more than one stream of water into the diffuser can also be 
applied to the case of pulp press water return , but not in tbe 
same way. In this case, the press water contai ns some SUQ'ar wh ich 
can be saved, and th e object then is to Terlllce the amount of 
solu ble solids from th e water which wi ll be lost in th e pulp. To 
accomplish this, the pulp water is introduced ahead of the con­
densate water, at a pc int where the sugar is slightly hi gher in 
the cosse ttes than in the pulp water. In eith er case, th e applica­
tion wou ld consist of suppl ying two different sources of water 
at two points in the diffuser instead of mixing th em outside th e 
diffuser and supply ing the mixture at the tai l end. 

Summary 

It has been sh ow n that diffusi on water salts ca n be el iminated 
in th e sugar beet pulp by alter in,g th e method of introd ucing 
water to the diffuser. In a small continuous diffuser of 5.6 
theoretica l cells, the salt elimination in th e pulp is increased 
from 52 % to 86 % by supplying the water containing salt at th e 
tail end, disti ll ed water abou t one third of the way forward in 
the diffuser. The increased sugar loss in the pulp is ve ry small 
by this procedure. The resu lts were found to be in good agree­
ment with the theory developed by Stitt (9). Appli('ation of a 
similar system to the return of pulp press water in order to 
increase the amount of sugar in the juice is also discussed. 
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