Direct Filtration of First Carbonation Juice
HUGH G. ROUNDS AND ROBERT B. THOMPSON 1

Part I.
In recent years while studying the problems of carbonation and lime
salts control we have become increasingly concerned about the reduction in
juice quality and increase in color which occurs during the detention time
in the thickening and settling tank after the first carbonation.
As our measuring sticks of juice quality in this case we have used the
alkalinity and also the effective alkalinity of the juice entering and leaving
the thickener; the effective alkalinity will take into account any change in
lime salts as well as changes in alkalinity. Color changes were noted both
by visual comparison and optical density measurement by spectrophotometer.
While the amount by which the juice changes during the clarification
does vary, probably due to changes in beets, or carbonation, we have never
found it to be negligible. During the latter part of the 1950-51 campaign
at our Nampa, Idaho, factory, a straight house, we conducted approximately
fifty tests on first carbonation juice entering and leaving the thickener.
Detention time in this thickener is about one and one-half hours. The results
are summarized in Table 1.
Table 1.
First Carbonation
Juice

1

Alkalinity, % CaO
(Phenolphthalene
Neutrality)

To thickener
.069
From thickener
.059
Using a 10 brix sugar solution as standard.

Effective
Alkalinity

Optical
Density1

+ .001
— .019

1.0
1.2

T h e thickener cannot easily be replaced for it is an economical and
efficient means of separating the juice from the precipitates. Nevertheless,
we cannot hope to minimize our carbonation and lime salt problems while
suffering severe degradation in juice quality during clarification. For this
reason the Amalgamated Sugar Company, in cooperation with several manufacturers of filtering and separating equipment, investigated the feasibility
of using direct methods of clarifying first carbonation juice, where the use
of such methods would greatly reduce the time between the first and second
carbonation and yet be economically practical.
Tests were conducted using two different types of centrifugal separators
neither of which proved to be satisfactory for this particular purpose for the
following several reasons:
1. While the resulting clarified juice did show some slight improvement
in alkalinity and effective alkalinity, it was also turbid and accompanied by a great deal of foam. It is believed that this turbidity
developed from a partial redispersion of the fine particles in the
floe caused by the sudden application of large centrifugal forces and
agitation within the separator. T h e juice remained turbid even after
several repeated nitrations using a filter aid.
2. Each type of separator was equipped with sludge washing device,
but neither displayed evidence of being capable of reducing the
sugar content in the precipitate sludge to more than a slight degree.
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3. Certain individual design characteristics of each machine make their
use undependable and undesirable for this purpose.
A pilot model vacuum drum type filter was furnished by the Eimco
Corporation which was similar in most respects to those ordinarily used for
separating juice from thickener sludge. T h e original submergence was approximately 30 percent, and provision for washing both the filter cloth and
the lime cake was made. T h e filter was fed directly from the first carbonator.
T h e averages of the first group of tests run under these conditions are shown
in Table 2.

These results show that direct filtration caused very little degradation
of the juice. However, capacity was low and an excessive amount of water
was used in washing the cake resulting in an equivalent sugar loss of .08
percent on beets, which is itself too high. T h e filtrate clarity in most cases
was not good.
A top-feed was then installed on the filter. This allowed a portion of
the incoming juice to flow onto the filter cloth during the drying phase,
thereby increasing, in effect, the submergence to about 50 percent. T h e
averages summarizing the tests conducted with the top-feed in use are shown
in Table 3.
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These figures show again that the quality of juice from the filter was a
great improvement over the clarified juice from the thickener. Other factors
including capacity, wash water used, sugar remaining in the cake, and
clarity, all showed improvement, but the averages for these factors did not
reach what most of us would consider an economic level, unless a factor
representing the improvement in juice quality and color is applied. It
should be pointed out that in certain individual tests capacities as high as
one GPM/sq. ft. were attained; also that a sugar loss in the lime cake as low
as .02 percent on beets was obtained in one test using the average amount
of wash water.
T h e results of these tests have led us to the conclusion that the use of
direct filtration on first carbonation juice will provide us with a juice of
higher quality and less color than juice as clarified by the thickener; that, if
such filtration is accomplished by a vacuum drum type filter as was furnished
us by the Eimco Corporation, the possibility exists, though it will need
development, of reducing the sugar content in the lime cake to an economical
value in the single filtration; that if a capacity of one GPM/sq. ft. could be
maintained in such a filter the required area necessary would exceed slightly
the filter area now used in our installations for handling the thickener
settled lime. T h e improvement in juice quality and color alone is a temptation to return to direct filtration of first carbonation juice, as these should
reflect in a more efficient operation. Also, if the possibilities of this type
of filter can be developed, we might well have as efficient a method of
separation as is the thickener.
Part II.
Our purpose in this study was to investigate the possibility of filtering
a given product under a given set of conditions. I can rightly express and
defend opinions directly connected to the filtration of first carbonation juices.
As described by Mr. Rounds 3 , the mission of the Eimco Corporation was
to answer three questions: 1. Is it feasible to filter carbonation juice without thickening and so remove the lime and precipitated impurities from it?
2. What are the ways and means that the filtering rate can be increased, the
process simplified and made more attractive to the users? 3. What are the
principal items of design involved in such a filter installation?
To answer these questions we elected to use an Eimco continuous drum
type laboratory vacuum filter. T h e 18" diameter by 12" long drum with
all auxiliary equipment was mounted on a platform so that the unit was
self-contained and no variables from plant operation were introduced. With
control, then, of all variable factors except the feed consist our results can
be readily correlated to plant practice.
Experience has shown that results from the continuous laboratory filter
are exactly comparable to the results obtained in plant practice in all but
one respect. Washing efficiency on the laboratory filter is lower than on
the commercial sizes. This irregularity stems from the fact that there isn't
room enough on the small drum to apply as much wash water as the cake
will pass.
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So much then for the generalities surrounding this test work. Now to
get down to what we learned in the course of the investigation.
1. T h e direct nitration of first carbonation juice is practical. We found
that the average filtration rate can be expected to approximate 0.65 to 1.00
gallons per square foot per minute or more. Assume for a moment that we
are to filter a maximum of 650 gallons per minute. T h e n 650.00/0.65 = 1,000
square feet of filter area required. Two 11'6" x 14' filters have 1,008 square
feet of area. T h e area required for these filters would approximate that
required for a 25' tray thickener to handle the same quantity of juice. T h e
vertical height would be much less.
T h e cake thickness obtained was about 1/8 inch. This thin cake was
the result of the low percentage of solids in the feed, only 2 to 3 percent.
Actually the cake discharged rather well. Since moisture content of the
cake is not an important factor, cake washing can be continued almost to
the point of discharge.
Since the principal problem is to pass large volumes of juice through
the filter we raised the level of drum submergence. In this instance we feel
that a 50 percent submergence is desirable. This submergence is practicable
and is frequently used in the petroleum and chemical industries.
As to filter media we found no cloth more suitable than a 14 1/2 oz. cotton
twill. We tried nylons, vinyons, orlons, sarans, steel mesh and lighter cottons
down to 12 oz. twill. Cloth life is prolonged by use of a continuous cover
washing shower located just below the scraper blade. This continuous cover
washing lessens the necessity of frequently manually washing the filter cover
with acid solution. We found a practically constant decrease in filter rate
over an eight hour period and at the end of that period we washed the
filter blanket with a mild acid solution. T h e filter rate returned to its
original high level. As a result of this experience, we recommend that the
water supplied to the cover washing shower be treated with acid on a
periodic basis—perhaps 10 minutes out of each hour. In the presence of
a large amount of lime this small amount of acid will present no corrosion
problems except in the wash header pipe and its spray nozzles. This periodic
acid dosing will lessen or eliminate the constant drop in filtering rate
experienced in our test work, and result in a higher rate of filtration than
here reported.
Reduction of sugar content of the cake is accomplished by means of
cake washing. Spray pipes supplying fresh water are located above the drum.
These pipes may be located on about 15" centers. T h e sugar reduction will
be in proportion to the amount of water passed through the cake. If it is
desired to lessen the amount of water added, it can be done by counter
currenting the wash liquors over the filter surface. This counter currenting
can be accomplished through a three solution valve. Our experience indicates that about 95 percent of the sugar content of the cake is removed. Sugar
determinations on the lime cake indicate a loss of .04 percent of sugar on
beets.

T h e vacuum requirements for this system are relatively low. Not over
3 CFM per square foot of filter area need be supplied. At the Nampa plant
we found that 15" Hg. was the maximum vacuum we could sustain without
flashing. This flashing point is dependent on temperature and elevation. It
should be determined for individual installations. A barometric condenser
will control the flashings.
General Comments
Because of the high lime content of the pulp to be filtered extreme
liming conditions should be anticipated in interior piping in filter design.
This type of design has straight pipes connecting at right angles. A reamer
on a flexible cable can be run through the piping in a short time.
There are no corrosion difficulties involved in the problem and so carbon
steel construction except in the wash header will be suitable.
Temperature drop through the filter used at Nampa was 15° C. This
drop would be lessened by insulation of the filter tank, receiver, etc.
Let us sum up then the principal items of filter design and technique
which I have enumerated:
1. T h e filter rate may be expected to approximate .65 up to 1.0
gpm/sq. ft. or more.
2. Cake thickness will approximate 1/8" which will discharge well with
a scraper blade.
3. 50 percent submergence is desirable.
4. A 14 1/2 oz. cotton twill filter cover is suitable.
5. A continuous cover washing shower with periodic acid treatment is
desirable.
6. A barometric condenser is necessary to control flashing.
7. About 3 C.F.M. of vacuum capacity per square foot of filtering area
should be provided.
8. Filter design should provide for possible severe liming conditions.
9. Carbon steel may be used throughout except in the cover washing
shower pipe and its sprays. These should be of material resistant to
Hydrochloric acid.
10. Washing efficiences of about 95 percent to 98 percent can be obtained.

