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ABSTRACT

A continuous counter-current diffuser was
constructed in order to study the extraction of beet
sugar. A supply of California and Michigan beets was
acquired for experimental use.

A series of experiments was made to determine
the optimum operating temperature and diffusion water
rate of the continuous diffuser. On the basis of appar=
ent purity of the diffusion juice and recovery of beet
sugar, the optimum conditions were chosen to be 75°C and
1.0 pound water per pound beet.

The continuous process employing fresh cossettes
was compared to one employing chemically pretreated cos=
settes in a series of comparative experiments. In a series
of six tests, cossettes were treated with both calcium oxide
and aluminum sulfate in dosages of 0.05, 0,10, and 0.15%
by weight of beet. The normal continuous process compared
favorably to the calcium oxide pretreatment process in re-
gard to the apparent purity, color, and content of impurities
of diffusion juice, draft, and diffuser throughput. The
aluminum sulfate pretreatment process was considered to be
of value in view of the better coélor and less impurities
in the diffusion Jjuice.

The batch-wise diffusion battery process was com-
pared with the continuous process at the same operating
conditions, namely, 75°C and 1.0 pound water per pound beet.
The experimental results were not conclusive enough without
an economic study.
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OBJECTIVE

A study was made of the extraction of
beet sugar by means of a continuous counter-current
diffuser. It was also desired to make a preliminary
investigation on the effects of pretreatment of beet

cossettes with reagents to determine the acidity or
alkalinity on either side of neutrality.
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I. INTRODUCTION

The diffusion of a solute through a porous solid has in the past
been given considerable attention due to its important application in in-
dustries, such as the extractions of vegetable oils, beet sugar, and tannin.
As a basic research in this connection, Boucher and Brier* studied the ex-
traction of soybean oil from uniformly porous clay by use of perchloro ethylene,
With the data obtained by a semi-batch method which they developed, the ex-
traction process was found to be one of pure molecular diffusion. The diffu-
sion coefficients were substantially constant for any one temperature and
system, independent of liquid concentration. Further work was done by King,
Katz, and Brier** on the solvent extraction of soybean flakes. Although the
application of the simple diffusion theory to the extraction of oil from a
uniform porous inorganic solid was confirmed, it does not apply to the extrac-
tion data for the soybean flakes. The structure of the soybean flakes was
considered to be the cause of divergence from the theory. The semi-batch
extraction method, however, proved to be a very economic but efficient way
to establish the instantaneous diffusion rate data under prescribed conditions.

In the extraction of beet sugar, accordingly, divergence from the
simple molecular diffusion theory could also be expected in view of the non-
uniform structure of beet cells and the exposure of beet juice to solvent by
mechanical rupture of the slicing process. A basic study of any beet sugar
process should undoubtedly be made by the semi~batch method employed in pre-
vious investigations described above. Thus, the process can be evaluated on
the basis of instantaneous diffusion rate. In the continuous diffusion process,

the validity of continuous data can also be examined by the semi~batch data.

To comply with Contract No. A-1s-3346lU of the United States Depert-
ment of Agriculture, however, it was necessary to study the effects of tem-
perature and difflusion water rate on the apparent purity of diffusion Jjuice,

*D, F. Boucher, J. C. Brier, and J. C. Osburn, Trans. A.I.Ch.E., 38, 5,
967-993 (1942).

— v — —

(1944).
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draft, and recovery of sugar in a continuous counter=-current diffuser. Amount
of impurities in the diffusion juice was to be observed in the comparative
study between methods: the continuous, the continuous pretreatment, and the
batch methods. Calcium oxide and aluminum sulfate were to be employed in the
continuous chemical-pretreatment process. Experimental results in this re-
spect are therefore included in this report.

In the meantime, the primary interest of the authors—to study the
diffusion process of beet sugar ‘with semi-batch technique——was made possible
by financial support .of the Farmers and Manufacturers Beet Sugar Association.
Experimental work in this report was extended to establishi the instantaneous
diffusion rate of beet sugar by the semi-batch method, and the correlation be=-
tween the continuous and differential rate data. Results of this work will
be reported at e later date.

II. CONTINUOUS COUNTER-CURRENT DIFFUSER

A. DESIGN AND LAYOUT OF EQUIPMENT

The continuous counter=current diffuser was designed on the prin-
ciples that it would be similar in general features to commerciel units and
reasonably simple in construction. Furthermore, it would permit sampling
along its length in order that point-to-point data could be obtained. A survey
on the various types of'contindous—diffusersvshowed that a majority of these
designs employ the principle of screw conveyor to handle the transport of solid
through the solvent. These designs usually provide for the possibility of
lengthened time of detention for & small part of the solid in transport. 1In
the case of sugar-beet diffusion, this causes the bacterial attack on the
sugar juice as well as the equipment. To provide & positive movement for the
cossettes through the diffuser, thergfore, the flight conveyor design was
adopted. It was also decided to use brass as the construction material to
minimize possible occurrence of corrosion.

The @iffusion tube, .as shown in Figures 1 and 2, is in the shape of
a U-tube. Since it is rather difficult to fabricate & bend of uniform cir-
cular cross section, the diffusion tube was made square in its cross section,
1-1/2 x 1-1/2 inches. It was fabricated from 1/32-inch brass sheet in two
straight and one U-bend sections. These were flanged and bolted together.
A hopper was mounted on the right«hand end of the tube, for charging purposes.
A discharge plate was attached to the left end.

The diffusion tube is surrounded by sections of hot water jacket.
These sections were made so as to allow six openings of sampling lines along
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Figure 1. Assembly of continuous-diffusion equipment
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the diffusion tube. One~half-inch heavy-duty rubber tubes connect these
sections from one to another to complete the Jjacket water circuit.

The diffusion water inlet is located on the upper left section of the
diffusion tube, while the diffusion juice outlet is on the upper right section.
Seven 1/4<inch connections were made to the diffusion tube for insertion of
thermometers. All sampling lines, except the one at the bottom of the U-tube,
are made of l/8-inch brass tubing, .about l-5/h-inch in length. They are
connected by rubber tubes and closed up with clamps. The bottom sampling line
is a 1/2-inch connection which serves also as a drain.

The whole diffuser assembly was insulated to reduce heat loss.

The design of the drag chain conveyor is shown in Figure 3. It was
fabricated from brass with a screen plate attached to a 9/32-inch bar. The
effective length of each unit is 4 inches. The screen plate is 1-13/52-inches
square in its size, providing a total clearance of not more than 1/32-inch to
the diffusion tube wall. On each screen plate there are 32 evenly spaced
l/lG-inch,openings to permit the flow of diffusion water. The whole conveyor
consists of 45 chain units. For the purpose of operational convenience, the
chain units were numbered in the order of entering the diffusion tube.  The
number was engraved on the brass bar and can be easily identified.

A gear motor, an endless roller bushed chain, a reducing-gear set,
and a chain wheel were installed to drive the drag chain conveyor. The gear
motor is hidden by the diffusion-tube bend in Figure 1 and cannot be seen.

It has & 3/4-HP motor and a 36 to 1 gear set. The gear speed is 48 rpm. The
reducing gear is a worm-gear set made by the Boston Gear Works. It was placed
above the extraction apparatus together with the chain wheel. The chain wheel
sprocket was fabricated from aluminum, and its design is given in Figure k4.

It carries the drag chain conveyor in clockwise direction during operation.

Other accessory equipment are the diffusion water tank and the
Jjacket water tank. As can be seen in Figure 1, the diffusion water tank was
placed to the left above the diffuser, and the latter to the lower left. Both
tanks are equipped with electric heaters.

An inverted U-tube manometer was made to regulaté the diffusion
water. The manometer was placed to the upper left of the bench structure, as
can be seen in Figure 1.

A motor-driven centrifugal pump is available to circulate water from
the jacket water tank to the diffuser jackets.

A flow diagram of the continuous counter-current extraction is given
in Figure 5. Cossettes of known quantities are charged between the screen
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plates of the drag chain conveyor through the charge hopper. The cossettes,
carried by the conveyor, move along toward the discharge end, where the ex-
hausted pulp is discharged. The diffusion water enters the diffuser at A.
The flow meter allows adjustment of the required rate of diffusion water. The
diffusion juice is collected from the diffuser at B. The jacket water pump
withdraws water from the bottom of the jacket water tank and delivers it to
the upper right jacket of the diffuser. A part of the water leaving this
jacket is allowed to pass through the remaining 6 jackets. The rest of the
wvater is returned directly to the jacket water tank. This is done to reduce
the discharge pressure of the circulating pump and, in the meantime, bring
the entering cossettes and the surrounding juice to the required diffusion
temperature in a very short time.

A summery of the design data of the diffuser is given below.
1. Effective length of diffusion tube expected = 89.26 inches
2. Cross-sectional area of tube = 2.068 square inches

3. Volume of each conveyor "cell" unit = 0.616 cubic inches

4. Effective volume of diffusion tube = 166.46 cubic inches
= 2.73 liters

5. Speed of conveyor chain = 1.494 in./min
6. Time of diffusion = 59.7 min
7. Assumed filling = 55%

8. Capacity of diffuser = 1.614% kg/hr = 3.56 1b/hr

B. FPREPARATION OF COSSETTES

In order to work out the operating details of the equipment and
establish satisfactory technique, The Spreckels Sugar Company, San Francisco,
California, supplied five hundred pounds of sugar beets. The €alifornia beets,
packed in moist saw dust, arrived in excellent condition.

For the mejor portion of the work, Michigan beets were used. About
a ton and a half were supplied for the project by the Michigen Sugar Company
through the efforts and cooperation of the Farmers and Manufacturers Beet Sugar
Association. The beets were stored in a cold storage room at the University
of Michigan Food Service.
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To complete one experiment on continuous diffusion, from 20 to 25
beets were usually required. These were assorted from one large lot. The
abnormal beets or those damaged or unhealthy because of prolonged storage were
discarded. The sample of beets was washed with water at about 40°C to remove
adherent mud and sand and rinsed with cold water. The washed beets were then
kept in a refrigerator at 0°C. As a general rule, washing was usually done
10 hours before the experiment.

On the day of experiment, the beets were first cut to the same length
of 6 inches by cutting off the crowns and tails. Each beet was placed in the
beet cutter (Progress Report 4, page 4) and a number of incisions were made
in the direction perpendicular to the long axis of the beet and 1 inch apart.

A small portion at the bottom of the beet was left uncut so that after removal
from the cutter, the slices would be held together by the uncut portion. The
sliced beets were then fed into the slicer (Progress Report 4) and cut into V-
shaped cossettes.

When the required amount was prepared, the cossettes were transferred
to the cossettes mixer (Progress Report 4, page 5) and mixed for 5 minutes to
obtain a uniform average sample. About 1 pound of cossettes was usually taken
for the determination of sugar in cossettes. This sample was kept in a jar,
tightly stoppered,and left in the refrigerator. The remaining cossettes were
used for the diffusion experiment.

In the meantime, the slicing equipment was thoroughly cleaned
with water, steam, and compressed air.

The slicer knife used had 46 divisions in the 165-mm length. The
knife setting was the same in all experiments. The cossettes had a total
length of 22.402 meters 100 grams on two determinations.

C. PREPARATION OF CHARGE STOCK

As shown in the summary of diffuser design data, a filling of 55%
was assumed for the experimental purpose. Consequently, a charge stock of
61 grams of cossettes was required for each conveyor "cell" unit. The lots
of cossettes were weighed out immediately after slicing and mixing.

In order to minimize the evaporation and oxidation of cossettes,
.each lot of charge stock was wrapped with a sheet of aluminum foil. The
aluminum foil was 0.0065 in gauge and 8 x 12 inches in size. The wrapping
was done in the menner shown in Figure 6.

The wrapped lots of cossettes were put in the refrigerator for later
use.

10
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Vs 5N

(a) Weigh cossetts on a sheet of aluminum foil

(c) Fold again

(d) Double-fold both ends

Figure 6. Preparation of diffuser charge stock

11
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D. PREPARATION OF CHARGE STOCK FOR COMPARATIVE EXPERIMENTS

Since a complete experiment took on the average 20 man-hours to
accomplish, the comparative experiment and its accompanying control run were
always made on two consecutive days. A slightly different procedure for the
preparation of charge stock for these experiments was followed. This was to
assure that charge stocks of approximately equal properties were employed in
two experiments for comparison.

Referring to Figure T, each clean beet was first cut into two halves
along its long axis. The two parts were approximately symmetrical and of about
the same weight. The exposed surfaces were even and smooth.

One half of each beet was then wrapped up in aluminum foil in such
a way that the exposed surface was sealed as completely as possible. The
wrapping was done to minimize the evaporation and oxidation of the juice pre-
sent in the open cells. These halves were stored at 0°C for use on the next
day. -

The remaining halves were cut to the length of 6 inches by cutting
off the crowns and tails. They were again sliced in the direction perpendicu-
lar to the long axes of the beets. The bottom parts of the beets were left
uncut to keep the slices together.

After the incisions had been made, the beets were transferred to the
slicer flat side down and sliced into cossettes.

The steps of mixing, weighing, and wrapping of charge stocks were
the same as those previously described in Section C.

E. OPERATING PROCEDURES

1. The Continuous Diffusion Test.-~The operation of the continuous
diffuser requires the services of two men, one being responsible for the
charging of cossettes and discharging of pulp, and the other on the control
of diffusion water rate and temperatures, collecting samplés of Jjuice and
pulp, and meking Brix determinations during the progress of the experiment.

Three hours before the experiment was begun, the diffusion water
and jacket water tanks were filled with water and the electric heaters were
put into use. The diffusion water was introduced into the diffuser at pre-
determined rate. In the meantime, the jacket water pump was started to circu-
late the jacket water. By the time the cossettes were prepared, the tempera-
ture of water in the diffuser should have almost reached the desired level.
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The experiment was started when this temperature appeared to be constant for a
period of 15 minutes.

The drag chain was started and charging of cossettes begun. The
aluminum-foil-wrapped charges of 61 grams were opened and fed to the conveyor
section traveling at a rate of 1.494 inches per minute. This allowed almost
2.7 minutes for charging of fresh cossettes and removal of spent ones. Thus,
.ample time was provided and exposure of cossettes to atmospheric conditions
for prolonged periods was avoided.

Whenever possible, the experiment was always begun with conveyor unit
No. 1. This facilitated the counting of the total number of lots of cossettes
charged.

The diffusion Juice generally had a temperature of 55=-6T°C. The
average diffusion temperature, however, was controlled according to that in-
dicated by the thermometer 5.75 inches below the Jjuice outlet. It was found
out that, in most cases, the temperature drop from this point to the last
thermometer on the left leg was usually 1.5-2°C. Therefore, the temperature
at this point was always controlled to be 1-1.5°C above the required average
diffusion temperature.

The diffusion tube was 106.63 inches in length, approximately equiv-
alent to that of 26.6 conveyor units. That is, the first lot of exhausted
pulp would come out of the discharge end of the diffusion tube while the 2T7th
unit was charging.

In order to check the flow rate of diffusion water, the weights
of diffusion juice and pulp collected during a period of 10 units were de-
termined as the experiment proceeded. The collection of Jjuice was usually
begun with the 35th diffusion unit when it reached the level of overflowing
juice. This was continued until the 45th unit reached the same level. Thus
a sample juice of 10 units was obtained while 10 units of pulp were also
collected in the meantime. These samples were weighed and recorded. The flow
rate of diffusion water and draft could then be computed by a stmﬁle material
balance.

After 25 units of cossettes had been charged, refractometric Brix
readings were taken on the exit juice for every five units. When this reading
beceme reasonably constant over a period of 26-30 units, it was assumed that
steady state had been reached. At this time, a sample juice of 10-25 units
and one lot of pulp were taken for analysis. For experiments on the diffusion
data, juice samples were also withdrawn from the sampling tubes as quickly as
possible. The juice samples were taken in 4-inch screw-capped test tubes, 6
in all.

14
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The conveyor was continued until all the pulp had come out. The
diffusion tube was drained and thoroughly flushed with water for several hours.
Formaldehyde was used to prevent bacterial action.

2. The Chemical Pretreatment Test.--The operating procedures of a
chemical-pretreatment experiment differed from its control run only in the
method of charging cossettes. That is, before it was charged into the diffuser,
‘each lot of cossettes was mixed in & beaker with 5 ml of the solution of alumi-
num sulfate, or suspension of calcium oxide. The cossettes were mixed for
"about 2 minutes and then introduced into the diffuser. The amount of the
solution was sufficient to distribute uniformly on the surface of cossettes,
leaving no spare liquid in the mixer.

The solution (or suspension) was prepered in such a way that 5 ml of
it would contain the amount of chemical corresponding to 0.05, 0.10, or 0.15%
by weight of one lot of cossettes.

3. The Diffusion Battery Test.-The diffusion battery, as described
in Progress Report 3, was also employed for comparative studies. The same
operating procedures were followed in this work.

F. ANALYSIS

The analytical methods employed in this work may be summarized as
follows:

1. Sugar in Cosgettes.-The Sachs-Le Docte method was followed. Hot
digestion at 75-85° C was usually done before polarization. A correction for
the higher marc content of the beet was believed to be unnecessary because the
correction was smaller in value than the error introduced by the sensitivity
-of the saccharimeter.

2. Sugar in Exhausted Cossettes.--The hot Sachs~Le Docte method was
employed.

3. Brix of the Diffusion Juice.~The refractometric Brix of raw
Juice was obtained with a Baush and Lomb preéision sugar refractometer.

4. Sugar in Diffusion Juice.~-The sugar content of raw Jjuice was
determined by the method .of polarization. The method was described in Progress
Report 1.

2. Nitrogen Results on Nitrogen Determination.--These include
ammoniacal and organic nitrogen, but do not include nitrate nitrogen. The
determinations were made by the standerd Kjeldehl method.  For a better com-

15
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parison of results, the percentage of nitrogen was divided by the Brix number
-of the Jjuice to give percent’ nitrogen per 100 Brix.

6. Pectin.--Silin's method as described in Progress Report 3 was
used to determine the pectin content of the raw juice.

1. Color.=-The spectrophotometric transmittancy was employed as the
color scale of raw juice. The Juice was diluted to 10 Brix and analyzed with
a Cambridge spectrophotometer for its transmittancy. A wave length of 600
milimicrons and one inch tube were used in all analyses. Distilled water was
employed as reference solvent.

§. Sugar in Waste Water.-«For tests on the diffusion battery process,
the sugar loss in the waste water was determined in the following procedure.
One hundred ml of diffusion waste water was teken. This was mixed with some
drops of lead subacetate solution, filtered, and polarized in a 200-mm tube.
The reading was multiplied by 0.26 to obtain the percentage of sugar in the
waste water,

9. Aciditz.-The German official method was followed in the de-
termination of acidity of beet Juice.

G. DISCUSSION OF DATA

The results of all experiments carried out in this work are presented
in Table I. In the major part of the table, data of every two runs are grouped
together in order to distinguish that one of them was a comparative run and
the other a control run.

Referring to Table I, Column 2 gives the average diffusion tempera-
ture in each run. Column 3 denotes the flow rate of diffusion water, as ex-
pressed in pounds per pound of beet. Values of draft in percentage are given
in Column 4. As is the usual practice, the draft was defined as the percen-
tage of the weight of diffusion Juice divided by the weight of sugar beet
‘charged in the same period of time.

Columms 5, 6, T, and 8 give the results of various sugar analyses.

The apparent‘purity of diffusion Juice as given in Column 9 was de=-
fined as

percent sugar in Jjuice x 100
refractometric Brix of Juice

16
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TABLE I

SUMMARY OF EXPERIMENTAL RESULTS

1 2 b 3 L 5 © T k] 9 10 11 12
1ffusion Sugar in Sugar in
Run  Diffusion Sugar in Solid in . Sugar in Apparent Percent
No. Temp, °C 1b‘;;:°§;et Draft, % juice, $ Juice, % ?e::’::f; Pulp, $  Purity, % Recovery w‘:;_::ﬁ Remarks
3 kp) 1.00 109.5 12,32 13.61 13.77 0.27 90.5 98.3 Reproducibility test
L 75 0.983 109.2 12.13 13.38 13.66 0.29 90.5 98.16 Reproducibility test
7 5 1.123 120.3 Wk 12.72 13.9 0.23 89.7 98.58
8 70 1.075 113.1 10. T4 11.99 12.32 0.17 89.5 98.79 Control run
9 65 1.097 16.3 10.22 11.37 12,21 0.31 89.8 97.77
10 70 1.128 116.3 10.52 11.69 12.48 0.23 90.0 98.38 Control run
1n 7 0.995 111.8 11.63 13.06 13.39 0.38 8.0 97.53
12 T0 Unsuccessful run
13 80 1.105 109.5 13.18 14,54 15.01 0.5 90.65 96.82
14 70 12 13.6 12.77 13.47 15.08 0.58 9%.70 9.7 Control run
15 10 1.012 119.0 11.83 13.88 14.51 0.44 85.20 97.40 Control run
16 kil 1.005 17.3 12,20 13.62 14.76 0.45 89.60 97.39
17 70 1.039 11.3 11.95 13.60 14.80 0.50 87.80 97.11 Control run
18 65 1.042 113.8 12.76 %41 15.04 0.54 88.50 96.93
19 70 0.992 12k 12,58 13.99 14.93 0.58 89.9 97.07 Control run
20 80 0.993 109.2 13.0 14.36 14,78 0.58 90.5 96.63
21 5 0.922 103.0 14.65 16.31 15,74 0.65 89.70 96.58
22 70 0.889 102.5 14,37 16.15 15.46 0.72 88.75 96.05 Control run
23 65 0.870 102.5 14.63 15.9% 15.93 0.92 91.75 95.10
24 70 0.866 103.3 14.58 15.88 16.02 0.97 91.75 95.30 Control run
25 80 0.875 99.6 15.11 16.45 16.09 1.02 91.75 9k.62 )
26 70 0.888 103.6 14,67 15.91 16.27 1.07 92.05 k.43 Control run
27 65 1.211 128.0 11.76 12.91 15.53 0.38 91.0 97.98
28 70 1.187 125.5 12,09 13.26 15.56 0.46 91.15 97.49 Control run
29 ™ 1.193 125.0 12.60 13.77 15.97 0.22 91.50 98.84
30 0 1.205 129.6 12,19 13,51 16.07 0.27 90.20 98.58 Control run
31 80 1.184 127.0 12.k2 13.77 16.06 0.31 90.15 97.81
32 70 1.170 124.5 12.81 1%.12 16.39 0.kl 90.65 97.31 Control run
33 T 1172 123.5 11.93 13,15 15.72 0.37 90.65 98.02
3h il 0.983 m.l 13.43 14.69 15.49 0.57 91.27 96.87 Control run
35 (vl 1.09% 120.7 12.85 14,10 15.91 0.46 91.10 97.56
36 kp] 1.004 3.2 14.10 15.20 16.48 0.53 92.70 97.30 Control run
37 5 0.916 102.0 14.80 16.27 15.95 0.85 90.90 95.92
38 5 1.023 1k.2 13.79 15.27 16.31 0.57 90.25 97.06 Control run
39 T 0.796 94,25 16.11 17.89 16.38 1.17 90.10 93.94
) 75 1.012 110.8 14.20 15.81 16.30 0.57 8.7 97.06 Control run
41 ko] 0.9885 k.7 14,13 15.79 16.87 0.68 89.50 96.63 Control run
42 p) 1.00 45.3 1%.92 16.39 16.83 k.93 91.0 Th.38 0.15% Cs0
43 ™ 1.009 204.5 13.17 14.95 16.08 0.58 88.0 9.9 0.05% Ca0
bk 75 0.983 107.2 JURAN 15.75 15.98 0.51 91.70 97.30 Control run
ks 75 1.005 108.6 .58 15.86 16.38 0.58 91.65 97.04 Control run
ko] 0.995 15.3 13.15 14,54 16.11 0.69 90.40 96.48 0.2k Batch process
47 5 1.001 12.2 14,37 15.59 16.69 0.59 92.15 97.0k4 Control run
w8 ib) 1.080 9%8.7 13.87  15.26 16.59 0.59 9.35 97.02 0.1% Al2(804),
['t] (¢} 0.993 0.7 13.86 14.97 16.08 0.73 92.6 96.16 Control run
50 ™ 1.004 15.7 13.70 14.82 16.92 0.79 92.4 96.09 0.26 Batch process
51 k] 0.980 114.3 pUISLY 15.50 16.65 0.50 91.20 97.47 Control run
2 75 (1.00) 0.15% Al2(804)g
Unsuccessful run
53 5 0.9815 9.3 13.25 1417 16.23 1.18 93.50 93.84 0.05% Al2(S04)y
il 0.982 108.9 14.16 15.39 16.11 0.7 92.05 96.28 Control run
55 (p) 1.023 105.9 13.95 15.40 16.12 0.97 90.55 9,90 0.1% Ca0
56 70 0.99% 108.5 .17 15.33 16.13 0.TL 92.30 96.24 Diffusion data test
57 70 1.057 112.3 13.9% 15.35 16.13 0.46 90.75 97.57 Diffusion data test
0 1.221 127.0 13.32 14,54 16.13 0.32 91.5 98.31 Diffusion date test
59 65 1.007 110.8 13.97 15.31 16,14 0.67 91.2 96.49 Diffusion data test
60 65 1.119 114.3 13.66 15.05 16.14 0.51 90.72 97.33 Diffusion date test
61 65 1.192 124.5 12.87  1h.2h 16.14 0.32 90.25 98.33 Diffusion|data test
62 8o 0.978 110.6 14.69 16.14 16.81 0.56 91.0 97.21 Diffusion data test
63 80 1.132 117.8 14.05 15.48 16.81 0.43 90.7 97.86 Diffusion data test
68 k) 1.00 15.3 13.33 14.48 16.38 0.79 92.0 95.94 0.26 Batch process
69 (o] 1.017 110.2 14,20 15.54 16.13 0.49 91.3 97. 44 Diffusion date test
70 75 1.113 115.6 13.64 15.21 16.13 0.39 89.7 97.90 Diffusion data test
T 75 1.203 124.3 13.59 15.18 16.13 0.34 89.6 98.23 Diffusion date test
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Column 10 gives the percentage of recovery of sugar, which was de=-
fined by the following approximate equation

Co, = percent sugar in fresh cossettes
Cs = percent sugar in exhausted pulp
Co - Ce
Percent 1-C l-C Cell = C
- O~C £ - 3 £( Q)
Recovery 0 Coll - Cp)
l-CO

Column 11 gives the sugar-loss in diffusion waste water for tests on
diffusion battery.

Two test runs, of which the results are not included in Table I, were
made to "tune up" the equipment -and to schedule out the operating procedures.
It was found that, under full load of the conveyor, the mechanical friction
loss could just be overcome by the driving system. A fluid level gradient of
2-3 .inches was required for the diffusion water to flow through the bed of
cossettes. This was less than the expected megnitude due to fluid friction,
calculated on the basis of a Reynolds number of 20.

As far as the raw material is concerned, the California beets were
used in Runs 3«11, and Michigan beets in all the other experiments.

. The discussion of experimental date may now be made according to the
classification of experiments as below.

1. Reproducibility Tests.~~In order to determine the reproducibility
of the diffusion experiments, Runs 3 and 4 were made on two consecutive days.
The procedures of preparing raw material as described in Section D were fol-
lowed. The diffusion temperature and flow rate of diffusion water in both runs
were kept as much the same as possible. Since a close reproducibility was
attained, it was decided to proceed on the effects of temperature, diffusion
water rate, and chemical pretreatment.

2. Effect of Temperature.--The experimental results on the effect
of diffusion temperature were rearranged and tabulated in Table II for clarity.
| The levels of diffusion temperature were made to be 65, TO, 75, and 80°C. The
flow rates of water were taken to be 0.9, 1.0, 1.1,.and 1.2 pounds per pound
of beet. Since the effect of temperature was to be studied, TO°C was chosen as
the control temperature. In each group of experiments, a comparative run was
made at 65, 75, or 80°C and a certain flow rate of water. A control run was
then conducted at T0°C and the same flow rate. Values of apparent purity of
the diffusion Juice in both runs were compared as a criterion of the effect of

18
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TABLE II
EFFECT OF TEMPERATURE ON APPARENT PURITY OF DIFFUSION JUICE

Control Temperature: TO°C

Diffusion ' Relative
Water, gzzgusign gg? gﬁiii;nﬁ% . Apparent Remarks
1b/1b Beet ’ , o Purity
0.90 65 23 91.75 1.0
0.90 T0 2k 91.75 1.0 Control run
0.90 75 21 89.70 1.0107
0.90 T0 22 88.75 1.0 Control run
0.90 80 25 9L.75 0.996T4
0.90 70 26 92.05 1.0 Control run
1.00 65 18 88.50 1.0080
1.00 T0 17 - 87.80 1.0 Control run
1.00 o) 16 - 89.60 1.0516
1.00 70 15 85.20 1.0 Control run
1.00 80 20 90.5 1.0067
1.00 T0 19 89.9 1.0 Control run
1.10 65 9 89.8 0.9978
1.10 TO 10 90.0 1.0 Control run
1.10 ) 7 89.7 1.0022
1.10 70 8 89.5 1.0 Control run
1.10 80 13 90.65 0.9572
1.10 70 1k ob.T 1.0 Control run
1.20 65 27 91.0 0.9984
1.20 70 28 91.15 1.0 Control run
1.20 () 29 91.5 1.01kk
1.20 70 30 90.2 1.0 Control run
1.20 8o 31 90.15 0.9945
1.20 T0 32 90.65 1.0 Control run

19
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temperature. For the purpose of correlation, the relative purity of diffusion
Juice of a comparative run was defined as:

apparent purity of comparative run
apparent purity of control run

A plot of relative purity as & function of diffusion temperature was given in
Figure 8.

On the basis of relative purity of Jjuice, a conclusion may be drawn
that the highest apparent purity wes atteained at 'a diffusion temperature of
T5°C. The effect of flow rate of diffusion water, however, cannot be ration
-ally shown in Figure 8, gince different raw materials were employed among the
groups of experiments. Therefore, & cross correlation was not attempted.

As another effect of the diffusion temperature, the percentage of
recovery of sugar increased with increesing temperature.

3. .Effect of Diffusion Water Rate.w-As a result of the experiments
on the effect of temperature, 7T5°C was taken a8 the optimum diffusion tempersa~
ture. Hence, all experiments were carried out at T5°C in this part of the
experimental work. A flow rate of 1.0 pound per pound of beet was taken as
the control value. In the four groups of experiments given in Table III, the
flow rate varied from 0.8 to 1.2 pounds per pound. Applying the criterion of
relative purity, it could be seen that the apparent purity of diffusion juice
increased with decreasing flow rate. -On the other hand, a general plot of
percent recovery vs flow rate was mede in Figure 9. - It showed the increasing
trend of percent recovery with the flow rate of diffusion water. As a com-
promise, & flow rate of 1.0 pound per pound of beet was chosen to be the
optimm value.

At this point, the characteristic operating conditions of this
continuous diffuser may be concluded to be T5°C and 1.0 pound per pound of
water to beet.

4. Effect of Chemical Pretrestment.--All the experiments in this
part were made at T5° C and 1.0 pound per pound of water to beet, according to
the results obtained in previous experiments. The dosages of calcium oxide
and sluminum sulfate, as described in Section E2, were 0.05, 0.10, and 0.15%

by weight of cossettes charged. The experimental results are summarized in
Table IV.

On the addition of calcium oxide, the cossettes turned dark green in
color immediately. Such coloration, however, was not observed in case of pre-
treatment with aluminum sulfate.
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TABLE IIT
EFFECT OF WATER RATE ON APPARENT PURITY OF DIFFUSION JUICE

' Control Rate of Diffusion Water: 1.0 1b/lb of Beet

Diffusion Relative
 Water, gz;usign ggn glgz:;nt% Apparent Remarks
1b/1b Beet il N ’ Purity
0.80 ™ 39 90.1 1.00%9
1.00 ¥} 40 89.75 1.0 Control run
0.90 5 37 90.9 1.0072
1.00 75 38 90,25 1.0 Control run
1.10 ¥} 35 91.1 0.9827
1.00 (5] 36 92.7 1.0 Control run
1.30 ™ 33 90.65 0.9932
1.00 Ne) 34 91.27 1.0 Control run

An apparent swelling of cossettes as a result .of chemical pretreat«
ment was also observed. In normal operations of continuous diffusion, the
exhausted cossettes in one lot usually occupied an spparent volume of about
65=70% of & conveyor cell unit. Flow resistance to the diffusion water under
such condition, as described in previous section, was readily overcome by a
fluid level of 2-3 inches. In case of chemical pretreatment with aluminum
sulfate and calcium oxide, the apparent volume of exhausted cossettes in one
lot was estimated to be 75&78% of each conveyor unit on low dosages. A fluid
level of 6-8 inches was required to overcome the increased friction due to
the swelling of cossettes at a dosage of 0.10%. Thus, back flow of diffusion
water to the discharge end of the diffuser was caused at still higher friction
drop. In Rum 53, for example, the level gradient required was over 1O inches
so the duration of extraction had to be cut ‘down. The diffusion juice was
taken from the sampling tap, 5-3/L inches below the normal outlet. Total
diffusion time was about 50.2 minutes in this run as compared to 59.25 minutes
in normal runs. The accompanying control run, Run 54, was shortened in the
same manner. '

In Run 42, in which 0.15% of calcium oxide was added, the back flow
of diffusion water resulted in a very low draft and poor ‘recovery of sugar.
Also, in Run 52, a pretreatment run with 0.15% of aluminum sulfate, the flow
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of diffusion water was completely out of control due to high friction drop
through the cossettes. No result was obtained on two unsuccessful runs.

The high friction drop and consequent low draft attained in all the
pretreatment experiments may of course be attributed to the plasto-elastic
nature of the sugar beets. That is, they are elastic at low dosage of chem-
icals, and deformable at high load.

In order to make a comparison between the normal continuous and
chemical-pretreatment operations, the following items are checked between the
comparative and control runs: recovery of sugar, apparent purity, nitrogen,
pectin, and color of the juice.

In case of pretreatment with calcium oxide, lower draft, lower re-
covery of sugar, and lower purity of Juice resulted. The nitrogen content,
for Runs 43 and 45, compares favorably with that of control runs. Increased
dissolution of colloids, as shown by the pectin content, was observed. The
color of the julce was very poor, possibly due to the coloration of cossettes
upon pretreatment.

The pretreatment of beet with aluminum sulfate also gave lower draft
and lower recovery of sugar. At a dosage of 0.05%, however, the purity of
Juice was better than that of the control run. The juice obtained in the pre-
treatment runs contained less impurities and was in much better color.

Evidently, the swelling effect of cossettes in all cases of chemical
pretreatment can be interpreted to cut down the processing capacity of the
diffuser.

5. Diffusion Battery Tests.-—Results of the comparative experiments
on the continuous diffuser and the diffusion battery were included in Table IV.
All experiments were set at T5°C and 1.0 pound per pound of water to beet.

The batch process gave higher draft, lower recovery, and lower
purity of juice than the continucus process. Content of impurities, as far
as nitrogen and pectin are concerned, was in the same order of magnitude in
both processes. The batch process yielded julce of better color than the
continuous process, however. '

~6. Diffusion Rate Tests.--The final part of Table I consists of a
number of experiments, Runs 56Tl except 68, which were carried out for the
correlation of diffusion rate data. The experiments in each group were made
in one day by keeping the diffusion temperature constant and merely changing
the flow rate of diffusion water. At the time of steady state in each rum,
seven Juice samples were taken along the diffusion tube. The obtained data
then enabled the calculation of instantaneous diffusion rate in the continuous
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diffuser. The diffusion data, being beyond the scope of this report, are not
included. The data presented in Teble I, however, could serve to confirm the
effects of temperature and flow rate ratio on the purity and percent recovery.

H. BACTERIAL EFFECT

As a check on the bacterial effect in the diffuser, if any, a plot
of Pp of diffusion Juice vs distance along the diffusion tube was prepared in
Figure 10. Data on cammercial units, given in "Beet-Sugar Technology" (edited
by McGinnis), were transcribed and included in the figure to serve as a basis
of comparison. Although there was an abrupt change in Pg near the water inlet
due to the high alkalinity of industrial water, it is safe to conclude that no
serious bacterial attack in the diffuser occurred. Consequently, the function
‘of the chain conveyor proved to be rather satisfactory and efficient.

IIT. CONCLUSIONS

1. In view of the apparent purity of raw diffusion juice and the percentage
of recovery of sugar as attained by the continuous counter-current dif-
fuser, the optimm diffusion temperature at various water rate was found
to be T5°C.

2. The optimm flow rate of diffusion water was taken to be 1.0 percent per
‘pound of beet. '

3. The apparent purity of raw diffusion juice from the continuous counter-
current diffuser fell within the range of 89-92% which is exceedingly good.

4. The raw juice from the continuous diffuser contained from 10 to 15% sugar,
depending on the flow rate of diffusion water.

5. The sugar content of exhausted cossettes ranged from 0.17 to 1.17%.

6. The pretreatment of sugar beet cossettes by calcium oxide and aluminum
sulfate resulted in a marked swelling effect of the cossettes.

T. This swelling effect cut down the processing capacity of the continuous
- diffuser substantially.

8. While the swelling effect of the chemical«pretreatment process increased
with the dosage, the maximum amount of aluminum sulfate or calcium oxide
added was 0.10% by weight -of beet for this continuous diffuser.
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Figure 10. Effect of bacterial attack
Curve A, continuous diffuser data; curve B, transcribed diffusion battery data;

curve C, transcribed diffusion battery data, showing effect of bacterial
attack '
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pretreatment with aluminum sulfate. However, the pretreatment process

Lower draft, lower recovery of suger, and poorer apperent purity of raw
Juice were observed in all pretreatment experiments with calcium oxide

in comparison to the normal continuous process. The diffusion juice from
the pretreatment process was of much poorer color. ‘

Lower draft and poorer recovery of sugar Were also observed in case of
yielded diffusion juice containing less impurities and having better .color.

The control of Py below 5.0 in the diffuser, in view of the purity, content
of impurities, and color of juice from the pretreatment process with
aluminum sulfate, is worth further investigation. The swelling effect

on the cossettes may be avoided by operating at low temperature or adding
aluminum sulfate directly to the diffuser at some intermediaste location.

The continuous process compared favorsbly with the batch process in regard
to draft, recovery of sugar, and apparent purity of raw juice. The batch
process, however, yielded juice of better color. A conclusive comparison
between the continuous and batch processes cannot be made until an
economic study as to the initial and operating costs is made.
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