Effects of Some Variables on First Carbonation
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A sugar beet processing laboratory (5) has been built at the
Western Regional Research Laboratory, Albany, California, as
a result of an agreement between the Beet Sugar Development
Foundation, Fort Collins, Colorado, and the U. S. Department
of Agriculture (2). A key unit of this processing laboratory is
a continuous, Dorr-type, model carbonator.

The purpose in building a model carbonator was to further
the study of the effects of beet composition on processing be-
havior. In order to do such experiments, the interdependence
of operating factors and the reproducibility of observation, sep-
arated from feed variability, must be known. The techniques of
operation and analysis needed development before elaborate ex-
periments were begun. For these reasons, a set of experiments
on storage of a large sample of diffusion juice was planned.

Diffusion juice was collected from a nearby factory with no
attempt at immediate cooling. This juice was stored in a 1° C.
room with toluene and chloroform preservatives. A marked
deterioration after 2 weeks was observed. A second lot of juice
was frozen and held at —15° C. The purity of freshly thawed
samples was constant during as much as 3 months of frozen stor-
age. Carbonation quality of thawed juice was very similar to
that of the fresh juice. Unfortunately, it was later found that
thin juice from the frozen stock had lost most of the protein
fraction of its colloids, as compared to thin juice from the fresh
diffusion juice.

A study of various means of holding unfrozen juice suggested
the procedure finally used. In this procedure 300 eallons of
diffusion juice from the Roberts battery at Holly Sugar Co.,
Alvarado, California, was collected and cooled within minutes
to 5° C. in a heat exchanger. Twelve p.p.m. of Terramycin and
40 p.p.m. of phenyl mercuric nitrate were added immediately.
The juice was held in drums in a 1° C. room until used. The
result was juice which showed no change during the 5-day periods
required for each series of experiments. A slight change was
observed between 2 replicates which were begun at 55 days and
75 days of juice age, respectively. This juice had been extracted
from beets harvested at the end of the Imperial Valley’s spring
campaign and was consequently low in purity.

! Western Utilization Research and Development Division, Agricultural Research Service,
U. S. Department of Agriculture.
2 Numbers in parentheses refer to literature cited.
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Figure 1.—Schematic of dorr carbonator.

Figure 2—Photo of carbonator.

The 3-gallon-pcr-hour model Dorr-type carbonator used is
shown schematically in Figure 1 and in a photograph, Figure 2.
This device is based on a development by R. A. McGinnis of
Spreckles Sugar Co. (8). The carbonation tanks and juice feed
are electrically heated. The temperature used throughout this
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e\'p(-‘riment was 807 €. Continnous records of temperatures were
kept, showing conwrol to be =05 €. The milk of lime used
was prepared from builder’s lime, slaked to 109, Ca0 and passed
through a wet colloid mill to obtain uniformity. The entire
litne system up to the point ol actual addition to the juice was
kept under a watersaturated nitrogen atmosphere to prevent
premature carbonation or dehydration. Pumps were slow mov-
ing, rubber impeller type with very gentle acuon. The rate of
recirculation between ranks was kept at 7 times the fecd rate.
Pure carbon dioxide was admitted into the juice-lime slurry
through the flaved open end of a wbe in the lming tank. CGas
How was controlled by a motor valve responding 'to a S-mode
pH controller. The controller was maodified so that sensitivity
of =0.01 unit was possible. The calomel-glass high-temperature
clectrodes were checked [requently 1n thermo-stated, stivred
buffer., Drilt toward lalsely high pH veadings, as rapid as 0.1
pH unit per hour, was dctccic(‘{, especially ar high pH. To avoid
this drift, both electrodes had to be dipped in strong acid
often as every 15 minutes during critical parts of the experiment,
Control of temperature to =0.39 (. at the pH cell was required
for meaninglul plH values. Alkalinity titrations were made at
S-minute intervals, using pH 8 as an end point,

The experiment was designed to include 4 levels of alkalinity:
0.07, 0.08, 0.11 and 0.149, CaQ: 2 levels of hime addition: 15
and 2.597 CaOQ based on beet weight; and 2 fevels of retention
time in carbonator: 20 and 40 minutes. A factorial experiment
involving the 16 conditions, repeated once, was used, with orders
of performance within each veplicate randomized separately.

Results are compared so as to show all main effects and simple
interactions with alkalinity. Other cffects are considered ervor.
Additional estimates of error were obtained where possible by
considering the variation in retenton time te be without effect.
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Figure 3.—=8edimentation vs. alkalinity.
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Sedimentation is shown in Figure 3 as a function of alka-
linity for the average of both levels of each of the other factors.
Sedimentation rates were calculated from the Dorr-Kynch test
(9), using 80° C. and an underflow ratio of 5.5 pounds of fluid
per pound solids. The curve shows the usual relation, but values
are low, due to the poor beet quality. The coefficient of varia-
tion for this test is 10 percent for equivalent conditions.
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Figure 4.—Tiltration vs. alkalinity.

Filtration rate versus alkalinity is shown in Figure 4. Filtra-
tion rate expresses the conductivity of unit thickness of flter
cake to flow of unit viscosity filtrate when measured at 70 C.
with a constant-pressure difference of 15 cm. Hg. Filtration rate
is defined by (6)

1 pws
a Pg

where Lis filtration rate, @ 1s viscosity, w is cake solids per unit

@

volume filtrate, P is pressure difference used, g is gravitation con-
stant, s is slope of curve of time divided by true filtrate volume
versus true filtrate volume. The apparatus used for filtration
measurement is similar to that described by Bernhardt (3). The
cake is sheltered from agitation of the slurry. The true filtrate
volume is the collected volume at any time plus the volume be-
tween the septum and the collector. Coefficient of variation of
filterability was 409, but some later data show improvement
to 209, when the septum is turned from the vertical to the hori-
zontal position with the chamber entrance up. The test appears
satisfactory with this modification.

Thin juice was prepared batchwise from samples of each
carbonation slurry. This was done by hot filtration followed by
heating to boiling temperature in a jacketed kettle; carbon dioxide
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was bubbled into the juice for 3 minutes followed by further
boiling for 5 minutes. After second filtration the resulting juice
was analyzed for purity, color, lime salts, total nitrogen, amino
nitrogen, ammonia nitrogen, and total anions.

Thin juice purity versus alkalinity is shown in Figure 5. The
effect is statistically significant, since the coefficient of variation
was 0.6%,, but the effect may apply only to this one juice.
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Figure 5—Purity vs. alkalinity.
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Figure 6.—Color vs. alkalinity.

Color versus alkalinity is shown in Figure 6. Color is given
as optical density of a 1 c¢cm. sample at pH 7 for this juice at
420 mu less optical density at 720 mu, corrected to 109, RDS.
The surprising result shown may arise from the low pH of the
carbonation slurries, which at .07 alkalinity was only 9.5. The
coefficient of variation for color was 89%,.

Lime salts versus alkalinity are shown in Figure 7. Determina-
tion was by versene titration. The result was not unusual (4).
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Figure 7.—Lime salts vs, alkalinity.

The coefficient of variation was 209, which suggests that some
important factor, such as time, was not under adequate control in
second carbonation or in subsequent analysis.

Total nitrogen by Kjeldahl versus alkalinity is shown in
Figure 8. This does not reflect the purity maximum found at
alkalinity 0.11. The coefficient of variation for total nitrogen

was 19.

3% Loss |-

=

w

3

2 oms -

=

=z

- 084 —

8

'_

o

" oes b
I | | L I i ! L
o7 .08 09 a0 A 12 a3 14

ALKALINITY

Figure 8.—Total N vs. alkalinity. )

Amino nitrogen found by Van Slyke manometric analysis
(7) on the thin juice follows the same trend as total nitrogen
and constitutes over 409, of the total. Ammonia nitrogen found
by MgO distillation (1) of the thin juice was independent of
treatment and represented 89 of the total nitrogen.

The effects of 1.59, and 2.59, lime rates and 20- and 40-min-
ute retention times are shown in Figure 9 together with all
significant intcractions with alkalinity. Values are not shown,
since they are peculiar to the diffusion juice used. The effect
of increased lime rate on sedimentation and filtration rates is
deemed favorable, since it more than compensates for the addi-
tional mud quantity. Increased lime, as expected, was generally
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Figure 9—Lime and time eifects.

favorable throughout. The effects of vetention time were gen-
erally nil, except for the adverse color increase with longer re-
rentions, especially at higher alkalinities. Purity was essentially
unaffected by either variable.

In summation, the trends with changes in alkalinity, lme rate,
and retention time are shown. Resules are anomalous for color
versus alkalinity. The dependability of lime salts from experi-
ment to experiment is low. Otherwise the technique used is
satisfactory and reproducible in its final form. It is suitable for
our study of beet composition effects on processing.
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