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Figure 28.

Material Balance.

Product

TIon Exclusion Process,

Purity 89 . 6 %

No. Columns to Process 100 T/D of Molasses = 6.674797
Columns to be used in Ion Exclusion = 7
/D of Molasses to be processed in 7

columns = 104,8721

Molasses Feed
T-Sugars: 4687 Lbs.
N-Sugars: 3729 Lbs,
Conc.: 39.1 ©Bx.
Purity: 55.7 %.

Residual Molasses
T-Sugars:
N-Sugars: 3225 Lbs
8.0 OBx,
Purity: 8.0 %

264 Lbs

Recycle

T-Sugars: 95 Lbs
N-Sugars: 3 Lbs
Conc.: 0.7 ©Bx,
Purity: 96.7 %.

Invert Product
T-Sugars: 4328 Lbs
N-Sugars: 501 Lbs
Conc.: 12,6 OBx,
Purity: 89.6 %.
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L/D ratio: 44,0

These conditions gave the highest value of the re-
sponce variable ﬂg, which we called product parameter
(Table XXVII).

For sizing the columns, it was assumed that feed in-
jections are made in such a way that the front-running
peak of a given injection just begins to catch the late
running peak of the previous one.

Without doing an exhaustive optimization procedure on
column s8izing, several columns were calculated for a given
input, namely, 280 FtB/Hr. of treated cane blackstrap
molasses. From the different columns calculated, one was
chosen that gave a "reasonable" practical cross sectional
area (feed distribution problems are well ¥nown in columns
with large cross sectional areas) and small number of
columns (initial and operational costs increase with the
number of units). A column size of 9.3 feet in diameter
by 8.0 feet high was selected. Seven columns of this size
will handle according to the calculations, the treated,
clarified molasses,

Hongisto (30, 31) gives the following figures for
desugarization of 150 Tons/Day of beet molasses. Numbers
in parenthesis were calculated from data given in the orig-
inal articles:

1. MolasBes of about 80 percent concentration
diluted to 30 to 40 percent dry substance.
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2, Ten columns: 270 cm. (8.86 Ft.) diameter.
300-600 cm., (9.8-19.6 Ft.) high.
3. Resin: 0.35-0.60 mm. ( 30-50 Mesh) particle size.
4, Flow Rate: 4-8 ma/hr. ( 140-280 Fts/Hr.).
5. Temperature: 65-90 °c,

6. Feed: 25-45 Kg. molasses of 30 to 40 % water so-
lution per cubic meter of resin ( 8.6 % BV).

As it can be seen, the calculated number and size of
the ion exclusion columns, along with the best operating
conditions determined from the present investigation, are
in close agreement with the figures given by Hongisto.

The main purﬁose of the commercial design was to ap-
proximately determine the size and number of the ion exclu-
sion columns, and the amount of chemicals needed to process
100 Tons/Day of cane blackstrap molasses of 81 ®°Bx. These
numbers, along with the evaporation rates, given in the ma-
terial balance, can then be used for feasibility studies.

The economics of the ion exclusion process is heavily
dependent on the price of the molasses, invert product, the
cogt of chemicals, and how the different fractions from the
ion exclusion columns are to be handled; namely, is it
better to produce a high purity invert fractiom, at a cost
of low recovery, or viceversa., Another important factor
affecting the economics of ‘the process is the dollar value
of the residual molasses, and this will much depend on its
composition.,

The evaporation cost incurred to concentrate the 4if-
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ferent streams of the process plays an important role on
the feasibility of the'ion exclusion process. More than
one evaporation scheme, with its associated costs, may be
used to accomplish this step, e.g., concentration by a
"straight" evaporation, or a combination of reverse osmosis
(RO} followed by evaporation, Reverse osmosis is particu-
larly suitable for concentrating dilufed and highly pure
sugar solutions.

Summarizing, the economics of the ion exclusion proc-
ess will mainly depend on the cost of the raw materials,
chemicals, evaporation, equipment and ion exchange resins,
on the amount and price of sugar recovered in the product,
and on the effective use of the desugarized fraction (by-
product from the ion exclusion separation). Either one of
these factors, or their combination, can make the process
economically feasible or not. The data presented in this
chapter would permit a preliminary cost estimate of a 100

T/D commercial unit to be made.



CHAPTER VIII
CONCLUSIONS AND RECOMMENDATIONS

Pretreatment Process

From the experimental results corresponding to the
pretreatment process, the following conclusions may be
offered:

1. The use of phosphoric acid gave much better re-
sults in relation to total hardness reduction, 80 to 90%
vs. 30 to 52% for the other mineral acids and invertase
used for inverting and clarifying the molasses.

2, Even though no color determinations were made on
the clarified molasses resulting from the different treat-
ments, the clarified molasses resulting from phosphoric
acid treatment appeared to be, to the naked eye, clearer
and brighter than the other ones.

3., The use of dilution water notably increased the
mud settling rate. Treated molasses which were not fur-
ther diluted showed a very slow mud settling or not set-
tling at all.

It has been reported in the literature the difficulty
to separate the precipitaté formed when treating even low
density blackstrap molasses with phosphoric acid and sodium
hydroxide or lime (precipitate of very fine texture); how-
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ever, the addition of water,jdilution water, to the chem-
ically treated molasses would make possible the use of
conventional separation techniques typically employed in
clarifying sugar solutions.

L, The addition of the type of flocculant commonly
used in the sugar industry does not affect either the re-
duction of calcium and magnesium from the treated molasses,
nor the rate of setitling of the precipitate.

None of the above findings has been reported in the

literature yet.

Ion Exclusion Separation

From the results of the experiments on ion exclusion,
the following conclusions may be drawn:

1. Through the use of a two factorial design, it was
possible to determine the effect of six variables, and
their interactions, on the efficiency of separation of
non-sugars from reducing sugars by ion exclusion.

2. The variables that had the strongest influence
were Feed % BV and resin percent of crosslinkage, % DVB.

3. It is possible by ion exclusion to obtain a high
purity reducing sugars product fraction of over 99% from

a feed material of about 55% of purity.

4. From the commercial design study, it was concluded

that seven columns of 9.25 ft. diameter by 8 ft. height

would be needed to process 100 Tons/bay of cane blackstrap

molasses. Depending on the product cut, a product fraction
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of 95.7 % purity (49 % recovery), or a product purity of
88.8 % (92.4 % recovery) would be obtained. The product
purity, or product recovery, can be changed by changing
the cutting points in the column effluent.

Finally, the "best" process as developed during the
course of this research is described in the following
paragraphs:

1. Dilution of the molasses from about 80 to 85

°Brix to about 40 to 45 OBrix,

2. Heat the diluted molasses to 210-212 °F,

3. Add phosphoric acid to take the molasses to pH
2.3 to 2.6,

4., Keep at this pH for about 35 to 40 minutes.

5. Neutralize the solution to pH 6.9 to 7.3.

6. Add hot deionized water, dilution water, to bring
the clarified molasses in the range of 25 to 30
®Brix,

7. Separate the precipitate by settling.

8. Concentrate the inverted clarified molasses to

38 to 43 °Brix.

9. Feed the molasses to the ion exclusion column in
an amount equivalent to 10 to 11 percent bed
volume.,

The following are the operating conditions for the

exclusion columns:

A, Temperature: 80 °,
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B. Flow rate: 1.8 ml/min.cmz.

C. Feed Volume: 10,8% Bed Volume,.

D. Resin Crosslinkage: 4%

E. Resin Particle Size: 50/100 Mesh.

F. L/D ratio: 44,0

From the practical point of view, however, the col-
umn length/column diameter ratio (I,/D) has to be notably
reduced. The column has to be long enough to give suffi-
cient residence time for the separation of non-sugars

from reducing sugars +to occur.

Recommendations for Future Work

Even though hundreds of laboratory experiments on
clarification and inversion of molasses were performed
during this research, it is recommended that future work
should be done on a pilot plant to have a better test of
the procedure outlined above. At this point, different
design of clarifiers should be used.

In the case of the separation step, the effect of the
operating variables and their interactions were clearly
determined; however, no attempt was made to determine the
individual adsorption isotherms and diffusion coefficients
for reducing sugars and non-sugars. This investigation is
recommended to be done with inverted cane blackstrap mo-
lasses as feed material. This recommendation is based on
the fact that molasses is a very complex mixture, and

that the results would represent the effect of any solute-
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solute interaction in the mixture.

Another area of future work is the one related to
"upgrading” the invert fraction obtained from the exclu-
sion columns. This might involve a complete demineral-
ization, e.g., by a mixed bed of ion exchange resins,
followed by decolorization to obtain a water white prod-
uct, if necessary. Decolorization can be done by using
activated carbon or ion exchange resins, Also; pilot
plant studies should be done on ion exclusion separation.
These studies would permit to check not only the labora~
tory results obtained from this research, but also the

figures obtained in the above commercial design.
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APPENDIX A

Total Hardness Determination. Titration Method.

Prior to the determination of total hardness, the
clarified molasses was diluted with deionized water to about
2,0 to 4.0 ®Brix, treated with a small amount of activated
carbon and heated to 145 °F, kept at this temperéture for
‘about 5 minutes, and let it cool to room temperature, after
which the molasses was filtered under vacuum using a 1.2
micron millipore filter.

Five milliliters of the filtered molasses was then
diluted to 50 ml. with deionized water for total hardness
(T.H.) determination. The titration method as given in the
BETZ handbook of Industrial Water Conditioning, p. 371-372
was followed.

An example of hardness content (as Caco3) calculation

is given below:

Data:

Filtered Molasses Concentration: 39.4 ®Brix.
Diluted Molasses Concentration: 1.4 ©®Brix (Dilution 1:30).
Volume Diluted Molasses for Analysis: 5 M1,
Hardness Titrating Solution: Ethylenediaminetetraacetic
Acid (EDTA) Solution, 3.723 g/1.
1 M1 EDTA Solution = 1 mg. CaC03 (From Previous Stan-
darizations)

M1 EDTA used during titration: 3.2
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Calculations:

A = Mg CaCo03 _ 3.2 _ 0.6l
M1l Diluted Molasses 5.0 '

B = g. CaCo3 = p = Dilution Factor _ 92
100 ml Molasses 10 '

¢ = g Ca003 _ B 1,63
100 g. Molasses sp.gr. at 39.4 OBrix ’

g. CaCo03
- 100 g. Molasses _ 100 * C
D 100 = 5. Solids OBTix

100 g. Molasses

= 4,14 % 7, H./%Brix,



APPENDIX B-1

General Approach for Calibration and Analysis of Samples
by High Pressure lLiquid Chromatography.

The  procedure for liquid chromatographic (LC) quan-
titation as given by the manufacturer of the equipment
was followed. This particular procedure required the use
of a Data Module. The Data Module is a microprocessor
based printer/plotter/integrator designed to give quanti-
tative information for high pressure liquid chromatography
(HPLC) applications.

Briefly, the procedure for analysis of samples
consisted of the following steps:

1. Input Set-up Parameters. To set date, time,
chart speed, plotting mode, pen-zeroing posi-
tions and LC mode.

2. Inject Standard. To obtain a chromatogram of
standard components and determine their reten-
tion times, and to check the integration para-
meters, peak width, noise rejection, area re-
jection, run time, and auto parameters, in
order to optimize peak detection, integration,

and run time analysis.
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3. Optimize Peak Integration. The peak integra-
tion parameters are optimized in order to get
an accurate and reproducible integration.

4, If necessary, change the integration parameters.
At this point, the standard is reinjected to
check the new integration parameters settings.

5. Input the Calibration Table. To input the in-
formation on peak type, retention time, and con-
centration of each peak.

6. Calculate the Response Factors. This calcu-
lation is done in calibration mode. Usually
more than five injections of standard are re-
quired to obtain a "good" average of the
response factor. The response factor, deter-
mined by the Data Module, is the relationship
between response and concentration for each

peak.

RF = Concentration of Component x 100
Area of Peak

7. Analyze Samples. The amount of each peak in
the sample is calculated and printed in hard
copy by the Data Module. The area of each
peak and the response factor calculated in the
calibration run are used for this calcuiation.

Prior to the start of calibration or analysis of

samples, the HPLC was run at the required temperature

and flow rate for about 60 to 90 minutes.



Preparation of Samples and Solvent: All samples to be

injected to the HPLC system were filtered under pressure
through a 0.45 micron millipore filter. For the case of
molasses samples, they were diluted to a range of 3 to 6
®Brix. For either calibration or analysis 10 microliters
of sample was injected to the column.

Distilled and deionized water filtered through a
0.45 micron millipore filter, containing a small amount
of Sodium Azide, was used as solvent for all the analysis
run during the present investigation.

As an example, the following Tables B1-I and Bil-II
show the results obtained from a calibration and analysis

of molasses respectively.
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TABLE Bi-I. HPLC Calibration
Standard: Dextran T-40: 10,0000 g/l.
Sucrose: 20,0000 g/1.
Glusose: 15.0000 g/1.
Fructose: 15.0000 g/1.
Grams/Liter
Dextran
T-40 . Sucrose Glucose Fructose
9.9134 19.7305 14,8614 14,9253
10,0322 19,9074 14,8558 15.0369
9.8301 19,7388 14,7672 15,0269
9.9766 19,8329 14,9267 14,7464
9.9373 19.8915 15,0665 14,8435
10,0165 20.0315 14,9660 15,0387 -
10.0014 19.9872 14.9276 15.2312
Avg: 9.9582 19.8743 14,9102 i4.9784
E %: +0.4180 +0.6285 +0, 5987 +0.1440
Where: E % = 100 x Cig = O3
Cis
Cis = Concentration of the i component
in the standard.
Ci = Concentration of the i component
given by the HPLC.
Sx = JSample Standard Deviation

= i("i“‘ X ) |
i=/ ,
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TABLE B1-II.

Avg:

HPIC Molasses Analysis

Grams/Liter

N-Sugars Sucrose R-Sugars
14.9196 1.1810 21.7046
15.0928 1.2030 21,8784
14,9247 1.3834 21,9862
15.1490 1.1592 21,7931
15,1635 1.2318 21,7691
15.2591 1.1916 21,7179
15,0848 1.2250 21,8082
0.1369 0.0812 0.1070
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APPENDIX B-2

Conversion of the Ion Exchange Resin to Sodium Form.

The ion exchange resin was converted to the sodium
form according to the procedure given in section 5. p. 52, of
the book Dowex::Ion Exchange, published by Dow Chemical Co.

Before conversion the resin was backwashed three
times, after which a solution of sodium chloride (10 percent
by weight) was injected to the botton of the column at a flow
rate of about 1.0 ml/min.cmz. The amount of sodium chloride
was calculated to give about 200 %4 the total resin capacity
(1.9 Meq/ml. wet resin).

After all the regenerant solution has passed through
the column, the resin was rinsed with deionized water until
the effluent gave no reaction to silver nitrate (Ag NO3).
After rinse, the resin was again backwashed three times,

Calculations to determine the amount of NaCl to be

used for regeneration:

Data:

Resin Capacity, 1.9 meq./ml.

Column Diameter: 1 inch.

Column Length: 43 inch.

Column Volume: 33.77 inch3.
H 553 ml.
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Calculations:
Total Meq. = 1.9 x 553 = 1052 Meq.
= 1,052 eq.
Theoretical Na+ = 1.052 eq. x 23 g. Na+/eq.
' = 24,180 g. Na+
2 x Theoretical Na+ = 24,18 x 2 = 48.36 g. Na+
NaCl Mol. Wt. = 58.44

Percent of Na+ in NaCl (23/58.44) x 100
39.36 %.

Amount of NaCl = "48,36/0,3936 = 122.87 g.



