lon Exchange Process for Beet Sugar Refining
[1. Purification of Sugar Solutions
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From an economic point of view, it would be of mnterest to
the beet sugar industry to purily, between campaigns, by-products
which are stable to storage. The exploitation of ion exchange
installations to be used for this purpose, can be spread over 12
months instead of two or three months as [or m\raHauom which
treat beet juice only during the campaign.,

A process has been studied which cemploys ion exchange
resins for the purification of molasses inexpensively. During the
sugar campaign, this process is able to treat, instead ol molasses,
the mother liquor ol {}(0 purity which comes Irom rhe centri-
fugation of the hrst product which, in the Furopean system,
roughly resembles low-machine syrup in the U, S, beet industry.
The mother liquor so treated has the same purity and density
charactevistics as a delecated thin juice before evapor: ation. Thus,
during the campaign, the sugar factory could produce only first
product raw sugar, climinating most of the concentration, cen-
rrifugation, and conditioning stages ol the low-grade products,

The so-called Assalini “B” Process involves only a partial re-
moval of mineral salts and organic non-sugars from molasses by
means of a rather novel ion exchange technique. A brief deserip-
tion ol the operational method is as Tollows:

The molasses from the conventional process is diluted with
an equal volume of certain [ractions ol the efftuents from the “B”
Process which are called “recycles.” These recycles have a Brix
of 10 or higher and a sugar content of 5 to 69, Thisdilution is
necessary both to decrease the viscosity ol the molasses and tacili-
tate its passage through the rvesin bed and to obtain a concentra-
tion of non-sugars sufficientl v low to facilitate their separation
tfrom the sucrose in the ion exchange process. All of the solutions
arc al room temperature.

The installation consists of two columns and the flow pattern
is shown in Figure 1. The first contains a porous anion ex-
changer such as Amberlite TRA-401S and the other a cationic
resin such as Amberlite XE-200, a strongly acidic, porous cation
exchanger in the 30-50 mesh partic le size vange. DBoth columns
contain the same guantity of resin. Taking rhc resin volume of
each column as 100, the following s<>lut1<m>, are chavged:
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Figure l—Assalini "B" process.

Amberlite IRA-G1S Influents

resin volume of dijuted molasses
restn. volume of water to displace the sucrose lrom

resinn volume of 59

sodium hydroxide solution

3

resin volume of water to wash the caustic from the

In all, for cach cycle, there is charged a total volume equal o
18097 of the resin volume.

I
20 /o
o7
809,

NG e

resin

f

[

.4. 689,
TEsn

resin
resin

resin
resin

Awmberlite NE-200 Inftuents
volume of the diluted molasses
volume of water to displace sucrose from the

volume ol 109 sulfuric acid solution
volume ol water to wash the acid from the

Again, the charge of liquid cquals 180Y%, of the resin volume.

The effluents are taken off in different fractions as follows:
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Table l.—Amberlite IRA-4015 Effluents.

st Fraction: 679, resin volume contains non-sugars and a little sucrose,

2nd Fraction: 109, resin volume which rvepresents the recvele which is mixed with the cationic
column recvele for the dilution of molasses for the next cvcle.

Jrd Fraction: 709 resin volume., This contains the purified sucrose liquor which, after mix-
ing with the purified effluent from the cationic resin, goes to evaporation.

spent rvegenerants and a little

4th Fraction: 3389, resin volume, This contains non-suga
sucrose.

The average chemical analyses of these effluents are shown
in Figure 2.
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Figure 2.—Typical effluent pattern for anion exchange bed, Assalini
“B"” Process. 2

Table 2.—Amberlite XE-200 Effluents.

Ist Fraction: 409 resin volume containing a little non-sugar and traces of sucrose,

2nd Fraction: 449 resin volume representing the purified portion. This is mixed with Frac-
tion § of the anionic effluent and is evaporated to produce refined sugar.

drd Fraction: 109, resin volume. "This is the recycle which, when mixed with Fraction 2 of
the anionic column, is used for the dilution of the molasses.

4th Fraction: 869, resin volume containing non-sugars, spent regenerant, and a little sucrose.
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Figure 3—Typical cffluent pattern for cation exchange bed, Assalini

“B” process. Product fraction: upper curve—sucrose; lower curve—mnon-sugars.

The average chemical analysis of these effluents are shown in
Figure 3.

Fractions No. 1 and 4 [rom both the anion and cation
columns are sent to waste since they contain the displaced water,
little sucrose and a great deal of the non-sugars present in the
molasses.  Addiuonally, they contain the various spent reagents
which have heen introduced into the columns such as caustic

and sulfuric acid.

The average composition of these liquors is summarized in

Tables 3 and 4.
Table $

These values ave reported on a solids bases.
gives the over-all effect of the “B” process on the final

product,
Table 3.~Average Analvsis of Assalini “B” Process Liguors.

Original Thick Evaporated Raw « Residual
Component Molasses Syrup Massecuite Sugar Aolasses
Sucrose-polarimeter corrected 51.00 47.14 74,52 8G.57 5313
Sucrose—true 2221 43.81 72.66 87,77 .44
Peveentage solids. refvactivity 321 39.88 92,79 97.47 86.41
Pevcentage solids. truc RI.57 60.12 43,15 47.83 86,71
Purity vatio, refractivity 62.11 R.72 76.66 91.89 61.48
Purity vatio, truc G4.04 7G.56 78.00 v 59.32
pH 10.50 9,38 417 9.50
Tnvert, & true sucrose 0.019 0414 0,276 0.016
Total nitrogen, O true sucrose 3.58 147 3.72
Total non-sucars, frue value 20,33 114.21 2040 43,27
Mineral non-sugars 11.04 G.82 1197
Grganic non-sugars sy 13.67 98,70
Oyganic non-sugars from nitrogen 1105 6.69 11.97
{Irganic non-sugars, non-nitrogen 6.56 6.98 11.33
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Table d.—Average Analysis of Assalini B Process Liguors.

First Anion  First Cation Fourth Anjon Fourth Cation

Component Fraction Fraction Fraction Fraction
Sucrose—polarimeter [N .52 1.28 .45
Solids—refractivity 1535 1.60 5.00 500
pH 12.0 2.80 12.0 1.90
Invert, 9 trie solids trace traee mruce .37
2y nitrogen, % true solids 318 4.06 2,80 348
Toral non-sugars 4.22 18 [V 1.65
Mineral non-suginy 1.77 .24 170 219
Ovganic non-sugars 245 .88 1.0 238
Organic non-sugars, nifrogen 0.91 .41 0.52 1.08
Organic non-sugars, non-nitrogen 1.54 0.47 4,49 1o

Fractions No. 3 and 2 respectively ol the anion and cation
resins when mixed together, represent the product portion which
Is sent to evaporation. lts average composition is as {ollows:

Brix 12.5-18.5
Polarization 10 -10.5
Purity 78 80
pH 8 -10

The color (‘Stammm units--- 1009, solids) 15 lower than that of
the normal juice of the same purity.

The syrup ohtained on evaporation of the product fractions
corresponds approximately to the syrup which is obtained after
centrifugation of the first product in European beet factories.
Thus, the sngar which can be obrined is a normal second
product sugar.

The mother liquor from the centrifugation of the massecuire
s in turn a molasses which has the same characteristics as the
ordinary final molasses in Europe. This is true since the oveanic
and inorganic non-sugars are removed in approximately the same
ratio as they occur in the original molasses. Consequently, the
“secondary” molasses obtained from the “B Process contains
roughly the same ratio of impurities as the original molasses
treated. It should be noted that this secondary molasses has a
refractometric purity higher than the true puvity which is the
reverse of that usually obsevved for the molasses obtained in the
conventional way.

The analytical data of the recycles are not included in the
rable since they are used to dilute the molasses for subsequent
cyeles.
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I'he exact mechanism of the Assalint "B Process s not known.
However, it is apparent that the extremely low level ol regener-
ations used, roughly one-sixth of that which weuld be normally
employed in conventional deionization, results in a relatively
small stratum ol regenerated vesin in the upper part of the
column. Tt is possible that, as the regenerant ions are displaced
fromy this pordon ol the column, successive ion exchange pro-
cesses occur farther down in the bed. lon exclusion plays a role
in this process. Of intevest to the mechanism of the process is
is the fact that the void volume of the exchangers is approxi-
mately 40 percent.

[he application of the "B Process gives interesting cconomic
vesults under Furopean conditions where the Stefien Process is
almost never used. Using a1 molasses with a purity of 60 and
considering this as a hmmna value {or further (l‘g\[i“l/dfl())l
a purity of about 80 can be obtained in the purified hiquor. In
this case. it i3 possible to oxtract 300, of the sucvose originally
present in the molasses. When processing mother liquor coming
from the centrifuearion of the first factory pmdum which has a
purity of about 75, juices are ohtained with a purity of about
90. This would represent about 289 more (‘\l,lﬂ(,tn])]C SHCTOSC
as compared to that extractable with the conventional method
without application of the “B™" Process.

The operating expenses necessary to achieve these levels of
purification are quite low. The materials consumed are as follows:

Sulfuric acid (66 De) 0.099 1hs./ 1. n( sucrose in molasses treated
Soxddium hydroxide 10040 (L03 ths./1h. of sucrose in molasses treated
Fuel Ol 0.274 1hs./1b. of sucrose in molasses treated
Water: 8 V.S, gallons/1h. of sucrose in molasses treated

These consumptions are obviously very small and represent
an economical method for extracting sugar {rom  lowgrade
products.

The optimum conditions of operation using a typical molasses
from an Italian beet factory, are indicated in the following table:

Anionic Column Cationic Column
pH 5to 10 ato 10
Maximum temperature — 20° 1o 25° G
Resin bed height 160 cms. (5.25 {t) 160 cms, (5.25 Fr)
Time per cvele, minutes 120 20
Operating flow rate 0.015 Hiters/ liter resin/ 0.015 li!t'rw/litcr resin/

min. (0.11 gpm/ft%) min. (0,17 gpm/ 1%
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Figure 4—Flow diagram for an industrial plant. Heavy line indicates
sucrose piping.

Tuable 5~Income from Assalini “B” Process.

Sucrose in molasses charged 15,800 tons

7. extractable—54.61

Tolal extractable sugar 8,355 tons
8355
0.7367 10,621 tons raw xugay to be refined

Refinery losses 0,807, of

10,621 ron =0 83 tons 10,586 tons (after losses)
The extractable is .
13,586 tons ¢ 07867 B.288 tons of 1009, saccharose
3288
To.a98 8,305 rons refined sugay
8305
69619 £.379 tons refined sngar-gross weight
8,379 tons at 8205.00/ton K1.717.6095.00
15300 ¢ 0.4030 = 6180 tuns
G180 tons ¢ 350.80 S 314.000.00
Total income—sucrose +
sucrose in molasses S2,031.685.00
Refining Costs
8.479 tons at $11.30/ton S 04.500.00
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Table 6.—Cost and fncome for an Assalini “B” Installation with a Capacity of 30,000
Vons of Molasses per Year,

Cost Income
30,000 tonx maolasses
519, sucrose in molasses (15300 tons) at N80 ton N TFRAH0.00
Cost for processing with vesins
1680000 of 1005, NaOTT at 4.1 cents/Ib,
(0.05 1h./1b. of surrose in molasses or 196 1b. molusses} §9,100.00
3A00800 of HSO af 124 coniv/ib.
{0,099 Ib./1h. suerose in molasses or of LU6 1L, molasses) 42 300,00
Lahor 0,02 cents/1h, of suorose in molasses 6.120.00
Operating cost-~other than resing
Labor -0.0785 cents/I. ol sucrnse in molasses 24.050.00
Fuel Ol (three-cifect evaporation)
0.274 1b./1b. of sucrose in molasses
800,000 Ths. of naphtha at 1,08 conty/ih, 01.500.00
Cost of vefining 94,500.00
Tnierest vn vesin plant
{109, per year on 588,500 §.650.00
Amortizalion of vestn flant aof 2000 fper year 14.300.00
Value of the vefined sugar in bags SE7H7,605.00
Fuliue of sucrose (n by -froduct wolasses 954,000.00
TOTAL COST LSLE3L520,00
TOTAL INCOME S2.031.695.00

NET INCOME .. -NOBGY, 17500

£9.031,605,00 $2,081,695.00

Tigure 4 shows a schematic diagram of an industrial plant.

The cconomic balance is developed in Tables 5 and 6. Here
the cost figures refer to Iralian practice. The results indicate the
advantages 1o be obtained with the “B” Process in Taly, The
extractability of sugar has been based on the equation:

100 (X -0.6)

o theovetically recovered = < (__] 0o
) 006

O
where Xois the purity of the weated sugar cefftucur. 'The value
0.6 stems from the purity of molasses which is the end by-product
of the sugar rehining operation. No indication of the number of
crystallization steps can be given. The figure 0.7867 refers to
the purity of the effluent liquor. The value 0.546 was obtained
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from the above equation using a purity of 78.67% . The figure
3.9980 refers to the moisture content of commecial sugar in
Italy, In Italy the weight of the sugar is sold as gross weight in
bags so that the factor 09912 1s used to correct for this value.
Commercial value for sugar and molasses refer to average sugar
prices in Ttaly at the time the paper was writien.

The cost of refining sugar from the "B Process liquor is
diffevent (311.50/ton) than for the cost stated in Pare I for an
“A” Process liquor ($14.20/ton). This is due to the fact that
the “B” liquor does not require the coagulation and fltration
steps required in the conventional process.

Since this paper was presented, additional work has been re-
ported on these processes. These papers and patents are listed
below (I-4). An accurate life estimate for the resin has not been
obtained as vet. Pilot plant work indicates no definite trend in
operating characteristics for the resin but the amount of cvcles
still 15 not sufficient to project the thousands to be expected
under life operation.

1. Schiwek, H. 1959, Zeitsch. Zuckerind. 84: 502-H08.

. Schiwek, H. 1960, Zeitsch. Zuckerind. 85: 542-349.
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