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Abstract

A process for increasing the value of final molassesby conver­
tingit to hightestmolasses (HTM)wasinvestigated at laboratory
scale. This involved firstly pretreatment of the molasses to
achieveclarification andpartialde-ashing. Of themethodstried,
acidification and sucroseinversion withsulphuric acid,followed
by centrifugation, was the most promising. Ion exclusion
chromatography was then used to separatean invert-richstream
resembling HTM. The recovery of invert rather than sucrose
enabled a good separation to be achieved without expensive
pretreatmentprocesses such as softening, thus possibly leading
to an economically viable process.
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Introduction

In the 1996-97 season, more than 250 000 tons of sucrose left
South African sugar mills in the form of low value molasses,
alongwithpotentially valuable reducing sugars. Higherrevenues
could be earned if these sugars could be recovered in a more
usefulform.Existingcanemolassesdesugarisation methods aim
at isolating sucrose by ion exclusion chromatography, which
has been described previouslyfor the recoveryof sucrosefrom
refineryjet 4 (Peacock, 1995). While the process is technically
feasible, the economicsdo not seem favourable at present.This
results from expensive pretreatment requirements and poor
separation efficiency due to the high ash content of final
molasses.

Ion-exclusion(lEX) as a process for separatingionic from non­
ionic solutes using ion exchange resins was first described by
Wheaton and Bauman (1953). lEX chromatography is carried
out extensively in the beet sugar industry for desugarisation of
molasses (Chertudi, 1991) and is used for isolation of fructose
in the high fructose corn syrup industry (Saska, 1996). Two
factors mitigate against applying the same technique to cane
molasses, viz. higher suspended solids and divalent cation
concentrations (Rearick and Kearney, 1996). The suspended
solids in cane molasses can cause the blockage of the resin
column, and thus a low turbidityfeed is required. Low divalent
cationconcentrations arerequiredin bothbeetandcanemolasses
to inhibit the ion-exclusion resin from convertingto the calcium
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form and thereby decreasing the ash/sucrose resolution.
Maximum values as low as 400 ppmlBx calcium have been
recommended (Kakihana, 1989).

The production of hightestmolasses (HTM)fromfinal molasses
is a possibleroute for increasingthe value of the latter.The aim
of this work was twofold: to evaluate various pretreatment
processesfor the reduction of both turbidityand divalentcations
to produce a feed suitable for ion exclusion, and to study the
feasibility of decreasing the ash content of inverted molasses
by an ion exclusion method, to produce an 'HTM equivalent'
product.

Pretreatment options

Manyprocessesfor the molassespretreatmentwereconsidered,
and it was not possible to follow a rigorous experimental
programme. Thus, in this section, the methods and the results
are described together to enable the progress of the work to be
followed more clearly.

Pressure filtration

Pressure filtration of final molasses samples from Darnall mill
(DL)dilutedto 65° brix wasattemptedat elevatedtemperatures,
with and without filter aids. Filtration was done at 80°C and
7 bargaugepressurein a 30 erndiameterbatchfilter.Twodiffer­
ent cloths were used, namely a standard refinery carbonatation
filter cloth and a coarser woven cloth. The filter aids used were
a diatomaceous earth type (DicaliteSuperaid),and a perlite type
(Dicalite 471SP). Filtration rates were extremely poor, and in
some cases no filtrate was produced.

Three possible reasons for the poor filtration were proposed:
viscosity, macromolecules (suchas starches, dextransandgums)
and refractory suspended solids. The effect of viscosity was
tested by attempting to filter a low viscosity molasses from
Malelane mill, but very poor filtration was again the result.
Microscopic examination of the molasses revealed many fine
crystals ranging in size from 1 to 20 micrometres. Most of the
turbidity in the molasses was of a crystalline nature, with very
little or no bagacillo. Samples of these crystals were collected
from a filter cloth after an attempt at molasses filtration, and
analysed by x-ray fluorescence (XRF) and x-ray diffraction
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(XRD) techniques. This material was found to consist mostly
of syngenite (KZCa(S04)Z.2HzO) and magnesium syngenite
(KzCazMg(S04)4.2HzO) with some co-crystallisation of
potassium chloride. Syngenite is very similar to gypsum
(CaS04.2HzO) and has a similar crystal morphology. Thus
syngenite could be expected to have the same poor filtration
characteristics as gypsum, and could explain some of the
difficulties experiencedin filtering molasses.

As neither syngenite nor precipitated potassium chloride are
found in evaporator scale or in syrup, it was concluded that
these crystals must have precipitated either during pan boiling
orduringstorage at theSugarMilling Research Institute (SMRI),
as the sampleswere allowedto cool before testing. Samplesof
A-,B- andC-molasses weretherefore takenfromthecentrifugal
outlets at Felixton (FX) mill, diluted to 65° brix with hot water
and immediately centrifugedin an Alfa Laval laboratory disc­
bowlcentrifuge. A traceof syngenite wasfoundin theA-molas­
ses, with significant quantities present in B- and C-molasses,
indicating that syngenite precipitates during B- and C-pan
boiling. The presence of syngenite in B- and C-molasses was
first reported early this century, and was discussed during the
1962and 1965 congresses of the International Societyof Sugar
Cane Technologists (Proskowetz and Chen, 1963; Chen and
Proskowetz, 1967).

It was concluded that the presence of syngenite in molasses is
largely responsible for the poor filtration characteristics, and
that filtrationas a means of loweringturbidity is unlikely to be
successful.

Froth flotation

Processes in sugar production that lead to precipitates that are
difficult to filter, such as phosphatation, use dissolved air
flotation for solids separation. As molasses filtration was not
successful, trials with dispersed air froth flotation were
performed ondiluted(65°Bx)molasses. For thesetests, a reactor
fitted with an air sparger and a high speed, high shear stirrer
was used.Compressed air wasused to generatethefoam, which
was removed by hand from the top of the reactor. Several
flocculants commonly used in flotation processes in the sugar
industry were tried, but none produced a significant foaming
effect in the molasses. Based on the similarities between syn­
geniteand gypsum, researchindicatedthat a fatty acidflotation
agent used in the minerals industry, sodium lauryl sulphate,
might produce a separation. This produceda very stable foam,
but little separation occurred, and the physical and chemical
properties of the molasses were unaffected. This, coupledwith
the low recoveries of molassesachieved, led to no furtherwork
being done on this technique.

Centrifugation

Molasses clarification by centrifugation has been studied by
several workers (Proskowetz andChen, 1963; DavisandClarke,
1963; ChenandProskowetz, 1967; Thompson, 1993), withgood
turbidity removal possible under certain conditions. A solids-
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retaining disc-bowl centrifuge was borrowed from Alfa-Laval
to determine how effectively syngenite could be separated in
such a device.

A sample of molasses was diluted to 65° brix, heated to 80°C
andcentrifuged at a lowflowrateto maximise removal of solids.
Microscopic examination of the clarifiedmolasses showedthat
mostof the syngenitecrystals(typically thoselargerthan l um)
had been removed. Analysis of the molasses showed that
centrifugation eliminated45% of the calcium and 15% of the
magnesium in the form of syngenite and magnesium syngenite.

Samples of DL molasses were diluted to various brixes and
centrifuged at 80°C. The clarified molasses was examined
microscopically to obtain a qualitative idea of crystal size and
degreeof solidsremoval. Centrifugation at 86°brix (undiluted)
removed only the largest syngenite- crystals, and subsequent
dilution of the clarified molasses to 65° brix still left a large
quantity of fine crystals in the molasses. The high viscosity of
the undiluted molassesconsiderably reducedthe settlingrate of
the crystals in the centrifuge, and hence only the largest were
separated. Molasses centrifuged at 75° brix and subsequently
diluted to 65° brix contained only a few fine crystals, as most
were separated in the centrifuge and the remainder dissolved
during dilution. A sample of this material was retained for
laboratory scale ion exclusioncolumntests.

The overall effect of brix on separation efficiency is a combi­
nation of two opposing effects. At high brixes, the molasses
viscosity is high and thereforesettlingrates are low. However,
on dilution to lower brixes,many smallercrystals dissolve and
larger ones may be reduced in size, thereby again loweringthe
overall settling rate, and releasing calcium into solution. Thus
the optimumbrix for centrifugation depends on the crystal size
distribution and crystal content of the molasses, as well as its
viscosity.

It must be noted that centrifugation will remove precipitated
ash only,and that the solublecomponents, consisting mainlyof
sodium and potassium salts, will not be removed. Although
calcium and magnesium salts present in molasses are largely
removed because of their low solubilities, significant residual
concentrations will still remain after centrifugation. Therefore
chemical precipitation of dissolved calcium and magnesium
before centrifugation will be required to reduce the residual
concentrations of these elements in the clarified molasses.

Chemical precipitation methods

The basis for thesemethodsis the addition of an anion that will
formlowsolubility compounds withthecalciumandmagnesium
ions. The precipitated compounds can then be removedby cen­
trifugation. Basedon the solubilities of calciumandmagnesium
salts in water, the carbonate, sulphate, sulphite and phosphate
anionswereselectedfor testing. The last threeare mostconven­
ientlyaddedas the acids, whichwillproducesucroseinversion,
a desirable side effect for the production of HTM. However, if
sucroserecovery is required,costly neutralisation with sodium
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hydroxide will be necessary. The carbonates of calcium and
magnesium have the lowest solubilities of the compounds con­
sidered, and thus carbonatation was investigated first.

Carbonatation. Batchesof molasses dilutedto 75° and 65° brix
and heated to 80°C were carbonated at a pH of approximately
7,5 by sparging with CO2 gas and high speed stirring. Under
these conditions, however, CO2 is not very soluble and only a
slight change in pH was noted. As a result, little extra sludge
wasremovedin thecentrifuge in theformofCaC0 3 andMgC03

and magnesium levels remainedunchanged, although calcium
levels were slightly lower in the centrifuged molasses.

A further test was performed at a higher pH, with NaOHbeing
used to raise the pH to 10 beforeCO2 wasbubbledin, reducing
the pH to 8,0 beforecentrifugation. From this pH changeit was
judged that a considerable quantityof CO2 had been dissolved.
Oncentrifugation, though, virtually no sludgewasremoved and
no visual changein turbidity wasseen. Microscopic examination
of themolasses showedconsiderablequantitiesof smallcrystals
of micronsize, and it is probable that thesewere too smallto be
removed in the centrifuge. It would thus appear that the high
pHcauseddissolution of theexisting crystalline syngenite phase,
whicheitherdid not reformwhenthe pH wasreduced, or, more
likely, came down too finely divided to be removed by centri­
fugation.

A further test wasperformed wherethe pH of the molasses was
adjustedto 7,0 and solidsodiumcarbonate was addedslowlyto
raise the pH. This methodovercame the problem of dissolution
of the solid phases,but severefoaming from therelease of CO2

gas was experienced, and the test could not be completed. A
similarproblem wasencountered whensolidsodium bicarbonate
was used, and the methodwasjudged to be unworkable on this
scale.

Sulphitation. Sulphitation was the next method to be tested, as
it is a well-established purification technique in the sugar
industry and is easy to apply. The stoichiometric quantity of
sulphurdioxiderequiredto precipitate allof the solublecalcium
and magnesium in a molasses sample was calculated and the
amountof sodiumhydroxide requiredto neutralise thisquantity
was added to the molasses at 80°C and 65° brix. The molasses
pH was then adjusted to its original value by sparging with
sulphurdioxide. The molasses wasstirredfor 30minutes before
centrifugation.

Analysis of the clarifiedmolasses revealedthat the sulphitation
processhad not caused any furtherprecipitation of calciumand
magnesium salts,and the molasses had the sameconcentrations
ofcalciumandmagnesium as a samplethathadbeencentrifuged
only. While it was expected that sulphitation might reduce the
molasses viscosity, measurements showedthat this was not the
case. The viscosity of the untreated molasses was 0,3 Pa.s, the
viscosity of the molasses that was centrifuged only was 0,08
Pa.s, and theviscosity of the sulphited andcentrifuged molasses
was0,2 Pa.s.The poor resultfor the sulphited samplewasprob­
ablycausedby theformation of finecrystals ofcalciumsulphite,
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which could not be removed efficiently during centrifugation.
Thus, sulphitation did not improve the characteristics of the
molasses and this method was abandoned,

Acidification. In thismethod, sulphuric acidwasusedto provide
additional sulphate ionstocausefurthercalcium andmagnesium
precipitation. No costly sodium hydroxide was required for
neutralisation, and the resulting sucrose inversion is desirable
for the manufacture of HTM.

Batches of final molasses from Gledhow mill were diluted to
either75°or 65°brix,andsufficient concentrated sulphuric acid
wasaddedwithvigorous stirring toreducethepHs5to thedesired
value(1, 2, 3 or4). The samples wereheatedto 85°Cand stirred
gentlyfor 18hoursbeforecentrifugation. Two control samples
were diluted, heated and stirred at the natural pHs5 of the
molasses of 5,4 for a similar period before centrifugation.
Samples of theclarified molasses and thesludgeweresubmitted
for analysis.

As expected, all samples apartfromthosekept at the natural pH
were completely inverted. However, there was some evidence
of the breakdown of reducing sugarsat pHS5 1 and 2, and small
amounts of hydroxy methyl furfural (HMF) were thought to
have beenproduced. Better separation of sludgefrom molasses
was achieved at 65° brix than at 75° brix, with the sludge
appearing pale brown, having the characteristics of gypsum
(CaS04.2H20), and containing little molasses. Table 1 shows
that significantly higher masses of sludge were recovered at
65° brix than at 75° brix, demonstrating the importance of low
viscosities during centrifugation and the better separation
achieved with lower density solutions, as both density and
viscosity arestrong functions of themolasses brix.Thisconfirms
the trendspredictedby the design equations for the centrifuge,
in which Stokesian settlingrates are assumed.

Table 1
Sludge recoveries from acidified molasses.

Molasses Sludge % centrifuge feed at Sludge% centrifuge feed at
pHS5

75°brix 65°brix

I 7,0 29,5

2 9,9 20,2

3 8,5 21,8

4 8,2 2\,6

5,4 5,7 8,7

Calcium wassubstantially removed for thetestsat lowpHvalues
and at 65° brix, as shown in Figure 1. The trend was not as
markedfor the tests run at 75° brix, but the result for the pH 1
test at this brixmay have beenaffected by evaporation of water
overnight from the sample. Magnesium was not significantly
removed under any conditions, with 3 500 to 4 000 ppm on
sampleremaining in all samples. The sulphated ash levels were
reduced for the low pH tests at 65° brix (see Figure 2), with a
minimum of 8,4%being achieved at pH 2 or 3, comparedwith
11,4% in the non-acidified centrifuged sample. This is more
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Figure 1. Calcium levels in clarified molasses as a function of pH.

than is pennitted for HTM «3,5% ash on sample)but is still a
significantreduction, and this methodgave the best result of all
the methods tried.

Ion exclusion separation is dependent on the physical and
chemical propertiesof the resin and no net ion exchange takes
place. Variables that affect the separationinclude resin particle
size, elution flow rate, resin cross-linkage and feed injection
volume, and have been well documented (Simpson and
Wheaton, 1954). Factorsaffecting beet molasses desugarisation
are understood. However, no reference has been made to the
effect of divalent cations on the isolation of invert made from
cane molasses using a pretreatment methodas describedabove.

coarse screeningis sufficientfor the protection of the columns
from particulate matter. Furthermore, this work has shown that
nearly all of the turbidity present in B- and C-molasses is
syngenite. Due to the very low levels of calcium present in
softened molasses, syngenite would not be present and it is
thought that no turbidity removal step would be required for
ionexclusion. Thus,ion exchange softening ofclearjuice would
remove the need for membrane filtration of the juice, and
produce a sufficiently clear molasses feed for ion exclusion.

Ion exclusion chromatography
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Softening

A further method of loweringdivalent cation concentrations is
by ion exchange softening. This is best done at the clear juice
stage,as describedby Daviset al. (1997).Softening will reduce
the divalentcationconcentrations to very low levels,but it will,
however, increase the monovalent cation (Na and K) concen­
trations correspondingly, and the ash content of the molasses
will not be substantially affected.

Someworkers in thisfieldholdtheviewthatmembrane filtration
is necessary before ion exchange softening, to remove all
turbidity from the juice to prevent resin column fouling and to
provide a turbidity free feed for the ion exclusion process
downstream. Resultsof ion exchangesoftening trialsperformed
at FX (Davis et al, 1997), at Sezela (Thompson, 1994) and at
the SMRI (lpersonal communication, 1994) have shown that
thorough filtration before softening is not required, and that

Results and discussion

Experimental

Ion exclusion column. The ion exclusioncolumn consistedof a
jacketed glass column(430x 25 mrninnercolumncontainedin
a 430x 50 mrnoutercolumn)withadjustable endfittings, slurry
packed with Purolite PCR 642 Na2+ resin (172 mL). Resin and
eluent temperatures were maintained at 60°C by an external
water bath and pump. The eluent (water) was stored in a 2 L
Pyrex bottle in the water bath to ensure temperature equilib­
ration. A TechniconAuto AnalyserPump (PumpIII) was used
with appropriate silicontubingto delivera flow of 2 to 2,5 mL/
min at the outletof the column. Fractionsfrom the column(4 to
4,5 mL) were collectedusinga LKB FractionCollector(17000
Minirac). The resin was converted to the sodium form by
pumpinga solutionof 10% sodiumchloride (250 mL) through
the column and then washing with water (1000 mL).

Analysis. Collected fractions and standards were diluted with
water(1:10and 1:50respectively) andanalysedfor ash,glucose
and fructose by HPLC (Day-Lewis, 1993). The concentrations
found in the starting material prior to separationwere used for
recovery calculations. Concentrations of glucose and fructose
in the starting molasses, for calculations of yields, were
determined by HPIC (Day-Lewis and Schaffler, 1992) while
ash was·detennined as sulphated ash. A relative colour value
for individual fractions and starting molasses solutions was
measuredby reading the absorbance at 420 nm (against water)
on a PhilipsPU8620spectrophotometer usinga 10mrncuvette.

Ash concentration. Previous workhadshownthata feedvolume
of5% of columnvolumewasanoptimumsamplevolume(Wal­
ford, 1997). The effect of ash concentration on the ash/glucose
separation was studied by preparing synthetic ash/glucose
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Figure 2. Ash removal from molasses as a function of pH.
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solutions using sodium sulphate (1 to 15%) and glucose (15%
fixed). Sodium sulphate was used as a model ash compound to
minimise the effects of ion exchange with ions present on the
resin. Ionised sodium sulphate is excluded from the resin,
resulting in the fronted peak. The glucose is distributedbetween
the resin phase and the eluent phase (water), hence moving at a
slower rate through the column and generating an essentially
Gaussian peak shape (Figure 3). As the ash concentration in­
creases, the initial elutionpoint of the ash peak remainsconstant,
but the apparent apex of the sulphate peak and tail move
downstream into the area of glucose elution. It encroaches into
the glucose peak and thereby reduces the purity and yield of
any collected glucose fraction.

Figure 3. Effect of ash concentration on the ash/glucose separation.
(V'/vT ratio of effluent volume to resin bed volume and C,)C, =ratioof
effluent concentration to original concentration.)

Figure 4. Effect of ash concentration on the ash/glucose resolution.

Table 2
Ratio of cations added to synthetic molasses.

15 g of glucose and made up to 100 mL with water to produce
a 5% ash/15%glucose solution.Five repetitive separationswith
this solution were made with no significant change in the ash/
glucose resolution being detected (Table 3). It is believed that
an equilibrium between the di- and monovalent cations is
achieved which does not affect the ash/glucose separation to
the same degree as the ash/sucrose separation.Monosaccharide
separationis enhanced in the presence of divalent cations while
sucrose separations are adversely affected (Goulding, 1975).
Reduction of calcium levels per se as proposed for desugar­
isation plants is thus not a requirement for invert separation,
but ash levels may need to be reduced for economic throughput
and product specification.
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Resolution (R) is a convenient chromatographic parameter
expressing the efficiency of separation of adjacent peaks. It is
defined (Ettre, 1993) as:

tR = retention time of peak of interest

Wb = peak width at base.

where:

R =s

(tR2 - tR1)

(Wbl - Wb2)12

Cation Ratio Salt g/IOO mL

Potassium (K) 4,0 KCI 2,68

Calcium (Ca) 1,2 CaClz·2Hp 1,50

Magnesium (Mg) 1,0 MgClz 0,81

. Resolution accounts for both the narrowness of the peaks and
the separation between the peak maxima. Analytical analyses
require baseline separation (R~I,5). For preparativeseparations
values as lowas R = 0,4-0,6 are consideredacceptable(McDon­
ald and Bidlingmeyer, 1987).Figure4 showsthat, as the quantity
of ash increases, resolution decreases approximately three fold,
as would be expected for a less efficient separation.

Divalent cation effect. A syntheticmolasses was made up using
calcium, magnesium and potassium salts and glucose. Based
on previous data for South African molasses, these are the most
important cations present (MacGillvray and Matic, 1970;
Soffiantini et al., 1971). The relative ratios and masses of
individual salts used are shown in Table 2. These were added to

Table 3
Effect of divalent cations on resolution.

Replicate run 1 2 3 4 5

Resolution 0,45 0,46 0,45 0,46 0,48

Separation of treated molasses. Two forms of treated molasses
were used as feed material. Portions of 65° brix, centrifuged
molasses were diluted to 20° and 40° brix and all three samples
(20°,40° and 65° brix) inverted using invertase. Completion of
inversion was checked by HPLC. Acid treated molasses (65°
brix inverted at pH 3 using sulphuric acid, then centrifuged to
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Figure 5. Separation of ash, glucose, fructose and colour of (a) 20° Bx,
(b) 40° Bx and (c) 65° Bx centrifuged, enzyme inverted molasses. (Vj
VT = ratio of effluent volume to resin bed volume and CjC, = ratio of
effluent concentration to original concentration.)
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inverted molasses it would appear that a recycle batch method
should give at least a 10-15° brix invert solution with less than
3,5% ash. The major drawback with the recycle batch method
is a discontinuous product stream. Simulated moving bed (SMB)
processes have been developed which overcome this problem
(Saska and Lancrenon, 1994; Rearick and Kearney, 1996; Saska
etal., 1992). The resulting continuous output stream would have
a composition similar to the batch recycle output.

0.6 ~-----------------,

u
Qj 0.3
o

0.3

~
o

0.2

0.15-Q
Q)

o

Molasses treatment Ash on sample Calcium
@ 65°brix . (%) (ppm)

Centrifugation 11,4 3500

pH 3 inversion + centrifugation 8,4 400

Starting molasses Invertfraction

Treatment °Brix Recovery (%) Ash (%)* °Brix

20 98 1,5 1,0

Centrifuged,
40 94 1,9 3,0

enzyme inverted

65 50 4,4 3,5

Centrifuged,
50 85 4,0 3,1

acid inverted

Table 4
Comparison of molasses used for ion exclusion separation.

Table 5
Inverted fraction recovery from inverted molasses.

All the separations described were batch based which results in
restricted column utilisation, limited throughput and low
concentration of the output stream due to dilution by the eluants
while on the column. Simpson and Bauman (1954) recognised
this problem and described a recycling technique to produce a
product stream having a concentration at least equal to the initial
concentration. Although the work describes the separation of
sodium chloride and ethylene glycol, more recent authors have
used sodium chloride and glucose (Nigam et al., 1981) and
glucose and fructose (Barker and Thawait, 1986). Using the
principles described in these papers and the data from the acid

remove precipitated calcium sulphate) was diluted to 50° brix.
The ash and calcium level of these samples is shown in Table 4.
Each of J;hese samples (in duplicate) was used as a feed material
to the ion exclusion column. Ash, glucose, fructose and colour
were analysed for each fraction. The resultant profile of each
separation is shown in Figure 5. As shown with the sodium
sulphate, as the quantity of ash increases, the separation
efficiency of the column decreases. It can be seen that when
using normal, centrifuged, invertase inverted molasses, the
recovery of ash-free invert drops considerably above the 40° to
50° brix range. This is due to the quantity of ash present in the
starting molasses tailing into the invert peak. By combining
fractions of glucose and fructose as invert with little or no ash,
a recovery and ash/invert ratio can be calculated for each
separation. The values obtained are given in Table 5. It is clear
that invert recovery and final concentration of ash in the invert
solution is dependent on the initial quantity of ash in the starting
material; the lower the initial ash concentration, the higher the
invert recovery for any given ash/invert ratio.

*On dry substance
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Conclusions

For the recovery of an invert sugar streamfrom C-molasses by
ion exclusion chromatography, turbidity removal and the
lowering of ash levels are required. The pretreatment method
evaluated here that best meets these objectives is acidification
with sulphuric acid to a pH of 3, followed by centrifugation.
Goodturbidity removal is achieved andash levelsaredecreased
by around 50%.

Further work on pretreatment may be needed to improve the
ash removalfrommolasses iflower levelsthancan bepresently
achieved are needed for optimum separations. Theoretically,
carbonatation appears to be the best method, as the very low
solubilities of calciumand magnesium carbonates wouldenable
virtually complete removal of calcium and magnesium, and a
reduction in ash levels. However, technical problems with
carbonatation need to be overcome before the process would
be viable.

A batch ion exclusion systemhas been described to determine
the effects of molasses non-sugars on an ash-invert separation.
It was determined that optimum conditions were achieved at a
feed volume of 5% of column volume with a starting material
at approximately 50° brix.The systemwas usedto demonstrate
thefeasibility ofusingmolasses as starting material andisolating
invert from other components present to produce an HTM
equivalent material. The most promising starting material was
acid inverted molasses due to the removal of ash before
separation. It was found that calciumhad no discernable effect
on this separation.

A preliminary economic analysis of a proposed process based
on this investigation (Bernhardt, 1997) suggests that it couldbe
economically viable, withsomepotential for improvement. The
process needs to be tested and optimised in a pilot plant before
a full feasibility study can be done.
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