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COLOUR TRANSFER DURING PAN BOILING
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Abstract

The SMRI pilot batch pan was used to investigate the
effects of a number of operational factors on the transfer of
colour from mother-liquor to crystal during A-massecuite
boiling. The factors investigated include stirring, supersa­
turation, crystalsizeand crystallisation rate. Colourtransfer
was found to increase with supersaturation, crystallisation
rate and crystal size but to decrease with stirring. Although
far from complete, this work indicates that the effects of
seasonal factors and canequalityon colourtransferare much
larger than those of the operational factors investigated.

Introduction

The amount of impurity trapped into the sucrose crystal
duringcrystallisation is controlledby two main factors. The
first is the qualityof the feed materialfromwhichthe crystals
are grown while the second is an operational factor which
includes the conditions such as temperature, crystallisation
rate, stirring etc., under which crystallisation takes place.

The first factor, namelythe effect offeed quality, has been
investigated' recently. Time of the year and mill of origin
were found to have significant effects on the quality of the
sucrose crystal, other boilingconditionsbeingkept constant,
the former having by far the largereffect.

Moritsugu & Payne,' usinga laboratorypan and cane syr­
ups, showed that the effect of temperaturecannot be viewed
in isolation since temperature affects viscosity, supersatur­
ation and other factors. Crystallisation rate has been
found- J, 4, 5 to be an overriding factor with high rates in­
creasing the impurity transfer. Moritsugu & Payne- showed
that, other conditions beingthe same, stirringincreases the
crystallisation rate without increasing the degree of inclu­
sions. Similareffects were founds in pans boilingwhitesugar
from beet syrups. A number of authors-v" found that the
amount of impurities in the crystal increases with crystal
size. Moritsugu,' working with cane syrups, found less in­
organic inclusions in the crystals as sizedecreased, at other­
wise similarlaboratorycrystallisation conditions. The trends
were linear.

Experimental Procedures

Objectives
The main objective of the investigation wasto investigate

the effect of a number of operational factors on the transfer
of colour during the boiling of A-massecuites.

When required, feed syrup quality was kept constant by
preparing an artificial syrup, using water, sugar and final
molasses in the requiredproportions. A large sampleof well
mixed final molasses was kept for that purpose.

Pilot-plant
The Sugar Milling Research Institute pilot batch pan was

usedforall theboilings. This panand its ancillary equipment
have been described in detail elsewhere. I, 10 The only modi­
fication wasthe addition of a sampling devicewhich allows
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massecuite to be sampled at any time during the boiling,
without interfering with the crystallisation process.

Control of the operational factors was as follows:
- Stirring: either on, at maximum speed, or off. No attempt

wasmade to try and quantifystirringor mixing efficiency.
- Supersaturation: controlledthrough the use of the boiling

point elevation (BPE) measurement.
- Crystallisation rate: controlled by the heat input into the

pan and through the supersaturation.
- Crystal size: the effect of crystal size was investigated by

sampling the massecuite and nutsching at various inter­
vals during the boiling. Larger crystal sizes were achieved
bykeeping part of a final massecuite as footing and boiling
this up again to pan full.

- Temperature: controlledby the absolutepressure used for
the boiling.
The precision with which the various factors could be

controlled and reproduced from run to run willbe discussed
later. It can, however, be said that the control was satisfac- .
tory, as far as the requirements of the investigations are
concerned.

Analytkalprocedures

(a) Affination of the sugar: This critical step has been de­
scribedin detail in a previouspaper. I Allthe sugaranal­
yses reported here were done on affinated sugar.

(b) Absorbances: Again, these procedures have been de­
scribedin detail previously.' It should be noted that all
the absorbances were read on solutions whichhad been
filtered through a 0,45 Jim membrane.

(c) Crystallisation rate:A formulagivenby Moreldu Boil"
hasbeenused.This gives the crystallisation rate as kilo­
gram of crystal per square metre surface area per sec­
ond. This formula is used here only to compare crys­
tallisation rates under fairly similar conditions. It
requires the initial mass of seed crystal (weighed), the
final massofcrystalin the massecuite (obtainedbymass
balance across the pan and by using massecuite and
mother-liquor purities) and the boiling time. A shape
factor is also required.

Results and Discussion

Factorial experiment
A factorial design wasused for a preliminary experiment.

Apart from quantifying the effects of the factors selected,
this approach includes the investigation of experimental er­
rors. This last point would be useful in the planningof fur­
ther tests.

Stirring, supersaturation and heat input were selected as
the main factors. Temperature and syrup quality were kept
constant as described earlier in the paper.

One combination was repeated 4 times to obtain the ex­
perimental error.
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Colourtransfer, givenbythe ratio ofaffinated sugarcolour
to syrup colour, and crystallisation rate (kg.m-2. S-I) were
used as responses.

The following results were obtained:
- Only supersaturationshowed a statistically significant ef­

fect on colour transfer. Increasing the BPE from 8,5 to
9,4'C resultedin the colourtransferincreasing from 0,015
to 0,017 (13%). This changein BPE corresponds to the
massecuite brix increasing from 84,3 to 88,6, that is about
4 brix units. It shouldbe noted that the usual final brixing
up was not done in this investigation.

- Supersaturation had a statistically significant effect on
crystallisation rate. The increase from 8,5 to 9,4'C BPE
caused the crystallisation rate to increase from 6,3 X
10-3 to 9,2 X 10.3 kg.m·2·s·\ (46%).

- Heat input showed the expected positive effect on crys­
tallisation rate. Changing from low to high input caused
the crystallisation rate to increase from 7,0 X 10-3 to 8,5
X 10-3 kg.m·2 • S·I. This increase was, however, not statis­
tically significant, as far as the factorial experiment is
concerned.

- It wasalsopossible to usea multilinearregression to relate
crystallisation rate to the selected factors. Equation 1 was
obtained.

Crystallisation rate = -0,0283+ 2,98 X 1O.3 .BPE
+ 4,52 X 10.5 • Heat input
+ 1,05 X 10-3 •Stirring

............................ (1)
(n = 20; r = 0,87)

where BPE is in 'C, heat input is represented by the voltage
used(175 or 210volts)and stirringis either°(off)or 1(on).
All3 independentsin equation 1were statistically significant
at least at 5%.

These results which show that colour transfer increases
with supersaturation and thus with crystallisation rate are
summarised in Table l.

Table 1

Relation between supersaturation, crystallisation rate and colour transfer

% change

Supersaturation (BPE, 'C) 8,5 9,4
Crystallisation rate (kg-rn-s-s") 6,3 X 10-3 9,2 X 10-3 + 46
Colour transfer 0,015 0,017 + 13

It is evident that a large change in crystallisation rate re­
sults in a relatively small change in colour transfer. This
indicatesthat the useof crystallisation rate to controlcolour
transferon the industrial scale wouldbe verycostlyin terms
of pan capacity and exhaustion.

Stirringwas found to increase crystallisation rate by 15%
for a change from the stirrer being on to the stirrer being
off. The effect of stirring on colour transfer was masked by
the experimental error and can thus be assumedto be fairly
small, if present at all.

Effect ofcrystal size
Sugar, waterand final molasses were mixed to obtain two

lots of syrups of different purities and colours. The syrups
wereboiled under standard conditions to yield massecuites
which were sampledat half and full pan volume. A footing
of final massecuite was left in the pan, and the procedure
was repeated.
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Colour transfer has been plotted against average crystal
width in pm in Figure I.
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FIGURE 1 Colour transfer versus crystal width.

These results show that colour transfer increases linearly
with crystal width (W) over the range investigated, as quan­
tified by equations 2 and 3:
Series I:

Colour transfer = 0,00810 + 3,810 X 10-5 • W .... (2)
(n = 16; r = 0,87)

Series 2:
Colour transfer = 0,0132 + 3,590 X 10-5

• W ..... (3)
(n = 16; r = 0,91)

It is alsoevidentthat, for the samecrystal size, the transfer
is higher in series 2. This is due to the crystallisation rate
for series 2 (0,010 kg·rrr-. S·I) beinggreaterthan that for se­
ries I (0,0065 kg.m-. S·I).

It was also possible to obtain colour transfers for similar
crystal sizes but at different syrup colours. This has been
plotted in Figure 2, using resultsobtained from the series 2
runs.

Colour transfer does not change much with syrup colour
but the effect of crystal size is again evident.

For a 10% drop in crystal size, colour transfer drops by
about 5%. It thus appears that the control of crystal size
wouldbe moreuseful industrially than that ofcrystallisation
rate in attempts to reduce sugarcolour.

The use of the boiling point elevation (BPE)
Supersaturation in impure sucrose solutions is not easily

measured. In this work, BPE has been used as an indirect
measure of supersaturation. It can be expected that super­
saturation will be dependent on temperature, boilingpoint
elevation and purity. Under normal boilingconditions, su­
persaturation should vary directly with mother-liquor brix
which is easily measured.
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FIGURE 2 Colour transfer versus syrup colour, at the same crystal
size.

These relationships were tested by regressing nutsch mo­
lasses brix against BPE, temperature and feed syrup purity.
The following result was obtained:
Nutsch molasses brix = 99,6 + 0,091 X Temp. .

+ 0,542 X BPE
..:... 0,351 X Syr. pur.

................................... (4)
(n = 26; r = 0,96)

where Temp. is the massecuite temperature ("C), BPEis the
boiling point elevation ("C) and Syr. pur. is the feed syrup
purity. The ranges for these variables were 55 to 70'C, 8 to
14'Cand 75 to 100 respectively.

It is evident from these results that BPE can be used as
a measure of supersaturation.

Alarge numberof'boilings wascarriedout to try and relate
colourtransferto crystalwidth, temperature,BPEand syrup
purity, the last three factors being used to represent super­
saturation. The results obtained were disappointing. Al­
thoughthe correlationcoefficient washigh, the independents
were not all statistically significant, with crystal width ac­
counting for most of the correlation.

Although this work is far from complete, brixing for ex­
amplehas not yet been investigated, it wouldbe worthwhile
to compare the effects of those factors that have been in­
vestigated. This has been done in Table 2, which contains
data from this and previous work. 1

Table 2

Comparing the effects of a number of factors on colour or colour transfer

Effect on

Factor Change
in factor Syrup Aft: sugar Colour

colour colour transfer

Mill 4 mills 36% 38% -
Time of year May to

[oecember 51% 103% 49%
Supersaturation (as BPE) + 10% - - + 13%
Crystallisation rate
(kgnr-.s-') + 45% - - + 13%
Crystal width (pm) + 10% - - + 5%
Stirring off'vs. on - - < 10%
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The results concerning the mills and the time of the year
were obtained1 in 1986 and the percentages given represent
the change between lowest and highestvalues.

It is clearly evident that the seasonal effect is by far the
most significant one, showing a doubling of affinated sugar
colour. This increase was found to be at the beginning and
end of the season (ie summer) compared to the middle of
the season (ie sucrose peak).

Fourmillswere alsocomparedand the maximumaverage
difference between the lowest and highest colour was 38%,
again a fairly substantial value. Thiscan be attributedmainly
to cane quality.

Mann12 has shown that operational factors can be used
successfully to control sugar colour on the industrial scale.
This control was mainly through crystal size and reduced
brixing.

Of the factors investigated here, only crystal size appears
to be useful industrially. Mann" dropped specific grain size
by about 15% which would reduce colour transfer by ap­
proximately 8%. The effect of crystallisation rate during the
boiling (as opposed to brixing) appears far too small to be
useful industrially. As stated previously, brixinghas not yet
been investigated.

Conclusion
Although this work is far from complete, the results ob­

tained at this stage indicateclearly that time of the yearand
cane cleanliness have a much more pronounced effect on
sugar colour than operational factors at the crystallisation
stage. Thereare definite limitationsto the amountsby which
operational procedures can be changed in existing crystal­
lisation stations for the production of VHP sugar. It can
therfore be expected that operational factors will, at best,
onlyprovidea limited degree ofcontrolof sugarcolour. This
conclusion indicatesthat investigations into theuseofchem­
ical means for the reduction of colour in syrup or remelt
might be worthwhile. .
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