68

THE 'CRYSTALLI_SVATION OF MASSECUITES

EDGAR P. HEDLEY, Ph.D., M.L.Chem.E.

During the last few years, a great deal of work
has been done on the use of Crystallisers and on
Crystallisation in general. - In South Africa, we
have done- practically nothing. In every factory
here, there are to be found Herisson water-cooled

crystallisers, which are just the plant required

for the repetition of the work which has occupied

S. J. Saint, in the Barbadoes and the workers at the

Experiment Station, Honolulu, Hawaii, for the last

few years.

In what follows, the writer has drawn ve.ry
largely upon the papers which these workers have
published, as it seemed the best way of calling
general attention, in South Africa, to this work.

A preliminary investigat'on was made at Doorn-

kop, where there are five Herisson Coolers and six .

air-cooled crystallisers. The results of this work

‘are given below.

Crystallisers are used to cryétallise additional’

sugar out of the syrup of the massecuite after it
has been discharged from the vacuum pan..

In order .to effect this purpose, a certain degree
of supersaturation must be maintained and then

the existing crystals will grow. This degree of

supersaturation differs in each grade of massecuite.

High purity massecuite can bé'submitted toa very .

rapid cooling without too great a supersaturatlon
taking place and without the formation of secon-
- dary grain, but with a massecuite of lower purity
it appears that often a period of only 1} to 2 hours
is too rapid, the rate of crystallisation not being
great enough to precipitate from solut on, the sugar
present in the supersaturated state.

According to Classen, the growth of sugar crys-
tals are brought about from those sugar particles

in direct contact with the crystal. As soon as this
fine film becomes exhausted no further crystallisa-
-tion can take place until fresh sugar is introduced
into the film from the mother liquor. The adhesion
between the film and the crystal is considerable
and sugar is introduced into the film chiefly by
diffusion. However, the motion of the syrup re-
lative to the crystals can be improved by stirring.
- A good relative motion will bring supersaturated
parts of the syrup nearer to the films round.the
crystals, and consequently diffusion will be in-

creased.

Savinoff (Nauéhnie I#apiski V7 (1929), 416-29)

described some experiments in which he determin-,

ed the velocity of crystallisation (1) where the
crystal remains stationary in the supersaturated
mother liquor and here the crystals grow through
diffusion; (2) where the crystals are rotated in the
supersaturated mother liquor thus preventing dif-
fusion. His results show that by rotating the crys-
tals at 100 or more revolutions per minute increases
the velocity of crystallisation by as much as 500%.
- These results were obtained in a solution of pure
sticrose of lower supersaturation and hence relative-
ly low viscosity. But under industrial conditions
owing to the high supersaturation of the mother
liquor, the viscosity is high and it would be more
difficult to realise free mévement of the crystals
relative to its surrounding films of mother liquor,
which of course, means that the growth of the crys-
tal in the crystalliser would be mainly by diffusion.
In the Herisson there is, however, a fair amount
of stirring and if this were increased it would be
all to the good. That there is a certain amount of
motion of the crystals relative to the mother liquor,
is seen in the decrease of the purity in the surface
massecuite when the crystals settle out under
gravity. » . o

k.
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1st MASSECUITE. -

MASSECUITE. =~ | - MOLASSES. . YIELD OF.SUGAR %
Hours in - ' - ?
Crystalliser. Temperature oC. Puci _ Purity. : :
: Struck._'Cured. Drop. urity. Struck. Cured. Drop. Struck. Cured. - Rise.
11 61 49 12 9.5 | 75.4 68.5 6.9 | 393 642 49 A
138 | 60 52 8 91.2 74.9  69.6 5.3 |-59.00 63.0 4.0 A
12 59 - 49 10 8.1 67.5 65.1 2.4 | 57.3 '63.3 6.0 A
152 57 48 9 9.5 75.0 70.5 4.5 5.8 63.0 5.2 A
6 59 0 43 16 89.6 | 71.8 68.1 3.7 | 599 64.9 50 W
3% 56 47 9 88.5 70.8  66.7 4.1 58.2 63.3 : 5.1 W
31 59 49 10 85.8 69.3 64.8 4.5 57.6  62.4 4.8 W
4 - 60 49 11 4.4 65.7 62.0 37 57.0 61.0 ‘4.0 W
Hours in MASSECUITE. MOLASSES, Purity Drop.
Crystalliser. Brix. Purity. Purity Cured. Y ‘
3% 89.5 . 86.2 65.9 2.3 W
33 90.0 86.9 67.3 19.6 - W
53 90.5 85.9 66.3 . 19.6 W
1 90.5 87.1 68.7 18.4 W
3 90.5 87 .4 73.7 13.7 A
5 89.0 86.6 71.3 15.3 A
L6 | 895 88.9 73.4 15.5 A
30 90.5" 87.3 65.4 21,9 A
37% 190.5 88.1 - 67.0 21.1 A
W= Herisson Water-cooled Crystalliser. A= Herisson Air-cooled Crystalliser, water cut-off.
2nd MASSECUITE.
MASSECUITE. - MOLASSES. YIELD OF enR %
Hours in - - ‘
Crystalliser. Temperature oC. ) Purity.
Struck. Cured. Drop. Purity. Struck. Cured. Drop. Struck. Cured. ' Rise.
25 65 45 .20 79.4 | 55.1 52.3 2.8 | 575 6.8 3.3 A
27% 64 40 24 75.2 54.0 52.0 2.0 57.1 60.2 3.1 A
10 64 = 45 19 81.0 49.1 47.0 2.1 56.9 60.3 . 3.4 W
11 65 44 21 82.0 53.6 . 50.0 3.6 57.3 60.9 3.6 W
Hours in MASSECUITE., MOLASSES. L
. P Drop.
Crystalliser. Brix. .- Purity. Purity Cured. arity Drop
9 94.5 73.6 477 25.9 A
33 93.0 . 75.6 57.4 17.6 A
12 92.0 - 77.0 58.8 . 18.2 ‘A
13 92.5 75.8 54.3 21.3 W
93 93.5 754 51.5 - . 23.9 W
6% 92.5 - 777 53.1 24.6 A\

W— Herisson Water-cooled Crystalliser.
A= Herisson Air-cooled Crystalliser, water not being circulated.
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3rd MASSECUITE.

. MASSECUITE: - ; " MOLASSES. ) YIELD OF SUGAR %
ngglsliégr. Temperature oC. Purity. i -WT. MASSECUITE. ) «
Struck. Cured. _' Drop. Struck. Cured. Drop. Struck. . Cured.” . Rise.
27 62 27 35 55.5 48.9 6.6 | 25.8 33.9 8.1
30 62 23 397 | 53.2 48.1 5.1 4 20.2 34.6 14.4 5
20 | 62 . 27 . 35 4.3 48 .4 5.9 25.7 32.7 9.0
16 63 23 40 54.6 47.6 7.0 22.7  39.5 '16.8
15 - 63 25. 38 . 55.5 48.3 7.2 221 37.6 15.5
21 63 26 37 . 55.6  49.4 6.2 | 21.6 32.3 11.7
20 T62 23 39 ] 55.0 50.1 4.9 30.1 38.4 8.3
19 ' 62 - 23 9 55.9 49.1 6.8 30.5 39.1 8.6
21 62 27 35 57.1 49.5 7.6 | 25.5 35.5 10.0
22% 63 27 36 56.2 5.0 6.2 24.2  35.2 11.0
17 63 28 35 . 5.6 . 50.2 6.4 27.9  38.4 10.5
15 63 29 34 56.8 50.4 6.4 31.2 37.0 5.8
24 62 28 34 57.2 49.2 8.0 25.3 35.6 10.3
17 62 30 32 55.7 48.5 7.2 27.6 37.4 9.8
11 62 32 30 56.2 49.7 6.5 20.0 41.4 12.4
(Comparison between Herisson and Air-cooled. Half the Massecuite put into each).
16W 63 28 35 50.2 46.5 3.7 34.7 43.5 8.8 B on curve
A 63 44 19 50.2 49.1 1.1 4.7 37.5 2.8A , '
12W ~ 65 28 37 53.0 45.8 6.2 31.5 39.0 7.5D | . .
A 65 48 17 53.0 50.3 2.7 31.5 35.7 "4.2C | .
12W 58 26 32 . 52.3 47.2 5.1 33.5 4.0 7.5F | .
A 58 47 11 52.3 . 51.2 1.1 "33.5 3.0 35E “
16W 65 24 41 - 54.4 47.9 . 6.5 32.0 41.7 9.7 <
A 65 40 225 54.4 50.9 3.5 32.0° 3.2 5.2
12W 64 28 36 '52.8 47 .6 5.2 33.0 43.3 10.3
A 64 40 24 52.8 748.3 4.5 1 33.0 3.0 3.0 %
A= Ordinary Air-cooled Crystalliser (no water used). W= Herisson Water-cooled Crystalliser.
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Three tables, the result of our experimental work,
are given above setting forth the temperature dtop

during the water and air cooling of 1st, 2nd and low
grade Massecuites. While making these observa-
tions, the yield of sugar which resulted from the

several treatments was recorded, and " it is abun-"

dantly clear' that the cooling accelerates the ‘yield
very considerably in the case :0f each massecuite.
During the work, the temperatures were recorded
- every hour and the sugar c;rystalllsed out was

separated from the mother hquor g laboratorvE -
The yield of sugar was recorded and”

centrifugal.:
the mother liquor analysed for purity.

This procedure brought to light several points of
interest:
inlet end of the crystalliser cooled more rapidly
than the water outlet end. Thus at the inlet end,
there was found with a first massecuite, a 65.6 per
cent. yield, while at the other there was only a 62.8
per cent. yield. In a second ‘massecuite much the

" same difference was found, ie. inlet 55.4 per cent."

and 524 at the outlet end.

‘Again it is the practice in some factorres to steam
out the pan after discharging the massecuite and to
put the washings on top of the massecuite in the

crystalliser. This is a very bad: practice as can
be seen from the followrng figures.
A" 1st MASS | Molasses | Per Cent
A.‘ 1st MASSECUITE.. If’u?i?;% .Suggn ;?eld
At drscharge 67.5 | 57.3
After washings have been ' IR
added to Masseculte ol 769.3 53.9
2 hrs later . Lon b 6901 539
3, LA 685 536
B P R 67.9 | 54.3 °
B: 2nd MASSECUITE.
At discharge 56.3 57.5
After washings have been , '
added to Massecuite. . . | 57.6 52.5
3 hrs. later . 55.9 53.6
6,,_' e -54.9 56.6

A is a 1st Massecuite which, when drscharged had
a ‘molasses purity of 67.5 and gave & sugar yield of
57.3% on massecuite and B is-a 2nd massecuite
with a molasses purity of 56.3 when dropped from

the. pan, and gave a sugar yield. of .57.5 per cent..

In both cases it will be seen that it takes several
hours before the concentration of the sugar in the
massecuite is the same as it was ‘when dropped
from the pan. The implications are -obvious, all
thdse Hotirs of cooling are lost, for the beneht of
the cooler does not begin until the’ ‘yield of the
sugar becomes greater than when the massecuite
was first: dropped.

The 'same ‘may be said of “fecdulo' the massecuite
with water.” It was noticed that the density of the
mother liquor rose after water had been sprayed

It was definitely shown that the water

upon the massecuite to make it possible to turn the
shafts. and "cooling ‘coils. 'In :some South African
factories it is the practice to add mélasses from the
same’ kind of massecuite to reduce the viscosity.

Good as is the work done by the Herisson, the
work done recently in the Barbadoes and in Hawaii
has shown that it is not merely a matter of cooling
at any haphazard rate. There has heen developed
a technique in which the Herissonn Crystalliser is
eminently suited to play a satlsfactory part.
. This work on low purity massecuites has had
an intensely practical aspect in Hawaii, due to its
éfficient Experiment Station. The recommenda-
tions worked qut on theory, have ‘been taken up
by the factor_les, 31 out of 37 have implimented the
ﬁndings and it is calculated that the improvements
in the handling of these massecuites is wor+h
900,000 Dollars on a 900,000 ton_crop.

A repetition of this work in South Africa would
be well worth while, consequently it is reviewed
in what follows. :

In the crystalhsatron of sugar, we require
to know the solubility of sucrose in cane "
juices; the coefficients of supersaturation of the

solutions, -the: v1scosrty of the mother liquor, its
concentration. and temperature: - The velocity of
crystalhsatron is then affected by the purity, super-
saturation and the viscosity of thé mother.liquor.
Kucharenco (The Crystallisation of Sucrose, p. 12)
has shown that the velocity of crystallisation of
sucrose increases rapidly with the supersaturation,
and Classen and Horsin-Deon have pointed out
that the crystallisation of a sucrose solution can be
accelerated considerably by the reduction’ of the
viscosity of the solution.. Since the viscosity of a
sugar solution rises with the supersaturatlon it
is' clear that the two factors, viscosity and super-
saturation, must be mutually antagomstlc

The solubility of the:sucrose in cane JUICCS has
been worked out by Thiemé (Studres in. Sugar
Boiling, p. 74) who published Saturation. Coeffi-
cients from which may be calculated th= solubrhtv
of sucrose for any given purity. -

The supersaturatron of the mother liquor of a
massecuite is affected by two main factors, i.e.
concentration and temperature. At a given tem-
perature ‘the supersaturation of the mother liquor
inecreages with.the concentration of; sucrose in solu-
tion, -and at each deﬁmte concentration of the
mother liquor the supersaturation increases as the

. temperature decreases:

. During the. investigations referred to above, the
effect’ of cooling on the exhaustion of the mother
liquor in the crystalliser was examined by the
separation and' analysis of samples of the miother
liquor - at definite time itervals. -These analyses
made possible -the calculation of the coefficients of
supersaturation of the mother liquor and the per-
centage of crystal- sugar in the massecuite during
the time that the massecu:te remained in the crys-
talliser, as follows:—
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TABLE 1.

ORDINARY AIR-COOLED CRYSTALLISER, BARBADOES.
MOTHER LIQUOR MASSECUITE.
TIME . ] p

(Hours) Dry True Co-elfﬁment Temperature ~ Fer Cent.

Matter. . Purity. ~of o (. Crystal

] . Supersaturation Sugar.

At discharge . . . . . 86.51 50.26 1.270 68 24.70

2 hours later .. . . . 86.33 48.94 1.221. 66 26.34

1z, B . 85.60 46.40 1.223 60 29.34

24 o coe 85.11 44 .47 1.236 52 31.47

36, . L. &4.37 43.34 1.227 _ 46 32.63

48 . ' . €4.20 42.30 1.225 42 36.69

60 . e 84.27 41.53 1.258 38 34.42

72, . .. R4.26 - 40.72 . 1.262 36 35.16

&4 » . 83.94 40.01 1.246 : 35 35.84

118 . 83.90 39.81 1.253 32 36.02

The small variation of the coefficient of super-
saturation during the entire period of cooling in the
crystalliser is one of the striking facts brought out

by these figures. The crystalliser was of the otdi-

nary type air-cooled type. This co-efficient lay
between 1.27 and 1.22 and the crystal sugar in-
creased during this period from 247 per cent. to
36.02 per cent. which increase is entirely due to
the fall in solubility of the sucrose in the cooling
mother liquor and not to any reduction in the
supersaturation.

Another point brought out was that since the
coefficient of supersaturation remained unchanged,
the only other factor which affected the growing
viscosity of the mother liquor was the temperature,
and it was shown that, with the initial temperature
at 64° C., when 35° C. was reached the viscosity of
the mother liquor is so pronounced that for all
practical purposes crystallisation has ceased. Never-
theless, the coefficient of supersaturation remains
at 1.22, and the exam!nation of the molasses by
Kalshoven’s method (Archief 27 (1919), p. 1560)
disclosed that 6.6 per cent. of the sucrose of the
final molasses was present as false grain.

(At the Experiment Station, Mount Edgecombe,
we had eight or ten final molasses from various
factories examined and it was found that in every
case there was a considerable part of the sugar
present (up to 9 per cent.) as false grain).

The consideration of the facts set forth in the
table, which records the results from an air-cooled
crystalliser, led to the following conclusions.

The greatest crystallisation of sucrose takes place .

in the pan so it is desirable to discharge the mas-
secuite at as high a concentration as possible, but
this will result in a relatively high supersaturation
of sucrose in the mother liquor, which in turn will
produce a high viscosity which tends to retard the
velocity of crystallisation. Kucharenco’s (loc. cit.)
results show that if the temperature of the mother
liquor is high increasing supersaturation has rela-
tively little “effect.

Tt has been found also that the velocity of

crystallisation is greatest at .60° C. and falls con-
siderably as the temperature drops, it would appear
logical to suggest that the temperature of the mas-
secuite be maintained at the striking temperature
until there is a considerable reduction in the supet-
saturation of the mother liquor. This crystallisa-
tion of sucrose will lower the viscosity, and the
effect of the lower viscosity on the velocity of
crystallisation will produce a lowering of the super-
saturation. It may therefore be found that when
the supersaturation has decreased to say 1.1, the
velocity of crystallisation can be increased by cool-
ing and there is little doubt that with the lower
supersaturation of the mother liquor, this cooling
could be carried out rapidly.

Further, as the table discloses that the mother
liquor of the cooled massecuite is considerably
supersaturated, and although this sucrose is theor-
etically recoverable, it is lost under practical factory
conditions because there is insufficient time avail-
able to allow crystallisation to go to completion.
Hence it suggests itself that the massecuite could
be cured by raising the temperature from say 32°
to 50°C. There is no fear of dissolving the grain,
i.e. without undersaturating the mother liquor.
This method would appear much more advantag-
eous than the more usual method of adding water
to the .crystalliser, since in the former case, the
viscosity of the massecuite is lowered not only by
a reduction in the supersaturation of the mother
liquor but also by the increase in temperature.

With these ideas in mind, three low purity mas-
secuites were allowed to cool in the crystalliser,
under the following conditions:—

1. Air-cooled for 40 hours.

2. Maintain strike temperature for 24 hours, and

then cool rapidly for another 24 hours.

3. Maintain strike temperature ior 10 hours, and

follow with rapid cooling for 30 hours.

The three strikes used in these experiments.
had practically the same initial analyses, and the
results are shown in the tables and curves.

T
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~ TABLE 2. MASSECUITE No. 1
‘ MOTHER LIQUOR. MASSECUITE.
TIME : p
(Hours) _ Dry True Co—eﬂ}cxent Temperaturé Per Cer}t.
o Matter. Purity. Su or . oC. Crysta
i persaturation. , Sugar.
At discharge . . . . . 87.60  45.67 1.256 66.7 23.52
2—6 . . . . . .. 87.87 43.15 1.329 : ‘64.‘2 26.52
8&—12 . . . . . . .| 8.5 41.61 1.365 » 59.8° 28.21
14—-18 . . . . . . . 86.32 39.63 1.391 55.6 30.27
2024 . . . 0 . . . 87.04 37.50 1.351 50.9 32.3
26—30 . . . . . . . 86.88 36.95 1.347 47 .4 32.86
3236 . . . . . . . 86.58 36.47 1.307 47 .0 33.30
3840 ... . . . L. 86.62 36.00 1.320 45.8 33.71

Total Increase in per cent, Crystal Sugar 10.19

In No. 1, which was air-cooled, it will be seen
that as the temperature fell the coefficient of super-
saturation rose from 1.26 to 1.36, showing that the
velocity of crystallisation had not been able to keep
pace with the lowering of the solubility of the

sucrose in the mother liquor as the temperature
fell. At 50° the velocity of crystallisation féll, in-
dicating that to maintain the same velocity of crys-
tallisation, the supersaturation must be higher than
1.34. '
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TABLE 3. : R MASSECUITE No. 2
o e MOTHER LIQUOR, © MASSECUITE.
TIME ) ) :
(Hours) . . Dry - True Co-efficient Temperature ~ rer Cent
S i .- -Matter. - Purity. of oC. Crystal
) i o Supersa.turatlon. Sugar.
At discharge . . . . . | 8.00 51.42 1257 683 22.08.
2—6 . . o . . . .| 8.4  49.13 1235 | 685 25.13
§&—12 . . . . . . . ]-8.23 46.72 - 1.204 68.2  28.07.
14—18 . . . . . . |:86.15 4640 - 1197 | 68.4 28.44
2024 . . . .00 85.81 47 .62 1.191 685 —
2630 . . . . . .| 8605 45.95 1.272 61.2 28.95
3236 .. . . .. .. 85.81 45..72 1.331 _ 54.1 29.21
842 . . . . . L. 86.02 43.58 1.373 | 48.9 31.52
4—48 . . . o . . .| 86.32 42.65 o148 39.5 32.47
i T Total Increase in per cent. Crystal Sugar  10.39
In No.v 2, the striking témperéture was main- : On the curves it will be seen that crystallisation

tained by circulating hot water in the coils for 24 took place readily for the first- 10 hours until the
hours. The massecuite began to show signs of coefficient of supersaturation .dropped to 1.2 and
froth fermentation after being heated for 10 hours. for the ‘next 14 hours practically ceased. The



massecuite “was ‘then ‘cooled and the velocity . of
crystallisation remained slow:until at 54°C. the co-
efficient of supersaturation had risen :to 1.33 when

75

the higher velocity of: crystallisation ‘was resumed..

The cooling was carried ‘out rapidly by circulation

of water and as the increase in 'supersaturation
shows;the sucrose crystalllsmg ‘out could not keep
pace with the drop in solubility, at 40° C. the super-
satiiration was 1.4 and the velocity of crystallisation
had only slightly decreased.
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. -TABLE 4. o MASSECUITE No.'3.
c . MOTHER LIQUOR. . - MASSECUITE.
‘(Hours) o Dry " True ~~ Co-efficient - - Temperature . ber Cent.
: L Matter. Purity.. of - .. |..." "¢ .. .Crystal
o o Supersaturation. . . Sugar.
At. dlscharge ... . .| 8.60  47.31 - 1.225- .- | . 68.9 24.04
2— 6 .. L. 87.03 44 .01 - -1.229 b 68.5 . . 27.97
&—12 . . . . . L. 87.21 43.13.. 1.263 ) 66.3 . . 28.95
418 . . .. . L. 86.91 23.05 1.326 . 59.2 . 29-.03
2024 . . . . . . . 86.54 41.33 1.363 . S1.1 30.84
26—30 .. . . . . . . 86.92 39.25- 1.393 - 45.7 -32.90
32—-3% . . . . . . . 86.54 37.57 1.394 - 40.7 - 34.45
3840 . . . . oL .. 86.61 37.10 1.412 " 39.2 ¢ -34.88

Total lncrease in per cent. Crystal Sugar  10.84




- No. 3 massecuite also showed signs of froth fer-
mentation .and after .10 hours the temperature was
lowered by circulating cooling water in the coils,
and, just as was the case with No. 2, cooling did
not increase the velocity of crystallisation until
the coefficient of supersaturation of the mother
liquor had risen to over 1.3 at 60°C. During the
following 18 hours, the temperature fell from 60°
to 40° C. and the supersaturation coefficient of the
mother liquor rose from 1.32 to 1.4 This confirms
the results shown by No. 2 massecuite, viz., that
even at 40° C. the velocity of crystallisation will
remain high, provided that the coefficient of super-
saturation is maintained at 14.

It is clear from these and such results that the
controlling factors influencing the velocity of crys-
tallisation in low purity massecuites are the tem-
perature and coefficient of supersaturation of the
mother liquor.

When the supersaturation falls below 1.2 at
68° C., the velocity of crystallisation becomes' very

GRAVITY PURITY.
&
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panying chart shows how the gravity purity of the
molasses is enriched at the expense of the sugar
crystals and shows how dangerous it is to warm
such diluted massecuite before centrifuging.

CURVE SHOWING THE INCREASE IN PURITY
OF THE MOTHER LIQUOR ON DILUTION WITH
HEATING.
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32
31 No DiLution
30 ' g A

29

28 L L

slow. As the temperature decreases and the vis-

cosity of the ‘mother liquor increases, a higher
supersaturation is necessary, if the velocity of crys-
tallisation is to be maintained.

It will be noticed that there is little difference in
the total amount of sucrose crystallising out under

the different methods of cooling adopted for these

experiments. It is therefore clear that there is no
great advantage to be gained by maintaining the
striking temperature of the massecuite since, al-
though crystallisation of sucrose takes place for
a time, the coefficient of supersaturation is so re-
duced thereby that a considerable cooling has to
take place before the coefficient of supersaturation
can be raised sufficiently for a normal velocity of
crystallisation to proceed at the reduced temper-
ature. -

Another very useful and important point emerges
from this study. At the time of curing, a rela-
tively high supersaturation of sucrose exists in the
mother liquor which cannot be recovered by the
factory. Owing to this high degree of supersatu-
ration the temperature of the massecuite could be
raised to over 70° C. without any sign of dissolution
of the sugar crystals in the massecuite. This would
result in a most important reduction in the viscosity
of the mother liquor and a great saving of time at
the centrifugals.

This work has been extended in Hawaii and for

the last three or four years they have been devoting
a great deal of experimental work to the subject
of crystallisers, crystallisation and centrifugals.

It is the practice in South Africa, in some fac-
tories, to add gradually, water to their low grade
massecuites as the massecuite tightens. The accom-

100 110 120 130 140
TEMPERATURE oF.
Fig. 5.

. The heating of massecuites, as recommended by
Saint, instead of dilution, to expedite work at cen-
trifugals has failed previously in the hands of
some operators owing to the lack of the fundamen-
tal principles.

The first successful application of this principle
of re-heating was inaugurated at Waipahu following
the installation of crystallisers provided with 30
per cent. of cooling or heating surface in stationary
copper coils. It was possible, therefore, to cool
the massecuite to a satisfactory temperature in
from 54 to 60 hours, then by introducing warm
water into the coils to raise the temperature of the
massecuite to 105 - 110° F. before discharging to the
centrifugal mixer.

Exhaustive experiments had previously con-
vinced them that this practice was sound. It was
found, for example, that when the massecuite tem-
peratures were as shown below, that the purity of
the sugar was as shown. '

Massecuite Apparent Purity
Temperature. of Sugar.
79 F. - - - - 635
84°F. - - - - 0672
8% F. - - - - 705
940 F. - - - - 735
9% F. - - - - 752
104° F. - - - - 764
109° F. - - - - 775
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It is clear, therefore, that when the temperature
of the centrifuged massecuite is high, a much higher
purity sugar is obtained, as a result of the better
elimination of the molasses resulting from the .
reduction of its viscosity. :

It has been shown that with- proper heating:

equlpment there should be no increase in molasses

purity.

It has been demonstrated also that heating is
superior to dilution in an unexpected direction, viz.,
that at a given viscosity, molasses with a higher
saturation temperature has a lower purity than the
same molasses at a lower saturation temperature.
The accompanying figure illustrates the point by
the series of curves at five saturation températures.

- PURITY CURVES SHOWING .
GRAVITY PURITY-VISCOSITY IN THE SAME
MOLASSES AT SATURATION ’I?EMPERATURES
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Thirty-one out of the thirty-seven factories in
Hawaii have taken up this treatment of their low
grade molasses (1935) within the short time this

treatment has been worked. An enormous amount

of work is necesary before applying the principle
to the factory, but it has resulted in reductions in
the final molasses from 39.18 in 1929 to 33.07 in
1933. This reduction is estimated as worth 900,000
Dollars per year, on a 900,000 tons crop.

The additional plant involved has been warming
coils in the centrifugal mixer' to maintain a satis-
factory temperature in the massecuite going to the
centrifugals.

At another factory, sufficient crystalliser capacity
to provide time for both cooling and warming was
not available and a heater was inserted between the
crystallisers and the centrifugal mixer.

A U-shaped trough, 30 inches in diameter and
20 feet long was installed with a heat and stirring
element revolving at 5% R.P.M. and composed of
73 square feet of heating surface.in parallel 2in.
O.D. brass tubes operating in multiple, the power
needed being 5 H.P. About 75 feet of massecuite
per hour pass through this heater, the temperature
being thereby raised from 86° to 118° F. with warni-
ing water at 180° F. and leaving at 144° F. "Mas-
secuite passes from end to end in 80 minutes.

Another 51m11ar unit consists of a heating element
composed of a hollow shaft and a single helical coil
providing 48 square feet of heating surface, or 30
per cent. on volume revolving at 3 R.P.M. heating
110 cubic feet of massecuite per hour from 110° to
118 with water entering at 154° and leaving at
144° F. Massecuite passed through this heater in
20 minutes being first warmed to 100° F. by means
of exhaust steam coils in the crystalhser discharge
trough. .
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The PRESIDENT: Dr. Hedley has submitted to
us a very interesting paper, and one which, I think,
bristles with points for discussion:

Mr. BOOTH: As one who was. associated with
Dr. Hedley in the ﬁrst few days of his investigation,
I have read this paper with much interest, and I-
have learned quite a lot. You have asked for
comments on the scientific principles laid down. I
think that is somewhat difficult. I agree with Dr.
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Hedley ‘that the whole question of saturation is
.somewhat of a new line. He mentions in the early
part of his paper, the giving attention to the cool-

ing of massecuites. I think it is only a small portion.

of the major question of the crystalhsatlon of sugar
from syrup.,

—The appearance of this paper is a confirmation
of vour own special plea, Mr. President, in your
Presidential Address, that there remains a. great
amount of work to be done in the investigation by
-way of increasing factory efficiency. To refer to
your statement that 35% of the cost of the sugar
lies in the manufacture, we realise that we have
‘to reduce our costs further and the only way to do
it is to get a staff of tramed technicians to attend
to those questions which the factory.staff cannot
‘hope to do; they have to cope with their routine
duties. Some three years ago. I mentioned in this
Congress the superheating of juices and was flat-
tered yesterday to find that you also referred to
the same subject. Apparently my words did not
fall on deaf ears. Last year, I placed in Dr. Hedley’s
‘hands some correspondence regarding the separate
‘control of juices. Vacuum pan design, vacuum pan
control, crystallisers, strrrmg gear and high speed
curing, ‘open up new vistas in this 1nterest1ng sub-
~.ject but, as I said before, the work cannot be done
by the ordmary factory supermtendent and his staff.
Therefore T would suggest that the incoming Com-
mittee make capital out of Dr. Hedley’s findings

and decide as to whether the Experiment Station

cannot undertake part of this work.

" Referring to the paper, there are many points that
Dr Hedley has mentioned. As regards the water-
cooled crystalliser, it may be taken for granted that,
especially in the second massecuite, they yield bet-
ter figures and save much time. I have doubts
as to whether rapid cooling of 3rd massecuites is
to be recommended. At a brix of 95°, the increase
in viscosity has to be balanced by applymg water,
otherwise that massecuite is going to.go round in
‘one big blob. If one doesn’t watch out, the inside
of the crystalliser will be torn out. Some people
use molasses to slacken. I don’t see much point
in that practice. It is certainly a lubricating agent.
Why not water the massecuite Jud1c1ously to avoid
crystalliser grain? Our practice in final massecuites
is to seed the second wash of approximately 80
purity, build on 2nd molasses, ‘dropping at the
highest possible brix into a Herisson cooled crys-
talliser with the steamings. Let it consolidate for
-two hours. Drop the temperature to normal (about
90°F.) raise it to about 110 to 115°F. then spin. it
in 30 inch machines, at 1,250 revs. per minute. This
sugar polarises somewhere about-90.  Since all

massecuites - are examined by ‘microscope .before

they drop, it is interesting to learn from Dr. Hedley
that the samplés of molasses he had from us con-
tained false grain. Were those grains spontaneous
crystallisation or grains that failed to grow? I

differentiate between the two. We hope to improve

upon ‘tﬁa_t,_ebut_jl‘ have no intention of raising the
temperature to 70°C. We are installing a hot water

~mingler in the final massecuite mixers to raise the
' temperature from 90°F. to  122°F. to avoid heating

in the crystallisers, and if we can get a higher spezd
in our machineés so much the better. The difference
between spinning  at 1,200 and 1,500 is enormous.
We hope that Dr. Hedley, when again working on
this subject, will come up to see us at Doornkop,
as I am very interested in this saturation businéss.
and by "this time next year we may have consider-
ably more information on a very important subject.

Dr. HEDLEY With regard to the matter of the
false grain, I should imagine, in your case, it ‘would
not be grain that didn’t grow; it might be due to
your suddenly cooling it locally. That will do it.

With regard to raising the temperature to 70°
and then ¢urirg; I think you must have missed the
point of this supersaturation:curve. The point is
you must not raise it above that temperature which
will dissolve the sugar which is in the supersatur-
ated condition.  If you do, then vou will] ccertainly
dissolve the saturated sugar, but you can raise it
to the temperature which your co-efficient of super-
saturation allows, without 1osmg any sugar.

Mr. BOOTH: I don’t thmk you have mentroned

any time factor.

- Dr. HEDLEY:,The heating factor wi]] be gov-:
erned by the coils of your crystalliser and obviously .

the heating surface after you leave yout crystalliser
to your centrifugals.
point.. “If heating is going .to take too“long, ob-
viously you are not gettirig much by heating.

Mr. BECHARD: T take i,t-‘tfhatx't.he first part of

the paper refers to experiments made by Saint,
mostly.” T would like Dr. Hedley to tell us whether
the experiment referred to at the bottom of page 73
on these three different masscuites refers to South
African. COHdlthI‘lS ‘

Dr, HEDLEY : Those were e‘q)erlments which
Saint conducted when investigating the subject in

'Barbadoes

Mr. BECHARD Masseculte one, air- cooler crys-
talliser; showing purity drop of 45.67 to 36 in 40
hours is quite on a parallel with South African
experience; also_ its crystal recovery from 23% to
33%, shows srmllar results to South African mas-
secuites of that descrlptlon It is certainly impos-
sible to do so in air-cooler crystallisers.

" Mr. MACBETH : Mr. President aﬁd Gentlemen,

in rising to add a few remarks on this paper, I
"do so, not as an expert on the subJect but to give

‘a few details of what I observed during my trip
overseas L. '. )

PV TR

That is a véry important .



Hedley s paper on the Crystalhsatlon of
»Massecmtes is certainly a step forward in the right
direction and touches upon a subject, which in my

opinion, is of very great importance to the’ “Sugar
Industry in this country,
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\vhere crystallisation starts. This part of crystalli-
sation is as important as the subséquent one-and
very often influences in a marked degree the re-
sults of the latter operations. Sugar boiling has |

.so far been a craft where the personal element

Whilst in the Hawaiian Islands I'was fortunate'

in meeting Mr. Raymond Elliott, who gave me a
fairly detailed ‘description of the work carried out
on the supersaturation of massecuites. and as far
~as [ can now recollect they are touchéd on,. besides
other details, in Dr. Hedley’s paper.

I notice in the paper that no mention is made of
two very important instruments that are used in
ascertaining the melting point-of sugar crystals and

plays a great role, and it is possible that a large
measure of improvement could be realised by the
help of the recording instruments lately placed on
the market and also by the mlcroscope and the

camera

the viscosity of the massecuites due perhaps to not.

sufficient information being available about them.

I allude to the “Saturoscope” and “Viscometer,”
both these instruments are the products of the
Hawaiian Experlmental Station.

Perhaps most of you are aware, the “Saturoscope
is used to observe the melting point of sugar crys-
tals when the massecuites are subjected to reheating.

The instrument is of simple construction, but all

the .same ingenious and if desired I will endeavour
to explain it to you. At this stage Mr. Macbeth
described the instrument and the details with refer-
ence to procedure of operation, etc.

As far'as the “Viscometer” is concerned, unfor-

tunately, this instrument was not on -view, as it " -

was still. kept closely guarded and was not for
inspection during my stay there;

“However, I was given to understand that this
instrument was to ascertain the,v15c051ty of ‘mas-
secuites at various stages of cooling and rehea*ing
and perhaps further information could be obtained
from the Principals of the Hawaiian Experlmental
Station.

In conclusion,'I would like to emphasi'se that this
subject should not be treated lightly, as thousands
of pounds stirling per year could be recovered from
our final massecuites and molasses if experimental
and research work was carried out in this direction.

I think- the time ‘is opportune to appoint a Tech-

- the

Commg to the crystallisation ‘cooling stage it
looks as if the practlce of water feedmg is now in
disfavour. Nevertheless: our . experience -goes to
prove that feeding in a judicious way will produce
very satisfactory results as will be gathered from
the average yearly figures of the past three seasons.
Where no remelting seems to take place as evi-
denced by the increased yjields and lowering of
molasses purity.,

"Pan boiling and -cooling in motion endeavour to
force out of solution a maximum amount of crysals,
by bringing the syrups to a very high degree of
supersaturation. . This high degree of supersatur-
ation is usually the calise of increased viscosity,
which handicaps the separation of crystals from
the mother liquor in the centrlfugal department.
The methods used for enforcing maximum- crystall- -
isation are in some way antagomstlc to. maximum -
effiency of curing.

The Hawaiian technologists are solving the con-
flicting problem of maximum crystallisation and
maximum centrlfugal efficiency by reheating the
last massecuite, and increasing - centrifugal

speeds. We have so far practiced methodical dilu-

tion worked simultaneously with' the cooling.”

nologist to be attached to the Experimental Station,

to- investigate these- various’ important problems
which would beneﬁt the Sugar Industry in this
country generally.

Mr. RAULT: Mr. President, I would like to
- thank Dr. Hedley for having brought forward for
discussion the very important subject of crystalli-
sation. To speak in terms of crystallisation phrase-
ology his paper should be an “exciter” of discuss-
ion on a very vast subJect ’

When referring to crystalllsatlon we should not
narrow our outlook on what happens in the cry-

The re-heating appears to be a very promising
method, as viscosity is more easily decreased by
heatmg then by dllutlon and Wlth Iess I'ISkS of re-
melting. \ ! :

We are trymg the re-heating system and have
found it fairly satisfactory except in so far as the
heating after completion of cooling operations con- .
sumes a longer time, than the 51mu1taneous cooling -
and dilution. S

It is not correct to state that water feedmg of
low grade massecttites will in-every case remelt
crystals.  In our factory our present .capacity

forces us to massecuité for only 24 to 30 hours in

stallisers only, but should remember that the great- -

est part of the work is dene in the pan itsel,

Herrison water cooled' crystallisers. During the
cooling of this last ‘massecuite we carry out slow
feeding and our average results of crystalliser work
show a drop of purity molasses-from 6 to 7 degrees
and an increased yield of 8% to 11} per cent crystals
on weight of- massecmte durmg thls short coolmg
operation. ;

There is a wrong impression that the re-heating
method increases further. crystallisation. -If any
extra yield is obtained by this method it is purely



as a result of not meltmg the grain previously
formed by cooling.

" We have found that in the case of a badly-spin-
ning massecuite, reheating was a very poor palli-
ative which did not cure the trouble.

It should also be noted that the clairﬁ of a better

purity “sugar from reheating a massecuite wou'd
indicate that the quality of the sugar turned out
of the last boilings of Hawaiian factories is de-
cidely inferior to anything produced in South
African factories. Raiging the purity of a sugar
from 63 to 77 means nothing to us as our worst
sugars are already at a higher purity than 77.

I can assure Mr. Bechard that in my term of
office for the coming year, I will do my utmost to
revive the boiling house Committee and obtain the
necessary apparatus for contmumg the good “work
already done : :

I am sorry not to see amongst us here to-day
Mr. Jelley, Chief of Fabrication at New Guelderland,
.where excellent boiling house results have been
obtained. I do not think that with the limited
staff at his disposal, it has been possible for Mr.
Jelley to have many opportunities for extensive
scientific control, but he has nevertheless produced
the goods Exhaustion of molasses and in: con-
. sequence, boiling-house recovery have in the fact-

ory reached a point, never known in South Afrlcan :

factories.

.I have occasionally visited this factory and been
impressed with the extent ofits capacity in boiling,
cooling and curing. If exhaustion of molasses and
boiling house recovery are merely a matter of
capacity, the question of crystallisation would be

easily solved; but I am sure that other factors
are also contrxbutory to the excellent results of -

New Guelderland. It should be the purpose of the
boiling house Committee to raise the level of the
boiling house efficiency to that of the small North
Coast factory.

Mr. du TOIT: T am under the impression that the
- question by Mr. Bechard has not been answered
yet, in connection with figure 6. I think Mr.
Bechard is under the impression that Dr. Hedley
said that by simply raising temperature you could
get lower gravity. purity. Now, Mr. Chairman, 1
think that 1s certainly not the casé. These graphs
only show -that a lower purlty is obtained when
you have a ‘Higher saturation temperature, which
is something quite different.
like to point out, in connection with viscosities,
that the viscosity, as. Dr. Hedley has pointed out,
depends on the supersaturatlon the temperature,
etc., but I think it also depends to a large extent
on organic non-sugars, for if we take the different

factories in Natal and work them at the same con-

centration and the same temperature, we will find
quite a difference in the viscosity of the different
molasses.

organic non-sugars in the molasses. In so far the

"ation.

Then I should also-

That, I think, can only be due to the -
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actual viscosity of the molasses might be reduced
perhaps by certain methods of clarification.

In connection with the dilution vs. heating, I
should like to say this, that at the stage where

_viscosity really becomes a major problem, I sup-

pose it is during the last stages, and at that stage
the supersaturation temperature is fairly high,
with the result that the temperature may be in-
creased quite a lot without dis-solving any grains.
At the same timeif it is super-saturated, vertically,
of course, it may be diluted by quite an amount,

~and in that way the viscosity can be reduced, but I

doubt it very much whether you will get the same
reduction of viscosity by simply dilu*ing to satur-
ation, as you would’ get by heating up to satur-
I think you will probably get more by re-
heating. And then, apart from that, I can hardly
see how you can add any appreciable quantity of
water to massecuite without dissolving sugar,

.for the moment your water comes into contact
- with certain parts of the crystal, a certain amount

of re-solution must take place.. On the other hand,
the amount of heat required can be regulated much
better than the amount of water, for, as Dr. Hed-
ley pointed out, you can work, say, at that parti-
cular temperature where sUper-saturation occurs.
In these conditions, no re-solution can take place.

In practice I believe they work about five degrees

higher than that. Even under these conditions, I
believe the chances are extremely small that any
of the sugar will be dissolved. -

Mr. BECHARD: Two things have got to be
kept in mind when we are dealing ‘with this
question, one is the theoretical position, and one is
the practically possible, and the same thing applies
to the problem raised, dilution vs. heating. Work-
ing with the saturation instrument you come to the
conclusion very quickly that you can reach a fairly

“high temperature before dissolution takes place.

At the same time it is not practical. The main
reason is that you get caramelisation of the sugar.
Also that a certain amount of drying takes place
round the coils, and transmission becomes very diffi-
cult. There is one thing also that one must bear
in mind. It has not been emphasised sufficiently,
and that is the energy of mixing in the crystalliser.

. We fear that the strength of the stirring gear in the

crystalliser is not sufficiently great to deal with high
viscosities and. high densities, also the power used
at the crystalliser is insufficient. If the revolutions
were to be raised to anything like the revolutions
necessary to give a good mixing a good many of
these problems would disappear. :

Mr. HAYES: I should like to join with Mr. Rault
in the remarks he made, particularly in connection
with the opening of this paper, in which Dr. Hedley
says: “During the last few years, a great deal of
work has been done on the use of Crystallisers and
on Crystallisation in general. In South Africa we
have done practically nothing.” T think that state-
ment should be qualified. In fact some work has



been done in this country. =~ Mr. Rault mentions
.one instance where valuable work has been done,
and I think it should be the function of any Com-
mittee that is formed to help in classifying other
data. ‘

Regarding the paper, it is rather difficult to sort
out the local practical work from that done in other
countries, and I should like to ask Dr. Hedley what
the actual experimental methods were in determin-
ing viscosity for instance.’

Dr. HEDLEY : No, we have no means of deter-
mining the viscosity of molasses. As Mr. Macbeth
told you, when he was in Hawalii, the viscosimeter
was a secret. The viscosimeter which they use in
Hawaii has been published this year in their journal.

Mr. HAYES: A great difficulty with the work of
this kind lies in taking of samples. Some.figures
shown here demonstrate the effect of running
steamings on a massecuite. = I should rather like
more information on this, because we have found
that it is virtually impossible to take a sample rep-
resenting the whole bulk -of a massecuite. Most
people admit that it is not advisable to run any
amount of steamings on to the top of a crystalliser,
but the difficulty is what are you to do with it?
When it has been run on the crystalliser, it is very
hard to estimate the damage done, in that it is
virtually impossible to take a sample representing
the whole bulk of that massecuite. As Mr. Rault
pointed out, the work of the crystalliser can really
be divided into two stages; the first is the attempt
to get out as much sugar as possible by crystallisa-
tion, but the second stage is the antagonist, in that
it is desired to reduce viscosity to such an extent
that the sugar will cure easily. At the Refinery,
we work for as complete a separation of molasses
from the crystal as possible. We have done numer-
ous experiments on the re-heating of massecuites,
and also the feeding with water and have found it
amazing how much water one can add to a mas-
secuite if the feeding is done very slowly, and this
without any apparent damage to crystals, but in
fact with an increased yield.

“To mention one instance, we set aside a crystalli-
ser containing a very low-grade massecuite. We ex-
pected some difficulty curing it. But by judicious
feeding of water, a steady drop in purity was ob-
tained, and a fairly steady increase in yield. But
on the whole, we have found. that re-heating.a
massecuite seems the more correct line on which
to work for reducing viscosity. Nevertheless
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wheén judicious water fee-ding is employed to in-
crease crystallisation, good results can be ohtained.

Mr. W. A. CAMBELL: Mr. President, I have
listened to the debate from various members here.
May I suggest to the Director of Experiment
Station that Dr. Hedley follows this matter up this
coming season with various factories. I can assure
you—I am sorry that the owners of other factories

are not here to assure you also—that we will give

Dr. Hedley every encouragement, and put our staffs
at his disposal to bring fruition to the questions
arising out of his paper.. It is a most important
matter to the factory. Mr. Hayes brought some
very interesting data, and I do ask you, sir, if you
can allow Dr. Hedley, with his technical knowledge
to go into the various factories and follow this
matter up this coming season, as he has so success-
fully followed up the question of boilers and fur-
naces. :

Mr. DODDS: Mr. Chairman, this subject of the
crystallisation of massecuites is of the greatest im-
portance to South Africa in its influence on the
losses of sucrose in molasses, which we know is
very high indeed in this country. If I might refer
again to the table which we have already considered
this morning, we find that in this country we have
a purity of final molasses of 45 for the past season
and 46 for the season before. In Hawaii, where
the matter has been gone into systematically, as we
have just heard the purity of final molasses is 34.
The result is that the total losses of sucrose in mol-
lasses in the country is about 9 or 10% of the total
loss per cent. sucrose in cane: in Hawaii it is only
between 6 and 7. This diffierence. means a differ-
ence of three units in the boiler house recovery, and
this involves an amount of 15000 tons of sugar,
annually in our crop. The saving of 15,000 tons of
sugar or even a considerable part of it. is, of
course, a very important matter, and would justify
a considerable amount of ‘expense in experimental
work on the subject. In answer to Mr. Cambell’s
suggestion, I have already strongly recommended

to the Sugar Association that some work on these

lines be continued -during the coming season.

The PRESIDENT: I am sure we are all very
much indebted to Dr. Hedley for bringing tHis very
interesting subject before the Conference. I think
the biggest compliment which can be paid to this
paper is the interesting discussion which has taken
place. I would ask you to join me in a vote of
thanks to Dr. Hedley for his-most interesting paper,
(Applause.)



