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Abstract
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The paper deals with applications of computer image analysis to evaluation and control of crystallisation process in technical
sugar solutions. Fields of application of this system: The kinetics study of the cooling crystallisation of sucrose from technical
sugar solutions, measurement of the solubility of sucrose in technical sugar juice by the saturoscopy method, measurement of

crystal size distribution.
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The quality of sugar juices obtained from natural re-
sources is very variable and that is why for superior oper-
ation of crystallisation process it is necessary to measure
the solubility and the process kinetics and according to
obtained data to make corrections of operating pro-
gramme parameters. Contemporaneous methods do not
give the data rapidly and easily and so new methods are
looked for.

The system of computer image analysis enables to ex-
tend the work at the crystallisation station and to make it
substantially more efficient, which involves the evalua-
tion of the produced crystals and the acquirement of the
necessary substance properties and kinetic parameters.

The imaging system LUCIA G (= Laboratory Universal
Computer Image Analysis) applied in this work is a prod-
uct of the Laboratory Imaging Co., Prague, Czech Repub-
lic (ANON 1998). The firm offers both general purpose image
processing and analysis systems and reliable customised
solutions for scientific, biomedical, forensic and industrial
imaging. LUCIA G is the true colour version. Grabbing,
processing and analysis of images are performed at RGB
or HSI colour space. Dedicated mainly for a 3-chip RGB TV
camera. Supporting operating systems are Windows 3.x,
Windows 95, 98, Windows NT 4.0, supporting grabbers
are Matrox Magic, Matrox Comet and VGA. LUCIA in-
cludes a powerful, full-featured macro language and to-

gether with a rich image analysis library provides an excel-
lent developer’s environment for image analysis.

A wide spectrum of different objectives, microscopes,
cameras and lighting systems enables to measure parti-
cles with different size range from several centimetres to
microns. The program contains a large amount of tools for
adjustment and arrangement of the image into the form
suitable for optimal computer analysis.

The system enables easy calibration too. Except the dif-
ferent length parameters it is also possible to measure ob-
ject areas, equivalent volumes, angles and many other
parameters. The firm LAB-IMAGE Prague has developed
anew software for easy manipulation and partial automa-
tization of the whole process.

The paper deals with applications of computer image
analysis to evaluation and control of crystallisation pro-
cess in technical sugar solutions. Fields of application of
this system:

a) The kinetics study of the cooling crystallisation of
sucrose from technical sugar solutions.

b) Measurement of the solubility of sucrose in technical
sugar juice — suitable application with the improvement of
the saturoscopy method.

¢) Measurement of distribution of the crystals obtained
by the cooling crystallisation of raw sugar juice, evalua-
tion of the crystal quality, colouring, size etc.

*This work was supported by grant project COPERNICUS SUCLEAN (No. ERBIC 15-CT96-0734).
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Solubility Determination

The main part of the work deals with the solubility deter-
mination by a saturoscopic method because the newly-
designed technology for sugar production (KLEMES ef al.
1997) requires new analytical and controlling tools. The
contemporaneous method for the determination of solu-
bility by crystallisation experiment (when the equilibrium
is achieved by crystallisation, BUBNIK ef al. 1997) is not
operative and that is why the saturoscopic method seems
to be a good solution (KADLEC 1971; VACCARI et al. 1993).

The influence of composition of impurities in technical
sugar solutions on the solubility is shown in Fig. 1. This
figure also depicts the course of sucrose solubility at the
temperature 60°C at the different impurity contents. Other
curves for different juices taken both from a standard sug-
ar technology (“standard syrup*) and a new technology
based on the crystallisation of raw juice are also shown.

Saturoscopic instrument is a special microscope equip-
ped with a heated plate. Supersaturated solution with the
volume of several drops and containing microcrystals or
particles of crushed crystals is placed between two thin
glasses on the heating plate. The temperature linearly in-
creases at a given rate.

The temperature at which the crystals start melting is
detected as a temperature of saturation. The detection of
this equilibrium point is very demanding for the experi-
ence of operating personnel and it is also the main disad-
vantage of the saturoscopic method. The Computer Image
Analysis application significantly increases the measure-
ment objectivity.

The firm LAB-IMAGE offers a special programming soft-
ware for developing the programmes for the automatic tem-
perature data reading, saving and evaluating of image
series. The equilibrium point (saturation) achievement can
be estimated by the operating personnel from a series of
images. Another detection possibility is an evaluation of
optical changes in chosen picture parts, e.g., a part of the
observed crystal surface.

For the comparison of both methods the solubility of
sucrose in the juices was also determined through crystal-
lisation tests (BUBNIK et al. 1997). The saturation temper-
ature measurement by crystallisation and saturoscopic
method was compared in 44 technical sugar solution sam-
ples. The statistical analysis (z-test) of the data shows that
the difference between both methods at the level a = 0,05
is not statistically significant.

Sucrose solubility in raw sugar beet juice was evaluated
in the temperature interval 40-80°C and at the impurity
content 0.2—1.8 (g/g) water. The results were used for eval-
uation of two-parametric equations (BUBNIK et al. 1998a,
b). The results are also shown in Fig.1.

Crystal Size Distribution and Quality

The Computer Image Analysis is one of the most fre-
quently useds methods for granulometric particle measure-
ment. Use of this method for crystal size evaluation in
different samples can be considered to be almost a stan-
dard method. The LUCIA system offers great possibilities
for image analysis. To get a desirable result you can change
many parameters, e.g., length, width, max. and min. feret,
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Saturation coefficient SC — ratio of sucrose solubility in technical solution and in water; Non-sucrose/Water ratio NS/W — ratio between
impurity and water mass. Used data: experimental results and papers of Busnik, KApLEC (1992) and Busnik et al. (1997a, b), VAccar! et

al.(1993) and Vavrinecz (1978/79)

Fig. 1. The dependence of sucrose solubility in technical sugar solutions on the different impurity content at the temperature

60°C
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Fig. 2a-c depict the observed status of saturoscopic instrument
for chosen time periods: 2a — before the saturation point, 2b and
2c — after the saturation point (2b — immediately) in a concentrated
raw juice with the impurity content NS/W = 0.8 (g/g) water

Fig. 2. Images from saturoscopic instrument

area, equivalent diameter, equivalent volume and many
others.
The method advantages:
a) Itis possible to eliminate particles with different circu-
larity like small air bubbles or some fibres from a wrap-

ping.

T'7309,561 rab:254,255,250

b) It is possible to set a size limit and to determine the
conditions for the measurement.

¢) Obtained results are mean size (for chosen parameters),
standard deviation and particle size range.

d) The program gives the result table with all values and
the distribution chart.

Fig. 3. Measurement of crystal size
distribution of industrial sucrose crystals
by computer image analysis LUCIA
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e) All tables, charts and figures are possible to save, ex-
port and/or treat according to requirements.

f) All steps which were used during image analysis are
saved and can be used for simple subroutine creating.
This subroutine can be recalled and used to an analy-
sis during similar samples measurement.

This system was applied to many measurements of par-
ticles in the food and chemical industry. The large sets of
crystal samples from the cooling sugar crystallisation were
analysed during the crystal size evaluation. The samples
were measured both directly in a suspension and as a dry
product after the separation and washing.

Important practical results were obtained during mea-
surements of particle distribution in a slurry, which is a
suspension of micro-crystals in alcohol solution. In the
sugar plant the slurry is used for supersaturated sugar
solution nucleation.

The analysis of crystals obtained by direct crystallisa-
tion of sucrose from raw sugar beet juice is shown as an
example of measurement. This crystallisation method de-
signed by VACCARI and MANTOVANI (1995) is a part of
COPERNICUS project (KLEMES et al. 1997). Other results
for cooling crystallisation that was running according to a
simultaneous program and under the conditions: the tem-
perature fall from 80 to 40°C, supersaturation 1.10 and im-
purity concentration 0.8 (g/g) water. Fig. 3 shows analysed
crystals from one measured set, Fig. 4 summarises all anal-
ysed and calculated data (an output from the program
LUCIA) and a histogram of crystal distribution is present-
edinFig. 5.

Another important aim for LUCIA Image Analysis utili-
sation is a process application in sugar plants. In the fol-
lowing sugar campaign the system will be tested in an
industrial crystallizer in the sugar plant. The main idea is to

verify the possibility of on-line measurements of crystal
distribution.

Crystal Growth Kinetics and Nucleation

For crystal growth size measurement and for metastable
zone determination a modified cell was employed which is
usually used for cooling the saturoscope heating desk.
The biggest advantages of this modified cell are the fol-
lowing parameters:

a) Possibility of temperature maintenance.

b) Low solution or suspension volume.

¢) Itis possible to place this cell into the working space of
an Image Analysis instrument.

The crystallisation runs under the conditions where a
small number of crystals is growing in an surplus of moth-
er liquor. The Image Analysis enables to evaluate different
crystal parameters (Fig. 4). The time intervals are also pos-
sible to set by the program and the computer automatical-
ly records and saves images. It is possible to analyse all
images after the crystallisation process.

Crystallisation rate is possible to determine either at the
constant or changing temperature. The maintenance of
temperature in a small amount of measured suspension
allows to precisely operate the temperature and to apply
the different cooling crystallisation methods in this way.
The temperature is controlled by a computer with an equip-
ment developed by BUBNIK ef al. (1997). The course of
temperature curve during the cooling crystallisation is cal-
culated by a programme of simulation which was devel-
oped for sugar technical solution cooling crystallisation
by BUBNIK and KADLEC (1994, 1996).

The disadvantage of this process is that the crystallisa-
tion runs without crystal movement in a mother liquor. A
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Fig. 5. Histogram of data from Fig. 4

new measuring cell with higher solution volume and
equipped with the stirrer will be designed for the next mea-
surement. But in the measuring period it will be necessary
to switch off the stirring and let the crystals sediment. The
innovating Image Analysis LUCIA system which was pre-
sented by the manufacturers in 1999 allows to scan the
crystals during slow movement.

The system is being tested with the technical raw sugar
juice solution. Kinetics of the crystal growth was mea-
sured by cooling crystallisation under the conditions com-
plying with the newly-designed technological process in
sugar production (project COPERNICUS — KLEMES et al.
1997). The conditions under which the crystallisation ex-
periments were running result from technological process
parameters: the temperature fall from 80 to 40°C, supersat-
uration 1.02—1.25 and impurity concentration 0,2-1.8 (g/g)
water.

The tests which were carried out in this work followed
above all the methodology verifying. Obtained kinetics
data were used to complete the values measured by VAC-
CARI et al. (1996) and to calculate equations describing
sucrose crystal growth. The equations were input into the
programmes simulating the course of cooling crystallisa-
tion (BUBNIK ez al. 1998b, 1999).

First tests for metastable zone width measurement were
performed by cooling and showed the possibility to apply
this method for nucleation study. With a suitable set of
lighting (e.g., side lighting with glass fibres) the optical
properties change at the point where the new phase rises
and it is easy to detect the forming of new particles.

Conclusion

A saturoscopic method for the solubility measurement
of high viscous solution with wide metastable zone was
suggested and successfully realised in this paper. In fur-
ther work the system will be verified for different kinds of
solutions and also other tests will be carried out directly in
the industrial plant.

A procedure for direct observation and evaluation of
growing crystals under the isotherm conditions and dur-
ing the controlled cooling crystallisation was suggested.

The system was successfully applied to the crystal size
distribution measurement and also to many other particles
from the products of chemical and food industry. Also a
methodology for the size evaluation of sucrose crystals
obtained from different types of industrial crystallises and
from laboratory tests was worked out.

In further research the possibilities of LUCIA Image
Analysis application will be verified in industrial condi-
tions in the sugar crystallisation process. The aim is to
test the possibility of on-line measurement of the crystal
distribution in industrial operations.
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Souhrn

BUBNIK Z., KADLEC P., STARHOVA H., POUR V., HINKOVA A. (2000): Aplikace systému po&itadové analyzy obrazu
LUCIA pfi Fizeni a kontrole procesu krystalizace sacharosy. Czech J. Food Sci., 18: 23-28.

Préce se zabyva moznostmi aplikace systému pocitacové analyzy obrazu pfi fizeni a kontrole procesu krystalizace sacharosy. Ke
studiu byl vyuZit systém pocitacové analyzy obrazu LUCIA G Ceské firmy Laboratory Imaging Co., Praha. Vyzkum byl
provadén v ramci grantového projektu COPERNICUS SUCLEAN, ktery je zaméfen na sniZeni spotfeby energie a vody pomoci
aplikace nové technologie zaloZené na krystalizaci surové fepné $tavy. SloZeni surové §t'avy je ve srovnani s cukernymi $t'avami
vyrobenymi standardni technologii mnohem variabilngjsi, proto je nutné hledat nové analytické a fidici metody, jeZ by umoZnily
operativné zasahovat do technologického procesu. Poéitacova analyza obrazu se jevi jako nad&jnid metoda spliujici uvedené
pozadavky. Pfi feSeni projektu byly provedeny nasledujici aplikace systému LUCIA: a) méfeni rozpustnosti sacharosy v surové
cukerné $t'avé pomoci saturoskopické metody; b) studium kinetiky chladici krystalizace sacharosy ze zahusténé surové stavy
a stanoveni §ifky metastabilni oblasti, coZ je nutné pro simulaci i fizeni krystalizaéniho procesu; ¢) méfeni distribuce krystali
ziskanych chladici krystalizaci surové cukerné tavy, hodnoceni jejich kvality, zabarveni, velikosti apod. Ziskané vysledky
véetné vyvinutého software a hardware potvrdily pfednosti pocitacové analyzy a navrzené metody je mozné vyuZivat
v laboratornich i primyslovych podminkach.

Klitova slova: poditatova analyza obrazu; saturoskopicka metoda; surovéa cukerna §t'dva
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