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Introduction

Sugar beet is a form of beet which grows mainly in
temperate climate zones. Because its juice contains
high amount of sucrose, sugar beet is used to produce
sugar and is second only to sugarcane as the major
source of the world’s sugar.

The agricultural cost of producing beet sugar is
significantly higher than the cost of cane sugar, so
optimal control and efficiency of production is a high
priority.

After reception at the processing plant, the beet roots
are washed, mechanically sliced into thin strips called
cossettes, and passed on to the diffuser, a processor
used for the extraction of sugar content into a water
solution. The diffuser process is slow, so real-time
and continuous measurement of the concentration is
important to monitor its progress.

Juice Purification

The diffusion juice contains, in addition to sucrose,
some non-sugar impurities. The process of liming
and carbonation is in two stages. The first stage is
primarily for the removal of sludge. The second stage
involves further addition of carbon dioxide to remove
the lime, which remains in the solution. The resulting
solution is called thin juice.

Evaporation
The thin juice is heated and pumped into the
multiple-effect evaporators to create a thick juice. The

dissolved solids concentration is raised from its initial
concentration to 50-75 %.

Sugar and Sweeteners | Beet Sugar Process
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Crystallization

The thick juice moves on to crystallization.
Crystallization takes place in boiling pans or in
vacuum pans.

In the crystallizer, the liquor is concentrated further by
boiling and then seeded with fine sugar crystals. The
crystals grow as sugar from the mother liquor forms
around them, thus decreasing the sugar content of
the liquor. The resulting sugar crystal and syrup mix is
called a massecuite.

Crystallization stops when the crystals have reached
the desired size. The massecuite is then passed on
to a centrifuge to separate the crystals from the liquid
before they are dried in a granulator with warm air.

The remaining syrup stills contains some sugar which
is recovered by further crystallization. The resulting
sugar is of lower quality and used to make the mother
liquor. The separated syrup is molasses, which
still contains sugar, but has too many impurities to
undergo further processing economically.

Final molasses

Final molasses, in beet sugar manufacturing, is
the final syrup, which is centrifuged from the sugar
crystals after repeated crystallization. The final
molasses still contains a high amount of sucrose and
it can be sold as beet pulp pellets for animal feed, or it
can be further processed to recover more sugar. Tight
control of molasses processing is a must to ensure
the economic viability of the process.

Instrumentation Description

SUGAR AND SWEETENERS
APPLICATION NOTE |1.01.00
BEET SUGAR PROCESS

Instrumentation and installation

Vaisala K-PATENTS® Process Refractometer
PR-43 provides accurate in-line Brix and concentration
measurements for the beet sugar refining process.

The performance of all basic steps in this process
can be optimized. The refractometer provides rapid
detection of process disturbances during diffusion.
Control of the concentration levels saves energy
by minimizing the quantity of water, which requires
evaporation later in the process. In addition,
calculations of the diffuser plant output can be made
utilizing the process refractometer.

At the evaporators, the PR-43 refractometer assists in
regulating the product flow to best suit the evaporator's
capacity, thus saving energy. The refractometer’s
output can also be used to control the steam flow and
optimize the evaporation process.

Refractive index technology is the best option for
control and monitoring of crystallization. The controlling
refractometer monitors selectively the concentration
of the mother liquor to maintain the supersaturation
state required for the formation of crystals. Due to our
unique technology, the refractometer measurement is
not influenced by bubbles or the crystals formed.

PR Sanitary Compact Refractometer PR-43-AC for hygienic installations in small pipe line sizes of 2.5

s Varinline® connection.

User Interface

inch and smaller. The PR-43-AC refractometer is installed in the pipe bend. It is angle mounted on
the outer corner of the pipe bend directly, or by a flow cell using a 3A Sanitary clamp, I-clamp or

Sanitary Probe Refractometer PR-43-AP for hygienic installations in large pipes, tanks, cookers,
crystallizers and kettles and for higher temperatures up to 150°C (300 °F). The PR-43-AP
refractometer is installed in the pipe line or vessel through a 2.5 inch or 4 inch Sanitary clamp,
I-clamp, APV Tank bottom flange or Varinline® connection.

Process Refractometer PR-43-GP is a general industrial refractometer for pipes and vessel
installations. The PR-43-GP can be installed with 2, 3 and 4 inch flange and 3 inch Sandvik L
coupling process connections and a variety of flow cells for pipe sizes of 1 inch and larger.

Selectable multichannel MI, compact Cl or a web-based WI user interface options allow the

user to select the most preferred way to access and use the refractometer measurement and

diagnostics data.

Measurement range | Refractive Index (nD) 1.3200 — 1.5300, corresponding to 0-100 Brix.

Ref. B211928EN-A © Vaisala 2020

Sugar and Sweeteners | Beet Sugar Process
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Introduction

In the manufacture of sugar from beet, the extraction
step aims at extracting the sucrose from the beet
cells with hot water by a countercurrent principle. This
process is known as diffusion.

The products from extraction are beet pulp and raw
juice. The beet pulp can be used for cattle feed or can
be modified to obtain fibers for human consumption.
The raw juice is further processed to finally make the
sugar crystals.

After the beets are thoroughly washed, they are
passed through the slicers, where they are cut into
long, thin strips or cossettes. The cossettes, upon
entering the continuous diffuser, are elevated by
means of a perforated flight scroll or similar device.
Countercurrent water is introduced at the upper end
of the diffuser. The diffuser is steam-heated by means
of external jackets. The extracted sugar leaves the
diffuser at a concentration of 10 to 15 Brix, which
accounts for about 98 % extraction of the beets.

Control of the whole extraction process is complex.
Precise real-time data from different areas of the
diffuser tower is required. Accurate control of the
concentration levels saves energy by minimizing the
amount of water, which has to be evaporated later in
the process.

Instrumentation and installation

Vaisala K-PATENTS® Process Refractometer PR-43
allows precise control of the extraction process and
fast detection of process disturbances.

The refractometer is installed in the press water
line, where it measures the sugar concentration of
the water separated from the pulp. As this water is
recycled to the upper part of the diffuser, it is important
to obtain accurate concentration readings. The typical
range is 0-5 Brix and the temperature is 60 °C (140

Sugar and Sweeteners | Beet Sugar Process
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°F). The pipe diameter should be reduced just before
the refractometer, so that a flow rate of 1.5 m/s (5
feet/s) is achieved. Automatic prism cleaning with
steam is recommended at this point of the process.

Another refractometer at the midpoint of the extraction
tower measures the Brix of the liquid, so that the
fluctuation of the sugar content in the cossettes
leaving the tower can be detected at the earliest
possible stage. Then, by regulating the flow of raw
juice, optimum efficiency, reduced energy costs and
minimized sugar loss can be achieved.

Instrumentation Description

SUGAR AND SWEETENERS
APPLICATION NOTE |1.01.01
BEET SUGAR EXTRACTION

Concentration measurement at the diffuser tower
outlet also provides valuable data for balancing the
process. The refractometer should be installed after a
stone trap. Due to the impurities present in raw juice,
prism cleaning with steam is recommended.

The in-line and real-time measurements improve
the extraction control significantly. The optimum
compromise balance between juice flow and water
evaporation can be achieved, and costly and time-
consuming manual sampling avoided.

LSS Sanitary Compact Refractometer PR-43-AC for hygienic installations in small pipe line sizes of 2.5

s Varinline® connection.

inch and smaller. The PR-43-AC refractometer is installed in the pipe bend. It is angle mounted on
the outer corner of the pipe bend directly, or by a flow cell using a 3A Sanitary clamp, I-clamp or

Sanitary Probe Refractometer PR-43-AP for hygienic installations in large pipes, tanks, cookers,
crystallizers and kettles and for higher temperatures up to 150°C (300 °F). The PR-43-AP
refractometer is installed in the pipe line or vessel through a 2.5 inch or 4 inch Sanitary clamp,
I-clamp, APV Tank bottom flange or Varinline® connection.

Process Refractometer PR-43-GP is a general industrial refractometer for pipes and vessel

¥ . (- installations. The PR-43-GP can be installed with 2, 3 and 4 inch flange and 3 inch Sandvik L

User Interface

coupling process connections and a variety of flow cells for pipe sizes of 1 inch and larger.

Selectable multichannel MI, compact Cl or a web-based WI user interface options allow the

user to select the most preferred way to access and use the refractometer measurement and

diagnostics data.

Measurement range

Refractive Index (nD) 1.3200 — 1.5300, corresponding to 0-100 Brix.

Ref. B211930EN-A © Vaisala 2020

Sugar and Sweeteners | Beet Sugar Process
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Introduction

The evaporator station forms an important link
between the juice production and crystallization steps
of the sugar production plant. Usually, the evaporator
station comprises 4 to 5 evaporator stages, of which
the first ones consist of multiple evaporators. As the
pressure in the evaporators is regulated, so that
it decreases from stage to stage, the juice passes
sequentially through all the stages.

Once the required concentration is reached, the
thick juice is discharged from the last stage of the
evaporator station.

High melter

Ageneral requirement is that the concentration of thick
juice in the evaporator outlet should be as high as
possible, reaching 68-75 % dry substances in modern
factories. It is then possible to apply crystallization
technologies, which ensure a high sugar quality and
facilitate low energy consumption.

Application
Evaporator Plant Feed

Appropriate feed concentration control for an
evaporation plant is essential for optimal results.
Normally Vaisala K-PATENTS® Process Refractometer
signal is used to adapt the feed of the thin juice to the
capacity of the evaporation plant (using feed-forward
control).

The refractometer signal can also be used for keeping
the feed concentration to the evaporation plant
constant by the controlled addition of thick juice to the
incoming thin juice. This measurement is made after
mixing to maintain precise control of the mix.

Evaporator Plant Outlet and Intermediate Effects
Control

Evaporation in the multiple-effect evaporation plant
is more cost effective than in the crystallizer, which
economically justifies an evaporation control system.
The Process Refractometer is not only used after the
final evaporation stage, but also after the intermediate
stages. The refractometer is also used in a control loop,
which keeps the thick juice concentration constant by

Sugar and Sweeteners | Beet Sugar Process
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regulating the steam flow or the quantity of the thick
juice recirculated to the evaporators. As a result, the
specific energy consumption can be minimized.

Thick Juice to Storage Tank

In this application, the process refractometer helps to
maximize the storage capacity by keeping the thick
juice at as high a concentration level as possible.

Instrumentation and installation

Vaisala K-PATENTS® Process Refractometer
PR-43 is an ideal instrument for measuring Brix in
the demanding beet sugar evaporation process.
The refractometer is installed via a flange or a clamp
connection.

Instrumentation Description

SUGAR AND SWEETENERS
APPLICATION NOTE |1.01.02
BEET SUGAR EVAPORATION

Lime residuals and other additives may coat the prism
and an automatic steam wash is recommended in thin
juice applications with typical range of 0-25 Brix.

In some plants, the thick juice also contains
supersaturated impurities (e.g. oxalic acid), which may
crystallize on the prism. Therefore, an automatic prism
wash with hot high-pressure water may be necessary.
In extreme cases, the refractometer can be installed
in a narrower by-pass line flowing from a cooling heat-
exchanger, where the impurities crystallize.

Because of its digital sensing technology, the
refractometer can measure dissolved sugar
uninfluenced by the presence of undissolved particles
and crystals.

- Process Refractometer PR-43-GP is a general industrial refractometer for pipes and vessel

@"M/"Hf

User Interface

installations. The PR-43-GP can be installed with 2, 3 and 4 inch flange and 3 inch Sandvik L
coupling process connections and a variety of flow cells for pipe sizes of 1 inch and larger.

Selectable multichannel MI, compact Cl or a web-based WI user interface options allow the

user to select the most preferred way to access and use the refractometer measurement and

diagnostics data.

Prism wash
systems

Prism wash system components are a refractometer with integral wash nozzle mounted at the
refractometer probe or in a flow cell, wash supply line components and a Multi user interface Ml

with relay module for prism wash diagnostics and control. Alternative wash media can be used for
wash, e.g. steam, high-pressure water and warm water (hot condensate).

Measurement range | Refractive Index (nD) 1.3200 — 1.5300, corresponding to 0-100 Brix.

Ref. B211931EN-A © Vaisala 2020

Sugar and Sweeteners | Beet Sugar Process
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Introduction

The crystallization process takes
place in vacuum pans, which boil
the thick juice. When the juice
reaches the correct concentration,
it is seeded with sugar crystals,
which provide the nucleus for
larger crystals to grow. When the
crystals reach the required size,
the process is stopped and the
resultant mixture of crystal sugar
and syrup, known as massecuite,

is spun in centrifuges to separate
the sugar from the mother liquor.
The sugar crystals are washed and,
after drying and cooling, conveyed
to storage silos.

Application

Crystallization has a major effect
on product quality and production
costs. Supersaturation is the
driving force of crystallization

and crystal growth, and the

speed of crystallization depends
on this parameter. Too low

supersaturation increases the strike
time. Too high supersaturation
results in poor crystal quality
(fines and conglomerates). These
crystals are melted, concentrated,
recirculated and crystallized again,
which wastes time and energy

and decreases the yield of sugar
per strike, while increasing water
usage and production costs. To
decrease the amount of recycled
sugar the particle size and particle
size distribution must be as close
to the target values as possible.

Besides supersaturation, the other
important parameters are: crystal
content, mother liquor purity and
massecuite solids content. Instead
of using a single probe as the main
instrument, a measurement of the
liquid phase (syrup and mother
liguor concentration) as well as

a measurement of the syrup and
massecuite solids content, are
required for successful control of
the supersaturation.

APPLICATION NOTE

www.vaisala.com

Measured medium

= Sugar and sweeteners

Typical end products

= Crystallized sugar

Control of crystallization

Crystallization can only take place
if the solution is supersaturated.
Supersaturation is a multivariable
function of several parameters

of the liquid phase only (syrup or
mother liguor). Crystals can grow
only if supersaturation is higher
than 1.0.

No single instrument can provide
on-line data on supersaturation.
Conventional sensors used to
monitor crystallization provide
data of a single massecuite
parameter only.

However, two sensors can provide
information on the important
massecuite parameters. These
sensors are not influenced by other
process parameters:

1. Vaisala's process refracto-
meter. The refractive index
technology is successfully used
for selectiveconcentration
measurement of the liquid phase
overthe complete crystallization
strike.

2.A sensor for measurement of the
total solids content(brix of the
massecuite).



Instrumentation and
installation

Zutora SeedMaster-4 is a unique,
fourth generation crystallization
transmitter and seeding device

to be used with Vaisala's process
refractometer. The SeedMaster-4
allows for accurate in-line and real-
time monitoring of supersaturation
and crystal content over the
complete process of crystallization,
and implementation and control of
automatic or manual seeding. The
SeedMaster-4 can be connected to
one or two process refractometers
and to one or two crystallizers.
The SeedMaster-4 provides the
following:

1. Electronic data capture on
massecuite parameters.

2.0n-line calculation and
transmission of massecuite
parameters for the advanced
control of sugarcrystallization
with control system.

3.0rganization and storage of
strike history dataarchive.

4.Advanced communication with
the control system.

5.Automatic seeding of the
vacuum pans.

6.Serves as user interface for
the pan and controlsystem
operators.

The mounting location of the
refractometer sensor should be
carefully evaluated. Despite the
use of stirrers in crystallizers,
circulation of the massecuite
becomes sluggish when the crystal
content increases. This means
that the syrup/mother liquor
concentration and temperature,
which have a considerable
influence on supersaturation,

will not be the same in the full
massecuite volume. This is a
limitation for all types of sensors.

In general, Vaisala K-PATENTS®
PR-23-GP refractometer should be
installed in a location where the
measured sample is representative
for the largest volume of the syrup
or massecuite (in terms of sugar
content and temperature). The
preferred installation position

is under the calandria using a
counter flange adapter for process
connection to minimize dead space
around the flange. This is critical for
the product quality as the leftovers
may grow from batch to batch
resulting in a negative effect on the
product quality and in controlling
the strike (see Figure 1).
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Figure 1. Recommended sensor
locations.

Instrumentation

Description

SeedMaster-4 for multiparameter sugar crystallizaton monitoring and automatic seeding.

Crystallization transmitter and seeding device is used with the Process Refractometer PR-
23-GP. It allows for accurate in-line and real-time monitoring of supersaturation and crystal
content over the complete strike, and implementation and control of automatic or manual
seeding.

Process Refractometer PR-23-GP is an industrial refractometer for crystallizers. Installation
through a flange connection and Counter flange adapter -AP for vacuum pan installations.

Prism wash system with
warm water

The integral prism wash system helps to avoid crystals deposit or scaling on the prism
surface. Prism wash system components are a refractometer with integral water wash nozzle
mounted at the refractometer probe, a warm feed water source (hot condensate), and an
Indicating transmitter with build-in relays for driving the water valve and controlling the
wash.

Measurement range

Refractive Index (nD) 1.3200-1.5300, corresponding to 0-100 Brix.

Chemical curve
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Beet sugar, cane sugar

Sugar crystallization: massecuite solids content and mother liquor concentration
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Introduction

This note explains the methods
and calibration procedure for
measuring successfully the
massecuite solids content and
mother liguor concentration in
sugar vacuum pans over the
entire crystallization process. Both
parameters need to be measured
and controlled, as they influence
the quality of the sugar crystals.

Massecuite solids content, or

total sugar content, is typically
determined using e.g. microwave
measuring technology whereas
mother liguor concentration
(dissolved sugar) is measured with
a refractometer. The common
measurement scale is Brix.

Refractometer

Vaisala K-PATENTS" Process
Refractometer is successfully

used for selective measurement

of liquid phase over the complete
crystallization strike. Due to

the unique digital principle, the
refractometer measures the true
concentration of the mother liquor,

Mother liquor
(liquid phase)

Refractometer

Massecuite,

>

without being influenced by the

sugar crystals or bubbles in the pan.

Moreover, the refractometer does
not require re-calibration.

Massecuite solids
content meter

A microwave sensor can measure
only the total solids (liquid

and undissolved solids phase).
Microwave probes are based on the
measurement of attenuation and
phase shift of microwave radiation.
Both are related to the length
travelled by the radiated signal,
and the density and dielectric
characteristics of the medium.

Phase shift is the result of
decreasing speed of propagation.
Due to the fact that water has a
high dielectric constant compared
to sugar and the accompanying
non-sugars, the water content
(and, consequently, solids content)
is the major parameter, which
determines the dielectric properties
of the medium. As an output the
microwave probes provide density
or solids content of the massecuite.

Particularities of the
crystallization process

Varying process conditions
present a challenge to measuring
massecuite solids content
accurately. Process medium
changes during different
production phases from liquid to
massecuite and consists of both
liguid and crystals. Generally,
calibrating the massecuite solids
content meter can be quite easy
either for the liquid phase or

for massecuite phase, but not

for both. This means that the
massecuite solids content sensors
cannot solely produce reliable
results as they do not cover the
whole processing range.

For accurate results, the calibration
must cover the full range from
pure liquid to the point where Vol.
55 % of the massecuite is crystals.
However, if the vacuum pan is also
equipped with a refractometer,

the calibration difficulties can be
mostly avoided.

In the beginning of the strike the
process medium is pure liquid. At
this point the refractometer and
the massecuite solids content
meter should give the same
measurement value (Figure 1).

The crystals are introduced only
after the pan has been seeded.
After seeding the massecuite
solids content increases as the
crystal content increases, whereas
refractometric concentration stays
rather constant (3 Brix). Improved
accuracy in massecuite solids
measurement can be achieved
when a refractometer is combined
with a microware sensor. Moreover,
a refractometer can offer
calibration reference value for the



massecuite solid content meter at 9% :
the seeding point. Seeding
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The recommended control
practice is to use a refractometer
to measure the concentration from
the beginning of the strike until the
seeding point. The refractometer

Before calibration

Concentration / Massecuite Brix
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The process refractometer is s cucenon

factory calibrated according Figure 1. Refractometer and massecuite solids content measurement

to International Commission trends before and after calibration. The liquid concentration and

massecuite solids content should be the same before seeding. After

for Uniform Methods of Sugar seeding they separate as the crystals start to grow.

Analysis (ICUMSA) Brix table.
The factory calibration should be
verified against the production

laboratory when commissioning Typically, the massecuite solids calibration practice is to calibrate
the instrument. The laboratory content meter needs regular the microwave density meter
reference values should be taken calibration and calibration from seeding point to the end of
in the beginning of the strike when checks. The best calibration the strike, which means that the
there is only liquid present in the result is typically achieved when reference samples should be taken
vacuum pan. Only a small BIAS the microwave density meter is at the seeding point, end of the
adjustment might be needed to calibrated on a narrow range for strike and one sample in between
match the refractometer and the either liquid sugar or massecuite. (minimum three samples).
production laboratory. In vacuum pans the recommended

Table 1. Example of calibration table.

Sk LAB Refractomet.er Microwave Difference Difference
(Mass.Sol.Cont) (Concentration) (Mass.Sol.Cont) refractometer -LAB | microwave/nuclear -LAB
1 77.6 775 785 -0.1 +0.9
2 79.5 (seeding) 79.4 80.9 -0.1 +1.4
3 85.6 78.5 86.3 - +0.7
4 90.5 77.9 91.3 - +0.8

Table 2. Example of calibration table after calibration procedure. Refractometer offset adjustment +0.1 Massecuite
solids meter offset adjustment -0.9.

Sk LAB Refractometer Microwave Difference Difference
(Mass.Sol.Cont) | (Concentration) (Mass.Sol.Cont) refractometer -LAB | microwave/nuclear -LAB
1 77.6 77.6 77.6 0.0 0.0
2 79.5 (seeding) 79.5 80 0.0 +0.5
3 85.6 78.5 85.4 - -0.2
4 90.5 779 90.4 - -0.1
Please contact us at Ref. B211932EN-B ©Vaisala 2021
. This material is subject to copyright protection, with all copyrights
WWWVa|Sa|aCO m/COntaCtuS retained by Vaisala and its individual partners. All rights reserved
Any logos and/or product names are trademarks of Vaisala or its
individual partners. The reproduction, transfer, distribution or
storage of information contained in this brochure in any form
without the prior written consent of Vaisala is strictly prohibited.
WWW Va | Sa |a CO m Scan the code for All specifications — technical included — are subject to change

more information without notice.
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Introduction

After each crystallization step, the massecuite is
centrifuged to separate the sugar crystals from the
liquid phase (mother liquor or syrup). The syrup left
from the final crystallization stage is called molasses
and intermediate syrup is referred to as green syrup.

Molasses is a viscous product which still contains a
high amount of sucrose, up to 60 % on dry basis. This
sugar is still of considerable value and it needs to be
extracted and recycled within the crystallization plant
to maximize production.

Application

A method occasionally used in Europe for molasses
desugarization is the Quentin process, in which the
potassium and sodium in beet juice are replaced
by magnesium through ion exchange. Quentin is
an ion exchange column. Alkaline ions (potassium/
sodium) are exchanged with magnesium to reduce
the solubility of sugar in water. This allows a higher
proportion of sucrose to be crystallized but obviously
produces molasses with lower sugar content (about

5% less), increased magnesium level, and reduced
potassium and sodium levels.

The performance of the ion exchange column is
improved by a stable syrup concentration.

Instrumentation and installation

Vaisala K-PATENTS® Process Refractometer PR-43 is
used to control the feed to the Quentin columns, giving
a constant load. This allows the ion-exchange resins
to function longer, and results in higher efficiency of
the desugarization process. Typical concentration
range of molasses to Quentin is 60 to 80 Brix and
typical temperature 85 °C (185 °F). A minimum flow
velocity of 1.5 m/s (5 feet/s) is recommended.

The PR-43 refractometer is also used to check the
concentration of the final molasses to ensure that it is
above the lowest concentration limit specified by the
buyer. The refractometer provides Ethernet and 4-20
mA output signals for real-time control of dilution to
avoid uneconomically high concentrations.

Typical concentration range is 70-85 Brix and typical
process temperature is 80 °C (176 °F).

Sugar and Sweeteners | Beet Sugar Process
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Instrumentation

Description

Sanitary Compact Refractometer PR-43-AC for hygienic installations in small pipe line sizes of 2.5
inch and smaller. The PR-43-AC refractometer is installed in the pipe bend. It is angle mounted on
the outer corner of the pipe bend directly, or by a flow cell using a 3A Sanitary clamp, I-clamp or
Varinline® connection.

Sanitary Probe Refractometer PR-43-AP for hygienic installations in large pipes, tanks, cookers,
crystallizers and kettles and for higher temperatures up to 150°C (300 °F). The PR-43-AP
refractometer is installed in the pipe line or vessel through a 2.5 inch or 4 inch Sanitary clamp,
I-clamp, APV Tank bottom flange or Varinline® connection.

P

Process Refractometer PR-43-GP is a general industrial refractometer for pipes and vessel
installations. The PR-43-GP can be installed with 2, 3 and 4 inch flange and 3 inch Sandvik L
coupling process connections and a variety of flow cells for pipe sizes of 1 inch and larger.

User Interface

Selectable multichannel MI, compact Cl or a web-based WI user interface options allow the
user to select the most preferred way to access and use the refractometer measurement and
diagnostics data.

Prism wash
systems

Prism wash system components are a refractometer with integral wash nozzle mounted at the
refractometer probe or in a flow cell, wash supply line components and a Multi user interface Ml
with relay module for prism wash diagnostics and control. Alternative wash media can be used for
wash, e.g. steam, high-pressure water and warm water (hot condensate).

Measurement range

Refractive Index (nD) 1.3200 — 1.5300, corresponding to 0-100 Brix.

Ref. B211933EN-A © Vaisala 2020
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Introduction

Molasses desugarization by ion-exclusion and
chromatographic separation is a process for extracting
sugar from molasses.

Another method is betaine separation from beet
molasses, using chromatographic separation and
having at least three chromatographic columns
connected in series. Betaine is used in the
pharmaceutical, cosmetic, feed, food and chemical
industries.

Diluted molasses is supplied to a chromatographic
water feed column. Different fractions leave the bottom
of the column. First is a non-sugar waste fraction, a
second fraction contains a substantial proportion of
the sugars in the feed and a third fraction of betaine,

which is eluted at the tail end after the sugar fraction.
The third fraction contains a high proportion of the
betaine in the feed, as much as 80 % or more, on dry
substance. From this betaine fraction, betaine can be
recovered by crystallization or may be recovered as
hydrochloride, if desired. Use of these processes has
enabled a 95 % recovery of the sugar in molasses.

Application
Desugarization process

During the chromatographic separation, a wide
spectrum of adsorption and exclusion of various
ionic and non-ionic components takes place. These
processes divide the feed into several fractions with
different compositions (Figure 1).
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Figure 1. Chromatographic separation of molasses.
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The sugar fraction leaves the separation column
at about 30 Brix. After that, it can be evaporated to
higher concentrations for further use. The salts and
non-sugar fraction with 4 to 8 Brix can be evaporated
and used as animal feed.

Instrumentation and installation

Vaisala K-PATENTS® Refractometer PR-43 provides
in-line and real-time Brix measurement to improve the
chromatographic separation and successfully recover
betaine.

Instrumentation Description

SUGAR AND SWEETENERS

APPLICATION NOTE |1.01.05
DESUGARIZATION OF MOLASSES BY
CHROMATOGRAPHIC SEPARATION

The PR-43 provides Ethernet and 4-20 mA output
signals that can be connected to the process control
system for real-time process control. The information
by the refractometer is used for the continuous
calculation of sucrose purity and concentration.
Because of its fast response time, the PR-43 is
also used to determine exact cut-off points for the
recovered fractions to increase productivity, and
ensure high quality of the product.

P Sanitary Compact Refractometer PR-43-AC for hygienic installations in small pipe line sizes of 2.5

" Varinline® connection.

User Interface

inch and smaller. The PR-43-AC refractometer is installed in the pipe bend. It is angle mounted on
the outer corner of the pipe bend directly, or by a flow cell using a 3A Sanitary clamp, I-clamp or

Selectable multichannel MI, compact Cl or a web-based WI user interface options allow the

user to select the most preferred way to access and use the refractometer measurement and

diagnostics data.

Prism wash
systems

Prism wash system components are a refractometer with integral wash nozzle mounted at the
refractometer probe or in a flow cell, wash supply line components and a Multi user interface Ml

with relay module for prism wash diagnostics and control. Alternative wash media can be used for
wash, e.g. steam, water (or solvent) and high-pressure water.

Measurement range

Refractive Index (nD) 1.3200 — 1.5300, corresponding to 0-100 Brix.

Ref. B211950EN-A © Vaisala 2020
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Introduction

After sugar cane has been harvested, it must be
processed in under 24 hours to avoid sugar loss
by inversion of sucrose to glucose and fructose.
Traditionally, sugar cane processing requires two
stages:

1. Milling extracts raw sugar from freshly harvested
cane and sometimes bleaches it to make mill white
sugar for local consumption.

2. Refineries are often located close to consumers in
North America, Europe and Japan to produce refined
white sugar. These two stages are slowly merging into
combined milling and refining.

Application
Preparation and extraction

The mill washes, chops and shreds the cane
mechanically. Shredded cane is repeatedly mixed
with water and crushed between rollers. The collected
juices contain 10-15 Brix and the remaining fibrous
solids, called bagasse, are burned for fuel. About 93%
of the juice is extracted. Water and weak juice from
the last mill are added to help soften the cane and
to aid in the extraction. The surplus bagasse can be
used in animal feed, paper manufacturing or as a fuel
for commercial electricity generation.

Heating

The juice is sent to multiple heaters, where the sugar
content is increased to 16-17 Brix.

Sulfitation and clarification

Sulfur dioxide is added to the juice to remove
impurities and to decolorize it. After that, lime is added
to precipitate impurities and to help remove coloring
matter, organic acids and other suspended materials.
The limed juice is sent to clarification to settle. The
clear juice goes to the evaporation plant.

Rotary filters are generally used to recover the sugar
from the settled-out mud.
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Evaporation

The clarified juice is concentrated in a multiple-effect
evaporator to make syrup at about 60 Brix.

Crystallization

The thick juice syrup is further concentrated under
vacuum until it becomes supersaturated and is then
seeded with crystalline sugar. On cooling, more sugar
crystallizes from the syrup.

Centrifuging and drying

A centrifuge separates the sugar from the molasses.
Additional crystallizations extract more sugar and
the final residue is called blackstrap. After drying
the crystals, the color of the raw sugar varies from

SUGAR AND SWEETENERS
APPLICATION NOTE | 1.02.00
CANE SUGAR PROCESS (MILLING) 1 (2)

yellow to brown. Bubbling sulfur dioxide, through the
cane juice before evaporation, bleaches most color-
forming impurities into colorless ones. This sulfitation
produces sugar known as mill white, plantation white
and crystal sugar. These are the most commonly
consumed sugars in sugar cane producing countries.

Instrumentation and installation

Vaisala K-PATENTS® Process Refractometer PR-43
is used for real-time control at various stages in the
cane sugar process. Our unique digital technology
combined with refractometer’s sturdy design results in
highly accurate and reliable measurements that give
improved control over the complete process.

Instrumentation

User Interface

Measurement range

Description

Sanitary Compact Refractometer PR-43-AC for hygienic installations in small pipe line sizes of 2.5
inch and smaller. The PR-43-AC refractometer is installed in the pipe bend. It is angle mounted on
the outer corner of the pipe bend directly, or by a flow cell using a 3A Sanitary clamp, I-clamp or
Varinline® connection.

Sanitary Probe Refractometer PR-43-AP for hygienic installations in large pipes, tanks, cookers,
crystallizers and kettles and for higher temperatures up to 150°C (300 °F). The PR-43-AP
refractometer is installed in the pipe line or vessel through a 2.5 inch or 4 inch Sanitary clamp,
I-clamp, APV Tank bottom flange or Varinline® connection.

Process Refractometer PR-43-GP is a general industrial refractometer for pipes and vessel
installations. The PR-43-GP can be installed with 2, 3 and 4 inch flange and 3 inch Sandvik L
coupling process connections and a variety of flow cells for pipe sizes of 1 inch and larger.

Selectable multichannel MI, compact Cl or a web-based WI user interface options allow the
user to select the most preferred way to access and use the refractometer measurement and
diagnostics data.

Refractive Index (nD) 1.3200 — 1.5300, corresponding to 0-100 Brix.
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Introduction

The raw sugar received by a refinery contains 96.5
to 98.5 % sucrose and 1.5 to 3.5 % impurities which
comprise organic matter, inorganic compounds, water
and micro-organisms. These impurities make the raw
sugar highly colored.

The sugar needs to go through a series of steps in a
refinery to lighten it in color and make it suitable for
human consumption.

Application

The first step in the sugar refining process is called
affination, wherein the raw sugar crystals are treated
with heavy syrup (typically 60-80 Brix) to remove the
film of adhering molasses. This strong syrup dissolves
little or none of the sugar but softens or dissolves
the coating impurities. The mixture, called magma,
is spun in centrifuges and washed with hot water to
remove the adhering molasses film.

The washed raw sugar crystals are then dissolved in
water and diluted to about 70 Brix.

During carbonation the syrup is mixed with milk of
lime and reacted with carbon dioxide to produce a
precipitate of calcium carbonate (chalk). The chalk
precipitate entraps organic non-sucrose and inorganic
impurities.

Pressure filters are used to remove the chalk
precipitates and to produce clear, light brown syrup.

The brown syrup is then passed over a series of acrylic
and styrene resin columns and granular activated
carbon columns. The resulting low colored syrup (fine
liquor) is used for crystallization of white sugar or to
produce bulk liquid sugar.

Sugar and Sweeteners | Cane Sugar Process
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The water content of the fine liquor is reduced by
multiple-effect evaporation, before it is fed to vacuum
boiling pans. Crystallization is initiated by seeding
the concentrated liquor with slurry. The process is
continued until the crystals reach the desired size.
The resultant mixture of crystals and mother liquor is
fed in centrifuges and the sugar crystals are washed
with hot water to remove any adhering syrup.

Instrumentation and installation

Vaisala K-PATENTS® Process Refractometer PR-43
is used at several stages in the refining process. The
measurements taken are unaffected by entrapped air
bubbles, undissolved components or color variations
in the product, which are typical sources of error in
other measurement instruments.

Instrumentation Description

SUGAR AND SWEETENERS
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Accurate and real-time concentration information
facilitates process control, increases productivity and
improves product quality.

With the refractometer the affination, decolorization,
evaporation, crystallization and recovery operations
can be closely monitored and optimized.

Reliable monitoring is particularly important for the
control of the crystallization pans. Good control over
the crystallization process ensures consistency in
crystal size and increases the yield. This eliminates
the need for recycling and reprocessing which can
considerably increase operation costs. Furthermore,
the growth of false grain can be avoided which
reduces the need for product screening.

P Sanitary Compact Refractometer PR-43-AC for hygienic installations in small pipe line sizes of 2.5

s Varinline® connection.

inch and smaller. The PR-43-AC refractometer is installed in the pipe bend. It is angle mounted on
the outer corner of the pipe bend directly, or by a flow cell using a 3A Sanitary clamp, I-clamp or

N — Sanitary Probe Refractometer PR-43-AP for hygienic installations in large pipes, tanks, cookers,
iy crystallizers and kettles and for higher temperatures up to 150°C (300 °F). The PR-43-AP
‘@9“ o refractometer is installed in the pipe line or vessel through a 2.5 inch or 4 inch Sanitary clamp,
llBP I-clamp, APV Tank bottom flange or Varinline® connection.
., Process Refractometer PR-43-GP is a general industrial refractometer for pipes and vessel
G . (- installations. The PR-43-GP can be installed with 2, 3 and 4 inch flange and 3 inch Sandvik L
‘/ = coupling process connections and a variety of flow cells for pipe sizes of 1 inch and larger.
-

User Interface

Selectable multichannel MI, compact Cl or a web-based WI user interface options allow the

user to select the most preferred way to access and use the refractometer measurement and

diagnostics data.

Measurement range | Refractive Index (nD) 1.3200 — 1.5300, corresponding to 0-100 Brix.

Ref. B211951EN-A © Vaisala 2020
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Introduction

Sugar refining is the production of a higher quality
sugar from re-melted raw cane sugar. The first step in
refining is affination, where the raw sugar crystals are
mixed with a heavy syrup (typically 60 to 80 Brix) to
remove the residues of molasses. The syrup is used
as a washing solution for the sugar crystals.

Application

Raw sugar and affination syrup are mixed together.
During this mixing, the molasses film on the crystal
surface is softened and partly dissolved. The crystals
are then separated from the syrup in centrifuges

and washed by a water spray. After centrifuging, the
sugar crystals are dissolved in hot sweet water in the
melter and diluted to a 54 Brix solution. The liquor is
screened to remove coarse impurities and it moves on
in the process for clarification and decolorizing.

Instrumentation and installation

Vaisala K-PATENTS® Process Refractometer PR-43
can be installed directly in the pipeline after the melter,
or in a recirculating line to monitor in real-time the
concentration of the liquor to clarification.

The refractometer provides Ethernet and 4-20
mA output signals that can be used for automatic
control of the dilution operation to ensure the target
concentration is achieved. Typical measurement
range in this application is 40-80 Brix, and typical
process temperature is about 60 °C (140 °F).

The refractometer facilitates the monitoring and

control of the affination process ensuring the optimal
operation of the subsequent processes.

Sugar and Sweeteners | Cane Sugar Process
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Instrumentation

Description

Process Refractometer PR-43-GP is a general industrial refractometer for pipes and vessel
installations. The PR-43-GP can be installed with 2, 3 and 4 inch flange and 3 inch Sandvik L
coupling process connections and a variety of flow cells for pipe sizes of 1 inch and larger.

User Interface

Selectable multichannel MI, compact Cl or a web-based WI user interface options allow the
user to select the most preferred way to access and use the refractometer measurement and
diagnostics data.

Measurement range

Refractive Index (nD) 1.3200 — 1.5300, corresponding to 0-100 Brix.

Ref. B211953EN-A © Vaisala 2020
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Introduction

Color is an important parameter in the sugar refineries.
It is an important specification for raw sugar as well as
for the refined products.

The decolorization process removes organic
impurities, which impart color to the sugar liquor.
These colorants are soluble impurities which are
removed by adsorption processes. Typical adsorbents
are granular activated carbon, powdered carbon and
ion-exchange resins.

lon-exchange resins are preferred as they can be
regenerated chemically and wet, which reduces fuel
consumption considerably, thus providing a significant
economic benefit.

Application

The clear brown syrup passes through a series of
columns, known as Jon-exchange columns. The
adsorbents can be for example, acrylic and styrene
resin and granular activated carbon, but other resins
and/or resin combinations can be used depending on
the liquor quality.

The resulting light-colored syrup or fine liquor is used
for white sugar crystallization or to produce bulk liquid
sugar once it has been further purified.

The resins in the columns require periodical
backwashing  for  their  regeneration.  After
decolorization, hot water is pumped into the column
and the discharge flow is directed to the sweet water
line. Once regeneration is completed, the sweet water
line is closed and decolorization continues.

Instrumentation and installation

Vaisala K-PATENTS® Process Refractometer PR-43
is installed in the sweet water line for washing control.
The refractometer accurately measures in real-time
the concentration of the liquid to detect instantly the
interface between the syrup and the washing water.
Typical measurement range is 0-20 Brix and typical
process temperature is about 60 °C (140 °F).

The refractometer’s output signal can be used
to control the operation of the discharge valve in
response to the process. This allows automated
control of the regeneration process, increasing yield
and avoiding production losses.

Sugar and Sweeteners | Cane Sugar Process
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Instrumentation Description
Process Refractometer PR-43-GP is a general industrial refractometer for pipes and vessel
it 3 installations. The PR-43-GP can be installed with 2, 3 and 4 inch flange and 3 inch Sandvik L

MI ' ﬁ-:" coupling process connections and a variety of flow cells for pipe sizes of 1 inch and larger.
&5

User Interface Selectable multichannel MI, compact Cl or a web-based WI user interface options allow the
user to select the most preferred way to access and use the refractometer measurement and
diagnostics data.

Measurement range | Refractive Index (nD) 1.3200 — 1.5300, corresponding to 0-100 Brix.

Ref. B211954EN-A © Vaisala 2020
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Introduction

Evaporation is a crucial step in the sugar making
process. The main purpose of the evaporation is
to raise the sugar content in the juice to reach the
saturated condition required for crystallization.

Evaporation usually takes place in a multiple effect
evaporator heated with steam. Evaporators are the
largest heat users and major contributors to losses
in sugar cane factories. These factors make effective
evaporator control crucial to overall factory efficiency.

Application

The thin syrup (light-colored syrup) from the extraction
plant is evaporated in multiple effect evaporators to
concentrate it and to obtain the syrup which is fed to
the pan station (crystallization). The dissolved solids
concentration is raised from an initial concentration of

Concentrated syrup

10-15 Brix to 50-75 Brix. The concentrated solution is
known as heavy syrup.

Control of evaporation is crucial for the sugar factories.
The main objectives for an evaporator control system
are control of Brix and a smooth operation.

An optimally concentrated syrup improves the
operation downstream and ensures a high product
quality. If the syrup fed to the crystallizers exceed its
limit, spontaneous nucleation can happen producing
crystals out of specification which require re-
processing and increase the operating costs.

Good evaporation control also allows the evaporators
to smooth out process fluctuations and to adjust
automatically and immediately to the changes in the
syrup flowrate.

Instrumentation and installation

Vaisala K-PATENTS® Process Refractometer PR-43
is the ideal instrument for controlling sugar factory
operations. The refractometer can be installed directly
in the process line for continuous monitoring the Brix of
the juice and syrup throughout the entire process. The
Brix measurement by the refractometer is accurate
and reliable and it is not affected by the presence of
undissolved particles, crystals or bubbles.

The refractometer is installed in the inlet and outlet
of evaporation as well as intermediate evaporation
stages. The information given by the refractometer
helps to optimize the process and ensure high-quality
product for the downstream factory.

Sugar and Sweeteners | Cane Sugar Process
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The refractometer provides Ethernet and 4-20 mA
output signals that can be used for real-time process
control. For example, the refractometer’s signal can
be used to adjust the feed of syrup to the capacity of
the evaporation plant by using a feed-forward control.
It is also possible to use the signal to regulate the
quantity of heavy syrup added to the feed syrup, thus
keeping the feed concentration to the evaporation
plant constant.

In the intermediate stages, the refractometer is used
in a control loop that keeps the syrup concentration
constant by regulating the steam flow, or by regulating
the amount of syrup returned to the evaporator.

Instrumentation

. '\9 _

Description

User Interface

SUGAR AND SWEETENERS
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The refractometer also helps to maximize the
storage capacity by maintaining automatically the
concentrated syrup at a high-level of solids.

In some plants, the heavy syrup contains additives
and supersaturated impurities (e.g. oxalic acid), which
may crystallize on the prism. Therefore, an automatic
steam wash is required. In some extreme cases, it
is preferable to mount the refractometer in a narrow
by-pass line downstream of a small cooling heat-
exchanger, where the impurities crystallize. Typical
measurement range in this application is 50-80 Brix.

Process Refractometer PR-43-GP is a general industrial refractometer for pipes and vessel
installations. The PR-43-GP can be installed with 2, 3 and 4 inch flange and 3 inch Sandvik L
coupling process connections and a variety of flow cells for pipe sizes of 1 inch and larger.

Selectable multichannel MI, compact Cl or a web-based WI user interface options allow the

user to select the most preferred way to access and use the refractometer measurement and

diagnostics data.

Prism wash
systems

Prism wash system components are a refractometer with integral wash nozzle mounted at the
refractometer probe or in a flow cell, wash supply line components and a Multi user interface Ml

with relay module for prism wash diagnostics and control. Alternative wash media can be used for
wash, e.g. steam, high-pressure water and warm water (hot condensate).

Measurement range | Refractive Index (nD) 1.3200 — 1.5300, corresponding to 0-100 Brix.

Ref. B211955EN-A © Vaisala 2020
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Introduction

Crystallization is the final stage in
a cane sugar mill and it refers to
the formation of the sugar crystals
from the concentrated syrup.

Crystallization takes place in
vacuum boiling pans. These
vacuum pans are the heart of
the sugar manufacturing plants.
The efficiency of the factory, the
quality of the sugar product, the
capacity of the plant and the
thermal balance, all depend on
the operation and control of the
vacuum pans to produce a high
quality massecuite.

Application

The thick juice or syrup is fed to
the vacuum pans and evaporated
until saturated. Crystallization is
initiated by adding (or seeding)
fine sugar crystals to the pan, or
strike. The crystals start to grow,
and the process is continued u