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1. Introduction

This subject has already generated numerous presentations and publications; our objective is
reviewing the latest developments and focusing on the technical and cost/performance aspects of
activated carbon and ion exchange processes. Nowadays the environmental constrains are
increasing and the energy cost is quite volatile therefore it is essential to consider these aspects
before selecting a decolorization process.

2. Decolorization media

Several techniques can be used for removing color from the sugar juice and they are subject to
continuous developments. The main ones being:
• Activated carbon: Numerous types of activated carbon are available on the market place

according to the precursor carbonaceous material and their shape. The most common types
used for sugar juice decolorization being powdered activated carbon usually termed as PAC
and the granular activated carbon (GAC).

• Polymeric media: This term mostly refer to synthetic ion exchange resins or adsorbent resins
(functionalized or not). The ion exchange resins (IER) manufacturers have recently
developed a comprehensive range of decolorizing resins varying in functionality and
structure. There are 3 main polymeric structures commercially available (fig1), which differ
by their hydrophobicity, the styrenic matrix tends to be more hydrophobic whereas the
acrylic and formophenolic structures are more hydrophilic. We will see later that this
property has some importance for the adsorption of colored species. In addition to their
chemical structure, polymeric adsorbents exhibit some important porosity.

fig1: Typical polymeric matrix
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The availability of macroporous ion exchange resins (fig2) renders possible the development of this
technology for industrial decolorization plants. The large size of the pores allows a reversible
adsorption of large organic molecules.

Polymeric adsorbent GAC

fig2: Macroporous structure

Although most of the polymeric adsorbents and ion exchange resins are available in bead form,
they also exist in granular form and even powdered form.
• Other decolorizing media: Although we will not discuss them in great details, we shall

mention the use of ultrafiltration membranes and oxidant chemicals as decolorization media.
There are also some references quoting the use of liquid amines solutions.

3. Colorants

Since the purpose of an efficient decolorizing process is to remove the colorants formed during
the manufacturing process we shall try to understand their behavior. According to their nature
they will be present in the final crystals and more or less removed. The sugar colorants are a very
complex mixture of organic compounds from various origins. Numerous studies (Bento at al;
Godshall et al) have been conducted to classify them. They can be categorized into two main
types, natural colorants resulting from the cane and those developed during the juice processing.
The bulk of the colorants are removed during the affination step (about 50%) and then during the
clarification step (about 40%).
The main characteristics of the colorant to be removed are that they are mainly hydrophobic (non
polar), and they cover a large range of molecular weight (table1). They exhibit an anionic
behavior at high pH values.

Natural colorants Colorants developed during juice processing

Flavonoids Melanins
Chlorphylls

Xanthophylls
Carotene

Melanoidins Caramels HADPs

Maillard
reaction
products

Glucose and fructose
degradation in acidic

media

Hexose
Alkaline

Degradation
products

< 1 kDa > 150 kDa < 1 kDa < 50 kDa > 25 kDa 1 to 5 kDa
Color contribution : ~ 2% ~18 % ~30 % ~50%

Table1: Colorant classification

Macropore

Macropore
Macropore
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4. Colorant removal mechanism

This has been studied and discussed in great details for years; several mechanisms have to be
considered:
• Steric effect: The colorants vary in molecular weight; thereby the porosity of the

decolorizing media is key parameters. The molecular weight of sugar colorants varies from 5
to 40 kDa for beet sugar to 30 kDa to 1000 kDa for cane sugar (Godshall, et al., 1988). In
order to achieve good decolorization kinetics the ratio of micropores, mesopores and
macropores is an important parameter.   This illustrates why the decolorization of sugar juices
is carried on at relatively low flow rate. The adsorption mechanism is mainly a film diffusion
one.

• Hydrophobic effect: Activated carbon is a virtually non polar surface whereas polymeric
adsorbents have a polarity (acrylic matrix decolorizing are more hydrophilic than the styrenic
one). The colorants being basically hydrophobic (not soluble in water) they will tend to be
adsorbed on the hydrophobic part of the adsorption media. This is most probably the main
mechanism in color removal. Pure polymeric adsorbent resins have demonstrated their
effectiveness in removing colored species (high hydrophobicity, high surface). Being not
functionalized (or slightly) they can perform in a salty environment. Their osmotic stability
results in a very long life time and they can withstand very aggressive conditions
(temperature, pH, concentration, and oxidant media). Their high adsorption efficiency for non
polar hydrophobic colored impurities has a price, they tend to be difficult to regenerate with
standard chemicals, and moreover they are still highly priced compared to other media.
Nevertheless they are very effective in polishing steps and can be considered as an alternative
to PAC.

• Van der Waals forces effect: These are attractive forces between chemical groups in
contact. They result from a temporary dipole formation. Van der Waals force bonding is the
main adsorption mechanism taking place on the surface of activated carbon.

• Ion exchange: The colorants exhibit mostly an anionic behavior at alkaline pH thereby they
can be exchanged against the mobile chloride ions. This results in an ionic bond (electrostatic
attraction) between the resins positively charged ionic group and the negatively charged part
of the colorant.  However this mechanism is not the predominant one in color removal.

• Hydrogen bonds: It is an electrostatic attraction that occurs between molecules in which
hydrogen is in a covalent bond with a highly electronegative element (oxygen or nitrogen).

Adsorbent media Surface area
(m2/g)

Pore diameter range
 (Å)

Pore volume
(cm3/g)

Styrenic macroporous 18 140 -220 0.24
Styrenic adsorbent 900 200 - 250 0.60
Acrylic adsorbents 400 450 - 500 0.50

Formophenolic adsorbent 200 55 - 80 1.10
GAC 900 - 1100 15 0.4 - 0.7

Bone char 100 - 200 - 0.10 - 0.23
Table2: Adsorbent media typical properties

The main mechanism for GAC adsorption is the Van der Waals (or London) forces binding. Ion
exchange resin decolorization process is a combination of several phenomena (fig3) such as ion
exchange, hydrogen bonds, London forces…
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Fig3: IER adsorption mechanism

5. Decolorization process

The technologies used for GAC or IER present a lot of similarity although the availability
of different types of polymeric resins provides more flexibility in the process design.
According to the feed solution color and the expected decolorization rate the process will be
more or less sophisticated.
• Ion exchange resin process: It has been clearly demonstrated that a counter current

regeneration process results in lower leakages and a more stable outlet product
quality. The decolorizing resins having a density of 1.05 to 1.08, they will tend to
float in the feed syrup. In order to solve this issue the decolorization process is
completed in an up flow mode and the regeneration in the opposite direction. The
inlet color of the feed syrup is very variable; it will be determinant for the design
decision: simple pass, double pass. The resin choice will be also determined by the
inlet color. From the previous considerations, we have established that the aromatic
structure of polysteric resin will present a very high affinity for color adsorption.
Conversely they will show a higher irreversible fouling tendency than aliphatic matrix
acrylic decolorizing resins. Therefore we will favor styrenic types when the inlet color
is on the low end (i.e.: up to 1000 ICUMSA) and acrylic types when it is on the high
value end. Eventually numerous plants today operate with a combination of both
types, this is advisable when the inlet feed color fluctuates during the season.

The figure 4 is an illustration of a recent decolorization unit using an optimized design
which

• Minimize foot print
• Can be fully automatic
• Versatile resin combination
• Reverse flow operation
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Fig4: Typical up flow design fig5: Decolorization plant with brine
recycling

One of the main drawbacks of an ion exchange resin decolorization process is the
production of wastes during the regeneration procedure. Nowadays the consumption of water
has been minimized through various intermediate storage tanks and recirculation techniques.
The production of highly colored salty effluents has found an answer with the use of
nanofiltration. The brine recycling plant permits to decrease the waste rejection up to 90%.
The retentate contains a concentrated fraction of BOD which can more easily disposed off and
the permeate can be reused for regenerating the decolorizing resin. This combination of resin
and membranes processes is especially attractive for plant locations where the waste disposal
is a critical issue. The figure 5 illustrates this design.

• Activated carbon decolorization process: We will mostly limit our discussion to GAC
operation. Basically there are three types of carbon systems – fixed bed, pulse bed or
fluidized bed – although the majority of the systems are fixed bed or pulsed bed.
A lot of similarities exist between GAC and IER processes; sequences such as
sweetening on, sweetening off, backwashing are common. Operation in series or parallel
is also a common practice. However some other process parameters are quite different
such as the operating flow rate (typically 0.3 – 0.5 BV/h) resulting in several days cycle
time. Moreover there are some developments in GAC regeneration technology such as
low temperature regeneration, chemical regeneration.

In fact the main difference is the regeneration process. There are some recent developments
for improving the thermal regeneration yield.
GAC and IER do not adsorb the same colorants with the same efficiency (M.A. Godshall -
table3-). This can be explained by different adsorption mechanisms.
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% of component removed by adsorbentComponents New Carbon Regen. Carbon Styrenic SBA Acrylic SBA
Total color 77.9 77.0 83.1 65.3

Color > 20 kDa 62.2 66.1 83.0 56.3
Phenolic colorant 70.5 73.0 49.3 51.5
Polysaccharides 20.1 34.6 30.0 16.0

Starch 16.2 51.1 15.4 18.8
Dextran 29.0 29.6 40.0 9.7

Table3: Colorants removal efficiency

Nevertheless GAC and IER can achieve similar color removal performances depending on the
process design (double pass: 80 – 85 % color removal).

6. Comparative operating cost

Comparing accurately IER and GAC operation cost is not an easy task due to the different
economical situation prevailing around the world.

GAC IER Comments

Plant size • Large (~0,5 BV/h) • Compact (up to 4
Bv/h)

For a 1000 tpd refinery we will need
approximately 400 m3of GAC and 40m3

of IER.
In a 2000 tpd refinery, 1600 t of bone char
have been replaced by 50 m3 of IER
(Mike Cox, Huletts).
The IER regeneration facilities are less
expensive than reactivation kiln.

• On site
• Off site • On site

The choice depends on existing or not
equipments, daily quantity to be
processed, transportation issues…

• Steam
• Chemicals
• Process water

• Chemicals
• Process water

The main difference in between the two
technologies is the thermal requirements
of GAC operation. Moreover there are
strict constrains on volatile (CO2)
emission for GAC.

Regeneration

• Handling • No handling

Whereas IER are not manipulated, GAC
has to be transferred from the point of
use to the regeneration station, adding
loading and unloading procedure
(manpower issue).

Disposal
• Regulatory issues
(solid waste, gas
emission, liquid wastes

• Regulatory issues
(IER disposal, liquid
wastes)

Used resins disposal is a concern but the
quantities to be disposed off are rather
small comparatively to GAC.

Life time
• Losses experienced
(5 to 15% per
reactivation; 5 to 7%
during handling)

• Resin fouling issues
(periodic HCl treatment)

Nowadays macroreticular IER are rather
mechanically stable and resist to
osmotic shocks.

Effluents • Pretty important
volumes

• Minimized with the
IER/NF combination

Further to several published studies and APPLEXION evaluation and supplies we came out
with the following estimations:
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Throughput IER + NF GAC Comments
1000 tpd 0.85 – 1.20 $/t sugar 2.07 $/t sugar

100 – 250 tpd 1.30 – 2.00 $/t sugar -
500 tpd - 2.23 $/t sugar

Operating plants
Published data

Investment cost estimations (excluding regeneration facilities cost)
30 m3/h 100 127

60 m3/h 100 115

On 100% basis, the investment cost
for a GAC system will be from 15 to
30% higher compared to an IER/NF
design.

In terms of running cost, the situation is very different from place to place (new plant, existing
infrastructure, environmental constrains). Moreover the cost of energy is very volatile
therefore it is important to reassess the comparison not only in terms of plant location but also
in terms updated utilities cost.  Further to the economical situation prevailing in Europe and
recent available cost information the combination of ion exchange resin and membranes
offers the most attractive cost/performance ratio. The gap can be broadening when
regeneration facilities cost has to be considered or narrowed when on site capacity exists.

7. Conclusions

Although both technologies are currently in use, the trend is to use more and more often ion
exchange resins and the possibility to couple this process with nanofiltration should speed up
this change for new plants since the economic aspect is greatly improved.
The new IER decolorizing plants are rather compact, fully automated and very flexible.
The decision criteria heavily depend on the local situation. Since IER and GAC differ in terms
of adsorption performances they are often associated in order to maximize decolorization
efficiency.
APPLEXION operate both technologies based on an updated case by case cost/performances
evaluation.
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