
This Application Guide conveys the important role resins 
play in cane sugar production. Learn the key applications, 
procedures and relevant ion exchange information.

Cane Sugar  
Refining with 
Ion Exchange 
Resins



PREMIER PRODUCTS

The quality and consistency of 
our products are fundamental to 
our performance. Throughout 
all Purolite plants, production 
is carefully controlled to ensure 
that our products meet the most 
stringent criteria, regardless of 
where they are produced.

RELIABLE SERVICE 

We are technical experts  
and problem solvers. Reliable 
and well-trained, we understand 
the urgency required to keep 
businesses operating smoothly. 
Purolite employs the largest 
technical sales team in  
the industry.

INNOVATIVE SOLUTIONS 

Our continued investment in 
research and development 
means we are always perfecting 
and discovering innovative uses 
for ion exchange resins and 
adsorbents. We strive to make  
the impossible possible.

About Purolite 

Purolite is a leading manufacturer of ion exchange, 
catalyst, adsorbent and specialty resins. With global 
headquarters in the United States of America, Purolite  
is the only company that focuses 100% of its resources  
on the development and production of resin technology.

Responding to our customers’ needs, Purolite has the 
widest variety of products and the industry’s largest 
technical sales force. Globally, we have strategically 
located research and development centers and 
application laboratories. Our ISO 9001 certified 
manufacturing facilities in the USA, United Kingdom, 
Romania and China combined with more than 40  
sales offices in 30 countries ensure complete  
worldwide coverage.

Purolite has been part of Ecolab since 2021. A trusted 
partner at nearly three million commercial customer 
locations, Ecolab (ECL) is the global leader in water, 
hygiene and infection prevention solutions and services. 
Ecolab delivers comprehensive solutions, data-driven 
insights and personalized service to advance food safety, 
maintain clean and safe environments, optimize water 
and energy use, and improve operational efficiencies 
and sustainability for customers in the food, healthcare, 
hospitality and industrial markets in more than 170 
countries around the world.
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Cane Sugar Refining with  
Ion Exchange Resins

Sucrose is extracted from the sugar cane stalk in a cane sugar mill, purified and crystallized 
into a tan colored raw sugar. The sugar we consume must be further refined so as to not impart 
color, flavor or odor to the foods and beverages it sweetens. In a cane sugar refinery, the raw 
sugar is remelted and the sucrose is further decolorized with ion exchange resins, carbon or 
bone char and crystallized into confectioners.
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Cane Sugar Production
In order to produce white table sugar from sugar cane, there are two processes that take place: 
milling and refining. Although ion exchange resins are not used in the milling stage, it is useful to 
understand mill operations first.

In the cane sugar refining process, sucrose is extracted from the sugar cane stalk in a cane sugar 
mill, purified and crystallized into a tan colored raw sugar. The sugar we consume must be further 
refined so as to not impart color, flavor or odor to the foods and beverages it sweetens. In a cane 
sugar refinery the raw sugar is remelted and the sucrose is further decolorized with ion exchange 
resins, carbon or bone char and crystallized into white sugar or delivered as liquid in bulk tanker 
trucks for industry, consumers and confectioners. Liquid sugar can be further refined with ion 
exchange resins to remove ash or inverted as required for the application.

There is an impact on the ion exchange resin itself during these operations. Installing the correct 
product with the correct specifications as well as understanding the cleaning and regeneration 
procedures is critical to overall operational performance. 

For more information or to schedule a site visit by one of our experts, please fill out the Contact Us 
form at www.purolite.com.

Cane Sugar Milling
Harvesting Cane Sugar Plants

Sugar cane plants are grown in tropical climates until maturity when the stalks achieve a three to five 
centimeter diameter and stand two to three meters tall. They are then cut either manually or with a 
mechanical harvester and trucked to a mill. The chopped leaves and tops are left in the field. At the 
mill, the stalks are removed from the trucks with cranes and dropped into mill feed shoots. Whole 
trucks can also be lifted to dump the load of cane stalks into a feed hopper. As cane shoots feed the 
stalks toward the mill, a mechanical leveler rakes the stack of cane stalks to a more consistent height. 
The cutting knives then shred the stalks into small fiber strips.

https://www.purolite.com/index/Company/contact-us
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Bagasse

The strips are fed to a series of four to six cane crushing mills which squeeze the sugary juice out of the 
cane stalks and further reduce the size of the fibers. Water at 70 °C (158 °F) is added countercurrent to 
the fiber movement during the milling operation to assist the extraction of the sugar from the cane stalk 
fibers. The resulting mill juice has a sugar concentration of approximately 17 °Brix. The remaining fiber, 
called bagasse, is sent to the boiler where it is burned to produce steam and electricity for the mill. The 
bagasse can produce most, all, or even excess energy for the mill’s needs. 

Heating and Clarifying Brix Mill Juice

The 17 °Brix mill juice is heated to 105 °C (221 °F) and mixed with lime, flocculants and CO2, or SO2 and 
H3PO4, then sent to a clarifier to start the clarification process. In the clarifier, the lime destroys non-
crystallizable invert sugars and amino acids. The lime and CO2 or SO2 and H3PO4 combine to form a 
carbonate or phosphate precipitate which attracts color and other impurities.

The color-laden precipitated solids sink and are discharged from the bottom of the clarifier, while the 
clarified juice overflows from the top. Alternatively, the clarifier may use air to float the floc to the surface 
where it is skimmed off while the clarified juice flows out the bottom.

The clarified juice passes through pressure or vacuum filters to remove any residual colored precipitate. 
The filtered juice, now at 14 °Brix due to some dilution during the lime defecation process, passes through 
a multiple-effect evaporator to raise the concentration to approximately 70 °Brix. The concentrated syrup 
is fed to the vacuum pans where further evaporation and supersaturation of the sucrose solution occurs. 
Crystallization of the sucrose occurs in the first vacuum pan and the resulting mixture of sugar crystals 
and syrup, called massecuite, is dropped into a centrifuge.

Cane Sugar Crystallization

The centrifuge spins the mixture at high speed to separate the lighter colored sucrose crystals from the 
darker colored syrup. The sucrose crystals are retained by centrifugal screens. After the dark syrup is 
spun off, the raw sugar is dropped out of the bottom of the centrifuge.

The tan, raw sugar crystals from the first (A pan) crystallization are either sent to an attached cane 
refinery for further purification or they are dried and shipped to non-associated refineries. The 
machine syrup, still containing a large amount of sugar, but at lower purity and higher color, is sent to 
the B vacuum pan for further crystallization of sucrose. The B pan sugar recovered is mixed with the 
concentrated syrup fed to the A pan. The B pan machine syrup is fed to the C pan. Then, the C pan sugar 
is added to B pan feed. C pan machine syrup is fed to a crystallizer. Crystallization of sucrose becomes 
more difficult as the impurity level in the syrup rises. In the crystallizer, the sucrose is further reduced 
until the remaining syrup contains only about 50% sucrose. This syrup, at 80 °Brix, is called blackstrap 
molasses and is sold as an animal feed additive.
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The Cane Sugar Refining Process
Raw Sugar Receiving

Some refineries are attached to cane mills while others are stand alone facilities. In a stand alone 
sugar refinery, raw sugar will arrive in bulk by barge, rail or truck for unloading into the raw sugar 
warehouse. The raw sugar will undergo metal and debris removal and large lumps will be crushed prior 
to transfer to the mingler to begin remelting and refining.

Raw sugar is mingled with hot affination syrup which melts the outermost layer of the crystal. This 
outer layer contains the largest concentration of color. Remaining syrup is separated from the sugar 
crystals in a centrifuge. The bulk of the colorants are removed during the affination step (about 50% of 
raw sugar color) and then during the clarification step (about 40% of melt liquor color).

Melter

The affinated sugar is dissolved with hot condensate to a liquid concentration of approximately  
72 °Brix at 75 °C (167 °F) prior to defecation.

Defecation/Clarification

Approximately 40% of the remaining colorants are removed in the clarification step. There are two 
alternative types of defecation processes used in cane refineries; carbonatation and phosphatation.

Carbonatation

Carbonatation, also called carbonation, begins by adding lime (CaO) to the melt liquor produced during 
affination. This juice then passes through a carbonation vessel. The reaction between the carbon dioxide 
and the lime produces a calcium carbonate precipitate. Color bodies are entrapped in the precipitate and 
are removed during filtration of the solids. In the limed melt liquor, destruction of invert sugars occurs 
due to the high pH produced by the lime. The closing step takes place by adding polymers to the juice to 
assist in the formation of a precipitate floc which is more easily settled and filtered.
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Phosphatation

During phosphatation, lime (CaO) and phosphoric acid (H3PO4 or P2O5) are added to the melt liquor. 
This results in the formation of a calcium phosphate precipitate. Color bodies adsorb onto the calcium 
phosphate precipitate and are removed during the subsequent clarification and filtration. Polymers are 
added once again to aid in the formation of a precipitate floc which is more easily filtered.

Filtration

The clarified juice from carbonatation or phosphatation contains suspended solids that plug the 
interstitial spaces and blind the pores of the decolorization resin, bone char or carbon. Precoat vacuum 
filters, precoat pressure filters, deep bed multimedia filters or some combination of these are used 
to produce a filtered syrup that flows through the decolorization columns without causing a pressure 
buildup. The next step involves decolorization of the sugar juice.

Decolorization

Several techniques can be used for removing color from the sugar juice and they are subject to 
continuous developments. The main ones being:

• Polymeric Media: This term mostly refers to synthetic ion exchange resins or adsorbent resins 
(functionalized or not). There are two main polymeric structures commercially available which differ 
by their hydrophobicity; the styrenic matrix which tends to be more hydrophobic and the acrylic 
structure which is hydrophilic. In addition to their chemical structure, polymeric adsorbents exhibit 
some important porosity.

• Activated Carbon: Numerous types of activated carbon are available in the marketplace according 
to the precursor carbonaceous material (coal, wood, coconut, etc.) and their size. The most common 
types used for sugar juice decolorization being powdered activated carbon (usually termed as PAC) 
and granular activated carbon (GAC).

• Bone Char: Pyrolyzed ground animal bones have a high surface area to adsorb color and  
remove some ash.
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FIGURE 1

Cane Sugar Refinery Process Flow Diagram

Colorants and Decolorization Using  
Ion Exchange Resins
Colorants

Sugar colorants are a very complex mixture of organic compounds stemming from various 
sources. They can be categorized into two main types; natural colorants resulting from the cane 
plant and those developed during juice processing. The main characteristics of the colorant to be 
removed are that they are mainly hydrophobic (non-polar) and cover a large range of molecular 
weights. This results in exhibiting anionic behavior.
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Natural Colorants

• Flavanoids: < l kDa*

• Melanins: > 150 kDa

• Chlorophylls, Xanthrophylls, Carotene: < l kDa

Colorants Developed During Juice Processing

• Melanoldins, Maillard Reaction Products: < 50 kDa

• Caramels: 25 kDa

• HADPs: 1–5 kDa

* kDa is kiloDalton or a thousand Daltons. A Dalton is the atomic mass unit.
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Decolorization with Ion Exchange Resin

The resin matrix is usually composed of one of two types of polymeric material: polystyrenic with 
divinylbenzene crosslinks, resulting in a hydrophobic matrix, or a polyacrylic with divinylbenzene 
crosslinks which results in a more hydrophilic matrix.

Some refineries, for major decolorization, use only one resin type: acrylic or styrenic. Others employ an 
acrylic resin followed by a styrenic resin for polishing. The acrylic resin removes large molecular weight 
colored compounds which tend to foul the styrenic resin, providing good protection to the polishing 
resin.
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Acrylic Resins

Acrylic resins have a slightly lower selectivity for sugar colorants but, unlike polystyrenic resins, they 
can be completely regenerated with sodium chloride solutions. This can be explained by the more 
hydrophilic character of the acrylic resin matrix. Even dark regenerant effluents from styrenic resins 
can be used to regenerate acrylic resins. The use of acrylic resin is justified when the color load is 
high and a low level of decolorization may be expected. Also, the use of a two-pass system gives a 
more constant level of decolorization than when only one resin bed is used.

Styrenic Resins

Styrenic resins are more prone to fouling by organic compounds than acrylic resins and need 
occasional acid regeneration. Also, their decolorization capacity is higher than that of acrylic 
resins, but the color is not so efficiently removed during regeneration and capacity can drop 
rapidly if overloaded.

Styrenic resins have a higher decolorization power because of their ability to fix colorants both 
through ionic bonds to the ionic active groups and through hydrophobic interactions with the 
resin matrix. Hydrophobic interactions increase with salt concentration, explaining the difficulty 
of using salt solutions to remove colorants fixed to the resin matrix.

Polystyrenic resins with an aromatic matrix should have a higher affinity for unsaturated 
colorants than acrylic resins. Styrenic resin types are favored when the inlet color is on the low 
end (i.e., up to 800 ICUMSA) and acrylic types when it is higher. Numerous plants today operate 
with a combination of both types, which is advisable when the inlet feed color fluctuates during 
the season.

Components Carbon Styrenic SBA Acrylic SBA

Total Color       78            83           65

Color > 20 kDa**      62            83           55

Phenolic Colorant      70            50           50

Polysaccharides      20            30           15

Starch      16            15           20

Dextran      30            40           10

TABLE 1  Colorant Removal Efficiency*

*  % of component removed by adsorbent
**  kDa is kiloDalton or a thousand Daltons. A Dalton is the atomic mass unit.
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Color Removal Processes for  
Cane Sugar Refining
Two main mechanisms are involved in sugar colorant fixation to strong base anion exchange resins; 
ionic bonding between anionic colorants and the resin’s fixed charges, and hydrophobic interaction 
between non-polar parts of the colorant and the styrene-divinylbenzene resin matrix.

Since most sugar colorants have an anionic nature, being charged negatively, strong base anion 
resins are efficient decolorizers. However, both mechanisms can affect the same colorant molecule 
in amplified ionic binding. Carboxylic acids and phenols of low molecular weight are fixed by chemical 
reaction and by molecular interaction with the resins. Large, high molecular weight organic acids can 
be bound chemically and by interaction at several different resin sites, reinforcing the binding and 
making their removal from the resin difficult.

Colorants fixed to resin can switch from one mechanism to the other during regeneration. This may 
explain the high efficiency of styrenic resins as sugar decolorizers when new, as well as the difficulty 
of removing colorants during regeneration and the rapid decrease of their efficiency in use.

About 10% of the resin ion exchange capacity is actively involved in decolorization, most probably 
on the surface of the resin beads. It has also been suggested that most of the decolorization of 
strong base polystyrenic resins (except at high pH) occurs in the resin structure and not at the 
functional groups.

This is due to the relatively high electronic density in the aromatic structure, which is attractive for non-
polar and electrophilic species. At high pH values, ion exchange mechanisms will predominate.

Adsorption of sugar colorants to ion exchange resins are governed by the following:

• Higher molecular weight of color molecule increases binding

• Higher charge density of color molecule increases binding

• Higher negative charge increases color body exchange

• Higher hydrophobicity of color molecule increases binding

• Higher pH increases binding

• Higher ionic strength of the medium decreases binding
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Other Decolorization Mechanisms to be Considered

Colorants vary in molecular weight and therefore, porosity of the decolorizing media is a key 
parameter. The molecular weight of sugar colorants varies from 30 kDa to 1000 kDa for cane 
sugar. To achieve good decolorization kinetics, important parameters are the ratio of micropores, 
meso pores, and macropores. This illustrates why the decolorization of sugar juices are carried 
out at a relatively low flow rate.

Hydrophobic Effect

Activated carbon has a virtually non-polar surface whereas polymeric adsorbents have a 
polarity (acrylic matrix decolorizers are more hydrophilic than the styrenic ones). The colorants 
are essentially hydrophobic (not highly soluble in water) and will tend to be adsorbed on the 
hydrophobic part of the adsorption media. This is presumably the main mechanism in color 
removal. Pure polymeric adsorbents have demonstrated their effectiveness in removing colored 
species (high hydrophobicity, high surface area). Being not functionalized, they can operate in a 
salty environment knowing their osmotic stability results in a very long-life time allowing them 
to withstand very aggressive conditions (temperature, pH, concentration and oxidant media). 
They are very effective in polishing steps and can be considered as an alternative to powdered 
activated carbon.

Van der Waals Forces Effect

The Van der Waals forces cause chemical groups already in contact with each other to experience 
an attractive pull. This results 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

Colorants exhibit mostly anionic behavior at alkaline pH and thereby 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.
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Hydrogen Bonds

Hydrogen bonds are electrostatic attractions that occur between molecules in which 
hydrogen is in a covalent bond with a highly electronegative element (oxygen or nitrogen). 
The main mechanism for granular activated carbon adsorption is the Van der Waals (or 
London) force binding. The ion exchange resin decolorization process is a combination of 
several phenomena (Figure 2) such as ion exchange, hydrogen bonds and London forces.

FIGURE 2

Colorant Removal Principle
Ion exchange and adsorption mechanism - styrenic resin

Van der Waals

Anion
Resin

Colorant

0

0

C

C

0-

0-

Ionic

0

0 0

0

N+

C3
C3

C3

C3

C2

N+

C3C3

C3C2

C2

C2

C2

C2

C2

NH2

C
0-0

C2

N+

C3C3

C3C2

C2

C2

Note: The carbon subscripts (C) refer to the number of hydrogen (H) atoms attached to the carbon.



CANE SUGAR REFINING WITH ION EXCHANGE RESINS15

Advantages of Ion Exchange Resins  
in Decolorization
Cost

One advantage of ion exchange resins as sugar decolorizers is the economy. The costs are 
considered to be about half those of traditional granular carbon or bone char methods. These 
costs comprise resin, carbon and char usage, energy, labor, maintenance, and sugar losses. 
Water use decreases from 30 to 50% per sugar output. Energy savings arising from the use 
of resins come mostly from lower hot water requirements, and lower volumes of sweetwater 
produced with consequent reductions in energy needed for heating and concentration, 
respectively. Brine is inexpensive, and regeneration cost is low, so resin decolorization is a low-
cost alternative to traditional methods such as activated carbon or bone char.

Equipment Size

Flow rate is greater through resin than alternative materials and requires a less bulky 
apparatus for given liquor flows. Also, shorter retention times reduce sucrose degradation 
during decolorization. As regeneration can be performed inside resin columns, no special 
handling systems or other equipment for regeneration are needed.

Automation

The resin process is easily automated, and the liquor and adsorbent are always contained 
inside a closed vessel, so the process is more hygienic than other decolorization processes.

Ion Exchange Resin Adsorption Mechanism

This table provides a comparison of the three different anionic decolorization resins primarily 
being used today, macroporous acrylic, macroporous styrenic and gelular styrenic.
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Resin A860S Acrylic 
Macroporous

A502PS Styrenic  
Macroporous

A420S Styrenic Gel

Primary Decolorization 
Mechanism

Ion Exchange Adsorption Adsorption

Typical Decolorization 50–60% 65–75% 65–75%

Regeneration Efficiency Excellent Good Good

Regenerant 10% NaCl 10% NaCl/0.5% NaOH 10% NaCl/0.5% NaOH

Matrix Aliphatic Aromatic Aromatic

Max Feed Color 2,500 800 200

Color Loading BV x IU (68 Bx) 35,000 25,000 15,000

TABLE 2  Properties of Acrylic and Styrenic Strong Base Anion Decolorization Resins

Strong Base Anion Lab Testing Protocol 
for Sucrose Decolorization
This recommended test protocol is based on Purolite’s experience with strong base anion 
resins in sucrose decolorization. It is suitable for demonstrating the feasibility of the process 
and for testing the effectiveness of the regeneration procedures. The information generated 
will be a guide to the design of a full-scale continuous plant. As this process is well established 
industrially it is not anticipated that intermediate-scale testing will be required.

The following information is required before running the tests:

• As complete of analysis as possible of the syrup to be treated and its consistency over the 
anticipated campaign runs particularly with respect to color and any other property to be 
modified (e.g., odor).

• The specification of the color and other components in the treated syrup.

• Analytical methods for the color and other properties to be modified.
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Apparatus

The test program will require one column as defined below. As the tests are to be carried 
out at elevated temperatures the column should be *water-jacketed to maintain the required 
operating temperature. The resin should be loaded into the water-jacketed glass column 
fitted with a means of retaining the resin at the base of the column. This may be either:

• A sintered glass disc (* The sintered disc method is preferred)

• A nylon cloth fitted into interchangeable jointed glassware or another flanged fitting

The bottom of the columns should be fitted with a tap for on/off and flow adjustment and 
for connecting a line for flow entry and exit. The exit line from the column can be raised to 
the height just above that of the resin bed to prevent the liquid level in the column from falling 
below the resin bed top. It can also be fitted with a siphon breaker for down-flow operations.

The top of each column should be fitted with an attachment for flow introduction and exit 
and should have sufficient space between the resin bed top and the column exit for at least 
75% bed expansion with an additional 25% freeboard.

The column should have a minimum diameter of 2.5 cm (1 in). Recommended minimum 
resin volumes for columns of different diameters are as follows:

• 200 ml for a column of 2.5 cm (1 in) diameter, resulting bed height approximately  
40 cm (15.7 in)

• 1200 ml for a column of 5 cm (2 in) diameter, resulting bed height approximately  
60 cm (23.6 in)

A column of approximately 2.5 cm (1 in) diameter is preferred for resin comparison purposes 
as the volumes of resin and solutions are more manageable at this scale.

Column Filling

The column is most easily filled by pouring the measured volume of resin in using a funnel as 
a slurry in deionized water. As the column fills with water it can be drained to just above resin 
bed height via the bottom tap. Air bubbles in the resin bed are avoided by this method.



APPLICATION GUIDE 18

Resin Backwashing

After loading into the columns, the resins should be backwashed using an upflow of deionized 
water to classify and remove any extraneous material. The flow should be introduced slowly 
to prevent the resin rising as a plug in the column. Backwashing is carried out at an ambient 
temperature and should expand the bed by approximately 75% and continue for 10 minutes. 
After stopping the backwash flow, the resin should be allowed to settle, drained to just above 
the top of the resin bed and the bed height measured and recorded.

Syrup Preparation

For treatment in the anion columns, the feed syrup should be produced by the process at the 
same temperature. A sufficient quantity of the feed syrup for each run should therefore be 
available. This may be as a batch carefully stored at the required temperature.

Before beginning the tests, the syrup should be analyzed for the major components of interest 
and the treated syrup specification to meet end-use requirements should have been identified.

Methods of analysis should also have been identified to measure the required components 
and arrangements made for the analysis. It is preferable to use a single source of the same 
syrup and to operate without interrupting the flow during the length of the syrup feed run.

Service Operation

The feed syrup should be preheated, and the resin bed temperature is controlled by passing 
water at the same temperature through the water jacket of the column.

The resin beds can be preheated by passing water at the specified temperature through the 
bed and the bed temperature should be maintained at the same temperature throughout the 
period of the feed flow.

Syrup Displacement (Sweetening Off)

Syrup displacement from the bed is carried out on a full production scale by using softened 
water, preferably at the same temperature as the feed syrup and the displaced syrup is 
retained. On the scale of the laboratory tests, displacement by 3 Bed volumes (BV) of 
softened water in downflow at a flow rate of approximately 2–4 BV/h (0.25–0.50 gpm/ft³) is 
recommended.
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Resin Backwashing

Resin backwashing is carried out by an upflow of demineralized water preferably at the same 
temperature as the feed syrup. The flow should be slowly introduced to prevent the resin from rising in 
the column as a plug.

When the resin is fully fluidized the flow should be adjusted to expand the bed by 75% and be 
continued for 15 minutes. After stopping the backwash flow the bed should be allowed to settle, 
drained to just above the bed top and the bed height measured and recorded.

Resin Regeneration and Rinsing

The resin regenerations should be carried out in four steps:

• 2.0 BV of 10% NaCl at 1–2 BV/h (0.12–0.25 gpm/ft³) at a dosage of 200 g/l (12.5 lb/ft³) with 0.5 % 
NaOH (10 g/l (0.62 lb/ft³) resin). (60 to 90 minutes)

• Rinse using 2 BV of condensate at 1–2 BV/h (0.12–0.25 gpm/ft³) flow rate. (45–60 minutes)

• Rinse using 5 BV of condensate at 10–20 BV/h (1.25-2.5 gpm/ft³). (15–30 minutes)

• The regenerant flow rate should be carefully controlled to achieve even flow through the bed.

A reservoir of regenerant should be maintained above the resin bed top.

Number of Cycles

The above procedure should be repeated using the same anion bed for a sufficient number of cycles 
to achieve equilibrium and to observe the extent of any fouling of the resins.

If fouling* is observed or if cycle times are observed to decrease from cycle to cycle, then Purolite will 
advise what action should be taken. This will normally involve modifying the regeneration procedure 
using dilute HCl solution (cross regeneration).

Application of Test Data

The results from the above tests will demonstrate the anion decolorization process and will provide a 
guide for the design of the next scale of operation for syrup decolorization.

*Fouling: The accumulation of unwanted material on solid surfaces to the detriment of function. The fouling materials can consist 
of either living organisms or a non-living substance.
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Cane Sugar Decolorization Ion Exchange 
Resin Configurations
Puropack® Packed Bed Up-Flow System

A typical configuration for an ion exchange decolorization system is an up-flow packed bed system 
such as Purolite’s Puropack System. Since the specific gravity of 68 °Brix syrup is 1.3325 (at 
standard conditions) and the specific gravity of strong base anion resin is 1.09, the flow of syrup 
during a decolorization service often runs up-flow to ensure the bed is undisturbed throughout 
the service flow interruption. Advantages of the Puropack system are lower color released, higher 
operational capacity, lower chemical consumption and lower water consumption.

Service

The typical service flow rate is 2–4 BV/h (0.25–0.50 gpm/ft³) (i.e., syrup flowing through a bed 
containing 10 m³ (353 ft³) of resin operating at 2 BV/h (0.25 gpm/ft³) would be flowing at 20 
m³/h (88.1 gpm).

Service

Purolite IP4
Inert

Purolite
Anion Resins

Flat False Top

Regeneration

Flat False Bottom

FIGURE 3

Puropack  
Packed Bed  
Up-Flow System

Puropack Advantages:  

• Lower color released 
• Higher operational capacity
• Lower chemical consumption
• Lower water consumption
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800–2000
ICUMSA

200–400
ICUMSA

A860S

A860S A502PS

A502PS

FIGURE 4

Packed Bed Design

Upflow Service Options

The following diagrams illustrate the configuration and performance achieved by 
decolorization resins.

The acrylic A860S 
protects the styrenic 
A502PS from fouling 
and evens out color 
load fluctuations, 
providing a consistently 
low product color.
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200–800
ICUMSA

50–200
ICUMSA

A502PS

A502PS

600–1000
ICUMSA

150–250
ICUMSA

A502PS

A860S

FIGURE 5

Total Styrenic Resin 
Decolorization

FIGURE 6

A860S Protects the 
Styrenic A502PS
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15–50
ICUMSA

50–200
ICUMSA

MN102
A420S

A502PS

FIGURE 7

Low Color Syrup 
Polishing

FIGURE 8

Low Color Syrup 
Polishing in High 
Suspended Solids 
Syrup

15–50
ICUMSA

50–200
ICUMSA

A503S

A502PS

This configuration protects 
the resin from fouling due
to suspended solids.
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15–50
ICUMSA

50–200
ICUMSA

MN102
A420S

A502PS

Taste and Odor Removal

Cation resin is often used in conjunction with the decolorization anion resin because it 
is regenerated with the same NaCl regenerant that passes through the anion. It is used 
ahead of the anion resins when softening of the juice is desired. This is done to reduce the 
hardness scale formation on evaporators and crystallizers, which ultimately lowers the heat 
transfer rate. It is also used after the styrenic anion resins to remove amine odor which 
can occur from the use of the NaOH for anion regeneration. The cation resin will readily 
exchange Na+ for amine and since it is regenerated with the same NaCl regenerant that 
passes through the anion, no additional brine is required for cation regeneration.

Macronet™ MN150 or Macronet MN102 adsorbents can be used as a final color, taste and 
odor polishing adsorbent to achieve the highest decolorizer product quality. By virtue of its 
lighter density, the Macronet will layer on the top of an up-flow anion decolorization resin 
so a small volume of it can replace some of the decolorizer resin and no separate vessel is 
required. The alkaline brine regeneration of the decolorizer resin is first preceded by NaOH 
only to regenerate the Macronet.

FIGURE 9

Ion Exchange System 
Configuration for 
Additional Taste and 
Odor Removal

https://www.purolite.com/product/mn150
https://www.purolite.com/product/mn102
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Demineralization of Liquid Sucrose
When highly refined liquid sucrose is desired by customers instead of dry sugar, there are a 
few options for producing a non-inverted liquid sucrose product using various configurations 
and forms of ion exchange resin technology.

Weak Acid Cation Mixed Bed

One process for producing liquid sugar involves passing the high Brix, moderate 
temperature liquid sucrose through a mixed bed containing a high pK weak acid cation resin 
(H+ form) and strong base anion resin (OH- form). This process produces a liquid sucrose 
with < 0.2% invert and color < 20 ICUMSA.

Feed Color 50–200 ICUMSA

Feed Ash 0.15–0.25% on DS

Product Color 5–20 ICUMSA

Product Ash 0.001–0.004% on DS

Inversion < 0.2%

Brix 55–65 °Brix

Temperature 50 °C (122 °F)

Flow 0.5–1 BV/h (0.06–0.125 gpm/ft³)

TABLE 3  Weak Acid Cation Mixed Bed for Liquid Sugar Demineralization
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50-200 ICUMSA
0.15-0.25% Ash
64 °Brix
50 °C (122 °F)

5-20 ICUMSA
0.001-0.004% Ash
< 0.2% Invert

C115EC (H+)
+

PFA440S (OH-)

FIGURE 10

Sucrose Mixed Bed 
Demineralization
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Flow Rate, gpm/ft²

Flow Rate, m/h

1/3 Purolite C115EC (H+ form)
2/3 Purofine PFA440S (OH- form)
67 °Brix Sucrose, 60 °C (140 °F), 56 cm 
(22.2 in) bed depth
y = 2.045X + 0.3617

Strong Base Anion/Weak Acid Cation Two Bed

The sucrose solution can be decolorized and demineralized by passing through a bed of strong 
base anions (OH- form) to convert all the salts to base, then passing through a separate bed of 
high pK weak acid cation resin which will exchange the cations and neutralize the base. The 
weak acid cation effluent pH will be approximately 4.0 and must be blended with a sidestream 
of syrup to bring the pH up to avoid inversion. 

In order to avoid precipitation of Mg(OH)2 or CaCO3 in the resin bed, either a cation resin can 
be used to soften the syrup, or the anion can be run in the HCO3

- form which will produce more 
highly soluble bicarbonate salts. Conductivity reduction and color removal will be somewhat 
less in the HCO3

- form.

FIGURE 11

Pressure Drop  
of Mixed Bed



APPLICATION GUIDE 28

FIGURE 12

Sucrose Reverse 
Two-Bed 
Demineralization

50-200 ICUMSA
0.15-0.25% Ash
68 °Brix
50 °C (122 °F)

5-20 ICUMSA
< 0.005% Ash

A440S (OH-)

C115E (H+)
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50-200 ICUMSA
0.15-0.25% Ash
50 °Brix
10 °C (50 °F)

5-20 ICUMSA
< 0.005% Ash

C150S (H+) A103S (FB)

Low Temperature, Strong Acid Cation/Weak Base Anion Two Bed

The liquid sucrose can be treated through a macroporous cation resin (H+ form), followed by weak 
base anion resin (free base form) for removal of salts and color below liquid sugar standards. This 
process requires a treatment temperature less than 10 °C (50 °F) to avoid sucrose inversion.

To be able to operate at this low temperature without high viscosity, (causing pressure drop and 
kinetic problems) the syrup concentration must be below 50 °Brix. The liquid sucrose must then 
be evaporated back up to 68 °Brix prior to storage and shipment to avoid bacteria growth.

FIGURE 13

Low Temperature Conventional Sucrose  
Two-Bed Demineralization
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Powdered Resin
Decolorization

Ion exchange resin can be ground into fine 50–100 micron sized pieces which are added as a body 
feed to the syrup and filtered out with a pressure filter. The finely ground resin has rapid kinetics and a 
greater surface area than the same amount of bead resin.

The powdered resin can be mixed with an inert fiber to assist in achieving high filtration rate with a 
low pressure drop. The powdered resin is used on a once through basis and discarded. The advantage 
of powdered resin is the simple equipment required and the lack of regeneration chemicals used. 
Powdered resin can be cost effective at low color levels, reducing 50–100 IU sugar to 20–35 IU.

Demineralization

The same strong base anion and weak acid cation resins used in bead form in a column are available 
in a powdered resin form as well, which can be used to produce high purity sugar when melting white 
sugar. A 35 IU white sugar can be melted and purified to < 20 IU.

A powdered strong acid cation and strong base anion mix (including fiber) is also used to polish low 
color syrup. The low dosage of the powdered mix prevents significant inversion  
from occurring.
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Sucrose Inversion
The hydrolysis of sucrose, a disaccharide, to form invert sugar produces an equimolar 
mixture of fructose and glucose, two monosaccharides as follows: 

C12H22O11  +  H2O    C6H12O6  +  C6H12O6

Sucrose inversion can be accomplished in a homogeneous fashion by a bulk addition of acid 
to the syrup and an added base for neutralization at the completion of the reaction. However, 
this produces an additional amount of ash which may exceed the liquid invert specifications 
and possibly create significant amounts of HMF (Hydroxy-methyl-furfural), which is 
associated with color formation.

Heterogeneous Inversion of Sucrose

Heterogeneous inversion of sucrose can be accomplished using a strong acid cation resin (H+ 
form), such as Purolite C124SH, and neutralization of the acids produced from the existing 
ash in the syrup with a weak base anion resin. This results in color and ash removal.

HMF Formation

Hydroxymethylfurfural (HMF) is an invert sugar dehydration degradation reaction product 
that must be minimized to avoid color formation. For a given syrup, the formation of HMF 
(like sucrose inversion itself) is primarily controlled by a combination of temperature and 
flow rate. As a result, it is advisable to limit the temperature of inversion to 40–45 °C  
(104–113 °F) to minimize HMF production.

Sucrose FructoseH+ Glucose

https://www.purolite.com/product/c124sh
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FIGURE 14

Sucrose Inversion 
With C124SH

Ion Exchange Resin Regeneration  
and Cleaning
Color bodies are desorbed from the strong base anion resins using a 10% NaCl solution (for acrylic 
strong base anion resin) or a mixture containing 10% NaCl and 0.5% NaOH (for styrenic strong base 
anion resin). The NaOH also provides additional desorption energy. The NaCl solution dehydrates the 
resin forcing exchanged and adsorbed color bodies out. The regeneration is concentration dependent 
and not stoichiometric. It requires the salt concentration inside a resin bead to be at about 3+% NaCl. 
To achieve this, 10% NaCl solution is required. The regeneration flow direction is down-flow at a rate 
of 2 BV/h (0.25 gpm/ft³).
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Operation Solution Flow Time Volume Temperature Dose

Sweeten Off Condensate 2–4 BV/h 
(0.25–0.50 gpm/ft³)

30–60 min 1.5–2 BV 60–80 °C 
(140–176 °F)

—

Chemical In 10% NaCl  
0.5% NaOH

1–2 BV/h 
(0.12–0.25 gpm/ft³)

60–90 min 2–3 BV 60–80 °C 
(140–176 °F)

200 g/l (12.5 lb/ft³) NaCl
10 g/l (0.62 lb/ft³) NaOH

Slow Rinse Condensate 1–2 BV/h 
(0.12–0.25 gpm/ft³)

45–60 min 1.5–2 BV 60–80 °C 
(140–176 °F)

—

Fast Rinse Condensate 10–20 BV/h 
(1.25–2.5 gpm/ft³)

15–30 min 3–5 BV 60–80 °C 
(140–176 °F)

—

Sweeten On Sugar Syrup 68 °Bx 2–4 BV/h 
(0.25–0.50 gpm/ft³)

30–60 min 1–2 BV 70–80 °C 
(158–176 °F)

—

Service Sugar Syrup 68 °Bx 2–4 BV/h 
(0.25–0.50 gpm/ft³)

— — 70–80 °C 
(158–176 °F)

—

TABLE 4  Regeneration Sequence

Special Cleaning for Sugar Decolorization Resins

It is strongly recommended to use the procedure below for decolorization resins every 30 cycles or 
when an important drop in throughput is noticed.

It is very important that resin be regenerated prior to beginning this treatment.

Step 1: Prepare a 2 BV solution with 6% HCl or 10% H3PO4.

Step 2: Pass half the volume of acid solution at a flow rate of 1 BV/h (0.12 gpm/ft³) for one hour down-
flow.

Step 3: Introduce the second half of your acid solution and keep it in contact with the resin for two 
hours. Injection of air every 20 minutes assists in declumping.

Step 4: Pass condensate or demineralized water at 3 BV/h (0.37 gpm/ft³) down-flow for one hour.

Step 5: Rinse the resin bed with condensate or demineralized water at 8 BV/h (1 gpm/ft³) down-flow 
until the pH equals 7.0.

After completing this procedure, perform a normal regeneration but with twice the standard amount of 
NaOH in order to neutralize residual acid and the acid adsorbed onto the small amount of weak base 
sites of the resin.
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The acid cleaning should restore decolorization performance for an extended period if the resin 
is in good shape. As the resin nears the end of its life, the acid cleaning will provide a more 
temporary improvement in decolorization.

See also, “Cleaning of Organically Fouled Anion Resins.” 

Alternative Regenerant Solutions

It has been observed that NaCl, alone or alkalized with NaOH is not the best regenerant for this 
kind of resin.

It has been suggested that during regeneration at high salt concentration, amphiphilic 
compounds will be fixed to the resin by hydrophobic interaction. During salt washing, as salt 
concentration decreases, these compounds will be removed from the resin matrix but will be 
fixed to the ionic groups (switch effect). Washing the resin at low pH, however, can avoid this. 
Another possibility is to regenerate the column at a low chloride concentration in the presence 
of calcium in an alkaline medium; a process developed by Dr. Luis Bento. Sucrose is added 
in order to maintain calcium in solution. During this regeneration, hydrophobic interaction is 
reduced and colorants are removed from the ionic bond; possibly through the formation of a 
colorant/calcium/sucrose complex.

As mentioned above, NaCl does not efficiently remove sugar colorants from ion exchange 
resins because at high concentrations it does not remove compounds fixed by hydrophobic 
interactions to the resin matrix. An organic solvent, such as ethanol, mixed with salt can be 
used to improve the removal of hydrophobic colorants. With this mixture, salt will remove 
anionic colorants and ethanol will decrease the hydrophobic interaction effect. This has been 
tried using a mixture of NaCl, at 100 g/l (6.24 lb/ft³), and Ethanol, at 20% (v/v), with a great 
improvement in removal of colorants from the resin. Although efficient, this process is not 
economical if applied to each regeneration.

Another possibility, as mentioned above, is to use salt at low concentration with a mixture of 
calcium hydroxide in sucrose solution. This mixture greatly enhances the removal of colorants 
fixed to ion exchange resins. The formation of a complex sucrose-calcium-colorant, may 
shift the equilibrium towards regeneration. Thus, chloride ions, even at low concentration, can 
efficiently dislocate colorants fixed ionically to resins. At low salt concentrations, non-polar 
colorants are also easily removed. A regeneration process using 3 BV of a mixture of  
CaCl (0.4 N) and CaO (10 g/l (0.62 lb/ft³)) in sucrose solution (150 g/l (9.36 lb/ft³)) has been 
tried, for instance.
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With this regeneration process, an average decolorization of more than 90% is obtained; more 
so than results with standard regenerations using alkalized salt solutions. Colorants adsorbed 
on the resin matrix may form a layer with a degree of anionic character. During regeneration, 
not all colorants are removed, and doubly positively-charged calcium ions may be bonded to 
this layer, producing extra positive fixed ions in the resin. This may explain the increase of resin 
capacity often found when using this regeneration system.

This regeneration process uses lower quantities of chemicals than classic regeneration 
systems. However, it is necessary to use sucrose to maintain the calcium hydroxide in solution. 
In order to recover sucrose from the effluents, tangential filtration techniques are used. An 
ultra-filtration (UF) membrane has been used to concentrate colorants in the retentate, while 
the permeate was used in the regeneration process. The retentate, with minor proportions of 
the sucrose, calcium and chloride ions, and the major part of the sugar colorants, can be sent 
to affination and/or recovery sections of the refinery or to the low grade sections of sugar 
factories. As this effluent is highly alkaline, it can be used to make pH corrections in such 
processing units, instead of the more commonly-used lime.

Regeneration using sodium carbonate has also been tried. In this process, carbonate ions 
bind to the resin and during decolorization, the ions are released to sugar liquor where they 
precipitate any calcium ions present. An average carbonated liquor decolorization of 89% and 
decalcification of 70% has been achieved using this technique.

Nanofiltration Recovery of Regenerants

One of the main drawbacks of an ion exchange resin decolorization process is the production 
of wastes during the regeneration procedure. The production of highly colored salty effluents 
has found an answer with the use of nanofiltration (NF). The brine recycling plant permits a 
decrease in the waste rejection up to 75–90%. The retentate contains a concentrated fraction 
with a low BOD which can more easily be disposed of and the permeate containing NaCl and 
small color bodies can be reused for regenerating the decolorizing resin. This combination of 
resin and membrane processes are especially attractive for plant locations where the waste 
disposal is a critical issue.
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Decolorization Effluent/
Demineralization Influent

Nanofiltration
System

Concentrated
Regenerant
(NF Retentate)
to Secondary Post
Treatment or Drain

Caustic to Clean
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Going to Makeup
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Purolite
C150S
(Styrenic
MP SAC)

FIGURE 15

Regenerant Recovery System
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NaCl (%) NaCl (g/l) Normality (eq/l) Specific Gravity ° Baume NaCl (lbs/US gal)

1 10.05 0.172 1.0053 0.8 0.084

2 20.25 0.346 1.0125 1.8 0.169

4 41.07 0.706 1.0268 3.8 0.343

6 62.48 1.069 1.0413 5.8 0.521

8 84.47 1.445 1.0559 7.7 0.705

10 107.1 1.832 1.0707 9.6 0.894

12 130.3 2.229 1.0857 11.5 1.087

16 178.6 3.056 1.1162 15.1 1.490

20 229.6 3.928 1.1478 18.7 1.916

26 311.3 5.326 1.1972 23.9 2.598

TABLE 5  Sodium Hydroxide Regenerant Concentration

TABLE 6  Sodium Chloride Regenerant Concentrations

NaOH (%) NaOH (g/l) Normality (eq/l) Specific Gravity ° Baume NaOH (lbs/US gal)

1 10.10 0.262 1.0095 1.4 0.084

2 20.41 0.511 1.0207 2.9 0.170

3 30.95 0.774 1.0318 4.5 0.258

4 41.71 1.04 1.0428 6.0 0.348

5 52.69 1.32 1.0538 7.4 0.440

6 63.89 1.60 1.0648 8.8 0.533

8 86.95 2.17 1.0869 8.8 0.726

10 110.9 2.77 1.1089 14.2 0.925

12 135.7 3.39 1.1309 16.8 1.333

16 188.0 4.70 1.1751 21.6 1.569

20 243.8 6.10 1.2191 26.1 2.035

40 571.9 14.29 1.4300 43.6 4.773

50 762.7 19.10 1.5253 49.9 6.365
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Cleaning of Organically Fouled Anion 
Resins in Cane Sugar Refining
This process involves a partial caustic regeneration and displacement, followed by a 65.6 °C  
(150 °F), 15% NaCl treatment. The process is repeated until the maximum color eluted during the 
brine step drops to 1/5 of the highest color eluted during the first treatment. It can take as many as 
six times. Details of the procedure described above are as follows:

1.  The anion bed is backwashed

2.  Regenerate with warm 2% to 5% NaOH as usual, but the amount of caustic is limited to about 
one third of the normal dosage (16.0 to 32.0 g/l or 1.0 to 2.0 lb/ft³ ), and the flowrate should be 
about 1.6 BV/h (0.2 gpm/ft³)

3.  Slow rinse or displace for 10 minutes at the same 1.6 BV/h (0.2 gpm/ft³)

4.  Inject warm 10% to 15% NaCl solution (at 65.6 °C or 150 °F) at 104.1 to 128.1 g/l (6.5 to 8.0 lb/ft³), 
also at 1.6 BV/h (0.2 gpm/ft³) flowrate

5.  Slow rinse or displace for 10 minutes at 1.6 BV/h (0.2 gpm/ft³); observe for the most 
concentrated salt (by hydrometer) in the effluent, at which time the color eluted will  
be the highest

6.  Without backwashing, repeat the above steps 2 through 5 several times until the color eluted 
during the salting period drops to 1/5 of that observed during the first treatment

Note:

Although a mixture of 10% NaCl and 1% NaOH solution is effective for removing color, the above cyclic method is preferred. 
The alternate application of NaOH and NaCl causes alternate expansion and contraction of the resin, which loosens the 
coagulated or foreign matter from the beads by a mechanical or sponge action, as well as by the chemical elution.

It is important to realize the procedure is best completed on a regular or periodic schedule before the anion resin is 
appreciably fouled. If organic matter in the affluent is high, the above steps should be taken every 15 to 30 days.

Also, if the underdrain is made of stainless steel, the HCl will attack it, and the resin will have to be moved to an alternate 
treatment vessel with a PVC/polypropylene screened underdrain.
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Resin Type TEC Moisture Mean Particle Size Application

Purolite A860S Acrylic macroporous 
Type I strong base 
anion

0.8 eq/l (Cl-) 66–72% (Cl-) 0.52–0.70 mm Decolorization 
800+ IU

Purolite A502PS Styrenic macroporous 
Type I strong base 
anion

0.85 eq/l (Cl-) 66–72% (Cl-) 0.65–0.9 mm Decolorization 
200–800 IU

Purolite A503S Styrenic macroporous 
Type I strong base 
anion

1.0 eq/l (Cl-) 61–66% (Cl-) 0.65-0.9 mm Decolorization
High turbidity syrup
0-200 IU

Purolite A420S Styrenic gel Type I 
strong base anion

0.8 eq/l (Cl-) 60–65% (Cl-) 0.65–0.9 mm Decolorization
0–200 IU

Macronet MN102 Styrenic macroporous 
adsorbent

0.15–0.3 (Cl-) 50–60% (FB) 0.45–0.63 mm Decolorization, Taste  
and Odor Removal 
0–200 IU

Purolite IP4 Polypropylene  
inert cylinders

— — 1.1–1.5 mm
0.8–1.6 mm

Up-flow distributor 
protection

Purolite C115EC Methacrylic 
Macroporous Weak 
Acid Cation

3.5 eq/l (H+) 46–53% (H+) 0.55–0.8 mm Demineralization

Purolite A500SPlus Styrenic Macroporous 
Type I strong base 
anion

1.15 eq/l (Cl-) 57–63% (Cl-) 0.65–0.9 mm Demineralization  
and decolorization

Purolite A850S Acrylic gel Type I 
strong base anion

1.25 eq/l (Cl-) 57–62% (Cl-) 0.65–0.9 mm Demineralization  
and decolorization

Purolite A440S Styrenic gel Type I 
strong base anion

1.4 eq/l (Cl-) 50–54% (Cl-) 0.65–0.9 mm Demineralization  
and decolorization

Purolite PRA420 Powdered styrenic gel 
Type I strong 
base anion

0.8 eq/l (Cl-) 60–65% (Cl-) 0.05–0.10 mm Decolorization 
0–100 IU

Purolite CT124SH Styrenic gel strong 
acid cation

1.2 eq/l (H+) 65–70% (H+) 0.65–0.9 mm Sucrose inversion

TABLE 7  Cane Sugar Refining Resins

TEC = Total Exchange Capacity
IU = ICUMSA color units
NA = Not Applicable
PF Grade = Purofine (Uniform Particle Size) Grade available at 0.52–0.62 mm average size
PP Grade = Puropack (Uniform Particle Size) Grade available at 0.65–0.85 mm average size
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Method for Color Measurement
For specific color measurement procedures, please refer to ICUMSA® Method GS1-7 (2011), 
Determination of the Solution Colour of Raw Sugars, Brown Sugars and Coloured Syrups at pH 
7.0 – Official, Verlag Dr. Albert Bartens KG, Berlin, Germany and for white sugar ICUMSA® Method 
GS2-9 (2005), The Determination of Sugar Solution Colour at pH 7.0 – Accepted, Verlag Dr. Albert 
Bartens KG, Berlin, Germany.

Additional Technical Information  
in Cane Sugar Refining
Here are a few extra technical resource tables used in cane sugar refining.

• Physical Constants of Sucrose

• Viscosity (Centipoise) of Sucrose Solutions

• Ash (% on DS) vs. Conductivity at Temperature
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DS (%) At 20 °C (68 °F)  
Refractive Index

Specific Gravity  
in Air

Total Pounds  
Per Gallon

Total Solids  
Per Gallon

Grams Solids 
Per Liter

3.0 1.3373 1.0118 8.419 0.253 30.316

4.0 1.3387 1.0157 8.452 0.338 40.501

5.0 1.3402 1.0197 8.485 0.424 50.806

6.0 1.3417 1.0237 8.519 0.511 61.231

7.0 1.3432 1.0277 8.552 0.599 71.776

8.0 1.3447 1.0318 8.585 0.687 82.321

9.0 1.3462 1.0359 8.620 0.776 92.985

10.0 1.3477 1.0400 8.654 0.865 103.650

11.0 1.3492 1.0442 8.689 0.956 114.554

12.0 1.3508 1.0483 8.724 1.047 125.458

13.0 1.3523 1.0525 8.759 1.139 136.482

14.0 1.3539 1.0568 8.794 1.231 147.506

15.0 1.3555 1.0611 8.830 1.324 158.650

16.0 1.3570 1.0654 8.866 1.418 169.914

17.0 1.3586 1.0697 8.902 1.513 181.297

18.0 1.3603 1.0741 8.938 1.609 192.801

19.0 1.3619 1.0785 8.975 1.705 204.304

20.0 1.3635 1.0829 9.011 1.802 215.927

21.0 1.3652 1.0873 9.048 1.900 227.670

22.0 1.3668 1.0918 9.086 1.999 239.533

23.0 1.3685 1.09963 9.123 2.098 251.396

24.0 1.3702 1.1009 9.161 2.199 263.498

25.0 1.3719 1.1055 9.199 2.300 275.601

26.0 1.3736 1.1101 9.238 2.402 287.823

27.0 1.3753 1.1147 9.276 2.503 299.926

28.0 1.3770 1.1196 9.315 2.608 312.507

TABLE 8  Physical Constants of Sucrose
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DS (%) At 20 °C (68 °F)  
Refractive Index

Specific Gravity  
in Air

Total Pounds  
Per Gallon

Total Solids  
Per Gallon

Grams Solids 
Per Liter

29.0 1.3788 1.1241 9.354 2.713 325.089

30.0 1.3805 1.1288 9.394 2.815 337.311

31.0 1.3823 1.1336 9.433 2.924 350.372

32.0 1.3841 1.1384 9.473 3.031 363.194

33.0 1.3859 1.1432 9.513 3.139 376.135

34.0 1.3877 1.1481 9.554 3.248 389.196

35.0 1.3895 1.1530 9.593 3.358 402.377

36.0 1.3913 1.1579 9.636 3.469 415.678

37.0 1.3932 1.1628 9.677 3.580 428.979

38.0 1.3951 1.1679 9.718 3.693 442.519

39.0 1.3969 1.1729 9.760 3.806 456.059

40.0 1.3988 1.1779 9.802 3.921 469.839

41.0 1.4007 1.1830 9.844 4.036 483.619

42.0 1.4026 1.1881 9.887 4.152 497.519

43.0 1.4045 1.1932 9.930 4.270 511.659

44.0 1.4065 1.1984 9.973 4.388 525.798

45.0 1.4084 1.2036 10.016 4.507 540.058

46.0 1.4104 1.2089 10.060 4.627 554.437

47.0 1.4124 1.2141 10.104 4.749 569.056

48.0 1.4144 1.2194 10.148 4.871 583.675

49.0 1.4364 1.2248 10.192 4.994 598.413

50.0 1.4184 1.2302 10.237 5.118 613.272

51.0 1.4205 1.2356 10.282 5.244 628.370

52.0 1.4225 1.2410 10.327 5.370 643.468

53.0 1.4246 1.2465 10.373 5.497 658.686

54.0 1.4267 1.2520 10.418 5.626 674.143
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DS (%) At 20 °C (68 °F)  
Refractive Index

Specific Gravity  
in Air

Total Pounds  
Per Gallon

Total Solids  
Per Gallon

Grams Solids 
Per Liter

55.0 1.4287 1.2575 10.464 5.755 689.601

56.0 1.4309 1.2631 10.511 5.886 705.298

57.0 1.4330 1.2687 10.557 6.018 721.115

58.0 1.4351 1.2743 10.604 6.150 736.933

59.0 1.4373 1.2800 10.651 6.284 752.989

60.0 1.1394 1.2857 10.699 6.419 769.166

61.0 1.4416 1.2914 10.747 6.555 785.462

62.0 1.4439 1.2972 10.795 6.693 801.998

63.0 1.4460 1.3030 10.843 6.831 818.534

64.0 1.4483 1.3088 10.891 6.970 835.190

65.0 1.4505 1.3147 10.940 7.111 852.086

66.0 1.4528 1.3206 10.989 7.253 869.101

67.0 1.4550 1.3265 11.039 7.396 886.236

68.0 1.4573 1.3325 11.088 7.540 903.491

69.0 1.4596 1.3385 11.138 7.685 920.866

70.0 1.4620 1.3445 11.188 7.832 938.481

71.0 1.4643 1.3506 11.239 7.980 956.215

72.0 1.4667 1.3567 11.290 8.129 974.069

730 1.4690 1.3628 11.341 8.279 992.043

74.0 1.4714 1.3690 11.392 8.430 1,010.137

75.0 1.4738 1.3752 11.444 8.583 1,028.470

76.0 1.4762 1.3814 11.496 8.737 1,046.924

77.0 1.4787 1.3877 11.548 8.892 1,065.497

78.0 1.4811 1.3940 11.600 9.048 1,084.190

79.0 1.4836 1.4004 11.653 9.206 1,103.122

80.0 1.4861 1.4067 11.706 9.365 1,122.175
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DS (%) At 20 °C (68 °F)  
Refractive Index  

Specific Gravity  
in Air

Total Pounds  
Per Gallon

Total Solids  
Per Gallon

Grams Solids 
Per Liter

81.0 1.4886 1.4131 11.760 9.525 1,141.347

82.0 1.4911 1.4196 11.813 9.687 1,160.759

83.0 1.4937 1.4261 11.867 9.850 1,180.290

84.0 1.4962 1.4326 11.921 10.014 1,199.942

85.0 1.4988 1.4391 11.976 10.183 1,220.193
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% Sucrose 
by Weight 
in Vacuum

°Celsius

0 5 10 15 20 25 30 35 40

20 3.782 3.137 2.642 2.254 1.945 1.695 1.493 1.325 1.184

21 3.977 3.293 2.768 2.357 2.031 1.769 1.555 1.379 1.231

22 4.187 3.460 2.904 2.469 2.124 1.846 1.622 1.436 1.281

23 4.415 3.642 3.050 2.589 2.224 1.931 1.692 1.497 1.333

24 4.661 3.838 3.208 2.719 2.331 2.021 1.769 1.563 1.390

25 4.931 4.051 3.380 2.859 2.447 2.118 1.852 1.634 1.451

26 5.223 4.282 3.565 3.010 2.573 2.223 1.941 1.709 1.516

27 5.542 4.533 3.767 3.175 2.708 2.336 2.037 1.791 1.587

28 5.889 4.807 3.986 3.352 2.855 2.459 2.140 1.880 1.663

29 6.271 5.107 4.225 3.546 3.015 2.592 2.251 1.974 1.744

30 6.692 5.435 4.487 3.757 3.187 2.735 2.373 2.078 1.833

31 7.148 5.794 4.772 3.988 3.376 2.892 2.504 2.188 1.927

32 7.653 6.187 5.084 4.239 3.581 3.062 2.645 2.306 2.029

33 8.214 6.623 5.428 4.515 3.806 3.246 2.799 2.437 2.141

34 8.841 7.106 5.808 4.818 4.052 3.448 2.967 2.578 2.260

35 9.543 7.645 6.230 5.154 4.323 3.670 3.150 2.732 2.390

36 10.31 8.234 6.693 5.524 4.621 3.914 3.353 2.901 2.532

37 11.19 8.904 7.212 5.933 4.950 4.182 3.573 3.083 2.687

38 12.17 9.651 7.791 6.389 5.315 4.476 3.815 3.285 3.856

39 13.27 10.49 8.436 6.895 5.718 4.803 4.082 3.506 3.039

40 14.55 11.44 9.166 7.463 6.167 5.164 4.375 3.747 3.241

41 16.00 12.53 9.992 8.102 6.671 5.565 4.701 4.014 3.461

42 17.67 13.76 10.93 8.821 7.234 6.014 5.063 4.310 3.706

43 19.58 15.17 11.98 9.630 7.867 6.515 5.467 4.639 3.977

44 21.76 16.77 13.18 10.55 8.579 7.077 5.917 5.004 4.277

TABLE 9  Viscosity (Centipoise) of Sucrose Solutions: 0–40 °C (32–104 °F)

Table continued on next page 
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% Sucrose 
by Weight 
in Vacuum

°Celsius

0 5 10 15 20 25 30 35 40

45 24.29 18.60 14.55 11.59 9.383 7.710 6.421 5.412 4.611

46 27.22 20.72 16.11 12.77 10.30 8.423 6.988 5.869 4.983

47 30.60 23.15 17.91 14.12 11.33 9.231 7.628 6.381 5.400

48 34.56 25.99 19.98 15.67 12.51 10.15 8.350 6.960 5.868

49 39.22 29.30 22.39 17.47 13.87 11.20 9.171 7.613 6.395

50 44.74 33.18 25.21 19.53 15.43 12.40 10.11 8.358 6.991

51 51.29 27.76 28.48 21.94 17.24 13.78 11.18 9.203 4.669

52 59.11 43.18 32.34 24.76 19.34 15.37 12.41 10.17 8.439

53 68.51 49.64 36.91 28.08 21.79 17.23 13.84 11.20 9.321

54 79.92 57.42 42.38 32.00 24.68 19.39 15.49 12.57 10.34

55 93.86 66.82 48.90 36.65 28.07 21.93 17.42 14.06 11.50

56 111.0 78.27 56.79 42.23 32.12 24.92 19.68 15.80 12.86

57 132.3 92.35 66.39 48.96 36.95 28.48 22.35 17.83 14.44

58 159.0 109.5 78.15 57.12 42.78 32.73 25.51 20.22 16.29

59 192.5 131.5 92.70 67.12 49.84 37.83 29.28 23.06 18.46

60 235.7 159.1 110.9 79.49 58.49 44.03 33.82 26.46 21.04

61 291.6 194.2 133.8 94.91 69.16 51.60 39.32 30.53 24.11

62 364.6 239.5 163.0 114.3 82.42 60.92 46.02 35.45 27.80

63 461.6 298.6 200.4 138.9 99.08 72.49 54.27 41.46 32.26

64 591.5 376.5 249.0 170.4 120.1 87.00 64.48 48.84 37.69

65 767.7 480.7 313.1 211.3 147.2 105.4 77.29 57.97 44.36

66 1013 621.9 398.5 264.9 182.0 128.8 93.45 69.40 52.61

67 1355 816.1 513.7 336.3 227.8 159.1 114.1 83.82 62.94

68 1846 10.88 672.1 432.6 288.5 198.7 140.7 102.3 75.97

69 2561 1476 892.5 564.0 370.1 251.1 175.6 126.0 92.58

Table continued on next page 
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% Sucrose 
by Weight 
in Vacuum

°Celsius

0 5 10 15 20 25 30 35 40

70 3268 20.38 1206 746.9 481.6 321.6 221.6 157.0 114.0

71 5253 2871 1658 1006 636.3 417.8 283.4 198.0 142.0

72 7792 4136 2329 1379 854.9 551.0 367.6 253.0 178.9

73 11876 6103 3340 1929 1170 738.9 484.3 327.9 228.5

74 18639 9245 4903 2759 1631 1009 648.5 431.6 296.0

75 30207 14428 7402 4039 2328 1405 884.8 577.4 389.5

Table continued from previous page
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% Sucrose 
by Weight 
in Vacuum

°Celsius

45 50 55 60 65 70 75 80

20 1.07 0.97 0.88 0.81 0.74 0.68 0.63 0.59

21 1.11 1.00 0.91 0.84 0.77 0.71 0.65 0.61

22 1.15 1.04 0.95 0.87 0.79 0.73 0.68 0.63

23 1.20 1.09 0.98 0.90 0.82 0.76 0.70 0.65

24 1.25 1.13 1.02 0.93 0.85 0.79 0.73 0.67

25 1.30 1.17 1.06 0.97 0.89 0.82 0.75 0.70

26 1.36 1.22 1.11 1.01 0.92 0.85 0.78 0.72

27 1.42 1.28 1.16 1.05 0.96 0.88 0.81 0.75

28 1.49 1.34 1.21 1.10 1.00 0.92 0.85 0.78

29 1.56 1.40 1.26 1.14 1.04 0.96 0.88 0.81

30 1.64 1.47 1.32 1.20 1.09 1.00 0.92 0.85

31 1.71 1.54 1.38 1.25 1.14 1.04 0.96 0.88

32 1.80 1.61 1.45 1.31 1.19 1.09 1.00 0.92

33 1.89 1.69 1.52 1.37 1.25 1.14 1.04 0.96

34 2.00 1.78 1.60 1.44 1.31 1.19 1.09 1.00

35 2.11 1.87 1.67 1.51 1.37 1.25 1.14 1.05

36 2.23 1.98 1.76 1.59 1.44 1.31 1.19 1.10

37 2.36 2.09 1.86 1.67 1.51 1.37 1.25 1.15

38 2.51 2.21 1.97 1.76 1.59 1.44 1.31 1.20

39 2.67 2.35 2.08 1.86 1.67 1.52 1.38 1.26

40 2.84 2.49 2.21 1.97 1.76 1.60 1.45 1.32

41 3.02 2.65 2.34 2.08 1.86 1.88 1.53 1.39

42 3.23 2.82 2.49 2.21 1.97 1.77 1.61 1.46

43 3.45 3.01 2.65 2.35 2.09 1.88 1.69 1.54

44 3.71 3.22 2.83 2.50 2.22 1.99 1.79 1.63

TABLE 10  Viscosity (Centipoise) of Sucrose Solutions: 45–80 °C (113–176 °F)

Table continued on next page 
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% Sucrose 
by Weight 
in Vacuum

°Celsius

45 50 55 60 65 70 75 80

45 3.98 3.46 3.02 2.66 2.36 2.11 1.90 1.71

46 4.29 3.71 3.24 2.85 2.52 2.25 2.01 1.82

47 4.64 4.00 3.48 3.05 2.70 2.40 2.14 1.93

48 5.01 4.32 3.75 3.28 2.89 2.56 2.29 2.05

49 5.45 4.68 4.05 3.53 3.10 2.74 2.44 2.19

50 5.94 5.07 4.38 3.81 3.34 2.94 2.61 2.34

51 6.49 5.52 4.75 4.12 3.60 3.17 2.81 2.50

52 7.11 6.03 5.16 4.47 3.89 3.42 3.02 2.69

53 7.83 6.61 5.64 4.87 4.23 3.70 3.26 2.89

54 8.63 7.27 6.18 5.30 4.60 4.001 3.52 3.12

55 9.57 8.02 6.79 5.81 5.01 4.36 3.82 3.37

56 10.7 8.88 7.50 6.38 5.49 4.76 4.16 3.66

57 11.9 9.88 8.30 7.04 6.03 5.20 4.54 3.98

58 13.4 11.1 9.22 7.80 6.65 5.72 4.97 4.34

59 15.1 12.4 10.3 8.65 7.36 6.30 5.45 4.75

60 17.0 14.0 11.6 9.66 8.17 6.98 6.00 5.20

61 19.4 15.8 13.0 10.9 9.11 7.75 6.64 5.74

62 22.2 17.9 14.8 12.2 10.2 8.63 7.38 6.35

63 25.6 20.5 16.7 13.8 11.5 9.68 8.23 7.05

64 29.7 23.7 19.1 15.7 13.0 10.9 9.21 7.87

65 34.7 27.05 22.0 17.9 14.8 12.4 10.4 8.81

66 40.8 32.1 25.5 20.6 16.9 14.1 11.8 9.93

67 48.4 37.7 29.8 23.9 19.4 16.1 13.4 11.3

68 57.8 44.7 35.1 27.9 22.6 18.4 15.3 12.8

69 69.8 53.3 41.6 32.9 26.3 21.4 17.6 14.7

Table continued on next page 
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% Sucrose 
by Weight 
in Vacuum

°Celsius

45 50 55 60 65 70 75 80

70 84.9 64.4 49.7 39.0 31.0 25.0 20.4 16.8

71 105 78.4 49.9 46.6 36.7 29.4 23.8 19.5

72 131 69.5 73.0 56.1 43.9 34.9 28.0 22.8

73 165 121 89.7 68.4 52.9 41.7 33.3 26.9

74 209 152 112 84.1 64.6 50.3 39.9 32.0

75 271 193 141 105 79.6 61.4 48.2 28.3

FIGURE 16

Ash [% on DS] vs. 
Conductivity at 
Temperature
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