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(57) ABSTRACT 

A process for purifying cane sugar from an aqueous com 
position thereof comprises the steps of (a) contacting an 
aqueous cane sugar feed composition With suf?cient lime to 
increase the pH of the composition to at least about 9.5; (b) 
?ltering the composition through a membrane having a pore 
siZe no greater than about 0.5 microns and having a molecu 
lar Weight cutoff no less than about 5 kD, thereby producing 
a retentate and a permeate; and (c) contacting the permeate 
With suf?cient carbon dioxide, or other materials designed to 
precipitate calcium and loWer the pH, to adjust the pH to 
about 6.5-9.0. The feed composition preferably is cane juice, 
cane syrup, an aqueous composition of raW sugar, a cane 
sugar re?nery stream, or a mixture of one or more such 
materials. 
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PROCESS FOR PRODUCTION OF EXTRA LOW 
COLOR CANE SUGAR 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a process for 
producing cane sugar from an unpuri?ed or partly puri?ed 
aqueous cane sugar composition, such as cane juice or 
dissolved raW sugar from a mill. 

[0002] The production of cane sugar for human consump 
tion generally comprises tWo distinct operations, namely the 
production of raW sugar and the production of re?ned sugar, 
Which are often carried out in separate locations. Production 
of raW sugar typically takes place at a sugar mill, Which is 
usually located in or near sugar cane ?elds. In the mill sugar 
cane stalks are chopped into pieces and the pieces are 
crushed in a series of mills in order to remove the juice. The 
juice from the ?rst set of roller mills is referred to as “?rst 
juice,” While the total juice from all the roller mills in the 
process is referred to as “mixed juice.” The juice is normally 
limed, deaerated and clari?ed (i.e., removal of suspended 
solids, usually by sedimentation). The clari?ed stream is 
referred to as “clari?ed juice.” The juice is then evaporated 
to a thick syrup (knoWn as “evaporated juice”), and crys 
talliZed in a vacuum pan. The “massecuite” (i.e., mixture of 
sugar syrup and crystals) produced in the vacuum pan is 
stirred in a crystalliZer, and the mother syrup is spun off from 
the raW sugar crystals in a centrifugal separator. The solid 
sugar in the centrifugal basket is Washed With Water to 
remove remaining syrup. The solid crystalline product is 
termed “raW sugar.” 

[0003] Depending on the exact nature of the process steps 
and conditions used in the sugar mill, the raW sugar product 
can be made more or less pure. A more highly puri?ed mill 
product is sometimes referred to as “Mill White” or “Plan 
tation White” sugar. The production of these sugars requires 
sulphitation before or after clari?cation using SO2 gas. It 
usually requires a second clari?cation step, usually at the 
syrup stage and sometimes a second sulphitation step. In 
nearly all cases the ash content of this sugar is much higher, 
perhaps by more than four times, that of re?ned White sugar. 
Although these particular mill products can be sold for 
human consumption Without further processing in some 
instances, generally raW sugar must be further re?ned before 
it reaches a commercially acceptable level of purity, par 
ticularly for subsequent use by food and drink manufactur 
ers. 

[0004] Therefore, the raW sugar from a mill is usually 
transported to a sugar re?nery for further processing. In a 
conventional cane sugar re?ning process, the raW sugar is 
?rst Washed and centrifuged to remove adherent syrup, and 
the “af?ned sugar” thus produced is dissolved in Water as 
“melter liquor.” The syrup removed from the surface of the 
raW sugar is knoWn as “af?nation syrup” and is broadly 
similar in composition to the mother syrup from the raW 
sugar crystallisation. The af?nation syrup is processed 
through vacuum pans, crystalliZers and centrifugal separa 
tors similar to those used for the production of raW sugar, to 
recover an impure crystalline sugar product Which has 
approximately the same composition as raW sugar. This 
recovered sugar product is dissolved in Water, along With the 
af?ned raW sugar, to make melter liquor. Thus, the treatment 
of af?nation syrup in the recovery house of the re?nery is 
someWhat similar to the production of raW sugar from 
evaporated juice. 
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[0005] The melter liquor is then puri?ed generally by the 
successive steps of clari?cation (also referred to as “defeca 
tion”) and decoloriZation, and the resulting “?ne liquor” is 
crystalliZed to give re?ned sugar. The clari?cation step 
usually involves forming an inorganic precipitate in the 
liquor, and removing the precipitate and along With it 
insoluble and colloidal impurities Which Were present in the 
melter liquor. In one of the clari?cation processes commonly 
used for melter liquor, termed “phosphatation,” the inor 
ganic precipitate is calcium phosphate, normally formed by 
the addition of lime and phosphoric acid to the liquor. The 
calcium phosphate precipitate is usually removed from the 
liquor by ?otation, in association With air bubbles. Other 
clari?cation processes, termed carbonation (or carbonata 
tion) processes, involve adding lime and carbon dioxide to 
the liquor, and produce calcium carbonate precipitate. 

[0006] The geographical separation of cane sugar milling 
and re?ning operations results in increased overall manu 
facturing cost. It is not practical to build a re?nery at the site 
of every cane sugar mill, due to the relatively large capital 
cost of conventional re?ning process equipment. 

[0007] The juice produced in a cane sugar mill typically 
has a color of about 14,000 icu, and conventional mill 
technology can process this to raW sugar With a Whole color 
of about 3,000 icu, and a Well af?ned color of 400-800 icu. 
It is very dif?cult to produce White sugar of less than 80 icu 
in one crystalliZation in a mill because of the extremely high 
colors of the starting material, and because it is dif?cult to 
?lter cane juice or syrup. After a crystalliZation at the mill, 
a signi?cant portion of colored materials are concentrated in 
the raW sugar crystals, and therefore a high degree of 
decoloriZation is required at the re?nery in order to produce 
White sugar. 

[0008] One process that has been used in an attempt to 
overcome this problem is referred to as the Java process. A 
juice stream in a cane sugar mill is treated With an excess of 
lime, usually at least equal to about 10% by Weight of the 
sugar in the juice. Excess lime is removed With carbon 
dioxide. This process evolved into the deHaan process, 
Which used milk of lime and carbonation, at 55° C. The 
deHaan process used multiple incremental additions of milk 
of lime folloWed by carbonation. These processes did 
improve the color of the crystalliZed sugar product from the 
mill, but the very large amount of lime required in order to 
achieve good ?ltration made the processes economically 
undesirable, as Well as needing a large amount of ?ltration 
equipment, and producing a large amount of material that 
Would need to be disposed of, giving environmental prob 
lems. 

[0009] There is a need for improved cane sugar processes 
that Would alloW production of a highly puri?ed product 
using a single crystalliZation, and preferably in a single 
plant, rather than in separate sugar mills and re?neries, in 
order to reduce the cost and simplify the processing of cane 
sugar for human consumption. 

SUMMARY OF THE INVENTION 

[0010] The present invention relates to a process for 
purifying cane sugar from an aqueous composition thereof. 
The process includes the steps of (a) contacting an aqueous 
cane sugar feed composition With sufficient time to increase 
the pH of the composition to at least about 9.5 (pHs 
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throughout are measured at the prevailing temperature of the 
juices being treated); (b) ?ltering the composition through a 
membrane, preferably through a micro or ultra ?ltration 
membrane, having a pore siZe no greater than about 0.5 
microns and having a molecular Weight cutoff no less than 
about 5 kD, thereby producing a retentate and a permeate; 
and (c) contacting the permeate With a pH adjusting agent in 
an amount suf?cient to adjust the pH to about 6.5-9.0. The 
feed composition preferably is cane juice, cane syrup, an 
aqueous composition of raW sugar, a cane sugar re?nery 
stream, or a mixture thereof. 

[0011] The pH adjusting agent can be selected, for 
example, from the group consisting of carbon dioxide, soda 
ash, phosphoric acid, sulphurous acid, and mixtures thereof. 
Typically this agent Will also cause precipitation of insoluble 
calcium salts. Precipitated solid salts can be removed by a 
subsequent ?ltration, sedimentation or ?occulation process; 
and soluble salts can be removed by a suitable de-ioniZation 
step. 

[0012] In various preferred embodiments of the process, 
one or more of the folloWing conditions or characteristics 
are used. For example, in one embodiment, the feed com 
position has a sucrose concentration of about 5-50° Brix. In 
this embodiment, the process optionally further comprises 
the step of heating the composition, prior to the lime contact, 
to a temperature of about 70-90° C. for a time no greater than 
about 60 minutes. For example, the composition can be 
heated to a temperature of about 80° C. for about 30 minutes. 
Another preferred process condition is performing the lime 
contacting of step (a) at a temperature of about 20-80° C. 

[0013] One suitable method of performing the lime con 
tacting of step (a) involves tWo steps. The ?rst step com 
prises contacting the composition With lime in an amount up 
to about 4% by Weight of the dry solids in the composition. 
The second step comprises contacting the composition With 
lime in an amount up to about 4% by Weight of the dry solids 
in the composition, and also contacting the composition With 
materials designed to precipitate calcium and reduce the pH. 
Suitable materials include soda ash, phosphoric acid, sul 
phurous acid, and mixtures thereof. Preferably in the ?rst 
step suf?cient lime is used to adjust the pH to at least about 
10.5 -11.0, and in the second step suf?cient lime is used, With 
carbon dioxide to adjust the pH to about 80-105. The 
amount of carbon dioxide Will be dependent on the alkalinity 
of the limed juice and the ?nal pH required, but Would be in 
the range 1-30% by Weight of the dry solids in the compo 
sition. It is especially preferred in this embodiment that the 
total amount of lime used in the ?rst and second steps be 
about 1.0-4.0% by Weight of the dry solids in the compo 
sition. 

[0014] The membrane ?ltration of step (b) preferably is 
performed at about 40-90° C. The retentate from the mem 
brane ?ltration of step (b) can either be treated by a further 
membrane ?ltration and/or recycled for use in a conven 
tional raW cane sugar or cane sugar re?nery process. 

[0015] The pH-adjusted composition from step (c) (Which 
reduces the pH of the membrane permeate) can be ?ltered at 
about 20-90° C., producing a ?ltered cane sugar juice having 
a sucrose concentration of about 5-50° Brix and a color of 
about 800-5,000 icu. Preferably, the ?ltered juice can be 
subsequently evaporated to a concentration of about 60-70° 
Brix, contacted With granular carbon to reduce the color to 
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no greater than about 1,500 icu, and crystalliZed to yield 
cane sugar having color less than about 80 icu. Alternatively, 
the ?ltered syrup can be subsequently contacted With an 
adsorbent ion exchange resin to reduce the color to no 
greater than about 1,500 icu, evaporated to a concentration 
of about 60-70° Brix, and crystalliZed to yield cane sugar 
having color less than about 80 icu. 

[0016] One speci?c embodiment of the invention is a 
process for purifying cane sugar from an aqueous compo 
sition thereof, comprising the steps of: 

[0017] (a) contacting an aqueous cane sugar feed compo 
sition having a sucrose concentration of about 5-50° Brix 
With suf?cient lime at a temperature of from about 20-80° C. 
to increase the pH of the composition to about 95-115; 

[0018] (b) ?ltering the composition at a temperature of 
about 40-90° C. through a membrane having a pore siZe no 
greater than about 0.5 microns and having a molecular 
Weight cutoff no less than about 5 kD, thereby producing a 
retentate and a permeate; 

[0019] (c) contacting the permeate at a temperature of 
about 40-90° C. With suf?cient carbon dioxide to adjust the 
pH to about 7.0-8.0; 

[0020] (d) ?ltering the pH-adjusted composition at a tem 
perature of about 40-90° C., producing a ?ltered cane sugar 
syrup having a sucrose concentration of about 5-50° Brix 
and a color of about 800-5,000 icu; 

[0021] (e) evaporating the composition to form a concen 
trated composition that has a solids concentration of at least 
about 60° Brix; and 

[0022] crystalliZing sucrose from the concentrated 
composition, thereby producing cane sugar having color less 
than about 80 icu and less than about 0.025% by Weight ash. 

[0023] Another speci?c embodiment of the invention is a 
process for purifying cane sugar from an aqueous compo 
sition thereof, comprising the steps of: 

[0024] (a) Optionally heating an aqueous cane sugar feed 
composition having a color of about 5,000-20,000 icu and a 
sucrose concentration of about 5-50° Brix to a temperature 
of about 70-90° C. for a time no greater than about 60 

minutes; 
[0025] (b) contacting the composition With suf?cient lime 
at a temperature of about 20-80° C. to increase the pH of the 
composition to about 10.5-11.0; 

[0026] (c) contacting the composition With suf?cient lime 
and carbon dioxide at a temperature of about 20-80° C. to 
adjust the pH to about 80-105 Where the total amount of 
lime used in this step and in step (b) is about 1.0-4.0% by 
Weight of the dry solids in the composition; and the carbon 
dioxide is about 1 to 7% by Weight of the dry solids in the 
composition; 

[0027] (d) ?ltering the composition at a temperature of 
about 40-90° C. through a membrane having a pore siZe no 
greater than about 0.5 microns and having a molecular 
Weight cutoff no less than about 5 kD, thereby producing a 
retentate and a permeate; 

[0028] (e) contacting the permeate at a temperature of 
about 40-90° C. With suf?cient carbon dioxide to adjust the 
pH to about 6.5-9.0; and 
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[0029] ?ltering the pH-adjusted composition at a tem 
perature of about 40-90° C., producing a ?ltered cane sugar 
syrup having a sucrose concentration of about 5-50° Brix 
and a color of about SOD-4,000 icu. 

[0030] In this speci?c embodiment, the ?ltered syrup can 
be subsequently evaporated to a concentration of about 
60-70° Brix, contacted With granular carbon to reduce the 
color to no greater than about 1,500 icu, and crystallized to 
yield cane sugar having a color of about 25-45 icu. Alter 
natively, the ?ltered syrup can be subsequently contacted 
With an adsorbent ion exchange resin to reduce the color to 
no greater than about 1,500 icu, evaporated to a concentra 
tion of about 60-70° Brix, and crystalliZed to yield cane 
sugar having a color of about 25-45 icu. 

[0031] The present invention has a number of advantages 
over prior art cane sugar processes. The present invention 
can produce a re?nery-quality cane sugar in a cane mill, 
Without the need to produce raW sugar as an intermediate, or 
the need for tWo crystalliZations. The present invention can 
also produce a product syrup from Which crystals With less 
than about 0.025% by Weight ash can be produced. The 
present invention also avoids the need to use the large 
quantities of lime required by the Java process. Further, the 
process produces a retentate from membrane ?ltration that 
can be recycled for use in conventional mill and/or re?nery 
defecation processes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] FIG. 1 is a process flow diagram for a cane sugar 
process of the present invention. 

[0033] FIG. 2 is a process How diagram for another cane 
sugar process of the present invention. 

[0034] FIG. 3 is a process How diagram for “back end” 
processing of cane sugar from the process of FIG. 2. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0035] The feed to the process of the present invention can 
be any one of a variety of aqueous streams containing cane 
sugar, including ?rst juice, mixed juice, clari?ed juice, and 
evaporated juice, or mixtures thereof. (The above-men 
tioned juices, as Well as mixtures thereof, are referred to 
generically in this patent as “cane juice.”) Although the 
present invention is especially Well adapted for use With 
aqueous cane juice streams found in cane sugar mills, the 
process can also use various sugar re?nery process streams 
as the feed, for example a dissolved raW sugar stream. 

[0036] One embodiment of a process in accordance With 
the present invention is shoWn in FIG. 1. The feed 10 can 
suitably be, for example, a cane sugar juice stream from a 
cane sugar mill, or a cane syrup. Preferably the sucrose 
concentration of the feed 10 is no greater than about 50° 
Brix. If the feed is a syrup, dilution With Water may be 
required to achieve the desired concentration. The feed 
stream is contacted 12 With lime (preferably supplied as 
Milk of Lime), adjusting the pH preferably to a level from 
about 95-115. Preferably the amount of lime used is equal 
to 0.5-1.6% by Weight of the solids in the feed. It is also 
preferred that the lime contact take place at a temperature of 
about 55-70° C., for a time up to about 60 minutes. 
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[0037] Alternatively the liming step could be done using 
quicklime (CaO) instead of milk of lime (aqueous suspen 
sion of Ca(OH)2). 

[0038] The resulting pH-adjusted stream is then ?ltered 14 
through a membrane. The membrane has a pore siZe no 
greater than about 0.5 microns. The membrane has a 
molecular Weight cutoff no less than about 5 kD. Examples 
of suitable membrane types include ceramic, porous carbon, 
and polymeric. Suitable membranes and membrane ?ltration 
apparatus are available from Techsep, Ceramem, Koch, 
Patterson Candy and SCT Membralox. The ?ltration pref 
erably takes place at a temperature of about 50-80° C. 

[0039] The retentate from the ?ltration step 14 can either 
be further membrane treated and/or recycled for use in 
conventional mill and/or re?nery defecation processes. The 
permeate from the membrane ?ltration step 14 is then 
contacted 16 With carbon dioxide gas. The amount of carbon 
dioxide used in this step 16 preferably is suf?cient to loWer 
the pH of the composition to about 7-8. 

[0040] Optionally the composition can also be contacted 
With a material that Will cause precipitation of calcium salts. 
Suitable materials for this purpose include, for example, 
soda ash, phosphoric acid, sulphurous acid, and mixtures 
thereof. Precipitated solid salts can be removed by a subse 
quent ?ltration, sedimentation or ?occulation process; and 
soluble salts removed by a suitable de-ioniZation step. 
Optionally, adjustment of pH and precipitation of calcium 
salts can occur at different points in the process, including 
either before or after the membrane ?ltration, or both. 

[0041] The composition is then ?ltered (18), optionally 
With the addition of ?lter aid. Any pressure or vacuum ?lter 
can be used, preferably With a cloth having pore siZe in the 
range 10-50 microns. The composition is then evaporated 
20, preferably to a concentration of about 60-70° Brix, and 
then crystalliZed 22. The crystalliZed cane sugar product 
should have a color of about 80 icu or less, an ash level less 
than about 0.025% by Weight, and a loW polysaccharide 
level; eg about 45 ppm of starch. 

[0042] FIG. 2 shoWs another embodiment of a process in 
accordance With the present invention. The sucrose concen 
tration in the feed stream (30) preferably is in the range of 
5 to 50° Brix. The color of the feed Will typically be from 
about 5,000-20,000 icu, although this should not be consid 
ered a requirement or a limitation of the scope of the 
invention. 

[0043] Optionally the ?rst step is incubating (32) the juice, 
preferably at a temperature of 70-90° C. for up to one hour 
to inactivate enZymes that may be present. This step can also 
break doWn enZymically formed colours, denature proteins, 
and improve microbial stability. 

[0044] The incubated juice 34 is then contacted With lime 
(Which may be supplied for example as milk of lime or lime 
saccharate). This contact can optionally be done in one or 
tWo steps. If tWo steps are used, the ?rst preferably is a 
pre-liming step 36 and the second is a combination liming 
and gassing step 40. The goal is to increase the pH of the 
juice to Within the range of about 8-105. Untreated cane 
sugar juice has a pH of about 6.5. 

[0045] Liming helps precipitate impurities such as inor 
ganic acids, organic acids, phosphates, metal ions, proteins, 
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pectins, and coloring agents. However, high levels of lime 
result in degradation of invert sugars (glucose and fructose) 
to organic acids and coloring matters. The tWo stage liming 
and gassing can be used to provide a more gentle process, 
and thereby minimize such degradation. 

[0046] When both a pre-liming step 36 and a lime and gas 
step 40 are used, it is preferred that the amount of lime added 
in the pre-liming step is equal to up to about 4% by Weight 
of the solids in the juice. The pre-liming preferably takes 
place at about 20-80° C., for about 5-15 minutes, and raises 
the pH of the pre-limed juice 38 to about 9.5-11. In the lime 
and gas step 40, the amount of lime added to the juice can 
again be equal to up to about 4% by Weight of the solids in 
the juice. The amount of carbon dioXide used is equal to 
about 1-15% by Weight of the solids in the juice. The lime 
and gas step 40 preferably takes place at about 20-80° C., for 
about 5-45 minutes, and loWers the pH to about 8.0-10.5. 

[0047] It is presently preferred to use an amount of lime in 
the pre-liming 36 and lime and gas 40 steps such that the 
total amount of lime used in the tWo steps combined is about 
4% by Weight of the solids in the juice. It is especially 
preferred that at least about 1 to 2% be used in each of the 
tWo steps. 

[0048] The pH-adjusted juice 42 is then ?ltered 44 through 
a membrane. As mentioned above, the membrane has a pore 
siZe no greater than about 0.5 microns, and a molecular 
Weight cutoff no less than about 5 kD. The retentate from the 
membrane step (44) can either be treated by a further 
membrane and/or recycled (46) for use in a conventional 
raW cane sugar or cane sugar re?nery process. 

[0049] The permeate at this point Would typically have a 
color of 1,000 to 5,000 icu. The permeate 48 is then 
contacted 50 With carbon dioxide gas suf?cient to reduce the 
pH to about 6.5-9.0. The amount of CO2 used is preferably 
from about 1-5% by Weight of the amount of solids in the 
permeate 48. The gassing preferably takes place at about 
40-80° C., for about 5-45 minutes. 

[0050] The stream 52 from the gas step 50 is then ?ltered 
54, preferably at about 40-70° C. Any pressure or vacuum 
?lter can be used, preferably With a cloth having pore siZe 
in the range 10-50 microns. Optionally a ?lter aid can be 
added. The color of the cane sugar juice at this point 
typically Will be about 800 to 4,000 icu, and the solids level 
Will be about 5 to 50° BriX. If the juice 56 at this point is 
evaporated and crystalliZed Without further re?ning, it 
should yield a crystalline sugar With a color of about 50 to 
60 icu. 

[0051] The ?ltered syrup 56 can be further re?ned, as 
shoWn in FIG. 3, by either a combination of evaporation 60 
and treatment 62 With granular carbon, or by absorbent ion 
eXchange resin (for instance DoW Optipore) 64 folloWed by 
evaporation 66. The evaporation (60 or 66) preferably 
produces a stream having a concentration of about 60-70° 
BriX. The streams leaving the granular carbon treatment 62 
or the ion eXchange step 64 preferably have a color no 
greater than about 1,500 icu. The order of these treatments 
is not critical and can be sWitched. The evaporated and 
treated syrup 68 is then crystalliZed 70 to yield a loW color 
cane sugar, preferably having a color in the range of 25 to 
45 icu, most preferably less than 35 icu. The ash content 
preferably is less than 0.025% by Weight. The runoff or 
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“jets”72 from the crystalliZation step 70 can be used in 
conventional cane sugar processing. 

EXAMPLES 

Example 1 

[0052] 40.5 liters of cane factory miXed juice that had been 
incubated during the process at 80° C. for 30 minutes Was 
collected. It Was at 15.7 BriX, pH 5.5 and color 14,300 icu. 
It Was cooled to 55° C. and 1.6% CaO on juice solids Was 
added as milk of lime (Which contained 100 gm CaO/liter). 
The pH of the limed juice Was 10.9. The juice Was stirred at 
55° C. for 30 minutes and then treated With a Ceramem 0.2 
micron ceramic membrane (LMA-0200-P) at 55° C. The 
input pressure Was 25 psi and the output 15 psi. The 
membrane cross How Was 2500 liters/hr; and the ?uX 175 
liters/m2/hr. 14 liters of the permeate Were collected and 
heated to 70° C. The pH Was reduced to 7.7 (measured at 70° 
C. ) by gassing With 12% CO2 in nitrogen (at 10 liters/min) 
over 19 minutes. The juice Was ?ltered under vacuum using 
a Whatman 54 ?lter paper. The color of the juice Was 5,870 
icu. It Was evaporated to 66 BriX and then crystalliZed using 
milled sugar as a seed to give White sugar Which had a Well 
Washed color of 74 icu; and ash of 0.025% on solids. The 
crystal contained 3 ppm of starch. 

EXample 2 

[0053] 25 liters of cane juice from the ?rst roller mill in a 
cane factory (1St juice) Was collected. It Was at 22.4 BriX, and 
the factory produced clari?ed juice from this feed Was at 
11,485 icu. It Was heated at 80° C. for 30 minutes before 
being cooled to 55° C. 0.8% CaO on juice solids Was added 
as milk of lime (Which contained 156 gm CaO/liter) to give 
a pH of 10.4. After stirring for 5 minutes at 55° C. the juice 
and lime suspension Was gassed With pure CO2 (at 4 to 5 
liters/minute) to a pH of 9.7 over 5 minutes. Afurther 1.2% 
CaO on juice solids Was added (also as milk of lime) over 
15 minutes While gassing continued; keeping the pH con 
stant at 9.7. The miXture Was treated With a Ceramem 0.2 

micron ceramic membrane (LMA-0200-P) at 55° C. The 
input pressure Was 35 psi and the output 30 psi. The 
membrane cross How Was 1,900 l/hr and the ?uX 50 liters/ 
m2/hr. 10 liters of the permeate Were collected and heated to 
70° C. The pH Was reduced to 8.07 by gassing With 12% 
CO2 in nitrogen at 5 to 10 liters/minute over 10 minutes. The 
juice Was ?ltered under vacuum using a Whatman 54 ?lter 
paper after adding 0.2% acid Washed Super-Cel as a ?lter 
aid. The ?ltrate Was at a color of 3230 icu. It Was evaporated 
to 65 BriX before being crystalliZed using milled sugar as a 
seed to give White sugar Which had a Well-Washed color of 
62 icu; and ash of 0.016% on solids. 

EXample 3 

[0054] 34 liters of cane juice from the ?rst roller mill in a 
cane factory (1St juice) Was collected. It Was at 19.9 BriX, and 
the factory produced clari?ed juice from this feed Was at 
12,647 icu. It Was heated to 55° C. and 1.0% CaO on juice 
solids Was added as milk of lime (Which contained 240 gm 
CaO/liter) to give a pH of 10.4. After stirring for 5 minutes 
at 55 ° C. the juice and lime suspension Was gassed With pure 
CO2 (at 5 liters/minute) to a pH of 9.5 over 5 minutes. A 
further 1.0% CaO on juice solids Was added (also as milk of 
lime) over 15 minutes While gassing continued; keeping the 
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pH constant at 9.5. The mixture Was heated to 70° C. and 
treated With a Koch polymeric membrane (S2-HFM-116 
HYV; 50-100 kD). The input pressure Was 45 psi and the 
output 37.5 psi. The membrane cross How Was 1,200 l/hr and 
the ?ux 23 liters/m2/hr. 12 liters of the permeate Were 
collected at 70° C. The pH Was reduced to 8.0 by gassing 
With 12% CO2 in nitrogen at 5 liters/minute over 8 minutes. 
The juice Was ?ltered under vacuum using a Whatman 54 
?lter paper after adding 0.2% acid Washed Super-Cel as a 
?lter aid. The ?ltrate Was at a colour of 3427 icu. 

Example 4 

[0055] 30 liters of cane juice from the ?rst roller mill in a 
cane factory (1St juice) Was collected. It Was at 19.6 Brix, and 
the factory produced clari?ed juice from this feed Was at 
10,897 icu. It Was heated at 80° C. for 30 minutes before 
being cooled to 55° C. 1.0% CaO on juice solids Was added 
as milk of lime (Which contained 205 gm CaO/liter) to give 
a pH of 10.5. After stirring for 5 minutes at 55° C. the juice 
and lime suspension Was gassed With pure CO2 (at 3 to 4 
liters/minute) to a pH of 9.5 over 6 minutes. Afurther 1.0% 
CaO on juice solids Was added (also as milk of lime) over 
15 minutes While gassing continued; keeping the pH con 
stant at 9.5. The mixture Was heated to 70° C. and treated 

With a Koch polymeric membrane (S2-HFM-116-HYV; 
50-100 The input pressure Was 35 psi and the output 30 
psi. The membrane cross How Was 1,300 l/hr and the ?ux 24 
liters/mZ/hr. 13 liters of the permeate Were collected at 70° 
C. The pH Was reduced to 8.0 by gassing With 12% CO2 in 
nitrogen at 5 liters/minute over 12 minutes. The juice Was 
?ltered under vacuum using a Whatman 54 ?lter paper after 
adding 0.2% acid Washed Super-Cel as a ?lter aid. The 
?ltrate Was at a color of 3488 icu, and Was evaporated to a 
65 Brix syrup. 

Example 5 

[0056] The combined syrup from Example 4 and another 
similar run Was passed over a small column of granular 
carbon such as is used in normal sugar re?nery operation. 
The feed syrup had a color of 3680 icu and Was at 60 Brix, 
70° C. and running at a How rate of 1 Bed Volume per hour. 
Over 15 Bed Volumes (11 kg solids per liter of carbon) an 
average of 67% decolourisation Was achieved. Product from 
this run at 1195 icu Was crystalliZed using milled sugar as a 
seed to give White sugar Which had a Well Washed color of 
17 icu; and an ash of 0.0 1% on solids. 

Example 6 

[0057] Juice at 20 Brix and a color of 2846 icu produced 
by a process similar to that described in Example 2 Was run 
at 70° C. and 5 Bed Volumes per hour over a small column 
of DoW Optipore resin. Over 78 Bed Volumes (17 kg solids 
per liter of resin) an average of 50% decolourisation Was 
achieved (average product color 1420 icu). 

Example 7 

[0058] 37 liters of cane factory evaporated juice Was 
collected. It Was at 70 Brix, pH 6.3 and color 14,027 icu. It 
Was diluted to 39 Brix, cooled to 55° C. and 1.2% CaO on 
juice solids Was added as milk of lime (Which contained 55 
gm CaO/liter). The pH of the limed juice Was 10.7. The juice 
Was stirred at 55° C. for 30 minutes and then treated With a 
Ceramem 0.2 micron ceramic membrane (LMA-0200-P) at 
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55° C. The input pressure Was 40 psi and the output 30 psi. 
The membrane ?ux Was 42 liters/m2/hr. 10 liters of the 
permeate Were collected and heated to 70° C. The pH Was 
reduced to 7.9 (measured at 70° C. ) by gassing With 12% 
CO2 in nitrogen (at 10 liters/min) over 18 minutes. The juice 
Was ?ltered under vacuum using a Whatman 54 ?lter paper. 
The color of the juice Was 7,832 icu. It Was evaporated to 66 
Brix and then crystalliZed using milled sugar as a seed to 
give sugar Which had a Well-Washed color of 61 icu; and ash 
of 0.014% on solids. 

Example 8 

[0059] 40 liters of cane factory mixed juice that had been 
incubated during the process at 80° C. for 30 minutes Was 
collected. It Was at 16.5 Brix, pH 5.5 and color 12,100 icu. 
It Was cooled to 55° C. and 1.2% CaO on juice solids Was 
added as milk of lime (Which contained 87 gm CaO/liter). 
The pH of the limed juice Was 10.8. The juice Was stirred at 
55° C. for 30 minutes and then treated With a Ceramem 0.2 
micron ceramic membrane (LMA-0200-P) at 55° C. The 
input pressure Was 25 psi and the output 15 psi. The 
membrane ?ux Was 200 liters/m2/hr. 24 liters of the perme 
ate Were collected and heated to 70° C. 17% phosphoric acid 
(88 ml) Was added to reduce the pH to 7.0 (measured at 70° 
C.). A standard sugar mill ?occulant Was added and a clear 
juice produced by settling. The color of the juice Was 5,305 
icu. It Was evaporated to 71 Brix and then crystalliZed using 
milled sugar as a seed to give White sugar Which had a Well 
Washed color of 82 icu. 

Example 9 

[0060] A cane sugar re?nery af?nation syrup at 73 Brix 
Was diluted to give 40 liters of 42.5 Brix juice at a color of 
21,000 icu. It Was heated to 50° C. and 0.7% lime on solids 
added as milk of lime (260 gms CaO per liter). ApH of 10.7 
Was reached Which Was held for 10 minutes. The pH Was 
reduced to 9.75 by gassing With pure CO, at 14 liters/minute. 
The pH Was maintained at 9.75 by adding a further 1.3% 
lime (as milk of lime) While continuing to gas at the same 
rate. The addition of the rest of the lime took 66 minutes. 
The product Was treated With a Ceramem 0.2 micron 
ceramic membrane (LMA-0200-P) at 55° C. The input 
pressure Was 27 psi and the output 15 psi. The membrane 
?ux averaged 43 liters/m2/hr. 10 liters of the permeate Were 
collected and heated to 70° C. and the pH Was reduced to 8.0 
by gassing With pure CO2 (at 3 liters/min). The juice Was 
?ltered under vacuum using a Whatman 54 ?lter paper. The 
color of the juice Was 7,184 icu. 

[0061] A variety of other process steps, materials, and 
equipment suitable for use in puri?cation of cane sugar are 
knoWn in the art, and can be used in conjunction With or as 
part of the present invention. The preceding description of 
speci?c embodiments of the present invention is not 
intended to be a complete list of every possible embodiment 
of the invention. Persons skilled in this ?eld Will recogniZe 
that modi?cations can be made to the speci?c embodiments 
described here that Would be Within the scope of the present 
invention. 

What is claimed is: 

1. A process for purifying cane sugar from an aqueous 
composition thereof, comprising the steps of: 
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a. contacting an aqueous cane sugar feed composition 
With suf?cient lime to increase the pH of the compo 
sition to at least about 9.5; 

b. ?ltering the composition through a membrane having a 
pore siZe no greater than about 0.5 microns and having 
a molecular Weight cutoff no less than about 5 kD, 
thereby producing a retentate and a permeate; and 

c. contacting the permeate With a pH adjusting agent in an 
amount suf?cient to adjust the pH to about 65-90. 

2. The process of claim 1, Where the feed composition is 
selected from the group consisting of cane juice, cane syrup, 
aqueous compositions of raW sugar, cane sugar re?nery 
streams, and mixtures thereof. 

3. The process of claim 1, Where the feed composition has 
a sucrose concentration of is about 5-50° Brix. 

4. The process of claim 1, further comprising the step of 
heating the composition, prior to the lime contact, to a 
temperature of about 70-90° C. for a time no greater than 
about 60 minutes. 

5. The process of claim 1, Wherein the lime contacting of 
step (a) is conducted at a temperature of about 20-80° C. 

6. The process of claim 1, Where the amount of lime used 
in step (a) is up to about 4% by Weight of the dry solids in 
the composition. 

7. The process of claim 6, Where suf?cient lime is used to 
adjust the pH to at least about 10.5. 

8. The process of claim 1, Where the lime contacting of 
step (a) is performed in tWo steps: 

the ?rst step comprising contacting the composition With 
lime in an amount up to about 4% by Weight of the dry 
solids in the composition; and 

the second step comprising contacting the composition 
With lime in an amount up to about 4% by Weight of the 
dry solids in the composition and further contacting the 
composition With carbon dioxide in an amount equal to 
about 1-30% by Weight of the dry solids in the com 
position. 

9. The process of claim 8, Where in the ?rst step suf?cient 
lime is used to adjust the pH to at least about 10.5, and in the 
second step suf?cient lime and carbon dioxide are used to 
adjust the pH to about 80-105. 

10. The process of claim 8, Where the total amount of lime 
used in the ?rst and second steps is about 1.0-4.0% by 
Weight of the dry solids in the composition. 

11. The process of claim 1, Where the membrane ?ltration 
of step (b) is performed at about 40-90° C. 

12. The process of claim 1, Where the retentate from the 
membrane ?ltration of step (b) is further membrane treated. 

13. The process of claim 1, Where the retentate from the 
membrane ?ltration of step (b) is recycled for use in a 
conventional raW cane sugar production process or cane 

sugar re?ning process. 
14. The process of claim 1, Where the pH adjusting agent 

is selected from the group consisting of carbon dioxide, soda 
ash, phosphoric acid, sulphurous acid, and mixtures thereof. 

15. The process of claim 14, Where the pH adjustment of 
step (c) results in precipitation of calcium salts. 

16. The process of claim 15, Where the precipitate is 
removed by ?ltration, sedimentation, ?occulation, or a com 
bination thereof. 

17. The process of claim 1, Where the pH-adjusted com 
position from step (c) is ?ltered at about 20-90° C., produc 
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ing a ?ltered cane sugar juice having a sucrose concentration 
of about 5-50° Brix and a color of about 800-5,000 icu. 

18. The process of claim 17, Where the ?ltered syrup is 
subsequently evaporated to a concentration of about 60-70° 
Brix, contacted With granular carbon to reduce the color to 
no greater than about 1,500 icu, and crystalliZed to yield 
cane sugar having color less than about 80 icu. 

19. The process of claim 17, Where the ?ltered syrup is 
subsequently contacted With an adsorbent ion exchange 
resin to reduce the color to no greater than about 1,500 icu, 
evaporated to a concentration of about 60-70° Brix, and 
crystalliZed to yield cane sugar having color less than about 
80 icu. 

20. A process for purifying cane sugar from an aqueous 
composition thereof, comprising the steps of: 

a. contacting an aqueous cane sugar feed composition 
having a sucrose concentration of about 5-50° Brix 
With suf?cient lime at a temperature of from about 
20-80° C. to increase the pH of the composition to 
about 95-115; 

b. ?ltering the composition at a temperature of about 
40-90° C. through a membrane having a pore siZe no 
greater than about 0.5 microns and having a molecular 
Weight cutoff no less than about 5 kD, thereby produc 
ing a retentate and a permeate; 

c. contacting the permeate at a temperature of about 
40-80° C. With suf?cient carbon dioxide to adjust the 
pH to about 7.0-8.0; 

d. ?ltering the pH-adjusted composition at a temperature 
of about 40-80° C., producing a ?ltered cane sugar 
syrup having a sucrose concentration of about 5-50° 
Brix and a color of about 3000-6,000 icu; 

e. evaporating the composition to form a concentrated 
composition that has a solids concentration of at least 
about 60° Brix; and 

f. crystalliZing sucrose from the concentrated composi 
tion, thereby producing cane sugar having color less 
than about 80 icu and less than about 0.025% by Weight 
ash. 

21. A process for purifying cane sugar from an aqueous 
composition thereof, comprising the steps of: 

a. contacting an aqueous cane sugar feed composition 
having a color of about 5,000-20,000 icu and a sucrose 
concentration of about 5-50° Brix With suf?cient lime 
at a temperature of about 20-80° C. to increase the pH 
of the composition to about 105-115; 

b. contacting the composition With sufficient lime and 
carbon dioxide at a temperature of about 20-80° C. to 
adjust the pH to about 80-105, Where the total amount 
of lime used in this step and in step (a) is about 
1.0-4.0% by Weight of the dry solids in the composi 
tion; 

c. ?ltering the composition at a temperature of about 
40-90° C. through a membrane having a pore siZe no 
greater than about 0.5 microns and having a molecular 
Weight cutoff no less than about 5 kD, thereby produc 
ing a retentate and a permeate; 

d. contacting the permeate at a temperature of about 
40-80° C. With suf?cient carbon dioxide to adjust the 
pH to about 6.5-9.0; and 
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e. ?ltering the pH-adjusted composition at a temperature 
of about 40-80° C., producing a ?ltered cane sugar 
juice having a sucrose concentration of about 5-50° 
BriX and a color of about 800-4,000 icu. 

22. The process of claim 21 Where the composition 
produced in step (a) is treated With lime and With a further 
pH adjusting agent to reduce the pH and to precipitate 
calcium salts. 

23. The process of claim 22, Where the pH adjusting agent 
is selected from the group consisting of phosphoric acid, 
sulphurous acid, and miXtures thereof. 

24. The process of claim 21 Where the permeate from step 
(c) is contacted at a temperature of about 40-80° C. With a 
pH adjusting agent in an amount sufficient to reduce the pH 
to about 6.5-9.0 and precipitate calcium salts. 

25. The process of claim 24, Where the pH adjusting agent 
is selected from the group consisting of soda ash, phosphoric 
acid, sulphurous acid, and mixtures thereof. 
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26. The process of claim 24, Where the precipitate is 
removed by ?ltration, sedimentation, ?occulation, or a com 
bination thereof. 

27. The process of claim 24, Where the ?ltered juice 
produced in step (e) is subsequently evaporated to a con 
centration of about 60-70° BriX, contacted With granular 
carbon to reduce the color to no greater than about 1,500 icu, 
and crystalliZed to yield cane sugar having a color of about 
25-45 icu. 

28. The process of claim 21, Where the ?ltered juice 
produced in step (e) is subsequently contacted With an 
adsorbent ion exchange resin to reduce the color to no 
greater than about 1,500 icu, evaporated to a concentration 
of about 60-70° BriX, and crystalliZed to yield cane sugar 
having a color of about 25-45 icu. 


