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1. 

PROCESSES FOR EXTRACTION OF SUGAR 
FROM SUGAR-BEARNG PLANT MATERAL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation application of U.S. 
patent application Ser. No. 12/935,255, filed Sep. 28, 2010, 
which is a national stage entry of PCT/BR2009/000096, filed 
Apr. 9, 2009, which claims priority to U.S. Provisional Appli 
cation No. 61/044,120, filed Apr. 11, 2008, all of which are 
hereby incorporated herein by reference in their entireties. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates generally to Sugar production. The 

invention relates more particularly to processes for extracting 
Sugar from Sugar-bearing plant material. 

2. Technical Background 
Sugar is an important product, as it is used not only as a 

foodstuff but also as a raw material for the production of 
ethanol. Sugar is produced industrially by the extraction and 
purification of Sugar from Sugar-bearing plant materials. A 
variety of plants bear Sugar. Currently, the industrially most 
important Sugar-bearing plant is Sugar cane. Sugar cane is a 
member of the Saccharum genus, which in turn is part of the 
grass family. It has a high agricultural yield and a high Sugar 
content, and can be processed with relative ease. Sugar cane 
juice has as its chief Sugars the disaccharide Sucrose and its 
component monosaccharides fructose and glucose. Of 
course, other plant materials, such as sugar beets, are also 
used to produce Sugar. Much effort has been expended in 
increasing Sugar production, for example by increasing crop 
yields, increasing the Sugar content of Sugar-bearing plants, 
and increasing the extraction of Sugar from the Sugar-bearing 
plants. 

In most commercial Sugar operations, Sugar is released 
from Sugar-bearing plant material through a physical process. 
For example, in one typical process for extracting Sucrose and 
other Sugars from Sugarcane, the Sugarcane is chopped, and 
ground and pressed several times to extract the juice. Imbi 
bition water (e.g., provided as water or dilute cane juice) can 
be added in one or more of these milling steps to rinse addi 
tional Sugar from the milled Sugar cane material. Liquids are 
collected, concentrated and treated to remove impurities, 
thereby forming a mixture of Sugars having Sucrose as its 
chief component. Pure sucrose can be isolated by crystalliza 
tion. 

The milling process generally yields Sugar extraction in the 
range of 92-94%, with the rest of the sugar remaining 
entrapped in the fibers of the cane plant material. While 
extractions in the low-90 percent range are rather high, even 
higher extractions could relate directly to reduced waste and 
higher profitability. Accordingly, one focus of engineering 
efforts has been to attempt to squeeze the last few percent of 
the Sugar from the milled Sugar cane material. A variety of 
complex milling processes have been developed to more effi 
ciently break up the Sugarcane material, thereby allowing the 
juice to flow more freely therefrom. However, these processes 
can often require equipment that is expensive and difficult to 
maintain, and still do not achieve maximal extraction. The use 
of alkaline and highly alcoholic extractant Solutions as well as 
steam have also been Suggested. These processes can be 
severely limited by cost and purification concerns. 

In so-called diffusion processes, shredded Sugar cane 
material is repeatedly washed with hot water, often under 
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2 
pressure. Diffusion processes Suffer from many of the same 
shortcomings as do milling processes: insufficiently high 
extraction, equipment intensivity, and cost and purification 
COCS. 

Accordingly, there remains a need for new processes for 
the extraction of Sugar from Sugar-bearing plant materials 
with high extraction efficiency. 

SUMMARY OF THE INVENTION 

One aspect of the invention is a process for extracting Sugar 
from Sugar-bearing plant material, the process comprising: 

contacting the Sugar-bearing plant material with an extrac 
tant solution comprising water and a surfactant; and 

separating the extractant solution from the Sugar-bearing 
plant material. 

Another aspect of the invention is a process for making a 
Sugar product from a Sugar-bearing plant material, the pro 
cess comprising: 

contacting the Sugar-bearing plant material with an extrac 
tant solution comprising water and a surfactant; 

separating the extractant solution from the Sugar-bearing 
plant material; and 

processing and refining the extractant Solution to form the 
Sugar product. 

Another aspect of the invention is a process for making 
ethanol from a Sugar-bearing plant material, the process com 
prising: 

contacting the Sugar-bearing plant material with an extrac 
tant solution comprising water and a surfactant; 

separating the extractant solution from the Sugar-bearing 
plant material; 

processing and fermenting the Sugar-bearing extractant 
Solution to form an aqueous ethanol solution; and 

isolating the ethanol from the aqueous ethanol Solution. 
The invention is capable of providing a number of advan 

tages over the art. For example, the invention can provide 
percentage point increases in the extraction of Sugar from 
Sugar bearing plant materials in a cost-effective fashion. 
Moreover, the invention can be used as part of existing pro 
cesses, as it does not require the use of any additional machin 
ery. Additional features and advantages of the invention will 
be set forth in the detailed description which follows and will 
be readily apparent to those skilled in the art from the descrip 
tion or recognized by practicing the invention as described in 
the written description and claims hereof, as well as in the 
appended drawings. 

It is to be understood that both the foregoing general 
description and the following detailed description are merely 
exemplary of the invention, and are intended to provide an 
overview or framework for understanding the nature and 
character of the invention as it is claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG.1. is a schematic view of an extraction process accord 
ing to one embodiment of the invention; and 

FIG. 2 is a schematic view of Sugar and ethanol production 
process according to one embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

One aspect of the invention is a process for extracting Sugar 
from Sugar-bearing plant material. The process comprises 
contacting the Sugar-bearing plant material with an extractant 
Solution comprising water and a surfactant; and separating 
the extractant solution from the Sugar-bearing plant material. 
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For example, in one embodiment of the invention the extrac 
tant Solution consists essentially of water, Surfactant, option 
ally a solvent (as described below), and optionally Sugar 
bearing plant material juice. The Sugar-bearing plant material 
juice can come from, for example, an earlier extraction step or 
an earlier milling step. 

In one embodiment of the invention, the Sugar-bearing 
plant material is Sugar cane material. As will be described in 
more detail below, the Sugarcane material can be sugar cane 
bagasse, the ground up Sugar cane material that is the Solid 
output of a milling step. For example, in multi-step milling 
processes, Sugar cane material can be milled and pressed to 
extract concentrated juice and produce bagasse, which can 
then be contacted with the extractant solution in a Subsequent 
step, as will be described more fully below. While the inven 
tion will be described with particular reference to sugar cane 
and Sugarcane milling processes, the person of skill in the art 
will recognize that the invention can be practiced with other 
Sugar-bearing plant materials such as Sugar beets, and with 
other Sugar extraction processes such as diffusion processes. 

In one embodiment of the invention, the Sugar-bearing 
plant material is ground, milled, chopped, pulped, shredded 
or macerated before being contacted with the extractant solu 
tion. Such physical processing steps can be advantageous in 
that they expose more of the plant Surface to the extractant 
solution, and can break the plant cell walls in order to free the 
cell contents. In other embodiments of the invention, the 
Sugar-bearing plant material is ground, milled, chopped, 
pulped, shredded or macerated while it is being contacted 
with the extractant solution. In still other embodiments of the 
invention, the Sugar-bearing plant material is ground, milled, 
chopped, pulped, shredded or macerated both before and 
while it is being contacted with the extractant solution. For 
example, in one embodiment of the invention, the Sugar 
bearing plant material is shredded before being contacted 
with the extractant solution, then milled as it is being con 
tacted with the extractant solution. In another embodiment of 
the invention, the Sugar-bearing plant material is first milled 
one or more times with imbibition water; then milled one or 
more times in contact with extractant Solution. 
An example of a process according to the invention is 

shown in schematic view in FIG. 1. Clean sugar cane is first 
cut and/or shredded into Small pieces, for example by using 
revolving knives and/or shredders, in order to break up the 
hard structure of the cane. The Sugar cane material is then 
passed through a series of mills. Each mill grinds the Sugar 
cane material and Squeezes out Sugar-containing liquid, 
which is collected for further processing. The mills can be, for 
example, three-roller mills (often called “grinding terns'). 
The extractant solution can be added in any one or more of the 
individual milling steps. For example, in the embodiment 
shown in FIG. 1, extractant solution is added before the fifth 
and sixth milling steps. As will be described in more detail 
below, use of an extractant solution including a Surfactant can 
result in increased Sugar extraction over that achieved through 
the use of imbibition water (e.g., water or dilute cane juice) 
alone. The collected liquids can be, for example, refined to 
form sucrose, or fermented to form ethanol. The residual solid 
bagasse material can be subject to further extraction, or alter 
natively used as fertilizer, combustion fuel, or in a number of 
other industrial processes. 

In other processes of the invention, the Sugar-bearing plant 
material is contacted with the extractant solution in a diffu 
sion process. Diffusion processes are described, for example, 
in U.S. Pat. No. 5,885,359, which is hereby incorporated 
herein by reference in its entirety. 
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4 
In certain embodiments of the invention, the surfactant is 

present in the extractant Solution at a concentration in the 
range of about 0.2 ppm to about 1000 ppm based on the mass 
of the extractant solution. That is, the relative amounts of 
Surfactant and extractant solution satisfy the following rela 
tion: 

Mass of surfactant 
about 0.2 ppm is s about 1000 ppm Mass of extractant solution 

In other embodiments of the invention, the surfactant is 
present in the extractant Solution at a concentration in the 
range of about 0.5 ppm to about 500 ppm based on the mass 
of the extractant Solution. For example, the Surfactant can be 
present in the range of about 1 ppm to about 200 ppm, in the 
range of about 2 ppm to about 100 ppm, or even in the range 
of about 3 ppm to about 50 ppm based on the mass of the 
extractant solution. 

In one embodiment of the invention, the weight ratio of 
extractant solution to Sugar-bearing plant material is in the 
range of about 0.05:1 to about 20:1. In another embodiment of 
the invention, the weight ratio of extractant solution to Sugar 
bearing plant material is in the range of about 0.1:1 to about 
10:1. In yet another embodiment of the invention, the weight 
ratio of extractant solution to Sugar-bearing plant material is 
in the range of 0.2:1 to about 5:1. 
A wide variety of surfactants can be used in the practice of 

the invention. For example, in one embodiment of the inven 
tion, the Surfactant is a nonionic Surfactant. In another 
embodiment of the invention, poly(alkylene oxide) surfac 
tants are preferred. 

In one aspect of the invention, the Surfactant is a poly 
(alkylene oxide) polymer. For example, the Surfactant can be 
a poly(propylene oxide) polymer, a poly(ethylene oxide) 
polymer, or a poly(propylene oxide)/(ethylene oxide) random 
or block copolymer. The Surfactant can have, for example, a 
number average molecular weight of at least about 1500 
g/mol, or even at least about 3000 g/mol. The surfactant can 
have, for example, a functionality of at least about 1.5, and 
preferably no more than about 3.0. In certain embodiments of 
the invention, the Surfactant has ethylene oxide units (i.e., 
—(CHCHO)— units) in the range of about 5 wt % to about 
85 wt %. For example, the surfactant can have ethylene oxide 
units in the range of about 10 wt % to about 40 wt % (e.g., 
about 20 wt %). 

In one embodiment of the invention, the poly(alkylene 
oxide) polymer Surfactant is an poly(propylene oxide)/poly 
(ethylene oxide) block copolymer of the formula (I): 

in which each of Xandy are greater than Zero (e.g., each X and 
y individually in the range of about 0.5 to 2000, preferably in 
the range of 1 to 1000). The person of skill can select Xandy 
values to give the polymera desired content of ethylene oxide 
units and molecular weight. 
The block copolymer of formula (I) can have, for example, 

ethylene oxide units in the range of about 5 wt % to about 85 
wt %. In certain embodiments of the invention, the block 

(I) 
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copolymer has ethylene oxide units in the range of about 10 to 
about 40 wt %. For example, the content of ethylene oxide 
units can be about 20 wt %. 

In one embodiment of the invention, the Surfactant is a 
poly(ethylene oxide)-capped poly(propylene glycol) block 
copolymer having an average molecular weight in the range 
of about 1500 g/mol to about 10000 g/mol; an average func 
tionality (i.e., of OH capping groups) in the range of about 1.5 
to about 3 (e.g., difunctional or trifunctional); and an average 
content of ethylene oxide units in the range of about 10 wt % 
to about 40 wt %. 

In one embodiment of the invention, the Surfactant is an 
C.-Hydro-omega-hydroxy-poly(Oxyethylene)/poly(oxypro 
pylene) (minimum 15 moles)/poly(oxyethylene) block 
copolymer, having a minimum average molecular weight of 
1900 g/mol and a minimum cloud point of 9°C.-12°C. in 10 
percent aqueous solution, as defined by 21 C.F.R. S.172.808 
(2008), which is incorporated herein by reference in its 
entirety. 
One particular surfactant suitable for use in the invention is 

a block copolymer of structural formula (I) having an average 
molecular weight in the range of about 3800 g/mol to about 
4200 g/mol and about 20 wt % ethylene oxide units (refer 
enced herein as a "Nonionic Surfactant PO/EO Block 
Copolymer Having 20% EO Capping). 
As the person of skill will appreciate, other Surfactants can 

be used in the practice of the invention. For example, poly 
(butylene oxide)-based surfactants, such as poly(alkylene 
oxide)-capped poly(butylene oxide)S. poly(butylene oxide)- 
capped poly(alkylene oxides), and poly(butylene oxide)s can 
be used in the present invention. 

Moreover, combinations of surfactants or co-surfactants 
can be used in the practice of the invention. For example, two 
poly(alkylene oxide) polymer Surfactants can be used incom 
bination. In another embodiment, a poly(alkylene oxide) and 
another nonionic Surfactant are used in combination. 
The Sugar-bearing plant material can be contacted with the 

extractant solution in any convenient manner. For example, 
the extractant Solution can be premixed (e.g., by adding pure 
Surfactant or a concentrated Surfactant Solution to imbibition 
water), then added to the Sugar-bearing plant material to 
achieve the desired target concentration (e.g., 0.5 ppm-500 
ppm). In other embodiments of the invention, pure surfactant 
or a concentrated Surfactant solution can be added to the 
Sugar-bearing plant material separately from the imbibition 
Water. 

When using certain Surfactants, for example certain poly 
(ethylene oxide)-capped poly(alkylene oxide) polymer Sur 
factants such as a Nonionic Surfactant PO/EO Block Copoly 
mer Having 20% EO Capping, dispersability in aqueous 
media can become a concern. As an example, the solubility of 
a Nonionic Surfactant PO/EO Block Copolymer Having 20% 
EO Capping can be somewhat limited in water; when it is 
added to water in concentrated form, it initially forms a gel. 
Accordingly, in certain embodiments of the invention, the 
Surfactant is added to imbibition water as a concentrated 
Surfactant solution including a solvent. The solvent can be, 
for example, an organic solvent such as an alcohol solvent, an 
ethereal solvent, an ester solvent or a ketone solvent. For 
example, in one embodiment of the invention, the extractant 
solution is formed by combining with imbibition water a 
concentrated Surfactant Solution comprising Surfactant (e.g., 
in the range of about 30 wt % to about 75 wt %), a lower 
alcohol Such as ethanol (e.g., in the range of about 5 wt % to 
about 25 wt %) and water (e.g., up to about 65 wt %). For 
example, one such concentrated Surfactant solution has a 
composition of 50 wt % Nonionic Surfactant PO/EO Block 
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6 
Copolymer Having 20% EO, Capping, 15 wt % ethanol and 
35 wt % water. In formulating such concentrated surfactant 
solutions, the alcohol can be combined with the surfactant 
before the water is added in order to help prevent gelling. 
According to one embodiment of the invention, the extractant 
Solution has a solvent content (e.g., a lower alcohol content) 
less than about 1 wt %, or even less than about 0.5 wt %. 

FIG. 2 depicts the use of an extraction process of the 
invention in larger Sugar production and ethanol production 
processes. For example, one aspect of the invention is a pro 
cess for making a Sugar product from a Sugar-bearing plant 
material. First, the Sugar-bearing plant material is contacted 
with an extractant solution as described above (e.g., during 
the milling process as shown in FIG. 1). Then the extractant 
Solution is separated from the Sugar-bearing plant material, as 
described above. The separated Sugar-bearing extractant 
Solution is then processed and refined to form a Sugar product. 
The separated extractant solution can be processed and 
refined on its own, or can alternatively be combined with 
other liquid Sugar cane products (e.g., Sugar cane juice from 
earlier milling steps). Processes for isolating Sugar products 
from Sugar cane juice Solutions are well known in the art; 
these processes can be adapted for the isolation of a Sugar 
product from the extractant solution of the invention. An 
additional embodiment of the invention is a Sugar product 
produced by the process described above. 

Another aspect of the invention is a process for making 
ethanol from a Sugar-bearing plant material. First, the Sugar 
bearing plant material is contacted with an extractant solu 
tion, then the extractant solution is separated from the Sugar 
bearing plant material, as described above. The separated 
Sugar-bearing extractant solution is then processed and fer 
mented (e.g., using conventional methods) to form an aque 
ous ethanol solution, from which the ethanol is isolated (e.g., 
by distillation). The separated extractant solution can be pro 
cessed and fermented on its own, or can alternatively be 
combined with other liquid Sugar cane products (e.g., Sugar 
cane juice from earlier milling steps). Processes for making 
ethanol from Sugarcane juice solutions are well known in the 
art; these processes can be adapted for the formation of etha 
nol from the extractant solution of the invention. 

EXAMPLES 

Example 1 

Properties of an Exemplary Surfactant 

The sample of Nonionic Surfactant PO/EO Block Copoly 
mer Having 20% EO Capping used in these Examples was 
determined to have the following physical properties: 

Molecular weight: 4050 g/mol, as calculated from the 
molecular weight of the initiator and the oxide units. 

Specific Gravity: 1.024 g/mL at 25°C. as determined using 
ASTM D 892 

Pour point: -8°C. as determined using ASTM D 97 
Flash point: >180° C. (open cup), as determined using 
ASTM D92 

Cloud points: 23°C. at 1% aqueous 
14° C. at 10% aqueous 
49° C. for a solution of 5 g of surfactant in 20 g of a 

solution of 25% diethylene glycol butyl ether in water 
All cloud points determined using ASTM D 2024 

Viscosities: 850 cSt at 25°C. 
386 cSt at 40° C. 
63 cSt at 100° C. 
All viscosities determined using ASTM 445/446 
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Example 2 

Formulation of a Concentrated Surfactant Solution 

A concentrated Surfactant Solution was prepared by com 
bining 15 parts by weight ethanol with 50 parts by weight 
Nonionic Surfactant PO/EO Block Copolymer Having 20% 
EO Capping. To this mixture was added 35 parts by weight 
water. The resulting concentrated Surfactant Solution had the 
following properties: 

Specific Gravity: 0.9998 g/mL at 25° C. as determined 
using ASTM D 892 

Pour point: -18°C. as determined using ASTM D 97 
Flash point: 50° C. (open cup) as determined using ASTM 
D 92 

30°C. (closed cup), as determined using ASTM D93 
Cloud points: 46.2°C. at for 0.5% aqueous solution of the 

concentrated Surfactant solution 

None determined over the range of 25°C.-90° C. for a 
Solution of 5g of the concentrated Surfactant Solution 
in 20 g of a solution of 25% diethylene glycol butyl 
ether in water 

78.0° C. for a solution of 12.7 g of the concentrated 
Surfactant solution in 11.2 g of 50% aqueous isopro 
panol 

All cloud points determined using ASTM D 2024 
Viscosities: 203.9 cSt at 25°C. 

141.2 cSt at 40° C. 

All viscosities determined using ASTM 445/446 

Example 3 

Extraction of Sugar from Bagasse Samples from 
Mill H1 

Bagasse samples were taken from Mill #1, a Sugar cane 
processing facility in Brazil. At Mill #1, Sugar cane material 
is subjected to six milling steps. Imbibition water is added 
only in the fifth and sixth milling steps. Samples 1A-1H of 
fresh bagasse were taken from the output of the fourth milling 
step, and used in an extraction study. 

For each sample, the bagasse (200 g wet weight) was mixed 
by hand for about two minutes with water (61 g at 50° C.), 
with different amounts of the concentrated surfactant solution 
of Example 2 added thereto: 0 ppm (control), 25 ppm, 50 ppm 
and 100 ppm concentrated Surfactant solution, all based on 
the mass of the water. (100 ppm concentrated surfactant solu 
tion is equivalent to about 50 ppm surfactant). The mixtures 
were pressed in a 125 kgf/cm press for 1 minute to extract 
juice. The extracted liquid was analyzed to determine Sugar 
content using standard analytical processes of the Sugar cane 
industry. Total reducing Sugars were determined using colo 
rimetric measurements in a copper-based assay. Polarimeter 
measurements were used as a measure of Sucrose content. 

Table 1 provides the increase in wt % Sucrose in the 
extracted liquid from the Mill #1 bagasse measured via pola 
rimetry on the extracted liquid. 
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TABLE 1 

wt % increase in Sucrose extraction relative to control for bagasse from 
Mill # 1 for various amounts of concentrated surfactant solution 

25 ppm - 50 ppm - 100 ppm - 
wt % increase over wt % increase over wt % increase over 

Sample control control control 

1A 7.2 
1B -2.1 2.4 4.3 
1C 6.3 6.3 5.7 
1D 7.4 7.4 5.8 
1E 5.8 10.2 
1F 5.8 1.6 
1G 10.2 12.5 
1H 6.5 8.9 

Table 2 provides the increase in wt % total reducing Sugar 
in the extracted liquid from the Mill #1 bagasse measured via 
a copper-based colorimetric assay on the extracted liquid. 

TABLE 2 

wt % increase in total reducing Sugar extraction relative 
to control for bagasse from Mill # 1 for various 
amounts of concentrated Surfactant solution 

25 ppm - 50 ppm - 100 ppm - 
wt % increase over wt % increase over wt % increase over 

Sample control control control 

1A 7.6 
1B -0.9 2.3 S.1 
1C 7.7 7.5 5.4 
1D 7.3 8.7 6.3 
1E 5.5 11.4 
1F S.1 2.7 
1G 1O.O 12.9 
1H S.6 8.2 

Example 4 

Extraction of Sugar from Bagasse Samples from 
Mill H2 

Bagasse samples were taken from Mill #2, another Sugar 
cane processing facility in Brazil. At Mill #2, Sugar cane 
material is subjected to six milling steps. Imbibition water is 
added only in the sixth milling step. Samples A-D of fresh 
bagasse were taken from the output of the fifth milling step, 
and used in an extraction study. 

For each sample, the bagasse (200 g wet weight) was mixed 
by hand for about two minutes with water (200 g at 40°C.), 
with different amounts of the concentrated surfactant solution 
of Example 2 added thereto: 0 ppm (control), 25 ppm, 50 ppm 
and 100 ppm concentrated Surfactant solution, all based on 
the mass of the water. The mixtures were pressed in a 250 
kgf/cm press for 1 minute to extract juice. The extracted 
liquid was analyzed to determine Sugar content using stan 
dard analytical processes of the Sugar cane industry. Total 
reducing Sugars were determined using colorimetric mea 
Surements in a copper-based assay. Polarimeter measure 
ments were used as a measure of Sucrose content. 

Table 3 provides the increase in wt % sucrose in the 
extracted liquid from the Mill #2 bagasse measured via pola 
rimetry on the extracted liquid. 
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TABLE 3 

wt % increase in Sucrose extraction relative to control for bagasse from 
Mill # 2 for various amounts of concentrated surfactant solution 

25 ppm - 50 ppm - 100 ppm - 
wt % increase over wt % increase over wt % increase over 

Sample control control control 

2A 1.O 2.5 -2.3 
2B -0.5 2.5 O.S 
2C 1.O 2.3 1.3 
2D 2.8 3.6 2.5 

Table 4 provides the wt % increase in total reducing Sugar 
in the extracted liquid from the Mill #2 bagasse measured via 
a copper-based colorimetric assay on the extracted liquid. 

TABLE 4 

wt % increase in total reducing Sugar extraction relative 
to control for bagasse from Mill # 2 for various 
amounts of concentrated Surfactant solution 

25 ppm - 50 ppm - 100 ppm - 
wt % increase over wt % increase over wt % increase over 

Sample control control control 

2A O.1 0.4 -1.1 
2B O.9 4.0 5.4 
2C 0.4 1.4 O.O 
2D O6 2.8 1.4 

It will be apparent to those skilled in the art that various 
modifications and variations can be made to the invention 
without departing from the scope of the invention. Thus, it is 
intended that the invention cover the modifications and varia 
tions of this invention provided they come within the scope of 
the appended claims and their equivalents. 

What is claimed is: 
1. A process for extracting Sugar from Sugar-bearing plant 

material, the process comprising: 
contacting the Sugar-bearing plant material with an extrac 

tant Solution comprising water, an organic solvent, and a 
Surfactant; and 

separating the extractant solution from the Sugar-bearing 
plant material, 

wherein the Sugar-bearing plant material is from the grass 
family, 

wherein the Surfactant is a poly(alkylene oxide) copolymer 
and has ethylene oxide units in the range of about 5 wt % 
to about 85 wt % of formula (I): 

in which each of X and y are greater than Zero, and 
wherein the surfactant is used to increase extraction effi 

ciency. 
2. The process of claim 1, wherein the extractant solution 

further comprises Sugar bearing plant material juice. 
3. The process of claim 1, wherein the Sugar-bearing plant 

material is Sugar cane material. 

(I) 
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4. The process of claim 3, wherein the Sugar cane material 

is Sugar cane bagasse. 
5. The process of claim 1, further comprising grinding, 

milling, chopping, pulping, shredding or macerating the 
Sugar-bearing plant material before contacting it with the 
extractant solution. 

6. The process of claim 1, wherein the Sugar-bearing plant 
material is ground, milled, chopped, pulped, shredded or 
macerated while it is being contacted with the extractant 
Solution. 

7. The process of claim 1, further comprising grinding, 
milling, chopping, pulping, shredding or macerating the 
Sugar-bearing plant material before contacting it with the 
extractant solution, and wherein the Sugar-bearing plant 
material is ground, milled, chopped, pulped, shredded or 
macerated while it is being contacted with the extractant 
Solution. 

8. The process of claim 1, wherein the surfactant is present 
in the extractant Solution at a concentration in the range of 
about 0.2 ppm to about 1000 ppm based on the mass of the 
extractant solution. 

9. The process of claim 1, wherein the surfactant is present 
in the extractant Solution at a concentration in the range of 
about 0.5 ppm to about 500 ppm based on the mass of the 
extractant solution. 

10. The process of claim 1, wherein the surfactant is a 
nonionic Surfactant. 

11. The process of claim 1 wherein the surfactant has a 
number average molecular weight of at least about 1500 
g/mol. 

12. The process of claim 1 wherein the surfactant has a 
number average molecular weight of at least about 3000 
g/mol. 

13. The process of claim 1 wherein the surfactant has a 
functionality of OH capping groups of at least about 1.5. 

14. The process of claim 1, wherein the surfactant has 
ethylene oxide units in the range of about 10 wt % to about 40 
wt %. 

15. The process of claim 1, wherein the surfactant is an 
C.-Hydro-omega-hydroxy-poly(Oxyethylene)/poly(oxypro 
pylene) (minimum 15 moles/poly(oxyethylene)) block 
copolymer, having a minimum average molecular weight of 
1900 g/mol and a minimum cloud point of 9°C.-12°C. in 10 
percent aqueous solution. 

16. The process of claim 1, wherein the surfactant is a block 
copolymer of structural formula (I) having an average 
molecular weight in the range of about 3800 g/mol to about 
4200 g/mol and about 20 wt % ethylene oxide units. 

17. A process for making a Sugar product from a Sugar 
bearing plant material, the process comprising: 

extracting Sugar from the Sugar-bearing plant material as 
described in claim 1 to form a Sugar-bearing extractant 
Solution; and 

processing and refining the extractant Solution to form the 
Sugar product. 

18. A process for making ethanol from a Sugar-bearing 
plant material, the process comprising: 

extracting Sugar from the Sugar-bearing plant material as 
described in claim 1 to form a Sugar-bearing extractant 
Solution; 

processing and fermenting the Sugar-bearing extractant 
Solution to form an aqueous ethanol solution; and 

isolating the ethanol from the aqueous ethanol Solution. 
k k k k k 




