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ABSTRACT

A method for producing a sugar liquid, the method comprising: a step of
filtering a saccharified liquid derived from cellulose-containing biomass, through a
nanofiltration membrane and/or reverse osmosis membrane; and a two-step washing
step of washing the nanofiltration membrane and/or reverse osmosis membrane after
the filtration, with an acid washing liquid and then with an alkali washing liquid; is
provided. A method for producing a sugar liquid in which a cellulose-derived sugar
liquid is processed through a nanofiltration membrane and/or reverse osmosis
membrane, wherein a contaminated separation membrane(s) is/are effectively

washed, is provided.
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DESCRIPTION

METHOD FOR PRODUCING SUGAR SOLUTION

TECHNICAL FIELD
[0001]

The present invention relates to a method for producing a sugar liquid from
cellulose.
BACKGROUND ART
[0002]

In recent years, because of problems such as global warming and depletion of
petroleum resources, and from the viewpbint of carbon neutrality, use of biomass as
an alternative to petroleum products has been attracting attention. In particular,
production of ethanol and chemical products from non-edible cellulose-containing
biomass, which does not compete with food, has been expected.

[0003]

For production of ethanol and chemical products from cellulose-containing
biomass, monosaccharides produced by hydrolysis of cellulose and hemicellulose,
which are polysaccharides, in the biomass are used to perform fermentation. Sugar
liquids derived from cellulose-containing biomass contain, in addition to sugars,
fermentation-inhibiting substances. Decreases in the yields of fermentation
products due to such fermentation-inhibiting substances have been problematic.
PRIOR ART DOCUMENTS
[Patent Documents]

{0004]

As a method for removing the fermentation-inhibiting substances while

concentrating the sugars to obtain a purified sugar liquid suitable for fermentation, a

method in which a nanofiltration membrane and/or reverse osmosis membrane is/are
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used, wherein the fermentation-inhibiting substances are removed from the permeate
side of the membrane(s), is known (Pateht Document 1).
[0005]

As a method for washing an ultrafiltration membrane, nanofiltration
membrane, or reverse osmosis membranc to remove its fouling, thereby efficiently
removing fermentation-inhibiting substances, a method in which warm water with a
high pH is used for cffective washing is known (Patent Document 2).

[Patent Document 1] WO 2010/067785

[Patent Document 2] WO 2012/111794
SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0006]

In the method of Patent Document I, long-term operation causes fouling of
the membrane(s), which is problematic.

[0007]

Patent Document 2 describes alkali washing in which alkaline warm water is
used for increasing the effect to remove organic substances. However, this method
was found to be problematic since, even in cases where sufficient washing can be
achieved by alkali washing of an ultrafiltration membrane after filtration treatment of
a saccharified liquid derived from celiulose-containing biomass, a similar effect
cannot necessarily be obtained for a nanofiltration membrane or a reverse osmosis
membrane, and repeated use of such a membrane causes a decrease in the washing
effect.

[0008]

This is thought to be due to the fact that nanofiltration membranes and reverse

osmosis membranes, unlike ultrafiltration membranes, cause concentration of

inorganic ions derived from cellulose-containing biomass in the primary side, and
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that the concentrated inorganic ions act as fouling substances. It is generally known
that, after processing of a solution containing a large amount of organic substances
using a membrane, the membrane may be subjected to alkali washing and then to
acid washing. However, no washing cffect could be obtained for nanofiltration
membranes and reverse osmosis membranes after processing of a saccharified liquid
derived from cellulose-containing biomass.

[0009]

An object of the present invention is to provide a method for obtaining a
purified sugar liquid by removal of fermentation-inhibiting substances from a
saccharified liquid derived from cellulose-containing biomass, using a nanofiltration
membrane and/or reverse osmosis membrane, wherein fouling of the membrane(s)
generated by the influence of organic substances and inorganic ions is removed by
washing, thereby enabling repeated use of the membrane(s) and efficient removal of
the fermentation-inhibiting substances.

MEANS FOR SOLVING THE PROBLEMS
{0010]

In order to solve the above-described problems, the method for producing a
sugar liquid of the present invention has the following constitution. That is,
a method for producing a sugar liquid, the method comprising:

a step of filtering a saccharified liquid derived from cellulose-containing
hiomass, through a nanofiltration membrane and/or reverse osmosis membrane; and

a two-step washing step of washing the nanofiltration membrane and/or
reverse osmosis membrane after the filtration, with an acid washing liquid and then
with an alkali washing liquid.

[0011]
Preferably, the method for producing a sugar liquid of the present invention

comprises a water washing step before the two-step washing step.
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[0012]

Preferably, in the method for producing a sugar liquid of the present invention,
the saccharified liquid is filtered through an ultrafiltration membrane to obtain a
filtrate, and the filtrate is subjected to the step of filtration through a nanofiltration
membrane and/or reverse osmosis membrane.

[0013]

Preferably, in the method for producing a sugar liquid of the present invention,
the molecular weight cutoff of the ultrafiltration membrane is not more than 50,000.
[0014]

Preferably, in the method for producing a sugar liquid of the present invention,
the saccharified liquid contains calcium.

{0015]

Preferably, in the method for producing a sugar liquid of the present invention,
the pH of the acid washing liquid is not more than 3.

{0016]

Preferably, in the method for producing a sugar liquid of the present invention,
the acid washing liquid contains one or more selected from the group consisting of
nitric acid, sulfuric acid, citric acid, phosbhoric acid, lactic acid, and acetic acid.
[0017]

Preferably, in the method for producing a sugar liquid of the present invention,
the pH of the alkali washing liquid is not less than 9.

[0018]

Preferably, in the method for producing a sugar liquid of the present invention,
the alkali washing liquid contains one or more selected from the group consisting of
sodium hydroxide, potassium hydroxide, and ammonia.

[0019]

Preferably, in the method for producing a sugar liquid of the present invention,
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the two-step washing step is repeatedly carried out.
[0019A]

The present invention as claimed relates to a method for producing a sugar liquid, said
method comprising: a step of filtering a saccharified liquid derived from cellulose-containing
biomass, through a nanofiltration membrane and/or reverse osmosis membrane; and
a two-step washing step of washing said nanofiltration membrane and/or reverse osmosis
membrane after said filtration, with an acid washing liquid and then with an alkali washing
liquid, wherein said acid washing liquid contains one or more acids selected from the group

consisting of nitric acid, citric acid, phosphoric acid, lactic acid, and acetic acid.

Date regue/Date Received 2021-05-10
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EFFECT OF THE INVENTION
[0020]

By the present invention, fouling of nanofiltration membranes and reverse
osmosis membranes due to impurities specific to saccharified liguids derived from
cellulose-containing biomass can be removed.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021]

Fig. 1 is an SEM image showing precipitates causing fouling of a reverse
osmosis membrane, which image was taken after alkali washing.

Fig. 2 is a mapped image obtained by SEM-energy dispersive X-ray
spectroscopy (hereinafter referred to as SEM-EDX) showing the distribution of
calcium in precipitates causing fouling of a reverse osmosis membrane, which image
was taken after alkali washing.

Fig. 3 is a mapped image obtained by SEM-EDX showing the distribution of
carbon in precipitates causing fouling of a reverse osmosis membrane, which image
was taken after alkali washing,

Fig. 4 is a mapped image obtained by SEM-EDX showing the distribution of
oxygen in precipitates causing fouling of a reverse osmosis membrane, which image
was taken after alkali washing.

MODE FOR CARRYING OUT THE INVENTION
[0022]

The saccharified liquid in the present invention means a liquid component
obtained by hydrolysis of cellulose-containing biomass such as woody or herbaceous
biomass. The method of hydrolysis of the cellulose-containing biomass is not
limited. The method is preferably enzymatic saccharification of a cellulose-

containing biomass pretreated by steam explosion treatment, hydrothermal treatment,

Date regue/Date Received 2021-05-10
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acid treatment, alkali treatment, and/or ammonia treatment.
[0023]

In the present invention, the saccharified liquid is filtered through a
nanofiltration membrane and/or reverse osmosis membrane to remove fermentation
inhibitors, thereby producing a sugar liquid.  The filtration of the saccharified liquid
may be carried out according to the method described in WO 2010/067785. The
nanofiltration membrane/reverse osmosis membrane used in the present invention
may also be those described in WO 2010/067785.

[0024]

In cases where a saccharified liquid derived from cellulose-containing
biomass is filtered through a nanofiltration membrane and/or reverse osmosis
membrane, long-term use of the separation membrane(s) causes fouling of the
membrane(s) due to organic substances and inorganic ions that are impurities
contained in the saccharified liquid. The present invention is characterized in that
fouling of the membrane(s) is removed by two-step washing in which acid washing
is carried out followed by alkali washing. On the other hand, the effect obtained in
the present invention cannot be obtained by acid washing or alkali washing alone, or
by two-step washing in which alkali washing is carried out followed by acid washing.
[0025]

The acid washing or the alkali washing in the present invention means a
process in which an acidic aqueous solution (hereinafter referred to as acid washing
liquid) or an alkaline aqueous solution (hereinafter referred to as alkali washing
liquid) is brought into contact with a membrane, and the acidic aqueous solution or
the alkaline aqueous solution is then removed using water. The removal of the acid
washing liquid or the alkali washing liquid is preferably confirmed by observation of
a neutral pH of the water. The acid washing liquid or the alkali washing liquid may

be allowed to flow only in the primary side (non-permeate side) of the membrane;
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may be allowed to flow such that cross flow filtration is performed from the primary
side (non-permeate side) to the secondary side (permeate side) of the membrane; or
may be placed such that the membrane is immersed therein. The acid washing
liquid or the alkali washing liquid is preferably allowed to flow such that cross flow
filtration is performed from the primary side (non-permeate side) to the secondary
side (permeate side) of the membrane.

[0026]

Preferred examples of the acid to be used for the acid washing liquid include:
inorganic acids such as nitric acid, sulfuric acid, and phosphoric acid; and organic
acids such as citric acid, lactic acid, and acetic acid. These acids may be used
individually, or as a mixture of two or more thereof.

[0027]

The pH of the acid washing liquid is preferably not more than 3, and is more
preferably 2. This is because the lower the pH of the acid washing liquid, the
higher the washing effect, while acid washing at a pH lower than 2 may cause
deterioration of the membrane. Since the pHs at which the membrane can be
washed vary depending on the type of the membrane, the membrane needs to be
washed at a pH suitable for the membrane.

[0028]

Preferred examples of the alkali to be used for the alkali washing liquid
include sodium hydroxide, potassium hydroxide, and ammonia. These alkalis may
be used individually, or as a mixture of two or more thereof.

[0029]

The pH of the alkali washing liquid is preferably not less than 9, and is more
preferably 12. This is because the highér the pH of the alkali washing liquid, the
higher the washing effect, while alkali washing at a pH higher than 12 may cause

deterioration of the membrane. Since the pHs at which the membrane can be
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washed vary depending on the type of the membrane, the membrane needs to be
washed at a pH suitable for the membrane.
[0030]

The operation before the two-step washing by the acid washing and the alkali
washing is not limited. ~Although the two-step washing may be carried out directly
after the filtration of the saccharified liquid, it is preferred to catry out water washing
before the two-step washing. In cases where the water washing is carried out in
advance, mixing of the sugar liquid with the acid, which leads to acidification of the
sugar liquid and hence to insolubilization of organic substances therein, causing
occurrence of further fouling, can be prevented. Moreover, the water washing can
be expected to be effective for removal of organic substances on the membrane
surface. |
[0031]

Repeating of the two-step washing a plurality of times is also a preferred
embodiment from the viewpoint of increasing the washing effect.

[0032]

The washing effect can be evaluated by comparison of the pure water flux of
the unused membrane with the pure water flux of the fouled membrane, and with the
pure water flux of the membrane after washing. That is, the value calculated by
dividing the pure water flux of the fouled membrane or the membrane after washing
by the pure water flux of the unused membrane is defined as the pure water flux ratio
(%), and used for evaluation of the degree of recovery by the washing. In cases
where the membranc is recovered by the washing to show the same conditions as
those of the unused membrane, the pure water flux ratio (%) is 100%. In the
present invention, in cases where a pure water flux ratio of not less than 80% could
not be achieved after the recovery, each case was regarded as impractical because of

low processing speed.
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[0033]

In some cases, the saccharified liquid contains a water-insoluble component
such as a solid component.  In such cases, the water-insoluble component is
preferably removed by solid-liquid separation before the filtration step. Examples
of the method of the solid-liquid separation of the saccharified liquid include filter
press, centrifugation, and filtration through a microfiltration membrane. . Since
filtration through a microfiltration membrane enables removal of even micron-sized
water-insoluble components, the cellulose-derived saccharified liquid in the present
invention is preferably subjected to filtration through a microfiltration membrane in
advance, in addition to the later filtration through a separation membrane(s). The
microfiltration membrane may be the one described in WO 2010/067785.

[0034]

The saccharified liquid is preferably a filtrate obtained by filtration through
an ultrafiltration membrane. The molecular weight cutoff of the ultrafiltration
membrane is more preferably not more than 50,000. The ultrafiltration membrane
in the present invention means a membrane having a molecular weight cutoff of
1,000 to 200,000, and is referred to as an ultrafiltration, UF membrane, or the like for
short.  Since the pore size of an ultrafiltration membrane is too small, measurement
of the pore size on its membrane surface is difficult even under the electron
microscope or the like. Therefore, a value called the molecular weight cutoff is
used as an index of the pore size instead of the average pore size. According to the
Membrane Society of Japan ed., Membrane Experiment Series, Vol. 111, Artificial
Membrane, editorial committee members: Shoji Kimura, Shin-ichi Nakao, Haruhiko
Ohya, and Tsutomu Nakagawa (1993, Kyoritsu Shuppan Co., Ltd.), p. 92, “The
curve obtained by plotting the molecular weight of the solute along the abscissa and
the blocking rate along the ordinate is called the molecular weight cutoff curve.

The molecular weight with which the blocking rate reaches 90% is called the
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molecular weight cutoff of the membrane.” Thus, the molecular weight cutoff is
well known to those skilled in the art as an index representing the membrane
performance of an ultrafiltration membrane. This is because high-molecular-weight
components such as proteins derived from the cellulose-containing biomass in the
saccharified liquid, and enzymes added for enzymatic saccharification, are removed,
leading to a decrease in the amount of substances that undergo denaturation by the
acid. In particular, in cases of an ultrafiltration membrane having a molecular
weight cutoff of not more than 50,000, enzymes used for enzymatic saccharification
can be easily removed, and a high washing effect can therefore be obtained. The
ultrafiltration membrane used in the present invention is not limited, and may be, for
example, the one used in WO 2010/067785.

[0035]

The saccharified liquid preferably contains calcium. The term “contains
calcium” means that calcium ions are detected by high-performance liquid
chromatography (hereinafter referred to as HPLC). In cases where the saccharified
liquid contains calcium, the acid washing acts more effectively. In cases where the
cellulose-containing biomass contains calcium, the resulting saccharified liquid
usually contains calcium. However, in cases where the cellulose-containing
biomass is subjected to treatment such as washing with water afler pretreatment for
the saccharification treatment, a calcium-free saccharified liquid is obtained in some
cases.

EXAMPLES
[0036]
(Reference Example 1) Method for Measuring Calcium Concentration

The calcium concentration was quantified under the following HPLC
conditions based on comparison with standard samples.

[0037]
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Column: Ion Pac CS12A (manufactured by DIONEX)

Mobile phase: 20 mM methanesulfonic acid (flow rate: 1.0 mL/min.)

Reaction liquid: none

Detection method: electric conductivity (by use of a suppressor)

Temperature: 30°C
[0038]

(Reference Example 2) Method for Preparing Steam Explosion-treated Rice Hull
Saccharified Liquid

As a cellulose-containing biomass, rice hull was used. Using a steam
explosion apparatus (30-L reactor, manufactured by Nihon Dennetsu Co., Ltd.), 2 kg
of rice hull was subjected to steam explosion treatment.  In this treatment, the
pressure was 2.5 MPa, and the processing time was 2.5 minutes. After measuring
the moisture content of the steam explosion-treated rice hull, RO water was added
such that the solid content concentration became 15% by weight in terms of the
absolute-drying-processed biomass, followed by adding Accellerase DUET
(manufactured by Danisco Japan) and allowing the reaction to proceed at 50°C for 24
hours to perform saccharification.

[0039]

The saccharified product was subjected to treatment using a filter press
(manufactured by Yabuta Industries Co., Ltd.; MO-4) for separation and removal of
undegraded cellulose and lignin, and then to filtration through a microfiltration
membrane having a pore size of 0.22 pm for removal of micron-sized insoluble
particles, thereby obtaining a saccharified liquid. The calcium ion concentration in
the saccharified liquid was measured by the method of Reference Example 1. The
results are shown in Table 1.

[0040]
[Table 1]
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12
Ca” mg/L
Reference Example 2 15
Reference Example 3 0
Reference Example 4 5
Reference Example 5 280
Reference Example 6 20

[0041]
(Reference Example 3) Method for Preparing Saccharified Liquid from Washed
Steam Explosion-treated Rice Hull

The steam explosion-treated product of cellulose-containing biomass
prepared by the method of Reference Example 2 was washed with water in an
amount which is 10 times the weight of the biomass. RO water was added to the
washed steam explosion-treated product such that the solid content concentration
became 15% by weight, and Accellerase DUET (manufactured by Danisco Japan)
was further added thereto, followed by allowing the reaction to proceed at 50°C for
24 hours to perform saccharification treaiment. Subsequently, the resulting product
was subjected to filter press treatment and microfiltration membrane treatment in the
same manner as in Reference Example 2, to obtain a saccharified liquid. The
calcium ion concentration in the saccharified liquid was measured by the method of
Reference Example 1. The results are shown in Table 1.
[0042] v
(Reference Example 4) Method for Preparing Pulp Saccharified Liquid

The moisture content of sheet wet pulp (manufactured by Hyogo Pulp Co.,
Ltd.), which is unbleached kraft pulp of hardwood, was measured, and RO water was
added thereto such that the solid content concentration became 5% in terms of the
absolute dry weight. Sodium acetate buffer was then added thereto to adjust the pH
to about 5, and Accellerase DUET (manufactured by Danisco Japan) was further
added thereto, followed by allowing the reaction to proceed at 50°C for 24 hours to

perform saccharification.
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[0043]

The saccharified product was subjected to treatment using a filter press
(manufactured by Yabuta Industries Co., Ltd.; MO-4) for separation and removal of
undegraded cellulose and lignin, and then to filtration through a microfiltration
membrane having a pore size of 0.22 um for removal of micron-sized insoluble
particles, thereby obtaining a saccharified liquid. The calcium ion concentration in
the saccharified liquid was measured by the method of Reference Example 1. The
results are shown in Table 1.

[0044]
(Reference Example 5) Method for Preparing Ammonia-treated Bagasse
Saccharified Liquid

Bagasse was fed to a compact reactor (manufactured by Taiatsu Techno
Corporation, TVS-N2 30 mL), and cooled with liquid nitrogen. To this reactor,
ammonia gas was fed to immerse the sample completely in liquid ammonia. After
closing the lid of the reactor, the reactor was left to stand at room temperature for
about 15 minutes. Subsequently, treatment in an oil bath at 150°C was carried out
for 1 hour. Thereafter, the reactor was removed from the oil bath, and the ammonia
gas was immediately leaked in a fume hood. Using a vacuum pump, the inside of
the reactor was dried by reducing the pressure to 10 Pa.  After measuring the
moisture content of the ammonia-treated bagasse, RO water was added thereto such
that the solid content concentration became 10% by weight in terms of the absolute
dry weight. Accellerase DUET (manufactured by Danisco Japan) was added
thereto, and the reaction was allowed to proceed at 50°C for 24 hours to perform
saccharification.

[0045]
The saccharified product was subjected to treatment using a filter press

(manufactured by Yabuta Industries Co., Ltd.; MO-4) for separation and removal of
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undegraded cellulose and lignin, and then to filtration through a microfiltration
membrane having a pore size of 0.22 um for removal of micron-sized insoluble
particles, thereby obtaining a saccharified liquid. The calcium ion éoncentration in
the saccharified liquid was measured by the method of Reference Example 1. The
results are shown in Table 1.

[0046]

(Reference Example 6) Method for Preparing Dilute Sulfuric Acid-treated Corn Cob
Saccharified Liquid

Corn cob (Nippon Walnut Co., Ltd.) was immersed in {% dilute sulfuric acid,
and subjected to autoclaving at 120°C for 20 minutes. Thereafter, solid-liquid
separation into the solution component and the solid component was carried out to
obtain a dilute sulfuric acid-treated corn cob as the solid component. After
measuring the moisture content of the dilute sulfuric acid-treated corn cob, RO water
was added thereto such that the solid content concentration became 10% by weight in
terms of the absolute dry weight. Accellerase DUET (manufactured by Danisco
Japan) was added thereto, and the reaction was allowed to proceed at 50°C for 24
hours to perform saccharification.

[0047]

The saccharified product was subjected to treatment using a filter press
(manufactured by Yabuta Industries Co., Ltd.; MO-4) for separation and removal of
undegraded cellulose and lignin, and then to filtration through a microfiltration
membrane having a pore size of 0.22 um for removal of micron-sized insoluble
particles, thereby obtaining a saccharified liquid. The calcium ion concentration in
the saccharified liquid was measured by the method of Reference Example 1. The
results are shown in Table 1.

[0048]

(Reference Example 7) Method for Preparing Ultrafiltration Membrane Filtrate of
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Saccharified Liquid of Cellulose-containing Biomass

A saccharified liquid of cellulose-containing biomass was subjected to cross-
flow filtration through an ultrafiltration membrane at an operating temperature of
50°C, membrane surface linear velocity of 20 cm/sec., and permeation flux of 0.5
m/day, to prepare an ultrafiltration membrane filtrate.
[0049]
(Reference Example 8) Method for Preparing Fouled Ultrafiltration Membrane

About 20 L of a saccharified liquid was filtered through an ultrafiltration
membrane under the same conditions as in Reference Example 7. When the
operating pressure reached 0.3 MPa, the bressure was fixed. The filtration was then
continued at the fixed pressure. The operation was stopped when the amount of the
concentrated liquid in the non-permeate side decreased to 1/15 of the raw liquid.
By this, a fouled ultrafiltration membrane was obtained.
[0050]
(Reference Example 9) Method for Preparing Fouled Nanofiltration
Membrane/Reverse Osmosis Membrane

A saccharified liquid was filtered through an ultrafiltration membrane under
the conditions in Reference Example 7, and the resulting filtrate was subjected to
filtration through a nanofiltration membrane or reverse osmosis membrane. The
filtration was carried out at an operating temperature of 50°C, membrane surface
lincar velocity of 20 cm/sec., and permeation flux of 0.5 m/day. When the
operating pressure reached 6 MPa, the pressure was fixed. The filtration was then
continued at the fixed pressurc. The operation was stopped when the permeation
flux decreased to 0.05 m/day. By this, a fouled membrane was obtained.
[0051]
(Reference Example 10) Method for Preparing Fouled Membrane of Flat Sheet

Membrane
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A flat sheet membrane was cut out of a spiral element of a nanofiltration
membrane. For the membrane processing, a membrane separation apparatus
“SEPA CF II” (effective membrane area, 140 cm’; manufactured by GE Osmonics)
was used. Filtration of a saccharified liquid was carried out at an operating
temperature of 30°C, membrane surface linear velocity of 20 cm/sec., and
permeation flux of 0.5 m/day. When the operating pressure reached 6 MPa, the
pressure was fixed. The filtration was then continued at the fixed pressure. The
operation was stopped when the permeation flux decreased to 0.05 m/day. By this,
a fouled membrane was obtained.

[0052]}
(Reference Example 11) Method for Measuring Pure Water Flux

The pure water flux of an ultrafiliration membrane, nanofiltration membrane,
or reverse osmosis membrane was measured by cross flow filtration of pure water at
an operating temperature of 25°C and a membrane surface linear velocity of 20
cm/sec., wherein the operating pressure was 0.1 MPa in cases of an ultrafiltration
membrane, or 1 MPa in cases of a nanofiltration membrane or reverse osmosis
membrane.

[0053]
(Reference Example 12) Calculation of Pure Water Flux Ratio %

By the method of Reference Example 11, the pure water flux was measured
for an unused membrane, fouled membrane before washing, and fouled membrane
after washing. By calculating the pure water flux ratio % by comparison with the
pure water flux of the unused membrane, the degree of fouling and the degree of
recovery from fouling were evaluated. Equation 1 shows the method of calculating
the pure water flux ratio %.

[0054]

Pure water flux ratio % = pure water flux of fouled membrane / pure
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water flux of unused membrane x 100 ... (Equation 1).

[0055]

(Example 1) Acid Washing and Alkali Washing of Nanofiltration Membrane and
Reverse Osmosis Membrane after Processing of Steam Explosion-treated Rice Hull
Saccharified Liquid

By the method of Reference Example 7, a steam explosion-treated rice hull
saccharified liquid was filtered through an ultrafiltration membrane (“SPE30”,
manufactured by Synder; molecular weight cutoff, 30,000). Using the resulting
filtrate, a fouled membrane of a nanofiltration membrane (“FR60-2514”,
manufactured by ROPUR) or a reverse osmosis membrane (“FRH-2514",
manufactured by ROPUR) was prepared by the method of Reference Example 9.
This fouled membrane was washed with water, and subjected to acid washing using
an acidic aqueous solution at pH 2 (Washing Liquid 1), and then to alkali washing
using an aqueous sodium hydroxide solution at pH 12 (Washing Liquid 2).

[0056]

As the acid for the acidic aqueous solution, one of three kinds of acids, nitric
acid, citric acid, or lactic acid, was used. Cross flow filtration was carried out for
both the acidic aqueous solution and the aqueous sodium hydroxide solution at an
operating temperature of 50°C and a membrane surface linear velocity of 20 em/sec.,
utilizing the discharge pressure of a pump. The acid washing was carried out for 60
minutes, and the alkali washing was carried out for 30 minutes, while the filtrate was
returned to the supply tank (Washing 1). Thereafter, fouling was caused by the
method of Reference Example 9, and the same washing was carried out again
(Washing 2). That is, a total of two times of washing was carried out. By the
method of Reference Example 11, the pure water flux was measured for the unused
membrane, the fouled membranes before. and after Washing 1, and the fouled

membrane after Washing 2. Thereafter, the pure water flux ratio % was calculated
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by the method of Reference Example 12 for evaluation of the effect of each of
Washing 1 and 2. The results are shown in Table 2.  In Washing 1, both the
nanofiltration membrane and the reverse osmosis membrarie showed pure water flux
ratios % of not less than 95%. Thus, the permeation flux was recovered to almost
the same levels as that of the unused membrane. Further, a similar effect was
maintained in Washing 2. Among the acidic aqueous solutions, the aqueous nitric
acid solution had the highest washing effect.
[0057]
{Reference Example 13) Alkali Washing of Ultrafiltration Membrane after
Processing of Steam Explosion-treated Rice Hull Saccharified Liquid

A fouled membrane of an ultrafiltration membrane (“SPE30”, manufactured
by Synder; molecular weight cutoff, 30,000) prepared using a steam explosion-
treated rice hull saccharified liquid by the method of Reference Example 8§ was
washed with water, and subjected to washing using an aqueous sodium hydroxide
solution at pH 12 (Washing Liquid 1). Cross flow filtration was carried out at an
operating temperature of 50°C and a membrane surface linear velocity of 20 cm/sec.,
utilizing the discharge pressure of a pumi). The washing was carried out for 30
minutes by the total circulation operation while the filtrate was returned to the supply
tank. The pure water flux was evaluated in the same manner as in Example 1.
The results are shown in Table 2.  While the pure water flux ratio % before the
washing was 73%, the washing with sodium hydroxide allowed recovery of the ratio
to 98%, which was almost equivalent to that of the unused membrane. The ratio
after Washing 2 was 98%, indicating that the washing effect was maintained.
[0058]
(Comparative Example 1) Alkali Washing of Nanofiltration Membrane and Reverse
Osmosis Membrane after Processing of Steam Explosion-treated Rice Hull

Saccharified Liquid
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By the method of Reference Example 7, a steam explosion-treated rice hull
saccharified liquid was filtered through an ultrafiltration membrane (“SPE30”,
manufactured by Synder; molecular weight cutoff, 30,000). Using the resulting
filtrate, a fouled membrane of a nanofiltration membrane (“FR60-2514”,
manufactured by ROPUR) or a reverse osmosis membrane (“FRH-2514",
manufactured by ROPUR) was prepared by the method of Reference Example 9.
This fouled membrane was washed with water, and subjected to washing using an
aqueous sodium hydroxide solution at pH 12 (Washing Liquid 1). The washing and
its evaluation were carried out in the same manner as in Example 1. As aresult, as
shown in Table 2, in Washing 1, both the nanofiltration membrane and the reverse
osmosis membrane showed pure water flux ratios % of less than 80%, indicating low
washing effects. In Washing 2, washing effects could be hardly obtained.

[0059]

(Reference Example 14) Observation of Membrane Surface of Reverse Osmosis
Membrane after Alkali Washing Following Processing of Steam Explosion-treated
Rice Hull Saccharified Liquid

Since the alkali washing, which was cffective in the washing of the
ultrafiltration membrane (Reference Example 13), was less effective in the washing
of the spiral elements of the nanofiltration membrane and the reverse osmosis
membrane (Comparative Example 1), the spiral element of the reverse osmosis
membrane after the washing in Comparative Example 1 was decomposed, and the
membrane surface was observed. As the method of the analysis, SEM-EDX was
used (SEM, “S-4800” manufactured by Hitachi, Ltd.; EDX detection, “EMAX
ENERGY EX-220" manufactured by Horiba, Litd.) In the analysis, a voltage of 20
kV was applied. For prevention of charging of substances, the sample was
subjected to sputtering of platinum for 5 seconds before the analysis. As shown in

Fig. 1, fouling with precipitates was found on the membrane surface. As shown in
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Figs. 2 to 4, the constituting components of the precipitates were calcium, carbon, and
oxygen. [t was thus assumed that the surface of the reverse osmosis membrane after the

alkali washing was fouled with calcium carbonate.
[0060]

(Comparative Example 2) Acid Washing of Nanofiltration Membrane and
Reverse Osmosis Membrane after Processing of Steam Explosion-treated Rice Hull

Saccharified Liquid

By the method of Reference Example 7, a steam explosion-treated rice hull
saccharified liquid was filtered through an ultrafiltration membrane (“SPE30”, manufactured
by Synder; molecular weight cutoff, 30,000). Using the resulting filtrate, a fouled membrane
of a nanofiltration membrane (“FR60-2514”, manufactured by ROPUR) or a reverse osmosis
membrane (“FRH-2514”, manufactured by ROPUR) was prepared by the method of
Reference Example 9. This fouled membrane was washed with water, and then subjected to
washing using an acidic aqueous solution at pH 2 (Washing Liquid 1). As the acid for the
acidic aqueous solution, one of three kinds of acids, nitric acid, citric acid, or lactic acid, was
used. The washing and its evaluation were carried out in the same manner as in Example 1.
The results are shown in Table 2. Although better effects could be obtained for both the
nanofiltration membrane and the reverse osmosis membrane compared to those in
Comparative Example 1, the pure water flux ratios % were less than 80% in Washing 1,
indicating insufficient washing effects. Moreover, in Washing 2, the washing effects

remarkably decreased similarly to Comparative Example 2.
[0061]

(Comparative Example 3) Alkali Washing and Acid Washing of Nanofiltration
Membrane and Reverse Osmosis Membrane after Processing of Steam Explosion-treated Rice
Hull Saccharified Liquid
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By the method of Reference Example 7, a steam explosion-treated rice hull
saccharified liquid was filtered through an ultrafiltration membrane {(“SPE30”,
manufactured by Synder; molecular weight cutoff, 30,000). Using the resulting
filtrate, a fouled membrane of a nanofiltration membrane (“FR60-2514”,
manufactured by ROPUR) or a reverse osmosis membrane (“FRH-2514",
manufactured by ROPUR) was prepared by the method of Reference Example 9.
This fouled membrane was washed with water, and subjected to alkali washing using
an aqueous sodium hydroxide solution at pH 12 (Washing Liquid 1), and then to acid
washing using an acidic aqueous solution at pH 2 (Washing Liquid 2). As the acid
for the acid washing liquid, one of three kinds of acids, nitric acid, citric acid, or
tactic acid, was used. The washing and its evaluation were carried out in the same
manner as in Example 1. As a result, as shown in Table 2, in Washing 1, better
effects could be obtained for both the nanofiltration membrane and the reverse
osmosis membrane compared to those in Comparative Example 1. However, the
pure water flux ratios % were less than 80%, indicating insufficient washing effects.
Moreover, although the decreases in the washing effects of Washing 2 were smaller
than those in Comparative Example 1, the washing effects could not be maintained.
[0062]

[Table 2]
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Pure Water Flux Ratio (%)
Membrane Washing Liquid 1 Washing Liquid 2 Before | Washing | Washing
Washing 1 2
Reference Ulirafilration pH12 Sodium hydroxide " 7 a8 98
Example 13 Membrane aqueous solution _—
' Nanofilraion | pH12 Sodium hyd.roxlde - — 03 63 I
Comparalive Membrane agueous solufion - 7 i
Example 1 | Reverse Osmosis pH12 Sodium hydroxide > _— “ 60 1
Membrang agueous solufion o
Nanoflration pH2 Niric acid " 4 76 52
Membrane -
Nanofitration pH2 Ciric acid o 13 75 54
Membrane _—
Nanofilration o "
- 4 7 1
Comparaiive Vlembrane pH2 Lactic acid — — 4 5 5
- —
Example 2 | Reverse Osmosis pH2 Nitic acid e M 74 53
Membrane L
Reverse Osmosis | oy Gitic acid _— o | T4 | 8
Membrane 7
N . /
Reverse OSmOSiS | - 9 | actc acid o 0 73 50
Membrane o
Nanofiraton | pH12 Sodium hy@roxlde pH2 Nitrc acid 44 77 62
Membrane agueous solution
Nanofilration | pH12 Sodium hy@roxtde oH2 Citrc acid 45 77 62
Membrane aqueous solution
. Nanofiration  [pH12 Sodium hyqromde pH2 Laclc acid 5 7% 61
Comparatve Membrane aqueous solution
Example 3 | Reverse Osmosis |pH12 Sodium hy§roxude pH2 Nitric acid M 75 80
Membrane agueous soluion
Reverse Osmosis | pH12 Sodium hygronde oH2 Citic acid 40 74 51
Membrane agueous solution
Reverse Osmosis | pH12 Sodium hyc?roxyde pH2 Lactc acid 43 75 60
Membrane aqueous soluion
Nanofiration pH2 Nitrc acid pH12 Sodium hydlromde 5 08 98
Membrane aqueous solufion
Nanofiliration pH2 Giric acid pH 12 Sodium hyc!rox‘de a4 06 96
Membrane agueous solution
Nanofilration pH2 Lactc acid pH12 Sodium hy@roxxde 3 6 96
Example 1 Membrane aqueous solution
Reverse Osmosis pH2 Nirlc acid pH12 Sodium hyd.r(»ude 43 98 98
Membrane agueous solution
Reverse Osmosis pH2 Citrc acid pH12 Sodium hyd.roxxde 42 96 9%
Membrane aqueous solution
Reverse Osmosis pH2 Lactic acid pH12 Sodium hydlromde 44 % 9%
Membrane aqueous solution |
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[0063]
(Example 2) Influences of Ultrafiltration Membrane Treatment on Nanofiltration
Membrane Washing and Reverse Osmosis Membrane Washing

A fouled membrane of a nanofiltration membrane (“FR60-2514”,
manufactured by ROPUR) or a reverse osmosis membrane (“FRH-25147,
manufactured by ROPUR) was prepared by the method of Reference Example 9.
The preparation of the fouled membrane was carried out using the steam explosion-
treated rice hull saccharified liquid (without ultrafiltration membrane ireatment) in
Reference Example 2, a filtrate obtained by processing the steam explosion-treated
rice hull saccharified liquid in Reference Example 2 through Ultrafiltration
Membrane 1 (“UFpHt series GR40PP” manufactured by Alfa-Laval; molecular
weight cutoff, 100,000), or a filtrate obtained by processing the steam explosion-
treated rice hull saccharified liquid in Reference Example 2 through Ultrafiltration
Membrane 2 (“UFpHLt series GR51PP” manufactured by Alfa-Laval; molecular
weight cutoff, 50,000) under the conditions in Reference Example 7. The three
kinds of fouled membranes were washed with water, and subjected to acid washing
with an aqueous nitric acid solution at pH 2 (Washing Liquid 1), and then to alkali
washing using an aqueous sodium hydroxide solution at pH 12 (Washing Liquid 2).
The washing and its evaluation were carried out in the same manner as in Example 1.
The results are shown in Table 3. Based on comparison between the present results
and the results of Example 1, it was shown that processing of the saccharified liquid
with an ultrafiltration membrane increases the effect of the two-step washing in
which acid washing is carried out followed by alkali washing, and that processing
with an ultrafiltration membrane with a molecular weight cutoff of not more than
50,000 further increases the effect of the two-step washing.
[0064]
{Table 3]
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Uttrafiltration

Pure Water Flux Rato (%)
Nanofitration Ultafiration PH12 Sodium hydroxide
Membraneq 2qUeous solution

Membrane

Membrane PH2 Niic agig n
Nenofiraton Ultrafilraton e PH12 Sodium hydroxide /
Reverse Osmosis Ultafifragon PH12 Sedigm hydroxige
aqueous sofution

Membrane Membranep | PH2 Nitic acig
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[0065]

(Example 3) Washing Effects on Fouling of Nanofiltration Membrane and Reverse Osmosis

Membrane in Cases Where Saccharified Liquid Does Not Contain Calcium

By the method of Reference Example 7, the saccharified liquid prepared in Reference
Example 3 was filtered through an ultrafiltration membrane (“SPE30”, manufactured by
Synder; molecular weight cutoff, 30,000). Using the resulting filtrate, a fouled membrane of a
nanofiltration membrane (“FR60-2514”, manufactured by ROPUR) or a reverse osmosis
membrane (“FRH-2514", manufactured by ROPUR) was prepared by the method of
Reference Example 9. This fouled membrane was washed with water, and subjected to acid
washing using an aqueous nitric acid solution at pH 2 (Washing Liquid 1), and then to alkali
washing using an aqueous sodium hydroxide solution at pH 12 (Washing Liquid 2). The
washing and its evaluation were carried out in the same manner as in Example 1. As a result,
as shown in Table 4, although the effects were rather lower than those in Example 1, the pure

water flux ratios % exceeded 80%, indicating sufficient washing effects.

[0066]
[Table 4]
ca?* Pure Water Flux Ratio (%)
Membrane mg/L Washing Liquid 1 Washing Liquid 2 Befo_re Washing 1 | Washing 2
Washing
Nanofiltration - . pH12 Sodium hydroxide
Membrane 0 pH2 Nitric acid aqueous solution 43 84 85
Reverse . .
: . . pH12 Sodium hydroxide
M%Sr:]nb?‘:fe 0 pH2 Nitric acid aqueous solution 41 82 82
[0067]

(Example 4) Influences of Water Washing after Filtration of Saccharified Liquid on

Washing of Nanofiltration Membrane and Reverse Osmosis Membrane

By the method of Reference Example 7, a steam explosion-treated rice hull

saccharified liquid was filtered through an ultrafiltration membrane (“SPE30”,
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manufactured by Synder; molecular weight cutoff, 30,000). Using the resulting
filtrate, a fouled membrane of a nanoﬁltrétion membrane (“FR60-2514”,
manufactured by ROPUR) or a reverse osmosis membrane (“FRH-2514",
manufactured by ROPUR) was prepared by the method of Reference Example 8.
Without water washing, this fouled membrane was subjected to acid washing with an
aqueous nitric acid solution at pH 2 (Washing Liquid 1), and then to alkali washing
using an aqueous sodium hydroxide solution at pH 12 (Washing Liquid 2). The
washing and its evaluation were carried out in the same manner as in-Example 1.

As aresult, as shown in Table 5, washing effects could be obtained even without

water washing after the filtration, although the effects were rather lower than those in

Example 1.

[0068]

[Table 5]

Pure Water Flux Ratio (%)
Membrane Washing Liquid 1 Washing Liquid 2 Befo‘re Washing 1 | Washing 2
Washing
Nanofitration oH2 Nitic acid pH12 Sodium hyquX|de 43 85 85
Membrane agqueous solution
Reverse Osmosis pH2 Nitic acid pH12 Sodium hyqromde a 83 82

Membrane aqueous solution

[0069]

(Example 5) Acid Washing and Alkali Washing of Reverse Osmosis Membrane after
Processing of Pulp Saccharified Liquid

By the method of Reference Example 7, a pulp saccharified liquid was
filtered through an ultrafiltration membrane (“SPE30”, manufactured by Synder;
molecular weight cutoff, 30,000). Using the resulting filtrate, a fouled membrane
of a reverse osmosis membrane (“FRH-2514", manufactured by ROPUR) was
prepared by the method of Reference Example 9. This fouled membrane was
washed with water, and subjected to acid washing using an acidic aqueous solution at

pH 2 (Washing Liquid 1), and then to alkali washing using an aqueous sodium
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hydroxide solution at pH 12 (Washing Liquid 2).
[0070]

As the acid for the acidic aqueous solution, nitric acid was used. Cross flow filtration
was carried out for both the acidic aqueous solution and the aqueous sodium hydroxide
solution at an operating temperature of 50°C and a membrane surface linear velocity of
20 cm/sec., utilizing the discharge pressure of a pump. The acid washing was carried out for
60 minutes, and the alkali washing was carried out for 30 minutes, while the filtrate was
returned to the supply tank Washing 1). Thereafter, fouling was caused by the method of
Reference Example 9, and the same washing was carried out again (Washing 2). That is, a
total of two times of washing was carried out. By the method of Reference Example 11, the
pure water flux was measured for the unused membrane, the fouled membranes before and
after Washing 1, and the fouled membrane after Washing 2. Thereafter, the pure water flux
ratio % was calculated by the method of Reference Example 12 for evaluation of the effect of
each of Washing 1 and 2. The results are shown in Table 6. In Washing 1, the pure water flux
ratio % exceeded 95%, indicating that the permeation flux was recovered to almost the same

level as that of the unused membrane. Further, a similar effect was maintained in Washing 2.

[0071]
[Table 6]
Pure Water Flux Ratio (%)
Membrane | Washing Liquid 1 Washing Liquid 2 Before . .
Washing Washing 1 | Washing 2
Reverse pH12 Sodium
Example 5 Osmosis pH2 Nitric acid hydroxide aqueous 45 96 96
Membrane solution
. Reverse pH12 Sodium
Cé’g‘r’:' Iaet'ze Osmosis hydroxide 44 65 45
P Membrane aqueous solution
Comparative Reverse
ExaEn le 5 Osmosis pH2 Nitric acid 44 72 56
P Membrane
. Reverse pH12 Sodium
ng’:rﬁ:“ée Osmosis hydroxide pH2 Nitric acid 43 76 65
P Membrane | aqueous solution
[0072]

(Comparative Example 4) Alkali Washing of Reverse Osmosis Membrane after
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Processing of Pulp Saccharified Liquid »

By the method of Reference Example 7, a pulp saccharified liquid was
filtered through an ultrafiltration membrane (“SPE30”, manufactured by Synder;
molecular weight cutoff, 30,000). Using the resulting filtrate, a fouled membrane
of a reverse osmosis membrane (“FRH-2514”, manufactured by ROPUR) was
prepared by the method of Reference Example 9.  This fouled membrane was
washed with water, and subjected to washing using an aqueous sodium hydroxide
solution at pH 12 (Washing Liquid 1). The washing and its evaluation were carried
out in the same manner as in Example 5. The results are shown in Table 6. In
Washing 1, the pure water flux ratio % was less than 80%, indicating a low washing
effect. In Washing 2, a washing effect could be hardly obtained.

[0073]
(Comparative Fxample 5) Acid Washing of Reverse Osmosis Membrane after
Processing of Pulp Saccharified Liquid

By the method of Reference Example 7, a pulp saccharified liquid was
filtered through an ultrafiltration membrane (“SPE30”, manufactured by Synder;
molecular weight cutoff, 30,000). Using the resulting filtrate, a fouled membrane
of a reverse osmosis membrane (“FRH-2514”, manufactured by ROPUR) was
prepared by the method of Reference Example 9. This fouled membrane was
washed with water, and subjected to washing using an acidic aqueous solution at pH
2 (Washing Liquid 1). As the acid for the acidic aqueous solution, nitric acid was
used. The washing and its evaluation were carried out in the same manner as in
Example 5. The results are shown in Table 6. In Washing 1, the pure water flux
ratio % was less than 80%, indicating an insufficient washing effect.” In Washing 2,
the washing effect remarkably decreased.

[0074]

(Comparative Example 6) Alkali Washing and Acid Washing of Reverse Osmosis
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Membrane after Processing of Pulp Saccharified Liquid

By the method of Reference Example 7, a pulp saccharified liquid was
filtered through an ultrafiltration membrane (“SPE30”, manufactured by Synder;
molecular weight cutoff, 30,000). Using the resulting filtrate, a fouled membrane
of a reverse osmosis membrane (“FRH-2514", manufactured by ROPUR) was
prepared by the method of Reference Example 9. This fouled membrane was
washed with water, and subjected to alkali washing using an aqueous sodium
hydroxide solution at pH 12 (Washing Liquid 1), and then to acid washing using an
acidic aqueous solution at pH 2 (Washing Ligquid 2). As the acid for the acid
washing liquid, nitric acid was used. The washing and its evaluation were carried
out in the same manner as in Example 5. The results are shown in Table 6. In
Washing 1, the pure water flux ratio % was less than 80%, indicating an insufficient
washing effect. Moreover, the washing effect could not be maintained.
[0075]
(Example 6) Acid Washing and Alkali Washing of Nanofiltration Membrane after
Processing of Ammonia-treated Bagasse Saccharified Liquid

By the method of Reference Example 7, an ammonia-treated bagasse
saccharified liquid was filtered through an ultrafiltration membrane (“SPE307,
manufactured by Synder; molecular weight cutoff, 30,000). Using the resulting
filtrate, a fouled membrane of a flat sheet membrane cut out of a nanofiltration
membrane (“IFR60-2514”, manufactured by ROPUR) was prepared by the method of
Reference Example 10. This fouled membrane was washed with water, and
subjected to acid washing using an acidic aqueous solution at pH 2 (Washing Liquid
1), and then to alkali washing using an aqueous sodium hydroxide solution at pH 12
(Washing Liquid 2). The membrane separation apparatus “SEPA CF 117 (effective
membrane area, 140 cm?; manufactured by GE Osmonics) was used also for the

washing processes.
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[0076]

As the acid for the acidic aqueous solution, nitric acid was used. Cross flow filtration was
carried out for both the acidic aqueous solution and the aqueous sodium hydroxide solution at an
operating temperature of 50°C and a membrane surface linear velocity of 20 cm/sec., utilizing the
discharge pressure of a pump. The acid washing was carried out for 60 minutes, and the alkali
washing was carried out for 30 minutes, while the filtrate was returned to the supply tank
(Washing 1). Thereafter, fouling was caused by the method of Reference Example 10, and the
same washing was carried out again (Washing 2). That is, a total of two times of washing was
carried out. By the method of Reference Example 11, the pure water flux was measured for the
unused membrane, the fouled membranes before and after Washing 1, and the fouled membrane
after Washing 2. Thereafter, the pure water flux ratio % was calculated by the method of
Reference Example 12 for evaluation of the effect of each of Washing 1 and 2. The results are
shown in Table 7. In Washing 1, the pure water flux ratio % exceeded 95%, indicating recovery to

almost the same level as that of the unused membrane. Further, a similar effect was maintained in

Washing 2.

[0077]
[Table 7]
Pure Water Flux Ratio (%)
Membrane Washing Liquid 1 | Washing Liquid 2 Before . .
Washing Washing 1 | Washing 2
. pH12 Sodium
Examples | Nanofitration | o i acid hydroxide 54 98 98
Membrane :
aqueous solution
Comparative | Nanofiltration pH12 So.d'um
Example 7 Membrane hydroxide 53 73 60
aqueous solution
Comparative | Nanofiltration - .
Example 8 Membrane pH2 Nitric acid 52 66 60
. . pH12 Sodium
Comparative | Nanofitration hydroxide pH2 Nitric acid 55 78 65
P aqueous solution
[0078]

(Comparative Example 7) Alkali Washing of Nanofiltration Membrane after Processing

of Ammonia-treated Bagasse Saccharified Liquid
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By the method of Reference Example 7, an ammonia-treated bagasse
saccharified liquid was filtered through an ultrafiltration membrane (“SPE30”,
manufactured by Synder; molecular weight cutoff, 30,000).  Using the resulting
filtrate, a fouled membrane of a flat sheet membrane cut out of a nanofiltration
membrane (“FR60-2514”, manufactured by ROPUR) was prepared by the method of
Reference Example 10. This fouled membrane was washed with water, and
subjected to washing using an aqueous sodium hydroxide solution at pIf 12
(Washing Liquid 1). The washing and its evaluation were carried out in the same
manner as in Example 6.  The results are shown in Table 7. In Washing 1, the
pure water flux ratio % was less than 80%, indicating a low washing effect.
Moreover, in Washing 2, a washing effect could be hardly obtained.

[0079]
(Comparative Example 8) Acid Washing of Reverse Osmosis Membrane after
Processing of Ammonia-treated Bagasse Saccharified Liquid

By the method of Refercnee Example 7, an ammonia-treated bagasse
saccharified liquid was filtered through an ultrafiltration membrane (“SPE30,
manufactured by Synder; molecular weight cutoft, 30,000).  Using the resulting
filtrate, a fouled membrane of a flat sheet membrane cut out of a nanofiltration
membrane (“FR60-2514”, manufactured by ROPUR) was prepared by the method of
Reference Example 10. This fouled membrane was washed with water, and
subjected to washing using an acidic aqueous solution at pH 2 (Washing Liquid 1).
As the acid for the acidic aqueous solution, nitric acid was used. The washing and
its evaluation were carried out in the same manner as in Example 6.  The results are
shown in Table 7. In Washing 1, the pure water flux ratio % was less than §0%,
indicating an insufficient washing effect.‘ Moreover, in Washing 2, the washing
effect remarkably decreased.

[0080]
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(Comparative Example 9) Alkali Washing and Acid Washing of Nanofiltration
Membrane after Processing of Ammonia-treated Bagasse Saccharified Liquid

By the method of Reference Example 7, an ammonia-treated bagasse
saccharified liquid was filtered through an ultrafiltration membrane (“SPE30”,
manufactured by Synder; molecular weight cutoft, 30,000). Using the resulting
filtrate, a fouled membrane of a flat sheet membrane cut out of a nanofiltration
membrane (“FR60-2514”, manufactured by ROPUR) was prepared by the method of
Reference Example 10. This fouled membrane was washed with water, and
subjected to alkali washing using an aqueous sodium hydroxide solution at pH 12
(Washing Liquid 1), and then to acid washing using an acidic aqueous solution at pH
2 (Washing Liquid 2).  As the acid for the acid washing liquid, nitric acid was used.
The washing and its evaluation were carried out in the same manner as in Example 6.
The results are shown in Table 7. In Washing 1, the pure water flux ratio % was
less than 80%, indicating an insufficient washing effect. Moreover, in Washing 2,
the washing effect remarkably decreased.
[0081]
(Example 7) Acid Washing and Alkali Washing of Reverse Osmosis Membrane after
Processing of Dilute Sulfuric Acid-treated Corn Cob Saccharified Liquid

By the method of Reference Example 7, a dilute sulfuric acid-treated corn cob
saccharified liquid was filtered through an ultrafiltration membrane (“SPE307,
manufactured by Synder; molecular weight cutoff, 30,000). Using the resulting
filtrate, a fouled membrane of a reverse osmosis membrane (“FRH-2514",
manufactured by ROPUR) was prepared by the method of Reference Example 9.
This fouled membrane was washed with water, and subjected to acid washing using
an acidic aqueous solution at pH 2 (Washing Liquid 1), and then to alkali washing
using an aqueous sodium hydroxide solution at pH 12 (Washing Liquid 2).
[0082]
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As the acid for the acidic aqueous solution, nitric acid was used. Cross flow filtration was
carried out for both the acidic aqueous solution and the aqueous sodium hydroxide solution at an
operating temperature of 50°C and a membrane surface linear velocity of 20 cm/sec., utilizing the
discharge pressure of a pump. The acid washing was carried out for 60 minutes, and the alkali
washing was carried out for 30 minutes, while the filtrate was returned to the supply tank
(Washing 1). Thereafter, fouling was caused by the method of Reference Example 9, and the same
washing was carried out again (Washing 2). That is, a total of two times of washing was carried
out. By the method of Reference Example 11, the pure water flux was measured for the unused
membrane, the fouled membranes before and after Washing 1, and the fouled membrane after
Washing 2. Thereafter, the pure water flux ratio % was calculated by the method of Reference
Example 12 for evaluation of the effect of each of Washing | and 2. As a result, as shown in Table
8, the pure water flux ratio % exceeded 95% in Washing 1, indicating recovery to almost the same

level of permeation flux as that of the unused membrane. Further, a similar effect was maintained

in Washing 2.
[0083]
[Table 8]
Pure Water Flux Ratio (%)
Membrane Washing Liquid 1 | Washing Liquid 2 Before . .
Washing Washing 1 | Washing 2
Reverse pH12 Sodium
Example 7 Osmosis pH2 Nitric acid hydroxide 46 98 96
Membrane aqueous solution
. Reverse pH12 Sodium
CEc))(raan:a:zt;voe Osmosis hydroxide 45 68 47
P Membrane aqueous solution
. Reverse
Céc)a(r:;a:zt;vr Osmosis pH2 Nitric acid 45 70 54
P Membrane
. Reverse pH12 Sodium
Comparafive | Osmosis hydroxide pH2 Nitric acid 43 77 63
P Membrane aqueous solution
[0084]

(Comparative Example 10) Alkali Washing of Reverse Osmosis Membrane after Processing

of Dilute Sulfuric Acid-treated Corn Cob Saccharified Liquid

By the method of Reference Example 7, a dilute sulfuric acid-treated corn cob
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saccharified liquid was filtered through an ultrafiltration membrane (“SPE30”, manufactured
by Synder; molecular weight cutoff, 30,000). Using the resulting filtrate, a fouled membrane
of a reverse osmosis membrane (“FRH-2514”, manufactured by ROPUR) was prepared by
the method of Reference Example 9. This fouled membrane was washed with water, and
subjected to washing using an aqueous sodium hydroxide solution at pH 12 (Washing
Liquid 1). The washing and its evaluation were carried out in the same manner as in
Example 5. The results are shown in Table 8. In Washing 1, the pure water flux ratio %

was less than 80%, indicating a low washing effect. In Washing 2, a washing effect could

be hardly obtained.

[0085]

(Comparative Example 11) Acid Washing of Reverse Osmosis Membrane after Processing of

Dilute Sulfuric Acid-treated Corn Cob Saccharified Liquid

By the method of Reference Example 7, a dilute sulfuric acid-treated corn cob
saccharified liquid was filtered through an ultrafiltration membrane (“SPE30”, manufactured
by Synder; molecular weight cutoff, 30,000). Using the resulting filtrate, a fouled membrane
of a reverse osmosis membrane (“FRH-2514", manufactured by ROPUR) was prepared by the
method of Reference Example 9. This fouled membrane was washed with water, and
subjected to washing using an acidic aqueous solution at pH 2 (Washing Liquid 1). As the
acid for the acidic aqueous solution, nitric acid was used. The washing and its evaluation
were carried out in the same manner as in Example 7. The results are shown in Table 8.

In Washing 1, the pure water flux ratio % was less than 80%, indicating an insufficient

washing effect. Moreover, in Washing 2, the washing effect remarkably decreased.
[0086]

(Comparative Example 12) Alkali Washing and Acid Washing of Reverse Osmosis

Membrane after Processing of Dilute Sulfuric Acid-treated Corn Cob Saccharified Liquid
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By the method of Reference Example 7, a dilute sulfuric acid-treated corn cob
saccharified liquid was filtered through an ultrafiltration membrane (“SPE30”, manufactured
by Synder; molecular weight cutoff, 30,000). Using the resulting filtrate, a fouled membrane
of a reverse osmosis membrane (“FRH-2514”, manufactured by ROPUR) was prepared by the
method of Reference Example 9. This fouled membrane was washed with water, and
subjected to alkali washing using an aqueous sodium hydroxide solution at pH 12
(Washing Liquid 1), and then to acid washing using an acidic aqueous solution at pH 2
(Washing Liquid 2). As the acid for the acid washing liquid, nitric acid was used. The
washing and its evaluation were carried out in the same manner as in Example 7. As a result,
as shown in Table 8, better effects could be obtained in Washing 1 for the reverse osmosis
membrane, compared to those in Comparative Example 1. However, the pure water flux ratio
% was less than 80%, indicating an insufficient washing effect. Moreover, the washing effect

could not be maintained.
INDUSTRIAL APPLICABILITY
[0087]

The method for producing a sugar liquid of the present invention provides a method
for producing a sugar liquid, comprising a step of filtration through a nanofiltration membrane
and/or reverse osmosis membrane, wherein fouling of the membrane(s) caused by the
influence of organic substances and inorganic ions is removed by washing. Thus, the

membrane(s) can be repeatedly used, and a purified sugar liquid can be efficiently obtained.
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CLAIMS:
1. A method for producing a sugar liquid, said method comprising:

a step of filtering a saccharified liquid derived from cellulose-containing biomass,

through a nanofiltration membrane and/or reverse osmosis membrane; and

a two-step washing step of washing said nanofiltration membrane and/or reverse
osmosis membrane after said filtration, with an acid washing liquid and then with an alkali
washing liquid, wherein said acid washing liquid contains one or more acids selected from the

group consisting of nitric acid, citric acid, phosphoric acid, lactic acid, and acetic acid.

2. The method for producing a sugar liquid according to claim 1, comprising a water

washing step before said two-step washing step.

3. The method for producing a sugar liquid according to claim 1 or 2, wherein said
saccharified liquid is filtered through an ultrafiltration membrane to obtain a filtrate, and said
filtrate is subjected to said step of filtration through a nanofiltration membrane and/or reverse

osmosis membrane.

4. The method for producing a sugar liquid according to claim 3, wherein the molecular

weight cutoff of said ultrafiltration membrane is not more than 50,000.

5. The method for producing a sugar liquid according to any one of claims 1 to 4,

wherein said saccharified liquid contains calcium.

6. The method for producing a sugar liquid according to any one of claims 1 to 5,

wherein the pH of said acid washing liquid is not more than 3.

7. The method for producing a sugar liquid according to any one of claims 1 to 6,

wherein the pH of said alkali washing liquid is not less than 9.

8. The method for producing a sugar liquid according to any one of claims 1 to 7,
wherein said alkali washing liquid contains one or more selected from the group consisting of

sodium hydroxide, potassium hydroxide, and ammonia.

9. The method for producing a sugar liquid according to any one of claims 1 to 8,

wherein said two-step washing step is repeatedly carried out.

Date regue/Date Received 2021-05-10
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