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ACID-TYPE CARBOXYMETHYLATED
CELLULOSE NANOFIBER AND
PRODUCTION METHOD THEREOF

TECHNICAL FIELD

[0001] The present invention relates to an acid-type car-
boxymethylated cellulose nanofiber and a production
method thereof.

BACKGROUND ART

[0002] There is known a technique of mercerizing a cel-
Iulose-based raw material and thereafter reacting the resul-
tant with monochloroacetic acid or sodium monochloroac-
etate thereby to introduce a carboxymethyl group into
cellulose (for example, see Patent Document 1). In the
cellulose to which the carboxymethyl group is introduced,
the carboxymethyl group is negatively charged in the solu-
tion. Therefore, when the cellulose to which the carboxym-
ethyl group is introduced is fibrillated in the solvent, the
dispersion liquid of a cellulose nanofiber is obtained (for
example, see Patent Document 2).

[0003] The cellulose nanofiber is a biodegradable water-
dispersible material. Since the cellulose nanofiber obtained
by the aforementioned method is in the form of dispersion
liquid, it can also be modified by blending with various
water-soluble polymers or complexing with an organic or
inorganic pigment. Also, the cellulose nanofiber can be
transformed into a sheet or a fiber. Taking advantage of such
properties, developing novel highly functional commercial
products by applying the cellulose nanofiber to highly
functional packaging materials, transparent organic sub-
strate members, highly functional fibers, separation mem-
branes, regenerative medical materials, and the like are
studied.

[0004] For using the cellulose nanofiber as a thickener, a
gelling agent, a shape retention agent, an emulsification
stabilizer, a dispersion stabilizer, and the like, a method for
producing aqueous dispersion of a partial acid-type CMC
salt nanofiber has been proposed (for example, see Patent
Document 3).

[0005] Also, in consideration of the application to the
aforementioned uses, it is preferable to produce high con-
centration dispersion liquid of the cellulose nanofiber. How-
ever, when the concentration of the dispersion liquid of the
cellulose nanofiber is high, the viscosity thereof becomes
excessively high. Thus, a problem in terms of handling
properties may arise.

[0006] Inview of such a problem, a technique for improv-
ing the fluidity of the cellulose nanofiber to which the
carboxymethyl group is introduced has been proposed (for
example, see Patent Document 4).

[0007] Patent Document 4 discloses a method for produc-
ing cellulose nanofiber dispersion liquid having excellent
fluidity by containing a certain amount of monovalent or
divalent metal ions in anion modified cellulose nanofiber
dispersion liquid. In the Document, a carboxy group and a
carboxymethyl group are exemplified as anionic modifica-
tions.

PRIOR ART DOCUMENTS

Patent Documents

Patent Document 1: JP-A-H10-251301
Patent Document 2: JP-A-2011-195738

[0008]
[0009]
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[0010] Patent Document 3: JP-B-5727660
[0011] Patent Document 4: WO-A1-2013-137140
SUMMARY OF INVENTION
Problem to be Solved by the Invention
[0012] In the cellulose nanofiber produced by the produc-

tion method disclosed in the Patent Document 3, a part of the
introduced carboxymethyl group is the alkali salt type, and
the residue is the acid type. In some use applications of the
cellulose nanofiber, it may be preferable that the ratio of the
introduced salt-type carboxymethyl group may be prefer-
ably as small as possible.

[0013] However, as understood from the result of Com-
parative Example (Y) of the Patent Document 3, when
minimizing the ratio of the salt-type carboxymethyl group
introduced thereto as small as possible, there is a problem
that an intended acid-type cellulose nanofiber cannot be
produced by a known production method.

[0014] Also, in the cellulose nanofiber dispersion liquid
obtained in the method described in the Patent Document 4,
it is inferred that the effect of excellent fluidity is due to the
reason that the cellulose nanofibers are partially bonded with
each other by containing monovalent or divalent metal ions
in the anion modified cellulose nanofiber dispersion liquid to
decrease the number of fibers in the dispersion liquid.
Therefore, it is inferred that the intended effect of excellent
fluidity may not be achieved because the monovalent or
divalent metal ions are deposited as a metal chloride by
subjecting to the acid treatment with hydrochloric acid or the
like. Also, since the cellulose nanofibers are partially bound
with each other by including the metal ions, there is a
concern that the fiber length or the fiber diameter may
increase.

[0015] Therefore, there is room for improvement in apply-
ing, to a novel highly functional commercial product, the
cellulose nanofiber dispersion liquid where the carboxym-
ethyl group is introduced and the metal salt is substituted
with the proton.

[0016] An object of the present invention is to provide an
acid-type carboxymethylated cellulose nanofiber in which
the viscosity is not excessively high in dispersion liquid and
the introduced carboxymethyl group is desalted to convert
the acid type, and a production method thereof.

Means for Solving Problem

[0017] The present inventors have intensively conducted
research on the aforementioned problem, and found that the
problem can be solved by introducing the carboxymethyl
group and thereafter performing the desalting treatment with
a cation exchange resin to convert the acid type. Thus, the
present invention has been accomplished.

[0018] That is, the present inventors provide the following
[1] to [9]:

[1] An acid-type carboxymethylated cellulose nanofiber,
wherein a degree of substitution with carboxymethyl group
per glucose unit is 0.01 to 0.50, and a B-type viscosity in
aqueous dispersion with a concentration of 0.95 to 1.05% by
mass is 1000 mPa-s or more under a condition of 60 rpm and
20° C., and 7000 mPa-s or more under a condition of 6 rpm
and 20° C.
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[2] The acid-type carboxymethylated cellulose nanofiber
according to [1], wherein a ratio of a carboxy group deter-
mined by the following formula (1) is 40% or more:

a ratio (%) of carboxy group=(an amount of the car-
boxy group/an amount of the carboxy group
and an amount of a carboxylate group)x100. (1):

[3] The acid-type carboxymethylated cellulose nanofiber
according to [1] or [2], wherein a light transmittance thereof
at a wavelength of 660 nm in the aqueous dispersion with a
concentration of from 0.95 to 1.05% by mass is 65% or
more.

[4] A method for producing an acid-type carboxymethylated
cellulose nanofiber comprising: a fibrillation process of
fibrillating carboxymethylated cellulose; and a desalting
process of performing a desalting treatment through a cation
exchange reaction, wherein the desalting process is a process
of performing the desalting treatment with a cation exchange
resin.

[5] The method for producing an acid-type carboxymethyl-
ated cellulose nanofiber according to [4], wherein the car-
boxymethylated cellulose is obtained by subjecting a cellu-
lose-based raw material to a mercerization treatment with a
mercerizing agent and then reacting the resultant with a
carboxymethylating agent.

[6] The method for producing an acid-type carboxymethyl-
ated cellulose nanofiber according to [5], wherein the mer-
cerizing agent is an alkali metal hydroxide.

[7] The method for producing an acid-type carboxymethyl-
ated cellulose nanofiber according to [5] or [6], wherein the
carboxymethylating agent is a compound represented by the
following general formula (1):

[Chemical formula 1]

M
(€]

P

X—CH; 0—M;

(in the general formula (1), X represents a halogen atom, and
M, represents a hydrogen atom or an alkali metal).

[8] The method for producing an acid-type carboxymethyl-
ated cellulose nanofiber according to any one of [4] to [7],
wherein the fibrillation process is a process of fibrillating the
carboxymethylated cellulose to obtain a carboxymethylated
cellulose nanofiber salt, and the desalting process is a
process of desalting the carboxymethylated cellulose nano-
fiber salt with the cation exchange resin.

[9] The method for producing an acid-type carboxymethyl-
ated cellulose nanofiber according to any one of [4] to [8],
further comprising: a viscosity lowering process of subject-
ing the carboxymethylated cellulose to a viscosity lowering
treatment.

Effect of the Invention

[0019] According to the present invention, there can be
provided an acid-type carboxymethylated cellulose nanofi-
ber in which the viscosity is not excessively high in disper-
sion liquid and the introduced carboxymethyl group is
desalted to convert the acid type, and a production method
thereof.
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EMBODIMENTS FOR CARRYING OUT THE
INVENTION

[0020] Hereinafter, the present invention will be described
in detail in conformity with suitable embodiments.

[0021] Incidentally, in this specification, a carboxy group
indicates a group represented by —COOH, and a carboxy-
late group indicates a group represented by —COO~. The
counter cation of the carboxylate group is not particularly
limited. Examples thereof may include alkali metal ions
such as a sodium ion and a potassium ion.

[0022] [1. Acid-Type Carboxymethylated Cellulose Nano
Fiber]
[0023] The acid-type carboxymethylated cellulose nano-

fiber of the present invention is obtained by desalting the
carboxymethyl group to convert the acid type. In addition, in
the acid-type carboxymethylated cellulose nanofiber of the
present invention, the degree of substitution with carboxym-
ethyl group per glucose unit is from 0.01 to 0.50, and the
B-type viscosity in aqueous dispersion with a concentration
of from 0.95 to 1.05% by mass is 1000 mPa-s or more under
the condition of 60 rpm and 20° C., and 7000 mPa-s or more
under the condition of 6 rpm and 20° C.

[0024] When the carboxymethyl group is desalted with the
cation exchange resins to convert the acid type, the acid-type
carboxymethylated cellulose nanofiber satisfies the afore-
mentioned two requirements of the B-type viscosity in
aqueous dispersion with a concentration of from 0.95 to
1.05% by mass.

[0025] The degree of substitution with carboxymethyl in
the acid-type carboxymethylated cellulose nanofiber of the
present invention is from 0.01 to 0.50, preferably from 0.01
to 0.40, and more preferably from 0.05 to 0.35. Since the
celluloses to which the carboxymethyl group is introduced
electrically repel each other, such cellulose can be easily
fibrillated to a nano-order fiber diameter. When the degree of
substitution with carboxymethyl group per glucose unit is
less than 0.01, the electrical repelling force is so small that
the cellulose cannot be sufficiently fibrillated in some cases.
On the other hand, when the degree of substitution with
carboxymethyl group per glucose unit exceeds 0.50, the
acid-type carboxymethylated cellulose nanofiber is swollen
or dissolved, and cannot retain the fiber form. Accordingly,
the cellulose cannot be obtained as fibers in some cases.

[0026] The degree of substitution with carboxymethyl
group per glucose unit can be calculated by the following
method. About 2.0 g (bone dry) of carboxymethylated
cellulose is precisely weighed, and placed in a 300-mL
stoppered Erlenmeyer flask. Into the flask, 100 mL of liquid
obtained by adding 100 mL of special grade concentrated
nitric acid to 1000 mL of methanol is added. The mixture is
shaken for 3 hours to convert salt-type carboxymethylated
cellulose (hereinafter, also referred to as “salt-type CM
cellulose”) into acid-type carboxymethylated cellulose
(hereinafter, also referred to as “H-type CM cellulose™). The
H-type CM cellulose (bone dry) is precisely weighed in an
amount of 1.5 to 2.0 g, and placed in a 300-mL stoppered
Erlenmeyer flask. The H-type CM cellulose is wetted with
15 mL of 80% methanol, and added with 100 mL of 0.1 N
NaOH. The mixture is shaken at room temperature for 3
hours. Using phenolphthalein as an indicator, excess NaOH
is back titrated with 0.1N H,SO,. The degree of substitution
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(DS) with carboxymethyl group can be calculated according
to the following formula:

A=[(100xF-(0.IN H,SO, (mL))xF")x0.1]/(bone dry
mass (g) of H-type CM cellulose)

DS=0.162xA/(1-0.058xA)

[0027] A: amount (mL) of IN NaOH necessary to neu-
tralize 1 g of H-type CM cellulose

F': factor of 0.1N H,SO,

F: factor of 0.1N NaOH

[0028] The degree of substitution with carboxymethyl
group of the acid-type carboxymethylated cellulose nanofi-
ber and the degree of substitution with carboxymethyl group
of the carboxymethylated cellulose usually have an identical
value.

[0029] Inthe acid-type carboxymethylated cellulose nano-
fiber of the present invention, the lower limit value of the
B-type viscosity in the aqueous dispersion with the concen-
tration of 0.95 to 1.05% by mass is 1000 mPa-s or more
under the condition of 60 rpm and 20° C., preferably 1300
mPa-s or more, more preferably 1800 mPas or more, further
preferably 3000 mPa's or more, and still more preferably
4000 mPa-s or more. The upper limit value thereof is
preferably 25000 mPa's or less, more preferably 23000
mPa-s or less, more preferably 22500 mPa-s or less, further
preferably 20000 mPa-s or less, and still more preferably
15000 mPa-s or less.

[0030] In addition, the lower limit value of the B-type
viscosity under the condition of 6 rpm and 20° C. is 7000
mPa's or more, preferably 9000 mPa's or more, more
preferably 15000 mPa-s or more, and further preferably
22500 mPa's or more. The upper limit value thereof is
preferably 150000 mPa-s or less, more preferably 130000
mPa-s or less, further preferably 100000 mPa-s or less, and
still more preferably 60000 mPa-s or less. The acid-type
carboxymethylated cellulose nanofiber of the present inven-
tion having such a viscosity can be expected to be used as
a viscosity modifier to be added to, for example, foods and
cosmetics.

[0031] Incidentally, the B type viscosity can be measured
by a known method. For example, it can be measured by
using a viscometer VISCOMETER TV-10 available from
Toki Sangyo Co., Ltd.

[0032] International Publication No. 2014/088072 is a
document published before the priority date of this applica-
tion, and is an application by the present applicant for a
carboxymethylated cellulose nanofiber which is not con-
verted into the acid-type (hereinafter, also referred to as a
“salt-type carboxymethylated cellulose nanofiber”). As
understood from Table 1 of Paragraph 0056 in the Interna-
tional Publication No. 2014/088072, the value of the B-type
viscosity of the carboxymethylated cellulose nanofiber var-
ies depending on the degree of substitution with carboxym-
ethyl group and the average fiber diameter. The degree of
substitution with carboxymethyl group and the average fiber
diameter may vary depending on the pressure of machine
processing and the number of processing operations, and the
type and amount of a raw material such as sodium hydroxide
at the time of introducing a carboxymethyl group. Therefore,
the value of the B-type viscosity can be changed by chang-
ing production conditions such as the pressure of machine
processing and the number of processing operations, the
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type and amount of a raw material such as sodium hydroxide
at the time of introducing a carboxymethyl group, and the
like.

[0033] Inthe acid-type carboxymethylated cellulose nano-
fiber of the present invention, the ratio of the carboxy group
is preferably 40% or more, more preferably 60% or more,
and further preferably 85% or more.

[0034] When the introduced carboxymethyl group is
desalted with the cation exchange resins to convert the acid
type, the ratio of the carboxy group in the acid-type car-
boxymethylated cellulose nanofiber of the present invention
satisfies the above-described requirement.

[0035] The ratio of the carboxy group can be calculated by
the following method.

[0036] First, 250 mL of 0.1% by mass slurry of a car-
boxymethylated cellulose nanofiber salt is prepared. To the
prepared slurry, 0.1M hydrochloric acid aqueous solution is
added so that the pH is adjusted to 2.5. After that, while 0.1N
sodium hydroxide aqueous solution is added, the degree of
electrical conductivity is measured until the pH reaches 11.
From the amount of sodium hydroxide (a) consumed in the
neutralization stage of weak acid in which the change in
electrical conductivity is moderate, the amount of the car-
boxy group and the amount of the carboxylate group are
calculated according to the following formula (2):

amount of carboxy group and amount of carboxylate
group (mmol/g carboxymethylated cellulose
nanofiber salt)=a (ml)x0.1/mass (g) of car-
boxymethylated cellulose nanofiber salt. (2):

[0037] Next, 250 mL of 0.1% by mass slurry of a desalted
acid-type carboxymethylated cellulose nanofiber is pre-
pared. While 0.IN sodium hydroxide aqueous solution is
added to the prepared slurry, the degree of electrical con-
ductivity is measured until the pH reaches 11. From the
amount of sodium hydroxide (b) consumed in the neutral-
ization stage of weak acid in which the change in electrical
conductivity is moderate, the amount of the carboxy group
is calculated according to the following formula (3):

amount of carboxy group (mmol/g carboxymethyl-
ated cellulose nanofiber)=b (ml)x0.1/mass (g) of
carboxymethylated cellulose nanofiber. (3):

[0038] From the calculated amount of the carboxy group
and the calculated amount of the carboxylate group, and the
calculated amount of the carboxy group, the ratio of the
carboxy group can be calculated according to the following
formula (1):

ratio (%) of carboxy group=(amount of carboxy

group/amount of carboxy group and amount of
carboxylate group)x100. (1):

[0039] Inthe acid-type carboxymethylated cellulose nano-
fiber of the present invention, the light transmittance at a
wavelength of 660 nm in the aqueous dispersion with the
concentration of 0.95 to 1.05% by mass is preferably 65% or
more, and more preferably 70% or more.

[0040] Incidentally, the light transmittance can be mea-
sured by using a UV-VIS spectrophotometer UV-265FS
(manufactured by Shimadzu Corporation).

[0041] Inthe acid-type carboxymethylated cellulose nano-
fiber of the present invention, an average fiber diameter is
preferably from 2 to 500 nm, and more preferably from 3 to
150 nm.

[0042] The average fiber length and the average fiber
diameter of the acid-type carboxymethylated cellulose nano-
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fiber can be calculated by analyzing 200 fibers, which are
randomly selected, using a field emission scanning electron
microscope (FE-SEM).

[0043] [2. Production Method]

[0044] The method for producing the acid-type carboxym-
ethylated cellulose nanofiber of the present invention
includes a fibrillation process of fibrillating carboxymeth-
ylated cellulose, and a desalting process of performing a
desalting treatment through a cation exchange reaction. The
desalting process is a process of performing the desalting
treatment with cation exchange resins.

[0045] Hereinafter, a mode of performing the fibrillation
process of fibrillating carboxymethylated cellulose to obtain
a carboxymethylated cellulose nanofiber salt and thereafter
performing the desalting process by bringing the carboxym-
ethylated cellulose nanofiber salt into contact with the cation
exchange resins to obtain an acid-type carboxymethylated
cellulose nanofiber is called “one embodiment”. Another
mode of performing the desalting process by bringing car-
boxymethylated cellulose into contact with the cation
exchange resins and thereafter performing the fibrillation
process of fibrillating the desalted carboxymethylated cel-
Iulose to obtain an acid-type carboxymethylated cellulose
nanofiber is called “another embodiment”.

[0046] In dispersion liquid of the carboxymethylated cel-
lulose nanofiber salt, a metal salt of the cellulose nanofiber
to which the carboxymethyl group was introduced was acid
treated with hydrochloric acid to substitute the metal salt
with the proton. As a result, a filtered material could not be
obtained. It is inferred that this is because the proton
exchange reaction between the carboxymethylated cellulose
nanofiber salt and the hydrochloric acid did not efficiently
proceed so that an acid-type carboxymethylated cellulose
nanofiber substituted with the proton is hardly obtained. The
reason why the proton exchange reaction does not efficiently
proceed is not known. However, it is inferred that this is
because the side reaction such that the added acid is con-
sumed by the hydrolysis reaction of a §-1,4-glycoside bond
of cellulose is proceeded.

[0047] Therefore, according to the method for producing
the acid-type carboxymethylated cellulose nanofiber of the
present invention, an acid-type carboxymethylated cellulose
nanofiber, which could not be produced in the prior art, can
be produced, and the ratio of the carboxy group can be
increased.

[0048] On the other hand, in one embodiment of the
method for producing the acid-type carboxymethylated cel-
Iulose nanofiber of the present invention, a cation salt of the
cellulose nanofiber to which the carboxymethyl group is
introduced is substituted with the proton by an acid treat-
ment with the cation exchange resins. When the acid treat-
ment is performed with the cation exchange resins, an
unnecessary by-product such as sodium chloride is not
generated. Therefore, after the acid treatment with the cation
exchange resins, an acid-type carboxymethylated cellulose
nanofiber can be obtained only by filtering out the cation
exchange resins through a metal mesh or the like.

[0049] An object to be removed as a filtered material
through a metal mesh or the like is the cation exchange
resins, and the acid-type carboxymethylated cellulose nano-
fiber is hardly removed through the diameter of the metal
mesh or the like. Therefore, it is inferred that even when
cellulose nanofibers are separated from each other to
increase the number of fibers in the dispersion liquid, a large
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amount of acid-type carboxymethylated cellulose nanofibers
having an extremely short fiber length are contained so that
the excessive increase of the viscosity in the dispersion
liquid can be suppressed.

[0050] Furthermore, a large amount of acid-type car-
boxymethylated cellulose nanofibers having a short fiber
length is contained in the filtrate, and the filtrate does not
need to be washed or dehydrated. Therefore, the acid-type
carboxymethylated cellulose nanofibers are hardly aggre-
gate. It is inferred that this also accounts for suppressing the
increase of the viscosity in the dispersion liquid.

2-1. One Embodiment

[2-1-1. Fibrillation Process]

[0051] In one embodiment, the fibrillation process is a
process of fibrillating carboxymethylated cellulose to obtain
a carboxymethylated cellulose nanofiber salt. The surface of
the carboxymethylated cellulose to which the carboxym-
ethyl group is introduced has the repelling action of the
carboxymethyl group. Thus, the nanofibers can be more
easily obtained by the fibrillation treatment. The fibrillation
treatment usually means physical fibrillation treatment.
[0052] (Carboxymethylated Cellulose)

[0053] Carboxymethylated cellulose may be a synthetic
product obtained by subjecting a cellulose-based raw mate-
rial to a mercerization treatment with a mercerizing agent
and then reacting the resultant with a carboxymethylating
agent, a synthetic product obtained by introducing a car-
boxymethyl group into a cellulose-based raw material with
a known method, or a commercially available product.
[0054] The partial structure of the carboxymethylated cel-
Iulose is shown in the following general formula (2).

[Chemical formula 2]

2
CH,—O—R

>
\ H OR

(In the general formula (2), each R independently represents
a hydrogen atom, an alkali metal or a group represented by
the general formula (3).)

[Chemical formula 3]

&)
(6]

PN

—CH; 0—M,

(In the general formula (3), M, represents a hydrogen atom
or an alkali metal.)

[0055] Examples of the alkali metal represented by R in
the general formula (2) and M, in the general formula (3)
include sodium and potassium. Among these, sodium is
preferable.
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[0056] The mercerization treatment may be usually per-
formed by mixing a cellulose-based raw material, a solvent,
and a mercerizing agent.

[0057] The cellulose-based raw material include wood-
derived kraft pulp and sulfite pulp, powdered cellulose
obtained by pulverizing the pulp using a high-pressure
homogenizer, a mill, and the like, or microcrystalline cel-
Iulose powder obtained by refining the powdered cellulose
through a chemical treatment such as acid hydrolysis. In
addition, the plant-derived cellulose-based raw materials
such as kenaf, hemp, rice, bagasse, and bamboo may also be
used. From the viewpoint of mass production and costs, it is
preferable to use powdered cellulose, microcrystalline cel-
Iulose powder, or chemical pulp such as kraft pulp or sulfite
pulp. Powdered cellulose or microcrystalline cellulose pow-
der can provide a cellulose nanofiber supplying dispersion
liquid having a low viscosity even at a high concentration.
When chemical pulp is used, it is preferable to perform a
known bleaching treatment to remove lignin. Examples of
bleached pulp include bleached kraft pulp and bleached
sulfite pulp having a brightness (ISO 2470) of 80% or more.
[0058] Powdered cellulose is a rod axis-like particle
formed by microcrystalline or crystalline cellulose, which is
obtained by removing the amorphous portion of wood pulp
by acid hydrolysis and thereafter performing pulverization
and sieving. In the powdered cellulose, the degree of polym-
erization of cellulose is from about 100 to about 500, the
crystallization degree of powdered cellulose measured by
X-ray diffraction is from 70 to 90%, and the volume average
particle diameter measured by a laser diffraction particle size
distribution apparatus is usually 100 um or less, and pref-
erably 50 um or less. When the volume average particle
diameter is 100 pm or less, a cellulose nanofiber supplying
dispersion liquid having excellent fluidity can be provided.
As such powdered cellulose, it may be prepared by refining
and drying the undecomposed residue obtained after the acid
hydrolysis of selected pulp and then performing pulveriza-
tion and sieving, and a commercially available product such
as KC Flock (registered trademark) (manufactured by Nip-
pon Paper Industries Co., Ltd.), Ceolus (registered trade-
mark) (manufactured by Asahi Kasei Chemicals Corpora-
tion), and Avicel (registered trademark) (manufactured by
FMC Corporation) may be used.

[0059] The bleaching method may be performed by com-
binations of chlorine treatment (C), chlorine dioxide bleach-
ing (D), alkali extraction (E), hypochlorite bleaching (H),
hydrogen peroxide bleaching (P), alkaline hydrogen perox-
ide treatment stage (Ep), alkaline hydrogen peroxide.oxygen
treatment stage (Eop), ozone treatment (Z), chelate treat-
ment (Q), and the like. For example, the bleaching method
may be performed at the sequence such as C/D-E-H-D,
Z-E-D-P, Z/D-Ep-D, Z/D-Ep-D-P, D-Ep-D, D-Ep-D-P,
D-Ep-P-D, Z-Eop-D-D, Z/D-Eop-D, and Z/D-Eop-D-E-D.
The “/” in the sequence indicates that the treatments before
and after “/” are consecutively performed without washing.
[0060] Furthermore, the micronized materials of the afore-
mentioned cellulose-based raw materials by using a dis-
perser such as a high-speed rotation disperser, a colloid mill
disperser, a high pressure disperser, a roll mill disperser, or
an ultrasonic disperser, or a wet-type high pressure or ultra
high pressure homogenizer, or the like, may also be used as
a cellulose-based raw material.

[0061] The solvent is preferably water and/or a lower
alcohol, and more preferably water. The used amount of the
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solvent in terms of mass is preferably from 3 to 20 times
with respect to that of the cellulose-based raw material.
[0062] Examples of the lower alcohol include alcohols
such as methanol, ethanol, n-propyl alcohol, isopropyl alco-
hol, n-butyl alcohol, isobutyl alcohol, and tertiary butyl
alcohol.

[0063] The lower alcohols may be used alone, and two or
more types thereof may also be used in combination as a
mixed medium.

[0064] When the solvent contains a lower alcohol, the
mixing ratio thereof is preferably from 60 to 95% by mass.
[0065] As the mercerizing agent, an alkali metal hydrox-
ide is preferable, and sodium hydroxide or potassium
hydroxide is more preferable. The used amount of the
mercerizing agent in terms of mole is preferably from 0.5 to
20 times per anhydroglucose residue of the cellulose-based
raw material.

[0066] The reaction temperature of the mercerization
treatment is usually from 0 to 70° C., and preferably from 10
to 60° C. The reaction time of the mercerization treatment is
usually from 15 minutes to 8 hours, and preferably from 30
minutes to 7 hours. The mercerization treatment may be
performed under stirring.

[0067] After the mercerization treatment, a carboxymeth-
ylating agent is added to the reaction system to introduce the
carboxymethyl group into the cellulose. As the carboxym-
ethylating agent, a compound represented by the following
general formula (1) is preferable, and monochloroacetic acid
and sodium monochloroacetate are more preferable. The
addition amount of the carboxymethylating agent in terms of
mole is preferably from 0.05 to 10.0 times per anhydroglu-
cose residue of the cellulose-based raw material.

[Chemical formula 4]

M
(€]

PR

X—CH; 0—M;

(In the general formula (1), X represents a halogen atom, and
M, represents a hydrogen atom or an alkali metal.)

[0068] Examples of the halogen atom represented by X in
the general formula (1) include a chlorine atom, a bromine
atom, and an iodine atom. Among these, a chlorine atom is
preferable.

[0069] Examples of the alkali metal represented by M, in
the general formula (1) include sodium and potassium.
Among them, sodium is preferable.

[0070] The reaction temperature of the carboxymethyl-
ation reaction is usually from 30 to 90° C., and preferably
from 40 to 80° C. The reaction time is usually from 30
minutes to 10 hours, and preferably from 1 hour to 4 hours.

(Fibrillation)

[0071] The fibrillation treatment may be performed by, for
example, using a known apparatus such as a high speed
shear mixer and a high pressure homogenizer after suffi-
ciently washing carboxymethylated cellulose with water.
Examples of the type of a fibrillation apparatus include a
high-speed rotation type, a colloid mill type, a high pressure
type, a roll mill type, and an ultrasonic type. These appa-
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ratuses may be used alone, and two or more types thereof
may also be used in combination.

[0072] When a high speed shear mixer is used, the shear
speed is preferably 1000 sec™' or more. When the shear
speed is 1000 sec™" or more, a uniform cellulose nanofiber
salt having few aggregation structures can be obtained.
[0073] When the high pressure homogenizer is used, the
applied pressure is preferably 50 MPa or more, more pref-
erably 100 MPa or more, and further preferably 140 MPa or
more. When the treatment is performed using a wet-type
high pressure or ultra-high pressure homogenizer with the
aforementioned pressure, the shortening fibrillation of the
carboxymethylated cellulose efficiently proceeds. Thus, a
carboxymethylated cellulose nanofiber salt having low vis-
cosity in the aqueous dispersion liquid can be efficiently
obtained.

[0074] The carboxymethylated cellulose is subjected to a
fibrillation treatment in the form of the aqueous dispersion
liquid such as water. When the concentration of the car-
boxymethylated cellulose in the aqueous dispersion liquid is
high, the viscosity sometimes excessively increases during
the fibrillation treatment. Thus, the carboxymethylated cel-
Iulose cannot fibrillate uniformly, or the apparatus some-
times stops in some cases. Therefore, the concentration of
the carboxymethylated cellulose needs to be appropriately
set depending on the treatment condition of the carboxym-
ethylated cellulose. As an example, the concentration of the
carboxymethylated cellulose is preferably from 0.3 to 50%
(w/v), more preferably from 0.5 to 10% (w/v), and further
preferably from 1.0 to 5% (w/v).

[2-1-2. Desalting Process]

[0075] In one embodiment, the desalting process is a
process of bringing the carboxymethylated cellulose nano-
fiber salt into contact with the cation exchange resins to
obtain an acid-type carboxymethylated cellulose nanofiber.
The cation salt of the carboxymethylated cellulose nanofiber
salt is substituted with the proton by bringing it into contact
with the cation exchange resins. Since the cation exchange
resins are used, an unnecessary by-product such as sodium
chloride is not generated. Therefore, after the acid treatment
with the cation exchange resins, aqueous dispersion liquid of
an acid-type carboxymethylated cellulose nanofiber can be
obtained as a filtrate only by filtering out the cation exchange
resins through a metal mesh or the like.

[0076] An object to be removed as a filtered material
through a metal mesh or the like is the cation exchange
resins, and the acid-type carboxymethylated cellulose nano-
fiber is hardly removed through the diameter of the metal
mesh or the like. Accordingly, substantially all of the acid-
type carboxymethylated cellulose nanofiber is contained in
the filtrate. The filtrate contains a large amount of the
acid-type carboxymethylated cellulose nanofiber having an
extremely short fiber length. Also, since the filtrate does not
need to be washed or dehydrated, the acid-type carboxym-
ethylated cellulose nanofiber is hardly aggregated. It is
inferred that aqueous dispersion of an acid-type carboxym-
ethylated cellulose nanofiber having a high light transmit-
tance can be obtained, and that the increase in viscosity can
be suppresed at the time of preparing the dispersion liquid of
the acid-type carboxymethylated cellulose nanofiber.

[0077] The aqueous dispersion liquid of the carboxymeth-
ylated cellulose nanofiber salt obtained in the fibrillation
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process may be used as it is for the desalting process. Also,
water may be added to decrease the concentration as nec-
essary.

[0078] As the cation exchange resin, any one of a strong
acid ion exchange resin and a weak acid ion exchange resin
may be used as long as the counter ion is H*. Among these,
the strong acid ion exchange resin is preferably used.
Examples of the strong acid ion exchange resin and the weak
acid ion exchange resin include a styrene-based resin or an
acryl-based resin, to which sulfonic acid group or carboxy
group is introduced.

[0079] The shape of the cation exchange resin is not
particularly limited, and may be various shapes such as
granules (particulate), membranes, and fibers. Among these,
particulate is preferable, from the viewpoint of efficiently
treating the carboxymethylated cellulose nanofiber salt and
facilitating the separation after the treatment. As such a
cation exchange resin, a commercially available product
may be used. Examples of the commercially available
product include Amberjet 1020, 1024, 1060, 1220 (manu-
factured by Organo Corporation), Amberlite IR-200C,
IR-120B (manufactured by Tokyo Organic Chemical Indus-
tries Co., Ltd.), Lewatit SP 112, S100 (manufactured by
Bayer AG), GEL CKOS8P (manufactured by Mitsubishi
Chemical Corporation), and Dowex S0W-X8 (manufactured
by The Dow Chemical Company).

[0080] Contact of the carboxymethylated cellulose nano-
fiber salt with the cation exchange resins may be performed,
for example, as follows. While stirring and shaking as
necessary, the granular cation exchange resins and aqueous
dispersion liquid of a carboxymethylated cellulose nanofiber
salt are mixed to bring the carboxymethylated cellulose
nanofiber salt into contact with the cation exchange resins
for a certain time, and then the cation exchange resins and
the aqueous dispersion are separated.

[0081] The concentration of the aqueous dispersion liquid
and the ratio with the cation exchange resins are not par-
ticularly limited, and the skilled person in the art may
appropriately set from the viewpoint of efficient proton
substitution. As an example, the concentration of the aque-
ous dispersion liquid is preferably from 0.05 to 10% by
mass. When the concentration of the aqueous dispersion
liquid is less than 0.05% by mass, the time required for
proton substitution may be too long. When the concentration
of the aqueous dispersion liquid exceeds 10% by mass,
sufficient proton substitution effect may not be obtained in
some cases.

[0082] Contact time is also not particularly limited, and
the skilled person in the art may appropriately set from the
viewpoint of efficient proton substitution. For example, the
contact may be performed for 0.25 to 4 hours.

[0083] At this time, the carboxymethylated cellulose
nanofiber salt is brought into contact with an appropriate
amount of cation exchange resins for a sufficient time, and
then the cation exchange resins is removed as a filtered
material by a metal mesh or the like, whereby an acid-type
carboxymethylated cellulose nanofiber may be produced.

2-2. Another Embodiment

[2-2-1. Desalting Process]|

[0084] In another embodiment, the desalting process is a
process of bringing carboxymethylated cellulose into con-
tact with the cation exchange resins. The cation salt of the
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carboxymethylated cellulose is substituted with the proton
by contacting the cation exchange resins. Since the cation
exchange resins are used, an unnecessary by-product such as
sodium chloride is not generated. Therefore, after the acid
treatment with the cation exchange resins, aqueous disper-
sion liquid of the carboxymethylated cellulose substituted
with the proton can be obtained as a filtrate only by filtering
out the cation exchange resins through a metal mesh or the
like.

[0085] An object to be removed as a filtered material
through a metal mesh or the like is the cation exchange
resins, and the proton-substituted carboxymethylated cellu-
lose is hardly removed through the diameter of the metal
mesh or the like. Accordingly, substantially all of the proton-
substituted carboxymethylated cellulose is contained in the
filtrate. Since the filtrate does not need to be washed or
dehydrated, the proton-substituted carboxymethylated cel-
Iulose is hardly aggregated. It is inferred that the excessive
increase in viscosity can be suppressed at the time of
preparing the dispersion liquid of the acid-type carboxym-
ethylated cellulose nanofiber.

[0086] The carboxymethylated cellulose can be used in the
form of aqueous dispersion liquid for the desalting process.
[0087] It is noted that the carboxymethylated cellulose is
the same as that described in the aforementioned “(Car-
boxymethylated cellulose)”. Also, the condition of the
desalting process is the same as that described in the
aforementioned “[2-1-2. Desalting process]”.

[2-2-2. Fibrillation Process]|

[0088] In another embodiment, the fibrillation process is a
process of fibrillating the proton-substituted carboxymeth-
ylated cellulose to obtain an acid-type carboxymethylated
cellulose nanofiber. The surface of the proton-substituted
carboxymethylated cellulose to which the carboxymethyl
group is introduced has the repelling action of the car-
boxymethyl group. Therefore, nanofibers can be more easily
obtained by the fibrillation treatment.

[0089] The fibrillation treatment is the same as that
described in the aforementioned “(Fibrillation)”.

2-3. Viscosity Lowering Process

[0090] Both of one embodiment and another embodiment
of the method for producing the carboxymethylated cellu-
lose nanofiber of the present invention preferably further
include a viscosity lowering process of lowering the viscos-
ity of the carboxymethylated cellulose. The viscosity low-
ering process means a process of appropriately cutting the
cellulose chain of the carboxymethylated cellulose to lower
the viscosity. This process can be any process as long as the
viscosity of the carboxymethylated cellulose is lowered.
Examples thereof include an ultraviolet irradiation treat-
ment, an oxidative decomposition treatment, and a hydro-
lysis treatment. Among these, a hydrolysis treatment is
preferable.

[0091] The aforementioned treatments may be performed
alone, and two or more types thereof may also be performed
in combination.

[0092] It is preferable to wash the carboxymethylated
cellulose before used for the viscosity lowering process,
from the viewpoint of avoiding a side reaction. The method
for washing is not particularly limited, and can be any
known method.
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[0093] (Hydrolysis Treatment)

[0094] A hydrolysis treatment is a treatment of adding an
acid or an alkali to the carboxymethylated cellulose to
hydrolyze the cellulose chain.

[0095] The reaction medium of the hydrolysis treatment is
preferably water from the viewpoint of suppressing a side
reaction.

[0096] Itis inferred that the reason why the viscosity of the
carboxymethylated cellulose can be lowered by hydrolysis
with an acid is as follows.

[0097] The hydrated layer is formed around the carboxym-
ethylated cellulose because of localizing the carboxymethyl
group on the surface of the carboxymethylated cellulose.
Therefore, it is considered that the carboxymethylated cel-
Iuloses exist in proximity with each other, and the network
is formed. When the hydrolysis is performed by addition of
acid, the balance among charges in the network may be lost
so that the strong network among cellulose molecules is lost.
As aresult, it is inferred that the specific surface area of the
carboxymethylated cellulose is increased and the shortening
fibrillation is promoted to lower the viscosity of the disper-
sion liquid.

[0098] As acid, it is preferable to use mineral acids such
as sulfuric acid, hydrochloric acid, nitric acid, or phosphoric
acid. For efficiently performing the reaction, it is preferable
to use the dispersion liquid in which the carboxymethylated
cellulose is dispersed in dispersion medium such as water.
[0099] The concentration of the carboxymethylated cellu-
lose in the dispersion medium is preferably from 0.1 to 20%
by mass, more preferably from 0.5 to 10% by mass, and
further preferably from 1 to 5% by mass.

[0100] The condition of the hydrolysis may be any con-
dition under which an acid can act on the amorphous portion
of cellulose. For example, the addition amount of the acid
relative to the bone dry mass of the carboxymethylated
cellulose is preferably from 0.01 to 0.5% by mass, and
further preferably from 0.1 to 0.5% by mass. When the
addition amount of the acid is 0.01% by mass or more, it is
preferable because the hydrolysis of the carboxymethylated
cellulose proceeds to improve the efficiency of nano-fibril-
lation. When the addition amount of acid is 0.5% by mass or
less, the excessive hydrolysis of the carboxymethylated
cellulose can be suppressed to prevent the decrease of the
yield of the cellulose nanofiber.

[0101] The pH value of the dispersion medium during
hydrolysis is preferably from 2.0 to 4.0, and more preferably
from 2.0 or more and less than 3.0. However, when an alkali
remains in the dispersion medium of the carboxymethylated
cellulose, the addition amount of the acid is preferably
appropriately increased for adjusting the pH value of the
dispersion medium to the aforementioned range. From the
viewpoint of reaction efficiency, the reaction is preferably
performed at a temperature of from 70 to 120° C. for 1 to 10
hours.

[0102] For efficiently performing the nano-fibrillation, an
alkali such as sodium hydroxide is preferably added for
neutralization, after the acid hydrolysis treatment.

[0103] Itis inferred that the reason why the viscosity of the
carboxymethylated cellulose can be lowered by hydrolysis
with an alkali is as follows.

[0104] A large number of f-1,4-glycoside bonds are
existed in the cellulose. Therefore, when the hydrolysis is
performed by addition of alkali, the -1,4-glycoside bonds
are cut, leading to the shortening fibrillation of the car-
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boxymethylated cellulose. As a result, the ratio of the
carboxymethylated cellulose nanofiber having a short fiber
length increases to lower the viscosity of the dispersion
liquid of the carboxymethylated cellulose nanofiber.

[0105] When the hydrolysis is performed with an alkali,
the pH value of the reaction solution during the reaction is
preferably from 8 to 14, more preferably from 9 to 13, and
further preferably from 10 to 12. When the pH value is less
than 8, sufficient hydrolysis may not proceed so that the
shortening fibrillation of the carboxymethylated cellulose is
sometimes insufficient. On the other hand, when the pH
value exceeds 14, hydrolysis proceeds, but the carboxym-
ethylated cellulose after hydrolysis is colored. Therefore,
since the obtained cellulose nanofiber is also colored, the
transparency decreases to cause a problem of limiting the
applicable technologies in some cases. The alkali used to
adjust the pH value is not particularly limited as long as it
is water-soluble, and is preferably sodium hydroxide from
the viewpoint of manufacturing costs.

[0106] When the carboxymethylated cellulose is hydro-
lyzed in the alkaline solution, the carboxymethylated cellu-
lose may be colored at yellow due to the generation of a
double bond during p-elimination, and the obtained cellu-
lose nanofiber is also colored. Accordingly, the transparency
decreases to limit the applicable technologies in some cases.
Therefore, for suppressing the generation of the double
bond, the hydrolysis process is preferably performed with an
oxidizing agent or a reducing agent as an auxiliary. When an
oxidizing agent or a reducing agent is used during the
hydrolysis treatment in the alkaline solution with a pH value
of 8 to 14, the shortening fibrillation of the carboxymeth-
ylated cellulose can be performed while oxidizing or reduc-
ing the double bond. As the oxidizing agent or reducing
agent, the agents having activity in the alkaline region can
be used.

[0107] From the viewpoint of reaction efficiency, the addi-
tion amount of the auxiliary relative to the bone dried
carboxymethylated cellulose is preferably from 0.1 to 10%
by mass, more preferably from 0.3 to 5% by mass, and
further preferably from 0.5 to 2% by mass.

[0108] Examples of the oxidizing agent include oxygen,
ozone, hydrogen peroxide, and hypochlorite. Among these,
the oxidizing agent is preferably oxygen, hydrogen perox-
ide, or hypochlorite, which hardly generates radicals, and
more preferably hydrogen peroxide.

[0109] The oxidizing agents may be used alone, and two
or more types thereof may also be used in combination.

[0110] Examples of the reducing agent include sodium
borohydride, hydrosulfite, and sulfite.

[0111] The reducing agents may be used alone, and two or
more types thereof may also be used in combination.

[0112] From the viewpoint of reaction efficiency, the reac-
tion temperature during hydrolysis is preferably from 40 to
120° C., more preferably from 50 to 100° C., and further
preferably from 60 to 90° C. When the temperature is low,
hydrolysis may not proceed sufficiently so that the decrease
in viscosity of the dispersion liquid of the carboxymethyl-
ated cellulose or the acid-type carboxymethylated cellulose
nanofiber is sometimes insufficient. On the other hand, when
the temperature is high, hydrolysis proceeds, but the car-
boxymethylated cellulose after hydrolysis is sometimes col-
ored.

Oct. 31, 2019

[0113] The reaction time for the hydrolysis is preferably
from 0.5 to 24 hours, more preferably from 1 to 10 hours,
and further preferably from 2 to 6 hours.

[0114] From the viewpoint of reaction efficiency, the con-
centration of the carboxymethylated cellulose in the alkaline
solution is preferably from 1 to 20% by mass, more pref-
erably from 3 to 15% by mass, and further preferably from
5 to 10% by mass.

[0115] (Ultraviolet Irradiation Treatment)

[0116] The ultraviolet irradiation treatment is a treatment
of irradiating the carboxymethylated cellulose with ultra-
violet rays. By the irradiation with ultraviolet rays, the
viscosity of the dispersion liquid of the acid-type carboxym-
ethylated cellulose nanofiber can be decreased. It is inferred
that the reason is as follows. The ultraviolet rays directly act
on the cellulose or the hemicellulose to make it low mol-
ecules. Thus, the shortening fibrillation of the cellulose
chain in the carboxymethylated cellulose can be performed.
Therefore, the ratio of the acid-type carboxymethylated
cellulose nanofiber having a short fiber length also increases
to lower the viscosity of the dispersion liquid of the acid-
type carboxymethylated cellulose nanofiber.

[0117] When the carboxymethylated cellulose is irradiated
with ultraviolet rays in the viscosity lowering process, the
wavelength of the ultraviolet rays to be used is preferably
from 100 to 400 nm, and more preferably from 100 to 300
nm. Among these, the ultraviolet rays having a wavelength
of from 135 to 260 nm is preferable, because such ultraviolet
rays directly act on cellulose or hemicellulose to make it low
molecules, and thus the shortening fibrillation of the cellu-
lose chain in the carboxymethylated cellulose can be per-
formed.

[0118] As the light source for the irradiation with ultra-
violet rays, those having as a light source a light in the
wavelength region of 100 to 400 nm may be used. Examples
thereof include a xenon short arc lamp, an ultra high
pressure mercury lamp, a high pressure mercury lamp, a low
pressure mercury lamp, a deuterium lamp, and a metal
halide lamp.

[0119] These light sources may be used alone, and two or
more types thereof may also be used in combination. The use
of multiple light sources having different wavelength prop-
erties in combination is preferable, because simultaneous
irradiation with ultraviolet rays having different wave-
lengths increases the number of cut portions in the cellulose
chain or the hemicellulose chain to prompt the shortening
fibrillation.

[0120] As the container to place the carboxymethylated
cellulose during ultraviolet irradiation, it may be a hard glass
container, for example, when the ultraviolet rays having the
wavelength of 300 to 400 nm is used. When the ultraviolet
rays having a short wavelength of less than 300 nm is used,
it is preferable to use a quartz glass container capable of
further transmitting the ultraviolet rays. The material of the
container portion not involved in the light transmission
reaction may be adequately selected from the materials
which are less likely to deteriorate due to the wavelength of
the ultraviolet rays to be used.

[0121] The concentration of the carboxymethylated cellu-
lose when irradiated with ultraviolet rays is preferably from
0.1 to 12% by mass, more preferably from 0.5 to 5% by
mass, and further preferably from 1 to 3% by mass. When
the concentration of carboxymethylated cellulose is 0.1% by
mass or more, energy efficiency is increased, which is
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preferable. When the concentration of carboxymethylated
cellulose is 12% by mass or less, the fluidity of the car-
boxymethyl cellulose in the ultraviolet irradiation apparatus
is good and the reaction efficiency is enhanced, which are
preferable.

[0122] The temperature at the time of irradiation with
ultraviolet rays is preferably from 20 to 95° C., more
preferably from 20 to 80° C., and further preferably from 20
to 50° C. When the temperature is 20° C. or higher, the
efficiency of photooxidation reaction is increased, which is
preferable. When the temperature is 95° C. or lower, there is
no possibility of adverse influences such as deterioration of
the quality of the carboxymethylated cellulose and there is
no possibility that the pressure in the reaction apparatus will
exceed the atmospheric pressure, and it is unnecessary to
design an apparatus in consideration of pressure resistance,
which are preferable.

[0123] The pH value at the time of irradiation with ultra-
violet rays is not particularly limited, but from the viewpoint
of simplifying the process, it is preferable that it is the
neutral region, for example, the pH value is from about 6.0
to about 8.0.

[0124] The degree of irradiation applied to the carboxym-
ethylated cellulose during ultraviolet irradiation may be
optionally set by adjusting the retention time of the car-
boxymethylated cellulose in the irradiation reaction appara-
tus, by adjusting the energy amount of the irradiation light
source, and the like. Furthermore, the ultraviolet irradiation
amount applied to the carboxymethylated cellulose in the
irradiation reaction apparatus may be optionally controlled
by adjusting the concentration of the carboxymethylated
cellulose in the irradiation apparatus by dilution with water,
by adjusting the concentration of the carboxymethylated
cellulose by blowing inactive gas such as air and nitrogen
into the carboxymethylated cellulose, or the like. These
conditions such as the retention time and the concentration
may be appropriately set depending on the intended quality
(such as the fiber length and the polymerization degree of
cellulose) of the carboxymethylated cellulose after ultravio-
let irradiation.

[0125] When the ultraviolet irradiation treatment is per-
formed in the presence of an auxiliary such as oxygen,
ozone, and peroxides (hydrogen peroxide, peracetic acid,
sodium percarbonate, sodium perborate, and the like), the
efficiency of the photooxidation reaction is enhanced, which
is preferable.

[0126] When irradiated with ultraviolet rays having the
wavelength region of 135 to 242 nm, ozone is generated
from the air existing in the gas phase around the light source.
The generated ozone is continuously removing while con-
tinuously supplying air to the periphery of the light source,
and then the removed ozone is injected into the carboxym-
ethylated cellulose. Thereby, the ozone may also be utilized
as an auxiliary for the photooxidation reaction without
supplying ozone from the outside of the system. Further-
more, by supplying oxygen to the gas phase portion around
the light source, a larger amount of ozone can be generated
in the system, and the generated ozone may be used as an
auxiliary for the photooxidation reaction. In this manner, the
ozone secondarily generated in the ultraviolet irradiation
reaction apparatus may also be utilized.

[0127] The ultraviolet irradiation treatment may be
repeated multiple times. The number of repeated treatments
is not particularly limited, and may be appropriately set
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depending on the relationship with, for example, the
intended quality of the carboxymethylated cellulose. For
example, the ultraviolet irradiation can be performed with
ultraviolet rays at preferably from 100 to 400 nm, and more
preferably from 135 to 260 nm, preferably from 1 to 10
times, and more preferably from 2 to 5 times, and for an
irradiation time per treatment of preferably for 0.5 to 10
hours, and more preferably for 0.5 to 3 hours.

[0128] (Oxidative Decomposition Treatment)

[0129] When the carboxymethylated cellulose is subjected
to an oxidative decomposition treatment in the viscosity
lowering process, hydrogen peroxide and ozone are usually
used in combination.

[0130] It is inferred that the reason why the use of hydro-
gen peroxide and ozone in combination can efficiently lower
the viscosity of the carboxymethylated cellulose is as fol-
lows. On the surface of the carboxymethylated cellulose, the
carboxymethyl group is localized, and a hydrated layer is
formed. It is considered that there is a microscopic space,
which is not observed in normal cellulose, between the
cellulose chains of the carboxymethylated cellulose due to
the action of the charge repelling force between the car-
boxymethyl groups. When the carboxymethylated cellulose
is treated with ozone and hydrogen peroxide, a hydroxy
radical having excellent oxidizing power is generated from
the ozone and hydrogen peroxide. The hydroxy radical
efficiently oxidizes and decomposes the cellulose chains in
the carboxymethylated cellulose to eventually perform the
shortening fibrillation of the carboxymethylated cellulose
fibers. Therefore, the ratio of the acid-type carboxymethyl-
ated cellulose nanofiber having a short fiber length increases
to lower the viscosity of the dispersion liquid of the acid-
type carboxymethylated cellulose nanofiber.

[0131] Ozone can be generated by a known method with
air or oxygen as a raw material using an ozone generator.
The addition amount (in terms of mass) of ozone relative to
the bone dry mass of the carboxymethylated cellulose is
preferably from 0.1 to 3 times, more preferably from 0.3 to
2.5 times, and further preferably from 0.5 to 1.5 times. When
the addition amount of ozone relative to the bone dry mass
of the carboxymethylated cellulose is 0.1 times or more, the
amorphous portion of cellulose can be sufficiently decom-
posed. When the addition amount of ozone relative to the
bone dry mass of the carboxymethylated cellulose is 3 times
or less, the excessive decomposition of cellulose can be
suppressed, and the lowering of the yield of the carboxym-
ethylated cellulose can be prevented.

[0132] The addition amount (in terms of mass) of hydro-
gen peroxide relative to the bone dry mass of the carboxym-
ethylated cellulose is preferably from 0.001 to 1.5 times, and
more preferably from 0.1 to 1.0 times. When the addition
amount of hydrogen peroxide relative to the bone dry mass
of the carboxymethylated cellulose is 0.001 times or more,
the synergistic effect between ozone and hydrogen peroxide
is exerted. It is sufficient for the decomposition of the
carboxymethylated cellulose to add the hydrogen peroxide
in an amount of 1.5 times or less relative to the carboxym-
ethylated cellulose. Adding the hydrogen peroxide in an
amount of exceeding 1.5 times relative to the carboxymeth-
ylated cellulose leads to increase the cost, which is not
preferable.

[0133] As the conditions of the oxidative decomposition
treatment with ozone and hydrogen peroxide, the pH value
is preferably from 2 to 12, more preferably from 4 to 10, and
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further preferably from 6 to 8, the temperature is preferably
from 10 to 90° C., more preferably from 20 to 70° C., and
further preferably from 30 to 50° C., and the reaction time
is preferably for 1 to 20 hours, more preferably for 2 to 10
hours, and further preferably for 3 to 6 hours, from the
viewpoint of reaction efficiency.

[0134] An apparatus for performing the treatment with
ozone and hydrogen peroxide is not particularly limited, and
may be any known apparatus. Example thereof includes a
normal reaction vessel provided with a reaction chamber, a
stirrer, a chemical injector, a heater, and a pH electrode.
[0135] After the treatment with ozone and hydrogen per-
oxide, the ozone and hydrogen peroxide remained in the
aqueous solution can also effectively act in the fibrillation
process to further promote the lowering of the viscosity of
the dispersion liquid of the acid-type carboxymethylated
cellulose nanofiber.

[0136] [3. Use Applications]

[0137] The acid-type carboxymethylated cellulose nano-
fiber of the present invention may be used in various fields
in which additives are generally used, such as foods, bev-
erages, cosmetics, medicine, various chemical products,
paper manufacturing, civil engineering, paints, inks, agri-
cultural chemicals, construction, epidemic prevention medi-
cament, electronic materials, flame retardants, household
goods, and cleaning agents. Specifically, the acid-type car-
boxymethylated cellulose nanofiber of the present invention
may be used as a thickener, a gelling agent, a paste, a food
additive, an excipient, a compounding agent for rubber and
plastics, an additive for paints, an additive for adhesives, an
additive for paper manufacturing, an abrasive, a water
retention agent, a shape retention agent, a mud water
adjuster, a filtration auxiliary, a mud overflow inhibitor, and
the like. The acid-type carboxymethylated cellulose nano-
fiber of the present invention may be applied to rubber or
plastic materials, paints, adhesives, coating agents for coated
paper, coated paper, binders, cosmetics, lubricant composi-
tions, polishing compositions, crease reducing agents for
clothes, smoothers for irons, and the like, which contain the
aforementioned materials and agents as a component.
[0138] In particular, since the acid-type carboxymethyl-
ated cellulose nanofiber of the present invention has a
certain degree of viscosity, the utilization for food additives
as thickeners can be particularly expected. Also, since it has
high transparency, the utilization for cosmetics or resin
reinforcing materials may be particularly expected.

EXAMPLES

[0139] Hereinafter, the present invention will be described
in more detail by examples. The following examples are for
suitably explaining the present invention, and do not limit
the present invention. The methods for measuring the values
of physical properties and the like are the aforementioned
measurement methods, unless otherwise stated.

[0140] [B-Type viscosity (mPa-s)]: Using a TV-10 type
viscometer (Toki Sangyo Co., Ltd.), the B-type viscosity of
1% by mass aqueous dispersion liquid of the carboxymeth-
ylated cellulose nanofiber was measured under the condition
of 20° C. and 60 rpm or 6 rpm.

[0141] [Degree of substitution with carboxymethyl
group|: The degree of substitution with carboxymethyl
group was measured by the following method.

[0142] About 2.0 g of a sample was precisely weighed,
and placed in a 300 ml stoppered Erlenmeyer flask. Into the
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Erlenmeyer flask, 100 ml of nitric acid methanol (liquid
obtained by adding 100 ml of special grade concentrated
nitric acid to 1 L of anhydrous methanol) was added. The
mixture was shaken for 3 hours to convert sodium salt of the
carboxymethylated cellulose (hereinafter, also referred to as
“Na-CMC”) into carboxymethylated cellulose (hereinafter,
also referred to as “H-CMC”). The bone dried H-CMC was
precisely weighed in an amount of 1.5 to 2.0 g, and placed
in a 300 ml stoppered Erlenmeyer flask. The H-CMC was
wetted with 15 ml of 80% methanol, and added with 100 ml
of 0.1N NaOH. The obtained product was shaken at room
temperature for 3 hours. With phenolphthalein as an indi-
cator, excess NaOH was back titrated with 0.1N H,SO,.
Then, the degree of substitution with carboxymethyl group
was calculated according to the following formula:

[{100xF-(0.1N H,SO, (ml))xF"}/(bone dry mass (g)
of H-CMC)|x0.1=4

Degree of substitution with carboxymethyl group=0.
162 A/(1-0.058 A)

A: amount of 1IN NaOH (ml) necessary for neutralization of
1 g of H-CMC
F': factor of 0.1N H,SO,
F: factor of 0.1N NaOH
[0143] [Ratio (%) of carboxy group|: The ratio of the
carboxy group was measured by the following process.
[0144] First, 250 mL of 0.1% by mass slurry of a car-
boxymethylated cellulose nanofiber salt was prepared, and
added with 0.1M hydrochloric acid aqueous solution so that
the pH was adjusted 2.5. After that, while 0.1N sodium
hydroxide aqueous solution was added, the degree of elec-
trical conductivity was measured until the pH reached 11.
From the amount of sodium hydroxide (a) consumed in the
neutralization stage of weak acid in which the change in
electrical conductivity was moderate, the amount of the
carboxy group and the amount of the carboxylate group
were calculated according to the following formula (2): (2):
amount of carboxy group and amount of carboxylate group
(mmol/g carboxymethylated cellulose nanofiber salt)=a
(m1)x0.1/mass (g) of carboxymethylated cellulose nanofiber
salt.
[0145] Next, 250 mL of 0.1% by mass slurry of the
desalted carboxymethylated cellulose nanofiber was pre-
pared. While 0.1N sodium hydroxide aqueous solution was
added, the degree of electrical conductivity was measured
until the pH reached 11. From the amount of sodium
hydroxide (b) consumed in the neutralization stage of weak
acid in which the change in electrical conductivity was
moderate, the amount of the carboxy group was calculated
according to the following formula (3):

amount of carboxy group (mmol/g carboxymethyl-

ated cellulose nanofiber)=b (ml)x0.1/mass (g) of
carboxymethylated cellulose nanofiber. (3):

[0146] From the obtained amounts of the carboxy group
and carboxylate group, and the amount of the carboxy
group, the ratio of the carboxy group was calculated accord-
ing to the following formula (1):

ratio (%) of carboxy group=(amount of carboxy

group/amount of carboxy group and amount of
carboxylate group)x100. (1):

[0147] [Transparency (%)]: The transmittance of light at
660 nm through aqueous dispersion (solid content: about 1%
(w/v)) of the carboxymethylated cellulose nanofiber was
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measured using a UV-VIS spectrophotometer UV-265FS
(manufactured by Shimadzu Corporation), and the measured
transmittance was defined as transparency.

[0148] [Yield (%)]: The yield is an yield in the desalting
process of acid treating the carboxymethylated cellulose
nanofiber salt to obtain the carboxymethylated cellulose
nanofiber.

Example 1

[0149] Into a reaction vessel capable of stirring pulp, 250
g in terms of dry mass of pulp (LBKP, manufactured by
Nippon Paper Industries Co., Ltd.) was placed, and added
with 112 g of 50% by mass sodium hydroxide aqueous
solution and 67 g of water while stirring. The mixture was
stirred at 30° C. for 45 minutes for mercerization treatment,
and thereafter added with 364 g of 35% by mass sodium
monochloroacetate aqueous solution while stirring. The
mixture was stirred at 30° C. for 60 minutes, and increased
in temperature to 70° C. over 30 minutes. After that, a
reaction was performed at 70° C. for 1 hour. Then, the
reaction product was collected to obtain carboxymethylated
pulp in which the degree of substitution with carboxymethyl
group per glucose unit was 0.27 (hereinafter, also referred to
as “carboxymethylated cellulose™).

[0150] The carboxymethylated cellulose was adjusted
with water into 1.053% (w/v), and treated three times using
an ultra high pressure homogenizer (20° C., 140 Mpa) to
obtain dispersion liquid of a carboxymethylated cellulose
nanofiber salt (fibrillation process).

[0151] Into the obtained dispersion liquid of the carboxy-
lated cellulose nanofiber salt, the cation exchange resins
(manufactured by Organo Corporation, “Amberjet 1024”)
were added. The mixture was stirred at 20° C. for 0.3 hour
for contact. After that, the cation exchange resins and the
aqueous dispersion liquid were separated through a metal
mesh (opening 100 mesh) to obtain a carboxymethylated
cellulose nanofiber with a high yield of 92% (desalting
process).

[0152] The B-type viscosity of 1% by mass aqueous
dispersion liquid of the obtained carboxymethylated cellu-
lose nanofiber was 4099 mPa-s under the condition of (60
rpm, 20° C.), and 22795 mPa-s under the condition of (6
rpm, 20° C.). The results are illustrated together with the
yield in Table 1.

Comparative Example 1

[0153] Carboxymethylated cellulose nanofibers were not
obtained even in the same manner as in Example 1 except
that the desalting process was changed as follows. 10%
hydrochloric acid aqueous solution was added to the dis-
persion liquid of the carboxymethylated cellulose nanofiber
salt until the pH reached 2.4, and the mixture was stirred at
20° C. for 0.5 hour for contact. After that, filtration was
performed, but no filtered material was obtained.

TABLE 1
Comparative
Example 1 Example 1
Yield (%) 92 —
B-Type 60 rpm (mPa - s) 4099 —
viscosity 6 rpm (mPa - s) 22795 —
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[0154] As understood from Table 1, when the desalting
process was performed with the cation exchange resins, the
acid-type carboxymethylated cellulose nanofiber was
obtained with a high yield of 92% (see Example 1). On the
other hand, when the desalting process was performed with
hydrochloric acid, the acid-type carboxymethylated cellu-
lose nanofiber could not be obtained (see Comparative
Example 1).

Example 2

[0155] Into the reaction vessel capable of stirring pulp,
250 g in terms of dry mass of pulp (LBKP, manufactured by
Nippon Paper Industries Co., Ltd.) was placed, and added
with 112 g of 50% by mass sodium hydroxide aqueous
solution and 67 g of water while stirring. The mixture was
stirred at 30° C. for 50 minutes for mercerization treatment,
and thereafter added with 364 g of 35% by mass sodium
monochloroacetate aqueous solution while stirring. The
mixture was stirred at 30° C. for 60 minutes, and increased
in temperature to 70° C. over 30 minutes. After that, a
reaction was performed at 70° C. for 1 hour. Then, the
reaction product was collected to obtain carboxymethylated
pulp in which the degree of substitution with carboxymethyl
group per glucose unit was 0.29 (hereinafter, also referred to
as “carboxymethylated cellulose™).

[0156] The carboxymethylated cellulose was adjusted
with water into 1.053% (w/v), and treated three times using
an ultra high pressure homogenizer (20° C., 150 Mpa) to
obtain dispersion liquid of a carboxylated cellulose nanofi-
ber salt.

[0157] Into the obtained dispersion liquid of the carboxy-
lated cellulose nanofiber salt, the cation exchange resins
(manufactured by Organo Corporation, “Amberjet 1024”)
were added. The mixture was stirred at 20° C. for 0.3 hour
for contact. After that, the cation exchange resins and the
aqueous dispersion liquid were separated through a metal
mesh (opening 100 mesh) to obtain an acid-type carboxym-
ethylated cellulose nanofiber with a high yield of 92%.

[0158] The B-type viscosity of 1.04% by mass aqueous
dispersion of the obtained acid-type carboxymethylated cel-
Iulose nanofiber was 4099 mPa-s under the condition of (60
rpm, 20° C.), and 22795 mPa-s under the condition of (6
rpm, 20° C.). The transparency was 77.2%, and the ratio of
the carboxy group was 98%. The results are shown in Table
2.

Comparative Example 2

[0159] The carboxymethylated cellulose obtained in
Example 2 was adjusted with water into 1.053 wt %, and the
pH was adjusted to 5 with 1N hydrochloric acid. After that,
it was treated three times with an ultra high pressure
homogenizer to obtain dispersion liquid of an acid-type
carboxymethylated cellulose nanofiber.

[0160] The B-type viscosity of the 1.05% by mass aque-
ous dispersion liquid of the obtained acid-type carboxym-
ethylated cellulose nanofiber was 1040 mPa's under the
condition of (60 rpm, 20° C.), and 6400 mPa-s under the
condition of (6 rpm, 20° C.). The transparency was 3.3%,
and the ratio of the carboxy group was 30.7%. The results
are shown in Table 2.
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TABLE 2
Comparative
Example 2 Example 2
B-Type 60 rpm (mPa - s) 4099 1040
viscosity 6 rpm (mPa - s) 22795 6400
Transparency (%) 77.2 33
Ratio (%) of carboxy group 98 30.7

[0161] As understood from Table 2, when the desalting
process was performed with the cation exchange resins, the
ratio of the carboxy group was 98%. Thus, there was
obtained an acid-type carboxymethylated cellulose nanofi-
ber which was converted into the almost acid-type. Also, the
transparency thereof was as high as 77.2% (see Example 2).
On the other hand, when the desalting process was per-
formed with hydrochloric acid, the ratio of the carboxy
group in the carboxymethylated cellulose nanofiber was
30.7%. Thus, there was obtained a partial acid-type car-
boxymethylated cellulose nanofiber in which the ratio of the
salt-type was more than the acid-type. Also, the transparency
thereof was as low as 3.3% (see Comparative Example 2).
[0162] The B-type viscosity of the carboxymethylated
cellulose nanofiber is higher, as the value for the degree of
substitution with carboxymethyl is lower, and as the value
for the average fiber diameter is smaller. For example, it is
estimated that when an acid-type carboxymethylated cellu-
lose nanofiber having an average fiber diameter of about 2
to about 4 nm is produced by changing the degree of
substitution with carboxymethyl group of the carboxymeth-
ylated cellulose used in Example 1 of the present application
from about 0.3 to about 0.10 and changing the pressure of
machine processing and the number of processing opera-
tions, an acid-type carboxymethylated cellulose nanofiber in
which the value for the B-type viscosity would be about 5.5
times (22500 mPa-s at 60 rpm, 126500 mPa-s at 6 rpm) that
of the example could be obtained.
1. An acid-type carboxymethylated cellulose nanofiber,
wherein
a degree of substitution with carboxymethyl group per
glucose unit is 0.01 to 0.50, and
a B-type viscosity in aqueous dispersion with a concen-
tration 0of 0.95 to 1.05% by mass is 1000 mPa-s or more
under a condition of 60 rpm and 20° C., and 7000
mPa's or more under a condition of 6 rpm and 20° C.
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2. The acid-type carboxymethylated cellulose nanofiber
according to claim 1, wherein a ratio of a carboxy group
determined by formula (1) is 40% or more:

a ratio (%) of carboxy group=(an amount of the car-

boxy group/an amount of the carboxy group
and an amount of a carboxylate group)x100. (1):

3. The acid-type carboxymethylated cellulose nanofiber
according to claim 1, wherein a light transmittance thereof
at a wavelength of 660 nm in the aqueous dispersion with a
concentration of 0.95 to 1.05% by mass is 65% or more.

4. A method for producing an acid-type carboxymethyl-
ated cellulose nanofiber, the method comprising:

fibrillating carboxymethylated cellulose; and

performing a desalting treatment through a cation
exchange reaction, wherein

the desalting treatment is a desalting treatment with a

cation exchange resin.

5. The method according to claim 4, further comprising:

obtaining the carboxymethylated cellulose by subjecting a

cellulose-based raw material to a mercerization treat-
ment with a mercerizing agent and then reacting a
resultant with a carboxymethylating agent.

6. The method according to claim 5, wherein the mercer-
izing agent is an alkali metal hydroxide.

7. The method according to claim 5, wherein the car-
boxymethylating agent is a compound of formula (1):

M
(€]

P

X—CH; 0—M,

wherein X represents a halogen atom, and M, represents
a hydrogen atom or an alkali metal.

8. The method claim 4, wherein

the fibrillating is fibrillating the carboxymethylated cel-
Iulose to obtain a carboxymethylated cellulose nanofi-
ber salt, and

the desalting treatment is desalting the carboxymethylated
cellulose nanofiber salt with the cation exchange resin.

9. The method according to claim 4, further comprising:

lowering a viscosity of the carboxymethylated cellulose.
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