10

20

b
her

METHOD FOR PRODUCING POROUS CELLULOSE BEADS

TECHENICAL FIELD
[0001]
The present invention relates to a method for producing porous

cellulose beads.

BACKGROUND ART
[0002]

Porous cellulose beads are safer than other synthetic polymers
and exhibits low non-specific adsorption property. In addition,
though porous cellulose beads are classified as polysaccharide,
the mechanical strength thereof is high. Furthermore, porous
cellulose beads have a number of hydroxy groups, which can be used
for introducing a ligand which interacts with a target substance
o be adsorbed. Therefore, porous cellulose beads are used for
various adscrbent. Such an adsorbent is exemplified by an
adsorbent for various chromatographies and an affinity adsorbent.
Specifically, an affinity adsorbent is used as a medical adsorbent
and used for purifying an antibody medical drug, since a target
substance can be efficlently purified and an unwanted substance
concentration can be decreased by using the affinity adsorbent.

In particular, an adsorbent which is cobtained by immobi

zing

Protein A as an affinity ligand on a porous support is attracting
attention as a therapeutic and medical adsorbent for arthritis,
hemophilia and dilated cardiomyopathy (For example, Non-Patent

Document 1 and Non-Patent Document 2). In addition, an adsorbent

which is obtained by immobilizing Protein A as an affinity ligand
on a porous support i1s also attracting attention as an adsorbent

for purifying an antibody medical drug. The adsorbent can
specifically adsorb and elute an immunoglobulin (IgG).
[0002]

A method for producing such porous cellulose beads includes
a cumbersome step inmany cases as compared £o the case of an ordinary

synthetic polymer, since it is difficult to dissolve cellulose.
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As such a method, for example, Patent Document 1 discloses a method
in which cellulose 1s dissolved in a solvent such as a calcium
thiocyanate agqueous soluticon and then cellulose is coagulated. It

is however difficult to construct facilitiles which are used for
carrying out the method, since the above solvent is highly corrogive
and toxic. Inaddition, it iswell known that the cellulose solution
used in the method exhibits a strange behavior and that the porous
cellulose beads obtained by the method have considerably large pores
(for example, Non-patent Document 3). Therefore, when the porous
cellulose beads obtained by the method is used as an adsorbent for
an antibody and the like, the adsorbent cannot be expected to¢ show
a high adsorptive performance, since the specific surface area of
the porous cellulose beads is small. On the other hand, there is

o

a method for producing a porous cellulose support by introducing
substituents to improve a solubility of celliulose into hydroxy
groups of cellulose, dissolving the cellulose in a general solvent,
granulating the cellulose, and then removing the substituents {for
example, Patent Document Z2). However, the method has complicated
steps, and a molecular weight of cellulose is decreased during the

a2

staeps of introducing and .removing the substituents. Therefore, the
produced support is inclined not to have sufficient strength
ragquired for high speed process or large scale procedure, which
is recently needed.

[0004

—
]

As a solvent which can easily dissolve cellulose, an lonic

liguid is attracting attention. Non-Patent Document 4 discloses
a method for cobtaining cellulose beads by dissolving cellulose in

an ionic liguid. However, an icnic liquid is not suited for being

x

used as an auxiliary material in industrial level, since an ionic

liguid is considerably expensive. In addition, with respect to the

safety of an icnic liquid, there is only a few toxicity data and
the like thereof, though an ionic liguid may remain. In addition

when an lonic ligquid is used for medical purpose or for producing
an adsorbent to purify pharmaceutical compound, it is predictable

that confirmaticon of the safety of an jlonic liguid is considerably

2
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required since an ionic liguid would remain even in a slignt amount.
[0C05]

In addition, for example, Patent Documents 3 and 4 disclos
a method for dissolving cellulose into a cool sodium hydroxide
aguecus solution only. However, in the method described in Patent
Document 3, a mixture of cellulose and a hydrogen bhond-cleaving
solution is heated at 100 to 350°C under increased pressure, and
then the cellulose in the mixture is dissolved in an alkaline agqueous
solution. Such a method 1s not suitable for an industrial
production. The methoed described in Patent Document 4 regquires the
steps in which cellulose is dispersed in a strong basic solution
and the dispersion is frozen and then the cellulose is dissclved.
[0006]

Patent Document 5 discloses cellulose which can be dissolved
inan alkaline sclution. However, the celluloese ismicrofabricated

to be nicrofiber so that the diameter of the microfiber is not more

than 1 pum or not more than 500 nm. Such a microfabrication is not
suitable for an industrial production.
[0007]

More recently, Patent Document 6 discloses a method for
producing cellulose beads. Themethodhas a step inwhich cellulose
derived from a microorganism is dissoclved to cbtain a scolution in

ccordance with the method described in Patent Document 4 and the

Q}

g frozen. However, the step is too cumbersocme to be

fie

solution

applied to an industrial production.

PRIOR ART

PATENT DOCUMENT

rQoo8]
Patent Dccument 1: JP 2009-242770 7
Patent Document 2: WO 2006/025371
Patent Document 3: US 4634470 B
Patent Document 4: US 5410024 B
Patent Docuwent 5: JP HS-124702 A

Patent Document 6: JP 2010-~236975 A
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NON-PATENT DOCUMENT
[0009]

Non-Patent Document 1: Annals of the New York Academy of
Sciences 2005. Vol. 1051 p. 635-646

Non-Patent Document 2: American Heart Journal Vol. 152, Number
4 2006

Non-Patent Document 3: Journal of Chromatography, 195 (1980)
221-230

Non-Patent Document 4: Journal of Chromatography A, 1217 (2010)
1298~1304

DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0010]

The objective of the present invention is to provide a
convenient method for producing porous cellulose beads having high
mechanical strength without using an auxiliary material which is
highly toxic and corrosive and without a cumbersome and industrially
adverse step.

[00L0a]

In one aspect, there is provided a method for producing porous
cellulose beads, comprising the steps of: mixing a cold alkaline
aqueocus solution and cellulose to prepare a cellulose dispersion;
and bringing the cellulose dispersion into contact with a
coagulating solvent.

[0010Db]

In another aspect, there is provided a method for producing
crosslinked porous cellulose beads, comprising the step of
crosslinking the porous cellulose beadg obtained by the method as

defined herein.
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MEANS FOR SOLVING THE PROBLEMS
[0011]

The present inventors have conducted intensive studies to solve
the above problem. In detail, it was the first problem how to
dissolve cellulose, which is difficult to be dissolved in a low
toxic and inexpensive solvent, in a conventional production of
porous cellulose beads. At first, the present iﬁventors also
researched the condition for dissolving cellulose in the
above-described solvent without difficulty. However, the present
inventor completed the present invention by finding that porous
cellulose beads can be successfully produced even from a cellulose
dispersion without using a cellulose solution.

[oo12]

4a
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The method for producing porous cellulose beads according to
the present invention is characterized in comprising the steps of
mixing a cold alkaline aqgueous solution and cellulose to prepare
a cellulose dispersion and bringing the cellulose dispersion int
contact with a coagulating solvent.

[0013]

An alkali concentration in the above alkaline agqueous solution
is preferably not less than 5 wt% and not more than 15 wt%. When
the alkali concentration is within the range, a dispersing and a
swelling property of cellulose In the alkaline agueocus solution
can be improved.

[0014]

In the present invention method, it is preferred to use
celluloge having a median particle diameter of not less than 10
um and not more than 500 pm as a raw material. It may be possibly
industrially-disadvantaged and increase the production cost to
pulverize cellulose until a median particle diameter of the
cellulose becomes less than 10 pym. Onthe other hand, when cellulose
having a teo large median particle diameter is used, a stable

dispersion may not be possibly obtained; and as a result, porous

cellulose beads may not be possibly produced in an efficient way.
Therefore, the median particle diameter is preferably not more than
500 uam.
[0015]

A cellulose concentration in the above cellulose dispersion
is preferably not less than 1 wt% and not more than 10 wt%. The
cellulose concentration of less than 1 wt% may be possibly
industrially-disadvantaged, since an amount of a sclvent to be
reémoved may be increased. On the other hand, when the concentration
is too high, it may possibly require too long time to produce a
homegenous dispersion. Therefore, the concentration is preferably

not more than 10 wt%.

It is preferred that the above coagulating solvent ccntains
an alcohol, since an alcohol is inexpensive. In addition, when the

-

- 3
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coagulating solvent containing an alcohol is used, the porous

celiulose beads may be effectively produced.

[0017)
Etjﬁspreferr&dthairtheabovacoagulatingsolvenﬁ:isacidified.

When the coag fanqso:vnmL_M3aCLdlxacd the cellulose dispersion

which contains the alkaline agueous solution can be neutralized.

In addition, the present inventors found that when the coagulating

solvent which is acidi

[y

Fied 13 used, a pore size distribution of
the obtained porcus cellulose beads becomes narrower. Therefore,

. 3

when such a narrower pore size distribution is desired, it is

6]

preferred to use the cecagulating solvent which is acidified.
[0018]
A temperature for preparing and preserving the above cellulose

dispersion is preferably not less than ~20°C and not more than 10°C.

When the temperature is not less than -20°C, freeze of the alkaline
aqueous solution can be prevented. On the other hand, when the

temperature is not more than 10°C, the celliulose dispersion can
be efficiently produced and coloration of the cellulose dispersion
can be prevented.
00191

1t is preferred that the above cellulose dispersion is dispersed
in a continuous phase to obtain an emulsion, and then the emulsion
is brought into contact with the coagulating sclvent. When such
an emulsion is prepared, the porous cellulose beads which have

higher sphericity can be obtained more easil

s

It is preferred that the above coagulating solvent has not less

¢

than 0.01 3 m@adndnohﬁmreihan] time as much volume as the emulsion

When the volume is within the range, the porous cellulcse beads
which have preferred pores and surface pores can be obtained more
certainly.
(06217

Avalue of Pv at the time of preparing the emulsion is preferably

not less than 0.1 kW/m’, wherein the value of Pv represents power

consumption per volume. When the value is not less than 0.1 kW/n’®,
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the porous cellulose beads which have higher sphericity and
preferred pores can be obtained more certainly.
(00221

A value of Pv at the time of bringing the above cellulose

n

dispersion into contact with the above coagulating solvent is not

less than 0.1 kW/m3, wherein the value of Pv represents power

consumption per volume. When the value is not less than 0.1 kW/m,
the porous cellulose beads which have higher sphericity and
preferred pores n be obtained more certainly.

(00237

A time required for adding the coagulating solvent to the
emulsion is not more than 150 seconds. When the time is not more
than 150 seconds, strength of the obtained porous cellulose beads
can be amazingly increased for some unaccountable reasons.

00247

It is preferred that the above cellulose dispersion is prepared
by preparing a preliminary dispersion from water and cellulose and

mixing the preliminary dispersion with the =zlkaline aqueous

solution. In such a case, rb;u,p?@vanted. that cellulose 1s clumped

and a time required for preparing the cellulose dispersion can be
decreased.
[00257

It is preferred that a stirring operation in at least one step

is carried out using a turbine blade. When a turbine blade, of which
shearing force is great, 1s used as a stirring blade, the porous
cellulose beads which have higher sphericity and preferred pores
can be amazingly obtained more easily for some unaccountable
LeASONS.
[0026]

The method for producing crosslinked porous cellulose bheads
according to the present invention ils characterized in comprising

the step of crosslinking the porous cellulose heads obtained b
Y

the above-described method according to the present ipvention.

EFFECT OF THE INVENTION
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100277

Aocording to the present invention, porous cellulose beads
which have high mechanical strength can be easily produced without
using an auxiliary material which is highly toxic and corrosive
and without a cunmbersome step which is not suitable for an industrial

production.

BRIEF DESCRIPTION OF THE DRAWING
(00287
Figurel(i}jﬂeaphotographcﬁfacelluloaod¢ spersion accornding

to the present invention, and Figure 1(2) is a photograph of a

cellulose solution according to a conventicnal method.

MODE FOR CARRYING OUT THE INVENTION
[0029]

The method for producing porous cellulose beads according
the present invention is characterized in compriging the steps of
mixing a cold ailkaline agueous solution and cellulose to prepare
a cellulose dispersion and bringing the cellulose dispersion into

contact with a coagulating solvent.
[00307

The present inventors found that when a cellulose dispersion
obtained by dispersing cellulose inacoldalkaline agueous solution
is brought into contact with a coagulating solvent al a temperature
that the celiuvlose dispersion is not frozen, porous cellulose beads
can be easily produced at low cost substantively without using a
sclvent and a solubillizing agent which are highly toxic and
corrosive. In addition, it 1s well-known that when a cellulose
powder having a normal size is added into a cold alkaline agueous
solution, a dispersion which is far from a clear solution is
generally obtained. However, as a result of various researches,
the present inventors surprisingly found that porous cellulose

beads can be easily produced at low cost even from such a cellulose
dispersion ag a result of various researches. It is probable that

even when celliulose is not dissolved in an alkaline aqueous solution,

8
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a special cluster is formed from water and an alkaline component
at low temperature, cellulose is coordinated with the cluster to
be swelled, and the cluster is absorbed in and replaced by a
coagulating solvent; as a result, the cellulose is coagulated and
hecomes porous.

[0031]

Hereinafter, each step of the present invention is described.

(1) Step for preparing a cellulose dispersion

In the present invention, a cold alkaline agueous solution and
cellelose are mixed. A reaction in which cellulose is sclvated by
a cold alkaline aqguecus solution is an exothermic reaction;
therefore, when cellulose ig added to an alkaline aqueocus gsolution

having high temperature, a dispersion which is homogenous and
colorless cannot be obtained. Therefore, low temperature is
maintained at the time of mixing cellulose with an alkaline agueous
sclution.

[0033]

In the present invention, the term "low temperature” means a
temperature which is less than an ambient temperature. As long ag
the temperature is less than an ambient temperature, there 1s no
big problem. A temgerature of not less than ~20°C is preferred,

gince a temperature control system can be simple and running cost

>

of a temperature control system can be lowered. In addition, a
temperature of not more than 10°C is preferred, coloration of the
cellulose dispersion is decreased and a dispersibility e a
swellablility of cellulose become higher. The temperature i3 more
preferably not less than -10°C and not more than 20°C. When the
temperature is not less than -10°C, it can be prevented to freeze
an alkaline agueouns solution. On the other hand, when the
temperature is not more than 20°C, the cellulose dispersion can
be effectively prepared and coleoration of the cellulose dispersion
can be decreased. The temperature is more preferably not less than
-5°C, even more preferably not less than -2°C, particularly

preferably not less than -1°C, and more preferably not more than

9
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15°C, even more preferably not more than 9°C, even more preferably
not more than 5°C, even more preferably not more than 4°C, even
more preferably not more than 1°C. In addition, the temperature
of not more than 9°C is preferred, since sphéxicity of the obtained
porous cellulose beads can become higher.

[0034]

An alkali to be used is not particularly limited as long as
an aqueous solutilon of the alkali shows alkalinity. As such an
alkali, Lithiumhydroxide, sodiumhydroxide and potassium hydroxide
are preferred from the view point of ready availability, and sodium
hydroxide ismost preferred from the view point of price and product
safety.

[00351

A concentration of the alkali in the alkaline agueous solution

o
is not particularly limited, and is preferably not less than 3 wit?

and not more than 20 wt%. When the concentration of the alkaline
is included in the range, dispersibility and swellability of
cellulose in the alkaline aquecus solution is high. The
concentration is more preferably not less than 5 wit% and not more
than 15 wt%, even more preferably not less than 7 wt% and not more
than 10 wt%, and most preferably not less than 8 wt% and not more

5

than 106 wtd,

The kind of the cellulose tobe used 1s not particularly limited.
For example, in the pregent invention method, it is not necessary
to use substituted cellulose such as cellulose which is substituted
by & substituent for improving solubility, and common unsubstituted
cellulose can be used as a raw material, since cellulose is not
needed to be dissolved.
100371

A molecular weight of celliulose is not particularly limited,
but a polymerization degree of cellulose is preferably noct more
than 1000. When the polymerization degree 1s not more than 1000,
dispersibility and swellability of cellulose become higher. In

addition, the polymerization degree of not less than 10 is preferred,

10
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since mechanical strength of the obtained porous cellulose beads
becomes higher. The polymerization degree is more preferably not
less than 50 and not more than 500, even more preferably not less
than 100 and not more than 400, particularly preferably not less
than 200 and not more than 350, and most preferably not less than
250 and not more than 350.

[0038]

Amedian particle diameter of the cellulose used in the present
invention method is preferably not less than 10 wum and not more
than 500 um. It is not needed in the present invention method to
dissolve cellulose and pulverize cellulose in a special method for
improving sclubility. In addition, when cellulose 1s excessively
pulverized, the overall productivity is decreased. In other words,

:

cellulose is conventicnally pulverized finely by a special method

1y .

such as blasting treatment and wet grinding for dissolving cellulose

in a cold alkaline agueous solution; however, the production cost
is raised due o such a treatment Therefore, the median particle

diameter of a raw material cellulose is preferably not less than
10 pm., In addition, when the median particle diameter is not less
than 10 pm, clumping is hardliy caused in the cellulose dispersion.
On: the other hand, when cellulose of which median particle diameter

iz Too large is used, a stable dispersion cannct be obtained and

eventually porous cellulose beads may not be possibly produced in
an effective way. Therefore, the median particle diameter is

preferably not more than 500 wum. The median particle diameter is
more preferably not less than 15 pm, even more preferably 20 pm,
particularly preferably not less than 45 um, and more preferably
not more than 200 um,

[0039]

In addition, a dissolving pulp is exemplified as cellulose of
which solubility is improved. A dissoclving pulp may be actually
used as a raw material for producing the cellulose dispersion used
in the present invention; however, 1t iz well-known that a
dissolving pulp may be produced commoenly by a method of which

environmental load is heavy. BAlso, the present inventors know that

i1
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nowadays dissclving pulp is very difficult to be cbtained as a raw
material for producing porous cellulose beads probably due to a

a

structural problem of cellulose industries. According to the

present invention, porous cellulose beads can be effectively
produced without using a dissolvingpulp. Therefore, generally and

easily available cellulose is preferably used in the present
inventiocn for decreasing & total production cost and improving

productivity.

(0040}
A condition tomixzx an alkaline agueous solution with cellulose
is not particularly limited. For example, cellulose may be adde

into an alkaline aguacus scolution, and an alkaline agueous solution

may be added to cellulose. t is preferred that an alkaline agueous
solution is preliminarily cooled down to a low temperature and then

cellulose isg added to the cooled alkaline agueous solution.
[0041]
Cellulose may be suspended in water before mixing with an

al¥xaline agueous solution. As a result, clumping of cellulose can

o

be prevented, and a time reguired for preparing the cellulose
dispersion can be reduced, and the cellulose dispersion which is
more homogeneous can be readily obtained. A ratio of cellulose in
the suspensicn can be arbitrarily controlled, and is exemplified
by not less than 1 wi% and not more than 40 wi%.
[C042]

It iz also preferred that cellulose or a cellulose suspension
is cooled down to a low temperature similarly to an alkaline agueous
solution before mixing with an alkaline agueous solution. In such

“1

a case, a temperature of cellulose

[0

ocr a cellulose suspension may
not be the same as a temperature of an alkaline agueous solution.
[0043]

It is preferred to stir an alkaline agueous solution to which
celluliose or & cellulose suspension is added, or a cellulose
suspension to which an alkaline aqueous sclution is added. A value
f Pv, which represents a stirring power in such a case, 1is

preferably not less than 0.01 kW/m’ and not more than 100 kW/m’.

12



When the stirring power is not less than 0.01 kW/m®, both can be
efficientlymized. Inaddition, when the stirringpower is too high,
it may be possibly difficult to be mixed in some cases. Therefore,
the stirring power is preferably not more than 100 kW/m’.

5 [0044]

Also, the present inventors surprisingly found that when a
cellulose suspension obtained by dispersing cellulose in water is
cooled down to a low temperature and then an alkaline aqueous
splution is added1x>Lh@sL1rredu'sp nsion, a homogenesous cellulose

10 dispersion can be instantaneously prepared. Such a method is
preferably used. In such a case, it is more preferred that a
temperature of the alkaline aquecus solution to be added is low.
It is also preferred that the cellulose dispersion is maintained

at a low temperature during both of preparation and preservation.

15 The temperature can be the same as the above-described temperature

of an alkaline agueous solution.
[0045]
A concentration of cellulose in the cellulose dispersion is

preferably not less than 1 wt% and not more than 10 wt%. When the

o0 concentration is not less than 1 wt%, a mechanical strength of the
sbtained porous cellulose beads becomes higher. The concentration
which is not mere than 10 wt% is preferred, since a viscosity of
the cellulose dispersion becomes lower and an amcunt of cellulose
which is not be dispersed or swelled 1is reduced, The concentration

25 is more preferably not less than 3 wt% and not more than 10 wt%,
even more preferably not less than 4 wt% and not more than 8 wt%,
particularly preferably not less than 5 wt% and not more than 7
wt%, and most preferably not less than 5 wt% and not more than 6
wt%. When the concentration of cellulose in the cellulose

30 dispersion is calculated, cellulose which is not dispersed nor
swelled and which 1s not homogeneously dispersed is not counted.
[0046]

{2) Step for preparing an emulsion

The cellulcose dispersionmay be dispersed in a continuous phase

o
W

to prepare an emulsion, and then the emulsion may be brought into

13
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contact with a coagulating scolvent. A preparation of such an

emulsion is optional. However, when the step is undergone, porous

cellulose beads may be readily cbtained from the cellulose

1

dispersion of which cellulose amount to be contailned

}..I.

s relatively
large. In addition, porous cellulose beads of which mechanical
strength is high may be readily cobtained.

[0047]

Acontinuous phase is not particularly limited, and a continuous
vhase of which compatibility with the cellulose dispersion is low
is preferably used. For example, an edible oil such as medium chain
fatty acid triglyceride (MCT); a natural oil such as palm oil,
coconut ©0il and squalene; a higher alcohol such as iscstearyl
alcohol and oleyl alcohol; a higher ester such as 2-octyldodecanol;

a lipophilic organic solvent such as dichlorobenzene can be used

o

In addition, an appropriate amount of surfactant may bhe added to
a continuous phase. Such a surfactant is exemplified by a sorbitan
fatty acid ester such as sorbitan launrate, sorbitan stearate,
sorbitan oleate and sorbitan trioleate.

(004871

An amount of a continucus phase may be adijusted to sufficiently

disperse droplets of a cellulose dispersion. For example, a ratio
of the continuocus phase may be not less than one time bymass relative
to a cellulose dispersion. On the other harnd, when an amcunt of
a continuous phase is too much, an amount of waste liquid may be
excessively increased. Therefore, the ratio is prefera 1yr%m.moro
than 10 times by mass. The ratio is more preferably not less than
2 times by masg, even more preferably not less than 4 times by mass,
and more preferably not more than 8 times by mass, even more

preferably not more than 7 times by mass, particularly preferably

not more than 6 times by mass.
[0049]
It is preferred to adjust a temperature during the d sper sion

as similar to a temperature of the cellulose dispersicn. In other

3

words, it is preferred that a temperature of a continuous phase,

a temperature when a continucus phase and a cellulose dispersion

14
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are mixed and a temperature when a cellulose dispersion is dispersed
in a continuous phase are adiusted to be cool similarly to a
temperature of the alkaline agueous solution.

[0050]

It is usually preferred when an emulsion is prepared, a
cellulose dispersion is added to a stirred continuous phase. A Pv
value of a stirrving power during preparation of the emulsion is
preferably not less than 0.1 kW/u’ and not more than 12 kiW/m®. When
the stirring power is not less than 0.1 kW/m’, good sphericity and
porous property may be readily achieved. In addition, when the
stirring power 1z too high, a flowability of the emulsion may be
possibly difficult to be stable; therefore, the stirring power is
preferably not more than 12 k¥W/m’. The stirring power is more
preferaply not less than 1.1 kW/m?, even more preferably not less
than 3.1 kKW/m?, and particularly preferably not less than
[0051]

(3) step for coagulation

5.5 kW/m>.

Next, the cellulose dispersion is brought into contact with
a coagulating solvent so that cellulose becomes porous.
(00521
A coagulating solvent used in the present invention is not
particularly limited as long as when the cellulose dispersion is
brought into contact with the solvent, cellulose beads can be

]

cbhtained. Specifically, water and an alcchol solvent is preferred,
gince the solvenits have high affinity with the alkaline aqueous
solution, which is a good sclvent of the cellulose dispersion. In
particular, an alcohol solvent is preferred, since when the solvent
is used, a pore size of cellulose beads can be micrified in

[

comparison with the case of using water. In addltlun, an alcohol

3
¥
i

solvent 1s preferred, since when the solvent used, sphericity
becomes high. A mixed solvent of water and an aiwohai is more
preferred, since when the mixed solvent is used, a pore size of
cellulose beads can be arbitrarily adjusted by changing a mixing
ratio. An alcohol usedin the present invention is not particularly
limited, and alcohol of which carbon number is not more than ¢ is

15



preferred since such an alcchol has high affinity with the alkaline
agueous scolution. An alcohol of which carbon number is not more
than 4 is more preferred, and methancl is most preferred. A

coagulating solvent may be an alcohol aquecus solution.

5 [0053]
It is also preferred that the coagulating solvent used in the
present invention is acidified. When the coagulating solvent is
idified, the alkaline agueocus solution can be preferably
neutralized. It is preferred that the alkaline agueous solution
10  i1s rapidly neutralized, since a chemical damage of the obtained

——\
i
'—l

lluleose beads can be reduced. In addition, the present inventors

surprisingly found that when the coagulating solvent is acidified,

<

pore size distribution of the obtained porous beads becomes narrower.
Therefore, when such a pore diameter distribution property is

15  desired, it is particularly preferred that the coagulating solvent
ig acidified. A reagent for acidification is not particularly
limited, and an inorganic acild such as sulfuric acid and
hydrochloric acid, an organic acid such as acetic acid, citric acid
and tartaric acid, an acid having buffering action, such as

20 phosphate and carbonate, and the like can be widely used. The pH
of the ceoagulating solvent may be adjusted to lesgs than 7.0 for
acidifyving the coagulating solvent. The pH is preferably not more
than 5.0, more preferably not more than 4.0, even more preferably
not more than 3.0, and particularly preferably not more than 2.0.

25  The lower limit of the pH is not particularly limited, and the pH

rr-

is preferably not less than 0.0.
{00541

An amount of the coagulating solvent to be used is not

»fla

particularly limi , and may be appropriately adijusted. For

30 example, the amount may be adjusted to not less than 0.001 tines
by volume and not more than 100 times by volume relative to the
cellulose dispersion. The amount may be adliusted to not less than

0.01 times by volume and not more than 10 times by volume relative

+to the emulsion. When the amount is within the above-described

0
ot

cellulose beads can be efficiently produced and

U‘

ange, po
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desirable pores and surface pores can be efficiently formed. An
amount of the coagulating solvent to be used relative fo the emulsion
is nore preferably not less than 0.025 times by volume, even more
preferably not less than 0.05 times by volume, particularly
preferably not less than 0.07 times by volume, and more preferably
not more than 0.4 times by volume, even more preferably not more
than 0.2 times by volume, particularly preferably not more than
0.15 times by voiume. The above amount to be used is considerably
small in comparison with a usual amount of a coagulating solvent.
However, the present inventors surprisingly found that even when
an amount of the coagulating solvent to be used is decreased, porous
cellulose beads canbe efficiently obtainedaccording to the present
invention method.

(00557

.

A temperature of the coagulating sclvent is not particularly

limited, but it is preferred that the temperature 1s adjusted s0
that the cellulose dispersion is not frozen since when the cellulose

B 1y ~

dispersion is frozen in the coagulating solvent and then melted,
cellulose beads may beccome deformed or cellulose may be crushed.
In addition, a temperature of the coagulating solvent is preferably
not laess than a temperature of the cellulose dispersion. Ingeneral,
a temperature of the coagulating sclvent is adiusted to less than
a temperature the cellulose dispersion in order to increase a
coagulating speed. On the other hand, the present inventors
surprisingly iouna that coagulation progresses at a faster rate
by adjusting a temperature of the cocagulating solvent to not less
than a temperature of the cellulose dispersion. A specific
temperature of the coagulating solvent is not particularly limited,
and is preferably not less than 0°C and not more than 150°C, more
preferably not less than 25°C and not more than 100°C, and even
more preferably not less than 45°C and not more than §0°C. However,
it is preferred to appropriately adiust the temperature in
consideration of a boiling temperature of the coagulating solvent

or the like. In the present invention, a temperature of the
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cellulose dispersion means a temperature of the emulsion when the
emulsion is used.
[0056]

Amethod for contacting the cellulose dispersion or the emulsion
with the coagulating solvent is not particularly limited, and a
publicly-known coagulating method such as vapor-phase method can
be applied. As a vapor-phase method, an oscillation method
described in Example 1 of the Patent Document 2 is exemplified.
[0057]

It is preferred that the cellulose dispersion or the emulsion
is brought into contact with the coagulating solvent with stirring
from the viewpoint of sphericity of the obtained beads. For examplé .
the coagulating solvent may be added to the stirred cellulose
dispersion or emulsion. A condition of stirring is not particularly
limited, and a Pv value, which represents power consumption per
volume, of a stirring power during contact is preferably not less

than 0.1 kW/m’ since good sphericity and porous property may be

“achieved. The Pv value is more preferably not less than 1.1 kW/m’,

particularly preferably not less than 3.1 kW/m’>, and most preferably
not less than 5.5 kW/m® and not more than 12 kW/m’. When the Pv
value is more than 12 kW/m’, flowability may not be possibly stable
during contact. The above-described range of a Pv value includes
unconscionably large as a condition for producing porous beads from
cellulose, which is a relatively soft material. 1In such a case of
high Pv value, it is worried that beads are crushed. However, the
present inventors surprisingly found that when the Pv value is
rather adjusted to the above-described range, porous cellulose
beads having good sphericity and porous property may be produced,
and the above-described Pv value is preferably applied to the
present invention.
[0058]

A time required for adding the coagulating solvent to the
cellulose dispersion or the emulsion is not particularly limited
and may be appropriately adiusted, and is preferably not more than

150 seconds. When the time is adjusted to not more than 150 seconds,
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strength of the obtained porous cellulose beads is surprisingly
increased for reasons that are unknown. Asa resull, a column packed
with such poxous cellulose beads hardly. generates critical
compression of the beads even under the condition of high linear
flow velocity. The time is preferably not more than 60 seconds,
even more preferably not more than 40 seconds, and particularly
preferably not more than 2 seconds. On the other hand, the time
is excessively shorten, cellulose may be locally porous in some
cased; therefore, the time is preferably not less than 0.1 seconds.
In the present invention, a time required for adding the coagulating
solvent to the cellulose disyersion or the emulsion means a time
froﬁla.start‘toazcompl\ ion of addition of the coagulating solvent.
fOO“@]

{4} Step for cresslinking

ngth of porous cellulose beads ocobtained by the

above-described method can be further improved by using a
crosslinking agent. Crosslinked porous cellulose beads are

specially excellent in strength; therefore, such porous cellulose
beads withstand the use under high linear velocity and high pressure.
The present step may be optionally carried out.
[0060]

A method for cressiinking is not particularly limited, and a
publicly~known method may be applied. A crosslinking agent and
crosalinking reaction conditicn are not also particularly Limited,
and publicly-knewn art may be applied. A crosslinking agent is

exemplifiedbyahalohydrin such as epichlorohydrin, epibromohydrin

and dichlorchydrin; a bisfunctional bisepoxide (bisoxirane); and
polyfunctional polyepoxide {polyoxirane). Inparticular, amethod

described in JP 2008~2789366 A 1s preferably applied. The present
inventors developed a method described in JP 2008-279366 A and found
that strength of porcus celliulose beads can be further improved
by fractionally adding the alkaline agqueous solution for
accelerating a crosslinking reaction. Such a crosslinking method
can be applied to the present invention most preferably. The

content of the above publication 1s incorporated by reference.



10

00611

Stirring operation is preferably carried out in the step for
preparing the cellulose dispersion, the step for preparing the
emulsion and the step for coagulating. It is preferred to use a
stirring blade of which shearing force is powerful, such as a paddle
blade and a turbine blade, during a stirring operation in at least
one of the above gteps. It is more preferred to use the blade in

the step £

or preparing the emulsiocn and the step for coagulating,
and most preferred to use the blade in the step for coagulating.

ol

In genexral, the abov

~

e blade is not used in a step for coagulating
based on common sense, since when a blade of which shearing force

is powerful is used, porous beads composed of cellulose, which is

o2

relatively soft material, may be possibly crushed. The present
inventors surprisingly found that when a blade of which shearing
force is powerful isg used, porous cellulose beads having good
sphericity and porous property may be produced for reassons that
are unkncwn. The present inventors also found that good porous
cellulose beads can be surprisingly produced in combination such
a blade and the above~described Pv value, which is incomprehensible
under normal circumstances. A blade of which shearing force is
powerful and which is used in the present invention is not

limited, and a paddle klade and a turbine blade can

beused. Inparticular, apitchedpaddle blade anda rushton turbine

@

blade are preferably used. It is also preferred Lo use two or more
blades or two orx more kinds of blades in combination. It is also
breferred that two or more pltched blades are differently used in
one vessel. For example, a mixture is forked on the downside of
a vessel and turned down on the upper side. It is regarded as
preferred that a large-size blade is generally used in a step for
preparing an emulsion for homogenecus dispersion and narrower
particle size distribution. On the other hand, the present
inventors surprisingly found that a small-size blade such as a
paddle blade and a turbine blade is preferred, since when such a

blade is used, a particle size distribution of the obtained porous
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cellulose beads becomes narrower and sphericity thereof becomes
highexr.
[0oez]

With respect to the porous cellulose beads produced by the
prezent invention method, coloration is prevented and mechanical
strength is high. Therefore, a specific protein can be immobilized
on the porous cellulose beads in order to be used as a blood contact
material.

[0063]
According to the present invention, the high guality porous

sellulose beads described ags the above can be easily produced

without using an auxiliary material which is highly toxic and

corrosive suitable for

Ay
=
=
-
|95
<
k)
b
5
N
joui
=
A"
ot
joe]
)
=
=
o
]
b
ra
o
O
o
=
6
r
W
,—f
M
je
=
o
e
Ll
h
9]
)
-t
U
{m}
o}

an industrial production. In addition, sphericity of the porous
cellulose beads can be improved and porxosity can be adjusted by
arranging a production condition.
(00641

The present application claims the benefit of the priority date
of Japanese patent application No. 2011-050714 filed on March 8,
2011, and all of the contents of the Japanese patent application
No. 2011-050714 filed on March 8, 2011, are incorporated by

reference.

EXAMPLES
[0065]

Her after, ﬁiusze“GnLIﬂventionggsuebc‘Zb@gvntﬂubxamp1 257
however, the present invention is not limited to the Examples.
10066]

First, methods for evaluating physical properties of the

produced porcous cellulose beads are described.

[0067]
Test Example 1: Measurement of surface pore diamete

The porous cellulose beads obtained in each Examples were washed
using 30% ethancl having an amcunt of 5 times by volume, and the

liguid part contained in the porous cellulose beads was substituted
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by 30% ethanol. Next, the porous cellulcse beads were similarly
treated to substitute the liguid part thereof with ethanol by using

50% ethanol, 70% ethanol, 90% ethanol, special grade ethanol,

special grade ethanol and special grade ethanol in ocrder. Further,

the porous cellulose beads were similarly treated using a mixed
solvent of t-butyl alcohol / ethanol = 3 / 7 Then, the porous

cellulose beads were simllarly treated to substitute the liquid
part thereof with t—-butyl alcohol by using mixed solvents of t-butyl
alcohol / ethanol =5 /5, 7 /7, %/ 1, 10 / 0, 10 / 0 and 10 /
0. Theporous caellulose beads were freeze~dried. Vapor deposition
process was carried out on the freeze-dried porous cellulose beads
to photograph SEM images of 25,000 times. The diameters of surface
poeres were measured from the photographed SEM images using ImagedJ,
which is a gsoftware developed at the Natilonal Institutes of Health
in the United States.
(0068}

Test Bxample 2: Measurement of maximum pore diametexr

(1) Packing in columnn

The porous cellulose beads were dispersed in RO water, and the

mixture was degassed. A column (Tricorn 10/300, manufactured by
GE Healthcare Japan Corporation) was packed with the degassed porous
srarticle mixture at a linear velocity of 105 cm/h. Next, an eluent
(129 mi) of which pH was 7.5 was passed through the column at a

linear velocity of 26 cm/h.

{2y Addition of marker
The following markers were used.
[0070]
» Blue Dextran 2000, manufactured by Pharmacia Fine Chemicals Co.,
Ltd.

- Low Density Lipoprotein, manufactured by SIGMA Co., MW 3,000,000
Thyroglobulin, manvufactured by SIGMA Co., MW 660,000
Ferritin, manufactured by SIGMA Co., MW 440,000

+ Aldclase, manufactured by SIGMA Co., MW 158,000

165G derived from human, manufactured by SIGMA Co., MW 115,000
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{net used in Reference Example 1)
- Bovine Serum Albumin, manufactured by Wako Co., Ltd., MW 6,700
» Cytochrome C, manufactured by Wako Co., MW 12,400
* Bacitracin, manufactured by Wako Co., Ltd., MW 1,400
The above markers were diluted with buffer of pH 7.5 to adjust
the concentration to be 5 mg/mL. While the above eluent was passed
through the column at a linear velccity of 26 cm/h, 12 ulL of each
diluted solution was injected. The concentrations of the markers
were finely tuned as necessary.
[0O071}
(3) Measuremnent
As measurement device, DGU~20AR3, SCL-10A, SPD~10A, LC-10AD,
IL-20AC and CTO-10AC, which were respsctively manufactured by
SHIMADZU Corp., were used, and LCSolution was used as a software
for measurement. Formeasuring an amount of liguid, 50 nl, graduated
cylinder was ase
[0072]
At the same time as the injection of the marker, observation
by UV monitor and measurement of eluent amount were started, and
1) an eluent amount corresponding to the first peak of Blue Dextran
was measurad as Vo mb;
T00733
Z) eluent amounts corresponding to the peaks of each markers were
measured as Vi mlo
(00741
3} a total volume of porous particles in the column was regarded
as Vi mL.
(00751
{(4) Calculation
The value of Kue: gel phase distribution coefficients of each
markers was calculated in accordance with the following formula.
(60767
Kaw = (Vg ~ Vo) / (Ve - Vp)

o

5) Calculation of maximum pore diameter

The wvalue of K. and logarithm of molecular weight of each
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markers were plotted, and the slope and y—intercept of the following
formula were cobtained from the part which exhibited linearity.
(00771

Koo = k x Ly{molecular weight) + b
(0078}

Then, ithe molecular weight when Xy is 0, i.e. exclusion limit
molecular welght, was obtained from the above slope and intercept.
Next, the exclusion limit molecular weight was substituted in the
following correlation formula of diameter and molecular weight of
globular protein in a neutral buffer solution, and the value was
obtained as the maximum diameter of the pores of the sanple particle.
[0C791

2

Diameter of globular protein in a neutral buffer solution (&)
= 2.523 x (molecular weight)® %%
[GoBo)l
Tést Example 3: Calculation of average pore diameter
The molecular weight corresponding to the value of the maximum
Kavw / 2 in the part which exhibited linearity in the Test Example
21{2) was substituted in the above-described correlation formula

.

of diameter and molecular weight of globu

.,

iar protein in a neutral

buffer solution, and the value was obtalned as an average pore
diameter of the porous cellulose beads,
(0081}

When Kage of adsorbent for a target substance to be adsorbed was
measured in the Test Example 2 and Test Example 3, the target

3

substance could be adsorbed and an accurate measurement might be

€]

)
e

impossible. Therefore, the value of Ky of adsorbent for the target
substance to be adsorbed was obtained by measuring the values of
Kav ©f two or more proteins which had molecular weight close to the
molecular waight of the target substance and then calculating from

the measured data. For

7

example, when the targelt substance to be
adsorbed is IgG, the value of K, was obtained from the data of
ferritin and albumin.
(00821

Test Example 4: Measurement of median particle diameter

2%
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Particle sizs distribution of the porous cellulose beads on
the basis of volume was measured using a laser diffraction /
scattering type particle size distribution measuring apparatus
(LA-5850, manufactured by HORIBA Ltd.}, andmedian particle diameter
was obtained.

[00831
h

rh

Test Example 5: Evaluation of streng
AKTRexplorer 105 {(manufactured by GE Healthcare Bio-Sciences
Corp.) was used, and a mesh of 22 pm was attached to a column having
a diameter of 0.5 on and height of 15 ¢m. Into the column, 3 mL
of the porous cellulose beads were respectively charged, and 20%
ethanol aqueocus solution (prepared from ethanol manufactured by
Wako Pure Chemical Industries, Ltd. and distilled water) was passed
atazlinearvelocitycﬁf@SOCﬂuhﬁknrlhour. Next, a phosphate buffer
of pH 7.4 (manufactured by SIGMA Co.) was passed through the column
al: various linear velocities to specify the linear velocity at which
critical compression was cbserved for strength evaluation.
[po84]
Example 1
{1) Preparation of alkaline aqueous solution A
Sodium hydroxide manufactured by Wako Pure Chemical Industries,
Ltd. and distilled water were used to prepare % wt% sodium hydroxide
aqueous golutien, and the temperature of the solution was adijusted
to 4°C.
00857
{2) Preparation of cellulose dispersion A
The above alkaline agqueous solution A of which temperature was
adjusted to 4°C was stirred with maintainjng the temperature at
4°C, and then microcrystalline cellulose of which median particle
diameter was 71 pm (manufactured by Johnson Matthey Co.) which ha
been still stood at 4°C for 2 hours was added Chereto little by
little until the concentration of cellulose became 5 wt%. The
mixture was stirred with maintaining the temperature at 4°C for
2 hours after the addition, to prepare a cellulose dispersion in

wnich cellulose was homogeneously dispersed and swelled. The
spe
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dispersion was preserved at 4°C. The photograph of the obtained
celliulose dispersion is shown as Figure 1(1).
10080}

{3) Preparation of porous cellulose beads

Medium chain fatty acid triglyceride (Actor-M-2, manufactured

by Riken Vitamin Co., Ltd., 85 mL) was stirred at 300 rpm and at
4°C, and 15 mL of the cellulose dispersion A was added thereto.
The mixture was stirred at 300 rpm and at 4°C for 15 minutes. The
obtained dispersion was added to 300 mL of 90% methanol of which
temperature was adjusted to 50°C and which was stirred at 300 rpm,
and the mixture was stirred at 300 rpm and at 50°C for 10 minutes

2

After suction filtration was carried out, washing was carried out
uging 75 ml of ethanol and subsequently 150 mi, of water to obtain
porous cellulcse beads. The median diameter of surface pore of the
obtained porous cellulose beads was 747 A. In the past, il was
thought that a 1lulose dispersion in which cellulose was not
dissolved could not be used for producing porous cellulose beads.
However, as Jjust described, porous cellulcse beads having good
properties could be produced from a cellulose dispersion.
(008713
Example 2

Porous cellulose beads were cobtained in a similar condition
to the Example 1 except that 1.2 M citric acid agueous sclution
which was prepared from citric acid monohydrate manufactured by
Wake Pure Chemical Industries, Ltd. and distilled water was used
as a coagulating solvent and the temperature of the ccagulating
solvent was adjusted to 75°C. The median diameter of surface pore

diameter of the obtained porous cellulcse beads was 1057 A.

{00881
Example 3
Porous cellulose beads were obtained in a similar condition
to the Example 1 except that a solution prepared by mixing methanol

and 1.2 M citric acid aqueous solution in a ratio of 9 : 1 was used
as a <o dgujat;qg solvent. The median diameter of surface pore

diameter of the obtained porous cellulcse beads was 932 A.
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(00891
,,,,, Lxample 4
Porous cellulose beads were cbtained in a similar condition
to the Examplie 1 except that a solution prepared by mixing methanol
and sulfuric acld manufactured by Wako Pure Chemical Industries,
Ltd. in a ratio of 8 : Z was used as a coagulating solvent. Th;
median diameter of surface pore diameter of the obtained porous
cellulose beads was 1298 A.
[0080)]
Fxample 5
{1) Preparation of cellulose dispersion B
Cellulose dispersion B was prepared in a similar condition to
the case of cellulose dispersion A of Example 1(2) except that the
concentration of cellulose was adjusted to ¢ wt%.
0081}
(Z) Prepaxation of porous cellulose beads
To 82 mL of o-dichlorcbhbenzene (manufactured by Wako Pure
Chemical Industries, Ltd.), 1.15 ¢ of sorbitan monooleate
(manufactured by Wako Pure Chemical Industries, Ltd., corresponding
to span 80) was added. The mixture was stirred at 4°C and at 330
rpm. To the stirred mixture, 18 ml of cellulose dispersion B was
added. The mixture was stirred at 4°C and at 330 rpm for 15 minutes.
The obtained emulsicn was added to 300 ml of methanol which was

stirred at 300 rpm and at 55°C. The mixture was stirred at 300 rpm

and at 55°C for 10 minutes for coagulation. After suction
filtration was carried out, washing was carried out using 75 mL

of methanol and subsequently 150 mL of water to obtain porous
cellulose beads. The median diameter of surface pore diameter of
the obtained porous cellulose beads was 667 A.
[0052]
Example 6
Porous celiulose beads were obtained in a similar conditior

to the Example 5 except that ethanol was used as a coagulating

solvent. The median diameter of surface pore diameter of the
obtained porous cellulose beads was 453 A.
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(00937
Comparative Example 1
(1) Preparation of cellulose solution
The alkaline agueous solution A of the Example 1(1) of which
temperature was adjusted to 4°C was stirred with maintaining the
temperature at 4°C, and then microcrystalline cellulose of which
median particle diameter was 71 ym (manufactured by Johnson Matthey
Co.) which had been still stood at 4°C for 2 hours was added thereto
little by little until the concentration of cellulose became 9 wt%.
The mixture was stirred with maintaining the temperature at 4°C
for 2 hours after the addition sc that cellulese was homogenecusly
dispersed and swelled. Tzen@xturewaécxm@leteiyfrozenat—€0°t.
Then, the frozen mixture was melted at 4°C, and diluted with
distilled water so that the volume became 1.5 times. The mixture
was stirred for homogenization and preserved at 4°C. The
photograph of the obtained cellulose solution is shown as Figure
1(2).
[0034]
{2} Preparation of porous cellulose beads
Porous cellulose beads were obtained in a similar condition
to the Example 6 except that the above cellulose solubtion was used
ingtead of cellulose dispersion B. The median diameter of surface
pore diameter of the obtained porous cellulose beads was 502 A.
[00B5]
Comparative Example 2
Porous cellulose beads were obtained in a similar condition
o the Example 5 except that the cellulose solution of the
Comparative Fxample 1(1) was used, 60% methanol at 4°C was used
as a coagulating solvent instead of methanol at 553°C, and the
temperature of the coagulating solvent was adjusted to 4°C. The
median diameter of surface pore diameter of the obtained porous
cellulose beads was 451 A.
10096]
Comparative Example 3

Porous cellulose beads were obtained in a simillar condition
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to the Comparative Example 2 except that the amount of the
coagulating solvent was 5.4 ml and methanol was used as the
coagulating solvent. The median diameter of surface pore diamster

of the obtained porous cellulose beads was 531 A.

As the Comparative Examples 1 to 3, when a cellulose solution
was prepared by freezing a cellulose dispersion and then melting
the frozen dispersion, and the cellulose solution was brought inte
contact with a coagulating solvent, porous cellulose beads could
be obtained. However, such a method is not suitable for industrial
mass production, since the method requires energy and time to freeze

a dispersion and melt the frozen dispersion. On the other hand,

according to the present invention method, similar porcus cellulose
peads can be produced without the steps for freezing and melting.

[o0s8]
Examplie 7
Porous cellulcse beads were obtained in & similar condition
to the Example 5 except that the temperature when the emulsion was
prepared was adjusted to 55°C and an amcunt of the coagulating
olvent was 7.2 ml.
{00993
Example 8
Porous cellulose beads were obtained in a similar condition
to the Example 7 except that 60% methanol was used as a coagulating
solvent.
(01001
Fxample 9
Porous cellulose beads were obtained in a similar condition

to the Example 7 except that distilled water was used as a
coagulating solvent.
(01011

Example 10

Porcus celliulose beads were cobtained in a similar condition

2

to the Example 7 except that ethancl was used as a coagulating

solwvent.
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Example 11
(1) Preparatiocn of alkaline aqueous sclution B
Sodium hydroxide manufactured by Wako Pure Chemical Industries,
Ltd. and distilled water were used to prepare 33 wt$ sodium hydroxide
agueous soiution, and the temperature of the solution was adjusted
to 4°C.
{01031
(2)y Preparation of cellulose dispersion C
Japanese  Pharmacopoeia cellulose PH-F200P, which  was
manufactured by Asahi Kasei Chemicals Corp. and of which median
varticle diameter was 21 um, and distilled water were mixed in a
ratio of 9.2 parts by weight and 104 parts by weight respectively.
The temperature of the mixture was adjusted to 4°C with stirring.

To the stirred mixture, 40 parts by weight of the alkaline ague

solution B of which temperature was adiusted to 4°C was added. The
obtained mixture was stirred at 4°C for 30 minutes
101047
(3) Preparation of porous cellulose beads
The cellulose dispersion €, o~dichlorobenzene and sorbitan

monooleate (corresponding to span 80) of which temperatures were
adjusted to 4°C were mixed in a ratio of 154 parts by weight, 776
parts by weight and 7.8 parts by welght respectively. The mixture
was stirred in a separable flask eguipped with two rushton turbine
hlades at 300 rpm (Pv value: 0.2 k%/m?} at 4°C for 30 minutes, to
prepare an emulsion. To the emulsion, 57 parts by weight of methanol
of which temperature was adijusted to 4°C was added as a coagulating
sclvent with stirring and maintaining the temperature. The volume
of the coagulating solvent was 0.1 times relative to the emulsion.
The time reguired for adding the coaguiating solvent was 2 seconds.
Then, the mixture was stirred with maintaining the rotational rate
for stirring and the temperature for 20 minutes. After suction
filtration was carried out, washing was carried out using 240 part

by weight of ethanol and subsequently 500 parts by weight of water

to obtain porous cellulose beads. The obtained cellulose beads
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were wet~classified using sieves of 38 wum and 90 um.

[0105]
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method A, for which JP 2008-279366 A was

Distilled water was added to 11 parts by volume of the above
porous cellulose beads so that the total velume became 16.5 parts
by volume. The slurry was transferred to a reaction vessel. To
the reaction vessel, 3.86parts by volume of 4N NaOH agueous solution
which was prepared from NaCH manufactured by NACALAI TESQUE, INC.
and distilled water was added. The mixture was heated up to 40°C.
To themixture, 1.77 parts by weight of a crosslinking agent {DENACOL
EX-314, manufactured by Nagase ChemteX Corporation), which
é@ntain@d glycercl polyglycidyl ether, was added. The obtaineﬁ
mixture was stirred at 40°C for 4 hours. After the reaction, the
beads were washed using 20 parts by volume of digstilled water with
carrying out suction filtration. The ocbtained beads were referred
to as "one~-time crosslinked beads”

[0106]

g
4

1

[aw)

The obtained one~time arosslinked beads were transferred to
avessel. Diﬁtille&waterwasaddedtheretosothatthetotalvolume
became 10 times by volume of the crosslinked porous beads. The
mixture was heated up to 120°C for 1 hour using an antoclave. After
the mixture was cooled down to room temperature, the beads were
washed using 5 times by voiume of RO water, to obtain autclaved
one-tinme crosslinked beads of which epoxy group was changed to
glycervl group.

(0107]

Next, stilled water was added to 11 parts by volume of the
autclaved one~time crosslinked beads so that the total volume became
16.5 parts by volume. The migture was transferred to a reaction
vegssel, and 3.86¢ parts by volume of 4N NaOH agueous solution which
was prepared from NaOH manufactured by HACALAT TESQUE, INC. and

distilled water was added thereto. The mixture was heated up to

e

40°C. Acrosslinking agent {DENACOL EX-314, manufactured by Nagase

ChemteX Corporation) of 1.77 parts by weight was added thereto.
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The obtained mixture was stirred at 40°C for 4 hours. After the
reaction, the beads were washed using 20 times by volume of distilled
water with carrying out suction filtration. The obtained beads
were referred to as "two~times crosslinked beads™.

[(0108]

The obtained two-times crosslinked beads were transferred to
avessel, Distilledwater was added thereto so that the total volume
became 10 times by volume of the crosslinked porous beads. The
mixture was heated up to 120°C for 60 minutes using an autoclave.
After the mixture was cocled down to room temperature, the beads

o

were washed using 5 times by volume of distilled water, to obtain

autcla two-times crosslinked beads.
[0108]

{5} Physical property test
The median particle diameter of the above crosslinked beads
was 75 pm. Further, the average pore diameter was 215 A, maximum

pore diameter was 1756 4, and exclusion linit molecular welght was

Crosslinked porous cellulose beads were obtained in a similar

conditien to the Example 11 except that 15 wt% methanol solution

of citric acid monochydrate was used as a coagulating solvent. The

median particle diameter of the above crosslinked beads was 75 um,

@

the average pore diameter was 190 A, maximum pore diameter was 718

A, and exclusion limit molecular weight was 3.2 x 107.

Example 13
{1) Preparation of porous cellulose beads
Porous cellulose beads were obtained in a similar condition
to the Example 11 except that rotational rate was 500 rpm (Pv value:
1.1 kw/uf) and a sieve of 63 um was used instead of the sieve of
90 pm.
[0112]

(2) Crosslinking - method B

32



Distilled water was added to 20 parts by volume of the above
porous cellulose beads so that the total volume was 20 parts by
volume. The mixture was transferred to a reaction vessel. 7To the

mixture, 2.3 parts by weight of a crosslinking agent (DENACOL EX-314,

o

manufactured by Nagase ChemteX Corporation), which contained
glycerol polyglycidyl ether, was added. The mixture was stirred
with heating up to 40°C. After the temperature became 40°C, the
mixture was stirred for 30 minutes. Separately, 7.1 parts by volume
of 2ZN NaOH aqueous solution was prepared from NaOH manufactured
10 by NACALAI TESQUE, INC. and distilled water. The NaOH agueous
golution was added to the above mixture in increments of one quarter

per one heour. During the addition, the temperature was maintained

at 40°C and stirring was maintained. After final amount of one
gquarter was added, the mixture was stirred at the same temperature

15 for 1 hour. After the reaction, the beads were washed using 20 times
by volume of distilled water with carrying out suction filtration.

The obtained beads were referred to as "one-time crosslinked beads™.

0

The obtained one~time crossliinked beads were transferred

20 avessel., Distilledwater was addedthereto so that the total volume
became 10 times by volume of the crosslinked porous beads. The
mixture was heated up to 120°C for 1 hour using an autoclave. After
the mixture was cooled down to room temperaturs, the beads were
washed using 5 times by volume of RO water, to obtain autclaved

25 one-time crosslinked beads of which epoxy group was changed to
glyceryl group.
(61147

Next, distilled water was added to 20 parts by volume of the

autclaved one~time crosslinked beads go that the total volume becanme

30 30 partsbyvolume. Themixture was transferredto a reaction vessel,
and 2.3 parts by weight of a creosslinking agent (DENACOL EX-314,
manufactured by Nagase ChemteX Corporation), which contained
glycerol polyglycidyl ether, was added thereto. The mixture was
heated up to 40°Cwith stirring. After the temperature became 40°C,

35 the mixture was stirred for 30 minutes. Separately, 7.1 parts by
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volume of 2N NaOH aquecus solubtion was prepared from NaOH
manufactured by NACALATL TESQUE, INC. and distilled wate The NaOH
agqueous solution was added to the above mixture in increments of
one quarter per one hour. During the addition, the temperature was
maintained at 40°C and stirring was maintained. After final amount
of one gquarter was added, the mixture was stirred at the same
temperature for 1 hour. After the reaction, the beads were washed
uging 20 times by volume of distilled water with carrying out suction
filtration. The obtained beads were referred to as "two-times
crosslinked beads”.
01157

The cobtained two-times crosslinked beads were transferred to
avessel. Distilledwater was added thereto so that the total volume
became 10 times by volume of the crosslinked porous beads. The
mixture was heated up to 120°C for 60 minutes using an autoclave.
After the mixture cooled down to room temperature, the beads were
washed using 5 times by wvolume of distilled watex, to obtain
autclaved two-times crosslinked beads.
[0116]

{3) Physical property test

1

The median particle diameter of the above crosslinked beads
was 56 pm. Further, the average pore diameter was 336 A, maximumn
pore diameter was 3400 A, and exclusion limit molecular weight was
3.8 x}Os. The beads were not critically compressed even at a linear
velocity of 3057 cm/h.
0117
Example 14

Crosslinked porous cellulose beads were obtained in a similar

condition to the Example 11 except that 15 wt¥ ethanol sclution

of citric acid monohydrate was used as a coagulating solvent. The

median particle diameter of the obtained crosslinked beads was 75
um, the average pore diametern was 163 A, maximum pore diameter wasg

1040 A, and exclusion limit molecular weight was 1.0 x 10°.
[01183
Example 15
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Crosslinked porous cellulose beads were obtained in a2 similar

condition to the Example 11 except that an amount cof the coagulating

solvent was 28 parts by weight. The median particle diameter of

the obtained crosslinked beads was 75 pm, the average pore diameter
was 232 A, maximum pore diameter was 1419 A, and exclusion limit

molecular weight was 2.6 x 10°.
[0119]
Example 16
Crosslinked porcus cellulose heads were obtained in a similar
condition to the Example 13 except that a sieve of 90 um was used
instead of the sieve of 63 ym. The median particle diameter of the

obtained crosslinked beads was 75 ym. The beads were not critically
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compressed even at a linear veloc o which 1s the
maximum linear velocity of a passing liguid in the used device.
0120}
Example 17
Crosslinked porous cellulose beads were obtained in a similax
condition to the Bxample 16 except that a rotational ratioc for
stirring was 700 rpm (Pv value: 3.1 kW/m’). Mediar particle
diameter of the obtained crosslinked beads was 75 um. The beads
were net critically compressed even at a linear velocity of 3057
cm/h.
[0121)
Example 18
Crosslinked porous cellulose beads were obtained in a similar
condition to the Example 16 except that a rotational ratio for
stirring was 250 rpm (Pv value: 0.1 kW/m’}. The median particle

diamete " the obtained crosslinked beads was 75 um, the average

pore diameter was 130 A, maximum pore diameter was 562 A, and
Tusi 1imit molecular weioht was 1.5 % 107
exclusion limit molecular weight was 1.5 »x 10
[0122]
Example 19
Crossiinked porous cellulose beads were chtained in a similar

condition to the Example 16 except that one WH type large-size blade

was used as a stirring blade and a rotational ratio for stirxring
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was 350 rpm (Pv value: 1.3 kW/HP). The particle size distribution
immediately after the agglomeration was broader than the case of
the Example 16.
101231
Example 20

Crosslinked porous cellulose beads were obtained in a similar
condition to the Example 16 except that a time reguired for adding
a ccagulating solvent was 60 seconds. Themedian particle diameter

of the obtained crosslinked beads was 75 pm.

Example 21
Crosslinked porous cellulose beads were obtained in a similar
condition to the Example 16 except that a time required for adding
a coagulating solvent was 160 seconds. The median particle
diameter of the cobtained crosslinked beads was 75 pm. 7The beads
were critically compressed at a linear velocity of 1987 em/h. In
addition, the beads wexe slightly difficuit to be packed, and a
protein was eluted relatively earlier.
[61257]
Example 22
Crosslinked porous cellulose beads were obtained in a similar
condition to the Example 17 except that two pitched paddle blades
were used as blades for stirring.
[012¢]
Example 23
Crosslinked porous cellulose beads were obtained in a similar
condition to the Example 22 except that the temperature for
production was adiusted te 9°C.
(01277
Example 24
Crogslinked porous cellulose beads were obtained in a similar
condition to the Example 22 except that the temperature for

roduction was adjusted to 0°C.

3
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Crossiinked porous cellulose beads were obtained in a similar
condition to the Example 16 except that a time required for adding
a coagulating solvent was 10 seconds.

[0129]
Example 26

Crosslinked porous cellulose beads were obtained in a similar
condition to the Example 16 except that a time reguired for adding
a coagulating solvent was 30 seconds.

[0130]
Example 27

Crosslinked porous cellulose beads were obtained in a similar
condition to the Example 16 except that a rotational ratioc for
stirring was 1180 rpm (Pv valune: 12 W/wm’).

[C1311
xample 28

Crosslinked porous cellulose beads were obtained in a similar

-'D

condition to the Example 16 except that a rotational ratioc for
stirring was 800 rpm (Pv value: 5.5 kW/m>).

01321

e

Example 28
Crosslinked porous cellulose beads were obtained in a similar
condition to the Example 16 except that a stirring time for preparing
a dispersion was changed from 30 minutes to 120 minutes.
{01331
Example 30
(1) Preparation of cellulose dispersion D
Cellulose dispersion D was prepared in a similar condition to

the case of cellulose dispersion C in the Example 11(2) except that

officinal cellulose KG-1000, which was manufactured by Asahi Kaseil

hemicals Corp. and of which median particle diameter was 54 um,

{2} Preparation of porous cellulose beads

Crosslinked porous celliulose beads were obtained in a similar

condition to the =Zxample 27 except that the above cellulose
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dispersion D w

[0135]

353
193]

Exanmple 31
Crosslinked porous cellulose beads were obtained in a similar
condition to the Example 27 except that the above cellulose
dispersion D was used.
[0136)
Example 31
Cresslinked porous cellulese beads were obtained in a similax
condition to the Example 30 except that an amount of the coagulating
solvent was 228 parts by weight.
[0137]
Comparative Example 4
Sodium hydroxide manufactured by Wako Pure Chemical Industries,
Ltd. and distilled water were used to prepare 9 wt% sodium hydroxide
agqueous solution. The temperature of the agueous solution was
adjusted to 25°C. Separately, microcrystalline cellulose
(manufactured by Johnson Matthey Co.} was stood still at 25°C for
2 hours. The sodium hydroxide aguecus solution of 25°C was stirred
with maintaining the temperature. The microcrystalline cellulese
was added to the stirred sodium hydroxide agueous solution little
by little until the concentration of celluloss became 5 wt%. After
the addition, the mixture was stirred with maintaining the
temperature<yf25°61for2 hours. The mixture was preserved at 25°C;
as a result, cellulose particles were settled out and a celluloss
dispersion could pot be obtained. In additicn, the mixture was

stained yellow.

Ul

saiad
O
ity

138]
Comparative BExample 5
{1} Preparatiocn of cellulcose solution
To 100 g of 60 wt% calciuvm thiocyanate agueous solution, 6.4
g of crystalline cellulose {CEOLUS PH10l, manufactured by Asahi
Kasei Chemicals Corporation, median particle diameter: 73 pm) was

added. The mixture was heated up to 120°C to dissclve cellulose.

The solution was used shortly after the preparation, since it is
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difficult to preserve the solution at 120°C.
[0139]
2) Preparation of crosslinked porous cellulose beads

Porous cellulose beads were prepared using calcium thiocvanate
with reference to the Examples described inWO2010/095573 ag follows
Specifically, 6 g of scrbitan monooleate was added as surfactant
to the above cellulose solution, and the mixture was added dropwise
to 480 ml. of o-dichlorobenzene which was preliminarily heated up
to 140°C. The mixture was stirred at 300 rpm. Next, the above
dispersion was cooled down to 40°C, and poured into 190 ml of
methanol to coagulate cellulose. 2After suction filtration was

carried out, washing was carried out using 190 ml of methanol. The

¥

washing with methanol was repeated several times. After washing
was further carried out using a large amount of distilled water,
suction filtrationwas carried out to obtainporous cellulose beads.
Porous cellulose beads were filltered, and 100 g of the heads were
added to a sclution prepared by dissolving 60 g of sodium sulfate
in 121 g of distilled water. The mixture was stirred at 50°C for
urs. Then, 3.3 g of 45 wi% sodium hydroxide agueous solution
and 0.5 g of sodium borohydride were added thereto, and the mixture
was stirred. To the stirred mixture at 50°C, 48 g of 45 wt$% sodium
hydroxide agueous solution and 50 g of epichlorchydrin were added
in increments of 25 equal parts respectively every 15 minutes.

O~

After the additiocon, the reaction was carried out at 50°C for 16

hours. After the reaction, the mizture was ccoled down to 40°C,
and neutralized by adding 2.6 g of acetic acid. Suction filtration
was carried out and washing was carried out using distilled water.
Wet clessification was carried out using sieves of 53 pm and 90

pm to obtaln crosslinked porous cellulose beads having average

particie diameter of 78 um.

(3) pbhysical property test
The surface pore diameter of the above crosslinked porous
cellulose beads was 1649 A, the average pore diameter was 793 A,

maximum pore diameter was 14100 A, and exclusion limit molecular
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weight was 2.9 x 10" . The beads were not critically compressed
even at a linear velocity of 3057 cm/h.
(01417

As the above, the crosslinked porous cellulose beads obtained
in the Comparative Example 5 had considerably too large pores. In
addition, the solution containing calcium thiocyanate, which 1i1s
highly toxic, remained as a waste liquid.
[0142]

Reference Example 1

The averacve porous diameter of commercially available
agarose beads {MabSelect SuRe LX, manufactured by GE Healthcare
Corp.), of which amount of monoclonal antibody to be adsorbed was
relatively large and in which Proteln A wags introduced, was 425
A. The maximum pore diameter thereof was 2970 A, and the exclusion

s ’ ) i3 ks g
limit molecular weight thereof was 2.5 x 107



10

15

20

25

30

35

CLAIMS

1. A method for producing porous cellulose beads, comprising the
steps of:

mixing a coldalkaline agueous solution and cellulose to prepare
acellulose dispersion, wherein the temperature of the cold alkaline
aqueous sclution is not more than 15°C; and

bringing the cellulose dispersion into contact with a

coagulating solvent.

2. The method for producing porous cellulose beads according to
claim 1, wherein an alkali concentration in the alkaline aqueous

solution is not less than 5 wt% and not more than 15 wt%.

3. The method for producing porous cellulose beads according to
claim 1 or 2, wherein a median particle diameter of the cellulose

is not less than 10 um and not more than 500 um.

4. The method for preparing porous cellulose beads according to
any one of claims 1 to 3, wherein a cellulose concentration in the
cellulose dispersion is not less than 1 wt% and not more than 10

wt%.

5. The method for producing porous cellulose beads according to
any one of claims 1 to 4, wherein the coagulating solvent contains

an alcochol.

6. The method for producing porous cellulose beads according to
any one of claims 1 to 5, wherein the coagulating solvent is

acidified.

7. The method for producing porous cellulose beads according to
any one of claims 1 to 6, wherein a temperature for preparing and
preserving the cellulose dispersion is not less than -20°C and not

more than 10°C.
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8. The method for producing porous cellulose beads according to
any one of claims 1 to 7, wherein the cellulose dispersion is
dispersed in a continuous phase to obtain an emulsion, and then

the emulsion is brought into contact with the coagulating solvent.

9. The method for producing porous cellulosge beads according to

cilaim 8, wherein the coagulating solvent has nct less than §.01

times and not more than 1 time as much volume as the emulsion.

10. The method for producing porous cellulose beads according to
claim 8 or 9, wherein a value of Pv at the time of preparing the
emulsion is not less than 0.1 kiW/m®, and the value of Pv represents

power consumption per volume.

11. The method for producing porous cellulose beads according to
any one of claims 1 to 10, wherein a value of Pv at the time of
hxinginq?ﬁx&cellulose4dispersionLUﬂx>con; ct with the ceocagulating
solvent is not less than 0.1 kW/m’, and the value of Pv represents

power consumption per volume.

12. The method for producing porous cellulose beads according to

any one of claims 8 to 10, wherein a time required for adding the

coagulating solvent to the emulsion is not more than 150 ssconds.

13. The method for producing porous cellulose beads according to
any one of claims 1 to 12, wherein the cellulose dispersion is
prepared by preparing a preliminary dispersicon from water and
cellulose and mixing the preliminary dispersion with the alkaline

agueous solution.

14. The method for producing porous cellulose beads accoxding to
any one of claims 1 to 13, wherein a stirring operation in at least

one step is carried out using a turbine blade.

15. A method for producing crosslinked porous cellulose beads,
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comprising the step o

obtained by the method according
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crosslinking the porous cellulose beads

o claims 1 to 14.




