METHOD FOR PRODUCING-POROUS CELLULOSE BEADS TECHNICAL FIELD [0001] 5The
present invention relates to a method for producing porous cellulose beads. BACKGROUND ART
[0002] 10Porous cellulose beads are safer than other synthetic polymers and exhibits low non-specific
adsorption property. In addition thou%lﬂ%orous cellulose beads are classified as polysaccharide, the

mechanical strength tHErEor i ﬁiaﬁ %?r%?e,%%é CelitifdSeDEad&hate a number of hydroxy

groups, which can be used 15 for introducing a ligand which interacts with a target substance to be
adsorbedrér%%%f&g%, Qg{)&lﬁ cellulose beads are used for various adsorbent. Such an adsorbent is
exemplified by an adsorbent for various chromatographies and an affinity adsorbent. Specifically, an
affinity addovBént is used as a medical adsorbent 20 and used for purifying an antibody medical drug,

since;a target susiance can be-efficiently.pyrified.and gnunwanted substance concentration can be

decreased by using the affinity adsorbent. In particular, an adsorbent which is obtained by
immobiliZifg Proteis APESEd affinity ligand on a porous support is attracting 25 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
immobiliﬁ?ﬁ‘&ﬁ’g\%[iwa &8%4n affinity ligand on a porous support is also attracting attention as an
adsorbent@@0foi purifying an antibody medical drug. The adsorbent can specifically adsorb and elute

an igmunoglobyin J9G1. 19043 methed for proguding sych porous relliigee beadeinaludesa -
cumbersome step in many cases as comparé% {o the case of an ordln%ry 12 s'ynt%e |gnbolfymer, since it :
is difficuletecdissbie idaetlulgse. non—specific adsorption property. In addition, ?

though paréus cellulose beads are classified as polysaccharide,
the mechanical strength thereof is high. Furthermore, porous
celiulose beads have a number of hydroxy groups, which can be used
15  for introducing a ligand which interacts with a target substance
to be adsorbed. Therefore, porcus cellulose beads are used for
various adscrbent. Such an adsorbent is exemplified by an
adsorbent for variocus chromatographies and an affinity adsorbent.
Specifically, an affinity adscrbent is used as a medical adsorbent
20  and used for purifying an antibody medical drug, since a target
substance can be efficiently purified and an unwanted substance
concentraticn can be decreased by using the affinity adsorbent.
In particular, an adsorbent which is cobtained by immobilizing
Protein A as an affinity ligand on a porous support is attracting
25 attention as a therapeutic and medical adsorbent for arthritis,
hemophilia and dilated cardiomycopathy (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 is also attracting attention as an adsorbent
30 for purifying an antibody medical drug. The adsorbent can
specifically adsorb and elute an immunoglcobulin (IgG).
[0003]
A method for producing such porous cellulose beads includes
a cumbersone step in many cases as compared to the case of an ordinary

35 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 is dissolved
in a solvent such as a calcium thiocyanate aqueous solution and then cellulose is coagulated. It is
however difficult to construct facilities which are used for 5 carrying out the method, since the above
solvent is_highly corrosive and toxic. In addition_ it is well known tha tge ce{LIquse solution used in the
ethod SXHIBIE & S AR e Conauts, S (At PO PTOIHE hende SHtes o T Hod nave
considerably térgelpores. ffoll exanipie ANen<phtent Docament 3gMherefdrepwhandhé porous 10

cellulose %@9%9@&%@%‘%&&@&@%@996%&&?%ﬁsﬁ%ﬂdﬁ@ﬁ?ﬂ%a{‘s‘?@gg%}iQEQ&UG likg, the

adsorbent cannot be expected to show a high adsorptive performance, since the specific surface area
of the porbistcBEioRE beabElissntall: Of ¥RE bisTthaRl; tHerelis s Hielisdd #6iepreaaeingcs porous

cellulose syppHt by iNtrodueing. 12 subsfityeats e improve Aselubility-of, egliulgsednta,Bydroxy groups
of cellulose, dissolving the cellulose in a general solvent, granulating the cellulose, and then removing
the substRBENTS OF examipREPdteRTDIcunTelE2). Kowaver e e tiod MHLEsmslitatdPEteps, and
a moleculas sveight ©f celluloseds-decreasedduring: the=20steps ot intradueing and remeaying the
substituentslirgfgggrgétakl&pég uced § ﬁ‘%g’s igﬁril%%fj not to have 8uffic% nt stren%th re%%ired for

high speed process orlarge scalé procedure, which is re%%ﬁﬁycﬁgg’&e&r[ﬁ A] FEAE d'S6Ivént which

can easilyl ﬁ@s@@%s@mﬁmﬁemqu@mtiﬁlg -attéﬁtismﬁar_&?atgﬁn[)dwrp@mahglisglo_ses_ a
method far.qhtaining cellulose heads, by dissolying cellulgse in an jonig liguid \However, an jonic liquid

is not suited for being used as an auxiliary material in industrial level, since an ionic 30 liquid is

considerablyaxpeRsive. #nddediton Wiith respee frtecsdfetporat ibhiCHgaiar fieredssenly a few

toxicity dafa,angh the; ike-thereef Jheagh.amianic quidmaysemain; in addition, when-ap ignic liquid is
used for medical purpose or for producing an adsorbent to purify pharmaceutical compound, it is

predictableS5RAACEDfifatiotCoFtTeeasRty 5f Shohic liqHid iS'éofdideraplgnd, there is

a method for producing a porocus cellulose support by introducing
15 substituents to improve a solubility of cellulose into hydroxy
groups of celiulese, dissolving the cellulose in a general solvent,
granulating the cellulose, and then removing the substituents (for
example, Patent Document 2). However, the method has complicated
steps, and a molecular weight of cellulose is decreased during the
20 steps of introducing and removing the substituents. Therefore, the
produced support is inclined not to have sufficient strength
regquired for high speed process or large scale procedure, which
is recently needed.
[0C04]
25 As a solvent which can easily dissolve cellulose, an lonic
liguid is attracting attention. Non-Patent Document 4 discloses
a method for obtaining cellulose beads by dissclving cellulose in
an ionic liguid. However, an ionic liguid is not suited for beiﬂg
used as an auxiliary material in industrial level, since an ionic
30 liquid is considerably expensive. In addition, with respect to the
gsafety of an ionic liguid, there 1lg only a few toxicity data and
the like thereof, though an ionic ligquid may remain. In addition,
when an iconic ligquid is used for medical purpcse or for producing
an adsorbent to purify pharmaceutical compound, it is predictable

35 that confirmation of the safety of an ionic liquid 1s considerably
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" required since anionic liquid would remain even in a slight amount. [0005]  In addition, for example,
Patent Documents 3 and 4 disclose a method for dissolving cellulose into a cool sodium hydroxide 5
aqueous solution only. However, in the method described in Patent Document 3, a mixture of cellulose -
and a hydrogen bond-cleaving solution is heated at 100 to 350C under increased pressure, and then -
the cellul8& ¥ He misdsie N dissolved ifarratialile aguesussointion. Sashamethodds not suitable
for an industial110 production. The method described in Patent Document 4 requires the steps in ‘
which cellulose is dispersed in a strong basic solution and the dispersign is frozen and then the
cellulose is disSONVES 10068 PaRht BoEIEHt 5 Bistises ¥aiifdseswhichear beidisds19&d 15 in an
alkaline solutiorhddowever the cethilogedemiarntabricated ta:be sicrefinense thaithe dinmeter of the -
micrqfiber is not mare.than 1 pm or not more than 500 nm. Such g microfalyrication is not suitable for

? 2o gx/l'oreﬂpoe%%‘ﬁﬁ{?,’ Paten &%%r%lgr% gedglgé:l%qugg athéthbd¥or producing

. =t eou O
an mdustn%‘llprodguctlon. 686’7?3
cellulose beagseThednethodlbras asstep ineihich celulesd derived:frgmra icrdorgaaisimis dissolved

fo obtain 2.s0lutian in aegerane,withghe methar desghed it BAlE RogueDLdand ine solutionis |

frozen. However, the step is too cumbersome to be 25 applied to an industrial production. PRIOR ART

PATENT DOC HMERT {0008 0P AeATDSSIRR At 93P 2Dbed42y 70 T PatéAtDecwRens2: WO

2006/025371k,Patent Decument 3:9,46344 70 8 BatandDacuraent4y YS 5410034 B Patent

Document 5: JP H9-124702 A 35Patent Document 6: JP 2010-236975 A NON-PATENT DOCUMENT
10 production. The methed described in Patent Document 4 requires the

steps in which cellulose 1s 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

15 dnanalkaline solution. However, the cellulose ismicrofabricated
to be microfiber so that the diameter of the microfiber is not more
than 1 pm or not more than 500 nm. Such a microfabrication is not
suitable for an industrial production.

[0007]

20 More recently, Paltent Document 6 discloses a methed for
preducing cellulose beads. The method has a step inwhich cellulose
derived from a micrcorganism is dissolved to cobtain a solution in
accordance with the method described in Patent Document 4 and the
solution is frozen. However, the step is too cumbersome to be

25 applied to an industrial production.

PRICR ART
PATENT DOCUMENT

(0008}
30 Patent Document 1: JP 2009-242770 T
Patent Document 2Z: WO 2006/025371
Patent Document 3: US 4634470 B
Patent Document 4: US 5410034 B
Patent Document 5: JP HO-1247062 A
35 Patent Document 6: JP 2010-236975 A
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[0009] Non-Patent Document 1: Annals of the New York Academy of 5 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 10Non-Patent Document 4:
Journal of Chromatography A, 1217 (2010) 1298-1304 DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION 15[0010]  The objective of the present invention
is to providgiera- eamyeriientaigthod for producing porous cellulose beads having high mechanical
strength inM]using an auxiliary material which is highly toxic and corrosive and without a
cumbersome and industrially 20 adverse step. MEANS FOR SOLVING THE PROBLEMS [0011] The
present inventdfsThavetcsHdubeelintaysive: sthdiag t6 selve PBhd aboveplobleindrirdetad, it was the

first pyoblgm; how g dissplve gghulosgswhich igglifficylt to be dissolved in a low toxic and inexpensive
solvent, in a conventional production of porous cellulose beads. At first, the present inventors also

researched the"CBHdiRGF T HREBIVIRG cell iBEE irte BordbovE dERE bED ‘solvaht Tt difficulty.
However,4heqresent inventor completed the present invention by finding that porous cellulose beads
can be successfully produced even from ac lulose Elisdpferé'}?n without usip]% a (i%@ﬂ?ﬁ(a 8‘36)!uti0n.

[0012] Non-Patent Document ourna romatograp
221-230
10 Non-Patent Document 4: Journal of Chromatography A, 1217 (2010)
1298-1304

DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
15 [G010]

The objective of the present invention 1is to provide a
convenient method for producing porous cellulogse beads having high
mechanical strength without using an auxiliary material which is
highly toxic and corrosive and without a cumbersome and industrially

20 adverse step.

MEANS FOR S0OLVING THE PROBLEMS
[0011]
The present inventors have conducted intensive studies to solve

25 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 inventors also

researchad the condition for dissolving cellulecse in  the
20 above~described scolvent 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.

[0012]



The method for producing piorous cellulose beads according to the present invention is characterized
in comprising the steps of mixing a cold alkaline agueous solution and cellulose to prepare a cellulose
dispersion and bringing the cellulose dispersion into 5 contact with a coagulating solvent. [0013]  An

alkali concentralpaon in tglre? bove alkaline aqueous solution is preferably not less than 5 wt% and not
more than 15 wtd%. Wik %5 Akl CSErt RS I ithin thE 1RGP E HiSharFinF 4h8 % 6 swelling
property bheeltuleserir the etkalinenadueotia seltitioni can berinpraved s[0014He theqpresent invention
method, it is preferred to u ellulose having a median, particle diameter of not less than 10 15 pm
and not rﬁ%%g%%n%g(%%r}n%;s% iévze/emgt 1%%?911% rr?gy g)’(%lp%onss?brh{/i ir(f(?r:]{s Haﬁ)ﬁ%ista%\f)a%efggé:& and
increase #hé pladductivh @b8PRY palverizetélitlose natit asmediaiparticlel dizpreter of thetoellulose
becanesJgss than 19Hm, Onthe ather hand swhenicellulose having a too large median particle
diameter is used, a stable 20 dispersion may not be possibly obtained; and as a result, porous
cellulose Mlmay not be possibly produced in an efficient way. Therefore, the median particle ;
diameter is preferably-nat meredhan 5000 {00A8] A5/ selulaseiconcenpteation i the abgve cellulose
dispersion is refgrab lnot less than 1 \ﬁ/t% %nd not more than 10 wt%. The cellulose concentration of
less than'T vt mas Be hod8ibly idustafy-didadvatitagea -siebrt Aifount 8 solVBiitto be |
removedirhay bilintreased: it the dtherihand, vidien the coneertyation B8ds tea high.itmay possibly
reqyjre t time.t e aho enous dispersion, Therefore, the concentration is preferably
not%{ore%&%%%t%?%gl%g 34 ?{[glg%%g?e?r%edl {Ea%ﬁtﬁeaa !cg)?/g lc%%gﬁ%%ﬁcéus“’ol\?gr%ug&rﬁ%ins 35 an
alcohol, siage ‘an aleslorisdnexpensive. In addition, when the

[0014]

In the present invention method, it is preferred tc use
cellulose having a median particle diameter of not less than 10
15 pm and not more than 500 pym 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 pm. On the other hand, when cellulosze
having a too large median particle diameter is used, a stable
20 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 um.
[0015]

25 A cellulose concentration in the above cellulose dispersion
is preferably not less than 1 wt% and not more than 10 wt%. The
cellulose concentration c¢f less than 1 wt% may be possibly
industrially-disadvantaged, since an amount of a solvent to be
removedmay be increased. On The other hand, when the concentration

30 is too high, it may possibly require too long time to produce a
homogenous dispersion. Therefore, the concentration is preferably
noet more than 10 wt%.

[0016]
It is preferred that the above coagulating sclvent contains

35 an alcohol, since an alcohol is inexpensive. In addition, when the
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coagulating solvent containing an alcohol is used, the porous cellulose beads may be effectively
produced. [0017] It is preferred that the above coagulating solvent is acidified. 5 When the coagulating
solvent is acidified, the cellulose dispersion which contains the alkaline aqueous solution can be
neutralized. In addition, the present inventors, found th%&wl}?n the coagul ting solvent which is
acidified SRS AP0 ST2e G b Bh 6 the Ghiathett porous cefluibse e%‘s@bgggr%lég narrower.
Therefore;d0whes such aisarmeweb poee Sizedistributiondsidesited, it is preferred to use the
coagulatirll% 39!y§nt which is acidified. [0018] A temperature for preparing and preserving the above
cellulose dispersion is preferably not less than -20C and not more than 10C. 15 When the temperature
is not less than-20€, Hredzerofthé hikalife adratus Solitichéany 5e praventet 20hthé ‘Gifler hand,

wherythe jemperature, isnatmore thanJ0G, thecellylose.disparsion ¢an besefficieptly-produced and

coloration of the cellulose dispersion can be prevented. 20[0019]  Itis preferred that the above
cellulose HisheRsiBAnS Bidperst if aontittictEIsase f8 dHiah? An“dHuRGoR 4hd tHerf ife emulsion
is brought intgcontachvithbeseagating selvent.\Whem such-an emulsioteis:peepared; the porous
cellulose beads which have 25 ggh r,%pheric;it can ge obtained more e:éllsilgg‘i 0020], nIt i% preferred
that the abBve TBAgHIALHG Soivaitiths HGtIeds thar 00T imasand Aot More than L tite s much

volume as ithe @mulsiond \Whenitheosgllmeds avithindh ecranges the porous: cellulosedsgads=30 which
et renaing e eulCion & raferab ot foas 1ban 0.1 K3, whetei T dalLg of Py
representspoiar3siconsnptioh pef vollime tWhersthevdllie ¥ hobless than 1 kim3,

[0018]

A temperature for preparing and preserving the above cellulose

dispersion is preferably not less than -20°C and not more than 10°C.
15 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 cellulcse dispersion can
be efficiently produced and coloration of the cellulose dispersion
can be prevented.
20 [0019]

Tt 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 solvent. When such
an emulsion 1s prepared, the porous cellulcse beads which have

25 higher sphericity can be cobtained mcre easily.
[0020]

It is preferred that the above coagulating solvent has not less
than 0.01 times and not more than 1 time as much volume as the emulsion.
When the volume is within the range, the porous cellulose beads

30 which have preferred pores and surface pores can be obtained more
certainly.
(G021}

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

35 ceonsumption per volume. When the value is not less than 0.1 kW/m’,
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the porous cellulose beads which have higher sphericity and preferred pores can be obtained more
certainly. [0022] A value of Pv at the time of bringing the above cellulose 5 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/m3, the porous cellulose beads
which hav& RigREF Shiferichy Whusiafenetf ordE dah b8 DBRINEERvTe CBIESRLCIBI0023F A time
required forafiding: thepeaagulatingiselvest 40 tael emidsionds ot Aere than 150 seconds. When the
time is n(éfp'ggrﬁr;han 150 seconds, strength of the obtained porous cellulose beads can be amazingly
increased for some unaccountable reasons. 15[0024] It is preferred that the above cellulose
dispersion is pfepared by pfefaririg-a preliminaey dispérsiorpfrom water amoveellutoisbudnd mixing the

prefiinagy dispetsion Wil the.alkaline aaugows solian. Isea easg, Lds prevented fhat celulose

is clumped 20 and a time re U|reqi for preparing the cellulose dispersion’can be decreased. [0025] It is
preferredthafa ShiThgloperalidiin ar'fe2st she Step Ekified®SutiisingARBASIAE blaelevaNhen a

turbine blages ofwhich28sheayinghforceaiisareatis,Msed asastiFring Hlade the poroys cellulose
beads which have higher sphericity and preferred pores can be amazingly obtained more easily for

some unactouRfabie FeaSrs. 10028] 3UTFHE mEthod ol Froauding rdssimkst p6rous caftdiose beads
according te:the-presend invention ischaracterized M eempsising: tieystep of crosslinking the porous
cellylose %@'_ﬁgaobtained by the above-described method according to the present invention. 35

EFFECT E INVENTION
A time required for adding the coagulating solvent to the

emulsion 1s 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.

15 {0024]

It is preferred that the above cellulose dispersion is prepared
by preparing a preiiminary'dispersion,fronawater and cellulose and
mixing the preliminary dispersion with the alkaline aqueous
solution. In suchacase, it is prevented that cellulose is clumped

20 and a time required for preparing the cellulose dispersion can be
decreased.
[0025]
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
26  shearing force is great, is 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
reasons.
[0026]
30 The method for producing crosslinked porous cellulose beads
according to the present invention is characterized in comprising
the step of crosslinking the porous cellulose beads obtained by

the above-described method according to the present invention.

36 EFFECT OF THE INVENTION




[0027]  According 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
5 and without a cumbersome step which is not suitable for an industrial production. BRIEF

DESCRIPTIOON] OF THE DRAWING [0028] 10Figure 1(1) is a photograph of a cellulose dispersion
according[po I.%egpresent invention, and Figure 1(2) is a photograph of a cellulose solution according to

a conventionalmethod i MODE FOR CARRYING OUTITHE INVENTIONAB]0028]e bEhdsmethod for
producing porguis,sellioseibeads asaureing fe o present yellion,s gajagiarized gpmprising the

steps of mixing a cold alkaline aqueous solution and cellulose to prepare a cellulose dispersion and
bringing the isedulse dispersivryints 2o contactwith a’‘codybidting $6Féat. J00BGI°T T PRe Biesent

inveryors faung that when a celllose dispersian; ebtained by-dispearsingrealulose.in.a celdialkaline
agueous solution is brought into contact with a coagulating solvent at a temperature 25 that the

cellulose H%ﬁé?ﬁ%ﬁ‘?élnot frozen, porous cellulose beads can be easily produced at low cost
substantively without using a solvent and a solubilizing agent which are highly toxic and corrosive. In
addition, it is well-known that when a cellulos M&der having a normal size is added into a cold
alkaline a%%ﬁs%ssc&ﬁ}t?gr{%%%ge%gn[\)N Ichis far from a clear solution is generally obtained.
However,{@agesult of various researches, the present inventors surprisingly found that porous

cellylpse beads.cay be gasily todised ablo st averian suena gallulose, lisperaian as a result of
various researches. It Is probable that 35 even when cellulose is not dissolved in an alkaliné agueous
solution, t¢ the present invention, and Figure 1(2) is a photograph of a

cellulose solution according to a conventional method.

MODE FOR CARRYING OQUT THE INVENTION
15 [0029]

The method for producing porcus cellulose beads according to
the present invention is characterized in comprising the steps of
mixing a cold alkaline agqueocus soluticn énd cellulose to prepare
a cellulese dispersion and bringing the cellulose dispersion into

20 contact with a coagulating solvent.
(00301

The present inventors found that when a cellulose dispersion
obtained by dispersing cellulose in a cold alkaline agueous solution
is brought into contact with a coagulating solvent at a temperature

95 that the cellulose dispersion is not frozen, porous cellulose beads
can be easily produced at low cost substantively without using a
soiveﬁﬁ and a solubilizing agent which are highly toxic and
corrcgive. In addition, 1t is well-known that when a cellulose
powder having a normal size is added into a cold alkaline agueous

30 sclution, a dispersion which is far from a clear solution is
generally cobtained. 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 as a result of various researches. It is probable that

35 even when cellulose is not dissolved in an alkaline aqueous solution,
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a special cluster is formed from water and an alkaline component at low température, 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 5 becomes porous. [0031]
Hereinafter, each step of the present invention is described. [0032] (1IZ1 Step for preparing a cellulose |
dispersioft THRTHE bredentiitenfion Aol Aicindddue s siitiah Ehd a8l iege ere fifixed. A
reaction irwhish celuese: is;selyatesh hy: aceeld alkaling-aguesusiSQIIIBNUSE AN-exethesmig, reaction;
therefore, when cellulpse is ed to an alkaline aqueous solution having high temperature, a
dispersistr)lewﬁi"g:ﬁ%%s' §mggn§g%1seaﬁ 15 Solor égssacasr?r#ci)ztebde obtathed. “Fverdfsie, folv femperature is
maintained ag the tilmedotsmixing telletose withian alkakine afjiedus solution68033} kithenpresent
invention, the term Eg\gotggw_perature" means a 20 temperature which is less than an ambient
temperature. As long as the temperature is less than an ambient temperature, there is no big problem.
A temperé@@r%ldf not less than -20C is preferred, since a temperature control system can be simple

and running cost of artemparature gonrapsystam.canbe dowered, dn:addition, 823 temperature of not
more than 10C is preferred, coloration of the cellulose dispersion is decreased and a dispersibility and

a swellabwaﬁgﬁcellulose become higher. The temperature is more preferably not less than -10C and
not more than) 26E W henrthertemperature isdiotless:tham 496 dtican be prevented to freeze 30 an
alkaI.IJJPe aqueoijg %%Igtizg)rnésoerrll%hggtr%%rtri%%q’ \(Iivl“l:eo .tcpealkaline aqueous solution and
cellulose are mixed. A reaction in which cellulose is solvated.by
a cold alkaline agqueous solution is an exothermic reaction:
therefore, when cellulose is added to an alkéline aqueous solution
having high temperature, a dispersion which is homegencus and
15 cocloriess cannot be obtained. Therefore, low temperature is
maintained at the time of mixing cellulose with an alkaline aqueous
solution.
[0033]
In the present invention, the term "low temperature" means a
20 temperature which is less than an ambient temperature. As long as
the temperature is less than an ambient temperature, there is no
big problem. A temperature of not less than ~20°C is preferred,
since a temperature control system can be simple and running cost
of a temperature control system can be lowered. In addition, a
25 temperature of not more than 10°C is preferred, coloration of the
cellulose dispersion is decreased and a dispersibility and a
swellablility of cellulose become higher. The temperature is 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
30 an alkaline aqueous sclution. On the other hand, when the
temperature is not more than 20°C, the cellulose dispersion can
be effectively prepared and coloration of the cellulose dispersion
can be decreased. The temperature i1s more preferably not less than
~5°C, even more preferably not less than -2°C, particularly

35 preferably not less than ~1°C, and more preferably not more than
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temperature is not more than 20C, the cellulose dispersion can be effectively prepared and coloration
of the cellulose dispersion can be decreased. The temperature is more preferably not less than -5C,
even more preferably not less than -2C, particularly 35 preferably not less than -1C, and more

preferabl%/]r not more than 15C, even more preferabl n&'g moréq,than 9C, even morgfref rgbly not
more thart 3¢ e\ aFF At Stet& b ABL ot tHAN ZC VRN more PrEferABR Bt RMdtedRar 1C. In
addition, the:-temperatiirerofatat meresthan8C i preferred] sincetspherieity lof thet dbtairedporous

cellulose beads can_ becqome higher. [0034]. __An.alkalito be d. is_not, particularl 115@'15 as long as
an aqueo%%%%l&%n of t%ﬁ glkg%%hrg\%v%eal gﬁrﬁty?i?s'sug ) a%dgls'féﬁﬂﬁﬁiutn%%y%%gﬁ e, SOl %m
hydroxide>ana-otassiuimhiaydibxidé 4 G ard praferred froffetiie biaw. poinY offrdddy abardbifty, and

sodiym hydroxide is.most prefered from the yiewspaint ofipsice and product safety. [0035] A
- concentration of the alkali in the alkaline aqueous solution 15 is not particularly limited, and is
preferablyl fB€ feks than 3 wt% and not more than 20 wt%. When the concentration of the alkaline is

included in thezange dispersibility and-gwelability eheelidesesimthe alkalineiagueous goluion is high.
The concentration is more preferably not less than 5 wt% and nr]?]]% %1%016 20 than 15 wt%, even more

preferabl§ Hot fBEEHEN TPdAs 41l St MdFe thatt 16 vitds ahd’ pPeferably ot 1BSE tith 8 wtoe
and not maredhan 10 vit%n{00a6]Sheikind ofithendelldloseitdcberused ts not partigdalady likkited. 25 For
example, in the present inventio ethod, it is .not necessary to tituted ulos ch as
cellé'?](;)se %vﬁcﬁll% gﬁt%tﬁ%te% %Iﬁngg;eu stj’[ﬁl"j ent %5131 n?%?g\%%ar %cﬁ ﬁ%ﬁ”ﬁygél%%igéﬁﬁ n%%o%r%! l% noscl%b%%tuted
cellulose s exdsksd s moaw materiak sinte celfileselis namiedded toiecdissshvedodofdo37] A
molecular,weight of cellulose is not particularly limited, but a polymerization degree of cellulose is
preferably not more than 1000. When the polymerization degree is not more than 1000, dispersibility
and swell&bility 6f cellulose become higher. In 35 addition, the polymerization degree of not less than

10 is preferreda concentration of the alkali in the alkaline aqueous solution
15 1is not particulariy limited, and is preferably not less than 3 wt$
and not more than 20 wt%. When the concentration of the alkaline
is included in the range, dispersibility and swellability of
cellulese in the alkaline aqueous solution is high. The
concentration is more preferably not less than b wt% and not more
20 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
than 10 wt%.
{003¢]
The kind of the cellulose to be used is not particularly limited.
95 For example, in the present invention method, it is not necessary
to use substituted cellulose such as cellulose which 1s substituted
by a substituent for improving sclubility, and common unsubstituted
cellulose can be used as a raw material, since cellulose is not
neaded to be dissolved.
30 [0037]

A molecular weight of cellulese is not particularly limited,
but a polymerization degree of cellulose is preferably nct more
than 1000. When the polymerization degree is not more than 1000,
dispersibility and swellability of cellulcse bescome higher. In

35 additicn, the polymerization degree of nct less than 10 is preferred,
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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 5 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 T5BAGNMRETRSEALINVEREBA e thod i rité e AoP et 4Raf el BAr&Rd Rt dhore 10 than

500 pm. kis-batperdeddn theresent inventiontmether &a-dissolve.selluloserand pulyerize cellulose
ina spec&aésrgettf}%)gmfogdma{:)rgvirégtlsolubiIit¥hIn a%(égon, when cellulose is excessively pulverized, the
overall productivity is decreased. In'other wotls” Cellulogets EohieRiGR&IN Biketizbd fivsly by a

special nigthod 1B sachi agdlasting: tréatmeh? Andpwet-grinding for dissobing telluleselin=a: cold
alkaline aqueous,solyfign; however, the progyction cost istraised ue i« such a treatment. Therefore,
the median garticle diameter of a raw material éeﬁ%oseoig prgfé$agl§ano Ye&S %haar? 10 gr}?w%rf‘n addition,
when the4nBdidiparicl@disinéteris ABfless 20 than 10 pm, clumping is hardly caused in the
cellulose gigpersion. On the other hand, when cellulose of which median particle diameter is too large
is used, a stable dispersion cannot be obtained and eventually porous cellulose beads may not be

possibly produt&FRTaR Efective\vay FRersToratthe etiai patiels #rshisteris 25 prstefably not
more thanrb0&pro:Thesmedian pagicks diampater is moredyefetablynotless.tham 35 prm-even more

preferably.20 p articul referably not less than 45 pm, and more preferably not more than 200
pm.E 003gP§8Ingg§dﬁ%h, ?gsgssol\%ﬁagt pﬁﬁﬁ (illse g«%ﬁ]pﬁl ledas 88%0@8%?%89 JBRBIRS iS9mproved. A
dissolving pesy hvay beldctlaly: used as braw mateeial farqereducing the celulese Hispersion used in
the presentyientign. owedar: 1) wel igua gt a disselving pulb max be produced gemmonly by
a method of which 35 environmental load is-heavy. Also, the present inventors how tha ¥1owadays
dissolving ptifis 566y diffieuttte el dbtainddcasi & raw hiaterial fosprddudingpdrous celislose beads

probably duete1a structural problem, of. eeliulose jadustiess Acgording to the present invention, porous |

cellulose beads can be effectively 5 produced without using a dissolving pulp. Therefore, generally and |
easfy avaiiah& Eetticle R FerRraBIS Vs dd thiRE PresehithaERticH foF etidssifyla ¥t Production
cost and impzovinppeaductivity. [RO40110A condition tonmbear alkaline aadvequs selutionwith

cellulose. is notj,part'ciglarlycg)mgitueq.1 If_ior ex%r{l]gle, cellulose mfagl be added intg an alkaline aqueous

solution, and an ‘alkaline agueoLs solution May be addee (o caitilose: G4 PrévBrRé thfh alkaline
aqueoussbiutigreis preliminarilyredsled dowre id allowaehsperatifierand therot Iess than

10 ym. In addition, when the median particle diameter is not less

20 than 10 pm, clumping is hardly caused in the cellulose dispersion.
On the cther hand, when cellulose of which median particle diameter
is too large is used, a stable dispersion cannot be obtained and
eventually porous cellulose beads may not be possibly produced in
an effective way. Therefore, the median particle diameter is

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

[G039]

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

36 environmental load is heavy. Also, the present inventors know that

11



~ 15 cellulose is added to the cooled alkaline aqueous solution. [0041]  Cellulose may be suspended
in water before mixing with an alkaline aqueous solution. As a result, clumping of cellulose can be
prevented, and a time required for preparing the cellulose 20 dispersion can be reduced, and the
cellulose dispersion which i;more ho ogeneous ¢ n$ ob}&i}ne . A ratio of cellulose in the

[

 readily,
suspensidty EaHbE At ARy Coriet? artl 1 &Xefplified by not 1638 than T I\}vef%o And'not thore than
40 wt%. [ea42]-2511 isfalsogprefarrechthat celiuloseorlai teliulobe sdspensibrlis. godied dewa to a low

temperature, sifiarly fo ap alkaline,aaugqus salulionpelprempdog will ag.alialing gaygqus solution. In

such a case, 3(femperatE|’Fe of cellulose or a cellulose suspension may not be the same as a
temperaturessfart-alkaline afoeous FolutrE80i0043]e  Phas!prafefrefitohF afitdiNaline aqueous

solution to, which callyloseora,callulose;suspansion is,added rofa-celilasesuspensigndqavhich an
alkaline aqueous solution is added. Avalue of Pv, which represents a stirring power in such a case, is

35 prefer&Bly hbY |86 thakt 0.1 98A/H3 3FE rict MRS tHET 100 REGh3." Metstifihg power is not
less than 0QLKW/m3, beth ganhesefficientlyunixed. praddiionowhendhestitringpowet:ig too high, it
may be possibly difficult to be mixed in some cases. Therefore, the stirring power is preferably not
more tha?166KW/nT3.55[0044] Also, the present inventors surprisingly found that when a cellulose
suspensiarooltained by dispersing cellulose in water is cooled down to a low temperature and then an

akajjge aqueoys solyfonis addeg i@ e sied syshegsion, a bompgeneaus eelldose i dispersion

can be instantaneously prepared. Such a met is preferably used. In such a case, it is more
preferred tatia temperattivé of the hikalinechquésus Sofitivhtto b€ Hdeass 18wy I8 A8 feferred

that the cellylgse, dispersionds.mainiained,ata low tempesatureiduring.both f preparation.and
mesawagggrbeaddedtx>cellulose. It is preferred that an alkaline aquecus

solution is preliminarily cooled down to a low temperature and then

15 cellulose is added to the cooled alkaline aqueous solution.
[0041]

Cellulose may be suspended in water before mixing with an
alkaline agqueous solution. As a result, clumping of cellulose can
be prevented, and a time reguired for preparing the cellulose

20 dispersion can be reduced, and the cellulcse dispersion which is
more homogeneous can be readily obtained. A ratioc of cellulose in
the suspension can be arbitrarily controlled, and is exemplified
by not less than 1 wt% and not more than 40 wt%.

[C042]

25 It is also preferred that celiulose or a cellulose suspension
is cooled down to a low temperature similarly to an alkaline agueous
solution before mixing with an alkaline agueous scolution. In such
a case, a temperature of cellulose or a cellulose suspensicn may
not be the same as a temperature of an alkaline agueous sclution.

30 [0043]

It is preferred to stir an alkaline agqueous sclution to which
celluliose or a cellulose suspension is added, or a cellulose
suspension to which an alkaline agueous sclution is added. A vaiue
of Pv, which represents a stirring power in such a case, is

35 preferably not less than 0.01 kW/m® and not more than 100 kW/m’.
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15 The temperature can be the same as the above-described temperature of an alkaline aqueous
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 20 concentration is not less than 1 wt%, a mechanical
strength of the obtained porous cellulose beads becomes higher. The congentration which is not more

than 10 WIBETS prferfbd 7 Sink8 £0iskbsity ot e CEMTosB3HsPerSionHé&omdbiveiahdan amount

of cellulose whidleiscngt hexdispersed:otcawelted isreducrd. Jhereanceptiation: 25-isqnorgmreferably
not less th%n 3 Wg/% and noEfTorg.tpgn 10 wt%, even.more ,preferablg not less than 4 wt% and not
y 5ref1e‘ra

more than 8 Wid6, particular Biy ot le3s than 53tge aid Hot1hore thar FWE%CARd most
preferablyimot fdssrthan® weeand nopnedrerthhi6 with. Wshen the:ooncéntkation of cellulose in the
cellulpse gindigpersion is calculated, cellulose which is not dispersed nor swelled and which is not
homogeneously dispersed is not counted. [0046] (2) Step for preparing an emulsion The
cellulose dispetsipfi/may Derdispersed Vg ebatifucls pRase B5 B preparfe Ahamelsion,and then the

emulsiongaay peJaeught inies contaswith a.coagulating solvent-Aiareparation qf such an emulsion is

optional. However, when the step is undergone, porous cellulose beads may be readily obtained from

the cellulB88 tishetSIER Frwhich LeILFEREAMOThE (G BE dortlinad i§ téiatively Sargeh addition,

porous celilose beadsofdakiciomeehanical strengtbds high may:be sgadibsabtained, {0047] A

con}iﬁuo §lgh%§e is.not part'cglajr}y I{rgitﬁghand S?I}(:ontinuousé)cpaseg%[‘fwhich compatibility with the
IS . n edibie

1 S10I = i .
cellulose ersion s low 10'is pre?era% y USEd °For faer%%f:e, Ah edibie oft Sizh™5& medium chain

fatty acidetrigheeritde YMGEH a naturaloit sachrasepalitoil,scotonut pitanerseuhleheza higher alcohol
such as isosteard-alcohel andaley] glgohgl: g higher.estgr sigh as 2-qgtyldadecanol; a lipophilic

organic solvent such as dichlorobenzene can be used. 15 In addition, an appropriate amount of

surfactant may belafiédr i acotflintiotis pigse Suchla surttamtis exeniglifieeipy alsorbitan fatty
acid estes sughias; soebifan-lavrate, sorbitanistearate, seitan-olegte and sarbitan frieleate. [0048]
20An amount of a continuous phase may be adjusted to sufficiently
16 The temperature can be thé same’as the above-déscribed temperature
of an alkaline agueocus 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
20 concentration is not less than 1 wt%, a mechanical strength of the
obtained porous cellulose beads becomes higher. The concentration
which is not more than 10 wt% is preferred, since a viscosity of
the cellulose dispersion becomes lower and an amount of cellulose
which is not be dispersed or swelled is 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 is not homogeneously dispersed is not counted.
[0046]
(2) Step for preparing an emulsion
The cellulosge dispersion may be dispersed in a continuous phase

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

13



disperse droplets of a cellulose dispersion. For example, a ratio of the continuous phase may be not
less than one time by mass relative to a cellulose dispersion. On the other hand, when an amount of a
continuous phase is too much, an amount of waste liquid may be 25 excessively increased. Therefore,

the ratio is preferably not more than 10 tjimes béq]amass. The ratio is maore refegabl};c@lot less than 2
times by fai&a&lermore préfef@bly Hot1sSthah A times by Tass, And Mofe prefarably not more
than 8 timesdismass] evepthona prefetabbrrat, morethane fimgs by magssyparticulady preferably 30

not more thaln1§1 ii(r)nsees m ssmgoozh% It iga%rf erre% 1q, gjét a llgmgﬁ{gtu(gg during.the dispersion as

similar to (éetemperature of the cellulose dlspers'r‘én. In other words, it is preferred that a temperature of
a continucussphasé, 85 aftethpetatore Whertg corintibus phasedrdatefiuissé dispersiohy are mixed

and atemperature when g cellulose dispgrsion. s dispgtsed,pacontinyeus-Ahase Ars adisted to be
cool similarly to a temperature of the alkaline aqueous solution. [0050] 5It is usually preferred when an

emulsion REprepared, & coliildsE8 st sibrAd atidettb™ Bffifed continuous phase. A Pv value of a
stirring powes during preparation of the emulsion is preferably not less than 0.1 kW/m3 and not more

than 12 kW/m3. When the stirring power is not Jessu_thaf O.} Kk /th, SOd s@erigg)éralqg 1uO porous
property may b& FEGHity AR B FEadtitidh Rihen the Sfirring Power s f80-highta flowability of the
emulsion mayslkee possibly-difficult 4a Deistable;thetefore, thelstirding palemis préferably hotmore than

12 kjyim3, The sHiting hower s mote, preferaplyfioblessfian. 1. KWI3, 2YGRII0G prefeepbly not
less 15 thafh 3. 1kWim , And partlcuﬁzry prelsl ra%ly not%esst an 5.5 kW/m3. [0051]
fatty acid triglyceride {(MCT); a natural oil such as palm oil,
coconut oil and squalene; a higher alcohel such as iscstearyl
alcohol and oleyl alcohol; a higher ester such as 2-octyldodecanol;
a lipophilic crganic solvent such as dichlorobenzene can be used.

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

[0Cc48]

20 An amount of a continucus phase may be adjusted to sufficiently
disperse droplets of a cellulose dispersion. For example, a ratio
of the continuous phase may be not less than cne time by mass relative
to a cellulose dispersion. On the other hand, when an amount of
a continuous phase is too much, an amount of waste liguid may be

95 excessively increased. Therefore, the ratio ispreferably not more
than 10 times by mass. The ratio is more preferably not less than
2 times by mass, even more preferably not less than 4 times by mags,
and more preferably not more than 8 times by mass, even more
preferably not meore than 7 times by mass, particularly preferably

30 not meore than 6 times by mass.

(00497

It is preferred to adjust a temperature during the dispeision
as similar to a temperature of the cellulose dispersion. In other
words, it is preferred that a temperature of a continucus phase,

35 a temperature when & continuous phase and a cellulose dispersion
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(3) Step for coagulation  Next, the cellulose dispersion is brought into contact with a coagulating
solvent so that cellulose becomes porous. 20[0052] 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 obtained. Specifically, water and an alcohol solvent is preferred,
25 since € SOREMSAGVR higP sy SFtiRR ﬁlﬁglﬂélﬁéfﬁé‘oﬁé ot vhicH 18 Bgottfsolvent of
‘the cellulose glispersion:dmpaticudar, an-alsahakselventistpeetested, sinca whep the solvent is used, a
pore size %f ce@lllyl(%%e ge%(%s £an b&@é rgieed igrg %%rgﬁlgrisorlwéth the case of using water. In addition,
an alcohgl 45’ SoRvent s preferred, since When the Soived uéled“,oszbhericity becomes high. A mixed
solvent of W&t€d and an alcohol is more preferred, since when the mixed solvent is used, a pore size of
cellujose beadscan,be arhitrarily,adiusted by chanaing amixing fatio. Ap. alcehgl used in the present
invention is not particularly 35limited, and alcohol of which carbon number is not more than 6 is
preferred™§inée seeh &t aROFDI PastigHafmitrwtEiHEraIR Al se aklreusssoltien.- Anfakohol of

which cathonBuRbey ispot-morg thand-isinene prefeusd and methanohis mest prefarred. A
coagulating solvent may be an alcohol aqueous solution. 5[0053] It is also preferred that the

r
coagulatb EoivaRt W8 tn thE HreRént inve IR isSR&idiffed Rme i i cbagiiidfing sdivent is
acidified,the alkaline aqueous sdlutiontcar:be preferably nempratized: dtisspreferred thakthe alkaline
aqueous solution 10 is rapidly neutralized, since a chemical damage of the obtained cellulose beads
canlegoe réduced. In %%%ﬁfv‘g%ﬁftﬁéa %réfenﬁef%\(/?éﬁct%ré ggﬁperfé?ﬁigw f?)af}n& Atwhen th %%afjﬁfjating solvent
is acidifiett; porémsizes distribution: o the. obtained jporebs beags decomesmnairoiver. Theréfore, when |

such a pﬁ%giﬁgﬂge&%ﬂgﬂﬁ%n%pcgokg’gns}’tigble; therefore, the stirring power is

preferably not more than 12 kW/m°. The stirring power is more

preferably not less than 1.1 kW/m’, even more preferably not less
15  than 3.1 kW/m®, and particularly preferably not less than 5.5 kW/m".
[0G51]
{3} Step for coagulation

Next, the cellulose dispersion is brought into contact with

a coagulating solvent sc that cellulose becomes porous.
20  [0052]

A coagulating solvent used in the present invention is not
particularly limited as long as when the cellulose dispersicn is
brought into contact with the solvent, cellulose beads can be
obtained. 8pecifically, water and an alcchol solvent is preferred,

25 since the solvents have high affinity with the alkaline agqueous
solution, which is a good solvent of the cellulose dispersion. In
particular, an alcohel solvent is preferred, since when the solvent
1s used, a pore size of cellulose beads can be micrified in
comparison with the case of using water. 1In addition, an alcchel

30 solvent is preferred, since when the sclvent used, sphericity
becomes high. A mixzed solvent of water and an alcohel is more
preferred, since when the mixed scolvent is used, a pore size of
cellulose beads can be arbitrarily adjusted by changing a mixing
ratio. Analcohol usedin the present invention is not particularly

35 limited, and alcchel of which carbon number is not more than 6 is

15



15 desired, it is particularly preferred that the coagulating solvent is acidified. A reagent for acidification
is not particularly limited, and an inorganic acid 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 tl’%qeylikec n be widely used. The.pH of the coagulati alvent may be
o 15 TR NN 7 0158 ARG L EORIT St SR pH1 e loteratiy hod M

e IS pre erab?y not more than 5.0,
more preferablyuotendre: tham. 4. yrevehomiore. préferablymotanorentham®.Or ahd particutarly preferably

not more fhan 2,025 T lower mitof e Aktisiagkpartsulady fied, Anethe ) is preferabiy not
less than 0.0. [O%SJATAn amount of the coagulating solvent to be used is not particularly limited, and
may be apprapriztelratjgstbacFbr BoexXample, e ahfolnt ASPHE adifistéd 6 not less than 0.001
times; by Y@Iyggq and not more than 100 times by volume relative to the cellulose dispersion. The
amount may be adjusted to not less than 0.01 times by volume and not more than 10 times by volume

relative to the érhulSionl Whér fie arrsiritie Withih thaamBoba ettt s8 rahgedpbroid Eellulose

beads cap-hesefficientlypredused ang: desirable. pores:andisuriacequores tan ke effisientlys formed. An
amount of the (,:oa,l%ulatln%gsrc])lar\./g1 nt i% be used relative to the emuIS|or£)|s mor%&%fgiably not less than

0.025 tima§ By Voliife, & e prefe by REE 138 than 005 imed by volume., particularly 5
preferably.aot leskithad 0.07times pbyaatumes andarnoré prefekaily mot aorecthans@ Uotimes by

volupe, even more, preferably not more than 0.2 fimes hy volume, payticularly,preferably.not more than

). 1 , E s H
0.1 |mes%y volume. The above amount to be used is considerably small in comparison with a usual

amount of aldoaigeratihg Tdlvean I HERWEVEL thelpresdht invemtob 8 pASIAGTY ToURAE BYdteven when
an amount, of the coagulating, salvent {o.he Hseddis-decreased nRoreusceliulose.beads can pe

efficiently obiained according to the present invention method. [0055] 15A temperature of the
coagulatifg SBI9&AEIS hotparichiRR Rinites, Bt i FPetarey TRt 1 BRTFEIEHRE IS 8 GSted so that
the cellulese dispersionyis,nat frozen sinserwhen the cellulase dispearsiomrisgiozenimthecoagulating

solvent and then melted, cellulose pegdslma b%%q:rggcg%fgr ecqlorgggullcl)faefmgﬁ]bs%E{ruesn@d. 20 In
additfon, H5Emparature ofthé EoAGUIATAG SOIVERTIS Preferably not 16SS than a temperature of the
cellulose dispersionf liregeneraly ademperdtore af the Eoagulating selvent ivadjustad torless than a

temperatyre the cellulose dispersiqn,in,erder 19 ingreage acqaguiaing.speed: Qpdhe other hand, the
present inventors
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 coagulating solvent may be adjusted to less than 7.0 for
acidifying 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
is preferably not less than 0.0.
[0054]
An amount of the coagulating solvent to be used is not
particularly limited, and may be appropriately adjusted. For
30 example, the amount may be adjusted to not less than 0.001 times
by volume and not more than 100 times by velume relative to the
celiulose dispersion. The amount may be adjusted 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

35 range, porous cellulose beads can be efficiently produced and
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25 surprisingly found that coagulation progresses at a faster rate by adjusting a temperature of the
coagulating 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 OC and not more
than 150C, more 30 preferably not less than 25C and not more than 100C, and even more preferably

not less thSR 25T aRdHiut Hore thai 6B Rdwavet, AR préfetied-fo-spiropriatetyatijustihe
temperatareimconsideration of ashditingstemperatuseref the: daagulating: solvent anthedikes In the

present invention 3 lemperature of the cellylpse dis iQn. means a temperature of the emulsion
when thelgmnﬁ?sjiﬂgnlféc ﬁseé??d%éé]oémﬁé?ﬁgd c%lrfjl godr(?téﬁbc?%ﬁg;)gtﬁgecsél Ulose ?@%%‘rs%‘ﬁe& \& Emulsion D
with the cozRjitating solwent lenet Fadiculr§dintited: sad a publickkrewrt toadatating method such

as vapor;phase.method, sambe anglied. &quae@,btpeve%g&a?ﬂggé%%t_g@yf%%ggdﬁgd to the

stirred cellulose dispersion or emulsion. As a vapor-phase method, an oscillation method described in
Example™°6f e Baldt 1P Doctiffsit 216 &xdmphiie G O0STPre RYS Hréferred thak the eellulose

dispersiopranthe emulsignsishropghtinto contactwith the,coaguiating solvent with-stirripgfrom the
viewpoinbof %phericigby of the obtained beads. A condition 15 of stirring is not particularly limited, and a

Pv value, Whith T&}5tEseHits poWt cortstimPpioR periBilime; v5 St powarddriig eentact is
preferablymot less:thamPal k¥¢/m sirfcezgaed sphericityard: poravs groperty: may: besachjeved. The

Pv value re bly nat less.than 1.1 kW/m3, particularly preferably not less than 3.1 20
KW nal?,, a{%r%ﬂﬁégs%pbré?é%ag?ergﬁ%s% than 5.5 Eﬁ/ﬁ%ﬁ %ﬁaln%ﬁ%o?ﬂﬁ%ﬁ%%i&ﬁﬁ?ﬁﬁ%}éaﬁl the Pv
value is raBraithan 1 2 RWiva 3: drowalsiity raasorotasd: gossibly stablesddeing contact. sEheus
above-describedtange.gfia Py,value indudes, upcanscionablylargs as a.condition.for producing

porous beads from cellulose, which is a relatively soft 25 material. In such a case of high Pv value, itis .
worried tha{"5edd<S aré"Eftfatféd. However, the present inventors surprisingly found that when the Pv
value is ratirer=adjusted to the above-described range, porous cellulose beads having good sphericity

and porous property may be produced, and the above-described Py value is 30 preferably applied to
the 1|ogresent inv ﬁecte}/PPTg e (A]L‘JtiH CreiEUOr RfIRG S Boagildting SavERtio the'dellulose
dispersiohierithecemtisiori is het particutardlimited and: mayrbe epprepridtelyadjusted; and is

preferab%{]& %%ectgﬁﬂulose dispersion is not frozen since when the cellulose

dispersion is frozen in the coagulating sclvent and then melted,
celiulose beads may become deformed or cellulese may be crushed.

20 In addition, a temperature of the coagulating solvent is preferably
not less than a temperature of the cellulose dispersion. Ingeneral,
a temperature of the coagulating solvent is adjusted to less than
a temperature the cellulose dispersion in order to increase a
coagulating speed. On the other hand, the present inventors

26 surprisingly found that coagulation progresses at a faster rate
by adjusting a temperature of the coagulating sclvent to not less
than a temperature of the cellulocse 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

30  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 80°C. However,
it is preferred to appropriately adjust the temperature in
consideration of a beiling temperature of the coagulating solvent

or the like. In the present invention, a temperature of the
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35 150 seconds. When the time is adjusted to not more than 150 seconds, strength of the obtained
porous cellulose beads is surprisingly increased for reasons that are unknown. As a result, a column
packed with such porous cellulose beads hardly generates critical compression of the beads even

under the conditjon of high linear 5 flow velocigél;l;hg térgexlse pcr)%fetrﬁlglyeﬁoﬁrg%%tr&%g 6theconds,
even morereferably Rotmors tRAn 40 88condS ™ nd particularly preferably not more than 2 seconds.

On the othenhathdnthestimeds excessively shorten, cellulose may be locally porous in some cased,
therefore, EP&the is preferably not less than 0.1 seconds. 10 In the present invention, a time required
for adding the cdagulating solvent to the cellulose dispersion or the emulsion means a time from a

start to a completiei ot Additiorof Bt éoagtRifg SoRAETt 005Te®BT SteFbidro sinkiiga5Strength
of pogous,geliyloge.beads,obtained by the abeve:describeghmethod-can, be furtherimpraved by using a

crosslinking agent. Crosslinked porous cellulose beads are especially excellent in strength; therefore,

such pordiddeiftasdBasds WHaEtaAd 1S USe UHaeriigh Imar VRl HHE high BraSstfé. 20 The
present step May: be aptionady-carrigd outs [0H60]) 2 guA anethgdsior crosslinking is adtiparticularly
limited, and a publifc;llg-énowgum thod ma be applied.fb\ gro{%gg_léirqg a}%enatt agg céjrggslzilréksigg reaction
condition &t& ndt afso partic Ila“?i“/ollsrﬁite&, F5 5Rd publicly=Kiown art may be applied. A crosslinking
agent is exermplifiec:by@shalohydiinrsuch: as @ piets orchiydtin, re fibromobhydrinfahd eieblotokydrin; a

bisfypctional hisepoxi e.(gis% £);-and, polyfunctionalpolyepoxide (polyoxirane). Inparticular,
arné@odolg%ggﬁgegﬁ irlléj P 20%8-;%19366Aq|is‘ preferably applied. The present 30 inventors developed a
method dé§éfbdd in JP 2008-279366 A and found that strength of porous cellulose beads can be

further improved by fractionally adding thealkaline agueeus sohdion; fon aceelerating.a gresslinking
reaction. Such a crosslinking method can be applied to the Er,esent invention most %r,efer,ably. The 35

content of th& BHBYE publicatieirisafcorpdratéd by Ritdieritel 18081} ¥ Stitfing opetation & preferably
carried oyt i therstep forpseparing she eelidose dispersiobtherstaptarrepaning thi edmsion and
the ?tSEp fgrfcg%%lélgg?l% |£iSS g[)eifegggg(l)éjusfaar}y limited, and a Pv wvalue, 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 Pvvalue ismore preferably
not less than 1.1 kw/m’°, particularly preferably not less than 3.1
90  kW/m°, and most preferably not less than 5.5 kW/m® and not more than
12 ¥W/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
95 material. In 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 adiusted to the above-described
range, porous cellulese beads having good sphericity and porous
property may be produced, and the above-described Pv value is
3¢ preferably applied to the present invention.
00581
A time required for adding the ccagulating solvent to the
cellulose dispersion or the emulsion is not particularly limited
and may be appropriately adjusted, and is preferably not more than

25 150 seconds. When the time is adjusted to not more than 150 seconds,
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5 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 steps. It is more preferred to use the blade in the step
for preparing the emulsion and the step for coagulating, and most preferred to use the blade in the
step for coagulating. 10 In_general, the above blade is not used in a step for coagulating based on

common $Eh&E Wific@ WHER a Made- bF WHAT SHEafRd force e posrsiul i€ ussaPpdlRBeads
composetiof:celiutaseowhieh is relatively-soft wnatesiah, may:be pessibly, crusheshThe present
inventors s&rgrisi{gg&/ focl)JPg tQat Mrh% St})(laa%eeggwhhch gi%aringﬂlS f%rce is powerful is used, porous
cellulose beads having §o6d sphericity and porous property may b producad fdrEasons that are
unknownc e presentinvéntdrs dlsedsurdthatgosd poheus:celililbsebeatishdar be isusprisingly

prodycedin gombinatiop such ablade and.the above:descrined Py yalue, which is incomprehensible
20 under normal circumstances. A blade of which shearing force is powerful and which is (sed in the
present ifVERtIGRFisshat pakfedary Imtitediar® & batdiCbladecath a tarbine biddectda bevused. In

particular, AqaitcheshRaddie lade ancka rushitopdyrhine bladearejirgfgraply,used. L is-also preferred

to use two or more 25 blades or two or more kinds of blades in combination. It is also preferred that
two or more Fitchet koY B HifFErentSUsEH iR Bheodsdst. BEFa M phe iiixtife EoMRked on the
downside-eta desset anddutned idown-an thepppes sida.Jtis regardedrasipreferred-thai a large-size

blage is generally used in a step for 30 preparing an emulsion for homogeneous dispersion and
nar?gwegg}ar%}?é?e%sﬁz@g Gistribu ié:)rrllf.C On'thé ?)%I%? %aen%l,:'tﬁgcgrge%ren %1%0%8%%?%@5&?&%?%1%88 nd that a
small-size bladersutk asha pecitlebfagie dndpeustine bladehs prefeired; sineswhea suctea blade is

used, a partile.size.distiiguion ahthe obiained naraus, eelulose beads becomes payouer and
sphericity thereof becomes higher. [0062] With respect to the porous cellulose beads produced by the
5 present{ itkrefition method, coloration is prevented and mechanical strength is high. Therefore, a
specific protein can-be immabilizad onthe porous cellulose beads in order to be used as a blood
contact material. [0063] 10According to the_present invention, the high quality porous cellulose beads
destiibed as thie 2BOTE Lanb® BA&I prEduck R RhBEEGSn %ﬁﬁéﬁﬁﬁaiwma}f@rim which is highly toxic
and corresiverandswitholteicumbessbmerstep whieh isnot sutable fomgn indusgrial production. In
addition, sphedlty, of (he porous 18 celulose heads can be IMPYoY§d 209 Rorgs™y gan be adjusted by

' Uction condition. [0 gé?]ss

arranging a pro
especially excellent in strength; therefore, such porous cellulose

beads withstand the use under high linear velocity and high pressure.
20 The present step may be opticnally carried out.
[0060]

A method for crosslinking is not particulariy limited, and a
publicly-known method may be applied. A crosslinking agent and
crosslinking reaction condition are not also particularly limited,

25 and publicly-known art may be applied. A crosslinking agent is
exemplifiedbya halohydrin such as epichlorchydrin, epibromohydrin
and dichlorohydrin; a bisfunctional bisepoxide (bisoxirane); and
pelyfunctional polyepoxide (polyoxirane). Inparticular, amethod
described in JP 2008-279366 A is preferably applied. The present

30 dinventors developed a method described in JP 2008-279366 A and found
that strength of porous cellulose beads can be further improved
by fractionally adding the alkaline aqueous solution for
accelerating a crosslinking reaction. Such a crosslinking method
can be applied to the present invention most preferably. The

36 content of the above publication is incorporated by reference.
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The present application claims the benefit of the priority date of Japanese patent application No.
2011-050714 filed on March 8, 20 2011, and all of the contents of the Japanese patent application No.
2011-050714 filed on March 8, 2011, are incorporated by reference. EXAMPLES 25[0065]

Hereinafter, the present invention is described with Examples; however, the present invention is not
limited to Eﬁé) %]xgmples. [0066] First, methods for evaluating physical properties of the 30
produced porouys: celttilase beadstarerdescribed: $0064],T estExXamipleat: Measurement of surface pore

diameter The porous cellulose peads obtgined in each Examples wer hed. .., Using,30% ethanol
having art” gﬁﬁ%ﬁ% of’5 %krheescgyfg{oﬂ%orﬁee, and the %%Cﬁlahlé pgrt%o% ainggﬁthg %girLOL?s cel?ulose beads
was substitutéd iloy:36%sle tiiamot. Ieexit thie poroiys-eélivdlose bdadsswere Sty featetbtoisubstitute

the liguid part thereof with ethangl oy, using, 50%,ethanal, 70%-gthapol 9% ethangl,special grade
ethanol, special grade ethanol and special grade ethanol in order. Further, 5 the porous cellulose

beads wepé afilany tredteduidivg 2l Afited SoRemt of ity ARBHEPFETHATSr -13 /% F5EHT the porous
cellulose pgads weresimilatly treated to substiiute-the liguidparkthareof:with:tbutyl ateehol by using
mixed solvents of t-butyl alcohol / ethanol -5/5,7/7,9 /&,to /"O,th/ and 10/ J]O Q The porous
cellulose bBSS WeteTréere it Vapdt Bk o Bross s Was Caed dut 61 e fres2d-dried
porous cellutbse-beads tor phatagraph SEMEimages: a:25000hmese Phédiametersiefsurface pores
were measured from the photographed SEM images using ImageJ, which is.a re.developed at
the I%g:ionéll I%%ﬂt%]fgsibf eealt%%fg ?neﬁ]led%%ifé% g?a%eqsl% %)%68 gIl'aessttli%arlr%(é)?[e %?)Of\;/%\?é%r:g%%ent of
maximumogerecdiametergbrPacking inscolgmryhen a blade of which shearing force

is powerful is used, porous beads composed of cellulose, which is
relatively soft material, may be pessibly crushed. The present
inventors surprisingly found that when a blade of which shearing
15 force 1s powerful is used, porous cellulcse beads having good
sphericity and porous property may be produced for reasons that
are unknown. 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
20 under normal circumstanées. A blade of which shearing force is
powerful and which is used in the present invention is not
particularly limited, and a paddle blade and a turbine blade can
beused. Inparticular, apitchedpaddieblade anda rushton turbine
blade are preferably used. It is also preferred to use two or more
25 blades or two or more kinds of blades in combination. It is also
preferred that two or more pitched 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
30 preparing an emulsion for homogeneous dispersion and narrower
particle size distribution. ©n 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 particlie size distributicn of the obtained porous

20



The porous cellulose beads were dispersed in RD water, and the 20 mixture was degassed. A column
(Tricorn 10/300, manufactured by GE Healthcare Japan Corporation) was packed with the degassed
porous particle mixture at a linear velocity of 105 cm/h. Next, an eluent (129 mL) of which pH was 7.5
was passed through the column at a linear velocity of 26 cm/h. 25[0069] (2) Addition of marker The
following Hiarkers WerBiE&d. f6FR5°S  “Bin8 Séxtraly 2080 Shaniifactirstr By PHaFRERE Fine
Chemicalsi§h 30 Ltd. Low Density Lipoprotein, manufactured by SIGMA Co. , MW 3, 000, 000
Thyroglo %r%??anufactured by SIGMA Co., MW 660,000 Ferritin, manufactured by SIGMA Co., MW
440,000 Aldolase, manufactured by SIGMA Co., MW 158,000 35IgG derived from human,
manufactured BytSIGMARCo; MW 115,000 ¢uet used inlRefereree Exampledd BavineiSerum

Albugin, manutacte iy WAKA,Ca,.HI. M6, 700,Chiaohiome . nakiagiusd by Wako Co., MW

12,400 Bacitracin, manufactured by Wako Co., Ltd., MW 1,4 The above markers were diluted
with buffér-6PpId 7:51% abfist théhofettiatich Wvels gimbwhile tetsbéveehidntazss passed

through the caltipp At aslinearn valosityf 26;cm/h, A2-wlof sachdiluted solitioniwas.ipiected. The

concentrations of the markers were finely tuned as necessary. 10[0071] (3) Measurement
material.

[0063]

10 Accerding to the present invention, the high guality porous
cellulose beads described as the above can be easily produced
without using an auxiliary material which is highly toxic and
corrosive and without a cumbersome step which is neot suitable for
an industrial production. In addition, sphericity of the porous

156 cellulose beads can be improved and porosity can be adijusted by
arranging & production condition.

[0064]
The present application claims the benefit of the priority date
of Japanese patent application No. 2011-050714 filed on March 8,

20 2011, and all of the contents of the Japanese patent application

No. 2011-050714 filed on March 8, 2011, are incorporated by

reference.

EXAMPLES
25 [0065]
Hereinafter,1ﬂuapresentiﬂventionjjsdescribedvﬁilexémples;
however, the present invention is not limited to the Examples.
100667
First, methods for evaluating physical properties of the
30 proeduced porous celiulcse beads are described.
[0067]
Test Example 1: Measurement of surface pore diameter
The porous cellulose beads obtained in each Examples were washed
using 30% ethancl having an amount of 5 times by volume, and the

36 liquid part contained in the porous cellulose beads was substituted
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As measurement device, DGU-20A3, SCL-10A, SPD-10A, LC-10AD, SIL-20AC and CTO-10AC, which
were respectively manufactured by SHIMADZU Corp., were used, and LCSolution was used as a -
software 15 for measurement. For measuring an amount of liquid, 50 mL graduated cylinder was used.
[0072] Atthe same time as the injection of the marker, observation by UV monitor. and

measurefiént 8 eftight Bount\Wéfe staffe %ﬁ%%f)e%ljr‘éﬁféﬁ ARTOIT EBHESFONHinG Td the first
peak of Biie:RPextrarowasmeasured @ise/o0imL L [023] 12)eatuerit aidurtshcorrespending:tp the peaks

of each kers were measuyyed as, VR MI; 25[0074], 3) a total volume of porous particles in the
column vr\r}gé f’reéaétr%%raoer?s’ thlrgr{]ﬂ [%%%%?F%)’Céﬁllc%laﬁéﬁ %%O?h’e valle of Ea :%ae%hg%%a istribution
coefficientpef-éachanarkeshivas chlewldtet 4w decardaneeawith e following formitar f0G76] Kay =

(VR 5Vo)/i(¥t ;s Via),(3) Calculation.ofmaximym -pote; dipmeter, 35 The value,f Ka. and iggarithm of
molecular weight of each
solvent of t-butyl alcohol / ethanol = 3 / 7. Then, the porous
cellulose beads were similarly treated to substitute the liquid
part thereof with t-butyl alcoheol by using mixed solvents of t~butyl
alcohol / ethancl =5 / &5, 7 /7, 9 /1, 1¢ / 0, 10 / 0 and 10 /
10 0. The porous cellulose beads vere freeze-dried. Vapor deposition
process was carried out on the freeze-dried porous cellulose beads
£o photograph SEM images of 25,000 times. The diameters of surface
pores were measured from the photographed SEM images using ImageJ,
which is a software developed at the Naticnal Institutes of Health
15 in the Unifed States.
[0068]
Test Example 2: Measurement of maximum pore diameter
(1) Packing in column
The porous cellulose beads were dispersed in RO water, and the
20 mixture was degassed. A column (Tricorn 10/300, manufactured by
GE Healthcare Japan Corporation) was packed with the degassed porous
particle mixture at a linear velocity of 105 cm/h. Next, an eluent
{129 mL) of which pH was 7.5 was passed through the column at a
linear velocity of 26 cm/h.
25 [0069]
(2) Addition Qf marker
The following markers were used.
[oo70]
+ Blue Dextran 2000, manufactured by Pharmacia FIne Chemicals Co.,
30 Ltd.
- Low Dengity Lipoprotein, manufactured by SIGMA Co., MW 3,000,000
- Thyroglobulin, manufactured by SIGMA Cc., MW 660,000
« Ferritin, manufactured by SIGMA Co., MW 440,000
- Aldolase, manufactured by SIGMA Co., MW 158,000
35 - IgG derived from human, manufactured by SIGMA Co., MW 115,000
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markers were plotted, and the slope and y-intercept of the following formula were obtained from the
part which exhibited linearity. [0077] Ka, - k x Ln(molecular weight) + b a[0078]  Then, the molecular :
weight when K" is 0, i.e. exclusion limit molecular weight, was obtained from the above slope and :
intercept. Next, the exclusion limit molecular weight was substituted in the following correlation formula |
of diametdt @nd fitfecdlaRWERGH B §i3BEIEF protein in a neutral buffer solution, and the value was |
obtained as the-maxirsum.giameten Df thepetes of the:sample=nasticte, [0079] , mPiameter of globular |
protein in a_neu;crg(lzgtrjfger s%lutlon (ﬁ%é gt?f'zﬁg X (@olﬁcﬂgr &/eught&%z% 1%%080] Test Example 3:

Calculation orcgverage I&%re didimeter & molecltar Welahf correspdnding to the value of the

maximum K"_Badhttheq:iqrt V\zhzixrhié&hibiledd_iniearitiaﬁmth@o'liestlﬁxampMW(?) wHs substitut_ed_ in the
above-described cofrelation formpla 20.0f diamater apd-meleeuar weight;of globylay protgin in a

neutral buffer solution, and the value was obtained as an average pore diameter of the porous

cellulose BEaFSTOOB L W Key 'oF at86riaht fof & tafySfsuBSaRec b5 adsotedstss 25 |
measuredrin she i est Example? and: TeshExample 3 the target substance; gould be adsatbed and an |

accurate measurement mjght be impossible. Therefore, the value of Kay of adsorbent for the target
substanc® 1o be& adiBrbed Was'65taiRed by FHeasthiig A EIES bf RA® of two 6t Bifbré Prdteins which
had molectiar Weight glosertedthes36.moiecularweight of the target substance and then calculating
from the ed data. For example, when the target substance to be adsorbed is 1gG, the value of
Ka, was obtained from the data of ferritin and albumin. [0082] 35Test Example 4: Measurement of
median partiéle HipweteementParticle size distribution of the porous cellulose beads on the basis of

volume was mgasyred using.a laser-Aitractignd segiieringype partide size,gdistibutipn,measuring
apparatus (LA-950, manufactured by HORIBA Ltd. ) , and median particle diameter :
STL~20AC and CTO~10AC, which were respectively manufactured by

SHIMADZU Corp., were used, and LCSolution was used as a software
15 formeasurement. Formeasuring an amount of liguid, 50 mlL graduated
cylinder was used.
100721
At the same time as the injection of the marker, observation
by UV monitor and measurement of eluent amount were started, and
20 1) an eluent amount corresponding to the first peak of Blue Dextran
- was measured as Vp mi;
100731
2} eluent amcountis corresponding to the peaks of each markers were
measured as Vy mlk;
25 (00741
3) a total volume of porous particles in the column was regarded
as Vi mL.
f0075]
{4) Calculation
30 The value of K..: gel phase distribution coefficilents of each
markers was calculated in accordance with the fcollowing formula.
100761
Kav = (Vg = Vo) / (Vg —~ Vo)
(5) Calculation of maximum pore diameter

35 The wvalue cof Ki and logarithm of molecular weight of each
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5 was obtained. [0083] Test Example 5: Evaluation of strength ~ AKTAexplorer 105 (manufactu}ed by
GE Healthcare Bio-Sciences Corp. ) was used, and a mesh of 22 pm was attached to a column having
10 a diameter of 0.5 cm and height of 15 cm. Into the column, 3 mL of the porous cellulose beads

were respectié\iel charged, and 20% ethanol aqueous solution ég&eggr%dof#ogflet?aml manufactured
atalinearv

by Wako BifeTrigmicar I}rjll%:lﬁgftr?es’, Ctd” and distified Wa e¥) was pas i eea?vel%%ﬁ?%f 450

cm/h for Ifhounu Nextea phosphatesbufferctt thpHoAAY mdmiufhckeréed by SIGMAGe riwas passed
through th{q]gqhijfnn at various linear velocities to specify the linear velocity at which critical
compression was observed for strength evaluation. [0084] Example 1 20(1) Preparation of alkaline
aqueous solutiiaA= *SgdiunitfarexidamEfd@tured By Wako Pure Chemical Industries, Ltd. and
distillgd wager,were used to prepare 9 wt% sodium hydroxide agueous solution, and the temperature of
the solution was adjusted to 4C. 2552:{085] (2) Preparation of cellulose dispersion A The above alkaline
aqueous solutidi &lof Wht MirRperatird Wt ddjiREH foradiwis dirfed Wi ARIRRINAG the
temperatweiat-4Q,ane diem n)icreerystalling cellalose ofiwhich medipmpadicte 30-diameter was 71
pm (manufactured by Johnson Matthey, o.% hich had been still stood at 4C for 2 hours was added
thereto lithh€ %E)C/’Iitttrél %n%?ﬁgeugéﬁgeﬁt}fa |(()t:n% %\éﬁﬁﬁogg Bgeecla%lg 5 WHos, %Set%?xlféreeéwja%ssc irred with
maintainirigpihiestemperatureeab4Cforformula of dliameter and molecular weight of

10 globular protein in a neutral buffer sclution, and the value was
obtalined as the maximum diameter of the pores of the sample particle.
[0079]

Diameter of globular protein in a neutral buffer solution (A)
= 2.523 » {(molecular weight) 0.3267
15 £0080]
Tést Example 3: Calculation of average pore diameter
The molecular weight corresponding to the value of the maximum
Kiay / 2 in the part which exhibited ilinearity in the Test Example
Z2(2) was substituted in the above-described correlation formula

20 of diameter and molscular weight of gleobular protein in a neutral
buffer solution, and the value was obtained as an average pore
diameter of the porous cellulose beads.
roost}

When Kz of adsorbent for a target substance to be adsorbed was

25 measured in the Test Example 2 and Test Example 3, the target
substance could be adsorbed and an accurate measurement might be
impossible. Therefore, the value of K;v of adscrbent for the target
substance to be adsorbed was obtained by measuring the values of
Kav OFf two or more proteins which had meolecular weight close to the

30 meclecular weight of the target substance and then calculating from
the measured data. For example, when the target substance to be
adsorbed is IgG, the value of K,y was obtained from the data of
ferritin and albumin.

[oosz]
35 Test Example 4: Measurement of median particle diameter
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- 2 hours after the addition, to prepare a cellulose dispersion in 35 which cellulose was homogeneously
dispersed and swelled. The dispersion was preserved at 4C. The photograph of the obtained cellulose
dispersion is shown as Figure 1(1). [0086] (3) Preparation of porous cellulose beads 5Medium chain !
fatty acid triglyceride (Actor-M-2, manufactured by Riken Vitamin Co., Ltd., 85 mL) was stirred at 300
rpm and at 4CFaR& 15 LS he Celitfo dispBridn BFaB Adiet Fetétd- THe Mddre ®as stirred at

300 rpm and ab4€ifer 5 minuies: The obiaineth dispersionyas added:to 300k of 9096 methanol of
which 10 tempﬁeeg%tlurge was adjugted.tgj%OCS and w} ictévv‘ s stirred at 300 rpm, and the mixture was
stirred at™300 Tpri and at BOC for 10 minutes A fér-& iction it ation Wik Carlidd FeRAWASHiRg was
carried oui-4sihg 75 mb of etitansidhd Sobsagquéntly 156:mi rofdviaternteobtainepdrteus:celtulose
beads. The Mmegdian.diameter of surface pore of the 15 obtained porous cellulose beads was 747 A. In
the past, it was thought that a cellulose dispersion in which cellulose was not dissolved could not be
used for pRStiEing porous cellulose beads. However, as just described, porous cellulose beads having

good properties could-Re preduced; from-acellulpsedispgysion. 20[0087] Example 2 Porous
cellulose beads were obtained in a similar condition to the Example 1 except that 1.2 M citric acid

aqueous solutfoNWHICR WAS breParedioft BtTCasd mordhyiatd remtfadiired By 25 Arako Pure
Chemicatindusiriesd tdseahd shistileaavates svas ysed:-as acoagutaling solventandihe femperature of

the ﬁ)oagglaéiggmsgéverntov%a% fagijtg%egt 75C. Them % n gziﬁa_me}e%gf S lréacﬁe ore diameter of the
obtained porous cellilose beads Wasrf(%oéjf3 AQ%OS%IIE %xample 3 tg’oroﬁ %élﬁﬂl’os% Beads were
obtaineddf asitnitar:conditicr torthessExample Ivexcept ¢hata sdlution prepaged! byaniking tethanol
and 1.2 Mysiticacid aauegus solution. b 4 £aa.of8.4 1gs, User.a5.2 coagulaling solvent, The
median diameter of surface pore 35 diameter of the obtained porous cellulose beads was 932 A.
Wako Pure Chemical Industries, Ltd. and distilled water) was passed
atezlinearvelocitycﬁf458cm/hj&nrlhour. Next, a phosphate buffer
15 of pH 7.4 (manufactured by SIGMA Co.) was passed through the column
at various linear velocities to specify the linear velocity at which
critical compression was observed for strength evaluation.
[0084]
Example 1
20 (1) Preparation of alkaline agqueous solution A
Sodium hydroxide manufactured by Wako Pure Chemical Industries,
Ltd. and distilled water were used to prepare 9 wt% sodium hydroxide
agqueousg solution, and the temperature of the sclution was adjusted
to 4°C.
25  [0085]
(2) Preparation of cellulcose dispersion A
The above alkaline aqueous solution A 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
30 diameter was 71 pm (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 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

35 which cellulose was homogenecusly dispersed and swelled. The
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[0089] Example 4 Porous cellulose beads were obtained in a similar condition to the Example 1 except
that a solution prepared by mixing methanol 5 and sulfuric acid manufactured by Wako Pure Chemical
Industries, Ltd. in a ratio of 8 : 2 was used as a coagulating solvent. The median diameter of surface
pore diameter of the obtained porous ce|lulose beads was 1%98 A. OOQOL%OEéam&I)e 5,%}1&d
Preparation 5P EEMUIGSe Wispetsin s " °¢ Cailulose didpersin B WS Brepired i a Similar €ndition to
the case ekdellulose=dispersiars Aoof Examipteyh(2) excepttivat tHé concentration of cellulose was
adjusted th% gvéo 0. 15[0091] (2) Preparation of porous cellulose beads  To 82 mL of
o-dichlorobenzene (manufactured by Wako Pure Chemical Industries, Ltd.), 1.15 g of sorbitan
monooleate (Parifaptared by:wako Rure Ghamnickl Ifdisthesdad., corresponding 20 to span 80) was

addegl. The mixiure; was.stirred at 4G, and: at 330 4pp-Joithe shived mixture, A8, mE-ofigellulpse

dispersion B was added. The mixture was stirred at 4C and at 330 rpm for 15 minutes. The obtained
emulsion Wadiaddéy 16-568-HAL of methafot whit lvhs @it aE366' rpn 218 at BB T heé mixture was

stirred at 308 rpa2b andqmat 55€ forcl @ ainutes for aaaguationrAftersuctiondiltration wasscarried out,
washing was carried out using 75 ilL of methanol and subsequently 150 m1, of water to gbtain porous
an gupatly 150 m

cellulose DS Fhe Fredian diantetsr of surface pote diameter of thd

Tobrained porous céiltilose beads
was 667 Ab3@[0092] BExampte fon Porousidetiutosedigads wefe dhtamedtinacsimitarcondition to the
Eﬁfﬁ%ﬁfm@e%% %2&%5‘@%@"5 Agised 83 & gopaulating soivenk SThe medign dlamefer gf surface
and the mixture was stirred at 300 rpm and at 50°C for 10 minutes.
After suction filtration was carriled out, washing was carried out
using 75 mL of ethanol and subsequently 150 ni of water Lo obtain
porous cellulose beads. The median diameter of surface pore of the
15 obtained porous cellulose beads was 747 A. In the past, it was
thought that a cellulose dispersion in which cellulose was not
dissolved could net be used for producing porous cellulose beads.
However, as 7ust described, perous cellulose beads having good
properties could be produced from a cellulose dispersion.
20  [0087]
Example 2
Porous cellulose beads were cobtained in a similar condition
to the Example 1 except that 1.2 M citric acid agueous solution
which was prepared from citric acid monohydrate manufactured by
95 Wako Pure Chemical Industries, Ltd. and distilled water was used
as a coagulating solvent and the temperature of the coagulating
solvent was adjusted to 75°C. The median diameter of surface pore
diameter of the obtained porous cellulose beads was 1057 A.
£0088]
30 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 agqueous solution in a ratic of 9 : 1 was used
as a coagulating solvent. The median diameter of surface pore

35 diameter of the obtained porous cellulose beads was 932 A.
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35 obtained porous cellulose beads was 453 A. [0093] Comparative Example 1 (1) Preparation of

cellulose solution The alkaline agueous solution A of the Example 1(1) of which 5 temperature was

adjusted to 4C was stirred with maintaining the temperature at 4C, and then microctystalline cellulose
of which median particle diameter was 71 pm (manufactured by Johnson Matthey Co.) which had been
still stood[&°4¢ ¥or 2 hours was added thereto little by little until the concentration of cellulose became
9 wt%. 10 Ehe:mpixiare was stirred with maintaining the temperature at 4C for 2 hours after the addition |
so that cellulose was homo%eneous%dis ersed and swelled, The mixture was completely frozenat

-20C. Then, theHd2Eh fikthre-G38 MERET i anFaiaed with distilied Water SBdhaL e volume
became 1.5 tilme s <Hig Mixiuretbwas stitred fon homegenizatioreansyprasenvedat4Gnihe

phot gra%p1 (g)f tne; d%)ﬁigegcce IuI!l%sne %glu%igjr:lejé %10% as FEgglfree %&2&&094]1(% Pr% aration of porous
cellulose ds 20Porous cellulose beads were oBtained in &' similar Condition to-the ample 6
except that the ahoveweliutoselsdlutior was useddinstead afcelluloseidigpersionB. Th&median

diameter, ol siface;pafe diamgteraf,heabiained aaigrs.aellulasebeads ias 202 . (0080

25Comparative Example 2 Porous cellulose beads were obtained in a similar condition to the
Example&éxéestifabfrceltidse $6fitidn of the Comparative Example 1(1) was used, 60%
methanol;atpd@ was used as a coagulating solvent instead of methanol at 55C, and the 30
temperature of the coagulating solvent was adjusted to 4C. The median diameter of surface pore

diarbter of the"dbtained porous cellulose beads was 451 A. [0096] Comparative Example 3
{1} Preparation of cellulose dispersion B

Cellulose dispersion B was prepared in a similar conditicn to
the case of cellulose dispersion A of Example 1(2) except that the
concentration of cellulose was adiusted to 6 wt%.

15 [0091] |
{2) Preparation of porcous cellulose beads

To 82 mL of o-dichlorocbenzene (manufactured by Wako Pure
Chemical Industries, Ltd.), 1.15 g of scrbitan monocolsate
{manufactured by Wako Pure Chemical Industries, Ltd., corresponding

20 to span 80} was added. The mixture was stirred at 4°C and at 330
rpm. To the stirred mixture, 18 mlL of cellulose dispersion R was
added. The mixture was stirred at 4°C and at 330 rpm for 15 minutes.
The obtained emulsion was added to 300 mL of methancl which was
stirred at 300 rpm and at 55°C. The mixture was stirred at 300 rpm

25 and at 55°C for 10 minutes for coagulation. After suction
filtration was carried out, washing was carried out using 75 mlL
of methanol and subsequently 150 mi of water to obtain porous
cellulose beads. The median diameter of surface pore diameter of
the obtained porous cellulose beads was 667 A.

30 [cos2)

Example 6

Porous celluleose beads were obtained in a similar conditicon
to the Example 5 except that ethanol was used as a coagulating
solvent. The median diameter of surface pore diameter of the

35 obtained porous cellulose heads was 453 A.
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35Porous cellulose beads were obtained in a similar condition to the Comparative Example 2 except
that the amount of the coagulating solvent was 5.4 nil, and methanol was used as the coagulating
solvent. The median diameter of surface pore diameter of the obtained porous cellulose beads was
531 A. 5[0097 As the Comparative Examples 1 to 3, when a cellulose solution was prepared by
freezing alBéiflddse dispersion and then melting the frozen dispersion, and the cellulose solution was
brought intaceaptaekwithe geagatng solvent, porous cellulose beads could 10 be obtained.
However, SLﬁh method ig not sggagléalffr '%dsustgiglrtrggfgrproduction, since the method requires
energy and in)le o freezé alallrslpersion and meft the frozen dispersion. On the other hand, according to
the present invéhton hiethode similarpoross cellidosé beéds antbeproduced withbuvthessteps for

freezipg andmieling, 10100381 Exampley” forpus gelligsa begdswerg giaineh iya girpr condition

to the Example 5 except that the temperature when the emulsion was  prepared was adjusted to
55C and ar@neartiofehe ledhdutatiit 20 solvErcras 7y kil J0099TExafmphss ©F WBdidus cellulose

beads weyg obtainad in:a siniakcenrdition.to the Example 7ex6ept that,60% methanelwas,used as a

coagulating 25 solvent. [0100] Example 9 Porous cellulose beads were obtained in a similar

condition %8 the'EX4iple? Bk&8ptithat distier\vidtet was Used A8 §0"Eoag g 86Weht [0101]

little by little until the concentration of cellulcose became 9 wt%.
10 The mixture was stirred with maintaining the tempeﬁature at 4°C
for 2 hours after the addition so that cellulose was homogeneously
dispersed and swelled. Themixture was completely frozenat -20°C.
Then, the frozen mixture was melted at 4°C, and diluted with
distilled water go that the volume became 1.5 times. The mixture
15 was stirred for homogenization and preserved at 4°C. The
photograph of the obtained cellulose solution is shown as Figure
1(2).
[0094]
{2} Preparation of porous cellulose beads
20 Porous cellulose beads were cbtained in a similar condition
to the Example 6 except that the above cellulose solution was used
instead of cellulcse dispersion B. The median diameter of surface
pore diameter of the obtained porcus celluleose beads was 502 A.
{60857
25 Comparative Example 2
Porous cellulose beads were obtained in a similar condition
to the Example 5 except that the cellulose solution of the
Comparative Example 1(1) was used, 60% methanol at 4°C was used
as a coagulating solvent instead of methanol at 55°C, and the
30 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,
foeose]
Comparative Example 3

356 Porous cellulose beads were obtained in a similar conditicn
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Example 10 Porous cellulose beads were obtained in a similar condition to the Example 7 except
that ethanol was used as a coagulating 35 solvent. [0102] Example 11 (1) Preparation of alkaline
agueous solution B Sodium hydroxide manufactured by Wako Pure Chemical Industries, 5 Ltd. and
distilled water were used to prepare 33 wt% sodium hydroxide aqueous solution, and the temperature

of the soltiion¥as a6jtisted to-4€. [018BP(P) Prepairafist of Celllos& disparsion CaDIdpanese

PharmacepagiaicelinesesRh-=20IR, avhich wassmaaufachued by Asahi Kasei LGhemicalg Corp. and of
which median p?rtic_le diameter was 21 pm, and distilled water were mixed in a ratio of 9.2 parts by
weight and’ 164 p%?fsngywnéiﬁﬁwéspgéﬁéﬁﬁﬁg PSS RETre of e niRIRe s Hdlis et to 4C with
stirring. 1&£T ¢ tlre stitredmaikturer d0spartsi by Weighbekihe alkalineagéeous solution B of which
temp;rattf%@/g? adjusted to 4C was added. The obtained mixture was stirred at 4C for 30 minutes.
[0104] (3) Preparation of porous cellulose beads 20The cellulose dispersion C, o-dichlorobenzene and
sorbitan mono8fedteq copreispontincetd gpanm 80F of which temiperatures. Wete adjusteditdtC were

mixed in g4atig.Qf 1o4-parts by, WeIght o7 26 ce11ulose dispersion and then melting
the frozen dispersion, and the cellulose solution was brought into
contact with a coagulating solvent, porous cellulocse beéds could
10 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 handr
according to the present invention method, similé&rporous celluloée
beads can be produced without the steps for freezing and melting.
15 [0oes]
Example 7
Porous cellulose beads were obtained in a similar condition
to the Example 5 except that the temperature when the emulsion was
prepared was adjusted to 55°C and an amount of the coagulating
20  scolvent was 7.2 wmlL.
[00G9]
Example 8
Porous cellulose beads were obtained in a similar condition
to the Example 7 except that 60% methanol was used as a coagulating
26 solvent.
(010G}
Example 5
Porous cellulose beads were cobtained in a similar condition
to the Example 7 except that distilled water was used as a
30 coagulating solvent.
[0101]
Example 10
Porous cellulose beads were obtained in a similar condition
to the Example 7 except that ethanol was used as a coagulating

35 soclvent.
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parts by weight and 7.8 parts by weight respectively. The mixture was stirred in a separable flask
equipped with two rushton turbine 25 blades at 300 rpm (Pv value: 0.2 kW/m3) at 4C for 30 minutes, to
prepare an emulsion. To the emulsion, 57 parts by weight of methanol of which temperature was
adjusted to 4C was added as a coagulating solvent with stirring and maintaining the temperature. The
volume of%%oczdlagulating solvent was 0.1 times relative to the emulsion. 30 The time required for
adding the cpagutatingigolvent was 2 seconds. Then, the mixture was stirred with maintaining the
rotational ragal{or lj[irriré% g{]}d Othe tgmﬁl%atju}{g {fjor 2% rrg)ingtess. J_Aag er Osuc]gon filtration was carried out,
washing wa carried ou usihgnzé? par s%y Weig% of ethanol an surbsequently 500 parts by weight of
water 35 to obtairdporo iy delitiose beads: HerosaingdiedlulosehEads iwere Weliciassified using

sieveg of 38 pm,and ;90 pm. {0105] ¢ -(4), Cresslinking,-gnethod A forwhich; IR, 2008-279366 A was
referred SDistilled water was added to 11 1Eu)arts by volume of the above ‘
agueous soiution, and the temperature of the solution was adjusted

to 4°C.
[0103]
{2) Preparation of cellulose dispersion C
10 Japanese Pharmacopoeia cellulose PH-FZ20JP, which was
manufactured by Asahi Kasei Chemicals Corp. and of which median
particle 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.
15 To the stirred mixture, 40 parts by weight of the alkaline agueocus
soluticn B of which temperature was adjusted to 4°C was added. The
cbhtained mixture was stirred at 4°C for 30 minutes.
[0104]
(3) Preparation of porcus cellulose beads
20 The cellulose dispersion C, o-dichlcorobenzene 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
25 Dblades at 300 rpm (Pv value: 0.2 kW/m®) at 4°C for 30 minutes, to
prepare anemulsion. Yo the emulsion, 37 parts by welght of methanol
of which temperature was adjusted to 4°C was added as a coagulating
soclvent with stirring and maintaining the temperature. The volume
of the coagulating solvent was 0.1 times relative to the emulsion.
30 The time reguired for adding the coagulating 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 parts
by welght of ethanol and subsequently 500 parts by weight of water

35 to obtain porous cellulose beads. The cbtained cellulose beads
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porous cellulose beads so that the total volume became 16.5 parts by volume. The slurry was
transferred to a reaction vessel. To the reaction vessel, 3-86 parts by volume of 4N NaOl11l aqueous
solution which was prepared from NaOH manufactured by NACALAI TESQUE, INC. 10 and distilled |
water was added- The mixture was heated up to 40C. To the mixture, 1.77 parts by weight of a
crosslinkifig &y ert IDENKCOL BX-384 hantfattdretiby NagaserchémteX: Corporation), which :
contained glyeerol polyglycidyl ether, was added. The obtained mixture was stirred at 40C for 4 hours. ;
After the reactjon, the 15 beads were washed using 20 parts by volume of distilled water with carrying

out suction fifttatioh® $hie dBtafted belakiiereteferfdd tBa< ondkimd Sosslinked bhales [0106] The

obtained omédimetrosslinked beads were transferred to 20 a vessel. Distilled water was added

thereto so that the .tcitﬂggll%nég becan;}e C%L(g) dt{ialgegobyl\iolum%cs)f éhe croLsinnke% p&ggusgeads. The

mixtdre was heated Up to 130C Tor 1 holr using an autddiave, After the MixtOre was Co61&d down to

room temperatifes thiel béads Wweredwashedhusing BetitnesaBy volume dfRideatet,.to phtairs autclaved
25 one-time crosglinked beads:of which.epaxy.gropp.was changed 49 glyceryl group; [0197] Next,

distilled water was added to 11 parts by volume of the autclaved one-time crosslinked beads so that |
the total VoIEmEHetafiie s 165 parfsPRATOIaHE. The:fixiurd Wis dansfereda alebéton vessel,

and 3.86partsby ¥elyne 4N NaQH rgugous:setutionwhich waspreparedframNaokt
manufactured b; Ii\_l’&A]CfLAI TESQUE, INC. and distilled water was added thereto. The mixture was
AT

heatéd upts SSITKING dGEnDENACOL EX-314! Haltfdtrdd By Wabast B35 Chemtex
Corporation okl % parts by Wéight wascaddeddhereto - The obtainedryixise wasstinest at 40C for 4 -
hours. Afﬁj@féeacﬂggu@ae l%‘earcgas were w%shed usiné;n%O%i S Bglyolum of distilled water with

. . C . .10
carrying olit suction filfrafion. The obtained be&ds were referrad to a5 two-iimes erosElinked beads”.

contained glycerol polyglycidyl ether, was added. The obtained

mixture was stirred at 40°C for 4 hours. After the reaction, the
15 beads were washed using 20 parts by volume of distilled water with

carrying out suction filtration. The obtained beads were referred

to as "one-time crosslinked beads™.

[0106]

The obtained one-time crosslinked beads were transferred to

20 &avessel. Eﬁstilieéwaterwasaddedtheretosothatthetotalvolume

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 cocled down to room temperature, 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.

[0107]

Next, distilled water was added to 11 parts by volume of the

autclaved one-time crosslinked beads so that the total volume became
30 16.5 parts by volume. The mixture was transferred to a reaction

vessel, and 3.86 parts by volume of 4N NaCH agueous solution which

was prepared from NaCH manufactured by NACALAI TESQUE, INC. and

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

40°C. Acrosslinking agent (DENACOL EX-314, manufactured by Nagase
36 ChemteX Corporation) of 1.77 parts by weight wég added thereto.
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5[0108] The obtained two-times crosslinked beads were transferred to a vessel . Distilledwaterwas
added thereto so that the total volume became 10 times by volume of the crosslinked porous beads.
The mixture was heated up to 120C for 60 minutes using an autoclave. 10 After the mixture was
cooled down to room temperature, the beads were washed using 5 times by volume of distilled water,
to obtain At IR ANTEEErBERIAkSY BEAGLTB109] (5) PhySitalproperty test 159hei&dian
particle diameater ehthe aboye: grosslinked fiead s wasq/ 3 (pmirkusthery theavesdgei poreldiameter was
215 A, maximum pore diameter was 1%56 A, and exrc:ILLisCiorg irin(i)%moli ula[)%/%%h&é/v&;l?ﬁ.odx 108.

| p E I
[0110] 20]%?(5%1%@” 150 Cﬁﬁ‘s’%ﬁﬁ(e{ﬂ“porﬁ&ﬁ%“&e{mIose beads Were obtained in & similar condition to

the Examplertl exceptitbat 15 widbo Tiethanoksolution of Litri¢ adid aromohydrate was used as a
coagglatiqq&glg nt. The median particle diameter of the above crosslinked beads was 75 pm, 25 the
average pore diameter was 190A, maximum pore diameter was 718 A, and exclusion limit molecular

weight was 3.230£0PH0a 10} € Xapib i1 el rspatafidis 6f Porslis elflose Beat30Pblous

cellulose heads.were obtained ina similar gondition tothexamplsllexsentthat Ftatiopal rate was 500

rpm (Pv value: 1.1 kW/m3) and a sieve of 63 Pm was used instead of the sieve of 90 pm. L0112] 35(2)
CROSSanP@qﬁ%%ﬂ&Riﬁlmes by wvolume of the crosslinked porous beads. The

mixture was heated up to 120°C for 60 minutes using an autoclave.
10 After the mixture was cocled down to room Lemperature, the beads
were washed using 5 times by volume of distilled water, to obtain
autclavéd two—-times crosslinked beads.
[0109]
(5) Physical property test
15 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 A, and exclusion limit molecular weight was
5.0 x 10°.
[011c6]
20 Examnple 12
Crosslinked porous cellulose beads were optained in a similar
condition to the Example 11 except that 15 wt% methancol solution
of citric acid monchydrate was used as a coagulating solvent. The
median particle diameter of the above crosslinked beads was 75 pm,
25 the average pore diameter was 130 A, maximum pore diameter was 718
A, and exclusion limit molecular weight was 3.2 x 10°.
[0111]
Example 13
{1} Preparaticn of porous cellulose beads
30 Porous cellulose beads were cbtained in a similar condition
to the Example 11 except that rotational rate was 500 rpm (Pv value:
1.1 kW/m>) and a sieve of 63 um was used instead of the sieve of
90 um.
[0112]
35 {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 30 parts by volume. The mixture was transferred to a reaction vessel. To the mixture, 2.3
parts by weight of a cros slinking agent (DENACOL EX-314, 5 manufactured by Nagase ChemteX

Corporation) , which contained glycerol polyglycidyl ether, was added. The mixture was stirred with
heating up to ﬁé.tﬁ«fjféfpme%%ﬁe?&fﬁré‘ﬁél@é};n%o4@é, B mixtave Veas86rred f6P80ahmtes.

Separately, rel: partsyvelyme ek 2N NaOihagueossisatutionwasqreparedfropaNaOh
manufactur(ald 10 by%\{lACALAtI TES‘(#%UE, INC. and distilled water. The NaOH agueous solution was
added to Yie 2Bove mieuPé i Hcreihts 6P 6A& fligHer P& 678 Roty DUy the additiohe the

tem peratmﬁezm;semaantaip_edtat 49Grandtstining was smdintdined. Wﬁimahmmoontm{meéquarter was
added, te misiure was plied gtinesams tomeraturg A8 for Lhaur. Afterthe rgagtion the beads

were washed using 20 times by volume of distilled water w carrying out suction filtration. The
obtained BEAAS Were refeFéd $6 As o fime trosshAked bealbist [0148]) Thevolstaiied-oneé-time

crosslinked peadsweretrapsfesrechto-20 a vesselr Distilleghwateryas added thetete so that the total

volume became 10 times by volume of the crosslinked porous beads. The mixture was heated up to

120C for RO Gsiftfah adtbRAve TAte PaTrbture SFRS £G5B Mown' & 764 kamipseratifre, the
beads wese washed using = imessby volune of RQ walerda obtain auiclaviedR5ane-tirag crosslinked

beads of whi groun was cha ged ta glyceryl group. [0114] Next, distilled water was added to
20 r?grts By vo u(%ﬁgt]ag % the athcldve (%e-ﬁrrh% (C:i?r‘/bt‘ssgrllfr%kee i

b&5d€80 that the TBHAT vBIIKTE Bicame 30
30 parts by Volume. e auixkteietwaskarisiorseditotar reactioirvessed rand 2 D partsdayr-weight of a
crosslinking agent (RENACQL. EX-314, manytactured by Nagase ChemteX Corporatian hich
containe glyceg%l polyg'lyciqui gﬁr%er, V\?afsﬂj1 a%_dg%i tﬁ’ereto. 'ﬁ%é% %J(:t%r”é? was %%éttlé)& %%afégfgg with
stirring. After tHe temperathie berani 40@2 38 the mikture \Was stifred=or 30aninutes. Separately, 7.1

parts by yolume of,2N Na@kaquggus:salytien.yas prepated fromiNaOkbh manufactured hy NACALA

TESQIJE, INC. and distilled water. The NaOH aqueous solution was added to the above mixture in
incrénentd 6f oRE Huartér Férone hbar DAy thetddaftioh et emparstire WasZ rhifftdined at 40C

and stirring was sraintaineds After dinalanseunt o onerguante wias added other mixtEe yas. stirred at
the same, temperature éo}géaréou&. Afteré?e reaction, the, beads were washed usmgPZO times by volume

of distilled Watsr With carrving ot Siction Hitr&fion” Tife Ghained Seads Werd Ferrsd tas "two-times
10 crosslirfket3deads". [0115]

The obtained one~time crosslinked beads were transferred to
20 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 1 hour using an autoclave. After
the mixture was cooled down to room temperature, 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.
[G1i4]
Next, distilled water was added to 20 parts by velume of the
autclaved one~time crosslinked beads so that the total volume became
30 30partsbyvelume. Themixturewas transferredtoa reaction vessel,
and 2.3 parts by weight of a crosslinking agent (DENACOL EX-314,
manufactured by Nagase ChemteX Corporation), which contained
glycercl 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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The obtained two-times crosslinked beads were transferred to a vessel. Distilledwaterwas added
thereto so that the total volume became 10 times by volume of the crosslinked porous beads. The 15
mixture was heated up to 120C for 60 minutes using an autoclave. After the mixture cooled down to
room temperature, the beads were washed using 5 times by volume of distilled water, to obtain

autclaved Tb e SdroselinkBa BeadIye £16] 2683 Physical fropétfrisste” TheMediatParticle

diameter gf-therahavercrosslinkechbeadsiwas 86 prt Furthes. the:avesage.pere. diametarwas 336 A,
maximum pore diameter was 3400A, angﬁ?clusi n Iim]g[ molecular weigiht was 3.8 x 109. The beads
ne

were not GHfieaRY TofThrassed evah &% itear zé)l},eeﬁ(;.ﬁ,"gf 3957 Bt To1 LA ESMpre T
Crosslinkedhporaus iceltutese eadsowere dbtaiined ia sithilat conditioreto ¢heExample &3 except that

15> wigh ethanl sqhlien, 30,6/ <, acld manally drale ag ized 9.2 Gpaguiaing 2oL, he median
particle diameter of the obtained crosslinked beads was /5 pm, the average pore diameter was 163A,
maximumdqgore tharaeter was 1040 Addrd extlsiontirhitproleadasieigftdvastl.ohel108110118]

35Example1p,. 1 Crosslinked porods cellyloseheads were obtained in.a simjlar-copgditianito the
Example 11 except that an amount of the coagéulatir%%asolvent was 28 parts by weight. The median

particle dilfietardt thersstainatPeigegimked BeadsWasarspri e GVEFAge Bote ditteter™ was 232
A, maximymporediameterwas ddd9:A.cand-exelysioadimit-emolacdar weight wasw 6 106 [0119]

Exarlné)le %?rgsrgﬁlﬁnjggg %%rgggrp_ellulose beads were obtained in a similar
[0115]

The obtained two-times crosslinked beads were transferred to
avessel. Distiiledwaterwasaddedtheretosothatthetotalvolume
became 10 times by volume of the crosslinked porcus beads. The

15 nixture was heated up to 120°C for 60 minutes using an autcclave.
After the mixture coocled down to room temperature, the beads were
washed using 5 times by volume of distilled water, to obtain
autclaved two-times crossliinked beads.

[0116]

20 (3} Physical property test

The median particle diameter of the above crosslinked beads
was 56 pm. Purther, the average pore diameter was 336 A, masximum
pore diameter was 3400 A, and exclusion limit molecular weight was
3.8 x 10°. The beads were not critically compressed even at a linear

25 velocity of 3057 cm/h.
[0117]

Example 14

Crogslinked porous cellulose beads were obtained in a similar
condition to the Example 11 except that 15 wt¥% ethanol sclution

30 of citric acid monohydrate was used as a coagulating solvent. The
median particle diameter of the cobtained cresslinked beads was 75
um, the average pore diameter was 163 A, maximum pore diameter was
1040 A&, and exclusion limit molecular weight was 1.0 x 10%.
(01183

35 Example 15
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10 condition to the Example 13 except that a sieve of 90 pm was used instead of the sieve of 63 pm.
The median particle diameter of the obtained crosslinked beads was 75 pm. The beads were not
critically compressed even at a linear velocity of 3057 cm/h, which is the maximum linear velocity of a
passing liquid in the used device. 15[0120] Example 17 Crosslinked porous cellulose beads were
obtained in a SiailaF EoRdHIBPoTRREarhple 26 elsept thaeacotationsl eatidfor stirind wvas 700 rpm

(Pv values 3.4 kWim3).Median.paricle 20 diamgter afthe ohiainedcrasshinked headswas, 75 pm. The

beads were_not critically compressed even at a linear velocity of 3057 cm/h. [0121] Example 18

25CrosslifkedTForotdScelil&ss b&abl¥ wertXhtained i A%ihitar Bardition to IheBLkpRE16 except
that a rotatienabtatio:fef stirsing was:250%m (Rwvalue .l kKWdm3k dhe-medianiparicte:diameter of
the q)btai‘r'}ed cg%sésl' keIgI bead;?n wasr75 m, HQQ ea}\:/ehr%%eﬂo%% jameter was 130.A, rIT:lLaximum pore
diameter'Was ’and 30°exclfision limit molscular weight was £5% f@“f%ﬁﬁﬁ% sHRple 19
Crosslinked porous cetiuioge-beads Wefe obtdihed in a similar condition to the Example 16 except that -
one WH (pfllgFge-size blade 35 was used as a stirring blade and a rotational ratio for stirring was

350 rpm (Pv value: 1.1 kW/m3). The particle size distribution immediately after the agglomeration was
broader tharigHe éase- 6f the Example 16. [0123]

Crosslinked porcus cellulose beads were obtained in a similar
10 condition te the Example 13 except that a sieve of 90 um was used
instead of the sieve of 63 um. The median particle diameter of the
obtained crossiinked beads was 75 pm. The beads were not critically
compressed even alt a linear velocity of 3057 cm/h, which is the
maximum linear velocity of a passing liguid in the used device.
ib [0120]
Example 17
Crosslinked porous cellulcse beads were obtained in a similar
condition to the Example 1€ except that a rotational ratio for
stirring wag 700 rpm {(Pv wvalue: 3.1 kw/mg). Median particle
20 diameter of the obtained crossliinked beads was 75 um. The beads
were not critically compressed even at a linear velocity of 3057
cr/h.
[0121}]
Example 18
25 Crosslinked porous cellulose beads were obtained in a similar
coendition fo the Example 16 except that a rotational ratio for
stirring was 250 rpm (Pv value: 0.1 kW/m’). The median particle
diameter of the obtained crosslinked beads was 75 um, the averags
pore diameter was 130 A, maximum pore diameter was 562 A, and
30 exclusion limit molecular weight was 1.5 x 107.
[G122]
Example 19
Crosslinked porous cellulose beads were obtained in a similar
condition to the Example 16 except that one WH type large-size blade

35 was used as a stirring blade and a rotational ratio feor stirring
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Example 20  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 60 seconds. The median
particle diameter of the obtained crosslinked beads was 75 pm. 10[0124] Example 21  Crosslinked
porous cellulose beads were obtained in a similay condition to the Example 16 except that a time
required f8REdAIY BREDbaGUTatiAG SO hentwid 480 secbRBsP Fheifiedidh parics A5 dhametsr of the
obtained crasslinkeccheadswas Thepm.gtheheads wereveritically compressed et @ lnear walocity of
1987 cm/p;hln %dditior};, thgé)eads were slightly difficult to be packed, and a protein was eluted
relatively eaﬁier.xﬁ)nﬁ 20Example 22  Crosslinked porous cellulose beads were obtained in a
similar conditidn ito the Example 17 except that two pitched paddle blades were used as blades for
stirring. [Ol%fﬂa%ggﬁf@”é@e 23  Crosslinked porous cellulose beads were obtained in a similar
condition to the Example 22 except that the temperature for production was adjusted to 9C. [0127]
30Example 24 ST Crosshket PRroWS cefulbié beadsrdre vhtainddiniasimilar eonditioketo the

Example 22.exceptthatiherdemperature for produgstiophwas adjusted 10,06 -10128],35Example 25

a cecagulating seclvent was 60 seconds. Themedian particle diameter
of the obtalned crosslinked beads was 75 um.
10 r0124]
Example 21
Creosslinked porous celliulose beads were obtained in a similar
condition to the Example 16 except that a time required for adding
a coagulating sclvent was 160 seconds. The median particle
15 diameter of the obtained crosslinked beads wag 75 ym. The beads
were critically compressed at a linear velocity of 1987 cm/h. In
addition, the beads were slightly difficult to be packed, and a
protein was eluted relatively earlier.
[01251]
20 Example 22
Crosslinked porous cellulcse beads were obtained in a similar
condition to the Example 17 except that two pitched paddle blades
were used as blades for stirring.
[012¢6]
25 Example 23
Crosslinked perous cellulose beads were obtalined in a gimilar
condition to the Example 22 except that the tTemperature for
production was adjusted to 8°C.
[0127]
30 Example 24
Crosslinked porous celluleose beads were obtained in a similar
condition to the Example 22 except that the temperature for
production was adiusted to 0°C.
[C128]
35 Example 25
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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 10 seconds. [0129] Example 26 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 30 seconds. [0130] 10Example 27  Crosslinked
porous cellulo$e"BE&ds Wete Gistafiedl fiEd sihilaccbrdiddrirorthePxanpte 16 ercepthata rotational

ratio for stisriag wasn1180tRm KRy valwe: E24WIim3)+ (0181 15Example 28.4 &resslinked;porous

cellulose beads were obtained in a similar condition to the Example 16 except that a rotational ratio for
stirring was S00FpHi IRV Yafife: §8 kWf3): fo£55] 6 ample 29 Crosslinked porous cellulose beads
were obtdineddn a similar condition to the Example 16 except that a stirring time for preparing a
dispersion \é/ggéhfgggg from 30 minutes to 120 minutes. [0133] 25Example 30 (1) Preparation of
cellufose dispersﬁ)on D~ Cellulose dispersion D was prepared in a similar condition to the case of
cellulose dispéersionsC im tisl Example t&(2)ekeept teatdsfficiat calttilose=KG-4000; mHithwas

”“”“ﬁacggﬁgiﬁﬁ%§9QkK@ﬁ@iExample 16 except that a time required for adding
a coagulating solvent was 30 seconds.
[0130]
10 Example 27
Crosslinked porous cellulose beads were obtained in a similar
condition to the Example 16 except that a rotational ratio for
stirring was 1180 rpm (Pv value: 12 kW/m’).
[01311
15 Example 28
Crosslinked porous cellulose beads were obtained in & similar
condition to the Example 16 except that a rotational ratio for
stirring was 800 rpm (Pv values: 5.5 kW/m’).
ro13z:
20 Example 29
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.
[0133]
25 Example 30
(1) Preparaticn of cellulose dispersion D
Celliulose 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 Kasei
30 Chemicals Corp. and of which median particle diameter was 54 pm,
was used.
10134}
(2) Preparation of porous cellulose beads
Crosslinked porous cellulose beads were cbtained in a similar

36 condition to the Example 27 except that the above cellulose
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30 Chemicals Corp. and of which median particle diameter was 54 pm, was used. [0134] (2)
Preparation of porous cellulose beads Crosslinked porous cellulose beads were obtained in a
similar 35 condition to the Example 27 except that the above cellulose dispersion D was used. [0135]
Example 31  Crosslinked porous cellulose beads were obtained in a similar condition to the
Example 27 8REpt frat th&apovéllulose dispersion D was used. [0136] Example 31

Crosslinked posqus cellulose beads were obtained in a similar 10 condition to the Example 30 except
that an amount of the coagulating solvent was 228 parts by weight. [0137] Comparative Example 4
Sodium hya%)“i’f&g]rﬁaﬁd‘factured by Wako Pure Chemical Industries, 15 Ltd. and distilled water were
used to prepar€ Sowtds sodiinchydroxide: afuéous: Solution. wikhe:temperatare of thesaiqueous solution

was adjusted to 25C. Separately, micr stalline_cellulose ufactur Jo ey Co.)
was Zitooc? gﬁl‘#%ﬁ:@ 28C fc?rBZ k%%mfs.g%%n%ggiu%l}hﬁ%gu g aﬁ%ﬁs?g%ut%%%%g%ggl g%gj 20
withmaintadiripgtheitemperatige “FRe microcrystalline cellulose was added to the stirred sodium
hydroxideragugous solution little by little until the concentration of cellulose became 5 wt%. After the
addition, tLe mixture was stirred with maintaining the temperature of 25C for 2 hours. The mixture was
preserved BB 3 a result, cellulose particles were settled out and a cellulose dispersion could

not be obtained;p addition: dhednixiwre was stainedbyellowwere obtained in a similar
10  condition to the Example 30 except that an amount of the coagulating
gsolvent was 228 parts by weight.
[0137]
Comparative Example 4
Sedium hydroxide manufactured by Wako Pure Chemical Industries,
15 Ltd. and distilled water were used to prepare 9 wt% sodium hydroxide
agqueous solution. The temperature of the agueocus solution was
adijusted to 25°C. Separately, microcrystalline cellulose
(manufactured by Jchnson Matthey Co.) was stood still at 25°C for
2 hours. The sodium hydroxide aqueous solution of 25°C was stirred
20 with maintaining the temperature. The micrccrystalline cellulose
was added to the stirred sodium hydroxide aguecus solution little
by little until the concentration of cellulose became 5 wt%. After
the addition, the mixture. was stirred with maintaining the
temperature of 25°C for 2 hours. The mixture was preserved at 25°C;
25 as a result, cellulose particles were settled out and a cellulose
dispersion could not be obtained. In addition, the mixture was
stained yellow.
[0138]
Comparative Example 5
30 (1) Preparation of cellulose soluticn
To 100 g of 60 wi% calcium thiocyanate aqueous sclution, 6.4
g of crystalline cellulose (CEOLUS PH101, manufactured by Asahi
Kasei Chemicals Corporation, median particle diameter: 73 um) was
added. The mixture was heated up to 120°C to dissolve cellulose,

35 The soclution was used shortly after the preparation, since it is
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[0138] Comparative Example 5 30(1) Preparation of cellulose solution To 100 g of 60 wt% calcium
thiocyanate aqueous solution, 6.4 g of crystalline cellulose (CEOLUS PH101, manufactured by Asahi
Kasei Chemicals Corporation, median particle diameter: 73 pm) was added. The mixture was heated
up to 120C to dissolve cellulose. 35 The solution was used shortly after the preparation, since it is
difficult to*picsepie thé sokfipRat 120t 01391 (2)Preparatidh 6f crosslinked porous cellulose beads
Porous celiylese beads were prepared using calcium thiocyanate 5 with reference to the Examples
described in W02010/095573 as follows. Specifically, 6 g of sorbitan monooleate was added as
surfactant t6the BiBvE eIt LoIGHBASand TRE iRt E SvaSadde@ BRopRRE 0 480 mL of

o-dichlorobenzaneswhiel was1pyeliminadily heatesrip o 440G THhe daixturgwmas:stkred,at 300 rpm.
Next, the abgve 10 dispersion was ¢ooled down to 40C, and poured into 190 mL of methanol to
Conghintt BTN A b A BB ot By A WA At UM 190 mL o
methanobddeiwashihgwith nyeth@ro was repeated sbvetal times aAfteriwashing-wasHarther carried
out using.a | n istille: ter, uction filtration was carried out to obtain porous

9:3 larae amou &gwﬁu,_%vx%ﬂt}ér? gwg,{he %6%“%&%35 S0HLIP Loty ROUS

cellulose beads. Porous ceIIuI|ose beads were i'lterg and eads were
solution prepafedmy @iEseiviig-60 ¢retsodiaresuifatetinEzl gt distillednwaterhTheatixtore was

stirred atR0G for2:hours,<Then. 3.3 9 45 wt¥a-seium:hydrexide aqugaus solution 20 and 0.5 g of

sodium borohydride were added thereto, and the mixture was stirred. To the stirred mixture at 50C, 48 .
g off 45 WSS ESH AP Ry dFORIdE HRtROUELBlutigh & So gioregichisrshydfifveréhdiledds increments

of 25 equal ipeatsaEspectivelyyeveny=1a-rinutess After the additign the.reaction was-eargigd out at 50C
for 16 25 hours. After the reaction, the mixture \gas cooled down to 40C, and neutralized by adding 2.6

g of acetic adid “Euti5hn fifration WaS Earrisd ot SHd Washidg WasCartied OLE RERY distilEd water.
Wet claswifisation weas:camied cutaising sievgsef 58 preand-00 umntosobtainicresslinkethporous
Ce"mosgkﬁgqﬁﬂ%ﬂggE%@%?Q%d,out using a large amount of distilled water,
15 sucticn filtrationwas carried out to obtainporous cellulose beads.
Porous cellulose beads were filtered, and 100 ¢ of the beads were
added to a sclution prepared by disscolving 60 g of sodium sulfate
in 121 g of distilled water. The mixture was stirred at 50°C for
2 hours. Then, 3.3 g of 45 wt% sodium hydroxide aguecus solution
20 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 aguecus sclution and 50 g of epichlorohydrin were added
in increments of 25 equal parts respectively every 15 minutes.
Bfter the addition, the reaction was carried out at 50°C for 16
26 hours. After the reaction, the mixture was cooled down to 40°C,
and neutralized by adding 2.6 g of acetic acid. SBuction filtration
was carried out and washing was carried out using distilled water.
Wet classification was carried out using sileves of 53 pm and 90
um to obtain crosslinked porous cellulose beads having average
30 particle diameter of 78 um.
[0140]
{3) Physical property test
The surface pore diameter of the above crosslinked poroﬁs
cellulose beads was 164% A, the average pore diameter was 793 A,

35 maximum pore diameter was 14100 A, and exclusion limit molecular

39



30 particle diameter of 78 pm. [0140] (3) Physical property test The surface pore diameter of the above
crosslinked porous cellulose beads was 1649 A, the average pore diameter was 793 A, 35 maximum
pore diameter was 14100 A, and exclusion limit molecular . weight was 2.9 x 1011The beads were not
critically compressed even at a Ilnear velocity of 3057 cm/h. [0141] As the above, the crosslinked

porous ceHalsBhemREs Gotdined 8 inthd LonisakivE B 5 Rhad LoRsiderabiRo6 4R pores. In

addition, the.solution; cantaining £alcium-thioeyanate, whigh is highly toxic, remained as a waste liquid.
[0142] Reference Example 1 10The average porous diameter of commercially available porous

agarose bE abSelect SuRe LX, manufactured by GE Healthcare Corp.), of which amount of
monoclonal antihody to diecadsortied was selativebrlargeand mewhichcRrotese Aswastintiaddced, was

425 A The mainum pore dmeter tereotugs 29708, and ihe exelysion 35 it moleculgr weigh

addition, the solution containing calcium thioccyanate, which is
highly toxic, remained as a waste liquid.
[0142]
Reference Example 1

10 The average porous diameter of commercially available porous
agarose beads (MabSelect SuRe LX, manufactured by GE Healthcare
Corp.}, of which amcunt of moncclonal antibody to be adsorbed was
relatively large and in which Preotein A was introduced, was 425
A. The maximum pore diameter thereof was 2970 A, and the exclusion

15  limit molecular weight thereof was 2.5 x 10°.
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alkaline aqueous solution and cellulose to prepare a cellulose dispersion; and  bringing the cellulose
dispersion into contact with a coagulating solvent. 10 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. THeldB8tod for producing porous cellulose beads ‘
according to 15 claim 1 or 2, wherein a median particle diameter of the cellulose is not less than 10 pm ‘
and not more than 500 pm. 4. The method for preparing porous cellulose beads according to any one ‘
of claims ™ ta*37{HePEinTR EehtREBCHESHtration ifithe P N6s6 dispersiniis Hot I6s€than 1 wide |
and not nme-thans:0 wt%. 5. The method for producing porous cellulose beads according to any

one gf claims 1 to 4, wherei tg }ggﬁgulatin%[solvent ontains 25 an alcohol. 6. The method for

@ B “She of QRIATCICR 8. ke feinthe oaktilating

. mix1 [ S10] e
prodiicing pordus ¢elflifoSE bedds actoramy
solvent issacidified!] 88= 7d Theemethod: forpioducing porous cellulose beads according to any one of

claims 1 to 6, whetein a temperatyre for preparin %ng reserving the cellulose dispersion is notless
than -20C and not rr%gregihan 10C. 35 8. The m%%hos f%% p%ggﬁc%}%nptoargﬁs%%eﬁglo%e beads according
to any oreeglilamis 1 do SR Wisdrein 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. 5

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

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

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

is not less than 10 pm 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 cellulcse concentration in the
20 cellulese 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 tc 4, wherein the coagulating sclvent contains

Z5 an alcohol.

6. The method for preducing porous cellulose beads according to

any one of claims 1 to 5, wherein the coagulating solvent is

acidified.

30
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.celluiose dispersion is not less than -20°C and not
more than 10°C.

35
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9. The method for producing porous cellulose beads according to claim 8, wherein the coagulating
solvent has not less than 0.01 times and not more than 1 time as much volume as the emulsion. 10
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 kW/m3, and the value of Pv represents power
consumption g@Fvﬁlﬁ}%@(ﬁSEﬁff PhaTHEHDE 1BP prItuUCTR pBratiecafiiose BESAS AtR8rdifg to any
one of claimg 1d0e10; svhereitva: value ®f Py attlee-titre ahlringigd the-eelludserdispession snto contact

with the ¢ agulaygg ﬁiolvent IS not less than q}l kWim3, %ril:% 'g.Lhe value ofva. repregents power

consumpfion Per Vofume. 20 T2 THe method tor %récd)uc?ng porous céllulose Beads accorﬁﬁg to any

one of claiins &1w 18 whereilractimb retjuired-for lagding thé ddagWatiug salvient to tha@ntulsion is not
more5than 150 seconds. 25 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
dispersior? frof fatertand cémdloBE Mhbn & tHe Preliffihaty- aispersidn it e alkafind aqueous

solution. 39 14, The methogd:for preducingporeus.celidose heagds acegrding 4@ any.onepobelaims 1 to
13, wherein a stirring operation in at least one step is carried out using a turbine blade, 35 15. A

method fdrpi6aueiy CtB5sMKed porots celitlbseBedbs cdifpHEingthe €t&p TFErdsshitking the

porous cellulose beads obtained by the method according to claims 1 to 14.
10 10. The method for preducing porous cellulose beads accerding to
claim 8 or 9, wherein a value of Pv at the time of preparing the
emulsion is not less than 0.1 kW/m®, and the value of Pv represents

power consumptlon per velume.

15 11. The method for producing porcous cellulose beads according to
any one of claims 1 to 10, wherein a value of Pv at the time of
bringing the cellulose dispersion into contact with the coagulating
solvent is not less than 0.1 kW/m>, and the value of Pv represents
power consumption per volume.

20
12. The method for producing porous cellulcose beads according to
any one of claims 8 to 10, wherein a time required for adding the

coagulating solvent to the emulsicon is not more than 150 seconds.

25 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 dispersion from water and
cellulose and mixing the preliminary dispersion with the alkaline
agueous solution.

30
14. The method for producing porous cellulose beads according to
any one of claims 1 to 13, wherein a stirring operatiocn in at least

one step 1s carried cut using a turbine blade.

35 15. A method for producing crosslinked porous cellulose beads,
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comprising the step of crosslinking the porous cellulose beads

obtained by the method according to claims 1 to 14.
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