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Hydrogel, method for producing hydrogel, and method for producing molded article
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NA ROTII. N FOTIIVDOREFE. R REAORERE

[0001]

This invention relates to hydrogels, methods for producing hydrogels, and methods for

producing molded articles.

AERIE. N RO N1 FOTILDORELE. R BFAEORELEICET %

[0002]

Polymer gels are formed when polymers with a three-dimensional network structure created

by crosslinking swell and gel by absorbing liquid into their interior.
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BRAFTIVE. BBICE DR SNIZRTNGREBBEZE T 227 FH TORIMICKREZR

INTBIEICEDREBLTTILELIEHDTH B,

Among polymer gels, those in which the liquid is water are called hydrogels. Hydrogels are a
useful material that is attracting attention due to their excellent properties such as flexibility
and water retention. Therefore, hydrogels are expected to be used in a wide range of fields,
including medicine, pharmaceuticals, food, civil engineering, bioengineering, and sports-

related fields.

ENFTILOFRTH, BIENKTHZHDE/NTLROFILEWVWDS, /N1 ROXILIE. TEHHE. R
KEFIZBND 3 EVLWSHEAZE T3NS TEZED TVIERLBEMTHD. FDH. E
BEE B KR NAFAIT=2TFUYT AR—YEEFEDZIZICHT-Z2DFICH LT,

N ROZILOFBELERFIN TV S,

[0003]
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One of the challenges in enabling the use of hydrogels in the various fields mentioned above

is improving the strength of hydrogels.

LREOESBERBICHITENT KOS LOFBLAREICT 50 OBEL LT, /AT KOFLO

BEDMELENFEIFS5ND,

In contrast, the present inventors have found that hydrogels having an interpenetrating
network structure or a semi-interpenetrating network structure formed by synthesizing a
second polymer in a first polymer having a three-dimensional network structure exhibit high

mechanical strength (see Patent Document 1).

SIS L. AEBPESIE. ZRTHBBEZEISELDRIRY—PRTE2DRINVN—ZEKT
B EICEDEMRENZHEEFRARBEEX IF LI HEEARBRESEZE IS\ FOTILDA &

LWEMRBEEZ R CezRE L. SFFXE1E28) .

[0005]
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Hydrogels having an interpenetrating network structure or a semi-interpenetrating network
structure have poor moldability because the first polymer (the polymer with a higher degree

of crosslinking) is easily broken by mechanical loads.

HERAMBBEXIZtIHEGAMBBEZE T S/\1 FOTLIE. F1DOKRIY— (REEN

EOFVWRUT—) DAENEFICK > THRIESN P T VWEDOERNS. EMEICZ LV,

Currently, when obtaining a hydrogel of a predetermined shape, the general method involves
simultaneously synthesizing and molding a first polymer by mold molding to obtain a first
polymer of a predetermined shape, and then synthesizing a second polymer within the first
polymer. However, it is difficult to obtain molded bodies with complex shapes using mold
molding. Furthermore, because molds need to be prepared according to the desired shape,

and because molding takes time, it is difficult to achieve sufficient production efficiency.

TR, FMERRONA ROT L ZB3BRICIE. E—ILREFICEDE L DR I—DERK & L

ZRABICIT > TAAEFROE L DRI -2/ 1B ZEL1DORIIY—FTE2DRII—ZEK
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TBR3HEN—MNTH B, LHLEDNS. E—IL N TIIEMLBRERORTAAZ1ES e hi##
LW, F7eo BROBRICISLTREZRAE TR ENHBZ . KU BEICKEZETSC

5. FERBREENEIESNEEL,

[0006]

Therefore, the main objective of the present invention is to provide a hydrogel as a molding
material, a method for producing the same, and a method for producing a molded article
using the hydrogel, which enable the simple production of hydrogel molded articles having

complex shapes with excellent production efficiency.

I Ty AEBIZ. BNICEEMNRT, BMGTRZE T 5/\1 FOT LR EEBEICEE
TBHIEZEARRLT D, MBI E LTONA FOTIILRVOEDOREHGE. LIS %/\1 FOT

W RWICHARDRER EZRM TS e Z2XRBRIC T %o

[0007]
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The inventors focused on the phenomenon in which, when a mechanical load is applied to a
hydrogel having an interpenetrating network structure or a semi-interpenetrating network
structure, the cross-linked structure of the first polymer (a polymer with a higher degree of

cross-linking) is destroyed and mechanorradicals are generated.

AEPESIZ. HERAHBEBEXIITLIHERAMBEEZE Y 5/\1 FOTIILICAZNERN
MRASNIERIC, BLORIY— (RBENELDODFIVWRUT—) ORBBEDSBIBESNTX A/ S

PHLDEETIHRRICEE LT

We hypothesized that by impregnating a hydrogel with monomers having two or more
ethylenically unsaturated bonds and then applying a mechanical load, the mechanorradicals
generated by the mechanical load can react with the monomers to form a crosslinked
network. Therefore, if the crosslinked network formed by this method can be made strong,

the hydrogel can be immobilized in a deformed state.

N EROTIIC2 DU EDTIFL Y EFRMESZRE IS E/ V-2 B8RS ELLTHZENETZ

MzBe. ZFNFENEEICEDBEELILXD/ STAIICEDZE/ N —ZRIGTETEBRY b
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D—O%FERTREDNTETEZ DS, COFEICEDERINZIEIERY hT—0ZEERD

DEFTBIENTENUE. N FOTIINZ2EFRETEEILT S LN TETHEER T

Based on this idea, the inventors diligently conducted research and completed the present

invention.

AFEAESIFICDOL S BERICEDETHRERF 21TV FEBZRH I LT

[0008]

The present invention provides the following [1] to [11].

AFERIE. UATFTD [1] ~ [11] ZRHET 3,

[0009]
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[1] A hydrogel having an interpenetrating network structure or a semi-interpenetrating
network structure, comprising a first polymer having a three-dimensional network structure
and a second polymer that has penetrated the gaps in the three-dimensional network
structure of the first polymer, wherein the first polymer contains, as monomer units, a
crosslinkable monomer Al having bonds with a bond energy of 80 to 250 kJ/mol, the degree
of crosslinking of the second polymer is less than the degree of crosslinking of the first
polymer, and the content of the second polymer is 2 to 100 parts by mass per 1 part by mass

of the first polymer.

[1] MEEEAWBBEXIZTIHERARBEEZEIS/N\MFOTILTH>T. =KTHEE
BEEEITZELIORIT—L., BIREL1DORII—DHR=ATHEEEDERICEBALE2
DRIR—E. Z8H. BIEE1IDRIT—D E/Y—Hu LT BHEIXRILF-H
80~250kJ /Mo L THIHEEEETIEBUEE/I—ALEEH. BILLBE2DRII—0
RBEHLRIEE LORII—DEBELDHNET L, FIRE20DRII—DEEEH . HILFELD

R)IT—1EEMH L. 2~100HEETH . /\1 FOY L,
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[0010]

[2] The hydrogel according to [1], wherein the crosslinkable monomer A1 comprises a

compound represented by the following formula (1).

[2] AIEERBMEE/X—AL1H TERX (1) TREINZLEWZzSC. [1] ICEHED/NT

O4s ).

<img file="JPOXMLDOCO01-appb-C000002.tif" frnum="0001" he="6" id="0001" img-content="
drawing" img-format="tif" inline="no" orientation="portrait" pgnum="0001" wi="148"/>[In
formula (1), the multiple Rs represent monovalent groups having ethylenically unsaturated
bonds, X<sub>1 </sub> represents an m-valent organic linking group, X<sub> 2 </sub>
represents an n-valent organic linking group, Y represents -N=N-, -O-0-, or -S-S-, m and n each
represent integers of 2 or more, the multiple Rs may be the same or different from each other,
X<sub>1 </sub>and X<sub> 2 </sub> may be the same or different from each other,and m

and n may be the same or different from each other.
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<img file="JPOXMLDOCO01-appb-C000002.tif" frnum="0001" he="6" id="0001" img-content="
drawing" img-format="tif" inline="no" orientation="portrait" pgnum="0001" wi="148"/> [T
(1) . BHEORIZIFL VHRRBNEESZE TS LEDOEZRL. X<sub>1</sub>lgmfidD
BEREZR L. X<sub>2</sub>InflidBHERZEEZRL. YIE—N=N—, —0—-0—X
IF—S—S—Z&XRL. MERUnNEENTN2ULOBHZRL. ERHORIZEVICEA—TH->TH
BRE-OTVLWTHEL. X<sub>1</sub>KU X<sub>2 </sub>lgEWCE—TH->THEHR>TL

THELL MEUNIEFEWVCA—TH>THEL>TULTHLLY,

[0011]

[3] The hydrogel according to [1] or [2], wherein the degree of crosslinking of the first polymer

is 0.1 mol% or more.
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[3] HFIEFELORUI—DEBENO. 1mo L%UETHS. [1] XiF [2] IZEEEHD/N

1 RO7 ).

[0012]

[4] The hydrogel according to any one of [1] to [3], wherein the degree of crosslinking of the

second polymeris 20 mol% or less.

(4] HERE20RUT—ORIEEN2 0mo L%UFTH3. [1] ~ [3] oLThnici

HEoNT ROT ).

[0013]
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[5] A hydrogel according to any one of [1] to [4], which is impregnated with monomer C

having two or more ethylenically unsaturated bonds.

[5] 2DUEDIFLUMFENESZETSE/ X—CHERINTVS. [1] ~ [4]

DWLWTNHICEEED/\1 KOS L,

[0014]

[6] The hydrogel according to [5], wherein the amount of monomer C impregnated is 10 to

1000 parts by mass per 100 parts by mass of solid content of the hydrogel.

[6] RIEEE/Y—COFREN. AIEC/\1 FOZILOERD 1 0 OEEERICXT L.

10~1000EB=ETHS. [5] ICEBHD/\1 ROF I,
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[0015]

[7] Amethod for producing a hydrogel having an interpenetrating network structure or a
semi-interpenetrating network structure, comprising: step a reacting a first monomer
composition containing a crosslinkable monomer Al having a bond with a bond energy of 80
to 250 kJ/mol to form a first polymer; and step b impregnating the first polymer with a second
monomer composition optionally containing a crosslinkable monomer A2 and then reacting
to form a second polymer, wherein when the molar ratio of the amount of the crosslinkable
monomer Al to the total amount of monomer in the first monomer composition is r1, and the
molar ratio of the amount of the crosslinkable monomer A2 to the total amount of monomer
in the second monomer compositionisr2,r2/rlis less than 1, and the impregnation amount
of the second monomer composition is 2 to 100 parts by mass per 1 part by mass of the first

polymer.

[7] MHERAHMEBEXIZtIMERAMBBEZETS/\T1FOTIILOREFETH> T,
BEIRILF—N80~250kJ. / Mmo L THEIBEEZEIZFEBUEE/X—ALZSTELD
B/ N—HHEMERBESET. ELORIV—ZERITSIizal. ZEEE/ Y—A2ZFEET

BCE20E/ VM %Z. BIRLELDRII—ICEBRIELRBICRIGTET. E20RIT—
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ZER T2 IEb L. ZEX. FIECE LOE/ Y—HEYFTDE/ Y —HREIIXN T SHICRIEET
JRX—ALOEDEILLEZr L L. FIEEE2DE/ X—HEEYPDE/ I —HKEIZHTT B HIECE
BUEE/X—A20EQTEILZr 22 L2eE r2,/r LId1&DHNEL, FHIEZE2DE/
Y — RO REN. FIRELORIY—1EEMIHFL. 2~100BEHTHS. /\7FO

TILDEET o

[0016]

[8] The method for producing a hydrogel according to [7], further comprising step c of
impregnating the hydrogel obtained in step b with monomer C having two or more

ethylenically unsaturated bonds.

[8] G®IEEIEbTELSNI/NTYROTILIC. 2DO2ULEOITFL VEFBENEES=EITZE/

R—CZE@RTEBIREcZEImRAS. [7] ICEREDNT FOTILORER L,

[0017]

08-07-2026 - Page 15



[9] A method for manufacturing a molded article, comprising: an impregnation step of
impregnating a hydrogel according to any one of [1] to [4] or a hydrogel obtained by the
manufacturing method described in [7] with monomer C having two or more ethylenically
unsaturated bonds; a deformation step of deforming the hydrogel into a predetermined
shape by mechanical load after or simultaneously with the impregnation step; and a holding
step of holding the hydrogel in the predetermined shape for a predetermined time after the

deformation step.

[9] [1] ~ [4] OWTIhMNIEEHD /N RO L. XiE. [7] ICEEBEOREREICKD
"BonasNarO7 IS 2DOULEDIFL U MRENEEZE IR E/ X—CZRRIEBZER
TR, AR RTEEXIIAESRIRECARIC. gisc/\1 FOS L Z HZENEREIC K DFER
RICEFEE BB TR, RiscZRIER. gisc/\1 PO L ZRIEEFIERRICER S E 1oIREE

TAHERRBRE T2 RIEIIEL. 2R 5. RAORIET %,

[0018]
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[10] A method for manufacturing a molded article, comprising: a deformation step of
deforming the hydrogel described in [5] or [6], or a hydrogel obtained by the manufacturing
method described in [8], into a predetermined shape by mechanical load; and a holding step
of holding the hydrogel in the predetermined shape for a predetermined time after the

deformation step.

[10] [5] XiF [6] ICEE&ED/\r FOSIL. XiF. [8] ICEEEHDOBERZEICIDESN
2N\ RO7IN%E. HENEEICKDFAEFRICER S 3T TR, piscERITi2%. Bt/
1 RO L ZRIEEFIERRICER SR TAHERRBIFRIF I 2RIFIIEC. ZHA 5. BREAD

BER o

[0019]

[11] The method for manufacturing a molded article according to [9] or [10], wherein the

deformation step involves deforming the hydrogel by blow molding or press molding.
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[11] HIEEZEIRETIE. 7O0-MEXIETL IAEFICED. FisE/\1 RO ILEZEFEE

3. [9] XiF [10] ICEEHDEFARDOREIET o

[0020]

According to the present invention, it is possible to provide a hydrogel as a molding
material, a method for producing the same, and a method for producing a molded article
using the hydrogel, which enable the simple production of hydrogel molded articles having

complex shapes with excellent production efficiency.

AFEBICEINIE. BNI-EEMERT, EHLTEREZETS/\1 RO IO A EEICEET
B22r%AlgEE T3, BB LTONT RO I KROZFOREHZE. LTI, 3%/\1 ROSIL

ZRAWICITARDRER A2 RMTH LN TE S,

[0021]
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Figure 1 is a schematic cross-sectional view illustrating the method for manufacturing the

molded body of the embodiment.

113, Ehf ORRFARDIER G A2 AT 2 e DIRITER T H %

Figure 2 shows the mold plate used to produce the molded body in the embodiment and the

molded body obtained using the mold plate.

213, EAIORFAAOIERICAVSNZEETL — P RUKREERTL - bZ2zAVWTES MK

MR ZRIHTH B,

Figure 3 shows a molded article of an embodiment and the method for molding it.

313, EBlORFMARVEDR A EZTRIETH S,
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[0022]

n_n
~

In this specification, numerical ranges indicated using "~" represent a range that includes the

numbers listed before and after "~" as the minimum and maximum values, respectively.

KEAMER. [~1 ZRAVTRINICRMESLREIZ. T~ OFRICEH NI BEZ tNnEh&/)

ERVRAEL LTECERZTR T,

In the numerical ranges described in stages within this specification, the upper or lower limit
of one stage of the numerical range may be replaced with the upper or lower limit of another

stage of the numerical range.

AEERERICERENICEEH TN TV HEER ICE VT, b 3EREOBELHED LREXIFTRIE

I&. DRFEDOBIESEFHD ERIEXIFTFRIEICEZHRI TH L,

Furthermore, in the numerical ranges described herein, the upper or lower limits of those

ranges may be replaced with the values shown in the examples.
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Ffc. REAEPRICERH TN TVBIRESERICE VT, ZOHESRE D LRIEX T TFRIEIX. =it

BHCREINTUVBBEICBESIHEITH LU,

Furthermore, the upper and lower limits listed individually can be combined in any way.

7o ERNICECH L 71 ERRIER U FIRIEIFERICHEASHEARETH 5,

Furthermore, in this specification, "(meth)acryloyl" means at least one of acryloyl and its

corresponding methacryloyl.

Floo ABHEEICEWVWT. T (X&) 7700 )by cid 770040 XU ENISRIBT 3

A7) A1 LDV EED—FZEKRT %,

[0023]

Preferred embodiments of the present invention will be described below.
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LUF. ARBADOFELREBAZEIC DOV TERAY %,

However, the present invention is not limited in any way to the embodiments described

below.

e L. AEBRIFTERBAIEICASRESINBZDHDTIFAEL,

[0024]

<Hydrogel> One embodiment of the hydrogel is a gel comprising a first polymer having a
three-dimensional network structure and a second polymer that has penetrated the gaps in

the three-dimensional network structure of the first polymer.

<N ROTIIL> —REREEO/NA ROTILE. ZXRTHEBEBEEEITSELDORIT—L.

HE1OFYI—DZRTHEBEORRICBALLE20RUT—r. 23S ILTH 3.
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This hydrogel is also called a double network gel because it has an interpenetrating network

structure or a semi-interpenetrating network structure.

CONA RO ILIZ. HEGARBBEXIFEIMERGARBBEEZEIZeh 6. 471Lxy

=07 EBEEN D,

[0025]

Here, "having an interpenetrating network structure in a hydrogel" means that polymers
having other three-dimensional network structures are intertwined with the polymers that

constitute the base three-dimensional network structure, and as a result, the hydrogel has

multiple network structures within the gel.

CIT AT ROZASEEGABEEEEET 51 Lid. N—2ALBEZRTEEEEEER

TRRIT—IC. HOEXRTHEBIEEEE TR I—DIEADODVWTHED., R LT, NTRO

TIHDN TILRICEROBBEEEZBEL TLWS Lz S,
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Furthermore, "having a semi-interpenetrating network structure in a hydrogel" means that
polymers having a non-three-dimensional network structure are intertwined with polymers
that constitute the base three-dimensional network structure, and as a result, the hydrogel

has one or more network structures and one or more non-network structures within the gel.

oo T ROSILDEZHERAHBEBEEZE T2 Cid. R—RERZ=ZRTHBIBEZIE
KB R)IT—IC. IE=RTHEBEEZEITDI3RII—DEADODVWTHD, FHER LT, N1RO

FILDN FILARIC L DU EOMBEEERV 1 DU ELOIFEEREEZBL TVWEZLZL\ S,

[0026]

The first polymer described above includes, as monomer units, a crosslinkable monomer Al
(hereinafter simply referred to as "monomer A1") having bonds with a bond energy of 80 to
250 kJ/mol (hereinafter simply referred to as "low-energy bonds"), and optionally, a
monofunctional polymerizable monomer B1 (hereinafter simply referred to as "monomer

B1").
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FEEE1DORIT—IF. E/Y—EBHU LT, HEIXRILF—HN80~250kJ Mo L TH3B
BwEe WUF. MBEIRILEF—8HEE1 cVWD) 283238 BHE/ v—A1 (UL Eic s/ <—
Al] WD) . =T, BHEREAME/NV—B1 (UTF. Bic TE/¥—B1l] 2L5)

& 23aeo

The first polymer may or may not contain monomer B1 as a monomer unit.

F1ORIY—IF. E/ VB LT, E/X¥—BlZEATULTLL, EATLWELTH L

Lo

In this specification, a monomer unit is a unit derived from a monomer, and is a constituent
unit of a polymer formed when a polymerizable functional group in a monomer reacts with

other polymerizable functional groups and bonds with other monomers.

BE. KPEWEEDH, B/ Y—BurlE. E/V—HROEBEMATHD. E/ X—HOEESHERED
HMOEEMEREECRIGL THDE/ X—CEE TR ETERINS R X—DIBREATH

Do
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Therefore, when a polymer is said to contain monomer X as a monomer unit, it means that

the polymer contains constituent units (monomer units) derived from monomer X.

Lfcht> T RUR—HDWE/I—BHELTE/ I XZEQIF. RUIT—HDE/I—XEFD

B (E/V—BU) 2830 Z2EKI %o

Monomer units are sometimes also called repeating units.

T/ X-EBF. BORLEMNEWVWSHEELH D,

[0027]

The second polymer described above includes, as monomer units, a monofunctional
polymerizable monomer B2 (hereinafter simply referred to as "monomer B2") and optionally,

a crosslinkable monomer A2 (hereinafter simply referred to as "monomer A2").
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rEEE2ORIT—F. E/Y—EBU LT, EEREEEME/Y—B2 (AT, B T£E/7—
B21 &WD3) . EET. ZBEBMEE/ Y—A2 (UTF. BIC TE/Y—A2] WD) &, =5

To

The second polymer may or may not contain monomer A2 as a monomer unit.

B2ORIR—IF. E/N—BHUELT. E/X¥—A2ZFATLTELL, BATLWERLCTHE

(A

[0028]

When the second polymer contains monomer A2 as a monomer unit, the second polymer has

a three-dimensional network structure.
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F20RUYT—NE/X—HBHEYLTE/X—A2ZETHEE. £E20RUI—IE=RTHBES

2BY B

In this case, the hydrogel has an interpenetrating network structure.

COZE. N1 FOTILIZHERAMBEBEEZE Y %

If the second polymer does not contain monomer A2 as a monomer unit, the second polymer

has a non-three-dimensional network structure such as a linear structure.

F2DRIVT—HE/V—HAL LTE/I—A2ZZEFHRVEES. E2DR)T—Ik. EHES

FOI=RTHBBEZET %,

In this case, the hydrogel has a semi-interpenetrating network structure.

CDiZEa. N PO LI EIHMERARBBEZRE Y %,
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[0029]

The degree of crosslinking of the second polymer is smaller than that of the first polymer.

FEE2DRII—DEBERELDORII—DEBELDBHII L,

Here, the degree of crosslinking refers to the proportion (in mol%) of monomer units derived

from crosslinkable monomers, based on the total amount of monomer units in the polymer.

CCTCBEECIE. RUX—FhOeE / V—HUDEZREX IT3EBEHE/ Y—HRKDOE/

Y—BUDEE (BfiL:mo L%) ZEKT 3.

If the first polymer does not contain monomer B1 as a monomer unit, the degree of
crosslinking of the first polymer is 100 mol%, and if the second polymer does not contain

monomer A2 as a monomer unit, the degree of crosslinking of the second polymer is 0 mol%.
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F1DRIVT—HE/ VB LTE/Y—BlEZEFHWVEES. E1LDRIUIT—DEEEIZE
100mo L%THDH., F2DRIIT—HWE/X—BALLTE/X—A2ZE5FTHVEES. £2

DRII—DEREEIZFOMo L% TH B,

[0030]

The content of the second polymer is 2 to 100 parts by mass per 1 part by mass of the first

polymer.

FRE2ORIT—DBERIE. B1OKUT— LEBHICHL. 2~1 0 0EEHTH B,

In other words, the mass ratio of the content of the second polymer to the content of the first

polymeris 2 to 100.

TS5, LEBLIORIY—DOFEEICHT S LEH20RIY—DFFECHEELLII.

2~100TH%o
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[0031]

The above-mentioned hydrogel is, for example, in the form of a sheet.

ERNLFOTILIE BIZIE. — FRTH B,

[0032]

Hydrogels having the above characteristics exhibit good shape retention even when the
retention time of the deformed state is short, in a method of immobilizing them by
impregnating them with monomer C having two or more ethylenically unsaturated bonds
(hereinafter simply referred to as "monomer C"), deforming them by mechanical load, and

maintaining the deformed state.
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FEROLSBEFEHZE TS/ ROTILIE. 2DOUEOITFL UV EFENEEZE TS E/ X—C
(AT, BIZ TE/N—CJ VWD) Z@RECEIRICNHENEFTICIDERTE. EREZR

FLTEELT BHEICEVWT. BERREOREREANEWVSGE TH RIFLARBEELEZRT.

Here, shape retention refers to the ability to fix a deformed state and maintain that deformed

shape even after the mechanical load is released.

CCT. EREEEC IF. BEREREZEENR L. WENEEZERLICRICOELREOIIRNZ

RIFI B MEREZ VD,

Therefore, by using the above-mentioned hydrogel as a molding material (master sheet, etc.)
in the above-mentioned molding method, it becomes possible to manufacture molded

hydrogel products with excellent production efficiency.

ZO®H. EEE/N1 ROXIILE LR EICE ITIMEME (X2 —>— ) LTAHAWS

CET. BNIEEMDRTNY RFOT IO AZRET 2 C EHAIEEE B B,

Furthermore, since the above molding method can employ molding methods that enable the
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molding of complex shapes, such as blow molding and press molding, even molded bodies

with complex shapes can be easily manufactured.

&Ko EERMFZAETIR. TO—B. 7L RE & W o T B AR DR DY e B 6 iz 75 75 72 #R

RAETH 21 BB ZE T 3MAETH > THBHEICRET S LN TE S,

[0033]

The reason for the above effect is presumed to be as follows.

FEEMREPFEONBZEHIIUTOLS ICHERINS,

First, when a mechanical load is applied to the hydrogel, the load concentrates on the first
polymer (especially the cross-linked portion of the first polymer) because the degree of cross-
linking of the second polymer is smaller than that of the first polymer. In this process, since
monomer Al constituting the crosslinked portion of the first polymer has low-energy bonds (i.

e., the first polymer has low-energy bonds in its crosslinked portion), structural breakdown
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occurs at these bonds, generating a large amount of mechanorradicals. Therefore, when
monomer Cis impregnated into the hydrogel either beforehand or simultaneously with the
application of a mechanical load, monomer C reacts with mechanoradicals, forming a novel
cross-linked structure. As revealed by our investigations, when a common crosslinking agent
such as N,N'-methylenebisacrylamide is used instead of monomer Al, the amount of
mechanorradicals generated is small, and even if a novel crosslinked structure is formed,
sufficient shape immobilization cannot be obtained. Furthermore, using large amounts of
common crosslinking agents to increase the generation of mechanoradicals reduces the
flexibility (stretchability) of the hydrogel, making it difficult to deform under mechanical load,
thus making molding difficult in the first place. On the other hand, in this embodiment, the
introduction of low-energy bonds significantly increases the amount of mechanoradicals
generated by mechanical loading, thus enabling the formation of a dense crosslinked
structure, and it is presumed that the hydrogel exhibits good shape retention properties. In
this embodiment, even if a large amount of monomer Al is used, the flexibility (stretchability)
of the hydrogel is restored by the cleavage of low-energy bonds due to mechanical load.
Therefore, it is possible to further improve shape retention by using a large amount of

monomer Al.

9. £\ FOTILICHZNEEH MO E. BE2DRUI—DRBEHELDR)I—DR

BELDHNTWVWIEICERLT. E10RIY— BFICELDORII—DERBED) ICERHIE
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F93, COB BELORUI—DEBRDZEH TSI E/ N—ALNMBEIRILF—REEEZET
% (RO, ELORII—HIEBBDIEIRILE—REEEETS) 2. ZHEAICEVTE
EWIENRID. SEDXN/ STHADEETSZ, TORH. FToH. Xid. AFEHNEREHMD
ZLARICERE/X—CHNA ROTIICEBRBINZ LT, FE/X—CHXN/ SIS
SORIGL. FIRBREEENEREINS, CCT. AEBESORFTOBRNSHSHE A S
feleTHBH. E/I—ALIZKZTN, NN=XFLYEXTIUILT I REO—RIIEALEE
BERAWIBEICIE. XB/ STHILOREEN DR FRAEBEENMERINILLTHH
PDEIREELEIFTFESNEV. Floo XA/ STHINOREERIEBIMEIE D 7HIC—AHIHEE
BRZZRICERTIL. /\1 ROSILOFREE (EHEYE) METL. WENEREICK DER L#
KB37H. EHELRHAREL D, —A. FAEBHAETIE. BEIRILF—HBEDOEAIC

&2 T NENEFICEDRETEIXA/ STHIOENBEEICEINT 570, BELEEEERE
R TE. LN FOSIIHDREFLAEIREELEZR T EHBIND, B, AEMHET

¥, E/X—AL1ZZEICEALILCLTH. AENEFICEDEIRILF—BFEIUIEND
ETNA ROTIILOFREN (EEE) HEIET D70, E/X—ALZZEICERT S TER

BlELMZEICMLEIESCEBHRIETDH S,

[0034]
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Below, we will first describe the details of the first and second polymers that constitute the

hydrogel described above.

FTIde &9 LN RFOTIILZBKT 5% 1 DR Y —RUE 2 DR ¥ — Dz 5

9 Do

[0035]

(First polymer) The first polymer contains monomer Al as a monomer unit.

(BF1loRUY—) F1ORIUT—IF. E/I—HBEALT. E/Y—AL%ZEL,

Monomer Al itself is a compound (crosslinkable monomer) having two or more

polymerizable functional groups, and in the polymer, it constitutes the intersections

(crosslinked portions) of the three-dimensional network structure.
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T/X—ALTNAKE. BEAHEEEE20UEET LAY QBT I—) THO. KU

N—HTIR=RTHBBIEDRER (GEE7D) =BT %o

Monomer Al (monomer units derived from monomer Al) in the polymer does not need to
have unreacted polymerizable functional groups. The number of polymerizable functional
groups is, for example, 2 to 8. Examples of polymerizable functional groups include groups
having ethylenically unsaturated bonds, such as vinyl groups, allyl groups, styryl groups,
alkenyl groups, alkenylene groups, (meth)acryloyl groups, and maleimide groups. The
molecular weight of monomer Al is, for example, 70 to 15,000, and may be 100 to 3,000 or 50

to 1,000.

RUI—HDE/X—AL (E/X—ALBRDOE/Y—ESI) 3. RREOEGHEREZEL
BLTEV, EGMEREOHIZ. AIZIE. 2~8THd, EGMEREC LTI AIXIE E
ZIVE. TUIILE. RFVILE. PILTZIVE. VIS ZLYVE. (X&) 7oUOqLE YL
1IFEFOIFLUVERRNEEZE T EDVEITOND. E/X—ALDDFEIF. AIX

IF. 70~15000THH. 100~3000XIF50~1000TH->THKLY,
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[0036]

Monomer Al has at least one low-energy bond (a bond with a bond energy of 80 to 250 kJ

/mol).

E/X—ALIF BIXRILF—EES @EEIXILF—H80~250kJ Mo L THBHEE) =

Vi< H12BT %,

The number of low-energy bonds is, for example, 1 to 10, and may be 1to 2 or 2 to 10. If the
above-mentioned binding energy is less than 80 kJ/mol, the bonds may become excessively
fragile, potentially compromising the stability of the hydrogel. If the bond energy is greater
than 250 kJ/mol, the bond becomes difficult to break, making it difficult to obtain sufficient
shape retention. From this perspective, the bond energy of a low-energy bond may be 100 kJ
/mol or higher, or 150 kJ/mol or lower. In other words, the bond energy of the low-energy

bond may be 80-150 kJ/mol, 100-150 kJ/mol, or 100-250 kJ/mol.

BIXILF—HEEOHI. AZIEFL~10THD., 1~2XIF2~10TH>THLL, L5HE

BIRILF—N80Kk I Mo LRXFETHB L. BEMNBEICUINCTLRDNA FOTILORE
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MHELONBZ D H B, LEFEEIRILF—H250k I mo LEDKRETWVWE, EEDWY]
NICK K BORDBIAREECEDFESNE . COLSBERADS. BIXILF—HEEOES
IxXILF—IF. 100kJ /Mmoo LUAETH>THL. 150k J/ Mo LAFTH>TH&
Lo THDE, BIXRILF—HEO/EIRILF—IE. 80~150kJmo L.

100~150kJ/ Mo LXIF100~250kJ mo LTH->THLLY,

[0037]

From the viewpoint of obtaining better shape-immobilization properties, monomer A1 may

be a compound represented by the following formula (1).

E/X—ALIE. FOEBNLREEEDFONPTVERDLS. Tiell (1) TREINB1L

éq:@_c‘% >2T& LYo

[0038]
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In formula (1), multiple Rs represent monovalent groups having ethylenically unsaturated
bonds, X<sub>1 </sub> represents an m-valent organic linking group, X<sub> 2 </sub>
represents an n-valent organic linking group, Y represents -N=N-, -O-0-, or -S-S-;and m and n

each represent integers of 2 or more.

I (1) . BEORIBIFLUEARENESZHE IS LEDOEZRL. X<sub>1 </sub>|Emfi
DEMEREZRL. X<sub>2</sub>Infli0BEKEFZEEZRL. YIE—N=N— —0—0—

XiF—S—=S—ZXKL. mMRUNIFENEN2ULDEHRZRT

Multiple Rs may be identical or different from one another.

BHEORIZEWVICE—TH>THER>TWVWTH LU,

X<sub>1 </sub>and X<sub>2 </sub> may be the same or different from each other. m and n

may be the same or different from each other. m and n may be 2 to 18, or 2 to 4, respectively.
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X<sub>1</sub>K T X <sub>2</sub>l3EWVCE—TH->THERBR>TLTHLIL. mEUn
IEEWIE—THoTHELH->TULTHLIL. mMEUnIE. #FNEN. 2~18TH-oT&kKL.

2~4TH>THLLY,

[0039]

The organic linking group represented by X<sub> 1 </sub> or X<sub> 2 </sub> is not
particularly limited as long as it has a carbon atom as a terminal atom (the atom bonded to R

orY), and may also have heteroatoms such as O, N, and S.

X<sub>1</sub>X & X <sub>2</sub>TREINZBEEZRIL. RiFFEF (RXIFY LHERTS
FF)  LTREREFZEB L TOWNISFICBRESNT. O N, RUSEDOATORFZELTL

THLL,

The organic linking group represented by X<sub> 1 </sub> or X<sub>2 </sub> may have a

heteroatom-containing functional group such as a carbonyl group.
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X<sub>1</sub>X & X <sub>2</sub>TREINZBEEZRIL. AILAZILBEFEOATORFS

BEREZAELTULTHLL,

[0040]

The compound represented by formula (1) above may be a compound represented by the
following formula (1A) from the viewpoint of obtaining even better shape-immobilization

properties.

EE® (1) TRINBLAME. BICEBNLHRERLENESNP T REBAD 5. T

il (LA) TRINBLEMTH>TLL,

[0041]
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The compound represented by the above formula (1A) has two bonds (-C-N=) with a bond

energy of approximately 105 kJ/mol.

F5EX (1 A) TREINBULEME. 105k I mo LBEDREIXILF—Z2EITZREE (—

C—N=) Z22FLTW3,

When monomer Al contains a compound represented by the above formula (1A), monomer
B1 contains at least one compound selected from the group consisting of 2-acrylamido-2-
methylpropanesulfonic acid (AMPS), acrylic acid (AA), methacrylic acid, and salts thereof,
thereby achieving both excellent stretchability and excellent strength of the hydrogel while

obtaining even better shape retention.

TE/NX—AL1NDLERER (1A) TREINZEEYWEESTLHES. E/X—B1HNR2—-TFUJILT=
R—2 —XFILFAONVRILEVEE (AMPS) . ZIUILEE (AA) RUXZT)I)LEE, B
IS. TNHEDIE/HLRBELIDFREINZDVDEGLLED—BOEYZSL T, N1 ROTILD

BN CBNIGEEZMIL L BN S —BENICIREEEZES ZeHTE %,
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[0042]

Monomer Al may be a single compound or may contain multiple compounds.

E/X—ALIE. 1BOUEMTH>TELL. BHEDOLENZSATLTOHLL,

[0043]

The first polymer optionally contains monomer B1 as a monomer unit.

FLORIIT—IF. E/Y—HfLT. FET. E/Y¥—B1l%5¢,

Monomer B1 itself is a compound that has one polymerizable functional group (a

monofunctional polymerizable monomer).
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T/ N—BlenB®HIE. EGMUEREZ1DFT3LEY (REREGHE/ Y—) TH,

Examples of polymerizable functional groups include those identical to the polymerizable

functional groups of monomer Al.

EEMERECLTE. E/XY—ALOEGUERECALHONFIREIND,

The molecular weight of monomer Bl is, for example, 40 to 5000, and may be 60 to 1000 or 70

to 300.

T/ NX—BloaFEld. AR 40~5000THH. 60~1000XIF70~300T

%O_C:E)J:L\o

[0044]

Monomer B1 may be a positively or negatively charged compound.
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E/NXY—B1lld. EXIFEICHFEIBLEMWTH>TLL,

Specifically, the compounds may be those having acidic groups such as carboxyl groups,
phosphate groups, or sulfone groups, or they may be those having basic groups such as
amino groups. If monomer B1 contains a compound that is positively or negatively charged,
monomer B2 in the second polymer may contain a compound that is electrically neutral. In
this case, during the hydrogel manufacturing process, the second polymer is formed more
abundantly in the gaps of the three-dimensional network structure of the first polymer, so the
hydrogel tends to have higher strength. From the perspective of making it easier to obtain
such effects, monomer B1 may contain 5 mol% or more, 10 mol% or more, or 30 mol% or
more (for example, 5 to 100 mol%, 10 to 100 mol%, or 30 to 100 mol%) of electrically
positively or negatively charged compounds based on the total amount of monomer B1. From
a similar perspective, monomer B2 may contain 30 mol% or more, 75 mol% or more, or 95
mol% or more (for example, 30-100 mol%, 75-100 mol%, or 95-100 mol%) of an electrically
neutral compound based on the total amount of monomer B2. Note that monomer B1 may be

an electrically neutral compound.

BERICIE. FIRIE. AILREDE, UVEE JINKRVEFORUEEZEIZLEMTH>TE

< 7/ EFOBEREMUEZEIZLEMTH>THLL. E/X—BLAEXIFRICFETS
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LEMZELHE. F20RIIY—IIBIIZE/I—B2HEXIHICHFETHZELENZEATL
TEWe TOFE. N ROTIILOHEBRICEVWT, B2ORII—NELORII—D=XRK
TTHRBEEBEDERICEDZERINZH. N1 ROFIIDELDEVEEZT T 31ERLH
%0 COLIBHMRENEONPILCARBZIERTIE. E/X—B1H E/XY—BloeE=E%E
LT, EXHICIEXIFEICFET31LEWZ. 5mo L%ULE. 10mo L% EXIF
30mo L%MUE (FIxIE. 5~100mo L%, 10~100mo L%XIi

30~100mo L%) BATWLWT&EL, BEKROBERNS. E/XY—B2ld. E/Y—B202
EzEEL LT, BRNICHETHB31LEWZ. 30mo L%ULE. 75mo L%UEXIF
95mo L%ULE (FIXIF. 30~100mo L%. 75~100mo L%XIiF

95~100mo L%) BATWLWTELL, BHE. E/X—BLIFBEXHICHETHB1LEWT

%QT:E)J:L\Q

[0045]

Specific examples of compounds included in monomer B1 include: acrylamide; acrylamide
derivatives such as N,N-dimethylacrylamide, N-isopropylacrylamide, 2-acrylamide-2-
methylpropanesulfonic acid, N-methylolacrylamide, and acryloylmorpholine;

methacrylamide, dimethylmethacrylamide, N-isopropylmethacrylamide, N-
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methylolmethacrylamide, and methacryloylmorpholine; acrylic acid; acrylic acid derivatives
such as hydroxyethyl acrylate, hydroxypropyl acrylate, dimethylaminoethyl acrylate, and
dimethylaminopropyl acrylate; methacrylic acid; methyl methacrylate and 2-hydroxy
methacrylate Examples include methacrylic acid derivatives such as ethyl methacrylate,
hydroxypropyl methacrylate, dimethylaminoethyl methacrylate, and dimethylaminopropyl
methacrylate; acrylonitrile; 2-vinylpyridine; 4-vinylpyridine; N-vinylpyrrolidone; styrene;
styrene sulfonic acid; vinyl acetate; fluorine-containing unsaturated compounds such as 2,2,2-
trifluoroethyl methyl acrylate, 2,2,3,3,3-pentafluoropropyl methacrylate, 3-(perfluorobutyl)-2-
hydroxypropyl methacrylate, 1H,1H,9H-hexadecafluorononimethacrylate, 2,2,2-trifluoroethyl

acrylate, 2,3,4,5,6-pentafluorostyrene, and vinylidene fluoride.

E/X—BLICEENZLEMOEGFHE L TIE. 7IZUILTIR; N, N=ZXFILFTIVILT
SRON—AVZOELTIVIILT IR 2=T77VILTIRF=-2—-XFILTONY ZILRVEE,
N—XFO=ITIZUILTIR, 72UOCILEILRIVEDTIVILT I FFEERE; X2T7UIL
TIR DAFILAZZVIILT IR N=AVTFOEIAXZIVIILT IR N=XFO-ILXZT
JIL7 IR, XZ7UOC0ILEILRIVEFEOXZI VLT I RFEER; 7OVIE ; 77 VUIILEE
FOF>ITFIL. ZOZVUIINBREROF>TOEI. SXFILTI/IFILTI7VL—F DXFI
TI/T7AEBLT IOV L—bEDOT I VIVEFEEE ; XX T VIVEE ; XZTVILBEXFIL. X275
JIILEE2 —EROFDIFIL. XTI UIIBERFOFS>FOEI, SXFILTI/IFILXZIY

L=k DXFILTI/TFAOEIXRZIVL—bEOXRZ T VIIEFER; 7200=KVIL;
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2—EZIEUSY; 4—EZIEUSY ; N—EZIEQYRY ; RFLY ; AFL Y RILKY
B, B =)L 2, 2, 2—RMUZLAOATFILXFILTOIL— 2, 2, 3, 3, 3—R
VEAIINAATOENLXZIYL—F 3— RIULZ)ILAOTFI) —2—crOF>FOEILX
Z1)L—Kt 1H, 1H, OH=AFHFTATILAO/ZXZIYL—F, 2, 2, 2—F17
LAOQIFILTOIL—b. 2, 3, 4, 5, 6 —RYFIIAOXFL Y. TultEZUTFU%E

D7 Y RIEREMEENREDEITFOND,

Salts of compounds having an acidic group or a basic group among the above compounds
can also be used. Among these, when monomer B1 contains at least one compound selected
from the group consisting of 2-acrylamido-2-methylpropanesulfonic acid (AMPS), acrylic acid

(AA), and methacrylic acid, and salts thereof, the hydrogel tends to have higher strength.

FEREEMDS 5. BUERXIFEREYE*EIT3MLEYDEZAVWSZEHTE S, CNH5DF
TH. E/X—B1IH. 2—FOVITIR=—2—XFI)ILFONZILEKVE (AMPS) . 77
DILEE (AA) RUXZIZVIEE, LS. CNSDEHISLRIEHLIDERINZIDECcH—FE

DILEMZETHE. N1 RFOTIIDBEDEVREZE I 2@ AL D S,

[0046]

08-07-2026 - Page 49



Monomer B1 may be a single compound or may contain multiple compounds.

E/X—Blid. 1BOILEMTH>TEL. EREDLEMZSATLTHLLY,

[0047]

The first polymer may contain, as monomer units, crosslinkable monomers that do not

have low-energy bonds.

BLORII—E, E/Y—BULLT BIRILF—HEEZHELLBEVEBLEE/ Y—Z3AT

WTHKLY,

[0048]
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The degree of crosslinking of the first polymer may be 0.1 mol% or more, 1 mol% or more, or
2 mol% or more, from the viewpoint of further improving the shape-fixing properties of the

hydrogel.

F1ORII—DOERBEIE. N FOTIILOEREEENEORLET BRI NS. 0.

Imo L%UE. 1mo L%UEXIE2mo L%UAETH->TKL,

The degree of crosslinking of the first polymer may be 100 mol%.

F1LORUT—DEBEIZ. L00mo L% TH-oTHLL,

The degree of crosslinking of the first polymer may be 50 mol% or less, 20 mol% or less, or 10
mol% or less, from the viewpoint of increasing the flexibility (stretchability) of the hydrogel

and making deformation under mechanical load easier.
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BLORIY—DORBEIZ. N FOTILOFRRE GEEE) 280 NFEHEREICLZERZ K
DBRZLTBRHEADS. 50mo L% AT, 20mo L%WUATXIFL0Omo L%ATFTH->T&L

Lo

From these viewpoints, the degree of crosslinking of the first polymer may be 0.1 to 100

mol%, 0.1 to 50 mol%, 1 to 20 mol%, or 2 to 10 mol%.

CNSDBERNSE. FE1DRII—DOREFEEIF. 0. 1~100mo L%. 0.

1~50mo L%. 1~20mo L%XIE2~10mo L%TH>TLL),

[0049]

The content of the first polymer is, for example, 0.05 to 30% by mass, based on the total

mass of the hydrogel, and may be 0.1 to 5% by mass or 0.5 to 2% by mass.

B1ORIIY—DFEEIR. N RFOTINOLBEZHEEL LT, flziE. 0. 05~30&

E%THH. 0. 1~5E8%XIF0. 5~2BENTH>THLL,
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[0050]

(Second polymer) The second polymer contains monomer B2 as a monomer unit.

(B2DRYY—) FE20DRIUT—IF. E/ B LT. E/Y¥—B2%5L,

Monomer B2 itself is a compound that has one polymerizable functional group (a

monofunctional polymerizable monomer).

E/XY—B2ENBERKIZ. EGUEREZ 1 DET3LEY (BREREGMHE/ VY—) TH3

Examples of polymerizable functional groups include those identical to the polymerizable
functional groups of monomer Al. The molecular weight of monomer B2 is, for example, 40 to

5000, and may be 60 to 1000 or 70 to 300.
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EEMEREBELTIE. E/XY—ALDOESGHEREBLALLONBIRENG, E/X—B2D

DFEIX. FIZIE 40~5000THNH. 60~1000XIF70~300TH>TH&LUL,

[0051]

Specific examples of compounds included in monomer B2 are the same as those for

monomer B1, so they are omitted here.

E/IX—B2ICEFEFN21LEVMOEAKAFIZ. E/X—B1leEILTHZ-HEET S,

Monomer B2 may be the same as monomer B1, but when monomers B1 and B2 are different,

the hydrogel tends to have higher strength.

E/Y—B2lF. E/N—BlrEALTH->THLWH, E/Y—BLlLEE/VY—B2NWELBIE

E. N1 RO EDBEVEEZE I 3ERLH S,
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[0052]

Monomer B2 may contain at least one compound selected from the group consisting of
styrene, acrylamide, N-isopropylacrylamide, N,N-dimethylacrylamide, vinylpyridine, styrene,
methyl methacrylate, fluorine-containing unsaturated compounds (such as trifluoroethyl

acrylate), hydroxyethyl acrylate, and vinyl acetate.

E/N—B2iF. AFL POVILTIR N=AYTAOEILTIUILTIE. N, N=IXF
IW=T2OVITIR EZIEBEUDY, RFLY XZTVIIEXFIL. 7vRISEFENCEY
(FUZIAOTFIILTIVL—REE) ( EFOFIFILT UL - MRUBFBEREZILD DA D

BEDBEREINZDBCED—BOEENZETATLTE L,

In this case, the hydrogel tends to have higher strength.

ZDiZE. N1 ROTILAEDEVEEEZET T 3MERADH S,
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[0053]

Monomer B2 may be a single compound or may contain multiple compounds.

E/X—B2id. 1BOIEMTH>TELL. BHEDOLENZSATLTOHLL,

[0054]

In the hydrogel, the amount of monomer B2 contained as monomer units in the second
polymer may be 2 to 100 moles, 3 to 50 moles, or 3 to 30 moles, per 1 mole of the total amount
of monomers contained as monomer units in the first polymer, from the viewpoint of

achieving superior mechanical strength of the hydrogel.

N RO, B2DRII—ICE/IX—EBEACLTEEFNS T/ Y—B2D=lF. /NTRO

TILOEMEBRE ICK D BN S, E1ORIIY—ICE/X—BEN L TEFNBZE/ X —
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/RE

DFSELEIBBICKRL. 2~100FILBTH>TLL. 3~50FEILEXIF3~3 0EILET

HoTHLL,

[0055]

The second polymer optionally contains monomer A2 as a monomer unit.

F20ORIIT—IF. E/Y—HLT. FET. E/X—A2%Z5L,

Monomer A2 itself is a compound (crosslinkable monomer) that has two or more

polymerizable functional groups.

T/ T—A2TNEKR. BAMEEET 2ON AT HILEN RIBEE/ 7—) TH5.

The number of polymerizable functional groups is, for example, 2 to 6.
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EEMEREOHIZ. AIZIE. 2~6TH 3,

Examples of polymerizable functional groups include those identical to the polymerizable
functional groups of monomer Al. The molecular weight of monomer A2 is, for example, 70 to

15,000, and may be 100 to 3,000 or 150 to 1,000.

EEMERECLTI. E/NV-AL1DEEGUHERELRLHONFIRENE. E/X—A2D
PFEIX FAIRIE 7T0~15000THH. 100~3000XIF150~1000TH->TH

ENAN

[0056]

As monomer A2, compounds used as crosslinking agents in this technology can be used,

depending on the type of monomer B2.

E/IX—A22LTIE. E/XY—B2OFEHEICIHEL T, AFEMAHFICEVWTEBRIE LTERASN

2ICEM 2RI B TE %
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Specifically, examples include N,N'-methylenebisacrylamide, ethylene glycol dimethacrylate,
N,N'-diacryoyl-4,7,10-trioxa-1,13-tridecanediamine, N,N',N"-triacryloyldiethylenetriamine, N,
N'N'",N"""-tetraacryloyltriethylenetetramine, and N,N'-{[(2-acrylamide-2-[(3-
acrylamidepropoxy)methyl]propane-1,3-diyl)bis(oxy)]bis(propane-1,3-diyl)}diacrylamide.

Monomer A2 may be one of the compounds exemplified as monomer Al.

BEMICIFE. BIZIES N, NN=XFLYEXT7IZUITIR, TFLYFJUID-IILIAEZTY)

. N, N, N’=+bUZ20)aCLSIFLYRITZIV0 N, N, N”, N"=F 35727
OCILEIIFLYTRSEVON, N={ [ (2=F2VILT7IR=-2—- [ (3=F2VLT
SRZ7ORFY) XFI] FAN>Y—1, 3=IC)) EX (F#%>) ] X (FAONr—1,
3=4A) } PTUVVLTIREREIFSNDE, E/X—A2IF. E/X—ALLLTHERL

TbEMITH > THL L

[0057]
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The degree of crosslinking of the second polymer may be 0.0001 mol% or more, 0.01 mol% or

more, or 0.05 mol% or more, from the viewpoint of making it easier to obtain the effects of

crosslinking.

E2DRII—DRBEIF. BBICLBZBRIFONPCTLBRBZE=NS5. 0. 0001mo L%

MEC 0. 01lmo L%IUEXIZO0. 05mo L%IUETH>TLL,

The degree of crosslinking of the second polymer may be 20 mol% or less, 5 mol% or less, or 1
mol% or less, from the viewpoint of providing the second polymer with high extensibility. The
degree of crosslinking of the second polymer may be 0 mol%. From these perspectives, the

degree of crosslinking of the second polymer may be 0 to 20 mol%, 0.0001 to 20 mol%, 0.01 to

5 mol%, or 0.05 to 1 mol%.

E2DRII—DOERBEIF. F2DRII—ICEDEVEREZRI-EZIHEHALS. 20mo L%
MT. 5mo L%UTXIF1Imo L%BATTH>TLL, FB2DR)I—DEBEIL.

Omo L%TH>THLL. CNHSDEEDS. F2DRUIT—DEBEIR.

0~20mo L%. 0. 0001~20mo L%. 0. 01~5mo L%XIF0.

O05~1mo L% TH-oTLL,
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[0058]

As described above, the degree of crosslinking of the second polymer is smaller than that of

the first polymer.

ERROEED, F2DRII—DRBEIFELDRII—DERBELDH/NTL,

In other words, the ratio of the degree of crosslinking of the second polymer to the degree of
crosslinking of the first polymer (degree of crosslinking of the second polymer / degree of
crosslinking of the first polymer) is less than 1. The ratio of the degree of crosslinking of the
second polymer to the degree of crosslinking of the first polymer may be 0.1 or less or 0.02 or
less, from the viewpoint of obtaining a tougher hydrogel by ensuring that the fracture strain of
the first network (network derived from the first polymer) is sufficiently smaller than the

fracture strain of the second network (network derived from the second polymer).
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TRbhE. FELORII—DEBEICHTBE2DRII—DOERBEDL (FE2DRI)T—DRE

E/B1ORUY—DEBE) F1EDNMEV, FLORUY—DORBEICHTEHE2 DR
—DRIBEDLLIZ. E1HE E10RIIT—HKOHEE) ORIV IHHNE2HME (E20K
I —HROHEE) OO TAHEDBRDIT/NESKED. KDBFAL/NA FOTILDESNZE

Rh5. 0. LUTFXIF0. O2UTFTTH>THLLY,

[0059]

The content of the second polymer is 2 to 100 parts by mass per 1 part by mass of the first

polymer.

F20DRIYT—DEBEEIF. E1OARIIT—1EBEZICH L. 2~100B=ZZTH Do

When the content of the second polymer is 2 parts by mass or more, the mechanical strength
of the hydrogel tends to be superior. When the content of the second polymer is 100 parts by
mass or less, the hydrogel tends to have superior stretchability. From these perspectives, the

content of the second polymer may be 3 parts by mass or more, 50 parts by mass or less, or 30
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parts by mass or less, per 1 part by mass of the first polymer. From the above viewpoint, the
content of the second polymer may be 2 to 50 parts by mass or 3 to 30 parts by mass per 1

part by mass of the first polymer.

F20RII—DFEEN 2BEHULTH ST N1 ROTIILOEHEBREICK DEBENSE
MhH D, B2DRII—DEFEEN. L0 0EEBMUTTHS LT /\1 ROTILOERM
& D BIhZEAND S, CN5OBANS. E2DRII—DEEER. FLORUI—1HE
BEICHL. 3EBMULTH>THEL. SOEEMUTXII3 0EERUT TH-oTH &L

Vo UEDEBRHAS. E2DRUT—DZFEEIF. F1LORUIY—1EBEZPICHL. 2~508

EHMXIF3I~3 0EEHLTH>THLLY,

[0060]

The hydrogel containing the first polymer and the second polymer described above contains

water.

MEFHBLIEE1LDRII—RUE2DRII—2ZL/\1 RO ILIF. KEET,
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The water content is, for example, 10 to 99.9% by mass, based on the total mass of the

hydrogel, and may be 50 to 99% by mass or 70 to 90% by mass.

KOBERIZ. N1 ROFILOLBERBEEEL LT, fIXIE. 10~99. OBB%THO.

50~99BE%WXIFTO~90BEWTH>THLL,

[0061]

The above hydrogel generates mechanorradicals when deformed by mechanical load.

FENT ROTIILIE. IENERICKDERESIEIBRICAA/ STHILERET S,

The amount of radicals generated can be adjusted by the magnitude of the applied load, the
type of monomer Al, the amount of monomer units derived from monomer Al in the first
polymer, and so on. Specifically, for example, the amount of radicals generated by the Fenton

reaction inside the hydrogel (a method in which 500 umol/L of (NH<sub>4 </sub>)<sub>2 <
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/sub>Fe(SO<sub> 4 </sub>)<sub> 2 </sub>, 500 pumol/L of xylenol orange, and 20 mmol/L of
sulfuric acid are introduced into the hydrogel, and the amount of radical generation is
estimated from the degree of color change accompanying its deformation) may be 50 umol/L
or more or 100 umol/L or more (for example, 50 to 1000 umol/L or 100 to 1000 umol/L). When
the amount of radical generation is above the lower limit mentioned above, there is a

tendency to obtain better shape retention properties.

SUNIDREEIZ. MAZEBROARETE. E/X—ALOEHE. F1DORII—ICHITIE/
RN—ALBKRDE/X—BUOEBFICLODRAREITZ LN TES. EFMICIE. AIZRIE. NTF
A IRERICHITE 7z b RIE N ROZILABICS00umo L LD (NH<sub>4<
/sub>) <sub>2</sub>F e (S O<sub>4</sub>) <sub>2</sub>. 500umo L/ LDF*>
L/—=IALYPRUO20mmo L/ LOREZEAL. EOEFRICHSEBEEGVWHASIIAIL
HEEEHETIFE) ICEDRAESNZZPHILEEEN. 50umo L/ LIUEXIFE
100umo L/ LYUE HIZIEF. 50~1000umo L LXIF

100~1000pumo L L) TH>TEWe FTHIEEEN LR TRERNLTHDZ . &D

BNICRRBEEIENS SNBEEL H Do

[0062]
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As described above, the hydrogel is used after being impregnated with monomer C during

molding, but the hydrogel may be pre-impregnated with monomer C.

L& SIC. LN\ ROFIILIE. REEBICE/ X—CE2E8 338 THAVWSN3A. /N1 RO

TILICIE. FOHE/I—CHEFTINTVLTHLLY,

In the following, for convenience, a hydrogel impregnated with monomer C will be referred to
as a "monomer C-impregnated hydrogel," and a hydrogel not impregnated with monomer C
(the hydrogel in the above embodiment) will be referred to as a "monomer C-unimpregnated

hydrogel."

UTFTIE. BELE. E/I—CHEESINTNTIROYILE TE/IX—CEE/N\TROFILL W
L. BE/IY—CHERINTULEWNT ROY)L (EBERFED/N1 ROXIL) = TE/<T—C

FEEEZNTROTI] WS,

[0063]
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The monomer C-impregnated hydrogel comprises a monomer C-unimpregnated hydrogel

(the hydrogel of the above embodiment) and monomer C impregnated in the hydrogel.

E/X—CEENTROTIIE. E/X—CIEE/NT ROFIL (LEEEEED/N\T O

TS

L) . ZN\T ROYIIRICERSINEE/X—CE. ZBZ D,

[0064]

Monomer C is a monomer having two or more ethylenically unsaturated bonds, such as a
vinyl group, allyl group, styryl group, alkenyl group, alkenylene group, (meth)acryloyl group,

maleimide group, etc., which have ethylenically unsaturated bonds.

T/V—ClE. 2DULEDIFL UVEFAEMGEEZE IS E/ NX—THH. AIZIE. EZILE, 7
DJLE., ZFVIILE, ZILTFZILE, 7ZILTyZLVE. (X&) 7r7UOq0I)LE, YL—1 I RESE

DIFLUMFRENEEZET2EZET %,
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The number of ethylenically unsaturated bonds is, for example, 2 to 6.

ITFLUERENEESORIZ. AIZIE. 2~6TH B

Monomer C may be one of the compounds exemplified above as monomer A1 or monomer
A2. From the viewpoint of obtaining higher shape-immobilization properties, monomer C may

be a compound that does not have low-energy bonds.

E/Y—Cld. ERLFEE/Y—ALXIFE/ I—A2 LTHIRLIIEEMTHo>TELL, E
/X—ClE. EODEVWVEREEEEIESNIEATIE. BIRILF—EE2EILWMEEYT

%OTJ:L\O

[0065]

From the viewpoint of obtaining higher shape-immobilization properties, the amount of

monomer C impregnated may be 10 parts by mass or more, 30 parts by mass or more, or 70
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parts by mass or more per 100 parts by mass of solid content of the hydrogel (hydrogel

without monomer C impregnation).

T/ X—COEEEIF. SOEVWVERERELENESNZIEZLS. NTROFIL (E/T—CIE
g2\ RO4)L) OEFS100EBESRICxL. 1 0BE8UE. 30&8EPULXIFT0EE

MUALETH>TELLY,

From the viewpoint of obtaining a molded article with excellent flexibility, the amount of
monomer C impregnated may be 1,000 parts by mass or less, 800 parts by mass or less, or 500
parts by mass or less per 100 parts by mass of solid content of the hydrogel. From these
perspectives, the amount of monomer C impregnated may be 10 to 1000 parts by mass, 30 to
800 parts by mass, or 70 to 500 parts by mass per 100 parts by mass of solid content of the
hydrogel. In this specification, the solid content of the hydrogel means the total amount of
components other than water in the hydrogel, for example, the total amount of the first

polymer and the second polymer.

T/ X—COEREIF. FREICBNZIHTADEONPLPTVERDLS. N1 FOTILOEFRS
100BEICXTL. 100 0EEFUT. 80 0EEFUTXIF5 0 0BEFUTTH>TEL

L INHSDERDS. E/X—COEFREIF. N FOTILOERS 10 0EESICH L.
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10~1000EBE8. 30~800BEXIFTO~500EEETH>TLL\, ZABEHEE
b, N\ FOFIIDOER S IE. N1 ROTILBOKUANDESDESAEEZEKL. HIZIFELD

RUIRN—EE2DRIR—DEFEZERT %o

[0066]

The monomer C-impregnated hydrogel may also be impregnated with a monomer having

one ethylenically unsaturated bond (hereinafter referred to as "monomer D").

T/ X—CEE/NIROFIIICIE. TFLUVERENEEZ1DBISE/ 7v— AT, T£/

<Y—D1 &L\3) AERINTLTH LKLY,

Examples of monomer D include the monofunctional polymerizable monomers exemplified

as monomer B1 and monomer B2.

E/Y—DELTIE. E/V—B1lNEUE/X—B2YLTHRLI-EERESHEE/ I—DEITF
5NBo
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[0067]

The total impregnation amount of monomer C and monomer D (the sum of the impregnation
amounts of monomer C and monomer D) may be 20 parts by mass or more, 50 parts by mass
or more, or 100 parts by mass or more per 100 parts by mass of solid content of the hydrogel
(hydrogel without monomer C impregnation), from the viewpoint of obtaining higher shape-

fixing properties.

E/X—CEE/I—DDEEE (E/V—CHDEFERELE/XV—DDEREDEE) &, &b
BUWVEREEEENIESNIEEH S, N1 ROXIL (E/X—CIHEE/N\TROFI) OEFS

100EEMICX L. 20EEHUL. 50EBHAULEXIFLI00EEMLULETH>TKL,

The total impregnation amount of monomer C and monomer D may be 1,000 parts by mass
or less, 800 parts by mass or less, 500 parts by mass or less, or 300 parts by mass or less per
100 parts by mass of solid content of the hydrogel, from the viewpoint of easily obtaining a

molded article with excellent flexibility. From these perspectives, the total impregnation
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amount of monomer C and monomer D may be 20 to 1000 parts by mass, 50 to 800 parts by
mass, 100 to 500 parts by mass, or 100 to 300 parts by mass per 100 parts by mass of solid

content of the hydrogel.

E/X—CEE/X—DORIREIIRX. FEMEICEBNIHTAADNEONPLTUVERENS. /N1 RO
TILOER7Z 10 0EEMICH L. 100 0EEMUT. 80 0EEFUT. 50 0BEFMUTX
X3 0 0BERUTTH>TLL, TNOSDEHENS. E/Y—CLE/Y— DD REIF.
N ROSIIDOERS 10 0EESICKH L. 20~1000HEEEE. 50~8 0 0BEER.

100~500EE8XIF100~300EEEPTH>TLL,

[0068]

Hydrogels (non-monomer C-impregnated hydrogels and monomer C-impregnated hydrogels)
may contain additives such as known colorants, plasticizers, stabilizers, reinforcing agents,

inorganic fillers, impact modifiers, and flame retardants, as needed.
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NT ROFIL (BE/Y—CIER/N\TRFOTILRUVUE/I—CER/N\TROTIL) F. BEICEL
T. DHoEEH. FJ28E. ZER). @, BEET « 5 —. MEEMRER. #ARZF0RINE

2B LTELL,

These additives may, for example, be added to the polymerization solution if they are high
molecular weight additives, or incorporated into the final hydrogel by free diffusion if they are

low molecular weight additives.

CNSDORMANL. AIZIE. BRFEORNIAI THNUIESHDOBRICAILTELL BOFED

AMIAITHNUIRERICES NN\ RO IILICEBIEHTEEIETEL L,

[0069]

As described above, the hydrogel is suitably used as a molding material.

ERL7=&SiC. £\ ROXILIE. BEME e L TEFREICAVL SN,
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However, the applications of the above-mentioned hydrogels are not limited to molding

materials.

=2 L. BN ROFILOAEIE. EMEHIRE SN S HD TIEAEL,

[0070]

<Method for producing hydrogels> One embodiment of a method for producing hydrogels
having an interpenetrating network structure or a semi-interpenetrating network structure
comprises: step a, reacting a first monomer composition to form the first polymer; and step b,

impregnating the first polymer with a second monomer composition and then reacting it to

form the second polymer.
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<N\ ROFILDOELERLE> HERARBEBEXIStIHEEAREEBEEETS/\1RrOY
IWOBERED—EERREIX. F1OE/ V—HBEMERIGEE T, EEBEL1DRIIT—%Z2FEMT
3T Rac. E20F/V—EEME. E1ORII—ICERFTE-RBICRIGESE T, LREBE20D

RIX—ZFHRT5ITiEb L. ZHX 3,

Here, a monomer composition refers to a composition containing a compound (monomer)
having polymerizable functional groups. The first monomer composition comprises the above
monomer Al and optionally further comprises monomer B1. The second monomer

composition contains the above monomer B2 and optionally further contains monomer A2.

CCT. B/ Y—HEEYIC I, EEMEREXEIZLEY (E/7—) 28TCHEHAYZEKRT
3. FE1LODE/V—HEMIZ. LT/ NX—AL1E2EH FET. E/V—B1lZEIZSCHD
THd. EF20F/I—EEMIE. LEEE/ YX—B2%28&. FET. E/Y—A2%ZEICED

HDTH B,

[0071]
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In the above method, when rl is the molar ratio of the amount of monomer Al to the total
amount of monomers in the first monomer composition (for example, the sum of monomer
Al and monomer B1), and r2 is the molar ratio of the amount of monomer A2 to the total
amount of monomers in the second monomer composition (the sum of monomer A2 and
monomer B2), then r2/rl is less than 1, and the impregnation amount of the second monomer

composition is 2 to 100 parts by mass per 1 part by mass of the first polymer.

ERFEICEVWT, FLOE/ X—HEBEYFPOE/ Y—HE BIRIFE/YX—ALLE/XY—B1
BEHE) ICNTRE/X—ALDEDTEILLEr 1L, B20E/ X—HERYHTDE ./ T —
2 (E/Y—A2LE/Y—B2OAHE) IIRNTZE/X—A20EDEILLEr2 LI

ECr2/rliF1&DBNEL F20E/V—HEBYOEREIFR. E1DR)T— 1EEERIC

L. 2~100EEFTH 3.

By adjusting the molar ratio r2/rl and the amount of impregnation of the second monomer
composition as described above, the monomer C-non-impregnated hydrogel of the above
embodiment can be obtained. Furthermore, when the molar ratio rl is x, a polymer having a
degree of crosslinking of 100x [mol%] is easily obtained as the first polymer, and when the
molar ratio r2 isy, a polymer having a degree of crosslinking of 100y [mol%o] is easily obtained

as the second polymer.
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EILLbr 2/ r 1RUE2DOE/ X—HEEYDOEREZ LEEDOL S ICFABI B CICED. LR
MAEZEDE/ X—CHEBENAFOTINEZRFDZI N TET S, Ab. LTI r 1HAXTHS
58, B1ORUT—rLT. 100x [mo L%] OEBEEEEITZIRIIT—HESNPTL.
EFEREILLEr 2Ry THBHBE. F2DORUI—LLT. 100y [mo L%] ORBEEZETS

7.‘_: U 7_7(){'/[%5“)@3_(/\0

[0072]

In step a, for example, the first monomer composition is reacted (polymerized) in the
presence of a polymerization initiator (polymerization initiator for the first monomer

composition) to form a first polymer.

Ti2aTld. HIZIE. F1OE/ I—EHBYZEEHKRE (E1DE/ I—HERYOESHIKE)

DEETTRIG (BE) SETELORII—ZEHRT B,

Polymerization initiators can be selected according to the type of monomer, the type of
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polymerizable functional group, and the type of crosslinkable functional group. The
polymerization initiator may be a photopolymerization initiator or a thermal polymerization
initiator. Examples of photopolymerization initiators include a-ketoglutaric acid and
benzophenone. Examples of thermal polymerization initiators include water-soluble thermal
catalysts such as potassium persulfate, redox initiators such as potassium persulfate-sodium
thiosulfate, azobisisobutyronitrile, and benzoyl peroxide. When using a photopolymerization
initiator as the polymerization initiator, the light irradiation conditions, and when using a
thermal polymerization initiator as the polymerization initiator, the heating conditions may
be adjusted as appropriate depending on the type of polymerization initiator, the physical

properties of the target first polymer, etc.

E5HEAIZ. B/ V—0OEHA. EEMHERERUVURBEEREOBEFICIGC TRRTE S,
E5HEAIIE. XEARRAITH > TLL. AEGRRAITH>THLV. HEGRRAICLT
id BIZIE. a—T bTIILEZIIE. ROV T/ OFNETOND. RESHBAIC L TR AIX
(& BFREEN ) U LFOKBE AR, BFERAV D L-FAHRBES NIOLEFEOL Fy U XA
Bl. 7YVERAYITFOZ MY, BEERDVYAILBGEHEIFOND, EGHBHEIC L TEE
BRREIZAV3HEDIORNEN. KU, EGRAKAIL L TRESHIBAIZRA L2550

3. ECHABHIOEE. BNCT3E1ORII—OMEFICSC TEEREBLTE L,
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[0073]

The reaction (polymerization) is carried out in a solvent such as water.

kit (BER) & BIZIE. KEOBERTITS,

In step a, the first polymer is produced in the solvent, thereby obtaining a polymer gel
containing the first polymer and the solvent impregnated into the first polymer. When
carrying out the reaction (polymerization), oxygen in the solvent may be removed using an

inert gas such as nitrogen.

THEaTE BLORII—DBERTEREINDICET. FELORIUI—CELDRI)I—HIC
BRLICBELZETC/EDFTIDELSND, RIS (BEE) Z1T75KICIZ. BRFORNEEAR

FHRWTAEROEEZREL TEU,

[0074]
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In step b, for example, a solution containing the second monomer composition and a
polymerization initiator (polymerization initiator for the second monomer composition) is
prepared in advance, and the second monomer composition is impregnated into the first

polymer by impregnating the first polymer with this solution.

T#Eb Tl HIZIE. B20E/I—HEHBEYRUVESHBEE (F20E/ I—HEEYOESEHE
B) #8C AR ETHRABML. COBRREELDRIT—ICERIEBZLT. £E20F/V—48

R LDRII—ICERIE B,

Specifically, for example, after immersing the gel containing the first polymer in the solution,
the second monomer composition and polymerization initiator are uniformly diffused into the
gel by leaving it for a sufficient amount of time (e.g., one day or more). Next, the gel is
removed from the above solution, and the second monomer composition is reacted
(polymerized) in the same manner as in step a to form a second polymer (a second polymer
that has penetrated the gaps in the three-dimensional network structure of the first polymer).
To avoid the reaction proceeding during diffusion, the temperature of the solution used to
immerse the gel can be below room temperature (around 4°C). The reaction (polymerization)

may be carried out in an oxygen-free environment.
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BEMICIE. FIZIE. ERREFELORIY—Z2307 )z LEEBARISRELER. ROGERE (fIX
IF1AMULE) MBIZ I THE2DE/ I—HERYRVESREHZ S ILRICH—ICIEB S
%, RWT. LEa&ho7IILlzROHEL. ITiEa LERICLTE 2DE/ X— @z RIS
(BR) SETE20RIY— (BLORIIT—D=XTHEEEDOHEMRICRALILE2 DR
N—) 2T %, ILERPTRIGHEITIZ L ZEBITRIERTIE. TILZRECEBIEDA

BOBEIIERUT (4°CHE) THoTEL. RS (BR) FEERRRIETTITo>TLL,

[0075]

The above solution may be one from which oxygen has been removed using an inert gas such

as nitrogen.

EEEBERE LT, BRFORNEFREARZAVTERDNBRESNLODZAVLTEL,

The solvent used in the above solution is, for example, water. From the viewpoint of

facilitating the uniform diffusion of the second monomer composition into the gel, the solvent
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used in the reaction of step a and the solvent used in the reaction of step b may be the same.
If a solvent other than water is used as the solvent, the solvent may be replaced with water by

performing a solvent exchange after step b.

FEEARICAWSBEIZ. FIZRIFKTHD. F20DE/ V—HlBEZT ILRICEH—ICHBR LY T
KTHHRTIF. THaDRBICAWVWSAHFEETIEb DRIGICAWSBEIFE L TH>TEL L,
B L TKMANDBEZAVWSHEICIE. TEb DRISAHEIRZ1T5 T, BAEZKICER

LTLL,

[0076]

In step b, the content ratio of the first polymer to the second polymer in the hydrogel can be
adjusted by adjusting the amount of the second monomer composition impregnated with 1

part by mass of the first polymer.

TEDTIE. FE1DOARIVIT—1BESICHTIE2OE/ I—HBYDOESRE% AT S LT,

N ROFLROE L ORYT— B2 0K T—DAELEEERT 5 LHTE 5,

08-07-2026 - Page 82



The amount of the second monomer composition impregnated may be 2 to 100 parts by
mass, 3 to 50 parts by mass, or 3 to 30 parts by mass, per 1 part by mass of the first polymer.

The amount of the second monomer composition impregnated can be adjusted by controlling

the concentration of the second monomer composition in the solution.

F20F/X—HEBEYOEEEIF. F1ORIIY—1ESIPICHL. 2~100BEPTH->T&L

<. 3~50EEHNIF3I~30EEHTH>THLL. F20E/IT—HEBEYOIREIZ. &

BRDE2DE/IX—HEHBYDEEICEIDRAETZ N TE S,

[0077]

According to the above method, a monomer C-unimpregnated hydrogel (for example, the

monomer C-unimpregnated hydrogel of the above embodiment) can be obtained, but the

method for producing the hydrogel is not limited to the above.
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UEDOAEICENUE. E/XY—CIHER/NTROFIL BIZIEZLEERMEDE / Y—CIHEER/N

1 RaTIL) BMEoNBD. N1 FOTILORER AR, LEICBRESNEL,

For example, a pre-fabricated first polymer may be used. In other words, the method for

producing hydrogel does not necessarily have to include step a.

FRIE FORESNLELORII—ZAVTHLL, TADE. /N1 ROTILORESE

i IR aZmAHR<THLRL,

[0078]

Another embodiment of the method for producing a hydrogel further comprises, in addition
to steps a and b described above, step c, in which the hydrogen gel obtained in step b (a

hydrogen gel without monomer C impregnation) is impregnated with monomer C.
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tMO—RBIED/\1 FOFIILOEERZEIE. LEETEaRULEETREDbICMA T, ITEbTES
NN rOFIL (E/X—CIEEE//N\TROXIL) IC. LSBT/ X—CEEE2TE2ITIEcEE

ICTBR %o

In step ¢, in addition to monomer C, monomer D may be impregnated into the hydrogel.

T cTld. E/Y—CIZIMA T, ERBE/X—DENAROFTILICERTETHLLY,

[0079]

Step c can be carried out in the same manner as step b.

THEcld. IREbEERICLTERTSZZENTE S,

Specifically, for example, a solution containing monomer C (and optionally monomer D) can
be prepared in advance, and monomer C-unimpregnated hydrogels can be immersed in this

solution to impregnate monomer C (and optionally monomer D) into the monomer C-
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unimpregnated hydrogels. The concentrations of monomer C and monomer D in the solution
and the amount of solution used may be adjusted to obtain the impregnation amounts of

monomer C and monomer D described in the above-described embodiment.

BAEMICIE. FIZIE. E/X—C (RUMEERTE/V—D) 28VAREFOHABL. JDBRKIC
E/X—CIHERNMROTINZRESEZ LT, E/V—C (RUMEETE/Y—D) €/
Y—CIHERNROTIICEREIEZ LW TE S, BRPDE/ X—CRUE/X—DDE
ERVARDERAZIF. LML EMEEICHITZ2E/ X—CRUE/XY—DDRFRENESND

FOICHELTELL,

[0080]

The above solution may be one from which oxygen has been removed using an inert gas such

as nitrogen.

EEEARELTIE. BRFOREFEEARZAVWTERDNRESNILDDZAVTLL,
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The solvent used in the above solution is, for example, water. If a solvent other than water is

used as the solvent, the solvent may be replaced with water by performing a solvent exchange

after step c.

LEEARICAWVWSBEIZ. FIZIFKTHB. BEE L TKUANDBEZRAWVSEHEICIE. ITiEC

DRICAFERZ 21T LT BEZIKICEBRL TEL L,

[0081]

According to the above method, a monomer C-impregnated hydrogel (for example, the

monomer C-impregnated hydrogel of the above embodiment) can be obtained.

UEDFZEICENE. E/IX—CEEN\TROYII BIZIXLRERTEDE/ X—CEE/\TR

O4)L) iE5N 5.

The method for producing the hydrogel is not limited to the above; for example, a pre-
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produced monomer C-unimpregnated hydrogel may be used. In other words, the method for

producing monomer C-impregnated hydrogel does not necessarily have to include steps a

and b described above.

BE. N\ ROFINOEERZEIZ. LERICBRESINT. FIZIE. FTHREIN-E/I—CIEEE
NTROFILEZAVTHLL,. Thbb. E/Y—CEE/N\TROYIIDOENEAEIX. LT

aRUTIREDbZRAHELTHLL,

[0082]

<Method for manufacturing a molded hydrogel> In the method for manufacturing a molded
body according to the first embodiment, the monomer C-unimpregnated hydrogel of the
above embodiment or the monomer C-unimpregnated hydrogel obtained by the method of

the above embodiment is used as the molded body (molding material).
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<NA ROTIIDOEFARDEIETE> B—REHEEOMTAADIEHETIE. WATAR (A
MED £ L TEREMIEDE/ Y— CIEFR/NT RO IR LREMEDAEATEOSNLE

JX—CIER/NTROTILERAWS,

The method for manufacturing a molded article according to the first embodiment comprises
an impregnation step of impregnating a hydrogel (non-monomer C-impregnated hydrogel)
with monomer C, a deformation step of deforming the hydrogel into a predetermined shape
by mechanical load after or simultaneously with the impregnation step, and a holding step of
holding the hydrogel in the predetermined shape for a predetermined time after the
deformation step. Furthermore, as will be described later, if the deformation process is
carried out simultaneously with the impregnation process, for example, the hydrogel may be

deformed while the monomer C is impregnated into the hydrogel.

FE—REFERORFAOEIEREIE. N1 RO (E/X—CIER/NIROTIL) ICE/X—
CEERRIEZERIIBL. FRIRENIIERIRLAERIC. /\1RFOSILEZHENEREICLD
FREFRICER S E 2B IR, BRIREE. /\1 RO ILEFRERRICER S B - RETRE
RT3 RIFLIEL. ZHR 5. AH. BRTL5IC. ERIREZFRIE CEKICERR
T3HEICIF. AIZIE. E/N—CZNA FOTIILICERTELGDONA FOTILNZERSETSK

(T
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[0083]

In the impregnation process, monomer D may be impregnated into the hydrogel in addition

to monomer C.

E323ITIE. E/Y—CICMATE/X—DZ/NA ROTIICEEZIETHLL,

The impregnation step may be carried out, for example, by applying a pre-prepared solution
containing monomer C (and optionally monomer D) to the hydrogel. The impregnation
process may be performed before the deformation process, or it may be performed
simultaneously with the deformation process. If the impregnation process is performed
before the deformation process, the impregnation process may be carried out in the same
manner as in step c described above. When the deformation process and impregnation
process are carried out simultaneously, for example, the deformation process and
impregnation process may be carried out by using a solution containing monomer C (and

optionally monomer D) as the liquid used for blow molding. The concentrations of monomer
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C and monomer D in the solution, as well as the amount of these solutions used, may be
adjusted so that the impregnation amounts of monomer C and monomer D fall within the

range described above.

ZRIBE. AIRIF. FORELLE/X—C (RUEETE/Y—D) Z28CHRZ/NTFOT
JIWSHEATZEICEDERLTEV,. BRIEE. BERIREORCERL TLL. BEREIREL
FERICEELTHLV. BEIRORICERIEZERT IHBE. LRLATEc LEKICLT
BRIBZERLTLV. EEIRBLARICESRIEZERT 3G, FIXIE. TO—KEICE
BI23RELLTE/XY—C (RMEETE/Y—D) Z8UARZAHAWVWR ZLICLD., BRIE
RUOSRIFEZERL TLL. BRFOE/XY—CRUE/IY—DDEELLICCNSDBARD

FHZEIF. E/X—CRUE/X—DDEEFEN LR LHEERZLSICHEEL TKL,

[0084]

The deformation method in the deformation process is not particularly limited as long as it is
a method that can deform the hydrogel by mechanical load. Examples include a method of

deforming the hydrogel by pressure generated by blowing in a gas (e.g., compressed air) or
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liquid (blow molding, pressure molding), a method of deforming the hydrogel by pressing a
mold (press molding), a method of compressing the hydrogel and extruding it from a mold to
form a cross-section of the required shape (extrusion molding), a method of creating a
vacuum between the hydrogel and the mold to make them adhere tightly and obtain the
desired shape (vacuum forming), and a method of bonding the hydrogel to a three-

dimensional substrate (three-dimensional lamination molding).

BRIRICEITBEREAEF. N\ RFOTIILNZHENEFICEDER I EE D TESAETH
NEFICRESNT . AIZIE. KiE BIRIZERER) ISREOMIAHCELDELDENIC

LOTNA RFOTINZEREESZAE (TO—FF. EZEEE) . KBEOWEICEIDNT FOTIL
#EWSEEZHE (FLRAEF) « N1 ROFILVEERLTEED) S| LH LSELFIROME %
RS 25% (REEF) « N1 ROSIL R OEREBEEREICL TEESEENOERE
B2h%E BEERE) « 3RTHROEMICNT ROTIILEMBDEDEMET 2HE (3XTF 3

*— b)) FHBEIF5ND,

Among these methods, blow molding or press molding allows for easy deformation into

complex shapes.
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CNHSDOHFRTH, TO-MEXITTL AEFICEINIE. BEICEMBIRICEREEZZeNTSE

Do

[0085]

In the deformation process, the hydrogel may be stretched by more than twice its original
size (for example, 2 to 20 times) from the viewpoint of increasing the amount of radicals

generated and improving shape retention.

ERIRTE. SYNLREREEP L. HREELEZALSEZBAN 5. N\ FOSILE

28U E (FIRIE2~2 0fF) ERIETLL,

[0086]
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The holding time in the holding process varies depending on the amount of deformation, the

shape after deformation, etc., but may be 1 minute or more, or 5 minutes or more.

RELRRICE T3 FRERREIZ. BEEE. BEROERFICEDELSH. 10AULETH>TK

<. 5OBEULTH>THLL,

There is no particular upper limit to the retention period, but the retention period may be 24

hours or less.

REFRE O ERIZFFICIRES N VWD, F®RIFHEIK. 2 4FEAUTTH>TEL,

[0087]

The method for manufacturing the molded article of the second embodiment uses the
monomer C-impregnated hydrogel of the above embodiment as the molded article (molding

material).
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BRMEAEDRRTAFDERIE T EIE. WS (BAE) £ L TLEERBEEDE/ Y- CER

N ROFILZBAWS,

The method for manufacturing a molded article according to the second embodiment
comprises a step of deforming a hydrogel (monomer C-impregnated hydrogel) into a
predetermined shape by mechanical load, and a holding step of holding the hydrogel in the

predetermined shape for a predetermined time after the deformation step.

FETEMLREORTAOREREIZ. N1 ROFIIL (E/X—CEE/\1ROTI) 2HENEH
ICKDAAEFRRICER IR, TRIREE. /\1 RO I EFAETRICER S8 /- RRETRERR

FEITHIRIFIRL. ZwZ 5o

The manufacturing method of the second embodiment is the same as that of the first
embodiment, except that the impregnation step is not performed. In addition, an
impregnation step may be performed in the manufacturing method of the second
embodiment. For example, by using a solution containing monomer C (and optionally
monomer D) as the liquid used for blow molding, the impregnation process may be carried

out simultaneously with the deformation process.
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ERBREROEEAEIR. SRIEZEMLAVC EZRE. E—RmHRELELCTHD, &
. BEIEBTRORERETIF. @RIEZEHBLTHLV. AIXEE. TO-BFICERYT 3
BELLTE/XN—C (RUMEETE/XY—D) Z228THRzAVBILICELD. BEREIRR AR

ICERIBEZREL THLL,

[0088]

The hydrogel molded products manufactured by the above method can be used for various

applications.

FEREAETHREINSD /N FOTIILORFARIZ. BBARICFEATE %,

Specific applications include, for example, various shock-absorbing and vibration-damping
materials, biomaterials such as artificial joints, various electronic components, expandable or

drive parts of office automation equipment, various interlayer films, antifouling agents for
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ship bottoms and pipes; substitute materials for biological tissues such as joints, cartilage,

and blood vessels; and cell culture sheets.

BAEMNTARC LTI RIS, SEFEERUN - flicvisl. ATBBFOERME. SEE T
m. O ARESRDMHEET S ILERENES. BEPEER. MEER. BEDSNAERLAFOIEME ;

HE. 5. MEFOEFEBROREMH  MREEY — bR D EITFE5N S,

[0089]

The present invention will be described in more detail below using examples and

comparative examples, but the present invention is not limited to the following examples.

T "ERADOAR = Rf RO LBz AW T & DEERICEREAT H AHEBRIFUATOEREH

ICBRESIND DD TIFEL,
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[0090]

<Example 1> (Synthesis of monomer-impregnated double network gel) 1 equivalent of 2,2'-
azobis[2-methyl-N-(2-hydroxyethyl)propionamide (manufactured by Fujifilm Wako Pure
Chemical Industries, Ltd., trade name: VA-086) and dichloromethane (5 mL per 1 mmol of VA-
086) were added to a 100 ml round-bottom flask whose interior was replaced with argon and

suspended.

<ERFll> (E/NX—8RELTINRY FT—OFILOERK) WHEF7ZILIVICE#ELT:
100mLlLORETZSRIAIC2, 2’—7YER [2—XFIL—N— (2—kerROFx>IFI) 7
OA>T7IR (BX70IILLMNMEGNSHE, Bma VA—086) 1%H2r>yrOOx

2> (ImmolLOVA—-086ICRLTS5mL) ZMATEAL T

Next, 16 equivalents of triethylamine were added to the flask while it was being cooled by

immersing it in a mixture of liquid nitrogen and acetone.

RWT, LRIV FRXADAZBREERCT7E RV OREWISREL TREALIRETI6EED NI T

W7 I MR T
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Furthermore, a solution of 6 equivalents of acryloyl chloride dissolved in dichloromethane
(concentration: 1 mmol/mL) was gradually added dropwise, and stirring was continued for 5
hours while cooling. Subsequently, the flask temperature was gradually returned to room
temperature, and an excess amount of sodium bicarbonate was added to stop the reaction,

thereby synthesizing the compound (AAC) represented by the following formula (1A).

EHIC. 6EHEDER7ZZVOAMNZ 7OOXXVITRBEEE AR (BE !
Immo l/mL) ZRAISHT L. BELANS SEEBHEZzHIT . €0%. 75 XI0ERE
ZHRRICERICEL. BRIEOREEKEZESF MUV LZMATRIGZFELEIESZCICED. TEEX

(1A) TRENB1LEY (AAC) ZERL T

[0091]

Next, 0.1 mol of 2-acrylamido-2-methylpropanesulfonic acid (AMPS), a monofunctional
polymerizable monomer, 10 mmol of the crosslinkable monomer compound (AAC)

represented by the above formula (1A), and 1 mmol of 2,2'-azobis(2,4-dimethyl)valeronitrile, a
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polymerization initiator, were mixed. Then, N,N-dimethylformamide was added to the
resulting mixture until the total volume reached 100 mL to prepare the first polymer

formation precursor solution (first precursor solution).

RNT, BEREEME/ N—THB32—TIVILTIR=-2—XFILFONYRILKVE
(AMPS) 0. 1mo L&, ZEBHE/ X—THDLERX (1A) TRINB31LEYW (AAC)
10mmo L&, EAEKREITHS2, 2'—7VYER (2, 4—SXF)L) NLO=ZRUIL
1mmo L. ZEEB LR, BONERRIC. BEBHNL1O00MLICHESZETN, N=IXF

ILVRILLAT S FeMA. 810K Y—ERAORBRMEER (5 1aEEER) Z#H L7,

Next, after deoxygenating the first precursor solution using argon gas, the first precursor
solution was injected between two glass plates separated by silicone rubber and held at 44°C
for 10 hours to synthesize a gel containing a first polymer having a three-dimensional network
structure (first network gel). After synthesis, the solvent inside the gel was replaced with pure

water by immersing the first network gel in an excess amount of pure water.
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RWT, ZILAVARZAVWTE LAREARPORERZITo1cR. ) I—-2JLTHYSN
12 2MDA S AROEICE LR ERZEAL. 44°CTLORBARIETSCLICED. =Xt
WEBEZEISBLORIT—223CT /L (BLEETIL) 2E&KLE. GFE. F1EEY

IWEBRESOMMKISIRETDZEICED. TFILRERO AR = fMKICER: L -

[0092]

Two mol of acrylamide (AA), a monofunctional polymerizable monomer, 0.4 mmol of N,N'-
methylenebisacrylamide (MBAA), a crosslinkable monomer, and two mmol of 2,2'-azobis[2-(2-
imidazolin-2-yl)propane]dihydrochloride, a polymerization initiator, were mixed. Then, pure
water was added to the resulting mixture until the total volume reached 1 L to prepare a
second aqueous precursor solution for polymer formation (second precursor aqueous

solution).

HEREAMET/ X—THBTIYLTIE (AA) 2mo LE. BBEEE/X—THBN, N’
~XFLYEXT7ZULTIR (MBAA) 0. 4mmo L¥, EAMEEEITHZ2, 2 —7Y

EX [2— (2—a12Z&RYVVU>—2—7)L) FONY] PekO2Z051C4F2mmo L&, ZE&
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L7, BoNTCRERIC. MAEEN L LICKRZ X THAKZMR. 582 DR —FHADRIERE

NoamR (38 2 siBRANKER) ZRE LT

Next, the first network gel obtained above was impregnated with the second precursor
aqueous solution. In this process, the amount of the second precursor aqueous solution
impregnated into the first polymer was adjusted so that the total amount of AA and MBAA
impregnated into the first polymer was 8 parts by mass per 1 part by mass of the first polymer.
Next, the gel was sandwiched between two glass plates and held at 44°C for 10 hours to
synthesize a second polymer inside the first network gel. This resulted in a hydrogel (a double
network gel having an interpenetrating network structure) containing a first polymer and a
second polymer that has penetrated the gaps in the three-dimensional network structure of
the first polymer. The content of the second polymer in the double network gel was 8 parts by

mass per 1 part by mass of the first polymer.

RWT, EERTHEOSNLELIHWBY L 2R 2RBRMEIERICETRSE. TOE. AAL
MBAADE1DRII—ADFREOGFH. H1DRII—1EBEEPICHL. 8EEFLERD
EOICE 2RIFRMAIBRDEZEZHE LT RVWT. 2HDASAIRTYT IILZRHA. 4 4°CT

10BRBIMRIFF A CCICEDEIWPBETIILORETE2DRINT—%2EH LTz CNICED. B
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1ORIT—¥¢. B1ORII—D=XRTHEBBEDHERICBALIEE 2DRII— 2T /N1
RO (MBEGAMEBIEEEZE I3 TRy NT—04)) 218 2712y bD0—04

WCEITZE2DRIR—DZEEIF. FELORUT—1EERPICNL. 8EEITH o7

[0093]

100 mmol of 2-acrylamido-2-methylpropanesulfonic acid (AMPS), a monofunctional
polymerizable monomer, and 10 mmol of N,N'-methylenebisacrylamide (MBAA), a
crosslinkable monomer, were mixed. Then, pure water was added to the resulting mixture
until the total volume reached 100 mL to prepare a precursor aqueous solution for hydrogel

molding (third precursor aqueous solution).

HEREGMHE/ X—TH32—T72I7VILTIR-2—XFLFAONVRILKRVE (AMPS)
100mmo L&, BRMUE/X—THBN, NN—XFLYEXTIZUILTIR (MBAA)
10mmo L. ZRELIER. BONLEERIC. BAEHN100mLICHES X THKZMZ.

N RO IR ORIBREKAR (5 3 IBRAKAR) ZREL 1o
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Next, the double network gel obtained above was immersed in a third precursor aqueous
solution under an oxygen-free environment. In this case, the amount of the third precursor
aqueous solution impregnated into the double network gel was adjusted so that the amount
of AMPS and MBAA impregnated into the double network gel was 400 parts by mass per 100
parts by mass of solid content of the double network gel, and the amount of MBAA
impregnated into the double network gel was 30 parts by mass per 100 parts by mass of solid
content of the double network gel. This resulted in obtaining a monomer-impregnated double

network gel (monomer-impregnated hydrogel).

RWT, ERBTESNERZTILRY bT =07 ) ZBERRIE T CE 3pRAKARISTETE
fco TOBEC AMPSEYMBAADATILRY ET—=05IUADERED. 4TIy bT—7
TIDERS 10 0BESICKHL. 40 0EHEFHEHD. MBAADRTILRY bT =D ILAD

BREN. FTIINRy bT—U7I)LOERS 1 0 0BEEHICH L. 30BELHBILDICEIH

BB RDEREZRAE LI, CNICELD. E/X—BRFTINRY ET=05) (E/X—

g2\ ROYI) =BT

[0094]
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(Evaluation of shape retention) The monomer-impregnated double network gel obtained
above was deformed in an oxygen-free environment and held for a certain period of time to

evaluate its shape retention.

(FAREELMEHE) LERRTESNICE/ XN—FRITILRY FT—I T N ZEBERRTRIRTT

B SET—ERBRE T2 CiIck D RRERELEDFTEZ 1T > o

Specifically, monomer-impregnated double network gel was cut to a size of 2 mm wide x 12
mm long x 2 mm thick, and stretched by uniaxial tension to a nominal strain of 2, 3, or 4 using
a benchtop tensile and compression testing machine (MCT-2150, manufactured by A&D
Company, Limited), and held for a predetermined time. The specified time was 7 minutes, 10
minutes, or 15 minutes for nominal strain 2, and 10 minutes for nominal strains 3 and 4. The
length after releasing the hold was measured, and the length retention rate Rf (length after
release / length during stretching X 100, unit: %) was calculated. The results are shown in

Table 1.
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BHEMICIF. E/X—BREZTILXY b T—07)LZz@2mmXKET 1 2mmXEZE 2mmictld
L. 2 EREREMRARE (MCT—2150. I—-7YR - 7—8) ZAVT. XHVTH
2. 3XIF4FEFTHWEIRICEDBMRL. FIERBERIEL. FIERRBIIE. 20T H2DIFE
ICIF7 A 109MXIFL S AME L. RV THIRV4DBEICIEL 0B E Lice REF
ZRMRLITBORSZAEL. RSFRBEERRf (BREORT MHEEHOREIX100. ¥

'Tl'Z . O/O) %S}z&)f:o ﬁ\:nt%%?_%l ‘:/—J—_\—a_o

[0096]

(Preparation of hydrogel molded body [1]) As shown in Figure 1, the monomer-impregnated

double network gel (3 in Figure 1) obtained above was placed between a pair of plates 1 and 2.

N ROTINOEFAEDOER [1] ) BRLICRTLSIC. ERTESNEE/ X—FRET

Wy b= (M1H0D3) z2—x0TL— b 1RU2MEICEEL oo

One of the plates is a mold plate 1 for blow molding and has an opening 6.
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—HDTFL— K TO—BREROEETL—F1THOH. MO6ZFT 3.

The other plate is support plate 2. A needle 4 and a gap 5 for supplying liquid are provided
between the support plate 2 and the monomer-impregnated double network gel 3. By
supplying 30 mL of the above-mentioned hydrogel molding precursor aqueous solution (third
precursor aqueous solution) from the needle 4, the monomer-impregnated double network
gel 3 was deformed to match the shape of the opening 6 of the mold plate 1, and held in the
deformed state for 15 minutes. Subsequently, the retaining mechanism was released by
removing the supplied solution, and molded bodies 10a to 10f, as shown in the photographs
(a2) to (f2) in Figure 2, were obtained. For the molding of (a2) to (f2) in Figure 2, plates 1a to 1f

shown in the schematic diagrams (al) to (f1) in Figure 2 were used as mold plates 1.

MEDOTL—hE ZFTIL—h2THB, ZFIL—h2rE/X—FRETINRY ET—7

TIL3 EDREICIE. BAZHIEGETEHOD—RILARVEESHARITONTWS, ——FIL4

H5 BN RO LR ORIBRMAEKER (5 31K ER) 30mLZHiEITs T, £

/R—BRETINAYy b T—=07 328 TL—F10MEAO6 OFRICHHOETERIE. B

KET1ISHMEFREL. £0%. HIGLIAREZRET B ETREZHIRL. K20

(a2) ~ (f2) OBEICRITHRFMAEL10a~10 f%E, b, K20 (a2) ~

(f2) OFFICIF. €BTL—r1LT 20D (al) ~ (fl) OFRAKICTIIL—F

la~1 f%ﬁﬁ\/\fto
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[0097]

(Preparation of hydrogel molded body [2]) The monomer-impregnated double network gel
obtained above was cut to a width of 5 mm x length of 50 mm x thickness of 2 mm and

stretched to a nominal strain of 4 in an oxygen-free environment.

(N ROTIORFAAEDER [2] ) LEETESNEE/ I—SZY4TILRY NT—04)
Z. BSESMMXKEIS5 0MMXEZT 2mmIcYIDH L. EERFBIE NICEVWTANUT A4 X TIUE

1¢| L/TCO

Next, as shown in Figures 3(al) to (c1), the stretched monomer-impregnated double network
gels 11a to 11c were immediately wrapped around molds (12a and 12b) to take on any desired
shape, and then immersed in the hydrogel molding precursor aqueous solution (third
precursor aqueous solution) and held in the deformed state for 15 minutes. Subsequently, the
holding mechanism was released and the molded bodies 20a to 20c, as shown in the

photographs (a2) to (c2) of Figure 3, were obtained.
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RNT, 3D (al) ~ (c 1) ICRI LIS EEESNE/ XN—FRITILARY NT—=04F
JL1lla~11cZzBESLICE (12akU12b) ICESHITZHBELTERORZRSE. £
58/\1 R OTILAZ R DRIBRMAKAR (55 3 BIBRANKAR) ISRBETE TEMIRRET 1 5 DERS

L7co TD%. REFZHARL TKARDISIOEL. B30 (a2) ~ (c2) OEEISRTK

FAK2 0 a~20 c%®E1.

[0098]

<Comparative Example 1> (Synthesis of Double Network Gel) 0.1 mol of 2-acrylamido-2-
methylpropanesulfonic acid (AMPS), a monofunctional polymerizable monomer, 6 mmol of N,
N'-methylenebisacrylamide, a crosslinkable monomer, and 1 mmol of 2,2'-azobis(2,4-
dimethyl)valeronitrile, a polymerization initiator, were mixed. Then, N,N-dimethylformamide
was added to the resulting mixture until the total volume reached 100 mL to prepare a

precursor solution for the formation of the first polymer (first precursor solution).
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<UBHIL> (ZTIRy bT=0FILOERK) BERESHE/ N—TH32-T7I7VIL7
SR=2—XFILFAONVZIEVEE (AMPS) 0. 1mo L&, ZEEHE/ X—TH3N,

N'=XFLYEXRT7ZUILT7ZIR6mmo L. EGARAITHS2, 2’—-T7VYER (2, 4—
OXAFIL) NLAZ kU 1lmmo Le. ZRELEE. EONCEERIC, MBEENL100mL
ICBBETN, N=IXFILRILLATIRZMA. BLORII—FEHREBORIREAR (5 1715

Bk =BT

Next, after deoxygenating the first precursor solution using argon gas, the first precursor
solution was injected between two glass plates separated by silicone rubber and held at 44°C
for 10 hours to synthesize a gel containing a first polymer having a three-dimensional network
structure (first network gel). After synthesis, the solvent inside the gel was replaced with pure

water by immersing the first network gel in an excess amount of pure water.

RWT, ZILAVARZAVWTE LAMESRPOREREZTo1cR. U - ILTHTISN
e 2DA S ARDOEICE LIRS R ZEAL. 44°CTLORBFRIFEISLICED. =Xkt
WEBSEZEISELORIY—23CT L (BLWBEYIL) z&KLi. GFE. £1WEY

IV BRIZBORKISRRET S CEICED. TILAROAE = KICE#: L 7.
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[0099]

Two mol of acrylamide (AA), a monofunctional polymerizable monomer, 0.4 mmol of N,N'-
methylenebisacrylamide (MBAA), a crosslinkable monomer, and two mmol of 2,2'-azobis[2-(2-
imidazolin-2-yl)propane]dihydrochloride, a polymerization initiator, were mixed. Then, pure
water was added to the resulting mixture until the total volume reached 1 L to prepare a
second aqueous precursor solution for polymer formation (second precursor aqueous

solution).

HEREGME/ N—TH377VUILT7IEF (AA) 2mo L&, ZEREMEE/ X—TH3BN, N’
—XFLYERXRFZIZUILTIR (MBAA) 0. 4mmo L&, E6HBHEITHS 2, 2'—7Y
EX [2— (2—a2&VU>—2—a)L) 7ONY] PerOZO0Z541KF2mmo L&, ZES
L7, BoNTSRERIC. BAED L LICH S T THKZMZ. 82 DRI —F A OHIBRE

AGAR (B2 HiBRAACAR) ZRE LT

Next, the first network gel obtained above was impregnated with the second precursor
aqueous solution. In this process, the amount of the second precursor aqueous solution

impregnated into the first polymer was adjusted so that the total amount of AA and MBAA
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impregnated into the first polymer was 8 parts by mass per 1 part by mass of the first polymer.
Next, the gel was sandwiched between two glass plates and held at 44°C for 10 hours to
synthesize a second polymer inside the first network gel. This resulted in a hydrogel (a double
network gel having an interpenetrating network structure) containing a first polymer and a
second polymer that has penetrated the gaps in the three-dimensional network structure of
the first polymer. The content of the second polymer in the double network gel was 8 parts by

mass per 1 part by mass of the first polymer.

RWT, LRRTESNAFELIEES L ZHE 25REKARICERSIE . TOB. AAL

MBAADEL1DRII—ADEREDEHN. F1LORIT—1EB=HICH L. SHEWLHB
&S ICE 2 HIBRMAKARDBREZHE LTe KMWT. 2KROAFRIRTHILEBA. 4 4°CT
1 0BEGRIFT B CLICEDELIMWMBETILOARBTE2DRIT—EEHR LTe CHICED. B
1ORIR—E. BELDORII—DO=ZXRTHEBEDOERICEBALICE 2 DRI —EZ2BL/N\A
FOT )L (BERAMBEEEZEIZX IRy cI—07)) 25l XTIy NT—04F

WICEITBRE20RIT—DFEER. F1ORUT—1EEWMICH L. 8EEHTH o7

[0100]
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100 mmol of 2-acrylamido-2-methylpropanesulfonic acid (AMPS), a monofunctional
polymerizable monomer, and 10 mmol of N,N'-methylenebisacrylamide (MBAA), a
crosslinkable monomer, were mixed. Then, pure water was added to the resulting mixture
until the total volume reached 100 mL to prepare a precursor aqueous solution for hydrogel

molding (third precursor aqueous solution).

HEREAME/ N—THB32—T7I7VIILTIR-—2—-XFILTFTONVZILKRVEE (AMPS)
100mmo L&, ZBREEE/ X—THBN, N—XFLYEXT7IVUILTIR (MBAA)
10mmo L&, ZEELIE. BENICESRIC, BIFED 10 0mLICHRS T THIKEMZ.

NA RO IR ORIBRMANKAR (5 3 BIBRANKAR) ZREL o

Next, the double network gel obtained above was immersed in a third precursor aqueous
solution under an oxygen-free environment. In this case, the amount of the third precursor
aqueous solution impregnated into the double network gel was adjusted so that the amount
of AMPS and MBAA impregnated into the double network gel was 400 parts by mass per 100
parts by mass of solid content of the double network gel, and the amount of MBAA
impregnated into the double network gel was 30 parts by mass per 100 parts by mass of solid
content of the double network gel. This resulted in obtaining a monomer-impregnated

hydrogel.
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RWT, LEETESNIATILRY b7 =07 2 BERRRIE T TH 3FIEMEKARISRESE
fco COBE. AMPSEMBAADRTILRY ET—=0FIADEREN. XTIy bT—2
TILDER 10 0EERICH L. 40 0BERLBD. MBAADRTILRY hT—=05LAD
2REN TNy NT—=U7I)LOEFS 10 0EERICKHL. 30BEHLBDLDICEIH

ERANGARDEREZXAR LI, CNICED. E/Y—82/N\1 ROFILEET.

[0101]

(Evaluation of shape retention) The monomer-impregnated double network gel obtained

above was evaluated for its shape retention in the same manner as in Example 1.

(FAREELMEE) LRTESNICE/ X—SRITILEY FT=07)LICDWVWT. Ehiafl

1 LE#ICL T FPRBELEDFHEZ 1T o 7co

The results are shown in Table 2.
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HREXR2ICTR T,

[0103]

<Comparative Example 2> (Synthesis of Double Network Gel) A double network gel

(monomer-free double network gel) was obtained in the same manner as in Example 1.

<t®BHI2> (FTILxy bT=07IDER) EihlEERICLT. 2Ty bT—2

TJIL (B/R-FGERIATILRY bT—=05)) Z1_¥T

[0104]

(Evaluation of shape retention) The monomer-free double network gel obtained above was

evaluated for its shape retention in the same manner as in Example 1.
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(FAREELMEHE) LERRTESNICE/ Y-SRI TILRY FT—=T7ILICDWVWT, X

P11 cREBICL T BREE LI DFHEZ 1T o oo

The results are shown in Table 3.

BRERIICTT,

[0106]

1...Mold plate, 2...Support plate, 3...Hydrogel, 4...Needle, 5...Gap, 6...0pening.

l"@ﬂjl‘/_ I\\ 2"&*%701‘/_ I\\ 3"/\4 I\\‘Dbsjl/\ 4"':_F}L\ 5"'B%Faﬁ\ 6”'Fﬂﬁ

Ho
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