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tEA vepdt), dhtdo g 3 g wE2E By 3
% FA H]Z 10% o8] £& Fshs A0E 4EA glom,
9%% oPFHeE EE e IR 1FFA uER
(superabsorbent polymer) & £t} 0|9} Zo] 3lde vk
2k ol te] £& 8k glon, T 344do] frdty,
FET vinse ¥R AT Qe 5 A W AE 9 239
A o fAkste] QA el Aglalols Fakgo] Ao gle=
2 QA Y5E MEE Hol -Z80] Hi th Hol= 2%, pH,
4 218 59 RATe] FEEoE vl Ee] Wt
A58 4314 (smart hydrogel) 0] 2838} @Alel Hls}ki gle
$-84917} At s FA0) Itk o2 Sol, X%%d 3}
AL QRAT xF 2 A FHE ATol gAY, -4
(sol—gel) ZdHo] A%EE Hole EAo| o], FEAGAAH
{(drug delivery system), %2538 (tissue engineering), A4
(sensor) 5-9] 7ol &4 A WeE23 Qo FHR, 21417
o] HolEWA 1}i7|% (nanotechnology) & 438 wia o
Eol bl A2 JFHE Rolaka om, A2 7154
F3pAo] TASIT Ytk o)e & FAME Uiles o83t
iAo el B3 HZ AT FEE LNEtTA gk

2. 28

FIE Ttk A9V uEARE 284 28 gEEoe g vt
27t Hof glon, o]f Q3 T E2F F5ER ETSlaL 7
£ oA =2 s 54E 7T vk ke I 18
A7} 7t Feje) oe} IA F 7 E ve] Ak e ai
A7} 4% el 3R e R 89 T3S 3134 A (chemical
geDolghn 3, A8 A Y »3d 4$ BIANE) =23 o
7R go] A&H oz ofdr) WA, A wER[Eo] 3}
2 ARl oid E2F 2 F, 43718 4528 (electro—
static interaction), 54 A% (hydrogen bonding), A5 A&
Zh2-(hydrophobic interaction) Sl 23l 7tu® 18RS &g
2 A(physical geD o)zt ok 24 AL 3187 A7 g &
5 pH, o275, 85 & AR A=) & FahAe] Wt
T2t 8 4 Aok OB 10 F8kAo] 3A4HE 7122 vERy
ek 7hwe] v 9 2@k spehrxe] et pES R
o] HAE 4= glom, o]5L §-83tuAt dhe Bl uje} A}
Azl BEE 5 L, AFA=ol A53] Hhgsle] 3tk
TE7} vFAAV 813 AZe] HEE & ok

=94 A 3petd A2 Az gl Euslehy AJzlo] Ea
7] gl YirleEs EYste] AMER LA XS ARshE
A oAH Feje] AS Aol ] AFS] aEdof ik 2=
2 AL B GTH0E AR FE7] Wil 9 7IkE B}t
o3t H3ol EAlshds 22 vl AF-E Fsty AAAHA
FAEHAL} Fell SotA glojAof sh= §-&Eokl -831A AR

= Qith 11 R oyt FERGAIAHeH FHIZs 2
ol dEF oz oFEg HEY F Y& e V1Y IEA I
ARl & A A EA 2 HeZE A= Qo) oju, FAFHE

AR AWPEAL BFAY 58 3 A ol Fistd A
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(a) Chemical Hydrogel

'y a °
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€ oxo Bifunctional monomer,
oligomer, or polymer
Radical
Polymerization

Polycondensation
Reaction

N o ‘So;\,,,
~ BN TRy

P

Polymer(or oligomer)

Polyfunctional monomer,
oligomer, or polymer

(b) Physical Hydrogel

lonic interaction

O

Hydrophobic Interaction
or Hydrogen Bonding

Ampbhiphilic polymer

8! 1. Representative methods of hydrogel formation. (a) chemi—
cally crosslinked hydrogels are prepared from monomers, oligomers,
or polymers in the presence of crosslinking agents. The chemical
crosslinking proceeds via radical polymerization or polycondensation
reaction. (b) physically crosslinked hydrogels can be formed by ionic
interactions, hydrophobic interaction, or hydrogen bonding.

B3E2 e B WE o)Fele AAY EH= FeiH
S FEl wiEE o s AR IEAE FE ol&sta stk
st Ae Eu|E Ay gel 18, AR, A 59 59
7FEE @AM E g7 mEel FEHEA A2l E
SaA), ARAE, FE717] T2} Bopoll 880l 7Fesich ™ 8,
sierd AL APl F4go) e /718, 7iAAlL Fol, &
A, TtaAleE o8] Azstng ekshy 82 M=
AT BARYE AX HEefopmt dk

2.1 LR R 31

T3 el 7154 UndAE 8918 A5 719 £77] &
oM BAY o Y 55T A 2olA Aok o, 71ed v
AR A= A e el B9 A e sk 2
= T3 B3do] o1F] A < v} Asher 52 2R IAWE
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2Bl 2. The chemically crosslinked PNIPAM nanopartfcies, showing
different colors depending on the particle size and concentrations.?

(crystalline colloidal array, CCA)-& 3AsH= polystyrene Y}
2 A58 8 el BYUE A9, A=l ) vk
8 Ag- wals A7) He 2AS 2sinkt CCA ¥ )
o 3 dFAE W 3 45Ee T3 AR e, o
o CCA A=}e] 7Hz o) Q& F-=E Yo w3y dzo] A4H
A At dE B0, 250 wet £8E Yot Weke A5y
sH djell CCA 84 13AE TU3Hl =9, 3o Ags=
250 wet CCAZAL 2Ho] vhAA HH ofe)] AR3ehe Tthafst
A2 JeRiA Bk, of2] 7k 254 184 FME poly (V-
isopropylacrylamide) (PNIPAM) 7} CCA 3+ 318H3 A& A%
317] A3l 7Fg gol AR HJIEH, 1 ol PNIPAMo] A=
gt S5} aig- M2 T ZtuAlE FIMA &G4 AxE &
Q7] wgolct HIolle @t 3 We A monodispersed
hydrogel nanoparticle) & #4H7) & 3}ehao 2 7inAlAA 1
2 A4 A(colloidal crystal gel, CCG) & AZ3k= WHlo] A7ld
Aemp oju) CCGY W2 A2 FA gt 27 ¥ ¥
ZE gelsid o] 7hssit(ad 2).

3l F A4 (gold nanoshel)2 £8P MES 75
A 2AE $8o) 7eE Ao JIgEL it 3 YA
A4 ¥ (dielectric core) # §F& & WO E A 3loy =
53 38 42 7HA 3 Qo] A A W X288 AAE )
gy Yokt F e e B 1e FAAIIAY ¥
FA7IE RS 7T gloH, o)|id FekE dae #o) 3718
F gjake] FAE deisio] 2-o] Zgdi). ol West Tl 2
8] 224 (near—infrared) ¥9e] HFS F53l] 4= ¥
A7l & Uxngdg 25 U sl Bdste] dell g
HhgEhe A2 A5E Asst ARHE 22 i o
Ao Wit 2] A W 23E FF & 3lo) 7 gl
F A ARA ok, BE, {12t 2 FEAAE, o]
2 AN g 22 3L AAEA B3] A7 sidE T o

2.2 FEH LA}

SIS ARG 0] S8l EHY JgAde] Folxd I5 R
Az =z g AN Hel gtk FAE s Y £4E &
2% dABAY 717 FEE ALs] 9% dule|2e] 744
o7 AMgo] AgEg oW, H2de S YedAE A
3lo] Aeld) okEAg, Hlo] 24l G-} Fololl 383l Utk A
of ekEAEE TEA} Yy A= F2 poly (lactic—co—glycolic
acid) & 22 AR 254 TERE o] 88 AR, B
o] Aoz 8] AU A (reticuloendothelial system)
of & 4A AAHT, b o Yol 2 2FAIRI] FhopbA]
okg el &40 9 el Aste] wigich T3 o] Al
247 DEARE FElEE P A EAS wIEstEE FHA
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EE AT dFHheS 4ol o g8l Qi

F3 Vel el AR R, AAREAE D
=212 BAE FAl) 7R = Aot £3H YA
B9 ko7t g1 o] W) wiite] 4& S5t wihe-
wE B30 glot. wEtA, A58 £33 edAE AREPE 9
B 24Tl wife- w2A 8hgshs 7158 AAE NS 8 5 Uk =
3 Bol WhgV1E Tl BAAAL AYEY B 52 Y
AIA TFe 71578e FI8 F Qiok 2213 A FE e
£ olEH IFAE ol AV1E dEAE-S o) EsAY &F
4 EAZ A" AT T8RS 8o sl A s
Z-20)) 23t 27) %A (self—assembly) & FAAA Az A
o} 35 A e esixke e @A, TteAl 9 f3A)
£ o843 Azt 7Fssich 7ige] BRstA A= dE £33
548 7KE A9 IEAES o)8ste] -2 (core—shell)
T2 ol sA gAY Axst sFssiA =ik
Z7)9] 78 #-gF 29 Yndahis ag FAdshe ezt
9] ¥1 AL AU A2E 715AS Fodr) 5k Al
Z99th HZol Lyon 52 PNIPAM} poly (acrylic acid) #%
AZ 7AE 8- 729 £33 bredAE Axsl 25 2
pHell ¥h&3l 8& A5S delshe tish s /itet
Gkt #-ut T2 Y gdahs A5 2EAE w2 B8 7}
TAA 3t A e AzsAY® A1) 33Ree ol
3§ 284 A ez Az 5 Yok’ a8 30 vekd big 2
o] Prokop 52 238t 7e Al FEEE ol 3EA}
glol] BARA vkt 3719 uneglah Aze e’
BR7NVE AR ol 83hd F3 e iRt el 1R ok
9] Bgo] fol3ta, IS =Y & Yo @A, /A 59
AEHGAZ §-8o] 7F53lih

279 SAE /WEFHAR gRe AAERe) el 78

Anionic solution
1
1

Ultrasonic transducer

] <------

Anionic mist

.

.0

[ XX ]

[] L X 2
LR R N N N1

o+ 0% s €% P .
W %y ® Ty T ] Cationic solution
o so0be &4

8 3. Formation of the core—shell type hydrogel nanoparticles by
electrostatic interactions. The anionic solution which contains core poly—
mer is introduced as a mist into a cationic solution of shell polymer.
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Hydrophobic
inner core

18! 4. Self—assembled hydrogel nanoparticles of hydrophobically
modified polysaccharides. Note that nanoparticles have multiple inner
cores which physically crosslink the hydrophilic polysaccharide chain.

A ellA 217183 (self—assembly) o] 218F Wi glAE A s=
EAo| Qlo] & AgAR ] A7t 3] Ay ik ekl
A B2 323y} g iy A9 A%k BE 7)o Abszk
gl 9a) 282} AU (polymeric micelle) & FA3shH= AL
Z 427 Apdolt), rA R, 4243t UPRE 54987004
AP aF70) A3AE0 R QlE) vk 2o F8A Vgl
AE 738 EHAB 4). ojd Y9l 2l 4549719
ABEE GEsl] 22 5 9lon, AdkFor 4ad7]9) 3§
T} 225 YA 7 Folle Ao duiA ik 1R
2t 2ASYALS} 2] 255 dEgRE A YAl o7 A
2] o] A3, o5 EClF rtaAl HEE A vt

3l Vw9l 2te] A2E 913 dextran,'® glycol chitosan,'
pullulan,®® curdlan® %5 o12] 71 Tyl AFH. ol ot
FHRES A5 AAnEAHA AR o] et AFRa
A EAE 35S 7KL Yok &84 A cholesterol,
alkyl chain, bile acid 53} 22 A& BARE 1A E3
7R ekslAl AREE 4= Qltk I3 7]sAS Fodb| Hsl A=
0748 444 BAE T £ ok 453 OgERE Az
ez Uil ofz] 719 A4 S(al 4 23 & 2k
9o}, A5Al Y YA ok ApA ASERES T & gl HE
o] ¥7] yjFoi oA uEAE 2P nEA} 2AdR) njg] ok
S 88707 FYAA 7 3tk A Bae 52 pH 943 53
A hedzZbs Axsl o 5L o AARY 8V s e
Bl TP 250) AxF 53 Al 298 A
£ oA W AARA L] pHY 7.40Me wEEx] ¢b= i, o
z22] pH K 7.0)lXE 2HEo] WEsEs 548 Bt} o|gA
AZE 3 veokE AAE Y AL dat oFEo] deE e
2 o AN F3Ho] EHR) & XE7 e 1B

23 3 [EYE ST BUANE

24 BEUS /e SAE dggoz 343 S8 A W
of 4] & A9 A 9l A EFao] WAElHA o] J1x] K2t
£& FBlEE A DEAE 2R sl ATE
o] PG}, Ao g /] wEAE BAHE A EY
A AT g 227 v|5o A3 AE-S AAlEE o] v
k. ZusiAe A8l wol] AREHI E Y IERE poly
(ethylene glycol) (PEG), TFad$, poly (vinyl alcohol) 5-¢] It}
olg et Iy TEAEL 29 EF 9ol T e EalF
A5 aag B3 F2AZE F Utk Poly (D L-lactide), poly

2xtaety 7l A 17 @ 3 3 2006 69

ki

N-isopropylacrylamide,

Oteic acid (©) acrylic acid

Gold nanoparticle
Hydrogel—-coated
gold nanopatticle

18! 5. Hydrogel—coated gold nanoparticles prepared by surfac—
tant—free emulsion polymerization. After coating oleic acids on the
gold nanoparticle, polymerization was carried out in the presence of
N—-isopropylacrylamide, acrylic acid, and ammonium persulfate
(initiator). The size of resulting nanoparticies was in the range of
100—230 nm.

(lactic— co—glycolic acid), polyphosphazene 52] t}akst A&
g vhedate] BUE A543 1EAE A & AUFAL 5
2 F& FAshd N W AFAIe] HojR|a, GES Yk F
Sl Agsl= Fgo] Hojd Aoyt

TEAF QA FEAgA| AR F9 FAAGEOZ ANEE
I e whd, FHoly winA 22 FAAZE A4 vedak
& FetE] /ghol $3te] g AAE 2y Stk SRRk
A Yol e =278 S=e Ake) Asa, AAAF
’30) $F31A] kot 3-g-oll Algto] mET) H&Ed uke} o), 423}
A2 BAAEo] uls- et A FHE AL jleng,
7148 B3& 3R IR oldd £47) sidd + ¢
ok 3R] A2, 38 59 2 Wi=gdAlel PNIPAM $-3H4% =%
st IS UERGITE o)), ElAle] RTAlE bl AiA
A ok @ wke- AZRe gelale] o] V53l

82 HAYAE 25 B FHsRe 7R 2 a0
k@0 nR 7AUAE Bdel] T¥sH I54A 18R
UE7t FobiA BAH o] whe- b, wAYALe] &4
Ulol] eFE-2 B]lele] FEHGAZT o] 7isE) o, i
ZF wAAN= e 35d e Qs EvA A5AE-S B3 &
T Bl F8A)7)E Ro) E7bsdh, weps] FHskaat she
x93 sskE o 7 7kwE AlAoF dit}. Kataoka $- old &
AE Ak Ssted FAA AL F ol Ve =UAI
A TAYAE FAAT F e oz JhuATE WHoE A
A B9 Yol A gAYARE MR T FRHES A
£ e 2asigint®® 38 60 R wAdRte TAY F
o] FEudel disle] AR el $3dE FY
H B9 childoh} AR FAE aHEoF A AlF F 9
Rem, oF 10 nm9] AFA 8L JEX 2 Y= ZH2ke] wAUR
Foll g Bsle, AAE o] +TEEME AES A&
o= WET £ gl tutolas] A& 3-go] e e V|
o 30

2.4 =CHBM 2818 (Superporous Hydrogel; SPH)

ArE oz $3le A A (dried state, zero—gel AEl) ©f
A Eg E5sl] sl SRIgE BE Adelel| o| 271714 Al
F Azl Al 7 A olde] 11 #& ARl Fasit oleist
=9 & AFo| F88 PR o] 5= g, mE Piide] &
THET B2 S82olklie 1 ARl IA A gn ik Wt
Al EFY 2R BT v EdFe] 2 2L ez st
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Potymeric micelles
bearing aldehyde groups

vV/ /7 ]

©O.0.0. 0O,

NaCNBH, s |
Polyallylamine,
aCNBH;

/L |

Aminated substrate
NaCNBH;

-—

OTOIOIO0
o7

18} 6. Schematic illustration of the multilayered micellar coating on
the surface. Polymeric micelles to be coated were first stabilized by
polymerization of the hydrophobic inner core. The stable micelles were
then immobilized on the aminated substrate by the reaction with al—
dehyde groups on the surface of polymeric micelle.

8 7. 2Ck34Y SI0|E2H Ol L HETHo| SEMAM

o} SR W F5-g RIE) flEiME ARk =19 ge
of Ajeko] werh xohd F31 (SPH) o1 I8 70149 7
o] = ymelA] 4= umell o)== vleksl 3719 FFEo| 33
HF o7 M7 AFYo] open—channel 72E Z= F3ldle o
gtk olejgt 23] 4ol 7IQlste] BAIR dAdel 23 WE &
TP FRFH7HA] BEEE ARe] w9 b o)
AR Bed 5 A Fejel 3700 BAGe) e
7 3F5/3E A6 Zetks Ro] 5ol

T3] Az 9 7k el wet thekst 3372 E A
F Sledl 339 Z7] 9 FHlo vt gedT A 34 2t
A Stk B 10 F3He] 3= 2719 Feol| e ER/e &
A4S Aelailth 2o 3t A9 8 8oMAY =4 =
oA g & kel FEo] d5E FEE wE Fre-g Hole A
o] EAo|r}.

2034 s Az F 7Pg go) o845 e
29 4 2 Jhanks Foll EEA G ool 2% A BE
= o]g3l FIbd i) £ JFAY F3EL s A
olt}. olgdt FFE0] AR AAFHO FAY ZAMFS T3 wE
FrHEeR S-S QT8 okl wilf- $-8E R
121 =y

24.1 IDEFLM DBXHSAP) vs ECFSA £&1H(SPH)

]
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B 1. S|0|E2HQ IS3J|0| WE 2R/RE

Classificationl Conventional Macroporous Superporous
Hydrogels Hydrogels Hydrogels
Pore size Nonporous <10 pm 2100 pm
Pore Lack of Intercon— | Rich in Interconnected
. Nonporous
connection nected channels Channels
Swelling Very slow Fast Extremely fast
Kinetics Y (minutes to hours) (< 2min)
' * Crosslinking inthe | Crosslinking poly
« Conventional phase—separated L
. - merization in the
Preparation | crosslinking method| state
. . . presence of gas
+ Physical interaction |+ Freeze drying of
bubble
nonporous hydrogels

OB 8. 20124 Slo|=2-o| YEAHS

B 2. SAPs2 SPHsS| H|m B
SAPs

SPHs
Acrylamide, acrylic acid,

Commonly used

Acrylamide, acrylic acid,
salts of acrylic acid

salts and esters of acrylic
acid including sodium and

monomers including sodium and sulfopropyl acrylates,
potassium acrylates 2-hydroxyethyl
. methacrylate
Method of Bulk, solution, .
. . . Mostly aqueous solution
synthesis inverse suspension

Initiating system

Thermal, redox

Mostly redox

Porous structure

Random closed to
semiopen cells

Interconnected open cells

Any shape including

dependence on size

Size—dependent

Final product Particle particle, sheet, film, rod
Water absorption Diffusion (high), Diffusion(low),
mechanisms Capillary (low) Capillary (high)
Swelling

Size—independent

Type of absorbed

Under pressure

water® Mostly bound Mostly free
Free swelling ) _
capacity Very high Very high
Retained water High o

Where high swelling,

Where size—independent

Applications fast—medium rate of high and very fast
swelling is required swelling are required
Service Water, saline, Simulated gastric fluid,
environment blood, urine simulated intestinal fluid

“Water in the hydrogel structure can be classified into bound, semibound and
free water. While bound water is tightly attached to the hydrogel structure, the
free type of water can easily be removed from the gel even under low pressures.

2F5d 1A (superabsorbent polymers; SAP) ¢} Zt}-&
A4 FEASPH) S B2 99 ES & & & = 3EHE )
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NENE 77 ke JAES Hlth B 29 SAPSH SPHe] o
2 7 24 W JAse vE s

SAPE SPHS} shIA|2 2144 2877t Fhasle] gl 7
ZE Adrk SAPE B2 %2 E T dAE Al A FA
e 5919 10~1000¥H 7HF 58 <+ o, 7k Moy
gl et ol2id Fee 2Hol 7hseit™ SAPY B&
E5& YA &R At 277 AL25S vl
o] o} Ftel fEsle] WE BEEEE Btk ¥ SPHE ¢
g T 22 QF kel Qs FTpPgel g BAlT @4l
23k Erubgo] o)X u R Mt wE BEATS Ho|y o]
3 £EGLe Zgolut A7 BAIGle] £A18 Utk

242 RCHEY 312 MUY

t3A 3L freeze—drying, gas blowing technique,
microemulsion, phase separation 53 7= o8] 7[X| WSS
8 e A 5 vk 20 FEEE A5 vjd 2wl
gz Sl 28l Fdsen gurEer FAo] desial A7)
7t 2 332 o) 4% HE A (foaming agent) & ©]-8F gas
blowing technique & AME3tE® Whnkg o2 AMAYE 7)|XEL
AREAGA 7] SIPIAE ARSI Zhankge] dE 7R
YA FAIHY AFAHoE Fds 2R TERE AR F
Aok FLF 2o 2 TS AxRE] e Ttk
ST FIENRES] FAAZEE A BT Zlo] a3tk 2R
Hh8-2 sodium bicarbonate$} 22 REAE H71Eo2H o]Fo]
A olgfgt XA Whg7] Yol A F 7H] 98E 9%
shA gtk ARAEE §h37] W9 A e49) whesle] COz kA
g 22PN MR AZdE FSES WA open Ad T
Z& YA EAEE A AR vhesiEA] vk ue pHE
=] MAIAIL MAES-E SHAZITE wehbA] BEA 9L THE =
AES A3 24se] MAREE T HENEEe] 23E o|FEF
h= o] g% b TRE e etk OB 9= 4
4HE1Q) SPH 4ol QlotA] Alztell whe 7bmnke s} 2yykgo]
28L& vekd Aot

I g} Zo)] L3t FAEE FE) o] APt HoE HgE
= AA (© vz o]Fe) Qlojof s A719] FF72E A
g 5= Qrk 9K AEAFo] V- o|2 A Mg} AlFe] U g
Al HE AEL AP} ARET] Aol Tl i 520t
ul$- AA BbAE 3bdo] PAET ole} Mg LI A o]
U5 A =9, 9o 44E A Hof F50] YE 2

g & 71 Al gk D AlRelA 2EAPL 7o 2HA Bk
M pHY) 5o 2 AsiHkgo] 7i&sidt EollA UERke 1
Zo ol2n A3y} AFHE C A@7A] whbgo] Hx| = oo} gt

ox I

Gel p~ Maximum

Foam Height

Extent of
Gelation

Time

T8 9. M US| A0IM AjZHl ME TtRghSn wEHE ®

2xtatstat 7l A 17 ¥ 3 3 20069 6€

[

monomers + initiator co,

\ f1t

Sodium Dehydration
bicarbonate i
in ethagol
Mechanical Drying
stirring in vacuo
Monomer Gas bubbling Superporous
solution hydrogel

O3 10, 2034 St0|=2H 9| YAl MK,

0 2084 SS9 A% redox 7IAARE A
oA W& EME GA FelEo] vheE ANE Utk &
o] 9lof 222 gl el FAo] o]Fld & lom &
FAlo wet Agst ARAE HdEsie] A" o Utk THAAS
W& T BhS-gAe] pH 3ol Ho| g&Eshed| pHt e E
e AlAE RS WYL ET =21 pHYL s B55 kol 7}
%302 Hkggde] pH AT F3hAe] Az F
Az ZAgsict YA e FF7ERE A9 Bt A
817] f1519] cekes} 22 [ 8vel g5ske s o Al
e Iy g Fesith FAE SPHIF AE BN
=9 2aggd 3l FFE0] BAHAY FHHe EAR0]
A71Ed ol st RS A A8l EHAHo] W ¢Is
2 ey & Axdch J8 10 2034 F3kde) Az
< HAFE B fAS okst A 2749) pH 4~5% B o
S MNAE Ya HGe Azle] BE F LEAE Yol CO;
TIAE SN Y FEE oflgheo) & A grair] Az
A Fok FASEE 3t} 2-3YU WFAFEA ARE 5 A
9] FAEE 48 & Avk SPHE FR4olY Hase 7|E =
o] FFH 35 gl et 24 rhedbe g 7haAlY
ol et E 232 7hssitt

243 =C12Y $31309| JiE

Az e 2o Fede o gdste] 2A8%]7] 4
I, B& sl s1ad Mz 71AIA o] Heke o5
9] 4ol oJ&) HAl == de] Qich olgt Z1AIA 49
HordS wslr] faiA tekst BEFRAEE = slo|BRI=
Fz27F E4E =2 71AR 24 AFEE e 18R
ZF3) wolEo R 4 IPN 32 semi—IPN 729 314
FAgsto 74 G2 7|A1H B4 AFA 0] ETh wEtA
SF A E Fot sEAY FREAE GA FARAA] @5
St 9kE, R, HIET 22 9 $AdKE & dd 5 3
HB 11). ©|2E EACE QlEle] 2tha4 4314 hybridst
Bagoht % B4o) B s Xe teksiAl FEHof AL
&9 5 I

2 2t AL HaAS B} 7EEE AlA A% el
Beo] gase Y| T2 ¢ e £8a T gl
B gtk 25490) $& poly (ethylene oxide) & F=314e)) 1
HEEAA o] AAAA AFEE FAFEN EATR &
el 2% S 1A Aotk £33 F1EAN ] e A
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S8 1. 20124 slo|=2Ho| sy ¥

B’ 3. ZC13Y s0|=2el 28

oorg F8¥oF | U D APE S8Fo |  7IEF SEFok
A% AF7ITE AL U8 B tololEL BEAR
EAE A2 TEFY AR 25§ A B AAA
AN g AE SFE A A= FEE A
)8 A A717e1E WAl 71et AREE A

Bl AAnrAt AR 7taAE olgsid desse 7

244 SPHS| 28 v

SPH 2434 735 ol4sle] 7€ 39 #a4de] 7]
Aoz el bl oJokg- ol ofet Y& 2 B9
ok Holof] o]27|7kA] tefdt FokeA 88 H 5 ik & 3¢
SPH9)| tje¥st A4 g-gtoks Attt

A 2034 e SHRAE o) &3] ATE AT
AZHe] sl fAH AT AAY el Bet A3 T
AP 3 glow ojofsts g-gio} o= 7|€2 IEFA A
L} e3hAlo] o) 45 ol FHLASHA & 7FsstEE S8
o] 2 A5z 71d ¢ ok

25 £5Pd0o| o|lN 7= H J|El S8

WA E AFE AN F3Ee F-7 2T ool o] B, 4
A3 widl2erd] A A hydrophobic interaction) ©f 213}
o PATRE o|FH AL FAsH dct J8 12+ F E
774 31 x| A)Fel Bo| A== polyacrylic acid(PAA) 9]
AFI 78 (carbomenr) & IEAL B, F3loiFol w2t vl
T2 (cryo—SEM) £ 884 (amplitude sweep)©ll &3 G' &
)& Azl vepd Aotk 1EAe] Bt Wi F3lEA] &
L A%, At fiber) o FREN FAEFO| F FX7 (driving
force) )l shearell oJ3ll GA FH o] 3 AFL2 714
v X, 3R] f8el] S8 AR 2 (crea—
ming), €3, §A& AAAA F3AEe 2 £5L F 5 kP
T3 a3l YeRIR] StK et k] nhTRet Hed A
AL o]g3le] YL FEo uEAE Y, A T IFE Al
AgAogH 55 JAS 2EToEN vy 55 9 AME
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(Na-PAA 2%)

(Na-PAA 0.1%)

(PAA 0.1%)

10

10t T T
10 10' 10 106

71 At 3EEES A9 ¢ Qo) AR, AR FHEAE
F3AA pHE S0 AV 28R w5E 7R EA 1L
A ME- X (matrix) 2] ¥ FAVF FAGA L, Ao oR @4
BEHA7} 271EE 1A (honeycomb) Rk 125 ZHA Pt
BT} Wl 22 e g3l 7)H A AR EHE 1ETA
TR S-gEo] pRA}F WEGAe] 1 1 49, F, Y F
ANE Tt $EHA G52E 2Ag 5 glod, g H&
F et Adel sk BFXE AE, 2 gl g3 A43]
& whzo] Wo gt WAIE So20 4% 7uE + gk

3. 48

Whierlee] B2 fEe] 7158 FIE gl EA
7F 7Fed Aldizk Zasiginh A2 71543 vhedAh B sl
9 EE/ser sha Fele 3 Yl o) 83
THI glon, FF olgL o8 AMEL FEALAE B EH
A5 X el 2L tkst 715 WAl 2Ee] shge) Z ety
5 sk e Ve = nAleE g9l 22 8 71
F3pe] AL A S84 A wHoEM FA 1
S-80] driso] takst Bokell T3 2412 A AR V)
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