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Abstract: Many efforts have been made to develop highly strong and tough hydrogels by new approaches including dou-
ble network (DN) hydrogel, nanocomposite hydrogel, nanostructured hydrogel, etc. In this study, macroporous monolithe
gel based on chemically crosslinked poly(aspartic acid) (PASP) was prepared via cryogelation in DMSO and the following
hydrolysis reaction under pH9 buffer. The resulting water-swollen gel was treated in next step with metal cation (Fe*,
Ca™ or Zn") in aqueous solution to provide gel possessing ionic-crosslink between carboxylic acid and metal ions in
addition to covalent network. The final dual-crosslinked PASP cryogel exhibited highly improved gel strength & tough-
ness varying on the different metal species. The mechanical properties were investigated by both compression and tensile
test to compare different cryogels with conventional PASP hydrogel. FTIR and SEM were used to elucidate the chemical
structure and macroporous morphology of gel.

Keywords: dual-crosslinking, macroporous cryogel, poly(aspatic acid), gel strength, metal-coordination.

ISSN 0379-153X(Print)
ISSN 2234-8077(Online)

Dual-Crosslinked Mechanically Strong Hydrogel Based on Poly(aspartic acid) via

N E U, AR ELA G e F, A A% F4D

AAH B4 5 oz Byow sl 24 g U3 &

A2 3 B A PANEE Yo SFAIN 2L H%E(scaffold) EE SEAY AR 5 TR A S
AAGE HATYLLS SlolEgde FHATt $44  =QEI g ARl WRW U 3RA AR} v)a
W, oleAY 5 BeH AYYOR DB A BT Hol, el=eAL ofg 7P WAUZOR 9% A5 4
xo] 154 BAEA Bol ¥4 93 1 FHE 44T £ ) WE 5 Ak ey /12 26 AT B 59
ATk AAAGH0] S5 TRA SolERAL ¥ S BAE AT AR dolel We BE whEe] Ayt slo]

"To whom correspondence should be addressed.
E-mail: kimjh@skku.edu
©2016 The Polymer Society of Korea. All rights reserved.

759

P35}

A e Q)
1.
sol==24

ERAL dqyA B A% EE %1 wiAYZe
0} O

o} A Be AlEA a8 X $e
o] 9§ HopolA 4] zﬂwtz AgE
Aol SolA 71AH Zwrt 7k A2 e



760 ol

kel A o]
hydrogels,’

11-13

HZHE L ot o2 double network(DN)
nanocomposite hydrogels,*'’ slide-ring hydro-
composite(MMC)
hydrogels,' tetra-arm PEG hydrogels,”® physical interaction
enhanced hydrogelS'®"7 233 A28 H A A] A5 S
2 2 A9 el AS JhEel] fg B =g Eo]

o Fo1A 3 It

gels, macromolecular microsphere

39, 715 sholEzAls] WO NEAYA 29 1)
A 54, we 2499 58 ¥ =2 Jg &= Fo| Qi
b, olsh e BHL e FF 27] Pz ola) hehith
olefat FAHS e SlalH, SlolE AL guhFE v)
W BTFUN e YD 5 Ay 80 2

WIS 7ke f)oksl 7|4Eo] BiE o] 9ttt o) Wiy} g
7 0°C o]ste] L+°ﬂ*1 stol=2Ad S “JE% Y& Az
(cryogelation)©] AT}

Cryogel> g3l st 722 §rij= s2H L
FAEA] o5 FEOlA A, ThwA], A e S ‘;‘
713 wHg-S B3 Al whgol ehAH ¥, g Ao
o} Wil 4502 2% Anje 33l AdEAl @
o oleid Ar) FFO lsje] Auk so =2 vy
= Al EAo) @ ETE, 25 A7), 2= 8 T e
cryogel®] 22 E4¢] Wsle Fgxo} A4S =
A Fozn AL £ ) FRA0 A 8y 8] &
me] vE, o] & A, pH, W7zt &5 Asl o W en
Hl (gradient), 29| T 5t 0]-143} A 2200 w2t
/\1_1‘:_ tﬂz‘ﬂ— 2= 015}2426

]9} 7+ cryogel 1xFA 07 slol=gAle] 7A|H B4
3 BEATAN FFE 54 e S ek A, o]
21 el 2o 9 S8l ARSI
VAR st FReA) ) aheel 2489 kg w=1s
OS2 =& 7P = Slrk thEAR] #1124 DN

slol=2Ag Balof Ag ¥ wRe} viwale] e /A4
F=st Q4L 7T e A Azrt BIHAGT ol

=

L

O
snlwnhDMFl O
.\l+
n t
b H,N=R—NH,
Crosslmking Agent
Poly(succinimide)

[PSI]

ey

SR A 9T A

2 o] 71Ad EAS /R MEYAR A dEA
IR WY F2E A g ot DN AlA gt
3L brittledt AaEARds Aol 3 HA M EAZ 7]53hH,
%011 %E%l Aol e T AR F A vES
= A WA dEQ A7 =g sithd F 1A UE
to}ﬂl 7t Ele] FEHZ vt o] A 125

=% °ok°]%% AAg gt=sh vl 4 = 3l
AL, tiRe] g ellelek Adde] wEA] 7H o dojd
‘:} O]" 2 A7l Z1A1A 532 353 4 AdAE
o] wige] A AdEe] slo|=RASs vheY] 9k B4
7}*’7“ (physical crosslink points)® 2 283t} 22} 7lwA| =
AR EE 5 ol Af vt FRE0l SASHAT,
EH_L;Q_E 37]_ o]:o]_q_ Fe3*9} 27]_ o]:o]g Zn2+ Cq 2+o /\}_g_
gk A7F BAIE QI
EPOFRBELRS AARISHH Q] AR ALEALEA, L-
ol TEAL “/Paﬁﬂ-/] G55 AR polysuccinimide(PSI)
o] 7hrdell RS A AlZETE P PSI AA| RS
o]-g-ste] ETJOLATEL FEA|EA}F e Thds slol=
2AS T ATH(Scheme 1). ZB|ofFEALRS AR
4 ALEAF EAARA g3 v 2o EEjola M
IETE AL dAT F de AARSE ARSI stel=
2ZA A EA 2 S AAAo] =t 3, o7 tekst
golSBEH|E fAEo] RS XS 958 &
A=A FE ]0}7'11 AFEo] gith & AP E ol
A o] &8 g A7 sl shom, #-dg v

rro tﬂ—_L ]. }j]_ o]q_3644

-

< §71]9] Gyarmati 6> ZE|ORBEALRS o] 83 =
T4 cryogel AlZe}t 228 2HEE AR EA 2 3§
7hs/gel Bk =S WES vk Utk o] AellA] ThaA
o] ¥, Ast 2= WE Ao = A7|Hste} 7AIA &
"%ﬂ gt A& BT 2 AtollA= PASP cryogel
;(-]]Zﬁ]_ 5 Fe3+ Zn2+ Ul Cq *9,]_ 7o Z4 o]:o]g,__ \:01

Ji J::

sslinked (

R = alkylene, oligo(oxy alkylene), oligo(imino alkylene)...

Scheme 1. General method to prepare PASP gel via crosslinked PSI using diamine compounds.
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Scheme 2. Whole process for the preparation of macroporous PASP cryogel.
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Figure 1. Swelling ratios of PASP cryogel (a); conventional PASP gel (b).
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Figure 8. Tensile stress-strain curves of PASP cryogel (a); M-PASP-cryogels: Fe-cryogel (b); Ca-cryogel (c); Zn-cryogel (d).

Table 1. Mechanical Properties of Different Metal-PASP-cryogels

Cryogel Fe-cryogel Ca-cryogel Zn-cryogel
Elastic modulus (kPa) 8 5688 6.3 11.5
Yield stress (kPa) 1.4 196 4.8 59
Strain at failure 0.22 0.06 0.36 0.59
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Figure 10. SEM images of PASP cryogel (a); Fe-PASP-cryogel (b).
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