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sfol=2Al e tha/d el ThtxE YESIY, 35 7= W= 10 pumAth €4 5% 4 A3, 7l U9srt 5
Vs T At A o AgE el =3t BE ASS pH 749 pH 2.5904 FAEHIAL, ZHE 400~900%,
150~190%°] 58 B3ch =3k ohafsh @& videl wat g2 748 skt S/TEY buffero] 23a-¥
sfol=2A4o] AErF =9, 7k BETt FUFERE AE0E B8t A o2 A FEE £ SelERAe
qWe vid B vk e WskE Fo24] 2AFE) 3D ZYE, oOFE AYA] 5] A AEE o875l
== AAFRITH

Abstract: In this study, hydrogels were prepared by grafting 2-hydroxyethyl acrylate onto sodium alginate and then cross-
linking with poly(ethylene glycol) diacrylate. Properties were analyzed according to ratio of crosslinking agent. Scanning
electron microscopy showed that the hydrogels were porous structure, and the pore size was about 10 um. Thermal grav-
imetric analysis showed that weight loss decreased and water binding capacity was high as the crosslink density
increased. Swelling behavior was carried out at pH 7.4 and pH 2.5, with swelling of 400-900% and 150-190%, respec-
tively. Texture analysis was performed according to various swelling media. The hardness of hydrogels swollen in buffer
was higher than that of distilled water, and the hardness was higher as the crosslink density increased. As a result, this
novel hydrogel has possibilities to be used as biomaterials such as tissue engineering, 3D printer, and drug delivery system
by changing swelling medium and crosslinking density.

Keywords: alginate, 2-hydroxyethyl acrylate, poly(ethylene glycol) diacrylate, hydrogel, radical polymerization.
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AlefF A 7[7]. sto|=2A Aol AFE-E sodium alginate
from brown algae(medium viscosity), 2-hydroxyethyl acrylate,
poly(ethylene glycol) diacrylate(PEGDA; Mn 575), potassium
peroxodisulfate(KPS)= &5 Sigma-Aldrich Co.(USA)%] 4|
T4 8ISt Phosphate buffered saline(PBS) A %ol A8
potassium phosphate monobasic(KH,PO,), sodium phosphate
dibasic(Na,HPO,)= Sigma-Aldrich Co.(USA)IA1 43+
37, sodium chloride(NaCl)= Daejung chemicals & metals
Co.(South Korea)oll A1 %3} t}. Ethanol, acetone®} 72
e B4E 55 Aok, SRTE Milli-QE A8t
ARE-3A T

AR Aol B4 48(CAS, CAY220), 247 (Corning,
PC-620D), oil bath(LK Korea, LO-BG160), €4]%-2]7] (Hanil
Science Industrial, FLETA40), 5724 7% 7](ilShinBioBase,
FD8508), 2. (Elba, L61-640), SEM(Tescan Korea, VEGA3),
FTIR spectrometer(SensIR Technologies, US/Travel IR), A
2}d Z -4 7] (Shimadzu, JP/DTG-60), 573 %4 7] (Zwick
Roell, DE/Z0.5TS)S A&-3F1t}.

Sl0|E2H N|x. slo|=242 71wA|¢] PEGDAS] &
£ gyst] & M= Alxsisler 2 2442 Table 190
HeRA AT

SF 4 50mLol sodium alginate(Alg)E 0.25g 9 3L, oil
bathol| A 75 °C, 400 rpm o2 W8I 6A|7F oAt 83|A1F

Table 1. Composition of Initial Reaction Mixtures Used for
the Preparation of Hydrogels

Alginate 2-HEA PEGDA KPS
(@ (mL) (mL) (@
Alg-HEA-PEG-0.21 (0%5%) (6'31'5%) (0.20(');%) 0.004
Alg-HEA-PEG-0.52 (02"6245%) (6.312%) (02'223%) 0.004
Alg-HEA-PEG-1.04 (0.3’6225%) (6_31'30%) (1.(())3'2.%) 0.004
Alg-HEA-PEG-2.05 (003'5275%) (6_%‘;)%) (2.(}4(;%) 0.004
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Figure 1. Synthesis mechanism of hydrogels through radical
polymerization reaction.
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Figure 2. Schematic reaction process and color change.

Figure 3. Images of Alg-HEA-PEG hydrogel appearances. From
the left, shown are Alg-HEA-PEG-0.21, Alg-HEA-PEG-0.52, Alg-
HEA-PEG-1.04, and Alg-HEA-PEG-2.05.
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Figure 4. FTIR spectrum of (A) alginate, 2-HEA, PEGDA, and
Alg-HEA-PEG-0.21; (B) changes in the spectrum pattern depending
on the PEGDA concentration; (C) movement of the peak of Alg-
HEA-PEG hydrogels.



(€

Alg-HEA-PEG-0.21

300

1Alg-HEA-PEG-0.52

; N\ |/
— [N

\
.

200 ~ Wi |

Alg-HEA-PEG-1.04

17 v )
100 /\}\/

Alg-HEA-PEG-2.05

Transmittance

"\ ;\'\(/A\\js‘% 949
3427 2880 ‘ e
| 1396|,  B9S,
A
v [/
v
1080
ol —
4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm™)

Figure 4. Continued.

o A Z+z} 1631, 1635 cm’ ester(-COO-)Z ZAFA | AH
C=C o544 A5 slFel= FTul=o|t). Alg-
HEA-PEGS ZAFAlolAE C=C o|s 43 4Ax3%
(1600~1650 cm™)el| 3 Fate= SFMETF ARER o2 B
of, 2}tz W& F3l olF ATl =27 FTHAHN 714
3 Ao 7 Foksk &= Qo) 3k 2884, 1334, 845 cmle 7t
7} methyne(32F BH4r) C-HEl A1531s, 538%ls, C-Co
AXEE sk SR ke B9l 3xF ©@Av} 3
e Ao= AlRH

olgtef], sfo]=2 A ] FTIR spectrum®A] 3400 cm™'& ¢
F-Z&(-OH) O-HO| A5XF SrMEs YeplH, 2 &5
£ 0-H9| 21%71%(3650~3600 cm™)ol] B]&] e Fpui=
£ 7He AL FAaATE Sl AgAIZI7E oFsE ] o
o]t} 29499} 2884 cm™'2 72t methylene(-CH,-) C-H<]
HIth A A% =9} methyne C-HO| 2157152 F
el= methylene C-HS| W3 A531E F=olt). 1723
cm™E ester C=02] AEF7F TG =0, A ester C=0
o] AE521F(1735 em™Mel] vlsl] ¥ @ =S YERd
e AR B3l AFAN7I7T fskE 7] wiiEeltt. 1450
cm’E methylene C-H] #33%F S =o|th ™ 1396 cm!
2 alginate 4l = THEAHOIE(-COO)2] td 2153
T S =o|th 12499} 1164 em'= ester C-09] A&7

ofth ikl

—

A

Alginate/2-HEA/PEGDAE ©]4-3t pH RIZHY slol=24

:

L/lé

=)

ETsley 54 A+ 631

s
J

T =], 2-HEAS] 1276, 1191 cm' 9} PEGDA ]
1274, 1195 cm™'ll 4= ester C-02] A&7 50 H|3)] wHe
old] FMES Hol= 21 a,B-unsaturated ester(-C=C-
CO0-)¢] oz Aol floAAIHAL ester C-O AEA|717} oF
3} 7) wEolt}. 10763} 945 cm™E ZH7F 23} ¢H-E C-
092] N=75S 3= ether(-COC-) C-02] H|THA A=
s FFMES} ether C-02] 1A 21E57F FHs=olH,
PEGDA®! U= ether C-02] A15Z1%5(1107, 952 cm™)ll H]
3 W& dpo A FMES Hols A FAAT ] 9%
AdA|719] ksl wlwd Aoz ALFHETE 1033 em™ 17}
&L C-09 AlEHE FM=olt). 895 cm’'= alginate]
I A7 glycoside linkage(-C-O-C-)2] thA Al&=x5 &
=0 th ! 845 cm = methylene C-HS] W FS XL
$et= methyne C-Co Z2A%E FFER AL €Tt
756 cm™&- alginate 372] U] C-C9] Al&57E S=oln

FET HLE 7taA] sl W spectrum G| ®isto]
ChFigure 4(B)). 7}iA| %7} 27184 (Alg-HEA-PEG-
0.21 — Alg-HEA-PEG-0.52 — Alg-HEA-PEG-1.04 — Alg-
HEA-PEG-2.05), alginate®} 2-HEAS] &8 O-Hol )53}
= 3400 cm™ 2} alginate®] 7+ 0] E, glycoside linkage,
38 W C-Coll aidah= 1396, 895, 756 cm™! E5-akol] H]a}
o3, methyne®l] 39-3l= 2884, 845 cm™'9} etherll 3Fsl=
1076, 945 cm™ FFo] 78I ©l& B, sto|l =24
o] 2-HEA®] H|-&o] 7+Aagt A3} alginateol] T3l ether 2}
7] 2 33} ghAe] Hjgo] R AL & 4 ik o= 7t
A9 FE7F S wet o] ATe] TR U B @
FA o] A= Tt st S-S JERdTh, BEgk 2-
HEA 2} PEGDA ester®] C-0¢l] a'@3t= 12499} 1164 cm'’!
E<rol] H]ste], PEGDA ether®] C-0°l allg3le 10802
949 cm™ &) SIS ol & B, stol==A o
A ester 2719 HI3 ether 22712 H]&o] FU13 AL
o o lom, o]= 2-HEA®| H]al PEGDA Hl&°] S7}slal
A2 Tyt T8 methylene C-HOll 3 53l= 2949,
1450 cm™'9} ester C=0°1 ag3h= 1723 cm'e] 53 A
gt Aoz Hol, 7tuAlY] sErt SRR $43E shol=
24 2] methylene(-CH2-) 28719} ester(-COO-) 21-8-7]
o] Hl&L A9 WA S & & AUk

TheO & Figure 4CPIA F=9] o5 AVEH, 4=
O-H 4157153400 cm™ — 3427 cm™), methyne®] C-H +
70%5(1334 cm? — 1348 cm?)o] WHEe AL B 4 Sk
ole 77t 7tuAe] st S7Fe] we, FA8E slel==
Ao|A] O-H 287190 o] st 443t <] ksl methyne 2t
£719] C-H 5383%F ouA] 712 AT = AUt

SESMY ZHE. SEMS o83l 52 7xH 4714 Sfo]
=248 x10003 x30009] &2 27t 2 ZJsle] 7l
TZ2E RIsITH(Figure 5). sfo|=2A402 1A} AlEo] A

o

Polymer(Korea), Vol. 42, No. 4, 2018



632

J i Y
JoE A
i et )
,//,)r(,.x‘ 'S 1
K4/

e

Figure 5. SEM images of the cross-sectional morphology of freeze-
dried hydrogels (left is 1000%; right is 3000x magnification).
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Figure 6. TGA curves of Alg-HEA-PEG hydrogels.
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Figure 8. Texture properties of Alg-HEA-PEG hydrogels.
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