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ox ol |

FAJo] : FRol= nlolZ27, BYE Wev, FBY, 27

Abstract : In this study, colloidal microgel with viscoelasticity were prepared by using dispersion
containing physical crosslinking agents and microgels with various strengths depending on the
degree of cross—links.As the chemical crosslinking agent PEGDA400 content increased, hydrogels
have various physical properties the swelling ratio decreased from 2.0X10%% to 6.0x10°% and
increased viscosity by about 60%. The colloidal microgel was prepared with micro hydrogel grinded
to 100 gm size and the rheological behavior was confirmed with physical cross linking agent. A
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colloidal microgel having various viscosities was prepared by controlling starch and alginate based
on micro—hydrogel containing 0.75% (w/v) of PEGDA400. In conclusion, these results would be

highly useful for applying as a product that can give various physical properties to the colloidal

suspensions, cosmetics, paint, and food industry.
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E mpolazAg Axstynt. & o2 Et St
AL 7dtez 7twAlZ PEGDA(poly(ethylene
glycol) diacrylate)2 Alg3lo] o]o] e x4
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PEGDA4009] &< 0.15, 0.75, 1.5% (w/v)&
tAEE ZA § APSE 1% (w/vE EFst
o] A foll(pre-gel solution)2 A|Z3}Hct. o] &,
N,N,N',N'-Tetramethylethylenediamine
(TEMED, Sigma) 0.01% (w/v)& ZwiAlZ 7}
skl 20 FQF oSkt SEE Stel==2
= 05904 1 cm 3712 243 F AAFE A
goto] stelE2A yHol mRkgES AlASHL
24M7F FF BE Aok BeH stelEzAs
thA] 0.59014 1 cm 3712 245 5 60 CollA
48A17F Ft AZxAZH

nfo]a g2 SlolE2AS A|X5h7] Qo XA
71 SRS BE&7](MM200, Retsch,
Germany)E& AMgsto] wafstairt. 244719 A
A e Baf £ 25 Hz, B4 AJZF 10 min®
2 FdotA A&st3rt o] F AGieve)E AR
skl 100 #m =719 mlo]a= sho|lEzAS
FTHog Azt

RS} Aojd BRo|E ulo|aRe] fHsH 24 B4 3

stelcgAA g4y TEMED g9& &
5 A9 S Aeleld 1 mm FA
spacers ARESt] AF2oA 208 B¢t F9ot
E=ol7F 1 mm¢Ql stolE=ZAE A Zs3Th o]
s AAT 5, A% 8 mme HA|(biopsy
punch, Miltex, USA)E AHEste] slo|l=E22S
1A%} stath. YAsE AREste] A ofol
22 YR ugtgEg AASIL 2447 Et
B& A7 FH =4S 245k

Az stolErZo] Bg s 2Istr] 9
& W-gH](swelling ratio, Q)& EASIA. o
=5 stelErAel BEA(W)t AxH stolE=
Aol BEA(WHE ol-8ste] thaol A& o]&sto]
Aire 4= UTH15-16].

2.2, slo|l=2Ae| BN BN
S}

P & O et

W — Wy
Wy

Qm = x 100(%)

PEGDA4009] ateko =z 7twwr}l Aoje st
s JAH  B4e  wsARARY
(universal testing machine, UTM, DrTech)E ©]
goto] ottt Y= F= S 91T st
222 A4 8 mm, &°o] 1 mmE FA3}5+A
o, ZkZF PEGDA400°] gHgde 77140 BE
& Fste] S wsAlRA®1e] 27
2 =HAE AgulE 12%, AE &= 0.1
mm/min, 31 H9 1.0 kg& T 285t
15, 17-18].

(o o©_ /A
=" TALL,

Z1AA ZF=(Young's modulus, Ae S28(s
(e HPE(e) H=Z H=H, o= £19]
Aog AL 5 ok o714 A= AlRAl &
o= 7l 7, A= dlo] #For g= |
A, JLE NEA Eolo ¥k, L= 271 &0l

g ool

2.3, E20|E Ol0|ZEZA M=

100 gm oJsk =7]9] miolaz sSlolE=d
15%  (w/vet =227 ZtuARd AR
(Samchun) @ YA o|EE A F Fefo] ulat
BAGel BRI 24 2.5% (w/v)E EFst
o] WeAALt nfo]a R stol=2 AL A 7}

- 647 -



2.4, SlO|=2Z| RHEIY HE £F
afo]a 2] [t 7
TA  instrumentsAHUSA)Q]  3]dq  #oulg
(Discovery HR-2)E °|-&ste] ZAst3iet. wto]
327 sample2 AAFH dA=F w2t 2 mlH A
Z35te] 25 mme] paralled plateE AMgste] =
Aot =E MZE9] linear viscoelastic(LVE)
HOE &elstr] s 25 C oA Oscillation—
strain sweep REE ]85t 0.1 rad/set 100
rad/soll Al strain 1%7Fx] ¢tASH AL Folsty
th HFHor [Hcty AFsS 2AsH] Sl
FHE  mrola=EZ
frequency sweep HE=Z 0.1

Oscillation—
rad/s¥E 100
FRom 25 TolA Z74st

samples

rad/s, strain 1%

o},

(a)

Starch (c)

Qe
Alginate

Drying

ﬁ | ——>

Journal of the Korean Applied Science and Technology

3. 2 1t

3.1, E20|= 0j0|3 2 F0|EE2A BN 2N
2 AFoAE AAc ©EFAIe PEGDA400 7t
WAE AHgSte] spolERAS Sl (Fig.
1@) ol& Adx 4 &E4ste] 100 um F71<] uf
o|lag sto|Erdr A|ZxstthFig. 1(b—c). A
z5 npo]3 2 sto]E2Ao] HET FA|Yo|E
£ 287 7tuA= sty PEGDA400 7t
Aot 24 7tuA9] ol wE ZAH B4
S BA5ATFig. 1(d-D). B dFoME= nio]
a2 stolegdel JtuwAl FFE 0.15, 0.75,
1.5% (w/v2 ZAstg9omFig. 2@), °o15 &
7+ CoM-1, CoM-2, CoM-32 2 wHstqirt,
PEGDA400 7tuAe] Fego] whE slo|=2 24
o] B4& E4517] Hdll 174 8 mm ¥ Fo 1
mm®| I7|2 FA55I9T HeARAEE §
st Z1A1d BAAE EASHTh Figo 3@E
PEGDA400 7Fu A7} =5 Stol=2 A0 ¥
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lGrinding
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g 2 o 4
5 = o /
5 o
K >< e = 4
= 5 @
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Cross-links Strain rate

Coloidal gel forming Chemical cross-links

Fig. 1. The overall scheme of colloidal microgel, (a) Hydrogel was cross linked AAc with
PEGDA400, (b, ¢) Microgel was prepared by milling dried hydrogel, (d, e) Microgel
combined with starch or alginate was swelled to forming colloidal microgel, (f)

Colloidal microgel was analysis mechanical properties.
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OH
(a) HZC/\I(
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n
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Fig. 2. (@) The overall synthetic scheme of colloidal microgel polymer, (b—1) Micro—
milled powder after polymer synthesis, (b—2) Colloidal microgel combined with

starch dispersion, (b—3) colloidal microgel applied to the skin.

Table 1. Component of colloidal microgels

Sampl AAc PEGDA400 Elastic modulus Swelling ratio Size

ampie [W/v%] [W/v%] [kPa] [%] [um]

CoM-1 30 0.15 222 20x103 1005

CoM-2 30 0.75 70.3 8.5%x103 100£5

CoM-3 30 1.5 99.7 6.0x103 1005
E(compressive  strain, %)°l gt 2 stoith stolE2A0] o B4 E(elastic modulus,
(compressive stress, N)= Z4 Zditolt}, Fig. BL WP EC] it S HZ A = Qe
3@elA B HEeE o], Slo|l=2A9) ™, PEGDA400 &= wE sto]E2A 90 54
PEGDA400 &0l 0.15, 0.75, 1.5% (w/vE  BHES Fig 300 TAlstdd. 2 Age o

FHe4% ge-99E 29no) et 5t
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Fig. 3. (a) The stress—strain curve of hydrogel. (b) Elastic modulus and swelling ratio of each
hydrogel.
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Fig. 4. (a) Double logarithmic plot of storage modulus (filled symbol) and loss modulus
(unfilled symbol) against frequency of CoM-2 dispersed in distilled water and
starch dispersion, (b) Semilogarithmic plot of tan delta against frequency of
CoM-2 dispersed in distilled water and starch dispersion, (¢) Semilogarithmic plot
of tan delta ratio against frequency of CoM-2 dispersed in distilled water and
starch dispersion.
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Fig. 5. (a) Double logarithmic

plot of viscosity against frequency of CoM-1,2,3 combined

with starch dispersion, (b) Double logarithmic plot of viscosity against frequency of
CoM-2 combined with starch and alginate dispersion, (¢) Double logarithmic plot of

viscosity against frequency of CoM-2 combined with starch dispersion containing

varied concentrations of alginate,

(d) Double logarithmic plot of storage modulus

(filled symbol) and loss modulus (unfilled symbol) against frequency of CoM-2

combined with alginate and starch dispersion.

ZtnE oAl WstAZIo RN FEo|E nto
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Vol. 36, No. 2 (2019) 7t E7E Aol FRoE wlo]arA] fHsHE B4 B4 9

S s

Fig. 6. (a—1) Amorphous microgel prepared about 100 pm particle size,(a=2) Colloidal
microgel of (a—1) combined withstarch and alginate dispersion,(b—1) Spherical
micorogel prepared about 10 pm particle size,(b—2) Colloidal microgel of (b—1)
dispersed in distilled water(scale bar ; 100 um).

stglem, B84 stwAle £ Fge 1AstY & WA AAcY FFI PEGDA4009] 7t
o Fig. 5(b)= PEGDA400 0.75%=% 7til=s ols) upola2A o] SES rhek o
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g 7o 3le] o]g AAMlelESt HE A 4 WS AW Fig. 6a-DelA Hi it 2
1, 2489 95~105 #m Z7]¢] YEE ZH:=

Hof ZAAZE w ek Ase UEhdh o

witdle] AEge dAYPlER  wASHH  Fig. As 2T 2 Ak olE Wi Al 24
ShyefA BE wkep go] Hrerh fgashs Ho sto] Azt Emol= mpolamAe] 241 Fig,
FA5E, o] 2 CoM-19] Wl m|x]x] o= 6(a-2)°lH HiE A Pol, BE T F2Ito
ot Fig. 5(b)e] Axte] me &g 7152 Fig. =24 7luE 9 HEYA #=E de s
5@ell ZAsH e CoM-2& EAYo|E & £ 5 Sk ERF spol==A) Yif 7159 ¥
RS dols ARl 2Aze dET W2 gl ASAz Hriet A2d AVl S Fx
240 =2 d4e dehdt E9 Fig. 500 £ Al 7KL Qe #Rlskdd. ERolE

R wtoh ol, shobd slumt wAsty B mlolazdel duE FAYol ol B2 dHz

28 ZtnE g AT 2N Hry {KAGE 2= AxE & ASE Fig. 6(b-Doll Z=AlstAt. #
ekt Hro] FRolE mpo]32 AL AXT 4 A, 84 A &AL 22U i) Aol EAHAA
St water in oil(W/O) @ej9] odH oz Azt
2iE A g2 FskHor FIlste] 1o

3.3. E20/|E Olo|32Z2| HESYT 2N |2 242 A|xHr) o]lF, HehE-E ARgste
Fig. 69 (@)%} (b= 72t F20|& ulo]a=2 2 S AAT 7 AZRAA 1Y mrola=
A9 FAFARH Abxlolty, FRo|E upo]Z2A 4 mtefE FHFHoz AxT & Ut Fig
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6(b-DA B 3} o], 73| njolaza
o BAY 99 wHe] 52 PEE malt
Fig. 6(b-2% 739| tfo]2242 HgA7 A

o We F 7P FHE AL oels
o Heh o EANEE 2t A SF 4
919k,

4. 2 B

2 QelAE B ol FUAE Ao
2 PEGDA400S 7MW AR Zlste] stol=24
& AHssict. PEGDA400S] gl wt sjol
cEAY e AuEg FAste] stuEd] of
oo B4S 2L sol=RAe AXT 4
9glon], o|§ @lsl AZAZIT 150 um o
sk wafstel vpolazAg AZskRn. Az
ufol22 A& AAse] BAIsl] Bolt ufo|
2238 Azstgod By JluEg =
79 AR A W AAelEE Fage
w2t B4 s nEEe § sol=r
Aol BYE Rojgnt SAo| BH Stug =
stel Aol FAHL HFF FRoIE vlo]A2A
S ARE & QU BRHoE setA s
IEAE AH8oto] 222 + 3.61 kPaolAl 99.7
+ 11.4 kPaZtA] thefst =g
spolazAg Az & 4 AUT WFAS A
sfel fHSHA AFS BASHAT FA et
B4E ueh AUeA A 24 F 5 A9,
B AToAE R 248 2 Bl o
olaRAL AZT & YAeH, ol

o= Wl U f3KE Axohs SYE, Ak, o
QI U AE U O B4 54 ol
1 4 ol AEoR 389 Ao s,

Ze 2ol

o
s
lo 1
_:)
©
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