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A OE ORMEAMCAmERS WG TR N, N- IR (PDMAA) /% 1+ (clay) 91K & 4 /K BEIEE (D-NC
gel) , Bh LAE IR REH P IS 2 H REMIZZ B AR AL B8 T D-NC gel i R R 22 #e o B i, B e 45 14
oS M, VR AR 1, L B LB P BE B 72 Ak . D-NC gel 75 B2 5 b 75 BE DR 4557 58 4 09 = 41 ) 4% 5 4, (A R 00 AT TU A
T L, D-NC gel 78 Bt i ) b 22 5 R AR T B3 0 500 b 28 1) 9 300 52 46 A0 IR AT . 7 R o 5 IR ¥ K 32 5 0 B 0
B R IE R R I R LT R LT R v R B R B S WA I i B4 R R T TR AT O il e A e
R e R TR D7 1 A HA 0 S LR RE I B R 90K G BERZ. 55 D-NCS gel A1 [t , D-NC5 HI Bk
JEHCA Sy 27 SR AR R T 67% (M 155 kPa SN %] 259 kPa) i BIER F T 49% (M 7.5 kPa S m %] 11.2
kPa) . J T 5 J5 7 I /K ¥ 51 o 285 0 W 5 R e B Al b PR T B R X D-NC oK B i et L.

REIR AOKEAKEER, B, BEER, BTN, PUMPRERE, Z5h T

GRS A3 K BERE (NC gel) & il A HL (R 4
W)/ LR ) ) = 4 28 0K & R e
Y Haraguchi'' 42 1. NC gel '™ H A7 55 38 JE (1)
BB RE LA KA 57 (9 0 2 9 /a8 % ik P
P il T A Gl SR K BRI (OR gel) BT A5 14 ikt
Bii. NC gel 18 1 78 73 %1 25 B 4% ) 70 85U 3 10K
Gy WO T, GE T R N, N-ZFJ T B
(DMAA) 5 N, N-53 A 2 9 45 It ik (NIPA) (1 FH i
HE A G A, Bl A PR B 25 RE T AL
WA IVER. B 1 O NC gel 19 =4 X 25 25 ¥ 78 B
Bl A o 7o R S R (BN R
) 5N R (30 nm B AR, 1 nm J&
JE ) AREAE T B2 HR B = 4 R 2% S5 T
WA RR Y 2548, NC gel b R B — R 505 4 109
BRERVET AR S R KR 106 2 i 4
B IR BER R AV Bh BE AR AT T A 2K i
BRAKPE R BA T o A AR AT T T
Ve R R G L R R TR T R 4 A 1Y
LB R NC gel i 3 3 10 5 (19 40
BEFevEde T LA S G T R AT A s A Y

FIRAE S ERE" . BRI (1 A% 22 ) B0 A4 1T L3 et
US4 A L Y R A e ED
AR R Bk AR AR R A A DL KA I Ak
IR R S LY S R R PR R T & (2P
B AT N IR AR DA BT K NC gel e HLE
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Fig. 1 Schematic representation of the structural model of
organic/inorganic networks in an NC gel (only a small

number of polymer chains are shown for simplicity. )

# 2012-02-16 Y fi ,2012-04-05 2 fis H A SCHE R 2 A B (B2 5 23350117 ) P EEX AAM FHERNNTFFEE(EET

50925312) ¥R H .
s 3l THIK & A, E-mail ; zhumf@ dhu. edu. ¢n; hara@ kicr. or. jp
doi;10.3724/SP. J. 1105.2012. 12035



690 ¥

4'%‘

?

Ea i 2012 4

RAINEAGBNEERL ; — & NC gel 7e47 ML H A
Fil s PEG /KRG 7T ™ R R 72 5 LAk

ARG T & R HLEER R X NC gel £2 8
P, 15 I 8 LA S ATLBRME RE 1Y 52 Wl 3 o Pt 7 52
e, K NC gel B &5 Hg F1 o ml DLAG 2 ik, 9)
AT T BRI NC gel B2 PEHLEE.
1 RWEHRSHF

N, N- W EE N 0 BE e ( B A X AR &
) L T P S A B AL TS AR A e ],
AR (KPS) , f2i# (N, N, N', N'-Py HI 5
LM, TEMED) , A HLAZHH (N, N-3E B3N
MWL, BIS) , LA KA BERIE R R4, B, 2B,
LN s, 1-T B HAR FDG 2l 25 pRaC 24, R
gaife, M. &1, & B 2 A Laponite
XLG (Rockwood, Ltd., UK, [ Mg, ., Li, ¢ SizO,,-
(OH), INa, , 54 30 nm; JEFE 1 nm, [HE 32
WA (CEC), 104 mequiv/100g) & ¥ T8 )5
Al fdt 1. B 2l K i ) %>R L H A4S Organo #r X2
B Puric-Mx system , ffi FHHRTHE &< 3 h L) L.
2 BE®EZE5NCKERMEERKNEGHKS
&

ffi[] NCn gel 33 clay ¥ JE & n mol% (#H
BF 0.76 x n wi% FEF [ Mg, 4, Lij o Sig0,-
(OH), I Nay o 05 F58) 9 NC gel. 45 1025 B 55
722 Rl SCHR A0 38 A5 AR 2R 2, 1K
(28.5 mL), Laponite XLG (1. 14 g), DMAA
(2.97 g) W3y — i IR & ¥ Wb, 7E 5 1 01 Lok
R ARYOM AAZ BEF (TEMED, 24 L) f5l %k
#k %W (KPS, 30 mg/1.5 mL H,0). BfiJ5 2 i
VIR B E R RN AR 5.5 mm, K 300 mm Ay 4R
e B b BT 20°C K Al b RO 24 h. B A
J5 L T 6 R S 3o AR, SR AR BR AR S

NC Py 5 58 i 2 h NC K BE i Se e K i H
PRI (500 mL) %K 24 h, 728 B 6 h N, 4
/NI AR 18 hy 20 h B 480 1 A B I 5 DA AR IE
Ji i 7K R 5 4 B 4 ROk SRR AE 25°C E
LERITAEA0 LA NV B R - R V=R R IR R 9l DN
AV B B A B BE R fE R AR Z AT, B AR5 5 Bl
W, 01 5 DA ) BB A8 rh i IR AT 48 h
3 BHKE(DS)WilE

DSty W, (1) /W, 3R, Ho W, (1) BiEk
IRFIB] ¢ B &8 KA o R W, VR IR R 58 4 T
J B R T AE 20°C 00 BR K BEIE (B0 4R RS A
30 mm KJF x 5.5 mm H&A)® T &Y 500 mL

H AR, PR R K HE 100 he 501 7E &) 6 h, &
AN RS 1R B S B 24 h SR 1 IR, BRI PR E
H, 3R T 500 PR AR A 44K o 1 DR B i T o
Y BAEGEDEE T 3 IEK L.
4 HmMEEEMRIE

P Ao B2 I X >k ) H 4% Shimadzu Autograph
AGS-H A7 M AT B RS2 5.5
mm F A x 50 mm KB ;R B A PR ES 30 mm ;e Sk
RN 100 mm - min 'L R %R ) 4R 8 AL
AR EE (TS) FIHE (). BrE & i 100%
~200% $v i A2 (8] 35 0 (4 1z g A
5 #R5itie

& 2 B o D-NC5 7K &E 57 B 70 b i
AT R N R LLE H NC K 5 A B 2 % 7
BT e A PSS (1) D-NC5 /KB i Ho i
i B A KR R P 700 e S R S T o ) T 9 3
K470, 100 h &E 5 AE 7K A R B v s K R oy
W 67 #1126 (K 2(a)). tnlEl 2(a) (1) H
(i) s e A o AR b, B 2 AR & 19 3B
B JF B R T BE R A AE IR 4549 . D-NCS B i 78
K r e R B L AR Y R R OR AR 2. XA REJE
T2 L ICETE B rh 58 00 R B 808 G W o+ i
TeIEAEH EEh FE A R A 21l (2) aniEl 2(b) fr
71N, D-NC5 7K 5 5 7 At st v 5] 4 & W 1 - 74 it 1
L-TBErb A0 52 30 AN 8] (0 3 kAT R Bl an e 1-9
B RS B U dE  FE 2.5 h ZE A R B — A R ik
VI BE SR 5 B it O o P I, B R G 0. X TT fig
S T 7K ] S Y R R T e ) el R RS PN
RO B 78 R TU /NG | BE A 20 kP
5. [RFRE AT S A BT B B LA Ah i L T R
wAI . B 2 (b) o T LA, BE R ) B AR K
B, B IR B AR M B 9 1 1) 43 531 I 2 s 74 Bk it -
H5A 1 T ) e VR RN A K A X B (B A5 5 R Y
B, TR GV IR L R (IR B B B IS 2 A
Fb A5 (4 AT 4, T 2 32 A8 W 4 R T SRy U 1 S A
g pe . B B TS B e P K 38 B0 K P A
TR AR AR BE T ) DB 554, 1 BRIk &2 21 B ) 1 AR
DO [0 A R L ART 285 ey, 6 JE ' 2 375 W P o 2 i
(F2Ca) i C(Iv) F(v)) . A F A2, BEIEAE
P, AR 2 B e W R i TRAT Oy, BE I B
BV R Rt He B ok (11 2 Ca) 8 I8 (i) AT (v ) ),
EIEAS bR 7 LRI B AT R L AT 25 4. Of Bl
R EERCAE 1-P BE A 1T Pt v i S A 75 i G
I T R T 00 s i i RE A R I A X S
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Fig. 2 Swelling ratio (W, (¢)/W,) of NC5 gels in
alcoholic solvents as a function of time (a) 0 ~200 h and

(b) 0~50h

D-NC gel TEBEH ] P& R4 1 58 B 1 = 4 45
g, AT BUARE . 8 ) S A R R £ TP TS SR AR KL
D) i TB31 A A LA 45 4 DR ot 6 AT T ok S 7 E B P
A 24 b R BN R TR B as-
prepared gel (F] 1A BEIE ) 19 R R &, 15 U il 4%
TV Sk H R B 2 B D-NC OB R B . & 3
J& D-NC5 15375 500 BE G 19 7 2 S A 1 B8 75 2 14D 4
K3 h £k (il ) i zs, £ 7K v 285 [R) R 9 Gl 7 K/
W ot FE AL B BERE, 7R T 5 as-prepared gel
[F) A5 0 L A P BE . IE B B i/ WA 4 o R 0RO 25 &
B A A RE A fk. {H 2 5 as-prepared gel
FH LG, S R et g B (181 3 Mk (i) ) MO
(B3 Mz Civ) ) I, BEKE Y )5 P BE R iR 52 5 .
e P BERE ) 2R R T 67% (M 155 kPa
HEE] 259 kPa) , Sy BTN T 49% (7.5

kPa HEHNF] 11.2 kPa). 16 £ g, BE T 27 5 B
LB T 58% (M 155 kPa HEJN%| 245 kPa), F12%
MEEEIRN T 258% (M 7.5 kPa #8Ji %] 26. 9
kPa) . FATTHI 4 T F1 2 1k B8 A0 AR S5 0% 1 1) 5
JB2 . 8 S 1) 7 2 M e B B AR I I R R 2
(BB D00 . 8 JE T 2 ik B2 R 7 24 A5 i, B 128 711
e JEL 250 ) 348 o T A O ek R R Ry B
VR R RO N RIS R AW/ B R R A A5
FRVEBOR 22 KA LG, R G W TN BE
FEBVA ) b 7843 1 AL, 78 B IR 32 B A AR,
FEI T = 0 ) A o AR AL HLACME RE R 0. 3R
ATFH0I ) 25 485 T AR B D-NC TN B0 T B e I8 1
R d s B R 1 R
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Fig. 3 Tensile mechanical properties of NC5 gels with
alcoholic solvents
The gels are obtained by first inducing swelling in the

target solvent and then carrying out drying.
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(il ) ) /9 g 24 B 8 R 7 A 5 3 L7 Pk &2 31 as-
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Fig. 4  Tensile mechanical properties of NC5 gels with _TLMX é,ﬂ:f 1:/[:] k @%Eﬁfﬁ EF] @? ;F. ﬁﬁ» %ﬁ ;H‘:ﬁ —E} El,‘] J\Iﬁ'i' 142'5

solvent water and methanol exchanged alternatively
The gels are obtained by first inducing swelling in the target

solvent and then carrying out drying.
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MODIFICATION AND CHARACTERIZATION OF POLYMER/CLAY
NANOCOMPOSITE HYDROGELS BY EXCHANGING
WATER WITH ALCOHOLIC SOLVENTS

Huai-yin Ren'?, Mei-fang Zhu', Kazutoshi Haraguchi’

(' State Key Laboratory for Modification of Chemical Fibers and Polymer Materials, College of Material Science and Engineering ,
Donghua University, Shanghai 201620)
(* Material Chemistry Laboratory, Kawamura Institute of Chemical Research, 631 Sakado, Sakura, Chiba 285-0078, Japan)

Abstract The effects of replacing water solvent of nanocomposite gels with alcoholic solvents are investigated
on structure stability,swelling and mechanical properties of nanocomposite hydrogels ( D-NC hydrogel). D-NC
gels was prepared by in situ free radical polymerization of monomer ( N, N-dimethylacrylamide) in the presence
of exfoliated clay. Clay acts as the multifunctional plane crosslinking agent. NC hydrogels maintained the three-
dimensional structure without collapsing after exchanging solvents with alcoholic solvents. It was found that NC
gels that originally containing water exhibit different exchange and swelling behaviors depending on the type of
alcohol in which the gels are immersed. In methanol , the swelling ratio of a D-NC gel increases monotonously as
in the case of water. However, D-NC gels first shrink and then swell during immersing in other alcohols such as
ethanol , propanol and butanol. Furthermore , D-NC alcoholic solvent gels with ultrahigh mechanical properties
are obtained by solvent exchanging process of first swelling in a target solvent and then drying. For example,
compared to those of D-NC5 hydrogels, the tensile strength of D-NC5 methanol gel increases by 67% ( from
155 kPa to 259 kPa) and modulus increases by 49% (from 7.5 kPa to 11.2 kPa). Based on the reversibility
of the structure during the solvent water/methanol alternative exchanging, the modification mechanism was
discussed primarily.

Keywords Nanocomposite hydrogel, Clay, Alcoholic solvent, Swelling, Mechanical property, Network

reversibility



