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Fig. 1 Optical images of (a) Laponite/DMAC solution (left) and Laponite/PU/DMAC solution containing 0 wt% , 2 wt% , 4

wt% , 10 wt% and 20 wt% Laponite (right) and (b) photographs of transparent composites film of pure PU and Laponite /PU

nanocomposites containing 20 wt% Laponite; (c¢) TEM image of nanocomposites containing 10 wt% Laponite; AFM phase images
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of (d) PU and (e) nanocomposites containing 10 wt% Laponite; (f) Structure of Laponite
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Fig. 2 (a) Structure of hard segments (left) , PU (middle) and Laponite dispersal within the

polyurethane matrix (right) ; (b) Molecular structure of PU unit

5 MAEESHWHRHMIERE

E3(a)lt @ =0 wt% ~20 wi% [958 &k
) TGA e, v iy B i 412K 2 F 2l R AR 1)
O R, Herb, 21 Laponite 7 124 C I #8533
il AR 4 R N 85% . X} T Laponite/TPU & &
B 8L, BT Laponite {5 %64 )2 7268 B, i 5 7 A2 B
1o (R BORE 43 15, T LA E 300 °C B3 iy B Rt B i) 2k
g, 7E 400 °C A A7 B — A~ LB B I A B 2k
HWE, I H A Laponite & 5 A 34 fin iM% K. A< 3¢
PR T B0 5% B I IR BE E YR B4 i R
BE. B 3(b) R4 i A A i I B ATAE 800 °C

IR A B AL, [ 3 (b) i & & K 6 bkt
O3 firt S 1A T 4% S5 o A LA IR AF R R 0. 83,
Ui W] 800 °C 4% Ve £ ] 4% 1) Jo dt JL - 2 AH B 3k i
i Laponite (176 4% & f. — ok Ui, i T+ B A7
B T AE X 2R W I i B AR G 1 BHL R
YER, RB 98 42 i R & W M4 R G i A M. (R AE 8] 3
(b) i, n[ LI BB H Laponite 7 5 (1 35 it , #43
il L AR AN K, BT W A R I, ik R R 2 R S
() Laponite X 2 52 lif &5 Bz 44 70 i 1) BEL B3 1 HH 5%
55. A e iy )5 K2 B T Laponite £ 56 4 2 2 6 B,
V5T A5 R O TROAH 43 A T B X3, T B HE )



946

=) Vi ¥ s i 2013 4¢
SO e HLAR B ) 3 1 0/, DT {8 75 f B 1 A 5
3 i ik E R AG
100F 4
z
—~ L E 3L
9\3 80 = g
& s
60 = 2L
£ 3 ; ——a) 0 wt%
§ —b)2 wt%
S 40F |e) 2wth 1+ —¢) 4 wt%
) d) 4 wt% —d) 10 wt%
o c) 10 wt% —¢) 20 wt%
= 20} b)) 20wt"/(:) oA, —©)20wt% . .
i -100 =50 0 50 100 150 200 250
LRG0 N Temperature (°C)
0 C A 1 1 1 1 1 1 1 f p
100 200 300 400 500 600 700 800 ]
Temperature (°C —a)0wt%
5 ©) —b)2 wt%
. 100 — )4 wt%
—— 0 Degradation temperature —d) 10 Wt%
S o o Residual weight 180 _ — )20 Wt%
= =}
5 E g
8 2501 160 E &3]
= 20
2 o
: Lo 2
2 2001 J Slope = 0.83 0
£ =]
= ]
150 120 = - S
. -100 =50 0 50 100 150 200 250
B 1 1 1 1 1 L 0 Temperature (OC)
0 20 40 60 80 100
@ (Wt%) Fig. 4 DSC curves of the nanocomposites containing 0
wt% , 2 wt% , 4 wt% , 10 wt% and 20 wt% Laponite (A)
Fig. 3 (A) TGA curves of nanocomposites containing 0 wt%

to 20 wt% Laponite and pure Laponite powder; (B) Thermal
degradation temperature and residual weight fraction at 800 °C of
nanocomposites with different contents of Laponite and pure

Laponite powder

& 4 2 Laponite A [A] % & T 49K & & A BHH
P e M THR L. K 4(A) B, 15 CAEA )
MR PTMG [ 3V F2 25 445 il W 4 068 5 B 40 PU
HPASTR] & 5 1Y Laponite/ 28 2 15 &2 & 4 BHFE150 C
IF X5 7 A TR FA I 3 7T BE /& e Laponite %R Bt 1)
MHEAE & T =227 CHF,d =10 wt% Fi1 20
wt% H BE I B0 AR S R THIR I (BT 4(B))
WIS G, HOE(E 5 BB & HE, 3X 1 W] i 0 2
H A B Al Laponite 22 [8] B A B AR 51 /Y. & 4
(B) Bl 25 C 747 i W J2 B Be PTMG 14 44 il
g W H BE @ 1S I oms A R, X2 R
Laponite I35 )2 1E M, BLAR 1 48 F 55 1932 2l , T
P T R B AR
6 SEWRPL L

Laponite/ 5 2 Fig 5 & B BE B9 I 7 1 742 i &
(EI5(A)) 438 3 AW BB 48 XL 58 — A4 X 8§
C 1) sk e A8 X, B R g Bifi 7 A8 264 38 0, i

first heating (B) subsequent heating

SRS PU 45 5 R, 16 B A 5 i R R B o
FE Y 5 IR (LS (B) PRER AL ) X 1Y 2 A B (1]
A EAE HIIE 100 I 24 25 1 1) e 4. 55 — A X
(1) MBI (2% ~50% ) , & KB IE
A5 Tié B R B /N B 1Y B Bl 1 Y 5 B A X
(1) 350% ~800% X, & Hy T 5K Bt i I A8 15 7
45 AN B ) i — 25 ik A & B . Laponite [ N
A BEE T IR AR 0 SR R 5 % T S A
KRR D). MR ay s 19 MPa (@ =0
wt% ) B % 24 MPa (@ =4 wi% ), ¥ T
26% Y4 & YRS ORI SRR B B Y i =
80 MPa (@ =20 wi% ), WiZff K =k 1175%
(@ =0 wi% ) ¥EINZ 1344% (P =20 wi% ) ,$i
fHEREE ) 43 MPa (@ =0 wt% ) Hfil1 & 72 MPa
(@ =20 wi% ). XK KY & & & B,
Laponite 442K Fy B &2 43 8 1024 @ i — 21K,
1 2 7E 0 B Laponite [8] 4 7] GBI BN 45 45 1),
T 45 A BELAS T A48 ik 2 v Rl B R B i RS )
Laponite BY /i A 6] 5 $2 %5 T Laponite/ 3 & Jig
52 B MORE B SR AR B R A R B B X



7H 7K 2 95 4% : Laponite/ 5 Z i 24 K S & ARHE # 5 P REAT 52 947

Laponite {fi o4 J2 76 58 2R BE B, f 5 BE i 5 1
CE TS AN N AR BUE Tl 3|
A BT JE WL UL LTS 1 4 K B A R, TR
452 g F PR A A A 5 R B T Ik I [R] 2

LA : drze
j i 4 .c
601 1 i T
I | /e .
= ./ . I P
£ | i N
S : PAY
40k i .
a i ' v a
5 | @
2 : a) 0 wt%
200 5 - --b)2wt%
! ! -- )4 wt%
| i —-—-d) 10 wt%
0' ! ---=¢)20 wt%
0 200 400 600 800 1000 1200 1400
Strain (%)
=
(=¥
=3
7]

0 2 4 6 8 10 12 14
Strain (%)

Fig. 5 (A) Representative tensile stress-strain curves of
Laponite/PU nanocomposites; ( B) Stress-strain curves for

elastic deformation of nanocomposites

Table 1

Mechanical properties of Laponite/PU nanocomposites

containing 0 wt% to 20 wt% Laponite

Tensile Elongation Elastic
Samples
strength ( MPa) at break (% ) modulus (MPa)

PU 43 £4 1175 £20 19 +1
2% 57 +5 1249 +29 21 +2
4% 63 £3 1334 £ 14 24 +2
10% 73 +4 1344 +28 53 +4
20% 72 +1 1344 +9 89 +9
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Fig. 6 (A) Storage modulus (E’) and (B) tand versus
temperature curves of nanocomposites containing 0 wt% to

20 wt% Laponite
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PREPARATION AND PROPERTIES OF LAPONITE/POLYURETHANE
NANOCOMPOSITES

An-su Zhang'?> | Dong Wang’, Xiao-li Yang’, Jun-jie Wu®, Cai-zhen Zhu®,
Shu-guang Yang', Jing-hong Ma', Jian Xu'?
(' State Key Laboratory for Modification of Chemical Fibers and Polymer Materials, College of Material Science and Engineering ,
Donghua University, Shanghai 201620 )
(* Beijing National Laboratory for Molecular Science , Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190)

Abstract  Laponite/polyurethane nanocomposites were successfully prepared by following two steps: (1)
solvent-exchange approach to efficiently exfoliate Laponite into N, N-dimethyl acetamide ( DMAC) solvent;
(2) under ultrasound insert Laponite into polyurethane macromolecules. The structure and properties of the
resulting nanocomposites were characterized by transmission electron microscopy ( TEM ), atomic force
microscopy ( AFM ), thermogravimeric analysis ( TGA ), differential scanning calorimetry ( DSC ),
thermodynamic mechanical analysis (DMA) and tensile testing. The results of TEM and AFM indicated that
the most of Laponite was fully exfoliated into individual layers and uniformly dispersed in the polyurethane
matrix. The Laponite platelets preferentially reinforce the hard segments or micro-domains of polyurethane
because of the similar characteristic dimensions of Laponite and hard micro-domains and the hydrogen bond
interaction ,which was also further confirmed by DMA and DSC. The tensile testing results showed that the
incorporation of Laponite into PU gave rise to significant improvements in mechanical properties, including
tensile modulus, tensile strength and ultimate elongation. The hierarchical order induced by the addition of
discotic Laponite platelets creates a percolated network that significantly improves the stiffness and toughness of
the nanocomposites without reducing their extensibility.

Keywords Polyurethane, Laponite, Nanocomposites, Solvent-exchange approach, Ultrasound



