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SEVK B 5 T 3 TRAT o AA 45 4 1M
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.
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2R — S 5UR R (TDI-80 ) , H A TCI 23 w] 7= it ; 2R
ik 22 L, N210, 43 14 1000, 1l 75 4k T #F 58 fir 7=
ms A S T (AIBN) (AR = T8 =
FEHIEEN S (TMP) | b3 BT T 24 7] 77 .
1.2 LDH §BEH K%

¥ LDH A % & o it 46 R 1) S Ak B Eh K i
Wb R R 5 0 BE 43 002 3.3 mmol/L T 1
mol/L, F i N EHEBEHE 12 h. 7 S 45 05, il 08
It A B K5 TJEK Bk ,60 C B AT
fR 2 fE 5 3 2 H] O & B 7 LDH (ARid 2 Cl-
LDH). ffiJ5 ,# CI-LDH il A & NaDDS {1 7K ¥ i
N, fRIRAE 80 CHiHE 24 h. TR N A5,
g IF T i R B K 5 K S EER 60 °C FL
TR EMEE SRR T R AR
LDH (i DDS-LDH) , H:#1 DDS 4 k1 37 wi% .
1.3 E{r& /s PU/PMMA/LDH ¥ E &K%

TEREA BEFEAR IR T 0 = OO e A
N210, T 110 ~ 130 °C E.%5 (0. 095 MPa) ii7K 2 h,
MW 2 50 °C, Ff i A dt4E TDI(n(TDI)/n(N210)
=2),ZM8THRZE (80 + 5) C, 2 h J5,7E 85
~90°C T E 2 i<, il 5-NCO %I PU i Z A ( pre-
PU).

£ 100 mL = [ b Jim A€ /9 DDS-LDH 5
MMA , #7520 min J5 i A 0.1 g AIBN. N, i
TAE 60 CHgHE B 1.5 h J5 , A pre-PU 5 TMP
(HH pre-PU/MMA i £ H 2l 70/30) ,60 °C F 4
RN 1.5 he Z S5 1) S A & o 1 A
R — T4 IR A BIBLE . FOR[F S50 T At
N EFTE 4L 60 °CF 20 h,80 °C F 3 h,100 C
F 5 h. DDS-LDH #J il A & 4> % % PU/PMMA &
EREB 0.3 wt% ,0.5 wt% ,1 wt% 5 3 wt% ,{K
% id 4 PU/PMMA-0.3, PU/PMMA-0.5, PU/
PMMA-1 il PU/PMMA-3.
1.4 Jik5RAE

LAy ¥ % FH Perkin-Elmer SP-1 % FTIR St
WAL (3£ B, KBr & R, 49 4 i [l 500 ~ 4000
em ) S IE SR WSS R JEM-1230 %135 5t Hy 7 52 1%
G HAFEMAERRBWY R ) 45 RIEE R
Rigaku D/max-1IT1 B % X £k fi7 1L ( H A&, Cu
Ko 25,1 =0. 154 nm,40 kV/30 mA,20 =0.5°
~50°) ;B J15 AT R R A TA Q800 Al )35 J)
AT (S AL, N AE 0. 2% , FHil 3R 3
K/min) s AR -F 8 47 g >k H] Pyris-6 AU #4873 H7
ACCH A, FHR A 20 K/min, 25 550400 5 4 f il

#1470 °% H Novocontrol T 451 41 HL % 4% (7 [ , ]
AR 0. 1~ 10 MHz, Jl 36 1 - 50 ~ 150 C, 10
K/min) .
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HEM SR/ 5H

B 1451 T LDH A AL ET IS 1) 20405 .
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[ CO,° ™ [ 4% 4iF WL Y ; T DDS o P J5 , 2840
em 1 2920 em "4 H BT B W g, X R T b
B C—H MgE 4R ). Re, 78 1224 cm ™' b Hy 3R
TSR ST SRy B R R AR A i S DL S5 IR R
B, 2 MLt s LDH 2/ CO,° ™ B T4 e
¥ ¥ % DDS. & 2 % LDH Ml DDS-LDH [
WXRD %K. 1 (003) A[ 1% LDH Z[E#E K 0. 75
nm. 55 —J5 i, A AL PE R, (003) 737 5 14 B8 ) IK
FINE 20 =3.3°4b, X R R BE R 2. 67 nm, 3 ]
DDS E.4fi &£ LDH JZa] ",
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Fig. 1 FTIR spectra of pristine LDH and DDS-LDH
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Fig. 2 WAXD patterns of PU/PMMA, PU/LDH and PU/
PMMA/LDH composites
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H WXRD & fE it i 8 & 15 £] PU/PMMA/
LDH R & Wik LDH (2545 (DLIE 2) . /] LA
th, R im MMA ) PU/LDH & & & & (LDH &% >
0.5 wt% ,LDH 2t DMF %5588 /5 b 35 A L 78
(20) 2k 3. 3° 407575 5 B 4 14 (003 ) i T AT 4 06
11738 2 MMA JE A7 73R 54 )=, ¢ = 0.3 wi% ,0.5
wt% I, 5 G R & Y (003) b T A7 5 0 9 2%, LDH
HEREEETEEEFERE. Jo=1wi%
Af, (003 ) fiT 5 i 5 37 H B 5 24 o 38 % 3 wit% K,
RN W] . A AT A A (260) DA 3. 3978
AR 3. 104L  AH R 09 JZ2 ] BE S KR 2. 85 nm. X 3R
R G THREH AT LDH 2, B A1k &R
t Y LDH DLA 2 454 R 3. 26 = 20° i VR 3T S
U 157 Al AR A Y PU AT

K 3 45t T H TEM Wi%¢ LDH 7 PU/PMMA/

LDH B 5K R BAE WK T BOLE. 7T ULE
F, KM A MMA ) PU/LDH & &1k RZ (K 3
(a), 3(b)),#4 LDH PI/NKE FIE R AELE, R~F
/NF 50 nm (R[] B A A7 7R K R LDH [ 544, 43
BORSE R F 100 nm 35 B B 2R A R REf# LDH
VA A K 1) 3% 8 43 0. a2 MMA J50 A7 70 3R 45 4l
2775 ,LDH 3 BOR B A 2 23 (B 3 (ce) ). Y
1) 0.3 wt% Fi1 0.5 wt% I}, LDH 7£ PU/PMMA
B P R R ECRES, R ZEE R 2 ~5 nm
(F3(d), 3(e)) ;8 o 1 wi% Fl 3 wt% i, />
it LDH SR BS54, Ko 246 2 RERE (K
3(f),3(g)). 45& WAXD Fl TEM 255 nl A1, fi%
ST, LDH 7582 A R & rf 22k ) 5 R 4%
g 5 o o A A ) 32 B 4 2 R A5 4

Fig. 3 TEM micrograghs of (a) PU-0.5, (b) PUL0.5, (¢) PU/PMMA-0.5, (d) PU/PMMA-0.5, (e) PU/PMMA0.3, (f) PU/

PMMA-1 and (g) PU/PMMA-3
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Kl 4 (a) %5 th T PU/PMMA J PU/PMMA/
LDH 9k 2 SR R 1 TCA Hth£k. & 1 5 T #)
ff ke i (T, ) R R (T,,) F153
il A R BT (T, ) - B4 () X TGA il
LIEAT T IR A B DTG i £k, m] LLA Y, JLF
PU/PMMA/LDH Y 4fi PU/PMMA (% T, JL T —
B M =0.3 w% i, EEKRER TCA k5
4 PU/PMMA JC W & 22 5 ;1 55 PU/PMMA A Lt
BL,DTG £ rp HoR B 3 R 5 PU/PMMA A 1L
AR, X W F 295K LDH [0 A X %E 28 44 8 14

U el o 1A - o7 NS T A (E T Ao 2 o UV
PMMA )7 ff % X 5 /)2 LDH 5| A¥Em 1
O, Y BUEERKEAX. Yo = 0.5 wt% i, H
BT P R G T, 50 5 200 300 C
374 °C,HBAE T, ~ 300 C {40 %5 LDH £
T AH B AE B 555 19 PMMA (9 4 fif. X4 ¢ = 0.5
wi% B, B AR ARMN T, T, HE B 5K, T,
3L AR 1Y 324 °C TH 5 & 375 °C. 4Kk LDH X84
Yy BRI Ve A R . — 242 8 LDH A9 )2 8] 3R
B0y TRk 2 BRAE T, B2 BHL R A R s A
LDH R /) 1% & —OH 5 PU fii & {& b i) —NCO
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Fig. 4 Curves of TGA (a) and DTG (b) for PU/PMMA and PU/PMMA/LDH composites
Table 1 Summary of TGA data of PU/PMMA and PU/PMMA/LDH composites

Samples PU/PMMA PU/PMMA-0. 3 PU/PMMA-0. 5 PU/PMMA-1 PU/PMMA-3
T et (C) 234.5 234.5 232.6 234.5 234.5
T (C) 366. 0 366. 1 425.2 406. 3 406. 5
T, (C) 323.4 324.5 375.2 373.6 374.1

2.3 EEEKRNIETNFETA

K5 44 T PU/PMMA/LDH il PU/PMMA
() DMA fifi £&. PU 3 Bt 05 B2 Rl PMMA (%5 2 5
Bar i 19.0,20.4 #118.6 (J/em®)"? 320 PU
O B 2z ) R B 5 PMMA ] A 25 1 45 4, B
KBS PMMA ] 119 AH 258 P B 4. 3 R 31 7
DMA i1 £k i, BIAE 10 °C B 3 52 B0 B — 450 6 0%
(tand). i 7 2% R 7 & R PVC/gh K
LDH & & & R By & 8L, 41>k LDH 1) A X} PVC
O3 FHENE S 0 B2 AN B3 tand W Bz H X
(G AR R BE (T, ) BEAS AH . 1 LDH & & A [7] Xf
PU/PMMA/LDH & 41K Z [ tand W& {1 5% 0 45 .
Bl6 BT o X T, Ml KIFERH T (1ans,,,) 5%
m. AT AEH,YS o 0.3 wt% f10.5 wt% i, 5
PU/PMMA {K & LL#, 9Kk 2 G 1K R Y tans,, (H
By, M T ARA TR AN, X AT g 2 W
TR B, KA oAb T 3 B S 0BG kg iy
A48k LDH , 78 /NiR i B 45 FH R, 2 8] A0 X iz
B A i B LA I PU 43 55 7 BRI 551 22 [ 1)
FEIHAE T Z 9 HLIRE , (N AR I, tans,, (H

K. 340, R A LDH R K& RS 5 PU
TSR A i —NCO JE ik 2= ek 5 5 PU i BeIP
I 2 B R AR A R B b, 3 PU
THORE A B R BE G R, BB T, R R 2 o i — 20
AR, 9K LDH 4R )2 45 M 08 2 1 2 AL 7 )2 451
XF JE W o - 1 BRI A R REAR T K0 7 BE Y TR
e, Bl tans,, T FE LT, W 1) 5 i RS B 7R TR
B b, tand 3 H VR S DAL R G W BLE M RE Y
FAEZEC(BHJE K ) . B JE K 7Bk, BHJE et 4k
AT, B4R BELJE 1 RE B 1. DMA J3 B &5 SR R 0
Lo & R B AR LDH A4 B T 48wy B 4 1 BHJE 7
AE , 4 2 R AR P BUL G IR R B2 PERE T K.
2.4 EGKANNBERMITAH

PTARER, SO B3 (DRS) $)Z J T3RAE
W R AWM BTN RAWR A R
B, A RE R (an) SAPR (o) B H LR
u] DL H] HavriliakNegami (HN) SRR,

as (0 <a,ab <1)
(1 +(iTHNw)u)b

emn(w) =

(D)
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Fig. 5 Loss factor of PU/PMMA and PU/PMMA/LDH

composites as a function of temperature
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Fig. 6 Dependence of tans,,, and T on the content of LDH
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ow = [21T1THN] [sin('zTZb/?2++22b))] (2)

B 7 25 1 T SRR A5 9 PU/ZPMMA Al
PU/PMMA/LDH 49K & & & & J: L Ak )5 1)
NHEBFE(e ") SRENLR B8 /T o ihig
WEE(T,) Al RAHBAFE (e ") 5 o ZIIE
.5 DMA 5 0URTE, E 5K R T, B o 93
Jmi RS 1 = iR 5 DMA K TH], DRS it Jin— 52 59 %
(37, BT B A i i 5 R AW KT 1)
WA 56, Horb e "5 HL 5% Al B R L 3 A
FAHK. fE PU/PMMA A H i, o 745y PU
BB B A R N B B 0. DR A M R AT R A
T B, W B L, B B 5L AT B A G A F R
7. PR, LDH % o 6 7258 3 B 19 5% Wi B 22 Ml A4 B
TEREEL . b4, LDH R FZH S PU BB~ A4
%) SRR (R B ) A A FH 3858, o AR 1) 0
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Fig. 7 Dielectric temperature spectra for PU/PMMA and
PU/PMMA/LDH composites at 10* Hz
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Fig. 8 Dependence of T, and &), . detected by DRS on the
content of LDH
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LDH & R R & W3R 12 3 22 R, 5 58 5 T+
R I 7 A B A RO A T A D, A H il TR A AR
ARG A () F(2) 15 80 o P /£, 5 i
JERCR A 9. RE W B AL A8 1Y f,,, 0 I
B AK #8 PE 7T B Vogel-Fulcher-Tamman ( VFT ) J5
A

fuw = Sooxe( ) (3)

Horb fo 48 ETE 7, B MG S8, 2 i B B
ith P e ) B A G — A S8, T, R B B
AL, T o B AR W I IRL. W] DU
o AW f,. S E R R VET Jr . H
VET J5 FE LA 38 T A5 5 o B 28 AH I 19 38006 S 40 B
5o MCFR K 10 iR, B ¢ BN, B (5%



9 3

R PURZ IR G B S AW v PU/ZPMMA () o8 % H st B A5 A 1217
7
v PU/PMMA
6L A PU/PMMA-0.3 3300 -
o PU/PMMA-0.5 %
51 <& PU/PMMA-1 i
o PU/PMMA-3 3000
~ 47
% 2700
< 3 < 5
) x 2400 -
= sl
1k 2100
o1
0r 1800 | :/
-1 L L L 1 1 1 L L L L
2.6 2.8 3.0 32 34 3.6 3.8 0 1 2 3
1000/7 (K™ @ (W%)
Fig. 9 The frequency maxima of the a processes with VFT Fig. 10 Dependence of B obtained by fitting VFT equation
fits (solid lines are VFT fitting lines) on the content of LDH
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PREPARATION AND RELAXATION BEHAVIOR OF LAYERED DOUBLE
HYDROXIDE MODIFIED PU/PMMA NANOCOMPOSITES

Wen-wen Yu', Hua-kang Fu', De-zhi Zhang’, Miao Du'’, Qiang Zheng'"
(" Department of Polymer Science and Engineering , Zhejiang University ,
* Key Laboratory of Macromolecular Synthesis and Functionalization, Ministry of Education, Hangzhou 310027)
(* No. 715 Research Institute of China Shipbuilding Industry Corporation, Hangzhou 310012)

Abstract Polyurethane/poly ( methyl methacrylate) /layered double hydroxide ( PU/PMMA/LDH )
nanocomposites were prepared by means of in situ polymerization with different amounts of the organo-modified
LDH. The structure and morphology of nanoparticles were characterized through wide-angle X-ray diffraction
(WXRD) and transmission electron microscopy ( TEM). The effect of the content of LDH (¢) on the thermal
stability and relaxation behavior for PU/PMMA/LDH composites were investigated by using thermogravimetry
analysis ( TGA ), dynamic mechanical analysis ( DMA ) and broadband dielectric relaxation spectroscopy
(BDRS). The results of TGA testing indicated that excellent thermal stability properties of PU/PMMA/LDH
nanocomposites could be achieved when the LDH loading (@) was 0.5 wt% . An exfoliated dispersion of LDH
layers in PU/PMMA matrix was varified through the WXRD and TEM observations when ¢ was less than 1.0
wt% . Based on the DMA results, it can be found that the maximum of loss factor (tand,, ) of PU/PMMA/LDH
nanocomposites increased and the glass temperature (T,) decreased with the increase of ¢. However, when ¢
was larger than 1. 0 wt% , intercalated LDH layers reduced molecular mobility of polymer matrix and resulted

in lower tang,, value and higher T, than those of pure polymer. Moreover, it has been found by means of BDRS

testing that all of « relaxation processes for nanocomposites shift to higher temperatures and the relaxation
parameter increases with the increase of the LDH loading due to the formation of hydrogen bonding between the
surface of LDH and the hard segment of polyurethane.

Keywords  Polyurethane, Poly(methyl methacrylate ), Nano-layered double hydroxide, Morphology,

Relaxation



