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R Ao T AR A7 2 2 R 0L S 4 Ak 9y (LDH) 507 536 - 7 B 5 8% (RAFT) 3058 S, 873 (o, @'-—

H 2 -o"- TR ) ZHAUBK IR TR (CTA) BIES 71 25 7 22 e il £ CTA B 74 )2 LDH, #il i J5ifii RAFT &4 A
Hy 5 3 A 1 45 L 20 - DR S BR PR B ( VDC-MA ) SR 3R W)/ LDH 45Kk & A ARk SR JH (8 B i 28 e 21 Ah ki oo %
SRR XS AT A A S T BT (BERGS B R AU AR AU RAE T CTA B8 T4fi 2 LDH Mgk 2 4
FEBHR S5 R A PERE. Z5 R, CTA B8 7 7] LI 45 i B2 AR 99 2 74 A 2 LDH JZ [, LDH JZ [l BE i 0. 89 nm
BORF) 150 nm; 7E R RAFT R4 1 foh , LDH Z#i & , LDH LGSR 2 BUE 070 HfE VDC-MA 2k 54 JE 44
H; VDC-MA LY B2 20 7 B BE I A B HE 2 CTA B 7 & i /b, 3 BoA I MEARAE. Mo, & &

LDH 75| AT B 2 $2 % VDC-MA k34 i P A2 58 1

KR ALK, RIRE R A A, FORE SR, AR - W R R R A R A

D 5 &0 (VDC) b EHAR G M R &Y
LA S5 00 FEL B PE R L 2 PR 13 5 250 R
AR Tl R R SRR AL R A
il VDC R & W1, B T 17 7F 1) B AR 55 5% B 55 L
17, 5 B B A W BE PR B 45 B R, VDC B
sy RAEE A HERS
Tk A EBREL VDC REWHEh AT 25 &
P IR

EWR W 4 B A A k¥ (layered double
LDH ) & 45 # =X X
[M* M (OH),]"" (A"7),, - mH,0O(M*" M**
FR2 M3 M AEIRE TLA N n
T 5 A AR A B T 2R TR L a8 K
BT LDH B MR I 1 R A
AL S X AR AR B AR E Y,
[G] B L2 B 243 B LDH L fig$2 5 VDC B4
W BEL RGP F T LDH 2 A 8] 9 & H 7
)2 M) R R R B D i SR FH A VAR )2 NG
12 77 2 4 R A ¥ /LDH 90Kk &5 & bk iz 18
GO ZRMEAE R B AT ER GRS Y/
LDH 4k & 48R

hydroxides,

RAWNEAMEBRERE T RS S REY/
Sk A MR R R RGE R £ i
KAWEEAMEHEZREHGEREAZHEREY/
LDH 44 K & & #1059 0F 55 fif UL AR . AR IR 2 R
% AR A S S T W& 2R A Y/ LDH
WKkE AR, LDH BE RS YR AE D SR
I ARGt LDH W46 2 4E A 81 2, LDH )2
BB B Rk, A SCR A RAFT %51 S, 8-
X (a,a-— F F-o"-2 18 ) = & Ak IR BE B &+
)2 LDH, FRAE 51 & FI/E R, 40058 o S A7 3% 7
F R ST 2 R A A 2 o B A vDC JER Y/
LDH 44k & & 41 kL, 3 % e ¥ LDH #1494 k% 2 &
A RE 0 235 40 R BE E AT R AE.

1 SLWEH
1.1 SREEH

P58 £ (VDC) (N J 2 Y I (MA) |, {d Fi] i
WO 75 1 OKS il ; NaOH | Mg ( NO,), - 6H,0,

AI(NO,), - 9H,0 ¥k Eh i 3 Jy b 2= 4l i 7. A
TR T (AIBN) | SR A v Bk A 4 B 4l
WH. RAFT %] S,S"-% (o, a'-— H H-a"- 2. 1)
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=B AR R TR (CTA ) AR5 SCHR [ 19 ] 4%
1.2 TmHEEIRIEEF CTA #& /= LDH B4l &

SR OBL 50 Ve 12 1 4 A IR AR A LDH, 75 ¢
EZ29 A 100 mL — k7&K, F NaOH i i
7 pH =10, ZHUH T &% % i 100 mL 7 0. 04
mol Mg (NO,), - 6H,0.,0.02 mol Al(NO,), -
9H, 0 (¥ — Yk K18 /K ¥ W Jz 100 mL £ 0. 12 mol
NaOH (1) Z R ZE 1B /K I W, I 9 ZUBL AR A0 FF , 9775
S pH =10, #6175 90 min Ji% i 5¢ B, i i 5¢
BB 5 Ak S PE 30 min. K A0 58 B A5 B B 6%
MR AE 75 CoKif btk 20 h, SR U, JF FH#A 2%
K Ve % & pH < 8, 15 F A4 R AR A LDH (ic Ky
NO,-LDH).

- 0.01 mol NO,-LDH 43 H{7E 100 mL — YK 7%
Kk H ¥ 0.01 mol CTA ¥ F NaOH /KW,
PR UL AR G E T &% %, H NaOH 7K

EWUR T pH 2928 8. 7EH L N, G0 R R 2
3h, 8RG8, FHAE FKEKZE pH <8, 15 %
CTA #f )2 LDH (it A CTA-LDH).

1.3 VDC-MA #E4¥/LDH X & & # £ i #l
&

K AL RAFT 3% M A i 5 R 4 3% 6l &
VDC-MA I ¥)/LDH 94 K & & bk % — & &
f) CTA-LDH (AIBN 73 ® — 473, A VDC
M MA BAK (mypet my, =90:10) , 5l A F| 200 mL
ANEWEE I, BB A KR T E 24 h
W B AT S I E] 70°C K TR TR G,
KR 20 hJE B B E T oK PHE IR R ALK
SR 7= ) A Bk UL UE , 280 g L PRk L TR AR E
VDC-MA J: R Y)/LDH 4k 5 & # kL. % 1 51 2
T VDC-MA 52 ¥)/LDH 44k & & FH R & 4
.

Table 1  Synthesis conditions of VDC-MA copolymer/LDH nanocomposites

Entry VDC mass (g) MA mass (g) CTA-LDH mass (g) AIBN mass (mg) 1,4-Dioxane volume (mlL)
1 10. 8 1.2 0.12 4.8 70
2 10.8 1.2 0. 60 24.0 70
3 10. 8 1.2 1.20 48. 1 70
4 10. 8 1.2 1. 80 72. 1 70
5 10. 8 1.2 2. 40 96.2 70
N7 P
1.4‘1“ LDI,-I 1 VDC-MA #E4#/LDH 4K E 4 ) EERERFR
B R AE
K H XRD-6000 %! X-f 2k by KT AL (Cu 2.1 PBAEFHEE LDH HEH ST

B Ko T 26) W& LDH FI94 K & G # ko LDH
B2 (B FE, F 9 4 (°) /min, B TR 40 KV, 3
34 mA,ffEJER 20 =3° ~70°. Sk H] EAL111 &g
R AN E LDH 170 3R 4H Al R TR750 2 i
B AR 2T ARG T AN & LDH F1 98 oK &2 5 b R
B4 25 45 2H 1% % F Bruker Avance 500M #8 5 4% #
YA X VDC-MA SR Y 14 20 1, LL dg-THF
) R By 25 °CL SR ] Waters1524 A 5k
JB 8 75 45 35 AL (GPC) T 5 VDC-MA 3 52 9y 1 -
)50 ¥4 Sy 1oy AL R I JSM-1200EX T20 7
WA T AU W U] R VDC-MA Sk R )/
LDH 5 & #f ¥t b LDH (1% 73 B & AR &L R H
Perkin-Elmer 2\ &) i8] Pyris #4255 {% 0 %2 VDC-MA
LRY)/LDH &4 b kHry $A H R M, AU
F} 3% 10 K/ min.

CTA {943 F- L5 K95 2 1 B, CTA [
TS AE— 2 &A1 F A5 NO,-LDH % /f B 158
.

S
HOOC_|

| coon
C C <
N

N

Scheme 1 Molecule formula of CTA

NO,-LDH F1 CTA-LDH f#§ XRD & &l 1 fr
& BT UL W XRD 1% & (9 5L 2R AL HOEFa
AR BE , #2 B NO,-LDH A1 CTA-LDH [ {4 45
F 58 R, S IR P PR P S B 3 A AR X AT
SR B B A R Y AT SR U, G i) e e 2R R 46 4 003
006,009 i [ Y R AEA7T 565 1%, 003 & T8I X 7 75 fie K
JZ[E]FE, i Bragg 222035343 8] CTA-LDH 19 )22 [H]
FE & 1. 50 nm, B i K T NO,-LDH fi% )2 [ #E 0. 89

nm.



9 3 FRIMEE S LR SR 2R G B R ALY AR S A AR B A 5 R AE 1133

NO,-LDH F1 CTA-LDH {6 & 4 Hrin £ 2 fF
/~.NO,-LDH &/ & C st &R, & M #f Co,
f¥y 5% W 11 B i > B CO,° 4 2 BT 8. CTA-LDH R

TN JTR AR S TR, C LR T2
SR, UL CTA BR800 58 2 5 PR R &
A TR T AR N S B )=

Table 2 Elemental composition of NO;-LDH and CTA-LDH

Samples Percentage of nitrogen( % ) Percentage of carbon( % ) Percentage of hydrogen(% )  Percentage of sulphur( % )
NO,-LDH 3.67 0.53 3.37 0
CTA-LDH 0 13.72 4.57 11.38

f & 2 h NO,-LDH #1 CTA-LDH A9 414G
Al W, ,NO,-LDH 7E48 40X 447 em ™' 1 673 cm ™' 4tk
B LDH 2 Mg-0 F1 AL-O f i 45 3% o0 W i
i , £ 3458 om ™' 4b HYEL NO,-LDH JZ i [ W Bff 4
g5 K 1 LDH 2 M L —OH /) 4 ol Wk Wi g, 7F
1628 em ™" kb H L2 Al 18] 45 5 K A4 55 25 i 4 3h i
WU 5 i CTA-LDH 7£ 1062 em ~' kb i B = B A% Fil
GORGIERETEnIL -

003 (dggs = 0.89 nm)

| 006
N 009
£ | 003 (dooy = 1.50 nm)
1 1 1 1 1 b
0 10 20 30 40 50 60 70

20(%)

Fig. 1 XRD patterns of NO;-LDH (a) and CTA-LDH
(b)

6577599

1 1 1 I1736I 1 1
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm )

Fig. 2 IR spectra of NO;-LDH (a), CTA-LDH (b) and

VDC-MA copolymer/LDH nanocomposite (c¢)

PLE XRD JT 2 53 H AL Sh 23 A 45 44 ik 52 58

T A e T DL SE B CTA 1% 1 76 LDH 119 4
JZ, H CTA i =B ACER 45 40 PR 58
2.2 RERMFEEX LDH I E #2200

TESCH 3 AW IT AT, 4 AE R 1 h 4
h.8 h 120 h J5 B #:45%] VDC-MA/LDH & & #1
BIFEAT XRD 208, 45 R N1 3 Fros. i AL
B Sz 0 I 1E] A4 48 i, LDH /9 (003 ) A7 55 16 o] 1%
f ¥ sl , Xt L LDH JZ (6] 8558 K, R0 8 h 2
Jr (003) 7 S I FE A I 2%, Ui W b i LDH 2 28 52
PR R B AS

Intensity

Fig. 3 XRD patterns of VDC-MA copolymer/LDH

composites obtained with reaction time of 1 h (a), 4 h

(b),8h (c¢) and 20 h (d)

N Bk /LDH J5 2 b i 3R A5 45 2 i VDC-
MA JL54)/LDH & & 4 k) XRD 3% 48 an i€l 4 B
5. 5 CTA-LDH(a) MLt , A A LDH & & VDC-
MA/LDH % 4 #1 ¥t XRD %2k v, LDH 1) 717 5 0
P 0 B, U B A R0 RAFT 3 1 H iy 5
AN E R LDH Y REBIE B 45 3 9 45 )2
[DEJE=%
2.3 VDC-MA £ E4)/LDH Hy4#

VDC-MA/LDH 44k & & 41 %} (19 21 4b 5 35 UL
B 2(c). BT L, VDC-MA $:34)/LDH 44 K&
HMEIAAL B A CTA-LDH f#9 FEAF W Wi i, 1 H.
W B VDC-MA JER Y C-Cl FFAE Mg (599



1134 =1 s

o 2013 4
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Fig. 4 XRD patterns of CTA-LDH (a) and VDC-MA
copolymer/LDH composites with LDH mass fraction of 1%
(b),5% (c¢), 10% (d), 15% (e) and 20% (f)

em ™' ,657 em ') K C = O FEAFE M U 151736 em ™',
AW VDC-MA H:5¥) 5 LDH & A 4l )2 3 5.

F AL RAFT 54 21 4 19 A W) LDH &
H#1Y VDC-MA 5 4¥)/LDH 44K & & 4 k1) 5 5t
LB IR i & 5 BT

HY &1 A] UL, LDH ¥4 52 30 94 K 9 22 0K 25 4, 31
BN sE 4. K 5 5] &R dE N LDH 2 H), 7E H
AT AT &4 RAFT 3G 7E B i B R G M6 =.
B 18 2 3L R B YR £ LDH 2 B (8] /Y # H AR
FHZ B E 55, B2 5E 2R

AN[E CTA-LDH & & #J VDC-MA 3t R ¥/
LDH 52 & #1 Bk SR R 12 1 % 1tk 25 5% LDH, 4 J5
73 ) 4 VDC-MA 2 5 . VDC-MA 3t 5 9y (1 i 7Y

Fig. 5 TEM micrographs of PVDC-MA/LDH composites with CTA-LDH

"H-NMR #2408 6 Fizs. 16 8 =3. 93 4b i #Li1
BT IV S MA BROC—CH, ISR TR, 7F 8
=3.98 Kb i BH 14 B X 1Y VDC B JG—CH,— 1
SR T HINIRS , Wi B W T BUEL 200 1240 1. 4R 3
PLPRZH AN VDC MA JER SRR 11 A
JE Wy 2 AR B T R BRI T 2 N
1:4.9, P35 22 A K, i mT 0k 36 2 38 4 36 8 0
B L/ R A R

a b
b | W, H, H
e
Cl (=0
P
aCH,
a
40 35 3.0 25 2.0 15
P

Fig. 6 'H-NMR spectrum VDC-MA copolymer obtained

from Entry 1

contents of 1 wt% (a), 5 wt% (b), 10 wt% (c¢) and 20 wt% (d)

A PO S0k WA %5 55, O GPC ki 45 1) VDC-
MA LR Yy B0 4 F ik RO A in 3k 3 R,
AL B CTA-LDH & f2 (38 Jin, VDC-MA 3t
YR o F B WD T AR AN K.
O TR CTA-LDH & &3, Hh i & A
() CTA FF S 1 & L E Hes o , 5 B B9 804 o
T EFEAL. BT VDC | 3R G BHA B KW m H$
TR BE 5 B 5 %L, VDC-MA IR Wy 1) 43+ & 53 A 48
BOR T H T A RERE Y.

Table 3 Influence of CTA-LDH content on M , M_ and

polydispersity

CTA-LDH weight ratio (% ) M, M, Polydispersity
1 10700 18500 1.73
5 9100 15800 1.74
10 8700 16400 1.89
15 7300 13300 1.82
20 6500 12100 1.86

2.4 VDC-MA #ZE4¥)/LDH X 8 & ## K%

K7k VDC IR YA A[E LDH ) VDC-MA
JERY)/LDH 94K 5 & bR IR M 26, % 4
BT RS A R R RS O I R (T, ) R R AR
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Residual weight (%)

20

100 200 300 400 500 600 700 800
Temperature (°C)

Fig. 7 Thermal weight loss curves of VDC-MA
copolymer (a ) and VDC-MA copolymer/LDH
nanocomposites with CTA-LDH mass fraction of 1%

(b),5% (c), 10% (d), 15% (e) and 20% (f)

AW, AN CTA-LDH & # iy VDC-MA LI
Y1/LDH & & M RE B A AH AL $4KR RE I, e
B 2 T X 200 ~ 300 °C X Ja], 2 5 R ik 50%
fiti. %A LDH ) VDC-MA/LDH 942Kk & & #1 Kt
M T, H T, %@ T VDC-MA L JW), H b &
CTA-LDH & & @3 hn T, T, ¥ 55, 3l 9
VDC-MAZL 5 ¥/ LDH 94 K 52 & b ki $ a2 1

f.F VDC-MA FLE4).

Table 4 Ty and T of VDC-MA copolymer and VDC-MA

copolymer/LDH nanocomposites with different CTA-LDH contents

CTA-LDH (wt% ) Ty () T, (C)
0 148.3 196.4
1 198.9 241.0
5 208. 1 233.4
10 210.0 237.5
15 211.4 238.0
20 215.9 238.4

w9
I

i#

kB A A S T RAFT X7 S, 8"-XF
(a,a'-— H 3-o"-2Z B ) = B AR B2 5 B & 78
LDH {4 )2, if — A i LDH JZ[H] CTA ¥ 735 (1)
J A7 RAFT 36 ¥ A i 5L A1l % 7 VDC-MA L
Y1/LDH 44Kk & & b k). B LDH & & 09 34,
LRY BB o T BB Wk o 7 AR
ANK. 1 VDC-MA IR ¥)/LDH 44k & & 1 kL il
B, LDH 3% W 312, 9F LL98 oK 2 i 1y T =X
SHUFE VDC-MA LR Y544 b LDH 4K 241
FIAffifs VDC-MA LR/ LDH 41K &2 & # kY
P R T AR
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PREPARATION AND CHARACTERIZATION OF VINYLIDENE CHLORIDE
COPOLYMER/LAYERED DOUBLE HYDROXIDES NANOCOMPOSITES

Fei-yan Jiang, Jie Yang, Yong-zhong Bao
( State Key Laboratory of Chemical Engineering, Department of Chemical and Biological Engineering,

Zhejiang University, Hangzhou 310027)

Abstract In order to prepare vinylidene chloride-methyl acrylate ( VDC-MA') copolymer/layered double
hydroxide ( LDH ) nanocomposites with intercalated or exfoliated LDH structure, reversible addition-
fragmentation chain transfer living radical polymerization of VDC-MA were carried out in the presence of LDH
intercalated with S, S'-bis ( o’ a-dimethyl-a"-acetic acid ) -trithiocarbonate anion groups ( CTA-LDH ). The
structure and properties of CTA-LDH and VDC-MA copolymer/LDH nanocomposites were characterized by
Fourier transform infrared spectroscopy, elemental analysis, transmission electron microscopy, gel permeation
chromatography and thermogravimetric analysis. It was found that the layer spacing of LDH changed from 0. 89
nm to 1. 50 nm as CTA anion groups intercalated into LDH through the ion-exchange reaction. The average
molecular weight of VDC-MA copolymers was decreased as the amount of intercalated CTA increased,
confirming the “living” nature of VDC-MA copolymerizations. LDH could be gradually exfoliated in the process
of in situ RAFT polymerization,and dispersed in VDC-MA copolymer matrix in the form of nanolaminates. The
TGA data evidenced that the thermal degradation temperatures of VDC-MA copolymer/LDH nanocomposites
were increased as the weight fraction of incorporated LDH increased.

Keywords Vinylidene chloride, Layered double hydroxides, Nanocomposite, Reversible addition-

fragmentation chain transfer living radical polymerization



