EESMAE'SC NMRIZICE S
BHFESEOWERH :

PMAA/PVAcI VL FE
PVA/Clayd>Y Yy FEPiELT

BhEAS R ICHRISE IGARIESR

\Wﬁ% N\ﬁ\fz

asanoa@nda.ac.jp

FMEBEAENMR - MEFTS 3R : 2003103031 a KRFEEH ABEA Y HEFTE B RITH

DIEERE
Joek (941)

ot

KR/ BREAFELDTL VK,
704 HESH)

FXEDOFEVIR PMAA/PVAc L VK.
PC/PMMA T L >~ KN, PS/PVMETJ L >V KK

—— B RRAEDFERR SR
(F DRI YS, NATIvuk)

FBOREYDR
PVA/clay . nylon6/clay_/ I RIJ W

1. RUL—TJL YR

2. MIUY—JIVHRI WY~
RU—=/\1TJw k)

[RUY—TL VK] desmu@in 52388, 8

PMAA PVAc
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|TOE|m_$=| ~tCH, - CH7
COOH OCOCH;

Asano et al., Macromolecules, 2002, 35, 8819-8824.

PMA [poly(methyl acrylate)] — PVAc
no interaction !
—¢ CH, - CH%— lo:NL_ui:I
| miscible due to just
COOCH; an advantage of mixing enthalpy. OCOCH,

1)Nandi et al., Macromolecules, 1985, 18, 1454-1460.
2)Takegoshi et al. Polym. J. 1993, 25, 59-64.
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D=2.74 X 104/T,H(us)[nm?s-'] R.A. Assink, Macromolecules, 1978, 11, 1233.
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PMAA/PVAcT L > KM 13C CPMAS NMR 2X7 k)L

AliphaticFEIIDERID NI b LEY=a L -y 3y E2<BU TH DM\ COBDRND LI
e <GEBD, CNIFIEEE TR Y —RIC2AND NUICHRESR 2HOERNBFIET D2
EERL TS, TL Y NPOPMAADRIEE — D1 3FICDELPVACDENIE 2 FIC DRI 2,

183ppm:
disordered
PMAA-COOH

2/1 (pure PMAA)

A

171ppm:

pure PVAc-CO
1/2
HI\W)\\\F

T T T T T T T T T T
200 190 180 170 160 200 190 180 170 160
Chemical Shift / ppm Chemical Shift / ppm

Expanded observed CPMAS
13C NMR spectra (A) and the
de-composed simulated
spectra using five Gaussian
curves (B) for the CO region
in the PMAA/PVAC blends.

S5ARDE—-7

|

187ppm 175ppm

183ppm 171ppm

179ppm

Relative areas (in %) of the carboxyl peak (COOH) for PMAA and the
carbonyl peak (COO) for PVAc obtained from decomposed '3C spectra.?

PMAA(183ppm) PVAc(171ppm)

Xpmaa  187ppm 183ppm 179ppm 175ppm  171ppm
3/1[75%] 22 28 19 [69%] 14 17
2/1[67%] 22 21 16 [59%] 18 23
1/1[50%] 17 1 16 [44%] 14 42
1/2[33%] 10 7 1" [28%] 13 58
1/3[25%] 7 5 9 [21%] 6 73

@ The peaks at 187, 183 and 179 ppm are attributed to PMAA and
those at 175 and 171 ppm to PVAc.

*. [PMAA] ratio in the blends obtained from the simulated area ratios.

187ppm:
intramolecular
PMAA-COOH dimers

Expanded observed CPMAS
13C NMR spectra (A) and the
de-composed simulated
spectra using five Gaussian
curves (B) for the CO region
in the PMAA/PVAC blends.

free COOH

the same CS

due to a _

dehydrated
0COCO

dimeric

171ppm:

1/3

SN I i T T T T I
200 190 180 170 160 200 190 180 170 160

Chemical Shift / ppm Chemical Shift / ppm

chemical
exchange

pure PVAc-CO

1
ws,
o R R R R TR

2D '3C exchange NMR spectrum
of a heat-treated PMAA at 150C
for 20hrs. Fig.2 in A. Asano et al,
JPS, part B, 1999, 37, 2007-2012.
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PMAA(183ppm) PVAc(171ppm)

Xemaa  187ppm 183ppm 179ppmb 175ppm®  171ppm LWWWWH
H 3/1 22 28 19 @7%) 14 (45%) 17 33 H
21 22 21 16 Q7% 18 (44%) 23 34
11 17 1 16 (36%) 14 (25%) 42 30
172 10 7 11 (39%) 13 (18%) 58 24

1/3 7 5 9 (43%) 6 (8% 73 15

(61: 3/ 1TLVF |
PMAAMD I~ W kDA 27% 1 HEE1ER dﬂ 2R EHBESI
PVAc D1 =W kDI 45% HDAEEYER | 33%

x:y=3:2BERETD

3MMTLYR =127 LY RDI61=w M H5ES
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PMAA/PVAcT L v FROMEERIBMIO2=y F i [MAAV[VAc] % 3/2 PMAA PVAc 3:2
LIRE LTz & & OV — 7 RE DO EROMXHE & FHHEME L OBk
PMAA(179ppm) PVAc(175ppm)
Keniaa TLYRP £COOHP £0COCH, &P
3/1  obs. 33% 27% 45%
(12/4) cal. 31% 25% 50%
2/1  obs. 34% 27% 44%
(10/5) cal. 33% 30% 40%
1/1  obs. 30% 36% 25% 3999 ~
(8/8) cal. 31% 38% 25% 54220
1/2  obs. 24% 39% 18%
(7/14) cal. 24% 43% 14%
1/3  obs. 15% 43% 8%
(7/21) cal. 18% 43% 9%

IKZFFES TCOOHE CODRFRERB LA InmARDEEEEC
WEBWESESD D~ DZEIEBERLLN,

IH 90 TPPM
ey o i
1 uo 90 90
CP t, T 7 >
§> g: "
< L
2 VI AL 3C NMR
[ Bruker probe: 4¢ sample tube] & [ Doty probe: 5¢ sample tube]

By: 11.7T, MAS: 8kHz, 1f : 55.6 or 50 kHz, CP: 1.5ms, repetition time: 4s 190 180
F2 points: 1024, F1 points: 128, TPPI method,

number of scan per one time experiment: 224 — 280, (mostly 280)
mixing time 7: S0ms, 100ms, 150ms, 200ms, 250ms, 300ms, 500ms, 1s, 2s, 3s, 4s, 6s, and 7 s PMAA/PVAc=3/1T7L > K@D BC-C 23R7g
A. Asano, Polymer Journal, in press. m%uzg 1% Awmﬁsﬂwmm_ﬂ.wmv
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N&Swe:& H + ONUA|N\AN.V

solid line; A =0.181,k=5.3 (x0.6) s!

On the basis of the spin-diffusion rate between the distance for 3C-3C
of 0.235 nm is 19.0 s for '3C double labeled PET obtained from M. Linder
et al’, we estimate the distance if we can assume that the transition
probability is the same and the rate is 4 times greater than a normal 1:1
13C-13C contact (see scheme 1) as follows:

(53+0.6)/4 _0.235°  x=40.235°x19x4/(5.3£0.6)
19 x® 7 =037£0.04nm

*#: “Use of carbon-carbon nuclear spin diffusion for the study of the miscibility of polymer blends”,
M. Linder, P.M. Henrichs, J.M. Hewitt, D.J. Massa, J. Chem. Phys., 1985, 82(3), 1585-1598.
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Asano et al. Polym. J. 1992, 24, 555-562.
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Asano et al. Polymer, 1994, 35, 5630-5636.
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Asano et al. Polymer, 1994, 35, 5630-5636.
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Asano et al. Polymer, 1994, 35, 5630-5636.
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Arbitrary
C

"PVAD101E

PVA film(100) +
clay-1(10) powder

PVA/clay-1=100/10 composite

montmorillonite clay-1

Ogata, Kawakage, Ogihara,
J. Appl. Polym. Sci., 1997, 66, 573.
Strawhecker and Manias,
Chem. Mater., 2000, 12, 2943.

Y =EFF (clay-1)

PVA + montmorillonite

BMIRERZEI— DDA

10 20 30 40 50
26/ deg
a(55)-PVA 100/0 HEN T. Tanigami et al.,
75 /25 //\ Eur. Polym. J., 1999, 35, 1165. &
TS L AT Polymer, 1994, 35, 1970.
N Y
.| 50175
TN AT syndiotactic PVA [s(66)-PVA]
& wm.\w,m.:/c” diad(r) : 66%, triad(rr) : 43%
ooo O\ /] T, = 250°C
s(66)-PVA 47 Y/~
,_lu atactic PVA [a(55)-PVA]
S | diad(r) : 55%, triad(rr) : 30%
qwﬂo:ovo_dﬁca Awﬁmvo N,E =228°C

T T PVA:clay— T T T
% 100:100 ‘\\
PVA:cla
W 100:30
m 100:1 100:20
z 1008 100:10
100:8
100:4 100:4 /‘\,f\/\
100:2 100:2 <
100:1 100:1
5mW "q
: _ _ Joea b
50 100 150 200 250 180 200 220 240 260
Temperature / °C Temperature / °C
PVA/HRFA+D IR FE  EVEYOFAR:100-2000nm
DSCH—7 H7RF A +:10-100nm
100/10 )
_ i
g |1008 !
m 1
= 100/4 )
z__—_ _
100/1
VA ——

Temperature / °C

200 250

1

1



REERIIODR)  wieie socccrzSBaER)

1.0

—PVA
<= - 10071
= = -100/6
—-—-100/10

0.8

0.6

0.4

Normalized Weight

0.2

00 ) ) ) ) ) B

Temperature / °C

PVA/clay : &5 (ZExfoliate}REEO Ry b AMERL AT BE

PVA/EVE)OF A : 8H9ICRELRERBDOFREMR

iEREHEROREIE—S (DSC)
235°CinfE (AP FIL=225CiafE)

PVADZFN., 2 FRHIKEFRHEE
#ILADEETSH(TGA)

PVA/YRFAb : sy RELEERENERL
(BEETHL)

BEANMREMN S, KUEMLZEEER

E{AE 57 fEHE PC NMR (fM1LE)

VA CH,

g o0

dry-film SL | CP dec.

)Z(\\\/‘\\}( SL=0pus —* SL=7ms
NC

—wo
CP A\

HOT, A R EH A8
LR TIRIRIES L
ERALT, #ERBELIES
HERRYML ETHS

CR

100

L L L L B L L |
90 80 70 60 50 40 30

Chemical Shift/ppm HE~H+EDOIL—T

montmorillonite-1

CR
PVA/clay
100/10
100/1

11111 H,C H O CH
PVA X o / \
M ti(l\,\\d/\l IO .r..uu.w G " DT_M
—— : :

T T T
100 80 60 40 100 80 60 40

Chemical Shift/ppm Chemical Shift/ppm

12



montmorillonite-1

saponite (& B FE L)

Chemical Shift/ppm

40 100 80 60
Chemical Shift/ppm Chemical Shift/ppm Chemical Shift/ppm

fam LB (BRE £5%)
PVA  100/1 100/2 100/4 100/8 100/10

e 62% 62% 60% 59% 58%
BF1h 5106
YR A+ 62% 62% 61% 59% 58%
| PVABELEEART |

BRIEEICELELGL  BEOR)T—PADHEIE
HREBORREH TN

RBRE—VICELLL  2BBOKESEBREKL. BED
TRFTARGFILTIEBRBITERLY,

PVA (dry: vacuum 3days at 80°C) T\H:15.5+0.3 sec

PVA (wet: as-cast & before vacuum) 7\H: 3.2 +0.1 sec

Tm-ommﬁ EB; 7 NMREIE ;

_

f

vacuum vacuum
3days at 0.5-1days
80°C at 80°C
-
E{ANMR
YUIE
FyuTEEST

T]"/s

1

14} T
1

>
4

o
T

1

S
T
.

pva/montmorillonite-1
pva/saponite
L pva(dry)

o
T

fel

°

x

-
-

S D B O
T

. . . . . .
0 2 4 6 8 10
weight of clay against PVA ( ¢)/ %

7" (p) =T," (0)-exp(~b- @)

b #EE1wt% =Y DFe3+
IZKBTHEDRF VIR

e clay-1: T,"(¢) = (15.5+0.4)-exp(~(0.35%0.02)- )
o clay-2 : T,"(¢) = (15.4£0.4)-exp(~(0.31£0.02) - )
A clay-3 : T,"(¢) = (15.3£0.4)-exp(—(0.46£0.02) - 9)

T T T T T T T T T T T
16 | i 7
14 F o .
3 = o 1
12 F 7
4 a2
HT] 10 ®  pva/montmorillonite-1
- O pva/montmorillonite-2
8 A pva/montmorillonite-3
6 I O pva/saponite
I X pva(dry)
4k
2k
P -]
1 N 1 N 1 N 1 N 1 N 1

weight of clay against PVA (@) / %

13



b [/weight of clay (wt%)]

b factor &¥h £ DFe (Fe,0,H) LD R

0.50

0.45F %

040

035F m
% O  clay-2

030
L ® clay-1
A
025} clay3
ONO " 1 " 1 " 1 " 1 " 1 "
2.0 25 3.0 35 4.0 4.5 5.0
Fe,0, /%

BILD A0 —#4T (nylon6/montmorillonite)

LI

*mH‘M_r

Dmm_

Nyloné

1 A /\f\."

o J\P«*({ \ Y v/
?i WW WTBHOBNEE

&

5

/\J\f\r\ CABlCHERBHE8ME
;AN wml_
\r«. . rﬁ[}\. %ﬁ. g“

S. Dasgupta et al, TACS, 118, 1229112301 (1996)
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VanderHart, Asano, Gilman, Chemistry of Materials, 2001, 13, 3781 & 3796
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A similar lamellar model does NOT fit

the data for the unannealed samples.
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