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In this work, the network structure and chain mobility of dried polyvinyl chloride/dioxane (PVC/DOA) gels
prepared by the freeze-drying method are studied by SEM, FTIR, WAXD, EDTA and pulsed NMR analyses. The
results of FTi.r. and WAXD show no remarkable change in the crystallinity of either dried or wet PVC gels;
however, the elasticity of wet gels and the gelation time of semi-dilute solutions exhibit remarkable changes with
increasing concentrationC and molecular weightM,, of the polymer. From SEM results, the dried gel
morphology consists of a fibril-like structure and the mesh size of the gel network decreases, resulting in the glass
transition temperatureT() shifting to higher temperatures with increasivg, andC. The results of pulsed NMR
(CPMG method) for wet gels show that spin—spin relaxation tl'hﬁendT'l, respectively, related to the immobile

and mobile components decrease, and the fractional amount of the immobile comfanergases, while that of

the mobile component', decreases with increasid,, andC. On the other hand, similar results are also found in
freeze-dried gels from the pulsed NMR experiment (FID method). These facts in both wet and dried gels are
considered to be due to the reduction of chain mobility related to the increase in the aggregation of polymer chains
or the number of junction points in the gel network. The change in elasticity of PVC/DOA gels must be mainly
related to the chain mobility of the network structure but not to the crystallinity of @elk998 Elsevier Science

Ltd. All rights reserved.
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INTRODUCTION no certainty that what the real gel structure can be certified
corresponds to the actual properties of PVC gels. Recently,
Othe dynamic phenomenon in many heterogeneous polymer
systems (e.g. polymer gels, polymer blends, and polymer
solutions) has been studied by pulsed NMR: The
decaying signals of heterogeneous materials could be
decomposed into two or three components with various
spin—spin relaxation times[,, which indicates that the
difference in molecular mobility must be related to the
structural heterogeneity. In our previous resilisis found

that the average size of junction point/microcrystal in the gel
network is the combination of 2—3 chains in width and
about 6-8 syndiotactic sequences in length for the
formation of a PVC gel with a fibril-like network structure,
irrespective of the species of solvents used and the
molecular weight and concentration of the polymer.
However, the physical properties of PVC gels increase
remarkably as the molecular weight and concentration of
the polymer are increased. These facts may imply that the
increase in the number of junction points or the aggregation
degree of polymer chains enhances the physical properties
of PVC gels.

In this work, the freeze-drying method was used for
preparing dried PVC gel by extracting the solvent from the
frozen gel at a very low temperature under vacuum. Because
no remarkable shrinkage (less than 1%) of the gel volume
occurred after freeze-drying, the network structure of
freeze-dried gel may be considered to be the same as that
of wet gel. Then, the morphology of dried gel is determined
by electron microscopy for studying the relationship
*To whom correspondence should be addressed between network structure and chain mObI'Ity of PVC gels.

Studies on physical polymer gels attract much interest
because the relationship between the network structure an
the physical properties is very complicated The forma-
tion of polyvinyl chloride (PVC) physical gels is generally
classified as crystallization-induced gelafidnit is well
known that atactic PVC is a low crystalline polymer and
gelation of PVC solution occurs under a great amount of
solvent, therefore the crystallization becomes more difficult.
Generally, it is considered that microcrystals can only be
formed by the association of syndiotactic PVC chains.
However, the network structure is very difficult to
determine, because a large amount of solvent exists within
gels. For example, in our previous stddlye X-ray intensity
curve of PVC gel only showed an amorphous scattering
peak, which must be mainly due to the scattering of
solvents. How to prepare a dried gel is very important for
determining the real network structure of gels.

The gel morghology has been reported by Aubeit
Hikmet et al'® and Prasadet al'® from the SEM
observations of dried polystyrene gels. They showed that
the morphology of PS gel exhibits either an open strut-like
network or smooth spherical globules. On the other hand,
the morpholoi]glgy of PVC gel has also been investigated by
Yang and Geil from SEM observation of a freeze—fracture
gel. Mutin and Guenédtalso determined gel morphology
using optical microscopy. Their results showed that gel
morphology consists of a fibrous network. However, there is

POLYMER Volume 39 Number 23 1998 5809



Freeze-dried PVC gels: P.-D. Hong and J.-H. Chen

Pure DOA solvent

Heat Flow —( Exo. )

Wet gel, Mw = 50 x 10%, C = 5 wt%

LI B B B I BN B B B BN BN B D D BN SR S S S SR SN N B B S B B e

-100 -75 -50 -25 0 25 50

Temperature ( °C)

Figure 1 DSC thermogram of PVC/DOA wet gel and pure DOA solvent

EXPERIMENTAL 5°C min~*. Figure 1shows the DSC result of PVC gel and
Materials pure DOA solvent. The freezing temperature range of PVC
i i gel is significantly lower than that of DOA solvent. In order
The PVCs used in this work were laboratory-grade tg ayoid the effect of freezing point depression due to the

powders (Aldrich Chemical Co. Ltd, USA). The solvent, cqjligative property of the solvent, the freeze-drying process
dioxane (DOA), was analytical grade and purified by took place at-50°C.

distillation before use. The characteristics of PVCs used in  The residual solvent in the freeze-dried PVC gel was
this work are shown iffable 1 The syndiotacticity of PVCs  cpgcked by using a Digilab Division BIO-RAD spc-3200
with — different ~ weight-average molecular ~ weights FT|R system Figure 2 shows the FTIR results for freeze-
(M,, =500 X 104'3 205x10%, 158X 10%, 83x10°),  gried PVC gel and original PVC powder. The absorbance
determined fr‘?ml C NMR, is roughly the sanfelt means intensity curves between the freeze-dried PVC gel and the
that the tacticity would not affect the structure and qriginal PVC powder show no remarkable difference and

properties of gels in this study. The homogeneous PVC there is no other absorbance peak due to the solvent,
solutions with various concentrations of PVC were obtained indicating that the DOA solvent is almost completely

by heating at 110120 for 2 h and were then cooled ata  removed from wet PVC gel during freeze-drying under
cooling rate of 16C min™" to 30°C for 24 h to form gels. vacuum.

Freeze-drying of PVC gels Measurements

molecular mobility of polymer and solvents be extremely jngentation experiments proposed by H& &

frozen at a low temperature below the freezing point of the
gel. The solvent will be sublimated from the frozen gel E_ 3(1—A)F B
during freeze-drying under vacuum. The freeze-dried gel T grizpl2

was prepared as follows: the homogeneous PVC/DOA
solution was cooled to room temperature to form a wet gel
and then the gel was placed into the freeze-drying
equipment at-50°C, where it was quickly frozen to form
an ice-like solid. Under a vacuuming condition for more
than 2 weeks, a dried-pore material could be obtained.

where E represents Young’s modulus (dynesdn F
represents the force of sphere against the gel surface
(dynes), r represents the radius of sphere (cm), and

The surface morphology of freeze-dried PVC gel was '

measured by a scanning electron microscopy (SEM; freeze-dried PVC/DOA gel

Cambridge S-360). ’;‘ /

The freezing temperature of PVC gel was determined by g /’V

Du-Pont 2000 DSC equipment. About 10 mg of PVC gel ~ /

was measured from 30 to —90°C at a cooling rate of §
'% original PVC powder
o]

Table 1 Characteristics of samples used. Tacticity was measured by © P

B¥C-NMR (P, syndiotactic;P: atactic;P . isotactic) —

Sample 4 T T T T T Ll T Ll Ll T T T

No. My X 107 P Pm P 740 720 700 680 660 640 620 600 580 560 540 520 500

1 50.0 0.32 0.48 0.20

2 20.5 0.35 0.46 0.19 -1

3 15.8 0.29 0.49 0.22 wavenumbers (cm’)

iverage 8.2 %%12 %198 %22% Figure 2 FTIR spectra of freeze-dried PVC/DOA gel and original PVC

: : : powder
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Figure 3 Plot of E as a function oM,, for PVC/DOA gels with variou€

index of the PVC chain. The peaks at 604 Cror 640 cni*
and 690 cm* were assigned to the crystalline and the
amorphous sequences, respectitély

The wide angle X-ray diffraction (WAXD) intensity
curves of gels were measured with graphite-monochroma-
tized Cu—K, radiation generated at 40 kV and 100 mA in a

PVC/DOA gels, Mw =50 x 10*, C=5 wt%

-~ Rigaku D/max diffractometer at a scanning speed 2

3 1° min %,

- The dielectric thermal analysis (DETA) was carried out
%‘ Wet gel with the GABO eplexor 150-N dielectric thermal analysis
S instruction. About 2 mm thickness and 20 mm diameter of
IS

circular freeze-dried gel was placed in a sample plan, the
tan 6 was recorded at 100 Hz frequency from 100 to
100°C at a heating rate o2 min™.

'H pulsed NMR measurements were performed with a
MARAN-20 pulsed NMR spectrometer operating at a fixed
frequency of 20 MHz at 3. The recovery time of the

Freeze-dried gel

ARSI AR RS IR AR RRAS RS LA spectrometer following a sequence of pulses wagslT he
5 10 15 20 25 30 35 40 45 50 spin—spin relaxation timeT, measurements were carried
out using the solid ecHd (free induction decay, FID) pulsed

Diffraction angle, 26 ( degree ) sequence (9r90°)) (P90 = 2.8 us) available for shorT,

sample, e.g. dried gel system, to avoid the effect of the
dead time after the pulse, and Carr—Purcell-Meiboom-—
Gill (CPMG)*® pulsed sequence [90(18C,27),]
(P90 =2.8 us, P180=5.6 us, andn=4000) available for
represents the depth of indentation of sphere (cm), and the long T, sample, e.g. wet gel system, to eliminate the effect
represents Poisson’s ratio, with the typical value for of heterogeneity in the static magnetic field.
elastomer o = 0.5.
The gelation times were measured using a gelation timer
(Techne Co., UK) operating at a fixed temperature 6f20 RESULTS AND DISCUSSION
The gelation timer consists of a flat, weighted disc which is Figure 3shows Young's modulug of wet gels as functions
connected by a link to a synchronous motor. The disk falls of the molecular weightM,, and the concentratiorG, of
under gravity in the polymer solution. At the gel point the polymer. The result indicates that Young’'s modulus of
rigidity of the polymer is sufficient to support the weight of PVC/DOA gel increases significantly with increasiiy,
the disc, and causes the link to be compressed to stop theand C, implying that the difference in Young’'s modulus
synchronous motor. The time at which the synchronous must be due to the structural change of gels. However, the
motor stopped is defined as the gelation time. network structure is very difficult to determine because of
The infrared spectra were measured by using a Digilab the large amount of solvent within gels. Dorrestghal.>
Division BIO-RAD spc-3200 FTIR system. The absorbency have reported that the presence of crystalline PVC could not
ratio of 604/690 cm® and 640/690 cm' are the regulativity ~ be proved by WAXD and DSC investigations. The greatest

Figure 4 WAXD intensity curves of wet and freeze-dried PVC/DOA gels
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Figure 6 FTIR spectra of freeze-dried PVC/DOA gels with variddsg,
andC Figure 7 WAXD intensity curves of freeze-dried PVC gels with various
M,, andC

doubt for studying the gel morphology is that there is no

certainty that what is eventually seen corresponds to the
actual gel structure in the wet state. In this study, the dried
gel is obtained using the freeze-drying method where the Mw = 50 x 10*

solvent is sublimated from the frozen gel under vacuum at a 12 , Mw = 20.5 x 10°
low temperature. Because no remarkable shrinkage (less . ® Mw=158x10°
than 1%) of gel volume occurs after freeze-drying, the 10 - ¢ Mw=83x10*
structure of freeze-dried gel may be considered to be the
same as that of wet gel.

Figure 4shows WAXD intensity curves of wet and dried
gels. The result shows that only an amorphous scattering
peak due to the scattering intensity of solvents could be
observed in the wet gel. On the other hand, the freeze-dried
gel shows a typical PVC WAXD intensity curve, although 4 -
the crystallinity of dried gel is too low to produce sharply -
crystalline diffraction peaksFigure 5 shows theFTi.r.
spectra of the wet and dried gels. The peaks at 604 and
640 cmi ! are assigned to crystalline sequences, and that at
690 cm™ is assigned to the amorphous offesThe 0Or———T 7T T T T T T
spectrum of modified sample is PVC/DOA wet gel 6 2 4 6 & 10 12 14 18
subtracted from that of DOA. There is no remarkable .
difference in the ratio of 604/690 and 640/690¢m Concentration (wt% )
between wet and dried gels, indicating that the degree of
regular chain arrangement of freeze-dried gel is roughly the
same as that of wet gel. The effect of structural change on
the physical properties of PVC gels with, andC has been My, and C were increased. WAXD anéTi.r. results as
investigated by Dorrestijet al® They pointed out that the  shown above indicate that it may only increase the degree of
number and the size of junction points in the gel network PVC chain aggregation or the number of junction points
increased with increasing/,, and C. However, in our but not the crystallinity of PVC gel with increasing,,
previous stud§ for PVC gels, no remarkable change in andC.
the average size of junction point/microcrystal was found as  Figure 6aandb shows theFTi.r. spectra of freeze-dried

14 Gelation Temp. =20 °C

Gelation time ( min )
o]
1

Figure 8 Plot of gelation time as functions &f,, andC at 20C
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in the solutions with highe¥,, andC. The distance between
polymer chains is more closed in polymer solution with
higher M, and C to increase the opportunity of the
intermolecular association for forming junction points.
These facts as mentioned above for PVC gels let us
consider that the change in the elasticity of wet gel may be
mainly dominated by the increase in the number of the
junction point/microcrystal or the degree of ‘amorphous’
chain aggregation in gels with increasiihg, andC.

Figure 9a and b shows the SEM photographs of
freeze-dried PVC gels with differertl,, and C, respec-
tively. From Figure 9a the gels with lower molecular
weights M,, = 8.3 x 10* and 158 x 10%) could not exhibit
a complete network structure & =5 wt%, while those
with higher M,, values showed a complete fibril-like
network structure with a mesh size of about 1-4h@.
Mutin et al® have determined the gel morphology of PVC/
cyclohexanone/hexanol gel using optical microscopy and
reported that the mesh size of network structure of PVC gel
was about 5-1@m. On the other handsigure 9b shows
that the complete network structure could not be observed
for 2 wt% gel with M,, =50 x 10%, and the gel network
becomes more complete &sis increased. Combination of
SEM results inFigure 9aandb shows that the mesh size of
PVC gel network decreases with increasMg andC. It is
reasonable that the increaseNh, and C must make the
polymer chains associate more easily with each other to
increase the number of junction points for forming a smaller
mesh size of network structure with a higher elasticity. The
morphologies of PS and PE gels have been reported by
Prasadet al'* Their results indicated that the gelation
mechanism was induced by liquid—liquid phase separation,
and the gels exhibit either an open strut-like network
structure or smooth spherical globules depending on the
: concentration of polymer. They also considered that the
e former was attributed to gelation inside the spinodal region
whereas the latter resulted from the gelation in the
Figure 9 (a) SEM photographs o€ = 5wt% freeze-dried gels with  metastable region. However, the fibril-like structure in
variousM,,. (b) SEM photographs afl,, = 50 x 10" freeze-dried gels  py/c/DOA gel is very different from the strut-like or the
with variousC - : .

spherical structures in PE and PS ones, this may be due to

the difference in the degree of liquid—liquid phase
PVC/DOA gels with differentV,, andC, respectively. The  separation among these gels preparing from various solvents
result indicates that no remarkable changes in the 604/690and gelation conditions. It is well known that atactic PVC is
and 640/690 cm' absorption intensity ratios are observed a low crystalline polymer compared with PE and isotactic
among dried gelsFigure 7a and b shows the WAXD PS. The liquid-liquid phase separation accompanied by
intensity curves of dried gels. The result also indicates that crystallization is comparatively less obvious, resulting in a
nearly the same X-ray intensity curves are observed in theselow crystalline and transparent PVC/DOA gel with a fibril-
dried gels and the crystallinity of gels is still very low. In our  like network. This may be the main reason why the
previous studf;, the thermodynamic equilibrium principles  crystallinity has no remarkable change with increadihg
based on the theories proposed by Ferry and Eldftjgad andC in PVC gels.
Takahashet al*?~**were used for calculating the average  Figure 10aandb shows the tar obtained from DETA
size of the junction point/microcrystal in the network analysis as a function of temperature for PVC gels with
structure of PVC gels. The result showed that polymer differentM,, andC, respectively. There are three peaks in
chains are insufficient to form a larger size of crystal when the range of the measuring temperature. The peak in the
the average size of the junction point in gel consists merely vicinity of 60°C in the curve is the molecular motion of PVC
of approximately 2—-3 chains in width and approximately main chain, T, (Tg) and that at 10-3% is related to
6—8 syndiotactic sequences in length, irrespectiveVgf mobility of local molecule chainTg, and that at—30 to
and C. It is reasonable to consider that the number —4C°C is related to chain end mobilityT,>. The result
of junction point/microcrystal increases with increasing shows that thel of dried gel, which shifts from 5% to
M, and C, although the size of the junction point/ 64°C with increasingM,, and C. This indicates that the
microcrystal is too small to be reflected on the change of reduction of molecular mobility is considered to be due to
crystallinity. the decrease in free volume of polymer chain and the

Figure 8 shows the gelation time of PVC/DOA solution increase in the degree of chain aggregation or the number of
as functions oM,, andC at 20°C. The gelation time of the  junction points in gels. On the other harid, of dried gel
solution decreases with increasilily, andC, indicating that shifts from —40 to —20°C with increasingM,, but not
junction points formed by the chain association easily occur remarkably changes with increasii@ implying that the
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gels, resulting in various kinds of molecular relaxation
motion and mobility energ{>’.

Physical del systems often exhibit a heterogeneous
structuré®=22 which leads to the heterogeneity in molecular
mobility with a multi-exponential decay of transverse
magnetization in pulsed NMR. The decaying signal of
transverse magnetizatiohl(t), for a polymer gel system is
expressed as a function of the correlation time of molecular
motion, 7, by the following equatiof{ %2

M(t) = Mg exp{ — o3r2[exp( — t/re) + t/re — 1]} (2)

whereMy is a constant proportional to the total number of
nuclei with magnetic moment ang is the second moment
in the rigid latticé®. o3, which reflects the interaction among
nuclear spins, is given by

B=@BEI1+DFIN D D S ()
1 ]

wherel is the spin of the nucleus with magnetic moment
(I = 1/2 for H), g is the g factor, uy is the nuclear
magnetizationlN is the total number of nuclei with magnetic
moment, andr; is the distance between nucleiand j.
The decaying signal of the transverse magnetization,
M(t) is expressed empirically following the Weibull
functior®™®

M(t) = Mo expl — (Va)(t/T,)"] (4)

where a is the shape parameter,<la= 2, which could
express the characteristic of polymer material.

Forrcog < 1, theT, signals could be disposed to the soft
domain of polymer material(=1).

M(t) = Mg exp( — t/Ty) (5)

Ty~(oh7c) (6)

For rcog > 1, theT, signal could be disposed to the rigid
domain of polymer materiala(= 2).

M(t) = Mg exp — 1/2(t/T,)?] 7

Ty~ * 8)

The change of , should be related to both the changes of
ando? based on the microscopic foundation. The molecular
mobility strongly depends on the network structure of gels,
and the appearance of the junction point/cross-link of net-
work structure is attributed to the increaseddf i.e. the
decrease inl,. The analysis of the decaying process is
made by using the nonlinear least-squares method, which
fits the experimental data into the following equation:

M(t) = Moa exp{ - %(t/TzA)Z} + Mgg exp( — t/Tog)  (9)

whereM,; is the magnetic moment @h component, andl,;

is the spin—spin relaxation time @h component. From this
fitting procedure, we found that the decaying signals of
PVC/DOA gel could be roughly decomposed into two
components. The fast decaying component is from the
chain mobility in the junction domain (polymer rich) and
the slow decaying one is from between junction domains
(polymer poor). By connecting the results obtained from
CPMG and solid echo (FID) methods, each component
with various T, can be obtained separately without the

heterogeneous network structure and the different chaineffect of dead time after 9Q pulse and the heterogeneity
length between junction points are formed in PVC/DOA of magnetic field. The fractional amount of each
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place aiC above 2 wt% in this work. Ikehamt al.*® studied

the relation between volume phase transition process and
spin diffusion in the heterogeneous structure of acrylamide
gels by pulsed NMR. They showed that the discontinuous
change of chain mobility was observed at the transition
point of the volume change for ionized gels with acetone
content of the mixed solvent above 50%, while homoge-
neous behaviours were observed at acetone content below
50%. This means that polymer chains start to aggregate with
each other at the transition point. Combination of SEM and
pulsed NMR results indicates that PVC/DOA gels cannot be
formed with a complete network structure at lovisy, and

C, because these gels are attributed to the gelation from
comparatively homogenous solutiofigure 12a and b
also shows thafl5 decreases with increasirlg,, and C.

This is due to the fact that the polymer chains associate
with each other for forming the polymer-rich region to
increase the |mmob|Ie chains in gels. On the other hand,
the value ofT} also decreases remarkably with increasing
M, and C, and this may be due to the increment of the
solvents bound with polymer chain. The states of bound
solvent molecule and free solvent molecule are difficult to
distinguish from CPMG signals, although the mobilities
must differ from each other in wet gels. The fractional
amount of the immobile component/polymer-rich phase,
S, only increases from about 1% to 5% M, and C are
increased, implying that the phase separation is less remark-
able in PVC/DOA gel. This result is in good agreement with
that of SEM observation.

The spin—spin relaxation timel,= and the fractional
amount, fg, from FID signals of each component as
functions of M,, and C for dried gels are shown in
Flgure 13aandb, respectlvely We consider that the long
Tz(sz) and the shortT,(T5) components come from,
respectively, the molecular mobility for between and inner
junction points in freeze-dried gels, because the response of
chain mobility inner junction points (immobile component)
must be faster than that between junction points (mobile
component).Figure 13a and b shows that there is no
remarkable change 5 with a value of about Gs and the
value of Ty decreases from about 208 to 100us asM,,
and C are increased. The results also show that there is a
relative increase if¢ and a decrease |ié with increasing
M,, and C. The scale ofT5¢ is similar to that derived by
Shigaet al*® for polyvinyl alcohol—polysodium acrylate
gels (PVA-PAA gels). They studied the heterogeneous
structure of PVA—PAA hydrogel prepared by repeatedly
freezing and thawing the mixed solution, and reported that
the cross-linked domain in the gel is mainly formed by PVA
chains, with aT, with the scale of about 1@s. It is
reasonable thal5- has no remarkable change, because the

the decaying signals of wet (CPMG) and dried gels (FID). dead time following a 90 pulse is the same in the
The CPMG and FID decaying signals are decomposed into measurement of FID, andly is related to the immobile

two components using equation (9) for calculatifigandf
of each componenEigure 12aandb showT, andf of two

component or the chain mobility inner junction points. On
the other hand it is noteworthy that it has a remarkable

components with different chain mobilities, which are sepa- decrease iy with increasingM,, and C, |nd|cat|ng the
rated from the results of CPMG decaying signals in wet gels significant reduction of chain mobility in the mobile

as functions oM andC, respectlvely The component with
the long Tx(T}) and the shorfT,(T5), and the fractional
amount of longT,(f") and fractional amount of shoft(f9)
originate from polymer-poor and polymer rich domains in
gels, respectively. IfFigure 12k only a T» component is
detected for the samples with below 2 wt% M,, = 50 X
10%, while two componentst and T; are observed at
higher C regions, indicating that the gelation induced by
liquid—liquid separation of PVC/DOA solution only takes

component or between junction points. However, an
unreasonable value &£, which increases from about 20%
to 40% in freeze-dried gels, is much higher than that in
wet gels. Because the temperature of pulsed NMR
measurement is fixed at 3D below T4 of PVC (55 —-64C

in this study), thef? of immobile component is not only
related to junction point/microcrystal but also to other
immobile components in freeze-dried gels. Therefore, a
measured temperature higher thepmust be chosen for
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Figure 13 (a) Spin—spin relaxation timé&,r, and the fraction amourtt,

from FID signals of each component in freeze-dried gels as a function of
My (C = 5wt%): ): Tie; (O): Tse; (M): fL; (®@): f. (b) Spin—spin
relaxation timeT,e, and the fraction amount, from FID signals of each
component in freeze-dried gels as a functiorCoqM,, = 50 x 10%: (0):

Tor; (O): Tor; (W): fi; (@): f2

determining the real amount of junction points.
Unfortunately, a significant shrinkage of the gel volume
occurred at the temperature above’@Sbecause of the
porous structure of freeze-dried gels. Regardless of the
circumstance described above, combination of the results
in SEM and pulsed NMR for wet and dried gels
indicates that the change of chain mobility and fractional
amount in both mobile and immobile components is
accompanied by the structural change of gel network
due to the increases oM, and C. For only the
gualitative explanation, the enhancement of elasticity for
PVC/DOA gels may be mainly due to the increases in the

degree of PVC chain aggregation and the number of 3

junction points but not to that in the crystalline structure
such as the size of junction point/microcrystal or the
crystallinity.
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SUMMARY

In this work, the network structure and chain mobility of
dried polyvinyl chloride/dioxane (PVC/DOA) gels prepared
by the freeze-drying method were studied. First, the results
of WAXD and FTi.r. indicate that the crystallinity of dried
gels is very low and has no remarkable changklgandC

are increased, implying that the degree of the regular
arrangement of molecular chains has no significant
difference in gels. Then, the result of SEM observation
shows that the gel morphology consists of a fibril-like
structure and the mesh size decreases with increagding
andC. The elasticity of wet gel significantly increases and
the glass transition temperatuflg, of freeze-dried gel shifts

to higher temperature with increasiiy, andC. This means
that the increases in the degree of aggregation and the
number of junction points result in the reduction of the
molecular mobility of gels. The result from CPMG signals
of pulsed NMR shows only @ component is detected for
the samples witlC below 2 wt%, while two component§'2
andT5 are observed at high€ regions, indicating that the
gelation induced by liquid—liquid separation of PVC/DOA
solution only takes place & above 2 wt% in this study.
The values off5 andT'2 decrease with increasing,, andC,

and this is related to the fact that the polymer chains
associate with each other in forming the polymer-rich region
and the increment of the solvents bound with polymer
chains to increase the immobile molecular chain in the gels,
respectively. The fractional amount of the immobile
component/polymer rich phasé;, only increases from
about 1% to 5% a#l,, andC are increased, implying that
the phase separation is less remarkable in PVC/DOA
gelation. On the other hand, the results in FID signals in
pulsed NMR for dried gels show that there is no remarkably
change iriT5 with a value of about @s. This indicates that
T5 is related to the immobile component or the chain
mobility inner junction points'.I"ZF decreases remarkably as
M,, and C are increased. This is due to the significant
reduction of chain mobility in the soft component or
between junction points. The fractional amount of the
immobile component? of freeze-dried gels is much higher
than those in wet gels, because ffiés not only related to
the number of junction points but also to other immobile
components in freeze-dried gels. The enhancement of
elasticity for PVC/DOA gels may be mainly due to the
increases in the degree of PVC chain aggregation and the
number of junction points but not to that in the crystalline
structure such as the size of junction point/microcrystal or
the crystallinity.
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