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ABSTRACT: The multistep solidification process of various ternary blends has been correlated to the chain
dynamics and crystallization kinetics of individual components. These blends include a noncrystallizable poly-
(propylene glycol), an acrylate, poly(methyl methacryleden-butyl methacrylate), and crystallizable polyesters

such as poly(hexamethylene adipate) or poly(hexamethylene sebacate). When the sample temperature is lowered
from the molten state, the contribution of each component in the solidification process can be readily recognized.
The viscosity increase takes place in two steps. The initial increase is due to reduced segmental mobility. The
second is due to the increase in crystallinity. On the basis of the data obtained for binary blends, the contribution
of the crystallizable component in the viscosity change can be deduced. Although only minor structural differences
exist between two polyesters, their phase diagrams differ considerably. As expected, these differences in phase
diagrams led to different crystallization kinetics of the polyesters and associated solidification process.

Introduction are capable of measuring the crystallization process. It is thus
Polymeric ternary blends are widely used in very diverse possible to inte_rpret the contributi(_)n of_individual components
applications:4 Each component is employed because it has 0 the change in overall sample viscosity.
specific characteristics that lead to improved physical properties, In the previous study, phase diagrams of both binary and
ease in processing, or lower cost. For example, in our ternary blends of polyether, polyesters, and acrylate were
laboratories we have an interest in applications such as coatingsinvestigated. The evolution of morphological features in
adhesives, or drug delivery systems. In each application, themiscible or immiscible blends has also been charactefized.
solidification process or viscosity control of the blends is of was revealed that, depending on the local composition of
interest. In adhesive applications, a functionalized polyether is crystallizable polymer in crystallizable/noncrystallizable binary
mixed with crystallizable polyesters and an acrylate. The plends, the crystallization kinetics and degree of crystallinity
polyethers are employed to provide elasticity and impact strengthvaried dramatically. In addition, a highy acrylate component
at lowered temperatures. The acrylate and polyester crystallitesin ternary blends reduced segmental mobility and affected both
are employed to control melt strength at elevated temperaturesmiscibility and crystallization kinetics. Significant reductions
as well as cured strength. Because acrylate, a copolymer, isin crystallization rates and degree of crystallinity were observed
amorphous, its gIaSS transition temperature is important. Sincein ternary b|end§.Depending on the phase diagram and thermal
polyesters crystallize, the degree of crystallinity and crystallite history, it is possible to obtain dramatically different sizes of
size are impprtant consideratiops. Thus, the crystallization phase-separated domains, different compositions within each
process and its control are also important factors. phase, and different dispersions of large or small domains in
The ternary blends can vary in composition and individual the condensed state. The viscosity change in these blends from

components. In previous studies, we focused on the phaseye initial liquid state to the final condensed state is related to
diagram of the blends? morphological features developed, and  f5rmation of these crystalline features.

reaction kineticg:® In the present study, we focus on factors

that influence the viscosity of the blends at various temperatures.bI Th de V.'Scos'ty ar!d crysltalhzatlon belha;]wor of d|:telrent te(;pary
Film thickness is often an important parameter. Appropriate Plénds incorporating polyesters, poly(hexamethylene adipate)

sample viscosity is crucial. It should be emphasized that (PHMA) or poly(hexamethylene sebacate) (PHMS), noncrys-
crystallization kinetics is critically dependent on sample viscos- tallizable poly(propylene glycol) (PPG), and poly(methyl meth-
ity. The exact relationship is difficult to quantify. Obviously, acrylateeo-n-butyl methacrylate) have been characterized. The
viscosity depends on blend composition. Whether the SampleVISCOSIty and crystalll_nlty changes were studlgd at d!fferent
is thermodynamically miscible can significantly influence the degrees of supercoolingAT). The effect of a hightg third
viscosity valug~11 The relationship is further complicated ~COmMponent, an acrylate, on the wscosny and crystallization
because both steps of the crystallization process, i.e., nucleatiorProcess has also been studied. A typical phase-separated
and crystalline growth, are dependent on the local concentrationmorphology of the PHMA/PPG/Acrylate ternary blend is shown
and segmental mobility. In this study, the viscosity of various in Figure 1, where the phase-separated domains are a PHMA-
ternary blends has been analyzed as a function of time andfich phase and the continuous matrix is a PHMA-poor phase.
temperature profile. These studies were carried out in conjunc- Morphological features such as domain size, crystallinity, and

tion with real-time infrared spectroscopic measurements which compositional distribution are expected to be quite different,
depending on the composition as well as thermal history.

*To whom correspondence should be addressed: Tel 413-577-1125; 1herefore, the relationship between the crystallization kinetics
Fax 413-545-0082; e-mail slhsu@polysci.umass.edu. and change in viscosity in blends is a complex one.
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Figure 1. A typical phase-separated structure of the PHMA/PPG/
P(MMA-co-nBMA) ternary blend. 100 L L L 20
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Table 1. Correlation between Thermal and Infrared Band Intensity Ti
Data of PHMA and PHMS Crystallized Isothermally at Various ime (sec)
Degrees of Supercooling Figure 2. Time-dependent viscosity changes of the PHMA/PPG
o . o (/1) binary blend under the cooling process from 220to various
PHMA (T, =58°C, AH,, = 151 J/g) AT's of 13—23 °C.
IR band intensity . )
AT (°C) AHm (J/9) crystallinity (%) at 973 cmt blends was calculated by comparing the melting enthalyyt{)
23 85.55 57 0.102 of an isothermally crystallized sample with the equilibrium melting
18 81.26 54 0.091 enthalpy of polyesterAHy,), as shown in Table #13Blend mor-
15 74.28 49 0.081 phology was observed using an Olympus Vanox optical microscope
13 66.60 44 0.072 equipped with a digital camera.
PHMS (Tf, = 70°C, AH;, = 134 J/g) Results and Discussion
IR band intensity ; ; ;
AT Q) AHn (3/g) crystallinity (%) at 980 cm _ Thg morphologlcal features and their development differ
significantly for binary and ternary blends. Because of the rela-
ig g%-gi 32 8-(1)5 tive interactions of individual components, the phase diagrams
15 5136 38 0.079 are also different.To differentiate between contributions from
13 48.44 36 0.074 the reduction in segmental mobility due to the presence of
acrylate and from crystallinity of the polyesters, binary and
Experimental Section ternary blends were studied separately. The miscibility behavior

and associated morphological differences of PHMA/PPG and

_ _ PHMS/PPG binary blends have been investigatedt. was
M, = 1575 g/mol), poly(hexamethylene sebacate) (PHM$ = LT o
1371 g/mol), poly(propylene glycol) (PPGl, = 1887 g/mol), and revealed that the |mm|SC|b.Ie PHMA/PPG bIequs exh|p|ted
a random acrylic copolymer of poly(methyl methacrylates-butyl phas.e-separated morphologle§ for most compositions, while the
methacrylate) [P(MMAeo-nBMA), M, = 18 841 g/mol] were miscible PHMS/PPG blends displayed homogeneous morphol-
utilized for blend studies. Both polyesters have primary OH groups ogies. This result is surprising as the two polyesters have very
at their chain ends, whereas PPG has secondary OH end groupssimilar chemical structures.

As in previous studie3! poly(hexamethylene adipate) (PHMA,

Equilibrium melting points T5,) of PHMA and PHMS are 58 and The viscosity and crystallinity changes of the immiscible
70°C, respectively213Since the melting points of these polyesters PHMA/PPG (1/1 by weight ratio) and miscible PHMS/PPG
differ, the degree of supercoolingT = Ty, — T, whereT, indi- (1/1) blends when cooled from the melt are shown in Figures
cates the crystallization temperature) was used for crystalliza- 2 and 3, respectively. The solid lines indicate the temperature
tion analysis. The glass transition temperatdig 6f P(MMA-co- profiles from 120°C to the various temperatures. As described
T'Z%“fé) is 85 °C. All blends were prepared by melnixing at above, because of the different melting temperatures, the degree

Temperature- and time-dependent viscosity development of of supercpol_lfr_lgAT, was qsedh For bgth_blnary Flen?s, there
blends was measured with a small-amplitude oscillatory shear using\évas ho significant V'S.COS'ty change . uring coofing from 120
the cone and plate geometry of the Advanced Rheometric Expansion C (© the predeterminedT, 13-23 °C. Sample viscosity
System (ARES, Rheometric Scientific Inc.). The instrument was Increased only when samples began to crystallize. For the
operated using RSI Orchestrator (version 6.3.0). The frequency andimmiscible PHMA/PPG blend, the viscosities changed rapidly
applied strain were controlled at 1 rad/s and 1%, respectively. The and reached a plateau value, independertTofNo significant
blends were first melted at 12C for 3 min and then cooled to  difference in the final viscosity indicates that the immiscible
the predetermined temperature. The viscosity change was monitoredblends are totally solidified in the range AT used. As shown
as a function of time at a given temperature. in Figure 3, for the miscible PHMS/PPG blend, viscosity
To investigate the crystallization process, time-resolved infrared geyelopment as a function of time is quite different from the
spectral measurements were carried out using a F_’erkin-EImer 2000bH4MA/PPG blend even though the blend composition is
FT-IR spectrometer. Infrared spectra were obtained every 14 s. identical. The viscosity in this case AT = 23 °C increased

Spectral resolution was maintained at 4 ¢min each case, the K quickly and reached a plateau value identical to that found for

crystallization process as a function of time and temperature too . .
plgce in a spegially designed cell. P all PHMA/PPG blends. In contrast, viscosity values measured

Thermal measurements of blends crystallized at various degrees@t lower supercoolingAT of 15 and 13°C, increased slowly
of supercooling were conducted using a differential scanning and reached lower plateau values. A few degrees of temperature

calorimeter (DSC Q100, TA Instruments Inc.). The heating rate difference near the melting temperature changed the viscosity
was 10°C/min. The degree of crystallinity of binary or ternary behavior significantly in the miscible blend, quite unlike te%v
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Figure 3. Time-dependent viscosity changes of the PHMS/PPG (1/1)
binary blend under the cooling process from FZDto variousAT's v(C=0) (B)
of 13—23 °C. A
immiscible PHMA/PPG blend. As observed previoushthe S A
small differences in the chemical structures of the two polyesters 8 A 980
led to astonishingly different phase diagrams and morphological g ‘ 840 sec |
features. S It ”
These viscosity differences must be attributed to differences 'g I\
in crystallization kinetics, the degree of crystallinity achieved, 2 j %
and morphological features obtained. To investigate the relation- < 42
ship between viscosity development and crystallization behavior, 28
the crystallization kinetics of the immiscible and miscible binary 14
blends were examined by infrared spectroscopy. Figure 4A ) . ) ) )

shows typical time-resolved infrared spectra of the immiscible 1800 1600 1400 1200 1000 800 600
PHMA/PPG (1/1) blend aAT = 23 °C. The PHMA band at
973 cntl, assigned to Chideformation vibration, is sensitive
to the conformational ordéf. We also used this band to  Figure 4. Time-dependent infrared spectra of (A) PHMA/PPG (1/1)
represent the degree of crystallinity. The intensity of the and (B) PHMS/PPG (1/1) blends crystallizedgaf = 23 °C.
crystalline band at 973 cm was obtained as a function of time.
The intensity of the 973 cmt band normalized to the intensity
of the G=0 stretching band, which is independent of crystal-

Wavenumber (cm™)

30

|

|

lization, can be used to assess changing crystallinity once g 25 :

calibrated to samples with a known degree of crystallinity. Since > |

the change in enthalpy of these polyesters has been measured, £ 20 :

spectroscopic measurements were calibrated to thermal mea- © ! :

surements. The calibration samples are presented in Table 1. g 15 | :

The degree of crystallinity of PHMA/PPG blends at various % 1 I

AT's could then be evaluated as a function of time, as shown ® 10 1 |
in Figure 5. Crystallinity development becomes slightly slower % i i © AT=237C
with decreasingAT from 23 to 13°C. The final degree of 3 } l Z ﬂ;lgé
crystallinity obtained also decreases from 28% to 20% (nearly ! o aT=13°%

| |

| |

theoretical levels based on pure PHMA). The infrared spectra |
as a function of time obtained for the miscible PHMS/PPG 0 200 400 600 800 1000
(1/1) blend crystallized aAT = 23 °C are shown in Figure 4B
for comparison. Similar to PHMA/PPG blends described above,
the degree of crystallinity can also be obtained as a function of Figure 5. Changes of the degree of crystallinity for the PHMA/PPG
time. In this case, the integrated intensity of the 980%GH, (1/1) binary blend crystallized at variousT's of 13-23 °C.
deformation, band was normalized to the intensity of tkeGC

stretching vibration. When correlated to samples of known This indicates that the crystallization of PHMS in miscible
crystallinity (Table 1), the degree of crystallinity of PHMS/ blends changes noticeably with small differencesAi, in

PPG blends can then be measured (Figure 6). Similar to thecontrast to the crystallization behavior observed for immiscible
PHMA/PPG blends, differemiT’s were used. AANT = 23°C, PHMA/PPG blends.

PHMS in the blend crystallizes rapidly at a crystallization rate ~ The crystallization process is generally described in terms
comparable with that of PHMA/PPG blends. Crystallinity of nucleation and crystal growth via molecular diffusion.
develops more slowly with decreasigl from 23 to 13°C. Nucleation behavior in a polymediluent system was previ-
The ultimate degree of crystallinity achieved is also lower and ously investigated®16 The critical free energy for nucleation

is far from theoretical levels based on pure PHMS (1/2 to 1/3). in polymerdiluent mixtures is considered in terms of tE'IeDV

Time (sec)
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Figure 6. Changes of the degree of crystallinity for the PHMS/PPG  Figure 7. Time-dependent viscosity changes of the PPG/P(M&®A-
(1/1) binary blend crystallized at variousT’s of 13—23 °C. nBMA) (2/1) binary blend under the cooling process from TZDto

variousAT's of 13—23 °C.
depressed melting temperatufig,(. Here Ty, in the critical free
energy reflects the effects of the noncrystallizable component crystallinity. The transformation from liquid to viscoelastic phase
on the nucleation mechanism, which is influenced by both is not well characterized. A previous study on physical gelation

dilution (blend composition) and interaction paramétérhere- reported that the critical crystallinity to form a three-dimensional
fore, it is not surprising that miscibility in polymer blends network can be very low such as ZOverall, viscosity
significantly affects crystallization kinetics at differenfT’s. changes of both PHMA/PPG and PHMS/PPG binary blends at
The melting temperature depression in polymer blends is variousAT's are quite consistent with crystallization kinetics.
expressed as Therefore, it is valid to conclude that the viscosity changes in

binary blends during the cooling process are dominantly
1 —X12RVoy 1 contributed by crystallization of crystallizable polyesters. The
T_° B AH, V., 1 @) shear stress has been reported to influence mixing, demixing,
m and crystallizatior?5-30 As the viscosity development matches

where the subscripts 1 and 2 refer to the noncrystallizable andwe” with crystalliz_ation kinetics, Wwe assume the shgar effects
crystallizable polymer, respectivelyim andT®, are the melting on phase_ separation and crystallization to b_e .negllglbly small.
temperatures of the blend and of the pure crystallizable polymer, . ViSCOsity changes of ternary blends containing both crystal-
respectivelyV, is the molar volume per repeat unit of polymer,  liZzable polyesters and a highyacrylate component are expected
AH, the enthalpy of fusion of 100% crystalline polymefo to be more com_pllcated. As noted above, the |ncIu3|o_n_ of the
the interaction parametep, the volume fraction of the compo-  Nigh-Tg acrylate into the blends reduces molecular mobility and
nent in the blend, anR the gas constant. In our previous sttidy, changes phase behawor and therefpre crystallization kinetics.
the melting temperatures of PHMS/PPG blends with various 10 €xamine the influence of the highyacrylate on blend
blend composition were measured. The interaction parameterViScosity, PPG/P(MMAeo-nBMA) (2/1) binary blends without
was found to beyi, = —0.0325 using eq 1. The melting cry;talllzablg polyesters were prepgred, and viscosity changes
temperature of the PHMS/PPG (1/1) blend was found to be 9uring cooling from 120°C to various temperatures were
lowered only by<2 °C from the value of PHMS homopolymer. |nvest|g§1ted (Figure 7). Clearly, the viscosity increases during
PHMA did not exhibit any reduction in melting temperature. the cooling process reaches a constant value. In this case, the
Therefore, the reduction in melting temperature in various blends VISCOSity increase originates from the reduced segmental mobil-

was not considered. ity of the highTy acrylate. Because of their loily values (g

The crystal growth rates of miscible blends are also retarded ~ ~60 °C), reduction in segmental mobility of polyester or
by the need to transport crystallizable materials to the crystal POlyether is not observed.
growth front and push the noncrystallizable material away from  The viscosity changes of the PHMA/PPG/P(MMANBMA)
the growth front8.1° This leads to reduction in crystal growth ~ (1/1/1) ternary blend when cooled from 120 to variousAT's
rates and final degree of crystallinity. An enrichment of the are shown in Figure 8. The viscosity of this ternary blend was
noncrystallizable materials at interlamellar, interfibrillar, and Observed to develop in two steps in comparison to the single-
interspherulitic regions can occtfr.24 Therefore, crystallization ~ step viscosity development of all observed binary blends. In
kinetics, including both nucleation and crystal growth, of the this ternary blend, the viscosity increases during cooling from
miscible PPG/PHMS blend is extremely sensitive to supercool- 120 °C to eachAT temperature and reaches a certain plateau
ing, in contrast to the immiscible PPG/PHMA blend. Although Value dependent oAT. At those AT temperatures, there is
the details of individual crystallization mechanisms differ, there change in the viscosity development, also dependenA®n
is little doubt that crystallization kinetics are slower in miscible We assigned the initial change in viscosity during cooling as
blends as we have found. due to the reduced segmental mobility of the highacrylate

As noted above, the viscosity of the immiscible PHMA/PPG component. The subsequent increase originates from the crystal-
blend crystallized at alAT’s reached the saturated maximum lization of the PHMA component.
value (Figure 2). The crystallinity achieved ranges from 20 to  Figure 9 presents the crystallization kinetics of the PHMA/
28% (Figure 5). The viscosity change for the miscible PHMS/ PPG/P(MMA<€0o-nBMA) (1/1/1) ternary blend at variousT's.
PPG blends has a broad range depending on the degree ofAs mentioned above, the normalized intensity of the PH%%V

1
Tm
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Figure 8. Time-dependent viscosity changes of the PHMA/PPG/ Figure 10. Time-dependent viscosity changes of the PHMS/PPG/
P(MMA-co-nBMA) (1/1/1) ternary blend under the cooling process

P(MMA-co-nBMA) (1/1/1) ternary blend under the cooling process
from 120°C to variousAT's of 13—23 °C.
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Figure 9. Changes of the degree of crystallinity for the PHMA/PPG/
P(MMA-co-nBMA) (1/1/1) ternary blend crystallized at variotsI's
of 13—23°C.

crystalline band at 973 cm was calibrated to the degree of
crystallinity of ternary blends using the relationship in Table 1.
Unlike the crystallization behavior of the immiscible PHMA/
PPG (1/1) blend in Figure 5, the crystallization of the ternary

from 120°C to variousAT's of 13—23 °C.
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Figure 11. Changes of the degree of crystallinity for the PHMS/PPG/
P(MMA-co-nBMA) (1/1/1) ternary blend crystallized at variods’s
of 13-23°C.

13—23 °C. Preliminary results indicate that the “effective”
percolation limit is an important consideration. This study will
be reported shortly.

The viscosity development of the PHMS/PPG/P(MM#é-

blend is extremely sensitive to the degree of supercooling. The nBMA) (1/1/1) ternary blend at variouST's is shown in Figure

crystallinity development of the ternary blend is significantly
slower with decreasind\T from 23 to 13°C. The ultimate
degree of crystallinity obtained is noticeably lower in the time

10. Similar to the PHMA/PPG/P(MMA0-NBMA) (1/1/1)
ternary blend, there are two-step viscosity changes due to the
vitrification behavior of the acrylate component during cooling

period examined. The large reduction in the crystallization rate from 120°C to eachAT temperature and the crystallization of

and degree of crystallinity at smalAT is believed to be

PHMS. In comparison to the PHMS/PPG (1/1) binary blend,

correlated to the presence of an immobile acrylate component.the viscosity development of the ternary blend is somewhat

Previous studies indicated that the highacrylate appreciably

faster because ternary blends have a Higlacrylate in spite

affects miscibility of the ternary blends as well as segmental of less PHMS content. In the previous study, we found that the

mobility in the crystallization procedslt therefore suffices to
conclude that, due to the presence of the Highacrylate

PHMS/PPG/P(MMAeo-nBMA) (1/1/1) ternary blend becomes
immiscible by adding an acrylate component into miscible

component, the segmental mobility of ternary blends decreasesPHMS/PPG blend3One can therefore conclude that the faster

with increasingAT and eventually leads to slower crystallization
kinetics.

It should be noted that the viscosity of the PHMA/PPG/
P(MMA-co-nBMA) (1/1/1) blend reaches a certain plateau
value, irrespective oAAT (Figure 8). The ultimate degree of
crystallinity for various samples is noticeably different depend-
ing on AT (Figure 9). The difference in the size of phase-

viscosity development during the second step of the ternary
blends is due to the increased crystallization rate in the
immiscible ternary blends, as seen in Figure 11. In this figure,
the crystallization behavior of the PHMS/PPG/P(MMA-
nBMA) (1/1/1) ternary blend is clearly illustrated. From Figures
6 and 11 the crystallization rate of the immiscible PHMS/PPG/
P(MMA-co-nBMA) (1/1/1) ternary blend has been shown to

separated domains (PHMA-rich phase) was observed to bebe even faster than that of the miscible PHMS/PPG (1/1) blend,

negligibly small for all blends cooled to differe®XT's of

although the crystallinity of the ternary blend is somewhat Iogﬁ)rv
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Figure 12. Time-dependent viscosity changes of the PHMA/PPG/ rig re 14. Time-dependent viscosity changes of the PHMA/PPG/
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Figure 13. Changes of the degree of crystallinity for the PHMA/PPG/  Figyre 15. Changes of the degree of crystallinity for the PHMA/PPG/
P(MMA-co-nBMA) (3/1/1) ternary blend crystallized at variodsl’s P(MMA-co-nBMA) (1/3/1) ternary blend crystallized at variowsl’s
of 13-23°C. of 13-23°C.

than that of the binary blend and still 1/2 to 1/3 of theoretical crystallinity development as a function of time at varia\iEs,
values based on pure PHMS. which is in good agreement with the viscosity development by
The viscosity and crystallinity development of PHMA/PPG/  crystallization. Since this ternary blend has a higher content of
P(MMA-co-nBMA) ternary blends with different compositions PHMA as well as the inverted phase-separated structure, in
of (3/1/1), (1/1/1), and (1/3/1) have also been investigated. It comparison to the (1/1/1) ternary blend noted above, its viscosity
should be noted that all ternary blends prepared in this study developed rapidly at alAT’s to form the solid phase.
are immiscible, leading to phase-separated structuid® The viscosity and crystallinity development of the PHMA/
therefore focused on ternary blends involving PHMA. In the PPG/P(MMAco-nBMA) (1/3/1) blend at variousAT's are
PHMA/PPG/P(MMA<0o-nBMA) (1/3/1) blend, the phase-  shown in Figures 14 and 15. Similar to other ternary blends
separated domains are the PHMA-rich phase and the con-with different compositions, this ternary blend again shows the
tinuous matrix is the PHMA-poor phase, similar to the (1/1/1) two-step viscosity development, correlated to the segmental
ternary blend. However, the phase-separated domain (PHMA-mobility and crystallization processes. As expected, the viscosity
rich phase) size is much smaller than the (1/1/1) ternary blend. development by crystallization (Figure 14) is consistent with
For the PHMA/PPG/P(MMAeco-nBMA) (3/1/1) blend, there  the crystallization rate (Figure 15). Crystallization rates of
is a phase inversion, indicating that the phase-separated doPHMA/PPG/P(MMA<o-nBMA) (1/3/1) and (1/1/1) blends are
mains are the PHMA-poor phase and the connected matrix ismuch slower than those of the (3/1/1) ternary blend, as seen in
the PHMA-rich phase, unlike the (1/1/1) and (1/3/1) ternary Figures 9, 13, and 15. The first step viscosity development of
blends. ternary blends is dependent on acrylate content. The higher
The viscosity development of the PHMA/PPG/P(MMA- acrylate content, the higher viscosity achieved without the
nBMA) (3/1/1) blend in the cooling process from 12C to crystallization contribution (Figures 8, 12, and 14). In addition,
variousAT's is represented in Figure 12. This ternary blend the second step viscosity development by crystallization and
also shows a two-step viscosity development, regardleAFof  the final viscosity achieved at a giveAT temperature are
The initial viscosity increase during cooling is affected by the dependent on the PHMA content, phase-separated structure, and
acrylate and the later by crystallization. Figure 13 shows miscibility in the ternary blends. CDV
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Conclusion

The solidification process in multicomponent crystallizable
blends was investigated at various degrees of supercoding (
= 23—13°C) using viscometry, vibrational spectroscopy, and

calorimetric methods. The solidification process of blends was

found to correlate well with chain dynamics of the hig-
acrylate component. In addition, the contribution of the crystal-

lization process can also be measured independently. Thes
measurements have been made for miscible and immiscible

binary and ternary blends.

The role of crystallization in the solidification process of
binary blends could be studied directly. Although PHMA and
PHMS are crystallizable polyesters with similar chemical

structures, they have different miscibility with PPG. In the case

of the immiscible PHMA/PPG (1/1) binary blend, solidification
was not strongly dependent o&T since the crystallization

process remains the same. The viscosity increased rapidly when )
the blends reached the crystallization temperature. However,

in the case of the miscible PHMS/PPG (1/1) blend, the
solidification originating from crystallization was noticeably
sensitive toAT of 23—13 °C. The viscosity or crystallinity
development became appreciably slower with decreadifg
from 23 to 13°C. The ultimate viscosity was considerably lower
at low AT due to reduced crystallinity, far below theoretical
values.

Viscosity and crystallinity development with time for ternary
blends including a higfy, acrylic component, PHMA/PPG/
P(MMA-co-nBMA) and PHMS/PPG/P(MMAeco-nBMA), was

Macromolecules, Vol. 39, No. 1, 2006

viscosity development. In summary, the phase miscibility, chain

dynamics, and crystallization contribute to viscosity changes
in ternary blends, individually or collectively.
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