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An experimental study was carried out to investigate the kinetic, morphological and thermodynamic 
properties of thin films of isotactic polypropylene (iPP) blended with several elastomers such as 
ethylene-propylene-diene terpolymer (EPDM) and three samples of polyisobutylene (PIB) with 
different molecular masses. The addition of the rubber to iPP causes drastic modifications in the 
morphology, nucleation density, spherulite growth rate and thermal behaviour of iPP. Such modifi- 
cations depend strongly on the chemical and molecular mass of the added elastomer and on the 
composition of the blend. All the elastomers studied seem to act as nucleating agents for the iPP 
spherulites. The addition of PI B to iPP results in a reduction of the spherulite growth rate G, whereas the 
addition of EPDM does not seem to have a great influence. For the iPP/PIBHM, iPP/PIBMM and 
iPP/EPDM blends a depression of the equilibrium melting temperature Tin, with respect to that of pure 
iPP, is observed. This depression is increased for the blend containing 20% rubber. This effect is probably 
related to phenomena of partial miscibility in the melt and to the coexistence of processes such as 
molecular fractionation and preferential dissolution of the more defective molecules. 
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INTRODUCTION 

During the last few years a great number of papers have 
been published on binary blends made of isotactic 
polypropylene (iPP) and elastomers with different chemi- 
cal nature I -7. Such mixtures are of tremendous interest 
for both technological and scientific reasons. 

In fact, on the one hand, it is enough to add to iPP small 
quantities of ethylene-propylene copolymers (EPM), 
ethylene-propylene-diene terpolymer (EPDM), butyl 
rubber (BR), styrene-butadiene-styrene copolymer (SBS), 
polyisobutylene (PIB), etc., to obtain an interesting 
improvement of the impact strength and of the en- 
vironmental stress cracking resistance of the iPP at low 
temperature. On the other hand, to get a better under- 
standing of the mechanical behaviour of these blends, it is 
necessary to investigate in detail the crystallization pro- 
cess from the melt and the morphology that emerges 
during the crystallization of the mixtures. 

In this paper the isothermal crystallization, mor- 
phology and melting behaviour of thin films of isotactic 
polypropylene blended with an ethylene-propylene- 
diene terpolymer and three samples of polyisobutylene 
with different molecular masses are investigated. 

The main goal of the research is to study in detail how 
the blend composition, chemical structure and molecular 
mass of the elastomer may influence: 

(i} the crystallization of isotactic polypropylene from 
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the melt (radial growth rate of spherulites and nucleation 
density); 

(ii) the overall morphology of the binary mixtures 
(shape, size and structure of the spherulites of the 
crystallizable component and of the rubbery domains); 

(iii) the thermal behaviour of the iPP (enthalpy of 
fusion, observed melting temperature and equilibrium 
melting temperature). 

The results will be compared with those reported in a 
previous paper I which deals with the morphology, crys- 
tallization and melting behaviour of fil ls of iPP blended 
with three ethylene-propylene copolymers having dif- 
ferent ethylene contents. 

EXPERIMENTAL 

Materials 
The molecular characteristics together with the sources 

and trade names of the polymers used in the present 
investigation are reported in Table 1. 

Before blending, all the polymers were purified by using 
the following procedure: they were first dissolved in 
xylene at 120°C and washed with HCI (water solution, 
10% volume); then they were precipitated with methanol 
under strong agitation, washed with acetone and finally 
dried under vacuum at 80°C for 12 h. 
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Table I Molecular characteristics, soumes and trade names of the 
polymers used in the present investigation 

Source and 
Polymer trade name Molecular mass 

I$otacticpolypropy- RAPRA M~w = 3.07 x 10s 
lene (iPP) M n = 1.56 x 104 

Polyisobutylene Vistanex LM • MH M'-'v = 6.6 x 104 
(PIB) (Esso) (PIBLM) 

Vistanex L120 M--- v = 1.6 x 106 
(PIBMM) 

EGA Chemie M'--v = 3.5 x 106 
(PIBHM) 

Ethylene--propylene-- Dutral TER 054-E 
diene terpolymer (Montedison) 
(EPDM) 

iPP/PIBLM blends. Micrographs of films of iPPfPIBLM 
blends are reported in Figure I. In the case of 90/10 blends 
the elastomer is ejected, during crystallization, mainly at 
the growing spherulite boundaries. For the 80/20 blend 
the iPP spherulites are more open and coarse, suggesting 
that part of the elastomer is probably incorporated in 
interlamellar regions. The overall morphology of blends 
with a higher elastomer content is more complicated as 
interconnected rubbery domains are observed. 

iPP/PIBMM blends. In such blends (see Figure 2), for 
all composition and T c explored, the elastomer sepa- 
rates from the iPP phase, forming spherical domains 
incorporated in intraspherulitic regions. 

Preparation of the blends 
Binary blends of iPP/elastomers were prepared by first 

dissolving the two components in xylene at 120°C in the 
desired proportions; then the solvent was rapidly evap- 
orated by using a Rotovapor and the resulting powder 
dried under vacuum to eliminate any trace of residual 
solvent. 

Thin films (about 10#m thick) were obtained by 
compression moulding of the blend powder at 200°C. 

Radial growth rate and melting temperature measurements 
The radial growth rates G =dr/dt (r = radius of sphe- 

rulites, t = time) were calculated by measuring the size of 
iPP spherulites as a function of time during the isothermal 
crystallization process. An optical polarizing microscope 
fitted with an automatized hot stage was used for the 
measurements. This standard procedure was followed: 
Blend films were sandwiched between a microscope slide 
and a cover glass, heated at 20°C above the melting point 
of iPP and kept for 10 rain at this temperature. Then the 
temperature was suddenly lowered to the desired Tc and 
the sample allowed to crystallize isothermally. The radial 
growth ofa spherulite focused upon was finally monitored 
during crystallization, taking photomicrographs at ap- 
propriate intervals of time. From the measured radius r, 
plotted against the time t, the radial growth rate G was 
calculated as the slope of the resulting straight lines. The 
observed melting temperature T~, of iPP crystallized from 
melt blends was measured by heating the sample until 
birifringence disappeared. The corresponding tempera- 
ture was taken as the observed melting point of the 

t sample, Tin. 

RESULTS AND DISCUSSION 

Overall morphology 
In a previous paper ~ it was reported that EPM 

elastomers are ejected during the crystallization of iPP. A 
more careful analysis showed that the morphology is 
much more complex. In fact, it was possible to observe 
that the growth of iPP spherulites causes the ejection of 
EPM particles only for a short distance; then occlusion 
occurs on increasing the radius of the spherulites 2. 

The analysis of optical micrographs of thin films of 
iPP/PIB blends shows that the overall morphology is 
dependent on the composition and on the molecular mass 
of the elastomer. 

Figure 1 Optical micrographs of melt crystallized films of 
iPP/PIBLM blends, T c = 131"C, crossed polarizers: (a) 90/10, (b) 
80/20, (c) 60/40 
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iPP/PIBnu blends. In films of iPP/PIBHM 90/10 blend 
(see Figure 3), the elastomer is mainly ejected at the 
spherulite boundaries and probably also in interlamellar 
regions as the spherulites, especially at the borders, are 
more open and coarse. In the case of the 80/20 blend, 
spherical elastomeric domains in both intra- and in- 
terspherulitic regions are observed. Interconnected mor- 
phology is found in blends with higher PIBHM content (see 
Fiaure 3). 

The observation that PIBLM is ejected mainly in 
interspherulitic regions, in contrast to what happens to 
the PIBMM and PIBHM, may be accounted for by the 
higher diffusivity coefficient of this rubber due to its 
relatively lower molecular mass. 

Figure 3 Optical micrographs of melt crystallized films of 
iPP/PIBHM blends, T c = 135°C, crossed polarizer: (a) 90/10, (b) 
80/20, (c) 60/40 

Figure 2 Optical micrographs of melt crystallized films of 
iPP/PIBMM blends, T c = 131=C, crossed polarizers: (a) 90/1 O, (b) 
80/20, (c) 60/40 

iPP/EPDM blends. Optical micrographs of thin films of 
iPP/EPDM, reported in Figure 4, show that the elasto- 
mer separates in droplet-like domains mainly dispersed 
in intraspherulitic regions. As can be observed, these 
rubbery domains seem to be aligned along the radial 
direction. 

Nucleation density: number of spherulites per unit area 
(N/S) 

The addition of elastomers to iPP strongly influences 
the N/S values. The type of effect and its existence depend 
on the chemical nature and molecular mass of the 
elastomer, crystallization temperature and composition. 
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moment not easily interpreted. All blends show that for a 
given composition N/S decreases with the increase of T~, 
in accord with the finding that for heterogeneous nuc- 
leation the nucleation density decreases when the super- 
cooling diminishes. 

The above observations strongly suggest that the 
elastomers may work as effective nucleating agents. This 
nucleation efficiency of the elastomers seems to depend on 
factors such as: chemical structure and molecular mass, 
composition and we believe also molecular mass 
distribution. 

From the results reported above, it may be concluded 
that the overall morphology of blends of iPP and a non- 
crystallizing elastomer depends to a considerable extent 
on the composition and on the chemical structure of the 

_ amorphous component, as well as on their molecular 
mass. 

At this point it is iarteresting to point out that the 
addition of rubbers to.iPP causes drastic changes in some 
very important morphological factors of the semicrystal- 
line matrix such as shape, dimension and structure of 
spherulites and interspherulitic boundaries. 

All these factors, as shown by Friedrich 8, have a great 
influence on crack propagation and impact behaviour 
of pure iPP. Thus any theory elaborated to predict and to 
explain the fracture mechanism behaviour of iPP/rubber 
blends should take into account the fact that the matrix 
undergoes deep structural and morphological modifi- 
cations following the addition of a rubbery component. 

Figure 4 Optical micrographs of melt crystallized films of 
iPP/EPDM blends, T c = 135"C: (a) 90/10, crossed polarizers; (b) 
90/10, parallel polarizers; (c) 60/40, crossed polarizers 

For iPP/EPDM blends, N/S increases monotonically 
with the percentage of rubber, as shown in Figure 5. For 
comparison on the same figure plots of N/S versus 
percentage of elastomer for iPP/EPM blends I are also 
reported. In such mixtures we observe that for the same T~ 
and blend composition N/S increases with the increase of 
the ethylene content of the elastomer and with the 
decrease of the molecular mass ~. 

In the case of iPP/PIB blends, plots of N/S against the 
elastomer percentage show a maximum for the 90/10 
blend composition. These synergistic effects, dramatic for 
the iPP/PIBLM 90/10 blend (see Fioure 6), are at the 

Spherulite radial growth rate 
The addition of EPDM terpolymer to iPP at a given T~ 

causes only a small depression of G (see Figure 7). Similar 
behaviour was observed in the case of iPP/EPM blends ~. 
In the case of iPP/PIB blends, G is influenced much more 
by composition and molecular mass of the elastomer. In 
fact, in such blends a large depression effect can be seen, as 
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Figure 5 Number of spherulites per unit area, N/S, as a function 
of elastomer content at different Tc: (a) iPP/EPCAR blends, (b) 
iPP/Dutral blends, (c) iPP/Buna blends, (d) iPP/EPDM blends 
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shown in Figure 7, whose existence is dependent on T= and 
on the molecular mass of added PIB. 

The variation of G versus composition, for iPP/EPDM 
and iPP/PIB blends, at a given T~ is shown in Figure 8. In 
the case of iPP/PIB blends the trend is dependent on the 
molecular mass of PIB. It can be observed that for 
iPP/PIBMM blends at a given T~, G decreases monotoni- 
cally with the elastomer content, whereas plots of G versus 
composition for iPP/PIB.M show a minimum at a 90/10 
blend composition. In the case of iPP/PIBLM, after an 
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the case of iPP/PIBMM, iPP/PIBHM and iPP/EPDM at 
AT=constant show maxima (see Figure 9), more pro- 
nounced at higher AT, for an elastomer content of about 
20%. In contrast, a minimum for 10% of rubber is 
observed on the plots of g versus percentage of elastomer 
for iPP/PIBLM blends (see Figure 9). 

A depression in G is observed in the case of iPP/EPM 
blends if the values are compared at constant AT. The 
trend of G versus percentage of EPM at constant AT as 
shown in Figure 10 is dependent on the type of copolymer 
used as second component. It should be noted that the 
error on G values has been calculated as 0.02 x 10 -3 
crn min -1 

For a polymer/diluent system the temperature de- 
pendence 9-11 of G may be accounted for by the following 
equation: 

log G -- log v 2 
AF* 2aT m in v 2 

2.3RT~ boAHAT 

A¢*(cryst. comp.) 
= log G o -  (1) 

2.3RT~ 

where AF* is the activation free energy for the transport 
process at the liquid-solid interface, and A¢*(cryst. 
comp.) is the free energy relative to the formation of a 
nucleus of critical size, when the system is constituted only 
by the crystallizable component. 

Equation (1) fits the experimental data for the iPP/PIB 
blends quite well, in fact plots of the term on the left 
against Tm/T~AT give straight lines. From the intercepts 
and the slopes it was possible to calculate, at every 
composition, the values of the folding surface free energy 
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Figure 9 Radial growth rate, G x 10 3 (cm min -1, as a function of 
elastomer content at different undercooling AT (T m- To): (a) 
iPP/EPDM blends, (b) iPP/PIBLM blends, (c) iPP/PIBMM blends, 
(d) iPP/PIBHM blends 

ao and of log Go. It should be noted that in the calculation* 
of AF* the Tg of the blends was assumed equal to that of 
pure iPP (Tg= -18°C) 12 and the volume fractions were 
calculated by using density values measured at 180°C (PiPp 
= 0.766 gcm-  3; PPIB = 0.839 gcm-  3)13,14. 
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Figure 11 Composition dependence of (a) the free energy of formation Aq~* of a nucleus of critical size, (b) the free energy of folding ae, 
and (c) pre-exponential factor, log G 0, for the iPP/PIB blends 

Calculations performed by using for Tg of blends the 
values obtained from the Fox equation' 5 indicate almost 
no variations in the values of a~ and A~b*. This last 
observation is accounted for by the fact that at low 
undercooling the transport term is less important if 
compared with the thermodynamic one. 

The dependence of the free energy of formation of a 
nucleus of critical size A~b* and of the free energy of folding 
a¢ on the composition is shown in Figure 11 for iPP/PIB 
blends. For iPP/PIBMM and iPP/PIB.M blends those 
quantities are slightly depressed in respect to that of pure 

iPP. In the case of blends of iPP with lower molecular 
mass PIB the plots of A~b* and ao versus composition 
present a maximum at about an 80/20 composition. The 
same trend of A~b* and ae is observed for the pre- 
exponential factor log Go. 

In the case of iPP/EPCAR and iPP/Dutral blends, 
A~b*, oe and log Go increase with the percentage of rubber. 
In blends ofiPP with Buna and EPDM terpolymers, these 
quantities present a maximum and a minimum re- 
spectively (see Figure 12). 
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Melting behaviour 
In all blends investigated the observed melting tem- 

perature T~, of pure iPP and iPP crystallized from 
iPP/elastomer mixtures increases linearly with T~ accord- 
ing to the relation of Hoffman*6. The experimental error 
on the T~, values is about _0.02°C (see Figure 13). In fact 
the experimental data may be fitted by the equation*7: 

where T,, is the equilibrium melting temperature and ), is 
the so-called 'morphological factor'. The values of 7 for all 
blends are reported in Table 2. From this Table it is 
possible to point out that the morphological factor turns 
out to be almost independent of composition and of 
chemical nature of the ¢lastomer, in analogy with the 
results obtained for the iPP/EPM blends*. Thus it may be 
concluded according to Nishi and Wang *a that almost no 
kinetic effects on Tm and G are present. At a given T~ the 
observed melting temperatures of iPP/PIB blends are 
always lower than that of pure iPP. For iPP/PIBLM and 
iPP/PIBMM blends T~, decreases monotonically with 
elastomer content, while a minimum is observed in 
iPP/PIBnM blends at the 90/10 composition (Figure 14). 

The variation of the equilibrium melting temperature 
Tin, obtained from the Hoffmann equation, with the 
elastomer percentage is shown in Figure I5. For iPP/P- 
IBeM and iPP/PIBMM blends the Tm versus percentage of 
elastomer curves present a minimum for the 80/20 
composition (the iPP/PIBeM 60/40 blend has a value of T,, 
that is very close to that of pure iPP). Such behaviour may 
probably be accounted for if: 

(1) both PIBMM and PIBnM are able to act as a diluent 
for iPP at lower concentrations; 

(2) in blends with 20% of PIB, the mutual solubility of 
the two components in the melt decreases with increase of 
the elastomer content. 

Table 2 Values of the morphological factor 7 for the pure iPP and 
for the blends 

Polymer "Y 

iPP 2.04 

iPP/EPDM 
10% 2.08 
20% 2.22 
30% 2.08 
40% 2.00 

iPP/PIBLM 
10% 1.79 
20% 1.85 
30% 1.89 
40% 1.89 

iPP/PIBMM 
10% 2.00 
20% 2.1 
30% 2.00 
40% 1.92 

iPP/PIBHM 
10% 1.85 
20% 2.00 
30% 1.89 
40% 1.85 

In the case of iPP/PIBLM blends the Tm versus per- 
centage of PIB curve presents a maximum at a 90/10 
composition. 

Blends with higher PIBLM content (>  20~) have po- 
sitive values of the equilibrium melting-point depression 

AT m = T°( iPP)-  Tin(blend) 

The maximum in Tm is probably related to the fact that the 
PIBLM is able to dissolve selectively a certain amount of 
the more defective iPP molecules, in analogy with what 
we found for EPM copolymers*. At a higher PIB1.M 
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content, AT~ presumably becomes positive as the diluent 
effects prevail. Kinetic effects could be also present. 

iPP/EPDM blends present a minimum in the Tm versus 
percentage of EPDM plot at an 80/20 composition (see 
Figure 15). Thus iPP/EPDM blends behave qualitatively 
as iPP/PIB,M blends. Then the same considerations apply 
to the interpretation of their thermal behaviour. 

It is interesting to point out that, as reported in a 
previous paper ~, the addition of EPM to iPP causes an 
elevation of the T= and Tm of the crystallizable com- 
ponent. The existence of this effect, measured in terms of 
the values of the equilibrium melting temperature depre- 
ssion AT °, is dependent on the molecular structure and 
molecular mass of the EPM copolymers. A larger increase 
in Tm and T~ was observed for blends containing EPCAR, 
i.e. the copolymer with higher ethylene content and with 
lower molecular mass. 

Thus it is possible to observe that the nature, molecular 
structure and mass of the elastomer used as the second 
component also determine thermal and melting be- 
haviour of iPP/rubber blends. 

A qualitative analysis of the melting-point depression 
for blends whose components are miscible in the molten 
state, as presented by several authors ts-  2o, by using the 
Flory-Huggins theory t 7, gives the following equation for 
the equilibrium melting temperature depression: 

AT o o 2 = - Tm(V2./AH2u)Bv I (2) 

In the case of iPP/PIBLM, iPP/PIBMM, iPP/PIBHM and 
iPP/EPDM blends, the dependence of AT ° on v 2 is not in 
agreement with the above relation, as can be seen by 
Figure 16. (Note that the data are limited to composition 
lower than 209/0 of rubber.) 

The observed behaviour of AT~ suggests that: 
(1) the entropic contribution to AT~ is not negligible; 
(2) the Xt2 parameter depends on composition; 
(3) the amount of rubber which acts as a diluent is lower 

than that added to iPP because of phase separation 
phenomena in the melt. 

One approach to the theory of miscibility of polymers is 
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Figure 15 Variation of equilibrium melting temperature T m with 
the elastomer percentage 
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based on the solubility parameter. The solubility para- 
meter 6 is usually defined as the square root of the 
vaporization energy (AE) per unit volume. According to 
such a theory the probability for two polymers to be 
compatible is high if they have similar solubility para- 
meter values 21,22. Calculation of the solubility parameter 
may be done by using the following equation: 

where p is the density of the polymer at the wanted 
reference temperature, M is the molecular mass of the 
repetitive units of the polymer and ~ F  l is the sum of the 
molar attraction constants of all the chemical groups of 
the repetitive units. Using literature equations for the 
temperature dependence of density of PIB t3 and iPP t4 
amorphous phase, and calculating the attraction constant 
by means of the Hoy table 23, it is possible to report the 
values of 6 as a function of T for the two polymers. 

Figure 17 shows that the 6 values for PIB and iPP are 
very close, with an almost constant difference of about 
0.20 (cal cm- 3)t/2 in the 100°-200°C range of temperature. 
This result leads to the conclusion that it is likely that the 
iPP and PIB present in the melt have a certain degree of 
compatibility when they are blended together. This 
observation may explain some of our experimental data, 
i.e. depression in the Tm and G values, at least for 
compositions not exceeding 20-309/0 of PIB. 

DISCUSSION AND CONCLUSIONS 

The type of dependence on composition, crystallization 
temperature and chemical nature and molecular mass of 
the components observed in kinetic and thermodynamic 
quantities relative to the isothermal crystallization pro- 
cess of crystallizable mixtures, the final overall mor- 
phology and the melting behaviour are to be related to the 
physical state of the melt, which at T~ is in equilibrium with 
the solid phase which is developing. 

Let us assume that the binary blend with only one 
crystallizable component presents a phase diagram in the 
melt characterized by a lower critical solution tempera- 
ture behaviour. Then the possibilities that should be 
considered at least in principle are illustrated schemati- 
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cally in Figure 18. As shown in this Figure the equilibrium 
melting temperature of the crystallizable component A 
may be lower or higher than the critical temperature T~r. 

Compatibility of the components at all T c and compositions 
explored: T,, < T~,, T c < To, (see Figure 18a) 

The solid phase grows in thermodynamic equilibrium 
with a homogeneous liquid phase. The non-crystallizable 
component acts as a diluent, thus leading to a depression 
of the observed and equilibrium melting point. 

Regarding the radial growth rate of the spherulites, the 
presence of a diluent should influence both the transport 
term AF* and the thermodynamic term A~* which 
appear in equation (1). The effect of diluent on AF* is 

~-" 7.0 
'E 
U 

related to the fact that a mixture of compatible polymers 
presents only one glass transition temperature Tg in- 
termediate between those of the pure components. 

However, according to whether or not the Tg of the 
crystallizable component is higher or lower than that of 
the uncrystallizable component, and taking into account 
the WLF expression t°, the following two possibilities 
may be observed: 

(1) T~(blend)< Ts(cryst. comp.) 
AF*(blend)< AF*(cryst. comp.) 

--~G(blend) > G(cryst. comp.) 
(2) T~(blend) > Tg(cryst. comp.) 

AF*(blend) > AF*(cryst. comp.) 
--*G(blend) < G(cryst. comp.) 

The effect of the diluent on A~b* may be accounted for by 
considering the expression for the free energy of formation 
of a nucleus of critical size for a polymer/diluent system: 

6.5 

PIB 

_ iPP 

I I I 
IOQ 15Q 2QQ 
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Figure 17 Variation of the solubility parameter ~ (cal cm-3) 1/2 
with temperature for iPP and PIB 

A~b*(blend)=Aq~*(cryst. comp.) 2t%kTmT¢' 
boAHAT m Vz 

As the term -2ackTm T=(ln v2)/boAHAT is always positive, 
it appears most probable that 

A~b*(blend) > A~b*(cryst. comp.) 

and then in absence of any other effect 

G(blend) < G(cryst. comp.) 

Considering the above, it may be concluded that a 
mixture of compatible polymers, characterized by the fact 
that the T s of the crystallizable component is lower than 
that of the non-crystallizable component, has a high 
probability of showing a depression of the radial growth 
rate of the spherulites. 

These conclusions are in agreement with those reported 
in the literature in the case of PVF2/PMMA 24 and 
PCL/PVC 25 mixtures and in the case of PEO/PMMA 26. 

Compatible mixtures which verify the condition 
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Figure 18 Schematic illustration of phase diagrams of binary blends characterized by a lower critical solution temperature behaviour: (a) 
compatibility of the components at all T c and compositions explored; (b) and (c) semicompatibility of the components at the T c and 
composition explored 
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Tg(cryst. comp.)> Tg(uncryst. comp.) may, in principle, 
also show an increase of G, if the effect of the decrease of 
AF* is predominant. This could happen at high values of 
the undercooling where the transport term AF* pre- 
dominates over A~b*. 

However, it must be underlined that when the content 
of the uncrystallizable component increases, the entropic 
term 2aok Tm T~(ln v 2)/boAH A T increases and consequently 
the combined influence of the two terms AF* and A~b* 
may also vary with composition. In this last case a non- 
monotonic trend of the curves of G versus composition, at 
To, or AT constant, could be observed. 

It may be concluded that the observation of a depre- 
ssion of G, at a given T~, whose form is an increasing and 
monotonic function of the uncrystallizable component 
content in a binary mixture whose polymers verify the 
conditions Tg(cryst. comp.)< Tg(uncryst. comp.), is pro- 
bably an indication, together with the depression of the 
equilibrium melting temperature, of compatibility of the 
two components in the melt at the T~ and composition 
explored. 

The two polymers, at given T c are semicompatible 
According to temperature and composition the crystals 

may grow in equilibrium with a one-phase or a two-phase 
melt (see Figures 18b and c). 

Let us assume that the two polymers have a lower 
critical solution temperature behaviour and the crystalli- 
zation temperatures explored are higher than the critical 
temperature (see Figure 18b). Increasing the content of the 
non-crystallizing component (B) because of the diluent 
effect, the T" and T m of the crystallizable component (A) 
decrease monotonically until the X~ composition is 
reached where phase separation occurs. 

At X~ the system decomposes into the two phases C 
and D having different compositions" phase C is more rich 
in the component A whereas phase D is rich in the 
component B. 

Increasing the content of B, the two phases keep their 
compositions constant until X~( where the C and D phases 
disappear. If the two phases C and D are in equilibrium, 
we should expect no variability of T" and Tm as the 
composition goes from X~ to X~ (Figure 18b). (It is 
assumed that phase D is uncrystallizable.) 

The minima observed in plots of T~ and Tm against 
uncrystallizable component content in iPP/PIBHM and 
iPP/EPDM systems and in plots of G against com- 
position at constant Tc may probably be explained if it is 
assumed that during crystallization at T~ the processes of 
phase separation are followed by molecular fractionation 
and preferential dissolution of smaller and/or more 
defective molecules of the crystallizable component in the 
domains of the uncrystallized polymer. According to this 
idea phase C will have the same composition on increas- 
ing the percentage of B in the blend, but the crystallizable 
matrix will be made of more perfect molecules and thus 
the Tm and Tm would have the opportunity to increase. 

The two polymers are incompatible in the melt at the T c and 
composition explored 

The crystals of the crystallizable component grow in 
equilibrium with its own melt phase. The presence of 
separate domains of the uncrystallizable component 

dispersed in the melt matrix during the crystallization 
process may, because of kinetic effects, influence some 
matrix quantities, such as the observed melting tempera- 
ture, crystal and lamellar size, growth rate and crystal- 
linity. A depression of the observed melting point may 
also be observed; also for these systems plots of T" versus 
T~ would be linear; but contrary to what happens in the 
case of compatibility they will extrapolate to the same Tm 
value as the pure homopolymer 16. 

The morphological factor 1/7 would be composition- 
dependent. The presence of domains of the dispersed 
phase may also produce non-linear rates of growth as 
these impurities may concentrate between growing sphe- 
rulites causing, because of physical hindrance, a slow- 
down of G as a consequence of the fact that the radius of 
the spherulites at a given T~ is not a linear function of time. 

It is interesting to point out that, at least in principle, 
such kinetic effects may be present even in the case of 
compatibility between the two components. The pre- 
dominance of the thermodynamic or kinetic effects may 
depend in a rather complex way on the temperature 
and/or the composition. 

Some of the synergistic phenomena observed may also 
be related to the resultant combination of thermodynamic 
and kinetic effects. 
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