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ABSTRACT In this paper we explore the crystallization kinetics of poly(buty1ene terephthalate) (PBT), 
poly(ethy1ene terephthalate) (PET), and miscible blends of PBT with a polyarylate based on Bisphenol A 
and a 75/25 mole ratio of isophthalic and terephthalic acids. For PBT, a regime II+ I11 transition is indicated 
near 210 OC (AT - 30 OC) and the fold surface free energy (ae) was found to be in the range of 57-75 erg/cmZ. 
This leads to a work of chain folding (q) of -3-5 kcal/mol folds. Analysis of the crystallization data of van 
Antwerpen and van Krevelen for PET shows that crystallization occurs in regime I1 across a wide range of 
T,. ue was estimated to be -140 erg/cm2 and q - 10 kcal/mol from their data. These values are roughly 
twice that of PBT, consistent with the longer flexible segments in the PBT repeat unit. Crystallization data 
for three PBT/PAr blends was analyzed using a modified Lauritzen-Hoffman method and compared to that 
of pure PBT. 

1. Introduction 
We have been interested in various aspects of miscible 

blends of poly(buty1ene terephthalate) (PBT) and a pol- 
yarylate, particularly the existence and nature of a crystal- 
amorphous interphase1 and the role of transesterification 
during melt processing on properties.2 In this paper we 
focus on the kinetics of crystallization of PBT as well as 
PBT in blends with polyarylate. Spherulitic growth rate 
data are analyzed using the Lauritzen-Hoffman approach3 
or a modification thereof for the blends. Crystallization 
regime behavior and thermodynamic parameters such as 
the fold surface free energy and the work of chain folding 
are discussed in light of our current understanding of 
polymer crystallization. 

2. Experimental Section 
A. Materials and Preparation. The PBT and polyarylate 

(PAr) used in this study were provided by Hoechst Celanese 
Corp. The PBT was of relatively high molecular weight; it had 
an intrinsic viscosity of 1.42 dL/g in a 40160 wt % mixture of 
1,1,2,2-tetrachloroethane (TCE) and phenol (Ph) at 30 OC 
yielding' fi, = 83 OOO and fi,/M,, = 1.9. The polyarylate under 
consideration here is based on Bisphenol A and isophthalic and 
terephthalic acids (in the mole ratio of 75/25 isophthalic acid/ 
terephthalic acid) and had in intrinsic viscosity of 0.60 dL/g at 
30 OC in tetrahydrofuran. This translates into Mv - 36 000.6 

Blends were prepared using the solution precipitation pro- 
cedure of Kimura et  alS6 PBT and PAr (2 g of each) were each 
dissolved in 100 mL of TCE/Ph (40/60). Each solution was stirred 
at 80 O C  for 4 h. This reflux procedure was repeated three times. 
The final product was dried under vacuum at temperature in 
excess of the calculated blend T ,  (taking into account PBT 
crystallinity). Kimuraet aL6andothers (e.g., ref 7) have provided 
evidence for the miscibility of these two polymers. 

B. Characterization. Measurement of melting points was 
accomplished with a Perkin-Elmer differential scanning calo- 
rimeter, DSC-7. A heating rate of 20 "C/min was used in all 
cases, and the melting endotherm was defined by base line 
constructed from 135 "C to a temperature above which no melting 
was observed. In order to avoid difficulties with low polymer 
thermal conductivity: sample sizes were in the range of 0.2-0.3 
mg, unless otherwise specified. All measured values reported 
are based on an average of a minimum of two DSC scans. Pure 
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indium and lead were used as reference materials to correct tem- 
perature values of heats of fusion. 

Isothermal spherulitic growth rates of PBT and its blends 
with PAr were determined over a range of crystallization tem- 
peratures using an Olympus BHSP-300 optical microscope and 
a Mettler FP82 hot stage. Films were produced from the solution- 
precipitated material by placing a small quantity of the precipitate 
(which was in the form of a coarse powder) between two pieces 
of Teflon-coated aluminum foil and heating to -340 OC under 
minimal pressure and for a short time (several seconds). These 
films were then melted at  250 "C in the hot stage for 5 min in 
an attempt to eliminate remnants of their previous thermal history 
and then rapidly cooled to the desired crystallization temper- 
ature (T , ) .  In order to minimize degradation at  high temper- 
atures, all samples were dried and kept desiccated prior to use. 
We were concerned about the possibility for transesterification 
during this high-temperature exposure, but results from lH NMR 
experiments indicate that no measurable reaction had occurred. 
At each crystallization temperature the average spherulite radius 
was determined at  approximately 10 different time intervals. 
Due to the high nucleation density and small spherulite size, it 
was necessary to use a somewhat unconventional and tedious 
approach for the determining average spherulite size a t  a 
particular crystallization time. Each sample was quenched into 
ice water (i.e., below T g )  after the elapsed crystallization time at 
T ,  and then viewed and photographed at  the highest magnifi- 
cation possible. The average spherulite radius a t  each time 
interval was determined using a Zeiss digital analysis system 
from an average of approximately 30 spherulites. The mea- 
surement of an average spherulite size is a reasonable technique 
to measure growth rate only if all of the spherulites nucleate 
instantaneously, as was witnessed here. 

3. Results and Discussion 
A. Poly(buty1ene terephthalate). Isothermal spher- 

ulitic growth rates of PBT and PBT in blends with PAr 
over a range of T;s are shown in Figure 1. As expected, 
the growth rate of PBT spherulites in the blends is lower 
than that of pure PBT and proportional to the PAr 
concentration. Since the quenching technique used to 
gather the growth rate data was unconventional, there 
was some concern initially about whether the data was 
reasonable or not. The  results of our research and the 
limited PBT spherulitic growth rate information available 
in the literature*" are in good correspondence, especially 
considering possible differences in molecular weight. It 
should be noted, however, that the errors introduced by 
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Figure 1. Spherulitic growth rates of PBT and PBT/PAr blends. 

Table I 
Nucleation Constants and Preesponential Factors for PBT 

and PBT/PAr Blends 
regime K .  X 10-6 (P) GO, cm/s 

PBT I1 0.53 8.3 X lo4 

PBT/PAr (90/10) 1.27 0.27 
PBT/PAr (80/20) 0.97 6.1 X lo-* 

I11 1.86 62 

PBT/PAr (70/30) 1.69 2.1 

using this approach are larger than those normally 
encountered in the measurement of spherulitic radii in 
situ at  T,  and so care must be taken not to overinterpret 
the experimental data. 

The spherulitic growth rate of (G) of PBT was analyzed 
using the Lauritzen-Hoffmann expression3 

G = Go exp[-U*/R(T, - T,)J exp[-KglT,(AT)fl (1) 
where U* is the transport activation energy, R the gas 
constant, T ,  the hypothetical temperature below which 
all viscous flow ceases, Kg a nucleation parameter, AT the 
degree of supercooling, and f a correction factor to account 
for the variation in AHf" (the perfect crystal heat of fusion) 
with temperature, f = 2Tc/(Tm0 + T,). Growth rates a t  
relatively low degrees of supercooling (the only ones 
accessible here) are well-known to be relatively insensitive 
to the values of U* and T ,  employed in eq 1, and the 
"universal" values of U* = 1500 cal/mol and T ,  = Tg - 30 
K were used in all calculations. The nucleation constant, 
Kg,  takes the form 

where b is the thickness of a monomolecular layer, u and 
are the lateral and end surface free energies, respectively, 

T," is the equilibrium melting point, and k is the Boltz- 
mann constant. n takes on a value of 4 in regime I or 111 
and a value of 2 in regime 11. It is often most convenient 
to rearrange eq 1 as 

Kg = nbuueT~olAH~k ( 2 )  

(3) KB = log Go - U* log G + 
2.3R(TC - T,) 2.3TC(AT)f 

and view the growth rate data in the form of a plot of the 
left-hand side of eq 3 vs l/T,(AT)f, with the slope = -Kg. 
From above, it is evident thatK,(III)/K,(II) = Kg(I)/Kg(II) 
= 2. Thus, regime transitions should be readily apparent 
from slope changes in such plots. In fact, regime I - I1 
and I1 -. I11 transitions have been established for a growing 
number of polymers.lZ 

Before proceeding with quantitative analysis of the 
crystallization behavior, the equilibrium melting point of 
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Figure 2. Melting behavior of isothermally crystallized PBT 
(heat rate = 20 OC/min). 

PBT must be established as accurately as possible since 
the thermodynamic parameters derived from the exper- 
imental Kg (see eq 2 )  are very sensitive to the value of Tm", 
a t  least for data at  relatively low AT as being considered 
here. T," is frequently estimated from melting points 
derived from optical microscopy, but these would not 
generally be expected to be reliable. Experimental melting 
points (Tm) from optical microscopy are generally defined 
as the temperature at  which the last trace of birefringence 
disappears. Crystalline polymers are well-known to un- 
dergo crystal reorganizationlthickening during heating, 
and heating rates on typical hot stages are limited to 10- 
20 "C/min, frequently too low to inhibit reorganization. 
Thus, the experimental Tm'S derived from optical mi- 
croscopy frequently reflect the melting of the reorganized 
crystals, not those formed at  T,. 

Consequently, a careful DSC study was undertaken to 
estimate Tm" for PBT and the PBT/PAr blends. Iso- 
thermally crystallized PBT can exhibit up to four melting 
endotherms. A relatively low-temperature melting peak 
is sometimes evident at  ca. 5-10 "C above T,, whose origin 
is still ~nc1ear.l~ In addition to an endotherm associated 
with the melting of crystals formed at  T,, endotherms can 
also be observed that are associated with melting of crystals 
formed on cooling from T,  (usually for samples crystallized 
at  high T, for relatively short times) and associated with 
the melting of material that has reorganized on heating. 
Irrespective of the method used for estimation of Tm" (i.e., 
Hoffman-Weeks or Gibbs-Thomson), care must be taken 
to select and use the melting point of those crystals formed 
at  T,. Within our ability to cool the samples in the DSC, 
it was determined that isothermal crystallization could be 
safely conducted for PBT a t  temperatures in excess of 190 
"C. Crystallization was conducted for either 1, 10, or 24 
h, and any melting endotherms due to material that 
crystallized on cooling from T, were easily recognized. In 
fact, crystallization at  Te's up to 210 "C was found to be 
essentially complete within 1 h. The typical melting 
behavior of PBT crystallized for 10 h over a range of Tc 
is shown in Figure 2 .  From heating rate experiments, the 
two endotherms seen at  low T, appear to be a result of a 
melting, reorganization, and remelting process. Figure 3 
shows the results of a heating rate study on PBT 
crystallized at  200 "C for 1 h. Here, one also sees a third 
endotherm ca. 10 "C above T, as discussed earlier (its 
location is crystallization time dependent-it moves to 
higher temperature with increasing time-and is conse- 
quently not resolved in Figure 2 ) .  The ratio of the first 
to second prominent endotherms increases as the heating 
rate increases, consistent with a mechanism based on 
melting, recrystallization, and subsequent remelting.l4J5 
The melting behavior seen in Figure 2 is also consistent 
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Figure 3. Melting behavior of PBT isothermally crystallized at 
200 "C for 1 h at different heating rates. 
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Figure 4. Hoffman-Weeks plot for isothermally crystallized 
PBT (10-h crystallization). 

with this mechanism; crystallization at  higher T, results 
in thicker crystals and less propensity for reorganization. 
The peak temperature of the first (or only) melting en- 
dotherm a t  20 OC/min was chosen to represent the melting 
point of the as-crystallized material. 

An unusual feature that complicates the determination 
of experimental melting points in PBT and PBT/PAr 
blends is that the apparent Tm is a function of crystal- 
lization time through at  least 10 h and up to as much as 
24 h in the case of PBT. The origin of this behavior is not 
entirely clear at  present and is currently under investi- 
gation. The equilibrium melting point was determined 
for PBT using the Hoffman-Weeks approach (Le., ex- 
trapolation of a plot of Tm vs T, to Tm = T,) for samples 
crystallized at 1, 10, and 24 h. The TmO'S derived from the 
1- and 10-h experiments were the same with experimental 
error, and we focus here on the samples crystallized for 10 
h. The results of the 24-h experiments will be reported 
shortly. It should be emphasized that small sample sizes 
were used to determine experimental melting points due 
to problems with thermal lag. In fact, in a series of 
experiments on PBT crystallized at  200 "C for 24 h it was 
found that the location of the single melting endotherm 
was ca. 2 OC higher for samples -4 mg in size versus those 
of -0.5 mg. Below 0.5 mg, Tm was independent of size 
and the same within error as the extrapolated Tm at zero 
sample weight. In the case where a sample exhibits 
multiple melting endotherms, loss of peak resolution can 
also occur for the "usual" (5-15 mg) sample sizes. 

The melting points (10-h crystallization) are shown in 
Figure 4 extrapolated to a value of Tmo = 236 "C, in line 
with the value determined by WegneF from extrapolation 
of melting data of PBT oligomers. Our value obtained 
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Figure 5. Growth rate data for PBT. 
from the DSC experiments should be contrasted with an 
apparent value of -260 "C which was obtained by us from 
extrapolated T,'s from optical microscopy. 

In the calculations which follow, a Tg of 42 "C was used 
for PBT as determined by DSC. Figure 5 shows the growth 
rate data for PBT plotted according to indications of eq 
3. It appears reasonable to fit the experimental data with 
two straight lines, and the change in slope qualitively 
indicates a change in the crystallization regime in the 
vicinityof21&212 "C (i.e., fromregimeII+III). However, 
the ratio of the derived nucleation constants (Table I) 
from the separate straight line portions deviates signif- 
icantly from the theoretical value of Kg(III)/Kg(II) (Le., a 
value of 2 vs -3.5 obtained experimentally). [To force 
Kg(III)/Kg(II) - 2 would require a Tmo near 260 "C, well 
outside the uncertainty of our Tmo derived from DSC 
melting points.] The origin of this deviation is unclear 
but could be partially associated with the greater exper- 
imental uncertainty in the growth rate data at  T;s greater 
than -210 "C. In order to further investigate if the data 
at  higher T, are consistent with regine I1 crystallization 
kinetics, we employed the Lauritzen 2 test.17 2 is defined 
as 

2 r 103(L/2a)2 exp[-X/T,AT] (4) 
where L is the effective substrate length and a is the chain 
stem width (estimated to be 3.82 A). Regime I kinetics 
are followed if substitution of X = Kg into eq 4 results in 
2 I 0.01. If with X = 2Kg, eq 4 yields 2 I 1, then regime 
I1 kinetics are followed. Between these extremes is a test 
for "regime I within 10 percent" assuming 2 = 0.1 and X 
= Kg. In practice, it is more convenient to perform the 2 
test by using the known value of K g  and the inequalities 
for 2 in order to estimate the range of L values in regime 
I or regime 11. The regime of crystallization is then 
determined by deciding whether or not the range of L 
values calculated in each case is reasonable. The difficulty, 
however, is assessing what is a reasonable value of L. Even 
for polyethylene, estimates for L at  the regime I - I1 
transition have changed over the past few years as both 
the experimental data and theory have been refined.'e20 
(A value of within about a factor of 3 of 200 A is the most 
recent estimate.)'g Similar estimates of L for other 
polymers have not been undertaken. Thus, the guidelines 
for deciding on regime I or I1 behavior are ill-defined. 
Only where particular solutions produce very small or very 
large L's can estimates be made. 

Testing the data at  high T, for conformity to regime I 
results in a required substrate length of less than 1 A, 
which is clearly unrealistic. Testing for regime I1 requires 
L to be greater than 40 A, at low Tc and greater than about 
390 A at high T,. If the typical substrate length for PBT 
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is similar to polyethylene, then the calculated values for 
the Lauritzen 2 parameter are consistent with regime I1 
kinetics at  high T,. 

The derived K l s  can be used to calculate ue (and the 
work of chain folding (q)) for PBT from eq 3. If we assume 
folding along (010) planes,21.22 then the layer thickness b 
is estimated to be 5.17 A. Using the value of T," noted 
earlier and AHf" = 142 J/g,23 we derive the uue product. 
The primary difficulty in determining q (via a,) is the 
difficulty in estimating the lateral surface free energy, u. 
The usual approach is to estimate u from the Thomas- 
Stavely relationship3 

u = aAH,0(ab)lJ2 (5) 
where a is an empirical constant. a is usually assumed to 
be -0.1, but very recent has suggested that there 
are two classes of polymers: one where a = 0.1 (e.g., poly- 
olefins) and another where a = 0.25 (e.g., poly(pivalo1ac- 
tone)24 and poly(pheny1ene sulfide)2s). At  this juncture, 
however, it is not possible to predict the appropriate a, 
given a chemical structure. Therefore, the tack that we 
took was to calculate u, Be, and q using both values, 
assessing which (ifeither) produces clearly more reasonable 
values. ue and Q calculated with a = 0.25 are unrealistically 
small &e., q - 1 kcal/mol), and only values derived with 
a = 0.1 will be discussed. The work of chain folding can 
be derived from ue by26 

u, = q/2ab + ud (6) 
where ud is the value that the surface free energy would 
assume if no work were required to form a fold. ud is 
usually assumed to be zero (or in another approximation 
it is assumed to be equal to u) and hence can frequently 
be neglected compared to the first term on the right-hand 
side of eq 6. 

Taking a = 0.1, u was estimated to be 8.8 erg/cm2 from 
eq 5, and using the experimentall(, derived from the higher 
quality low-T, (regime 111) growth rate data leads to u, = 
57 erg/cm2. The work of chain folding has been found to 
be the one parameter most closely correlated with mo- 
lecular structure, and probably the most important 
contribution to its relative magnitude is thought to be the 
inherent stiffness of the chain itself.3 For example, 
polymers with flexible chains such as polyethers have 
values of q near 3-4 k c a l / m o P ~ ~ ~  and intermediate ones 
(e.g., polyethylene and poly(capro1actone) (PCL)) have q 
values close to 5 kcal/mo1,20s28 while stiffer ones (e.g., iso- 
tactic polystyrene and poly(pheny1ene sulfide)) have q's 
in the range of 7-9 kcal/m01.~1~~ The calculated work of 
chain folding for PBT corresponding to u, = 57 erg/cm2 
is surprisingly small-on the order 3 kcal/mol. Recall that 
we found the PBT melting point a t  a given T, to increase 
with crystallization time up to -24 h (similar behavior 
has been reported recently by Phillips and Rensch for 
PCL29). The T," of -236 "C was determined from 
extrapolation of melting points acquired at  a crystallization 
time of 10 h. A similar value was obtained for samples 
that had been crystallized for 1 h. However, Tm's for 
samples crystallized at  24 h are in general somewhat larger, 
resulting in T," - 244 "C (this value is similar to that 
estimated in two previous publication~30*~l). Analyzing 
the growth rate data using this T," results in a regime I1 - I11 transition in the same location as noted earlier, Kg- 
(III)/Kg(II) stillconsiderably different than the theoretical 
value of 2, but u, = 75 erg/cm2 (q - 5 kcal/mol). Thus 
it is clear that the derived q is very sensitive to the value 
of T," used in the calculations. Considering the relative 
uncertainty in T," (236-244 "C), we conclude that ue and 
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Figure 6. Spherulitic g-rowth rate versus degree of supercooling 
for PBT and for PET (M, = 39 100). The PET data were taken 
from ref 32. 

q for PBT are in the range of -57-75 erg/cmz and 3-5 
kcal/mol, respectively. This latter value is somewhat small, 
perhaps indicating the relative importance of the tetra- 
methylene units in determining the work associated with 
chain folding. 

B. Comparison with Poly(ethy1ene terephthalate). 
It is well-known that PBT crystallizes more rapidly than 
poly(ethy1ene terephthalate) (PET) although the origin 
of this behavior remains an open question. Figure 6 shows 
spherulitic growth rates for PBT (determined here) as a 
function of the degree of supercooling plotted along with 
growth rates determined by van Antwerpen and van Krev- 
elen32 for a PET of similar f i n  (i.e., -39 100). Note that 
the maximum spherulitic growth rate for this PET (at - 180 "C) is - 1.5 pm/min while the growth rate for PBT 
of comparable molecular weight is an order of magnitude 
higher, even a t  a temperature (198 "C) which is likely 
quite distant from the temperature of maximum growth 
(which is expected to be roughly midway between Tg and 
Tm"). As seen in Figure 6, there is considerable PET 
growth rate data at  low T, and this permits analysis of the 
best fit for U* and T,. Using only the data points a t  the 
largest AT and a similar approach to that described by 
Lovinger et al.,25 if T m  is assumed to be Tg - 30 "C, the best 
linear fit of the low-T, data is with U* - 1500 &mol, 
i.e., the universal value. In fact, when both U* and T m  are 
permitted to vary, the highest correlation coefficient was 
obtained when U* and Tm take on values near the universal 
values. 

For PET, T," and AHfo have been determined to be 
280 "C and 140 J/g, re~pectively.~~ Tg was taken to be 75 
"C. Palys and Phillips have taken the monomolecular 
layer thickness as the perpendicular separation of (010) 
planes and arrived at  b = 5.53 A and a = 4.56 A.34 Figure 
7 shows the growth rate data for PET ( f i n  = 39 100) as 
well as data for two samples of lower molecular weight 
reported in ref 32, according to the indications of eq 3. 
Best fit values for Kg and Go are provided in Table 11. 
Note that, with U* - 1500 cal/mol, no regime transition 
is evident in this experimental data, in contrast to a recent 
rep0rt.3~ Results of the Lauritzen 2 test preclude crys- 
tallization in regime I (i.e., L would need to be less than 
a few angstroms) and generally support the idea that the 
crystallization follows regime I1 kinetics over the entire 
T, range (L is calculated to be greater than a few tens of 
angstroms at  the lowest T, and a few thousand angstroms 
at  the highest T,). 

For crystallization in regime I1 the uue prpduct was found 
to be 1510 erg2/cm4for the polymer with& = 39 100. The 
difficulty again is deciding on a realistic value for a. a for 
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Figure 7. Growth rates for PET of fin = 19 500,27 400, and 
39 100 (data from ref 32). 

Table I1 
Nucleation Constants and Preexponential Factors for PET* 

Mu, x 10-3 K, x 10-5 (m GO, cmls 

19.5 
27.4 
39.1 

2.76 
2.81 
3.16 

2.95 
1.80 
1.49 

a Derived from data in ref 32. 

PBT was found to be 0.1, and we would not expect the 
value for PET to be much different. With this assumption 
we arrive at  u = 10.6 erglcm2 (from the Thomas-Stavey 
relationship), ue - 140 erg/cm2, and q - 10 kcal/mol. 
These latter two values are about a factor of 2 larger than 
those derived for PBT. Provided these estimates are 
reasonable, this provides some interesting insight into the 
nature of the differences in the crystallization kinetics of 
PET and PBT. It has been well established that crystal 
substrate completion (i.e., crystal growth) is retarded by 
the necessity for forming folds and reptation in the 
melt.20J6 At low AT, once the regime is fixed, the work 
of chain folding has been found to be the most important 
parameter governing the temperature dependence of the 
growth rate. From our estimates above it appears that 
the work required to form a PBT fold is roughly half of 
that for PET, and hence chain folding is less of a hindrance 
to crystallization for PBT. This relatively large difference 
in q is apparently associated with the longer flexible 
segments (i.e., (CH2)4 vs (CH2)2) in the PBT repeat unit. 
All other parameters being equal, entrance of PBT into 
regime 111 growth (Le., very rapid nucleation at the crystal 
growth front) would also result in an increase in the growth 
rate. 

C. PBT/PAr Blends. There are two approaches which 
can be taken to analyze the growth rate data for the blends. 
The phenomenological equation proposed by Alfonso and 
RusselP7 has proven quite successful for analyzing the 
crystallization kinetics of miscible poly(ethy1ene oxide)/ 
poly(methy1 methacrylate) blends but is relatively difficult 
to utilize because parameters such as the polymer-polymer 
interaction parameter, x ,  and the mutual diffusion coef- 
ficient are often not well established. As this is the case 
here also, we analyzed the growth rate data for the PBT/ 

105/2.303Tc (Tmo - T,) f 
Figure 8. Growth rate data for PBT/PAr (80/20) blend. 

PAr blends in a similar fashion to PBT and PET. A 
modified Lauritzen-Hoffman expression for the growth 
rate can be written as 
G = G,,' exp[-U*/R(T, - TJI exp[-K~/T,(AT)fl (7) 
where Go' = V2Go (V2 is the volume fraction of the 
crystalline polymer), to account for the proportionality 
between the rate of nucleation and concentration of crys- 
tallizable units. The modified nucleation constant can be 
written as3* 

Kgl = nbuu,Tmbo/AHfOk - 2uT,Tmb0 In V2/bAHf0 (8) 
where Tmbo is the equilibrium melting point of PBT in the 
blend. The second term arises from an entropic contri- 
bution to the free energy required to form a nucleus of 
critical size. In our case, the second term ranges from 
only about 2 to 8% of the first and is therefore neglected 
in our analysis. The growth rate data for one of the blends 
[i.e., PBT/PAr (80/20)], represented in similar fashion to 
Figures 5 and 7 is shown in Figure 8. In general, the data 
for all blends are best fit by a single straight line. 
Application of the Lauritzen 2 test appears to rule out 
crystallization in regime I, although it is difficult to 
determine whether the data conform to regime I1 or 111. 
The T, range covered for the blends generally falls in the 
range that was associated with regime I11 for PBT. 
However, L's derived from the Lauritzen 2 test are 
consistent with regime I1 at low T, and using the lower 
end of the estimated T," range (but they are quite large 
at high T,). The difficulty is there is no way to test directly 
for regime 111. Following from PBT, we will assume regime 
111 kinetics in what is to follow. Equilibrium melting points 
for PBT in the blends were determined by extrapolating 
Hoffman-Weeks plots, and TmO'a for all three blends were 
found to be within -2 "C of the value for PBT, Le., the 
same within experimental error. T ~ S  for all blends were 
estimated from DSC. Assuming Tm" = 236 "C leads to ug 
for the blends in the range in the range of 30-50 erg/cm2, 
while taking Tmo = 244 "C results in ue - 50-80 erg/cm2. 
These values are generally somewhat lower than that 
derived for PBT, but it is premature to conclude any 
fundamental change in the nature of the chain folding in 
the blends because of the uncertainty in the crystallization 
regime and relatively limited growth rate data available. 
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