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Abstract
In this study, the influence of the chain extender (CE) and the blend ratio on the bead foam extrusion of rPET/PBT is 
investigated. The shape and density of the bead foams were analyzed during extrusion using a camera scanner while the 
morphology of the foam was investigated using scanning electron microscopy (SEM). Melt strength and thermal behavior 
were also investigated with Rheotens and differential scanning calorimetry (DSC), respectively. Both chain extender and 
blend ratio had pronounced effect on the foaming behavior. Significant improvements were observed up to 0.8 wt.-% CE 
in rPET50PBT50, which achieved an average cell size of 107 ± 17 μm and a density of 182 kg/m³, representing a weight 
reduction of 86.4% compared to the bulk material. In addition, rPET40PBT60 with 0.8 wt.-% CE gave an average cell 
size of 108 ± 23  μm and a foam density of 170  kg/m³, with a comparable cell size distribution. After CE modification, 
the melt strength of rPET-dominant blends obtained higher values but a strong decrease in elongation was observed. In 
contrast, the CE-modified rPET40PBT60 and rPET30PBT70 blends exhibited much higher elongation with a moderate 
increase in melt strength which resulted in better bead and foam morphologies. DSC analysis revealed lowest crystalliza-
tion temperature in rPET50PBT50 with deviations shifting towards higher temperatures. All blends except rPET70PBT30 
shows double melting peak formation, with higher rPET formulations also exhibiting cold crystallization. These findings 
provide crucial insight for development of rPET/PBT foams by controlling the blend and CE composition, which is critical 
for achieving temperature-resistant bead foams with improved structural integrity.
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Introduction

Polybutylene terephthalate (PBT) bead foams represent an 
innovative and lightweight material, distinguishing them-
selves from conventional expandable polystyrene (EPS) 
[1] and expanded polypropylene (EPP) [2] due to its higher 
heat stability [3]. Focusing on the exceptional mechanical, 
thermal, and chemical properties of PBT, these foams could 
find versatile applications in packaging, construction, and 
specialized industries [3–6].

Previous studies have successfully demonstrated the 
manufacture of PBT beads through reactive foam extrusion. 
Processing parameters (temperature, screw speed, water 
pressure, etc.) and formulation components (molecular 
weight, viscosity, chain extender, and blowing agent con-
tent) play a pivotal role [6–10].

The importance of viscosity for successful foaming of 
linear polyester, especially PBT, has been emphasized in the 
literature [7–9, 11–17], as it significantly influences both 
cell stabilization and growth. Inadequate viscosity leads 
to cell coalescence and fracture, while increased viscosity 
results in more spherical beads and promotes homogenous, 
finer cells due to a reduced growth rate [8, 9].

In literature two strategies were employed to enhance 
viscosity of PBT. As a first strategy, an investigation of lin-
ear PBT with varying molecular weights revealed a correla-
tion following the Mark-Houwink equation [18]. Optimal 
foam density and cell density were achieved for a viscos-
ity of 557 Pa*s. With increased viscosity corresponding to 
higher densities, while reduced molecular weight yielded 
larger, less uniform morphologies [9]. As a second common 
strategy, the addition of a CE aims to create a branched/
cross-linked structure, enhancing melt strength [8, 19–21]. 
Optimal conditions for lowest density (179  kg/m3) and 
homogeneous cell structure (155  μm) were observed for 
PBT containing 1.0 wt.-% CE [8]. However, higher concen-
trations of the chain extender increased viscosity to levels 
where shear forces caused degradation, in turn leading to a 
reduction in final viscosity [8, 22].

Standau et al. [6]. and Köppl et al. [7]. demonstrated the 
potential of optimizing density and morphology by adjust-
ing in process parameters. Increasing throughput leads to 
higher die pressure and melt temperature due to increased 
shear, resulting in a more significant pressure drop that 
influenced nucleation and expansion. Moreover, higher 
throughput with increased water temperature resulted in a 
bead foam with a density of 85 kg/m3 and fine cell morphol-
ogy [6].

Blending different polymers is a frequently used method 
to improve certain properties and thus increase foamability 
[17, 23–27]. In a study by Mielke et al. [26]., the addition 
of 2 to 8% by weight of poly(butylene furanoate) (PBF) has 

a remarkable effect on the morphology of PBT bead foam, 
which has a finer and more uniform cell structure. Their 
work highlights the feasibility of welding, an important step 
in the processing of bead foam, which is attributed to a dou-
ble melting peak within the material [26]. In similar manner, 
Brütting et al. [25]. observed reduced cell size by blending 
poly(lactic acid) (PLA) with poly(3-hydroxybutyrate-co-
3-hydroxyvalerate) (PHBV). This echoes findings in prior 
research on PET/PC [17] and LPP/HPP [27] blends, indi-
cating enhanced density and improved morphology through 
blending.

The steam chest molding process, especially for poly-
esters such as PBT, is known for a relatively narrow pro-
cessing window [7, 28, 29]. Moreover, conventional steam 
molding methods face challenges due to the high welding 
temperature of PBT, making them energy intensive. Dip-
pold et al. [30]. demonstrated the feasibility of welding 
PBT using an radio frequency (RF) process. Through blend-
ing PBT with miscible or compatible polymers, the weld-
ing window could be expanded. The addition of PET, for 
instance, introduces a double melting peak, offering advan-
tages for the welding process [23, 24, 31, 32]. The broader 
melting range also positively impacts the processability via 
the RF process [30].

In a previous investigation, the crystallization behavior 
of rPET/PBT blends was explored [33]. The study revealed 
that blending both polymers generated a double melting 
peak across a wide blending range. Consequently, the pro-
cessing window in the RF process could be extended from 
4 K to 30 K. Moreover, blending resulted in a reduction of 
the crystallization temperature, as the separation of both 
polymers precedes crystallization. This significant reduction 
was particularly notable for the rPET50PBT50 blend. Addi-
tionally, the mixing process led to a decrease in crystalliza-
tion rate of PBT. The combination of a lower crystallization 
temperature and a slower crystallization rate contributes to 
a higher expansion rate during bead foaming.

In another preceding study, the impact of rPET on the 
rheological properties of PBT was examined [32]. It is 
known that the viscosity of unmodified PBT decreases as 
the rPET content increases. This phenomenon is attributed 
to the distinct molecular weights between the virgin and 
recycled components [34]. The melt strength of PBT, a criti-
cal property in terms of foaming, diminishes upon blend-
ing, while the drawability of the material increases [8, 19, 
35, 36]. Additionally, it was observed that, rPET typically 
undergoes polycondensation reactions during processing, 
resulting in a higher Melt Flow Rate (MFR) [24]. However, 
this effect could be mitigated by the presence of the PBT 
phase in the blend.

In a nutshell, the foamability of rPET/PBT blends and the 
impact of rPET on the morphology of PBT extrusion bead 
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foams have not been investigated yet. This study seeks to 
analyze the influence of rPET of various parameters, includ-
ing cell size, particle size, foam density, and melt elongation 
behavior of rPET/PBT bead foams.

Experimental Section

Materials

PBT Pocan B1300, sourced from Lanxess AG (Cologne, 
Germany), possesses a glass transition temperature (Tg) 
of 48 °C and a melting peak spanning from 216 to 227 °C, 
with a weight average molecular weight (Mw) of 66,000 g/
mol. The PET recycled from soft drink bottles, provided 
by Arcelik A.S. (Istanbul, Turkey), has a semi-crystalline 
nature, with a Mw of 44,000 g/mol and a Tg of 77 °C. Both 
polymers were dried for at least 12 h at 120 °C before the 
foam extrusion. The CE employed was the multifunctional 
epoxy-based Joncryl ADR 4468 sourced from BASF (Lud-
wigshafen, Germany). This modifier has a Mw of 7,250 g/
mol and an epoxy equivalent weight of 310 g/mol, exhibit-
ing a Tg at 59 °C [21]. 

Processing

Bead foams were manufactured using a Dr. Collin tandem 
foam extrusion line (Ebersberg, Germany), in conjunction 
with an underwater granulator (UWG) LPU provided by 
Gala Kunststoff- und Kautschukmaschinen GmbH (Xanten, 
Germany).

The tandem line included a twin-screw extruder (diam-
eter D = 25  mm, L/D ratio = 42D). Here, the dry blends, 
incorporating various concentrations of chain extender and 
the blowing agent CO2 (40  bar), underwent blending at 
265 °C with a screw speed of 150 rpm. The resulting one-
phase gas-melt mixture was then directed to the subsequent 
single-screw extruder (Diameter = 45 mm, L/D ratio = 30D), 
where the gas-loaded melt underwent controlled cooling to 
255  °C. To ensure process stability, the screw speed was 
adjusted of 11 rpm, responding to changes in melt pressure.

In the connected underwater granulator, the gas-loaded 
melt was extruded through a die plate at a temperature of 
280  °C, instigating the foaming process as the pressure 
decreased. Simultaneously, a rotating knife (1600 rpm) cut 
the expanding polymer strand into foamed beads. These 
beads were transported by a continuous water stream 
(80 °C), subjected to drying, and subsequently discharged 
from the machine. The production throughput was main-
tained at 6.0 kg/h.

Bead Morphology and Density

The foam morphology of individual beads was investigated 
using a JEOL JSM-6510 scanning electron microscope 
(SEM) (Akishima, Japan), operating at 1.5 kV and platinum 
covered samples of 0.8 nm thickness. The obtained images 
were then analyzed using ImageJ software. To assess cell 
density, cell sizes, and cell size distributions, two beads per 
rPET/PBT formulation were examined.

The density and particle shape of the beads were mea-
sured using the CAMSIZER 3D from Microtrac (Haan, 
Germany). The sample was weighed and recorded in the 
software. Several photographs were taken of each bead as it 
fell through the measuring section. From these, the software 
calculates the volume of a sphere of comparable diameter. 
The density of the samples is calculated from the total mass 
and the averaged volume. The recorded data was then anal-
ysed using the PartAn3DPro software.

Melt Strength

Rheotens measurements were carried out in conjunction 
with a capillary rheometer to evaluate the melt strength. 
The beads were placed in the cylinder, melted at 255  °C 
and then extruded through a capillary (length = 30  mm, 
diameter = 2  mm) using the Rheograph 75 from Göttfert 
Werkstoff-Prüfmaschinen GmbH (Buchen, Germany) for 
the rPET50PBT50. To compare the melt strength of the 
different blend systems, a capillary (length = 30 mm, diam-
eter = 1 mm) must be used due to the low viscosity of the 
rPET-dominant blends. All blend formulations were tested 
for comparison purposes at a temperature of 255 °C, which 
corresponds to the die temperature during extrusion. The 
strand was extruded at a controlled speed of 0.174  mm/s 
and stretched between 25 and 500 mm/s with an accelera-
tion of 12 mm/s² by the two counter-rotating wheels of the 
Rheotens 71.97 device. The pairs of wheels, which were 
connected to a force transducer, continuously measured the 
tensile force exerted on the stretched extrudate.

Differential Scanning Calorimetry

The crystallization behavior of the rPET/PBT blends was 
analyzed using a Mettler Toledo differential scanning calo-
rimeter (DSC1) (Columbus, USA). Samples underwent two 
heating and one cooling cycle between 25 and 280 °C at a 
rate of 10 K/min. Calculations for the degree of crystallin-
ity were based on the heating thermograms, factoring in the 
theoretical heat of fusion for both rPET and PBT (ΔH°

f = 
140 J/g) [37].
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According to literature [7, 39, 43], the pressure drop at 
the nozzle plays a crucial role in nucleation and cell growth, 
influencing the average cell size. In general, wherein higher 
melt pressure tends to yield smaller cells (see Table 1). The 
unmodified blend shows an inhomogeneous morphology 
(see supporting information S1), which shows how difficult 
it is to achieve a uniform cell size distribution. The addition 
of CE significantly reduces both average cell size and uni-
formity. In an earlier study with the related polyester PBT, it 
was shown that the cell structure can be changed by adjust-
ing the viscosity [22]. Similar results were obtained by 
Kunigkh et al. [9]. Notably, the blend treated with 0.8 wt.-% 
CE shows the smallest cell size, which is 107 ± 17 μm.

Figure 1 illustrates the cell size distributions of various 
rPET50PBT50 foams through box plots, encapsulating val-
ues within 1.5 standard deviations from the median while 
excluding outliers. The increase in CE correlates consis-
tently with a reduction in average cell size, particularly 
clearly in the range of 0.6 to 0.8 wt.-% CE. The narrower 
box plots signify the more homogenous cell size distribu-
tion. This trend aligns with the observed rising melt pres-
sure, potentially contributing to higher foam densities, a 
pattern observed in prior studies involving PBT [8, 9], PC 
[44], and PLA [11, 25]. Interestingly, the median value shifts 
towards the upper end of the box with increasing CE con-
tent, indicating that more than half of the cells are smaller 
than the calculated mean value. The closeness between the 
median and mean indicates a remarkably homogeneous 
morphology. It is noteworthy that outliers within the 0.8 
wt.-% CE modification fall within the standard deviation 
range observed in 0.6 and 0.7 wt.-% CE modified foams. 
However, at 1.0 wt.-% CE, a broader cell size distribution 
suggests a more heterogeneous morphology (see supporting 
information S1 and S2), highlighted by notable discrepan-
cies between mean and median values. Nevertheless, the 
overall morphology shows progress compared to the 0.5 
wt.-% CE modification. Even if the melt pressure is sig-
nificantly lower (see Table 1), and thus, the melt viscosity 
should also be lower in the case of 1.0 wt.-% CE modifica-
tions [8].

The optimal formulation for achieving the desired cell 
size is found in rPET50PBT50 modified with 0.8 wt.-% CE. 

Results and Discussion

Effect of Chain Extender Content on rPET50PBT50 
bead Foams

The effect of CE on the foamability of rPET50PBT50 blends 
was initially investigated to determine the most effective 
concentration for achieving low density and a refined cell 
structure. It is known, that the CE plays a crucial role in 
increasing the viscosity and melt strength of linear polyester 
and thus foamability [8, 15, 19, 38, 39]. Prior studies pin-
pointed a 0.75 wt.-% CE concentration as the most effective 
in modifying viscosity [32]. Lower concentrations, such as 
0.25 wt.-%, only compensated for chain scissoring, while a 
1.0 wt.-% concentration already increased the viscosity to a 
level that could lead to shear degradation. Moreover, sharp 
increase in melt strength due to strain hardening at 1.0 wt.-% 
reduces foamability while below 0.5 wt.-% has unremark-
able strain hardening behavior [8, 32, 40, 41]. Therefore, in 
this study, the CE concentration was varied from 0.5 to 0.8 
wt.-%, with the concentrations of unmodified (0 wt.-%) and 
1.0 wt.-% CE serving as reference points.

The results for the foaming of rPET50PBT50 under vari-
ation of the CE content are summarized in Table 1. Notably, 
the melt pressure exhibits an increase from 49 bar (0 wt.-% 
CE) to 157  bar for a modification of 0.8 wt.-% CE. This 
increase in die pressure can be attributed to the CE reaction. 
As the CE content increases, the proportion of long-chain 
branched structures increases, which leads to increased melt 
strength and strain hardening [8, 19, 40]. At the same time, 
a higher die pressure also leads to a higher pressure drop 
and thus to increased foam nucleation [6, 7]. Both effects, 
higher melt strength and greater pressure drop, can lead to 
a more homogeneous and finer cell structure. However, a 
further rise in CE content surprisingly results in a significant 
reduction in pressure to 92 bar (1.0 wt.-% CE). This trend is 
related to the possibility of shear-induced degradation at a 
certain level of long-chain branching [8, 42]. Additionally, 
significant strain hardening leading to reduced elongation 
can result in cell rupture, while extensive branching and 
high gel content may diminish gas absorbability [32].

Table 1  Output parameter of rPET50PBT50 bead foaming with varied CE content
CE content
wt.-%

Tmelt
°C

pmelt
bar

Density1

kg/m3
Particle size1

mm
Cell size2

µm
Fmelt

3/4

N
0.0 244 49 254 4.72 ± 0.33 n.d. n.d.
0.5 250 122 192 5.18 ± 0.19 165 ± 25 0.0015
0.6 258 133 174 5.34 ± 0.18 124 ± 22 0.0070
0.7 258 139 195 5.14 ± 0.18 115 ± 17 0.0080
0.8 257 157 182 5.28 ± 0.19 107 ± 17 0.0131
1.0 253 92 153 5.98 ± 0.31 157 ± 42 n.a.
1Measured with CamSizer 3D, 2Measured with SEM, 3round hole die with 30/2 mm used, 4see supporting information S7
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rPET30PBT70 can be investigated. Furthermore, it is known 
that blending rPET with PBT causes significant changes in 
crystallization and rheological behavior, suggesting pos-
sible effects on foam morphology [24, 45–47].

The data from the extrusion process, including melt tem-
perature and pressure, as well as the results related to the 
morphology of individual beads, are summarized in Table 2. 
While the melt temperature remains stable across different 
blend ratios, an increase in melt pressure can be observed 
with higher rPET content. In particular, rPET70PBT30 
has exhibits the highest melt pressure at 194  bar, while 

If the two reference points (0 wt.-% and 1.0 wt.-% CE) are 
disregarded due to their corresponding heterogeneous mor-
phology, the lowest density is achieved with a 0.6 wt.-% 
modification. It is known that a reduction in cell size gener-
ally leads to an increase in density. Both 0.6 and 0.8 wt.-% 
CE result in a weight reduction of 87.0% and 86.4%, respec-
tively. As suggested in previous publications, the optimal 
balance between density and cell size is expected to be in 
the range of 0.7 to 0.8 wt.-% CE modification [32].

Effect of rPET-PBT Blend Ratio on the foam 
Morphology

The influence of the blend ratio on the foamability and mor-
phology of rPET-PBT bead foams is investigated. Therefore, 
0.8 wt.-% CE was chosen. In a next step, the best process-
ing conditions found for rPET50PBT50 blends are used and 
consistently maintained throughout the experiments. Since 
the thermal and rheological properties of the two polymers 
are quite different, only blends between rPET70PBT30 and 

Table 2  Results of rPET-PBT bead foaming with varied blend ratio
Tmelt
°C

pmelt
bar

Density1

kg/m3
Particle size1

mm
Cell size2

µm
rPET30PBT70 256 142 194 5.47 ± 0.19 101 ± 27
rPET40PBT60 257 152 170 5.66 ± 0.20 108 ± 23
rPET50PBT50 257 157 182 5.28 ± 0.19 107 ± 17
rPET60PBT40 257 160 208 5.19 ± 0.16 102 ± 21
rPET70PBT30 256 194 234 5.03 ± 0.16 130 ± 31
1Measured with CamSizer 3D, 2Measured with SEM

Fig. 1  Effect of CE content on cell size of rPET50PBT50 bead foams
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± 31 μm. This increase is attributed to improved drawability 
(refer to Fig. 3), which enables greater expansion in formu-
lations where PBT plays a dominant role.

While the average cell size changes only slightly in the 
blends, there is a clear effect in the distribution of cell size. 
The formulations with the greatest differences in blend ratio 
exhibit the most heterogeneous morphologies. In the PBT-
dominant blend, the cell sizes deviate significantly from the 
average, with above average cell size. In contrast, the pat-
tern is reversed in the rPET-dominant blend. This deviation 
correlates with the measured melt strengths. rPET70PBT30 
has a relatively high melt strength (0.032  N) but a lim-
ited expansion capacity, which favors cell nucleation over 
expansion [27]. In contrast, rPET30PBT70 has a relatively 
high elongation, indicating more favorable expansion con-
ditions (see Fig. 3). rPET50PBT50 has a supposedly more 
homogeneous morphology. However, it is important to 
note that outliers, i.e. cells that deviate 1.5 times from the 
mean, are not considered in this analysis. In contrast, the 
rPET40PBT60 formulation has the most uniform morphol-
ogy with a cell size of 108 ± 23 μm. This uniformity can be 
attributed, in part, to the rheological properties (see Fig. 3) 
and the relatively rapid onset of crystallization (see Fig. 4) 
[15, 38, 50, 51].

Figure 3 illustrates the melt strength of the foamed and 
remelted blends with different blend compositions. It is 
obvious that, both the strength and the maximum melt elon-
gation decrease with increasing rPET content (see Table 3). 
This phenomenon can be attributed to the lower molecular 
weight of rPET compared to PBT, which leads to a lower 
entanglement density in rPET [23, 24, 32]. A similar trend 
was reported by Akdevelioglu et al. [32]. The deviation in 
the trend observed for rPET70PBT30 can be attributed to 
the low temperature at which the tests were performed. The 
measurement range is close to the melting range of rPET, 
indicating the possible presence of residual crystallinity. For 
reasons of comparability, the tests were conducted at this 
temperature (refer also to process temperature). An over-
view of the thermal and rheological properties of the foams 
tested can be found in Table 3.

Blending rPET with PBT aims to improve foamability 
and weldability by creating a double melting point, thereby 
extending the processing window. Figure  4a shows that, 

rPET30PBT70 has the lowest pressure at 142  bar. This 
variation can be attributed to the different melting ranges of 
rPET and PBT. PBT melts at a peak temperature of 227 °C, 
while this phase transition occurs at a higher temperature 
of 257 °C for rPET [33]. The discrepancy results from the 
structural differences and the higher oxygen-to-carbon ratio 
per repeat unit in rPET, which may contribute to improved 
crystal perfection. It is known that blending lowers the melt-
ing point [46, 48, 49], as the presence of the blending partner 
restricts the movement of the chain segments. Consequently, 
the melting temperature of rPET is lowered to 245  °C 
(rPET70PBT30) and 231 °C (rPET30PBT70) (see Table 3). 
In the context of the blend system, the observed increase in 
melt pressure with increasing rPET content cannot be attrib-
uted to the increased viscosity in formulations with higher 
rPET content [32]. However, given the simultaneous ten-
dency towards increasing particle size and decreasing melt 
pressure, it can be assumed that there may be differences in 
rheological properties at these temperatures.

The lowest density for all blends was observed for 
rPET40PBT60 at 170  kg/m3. However, in contrast to the 
experiments with different CE concentrations, no recogniz-
able correlation between density and melt pressure could 
be found. With increasing rPET content, the density of the 
foam increases continuously, which is primarily due to a 
lower absorption of the blowing agent absorption. Con-
versely, the highest density of 234 kg/m3 was determined 
in rPET70PBT30. Interestingly, an increase in density with 
increasing PBT content can be observed in rPET40PBT60, 
leading to a bead density of 194 kg/m3. Both phenomena can 
be attributed to the selected process conditions. Please note 
that the conditions were set for rPET50PBT50 were fixed 
and kept constant for the comparability of the results. In the 
case of the rPET-dominant blend, the process temperature is 
already too low, and the melt is inhibited in its expansion. In 
the case of the PBT-dominant blend, the temperature is too 
high and the cells can collapse.

The effect of the blend ratios on the foam morphol-
ogy, in particular the cell size, are shown in Fig. 2. It can 
be seen, that the average cell size remains relatively con-
stant between the blend ratios of rPET70PBT30 to rPET-
40PBT60. However, with a further increase in PBT content, 
there is a significant increase in the average cell size to 130 

Table 3  Thermal behavior and rheological properties of rPET-PBT bead foam with varied blend ratio
PBT content
wt.-%

Tc
°C

TmPBT
°C

TmrPET
°C

Tcc
°C

XPBT
°C

XrPET
°C

Fmelt
1

N
Drawability1

1
30 165 – 245 98 – 6.6 0.032 12.0
40 142 206 236 81 9.7 7.3 0.009 17.7
50 152 207 232 82 15.6 5.1 0.014 18.7
60 172 210 232 – 22.5 6.9 0.016 34.7
70 175 215 231 – 27.8 3.9 0.022 33.7
1Round hole die with 30/1 mm used
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phase [55, 56]. This reduction in crystallization temperature 
widens the foaming window, providing more flexibility in 
the welding process. When combined with the relatively 
rapid crystallization rate of PBT [28], the rPET40PBT60 
formulation exhibits the best expansion rate and uniform 
cell structures, attributed to stabilization via crystallization 
[11, 57, 58].

Conclusion

Bead foams derived from rPET/PBT with a pronounced 
double melting peak were processed by extrusion foaming. 
The effect of both CE modification and blend ratio on mor-
phology and foam density were systematically investigated. 
The results showed that increasing the CE concentration 
up to 0.8 wt.-% in the rPET50PBT50 blend led to remark-
able improvements in morphology and density compared 
to the unmodified blend. Specifically, an average cell size 

with the exception of rPET70PBT30, all formulations 
exhibit a double melting peak during rapid cooling after the 
extrusion process. Two observations are can be made from 
these data. Firstly, the cold crystallization of rPET decreases 
with the addition of PBT. This can be attributed to the lower 
Tg and the improved chain mobility resulting from the lower 
viscosity of the blend [33, 48, 52]. Secondly, both melting 
peaks shift to lower temperatures as the proportion of the 
blend partner increases. The simultaneous crystallization of 
rPET and PBT hinders each other and leads to less orga-
nized crystals [33, 49, 53, 54]. A lower crystallization tem-
perature offers an advantage in welding processes, as less 
energy is required [30].

Additionally, as depicted in Fig.  4b, the crystallization 
temperature decreases as the blend ratio approaches rPET-
50PBT50. The lowest crystallization temperature of 142 °C 
is observed in rPET60PBT40. This lower temperature 
requirement for crystallization is essential due to the phase 
separation needed for both polymers from the miscible melt 

Fig. 2  Effect of blend ratio on foam morphology of rPET-PBT foams modified with 0.8 wt.-% CE

 

1 3

1523



Journal of Polymers and the Environment (2025) 33:1517–1527

Fig. 4  1. Heating (A) and cooling (B) curves of rPET-PBT foams with varied blend ratio

 

Fig. 3  Effect of blend ratio on the melt strength of rPET-PBT blends
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