ISSN 0965-545X, Polymer Science, Series A, 2024, Vol. 66, No. 1, pp. §6—94. © Pleiades Publishing, Ltd., 2024.
ISSN 0965-545X, Polymer Science, Series A, 2024. © Pleiades Publishing, Ltd., 2024.

POLYMER
BLENDS

Effect of Polypropylene Percentage on Morphological
and Mechanical Properties of Polybutylene
Terephthalate /Polypropylene Blends

Pham Thi Hong Nga** and Nguyen Thanh Tan*

“Ho Chi Minh City University of Technology and Education,
Thu Duc City, Ho Chi Minh City, 71307 Vietnam

*e-mail: hongnga @hcmute.edu.vn
Received August 21, 2023; revised March 25, 2024; accepted March 26, 2024

Abstract—Polybutylene terephthalate (PBT) has a strong resistance to abrasion, deformation, and chem-
ical resistance. However, how to further improve the impact toughness of PBT is still an issue that receives
the attention of many researchers. This investigation aims to enhance its mechanical properties by mixing
it with polypropylene (PP). The tensile strength, impact strength, flexural strength, and microstructure
are accorded to ASTM D638, ASTM D256, and ASTM D790. In this analysis, PP was mixed with PBT
with different ratios of 95/5, 90/10, 85/15, 80/20, and 75/25. Use injection molding technique to mold
specimens for mechanical testing. The results show that the impact strength is 3.7, 6.6, 5.63, 5.2, 5.1, and
4.9 kJ/m?, corresponding to 0, 5, 10, 15, 20, and 25% PP. The impact strength of PBT/PP blends is
higher than neat PBT. Especially in the 5% PP sample, the impact strength increase can reach the high-
est level of 80.3% compared to neat PBT. The flexural strength tends to decrease with increasing PP con-
tent. After measuring, we get 77.9, 65.6, 62.2, 58.4, 58.2, and 54.0 MPa, corresponding to 0, 5, 10, 15,
20, and 25% PP. The microstructure of the blends showed that spherical PP particles were interwoven
into the PBT substrate, but no interphase adhesion was observed. In general, selecting a suitable
PBT/PP blend could improve the impact strength while preserving the tensile strength, allowing it to be

applied widely.

DOI: 10.1134/S0965545X2460042X

INTRODUCTION

Waste from toothbrush bristles is of little interest to
scientists. This waste, with the primary material being
polybutylene terephthalate (PBT), often has brittle
properties. When recycled, it is frequently challenging
to inject mold to create products. After recycling,
products often have low mechanical properties, espe-
cially low impact toughness. Therefore, making recy-
cled toothbrush bristles with high impact toughness
while retaining other properties such as tensile
strength and flexural strength remains a big challenge.

Neat polymers usually have some limits related to
their homogeneous structure. Therefore, to improve
the characteristics of neat polymers, these polymers
are blended to create new materials with more
advanced properties [1—4]. PBT is a semi-crystalline
thermoplastic polymer with excellent mechanical
properties and strong resistance to abrasion, deforma-
tion, and chemical resistance. It is widely used in the
automotive industry, electrical and electronic indus-
tries, and other fields [5]. However, some disadvan-
tages, such as low impact strength, high shrinkage, and
low strain temperature, limit its applications [6].
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Recently, many researchers have aimed to improve
PBT characteristics by mixing it with other polymers
or fillers such as polycarbonate (PC), Polyethylene
terephthalate (PET), Polyamide PAG6, etc. Kim et al.
[7] investigated the function of maleic anhydride
(MAH) as a compatibilizer for the PBT/EVA blends.
The results showed that the impact strength of the
PBT/EVA-g-MAH (80/20) increased about three
times compared to that of the PBT/EVA (80/20). This
phenomenon is because adding MAH to the blends
improves surface adhesion, increasing impact
strength. Tan et al. [8] investigated the mixing of PC
and PBT with ratios of 100/0, 40/60, 30/70, and
20/80, demonstrating that as the PC ratio increases, so
do the impact strength and bending durability.

Polypropylene (PP) is today’s cheapest and most
commonly used plastics. It is a thermoplastic polymer
produced from the monomer propylene. PP is widely
employed in various industrial fields such as auto
parts, home appliances, furniture, packaging, etc. [9].
Many studies have been conducted in recent years to
improve the mechanical properties of PBT through
copolymerization or plasticization [10, 11]. In these



EFFECT OF POLYPROPYLENE PERCENTAGE

Table 1. Compositions of the PBT/PP blend samples
(wt %)

Sample |100PBT| SPP | 10PP | 15PP | 20PP | 25PP
PBT, wt %| 100 95 90 85 80 75
PP, wt % 0 5 10 15 20 25

Table 2. Molding conditions of the testing samples

pla:/rla?rlr?:(is Unit Value
Melt temperature °C 235
Injection pressure MPa 120
Injection time S 8
Holding time S 8
Holding pressure MPa 60
Skew speed rpm 100

studies, the most commonly used method is to add
suitable, compatible substances to improve the prop-
erties of the blends [12]. For example, Hietaoja et al.
[13] investigated the function of oxazoline as a com-
patibilizer for PBT/PP blends. The results demon-
strated that this composite significantly improved the
blends' toughness while maintaining strength and
hardness. Larsen Borve et al. [14] surveyed PBT/PP
isotactic blends containing 10—30 wt % of PBT.
According to the report, the viscosity ratio, compatibi-
lizer content, and PBT content all play essential roles
in the final blend characteristics. Tsai et al. [15] used
ethylene-co-glycidyl methacrylate as a compatibilizer
in PBT/PP blends to reduce surface tension during
fusion, resulting in finer dispersed phase morphology
and improved mechanical properties.

This study aimed to improve the impact toughness
of PBT while preserving its durability. We examined
the effects of PP on the tensile strength, flexural
strength, and impact strength properties of PBT/PP
blends with different PP ratios.

EXPERIMENTAL

This study used PBT purchased from Toan Dai
Hung Trading Service Co., Ltd., a plastic company
with product grade TACOMA TC BNG60 originating
from India/China of Lanxess plastic company (Ger-
many). PP was obtained from Tuan Ngoc company
with the product code PP 1100N, originating from
Saudi Arabia. The melt indexes of the PBT and PP
polymers are 60 g/10 min (at 250°C) and 12 g/10 min,
respectively. We tested the MFI of the blends at 250°C
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using the 6MPCA Advanced Melt Flow Indexer
machine, focusing on the lowest PP of 5% and the
highest PP of 25% among these blends. The other
blends have the MFI index value around these values.
Because of the limited conditions, other blends are not
tested for the MFI index. The MFI value of the sample
PBT/5% PP is 55.8 g/10 min, while the sample
PBT/25% PP has the MFI value of 35.1 g/10 min.
With other blends, the MFI values could range from
55.8 g/10 min to 35.1 g/10 min. The injection molding
machine is a Haitian MA 1200 III machine. The
PBT/PP mixture was mixed evenly by a plastic granule
mixing device according to the ratios shown in Table 1
and then dried at 80°C for 5 hours. After drying, the
mixture is injected to generate samples at 235°C.
During the injection process, the PBT/PP blend was
heated through five stages, initially at 215°C and
increased by 5°C through each step, keeping the outlet
temperature at 235°C before injection into the mold.
The injection molding conditions are presented in
Table 2.

Samples were prepared for tensile strength with
sizes according to ASTM D638 standards, using an
AG-X plus Shimadzu universal tensile machine. Each
piece of 6 ratios must meet the conditions of no warp-
ing, burr, or lack of spray and be measured in a labora-
tory with a temperature of 23 *+ 2°C. The samples are
pulled at 5 mm/s until rupture.

We measure flexural strength according to ASTM
D790 using the Shimadzu Autograph AG-X Plus.
Before beginning the experiment, we ensure the
experimental environment is at a temperature of 23
2°C and a humidity of 50 + 5%. In addition, samples
must be stored in the laboratory for at least 4 hours.
The model was mounted on the machine and mea-
sured at a 1.56 mm/min speed.

The impact strength samples are tested in an envi-
ronment with a temperature of 23 £+ 2°C and a humid-
ity of 50 £ 5%, measured in an Izod Tinius Olsen
IT504 impact tester. The microstructure was tested
using a Hitachi TM4000Plus electron microscope.

RESULTS AND DISCUSSION
Sample after Injection

Figure 1 shows the tensile, flexural, and impact
strength samples after injection. The injection mold-
ing samples of PBT/PP mixture with the ratios of
100/0, 95/5, 90/10, 85/15, and 80/20 are all very sim-
ilar in shape, size, and color. In pressing samples with
a higher percentage of PP, the shrinkage is more sig-
nificant, leading to easy mold jamming, swarf, welds,
and underfilling, making injection molding difficult.
By adjusting the appropriate parameters, the samples
are created perfectly [16, 17].
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(a) Tensile sample

(b) Flexural sample
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i

(c) V-notched impact sample

Fig. 1. Sample after injecting.
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Fig. 2. Tensile stress-strain curves of (a) 100% PBT and PBT/PP blends: (/) 5PP, (2) 10PP, (3) 15PP, (4) 20PP, (5) 25PP.

Tensile Strength

Figure 2 depicts the tensile stress-strain diagrams
of the blend samples. The variations of the tensile
stress with the tensile strain from the figure point out
the differences between the models by a large percent-
age of variation. The tensile stress of the pieces at the
beginning of the tensile increases gradually and
decreases as the samples fracture. In general, the frac-
ture mechanism of the examples is a brittle fracture
with low strain values [18].

The average tensile strength comparisons of differ-
ent PBT/PP blends are displayed in Fig. 3. The results
show that the tensile strength decreases from 60.1 MPa
to 42.5, 39.0, 35.5, 34.3, 31.9, and 30.7 MPa when the
PP ratio gradually increases from 0% to 5, 10, 15, 20,
25, and 100%. Therefore, adding PP will reduce the
tensile strength of neat PBT because the two sub-
stances, PBT/PP, are incompatible due to the signifi-
cant difference in polarity [19]. That incompatibility
will reduce the tensile strength. The incompatibility of
the blends reduces the intermolecular bonds in the
combinations [20].

Figure 4 shows the average elongation at break
comparisons of different PBT/PP blends. The average
elongation at break values is 48.0, 21.2, 20.8, 6.2, 5.6,
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and 4.7%, corresponding to 0, 5, 10, 15, 20, and 25%
PP. The results show that adding PP to the blend sig-
nificantly reduces the elongation value due to the poor
compatibility between PP and PBT. Specifically, at
5% PP blend, elongation at break and tensile modulus
values of the sample are 21.2% and 3310 MPa. In con-
trast, the pure PBT sample has elongation at break and
tensile modulus values of 48% and 520 MPa. There-
fore, adding 5% PP to PBT leads to a reduction in
elongation value. The reason is the poor compatibility
between PP and PBT. However, the tensile modulus
increases when adding 5% PP to the blends due to the
well-dispersed and fine structure of the PP phase in
the PBT matrix.

Flexural Strength

Figure 5 provides an overview of the influence of
PP on the flexural strength of the PBT/PP composite.
It can be seen that neat PBT has the highest flexural
strength. The curves of the specimens were mainly of
the same shape, and none of the models broke sud-
denly during the test. This result shows that the models
have high flexural strength, but adding more PP
decreases the flexural strength of the mixture.

No. 1 2024
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Fig. 3. Average tensile strength of PBT/PP blends.
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Fig. 4. Average elongation at break of PBT/PP blends.

The flexural strength of the PBT/PP composite
exhibits properties quite similar to the tensile strength
(Fig. 6). The initial flexural strength of the 100% PBT
sample was 77.9 MPa and gradually decreased to
54.0 MPa when PP was mixed at 25%. Similar to ten-
sile strength, flexural strength decreases with increas-
ing PP content. The weak association between PP and
PBT phases can explain this. A similar result was also
reported by Ignaczak et al. [12]. The results show that
when mixing the PBT /PP mixture with the respective
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ratios of 60/40, 50/50, and 40/60, the percentage
increase of PP in the mix significantly reduces the
flexural strength.

The modulus of elasticity when bending samples of
the PBT/PP composite decreased rapidly from
21059 MPa (100% PBT sample) to 1792.8 MPa
(PBT/15%PP sample), then increased but not much
to 1825.0 MPa at 20% PP ratio and continued to
decrease 1723.2 MPa (sample PBT/25%PP) (Fig. 7).
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Fig. 5. Flexural stress-strain curves of (/) 100% PBT and
PBT/PP blends: (2) 5PP, (3) 10PP, (4) 15PP, (5) 20PP,
(6) 25PP.

The results show that the flexural modulus decreases
with increasing PP content. This effect is similar to
that reported by other studies [12, 21]. The reduction
in strength and modulus values when mixing more PP
into the blends is due to the weaker mechanical prop-
erties of the PP compared to the PBT polymers.
According to the supplier, the pure PP polymer has a
UTS tensile strength of 35 MPa, while the pure PBT
value is 60.11 MPa. Therefore, adding more PP to the
PBT matrix could lead to a reduction in strength and
modulus. Moreover, the impact toughness of the pure
PBT sample is lower than that of the other blends,

Flexural strength, MPa
90
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60
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30
20
10

0

77.9

which differs from the strength and modulus of elas-
ticity in bending. The reason could be the crystallinity
and multiphase system of the blends, which help rap-
idly improve the impact toughness of the blends.
According to Zare et al. [22], more crystallinity and a
higher cold-crystallization temperature of the PP
matrix were two signs of improved crystallization
behavior in the toughened blends compared to the raw
PP resin. The impact strength of a hardened multi-
phase system depends on the size, distribution, disper-
sion state, and degree of phase adhesion between the
dispersed particles and matrix.

Impact Strength

Figure 8 shows the average impact strength dia-
gram of different PBT/PP blends. The results indicate
that the impact strength of PBT/PP blends is higher
than neat PBT. The impact strength of the 100PBT
sample has the lowest impact strength of 3.7 kJ/m?.
Adding 5% PP blends, the impact strength increased
by 80.3% compared to the neat PBT sample, which is
the highest value compared to other combinations.
Adding more PP to the blends leads to a reduction in
the tensile and flexure strengths. However, the impact
strength increases when adding PP to the blends. The
impact strength improvement is significant and proves
the benefits of PP in the mixes. Increasing the PP ratio
from 5 to 25% results in a drop in the impact strength
from 6.6 to 4.9 kJ/m?. The PP particles are well dis-
persed in the PBT substrate, thereby improving the
impact resistance of the mixture. This result is evident
in the 5SPP sample with the highest impact strength,
showing that SPP has the most stable crystallinity and
crystal structure. However, at a higher PP percentage,
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Fig. 6. Average flexural strength of PBT/PP blends.
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Fig. 7. Average flexural modulus of PBT/PP blend.
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Fig. 8. Average impact strength of PBT/PP blends.

due to the poor compatibility between PP and PBT,
adding more PP leads to a reduction in the impact
strength.

Generally, the neat PP sample has the highest
strength and modulus values in the bending test. Add-
ing PP to the blend will reduce the flexure strength and
flexure modulus because the two substances,
PBT/PP, are incompatible due to the significant dif-
ference in polarity [19]. The incompatibility of the
blends affects the crystallinity and PP molecules,
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reducing the intermolecular bonds in the combina-
tions [20]. Moreover, the decrease in tensile strength
could also be attributed to the difference in the vitrifi-
cation temperatures of PBT and PP. In the impact
test, the results are different from those in the bending
test. Because of the high impact resistance of PP, add-
ing PP to the blends leads to a higher impact strength
than the pure one. The PP particles are well dispersed
in the PBT substrate, thereby improving the impact
resistance of the mixture. The poor compatibility
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Fig. 9. XRD diagrams of (/) 100% PBT and PP/PBT blends: (2) 5PP, (3) 10PP, (4) 15PP, (5) 20PP, (6) 25PP.

between PP and PBT reduces the strength and modu-
lus values. However, the high impact resistance of PP
is an improvement in the impact strength of the blend.

XRD and SEM Microstructures Analysis

Figure 9 presents the XRD diagrams of PP/PBT
blend polymers with different PP percentages. The
neat PBT sample has some high peaks from 15° to 25°,
similar to the Deshpande et al. [16] report. Adding PP
from 5 to 25% results in 14.1°, 16.8°, 18.6°, 21.1°, and
a peak that belongs to the PP structure [17, 23]. More-
over, from 15 to 25% PP, the peaks become sharper,
indicating a higher rate of crystalline. The reason for
this phenomenon is the higher crystallinity of the PP
compared to the PBT polymer. Typically, the crystal-
line rate of PP varies around 30—60%, while this value
of PBT is only 13—30%. Therefore, adding more PP
mostly leads to an improvement in the crystalline rate
of the blend. Remarkably, the XRD peak system at
10% PP sample is lower than the other samples, indi-
cating a lower crystalline or higher amorphous struc-
ture rate. These results could be explained by SEM
figures presented in Fig. 10.

Figure 10 shows the structure of fine PP particles
that scatter evenly on the PBT matrix. Adding more
PP leads to its coarser size in the blends. Notably, the
boundary between the PP and PBT phases is clear.
This result indicated poor compatibility between them
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when increasing the PP content. In future work, we
will find a suitable compatibilizer for the blends to
improve the bonding between PP and PBT.

CONCLUSIONS

This study tries to improve PBT mechanical prop-
erties by mixing it with 5—25% PP. The report reveals
that the impact strength values of the PBT/PP blends
are 3.7,6.6,5.6,5.2,5.1, and 4.9 kJ/m?, corresponding
to 0, 5, 10, 15, 20, and 25% PP. The results show that
the impact strength of PBT/PP blends is higher than
neat PBT. Compared to neat PBT, the impact strength
in the 5% PP sample is at its highest level of 8§0.3%.
The tensile strength values of the blended samples are
60.1, 42.5, 39.0, 35.5, 34.3, and 31.9 MPa, corre-
sponding to 0, 5, 10, 15, 20, and 25% PP. Further-
more, as the PP content increases, the flexural
strength decreases. The microstructure of the blends
reveals that spherical PP particles were interwoven
into the PBT substrate, but there is no evidence of
interphase adhesion. The microstructure of the blends
reveals that the crystal structure is most stable at 5%,
and the more PP, the more unstable the structure is.
PBT/PP blends with 5% PP significantly improve
impact strength compared to neat PBT while conserv-
ing good tensile strength, allowing them to be used

No. 1 2024
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Fig. 10. SEM microstructure of PP/PBT blends: (a) PBT/5%PP, (b) PBT/10%PP, (c) PBT/15%PP, (d) PBT/20%PP,

(e) PBT/25%PP.

widely. The above study found that the PBT/5%PP
blend has the best mechanical properties and meets
the initial goal.
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