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Abstract

In this work, a new hyperbranched polyester polymer (HBP) was prepared by using A2+B3 polycondensation
polymerization methodology and blended with polypropylene PP. Both Nuclear magnetic resonance (NMR) and
Fourier transform spectroscopy (FTIR) were used to characterize the HBP. The prepared HBP was blended with
polypropylene (PP) in different weight compositions in order to study the effect of the addition of HBP on the
polypropylene mechanical and thermal properties. A twin-screw extruder was used for the preparation of the
polymeric blends (PP/HBP) and samples were manufactured using different blend compositions (5%, 10%, 20%)
wt. Tensile test, impact test, density, hardness, and differential scanning calorimetry (DSC) were conducted to
assess the blend properties. Results show that the blend properties and material characteristics were improved
with the addition of the HBP. However, the tensile properties were decreased with the addition of HBP due to the

immiscibility and different polarity of PP and HBP as indicated by SEM.
Keywords: Hyperbranched polyester (HBP); PP/HBP blend; DSC; Polymer blend; Crystallinity Xc.

1. Introduction

In the recent years many researchers show interest
in dendritic and hyperbranched polymers. These
materials exhibit unique properties, owing to their
globular and non-entangled structures, low melt
viscosity, large number of functional end groups and
high reactivity when compared to their linear
counterparts of comparable molecular weight[1].
Hyperbranched polymers (HBPs) have significant
applications in various fields, such as drug delivery
and coating [2]. HBPs show better characteristics
compared with dendrimers generated by multistep
synthesis [3]. HBPs can be easily manufactured using
a one-pot polymerization technique [4], [5]. They
have a three-dimensional dendritic architecture and
are highly branched macromolecules [2]. HBPs
exhibit low viscosity and strong reactivity and their
three-dimensional structures allow them to improve
their thermosets toughness and processability through
a controlled reactive phase separation process [6]-
[9]. Recently, many attempts have been made to
study the properties of different types of
hyperbranched polymers [10]-[13]. Huizhi Yan and

Yanmo Chen 2010 [14] prepared hyperbranched poly
(phenylene sulphide) (HPPS) and studied the effect
of its addition on the polypropylene for the
production of dryable fibers. The results showed that
the incorporation of HPPS has a minor effect on the
mechanical characteristics and as well as the
crystallinity (Xc) of HPPS/PP fibers was lower than
that of neat PP fibers, as determined by Differential
scanning calorimetry (DSC) thermograms. Qingchun
Fan et- al. 2012 [15] investigated the PP/
hyperbranched polyester polymer (HBP) blends
crystallization Kkinetics. Their findings show that HBP
is a nucleating agent for polypropylene. Asim
Davulcu 2015 [16] investigated the effect of the
addition of HPEA on the dyeability of polypropylene
with natural dyes. The study shows that both stress at
break and elongation at break values were reduced
with the HBP addition. The modified fiber samples
have melting temperature (Tm) and Xc similar to
those of unmodified PP fiber.

The aim of this study is to examine the effect of
the addition of HBP polymer on the properties of PP.
HBP polymer will be prepared by synthesizing
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Pyrimidine-2,4,6-triol as an agent which will be used
in the polymerization and synthesizing of HBP. HBP
with different content ratios will be mixed and blend
with PP. Samples will be cut out of PP/HBP sheets.
The mechanical, physical and thermal properties will
be evaluated using tensile test, impact test, hardness,
density measurement and differential scanning
calorimetry.

2. Materials and HBP/PP Blend preparation
2.1. Materials

The polypropylene (PP) used in this research was
obtained from Saudi Arabia Basic Industries
Corporation (Subic, Kingdom of Saudi Arabia).
Table (1) shows the properties of PP used for blend
preparation.

The materials used in synthesizing of
Hyperbranched Polyester polymer were obtained
from Sigma-Aldrich (UK) and Lancaster Synthesis
(UK) and used without purification.

The synthesized materials were characterized. An
open capillary method was used to determine melting
points using an SMP30 melting point apparatus and
the data were presented without any correction. An
IR AFFINITY-1 CE Shimadzu spectrometer (Kyoto,
Japan) was used to record the FT-IR spectra (KBr-
discs) and an NMR spectrophotometer (Bruker,
Japan) operating at 300 MHz was used to record H1-
NMR spectra.

2.2. The Synthesis of Pyrimidine-2,4,6-triol (Scheme)
A 11.5 g of chopped sodium was dissolved in 250

ml of ethanol using an Erlenmeyer flask with a glass
condenser protected by a calcium chloride tube. Then
a 0.5 mol (52.03) g of malonic acid was added to the
mixture followed by a 0.5 mol (30.03) g of dry urea
dissolved in 250 ml of hot ethanol. A 20 g of
molecular sieves were added then to the mixture.
Subsequently, the ingredients were mixed for 10
hours at a temperature of 110 °C and after
completion, a white precipitate was form. Then a 500

50 ml of cold water and dried at a temperature of
between 105-110 °C for a period of 3-4 hrs. The final
product (Pyrimidine-2,4,6-triol) was used as a raw
material for the polymerization process.

HO OH
i 0 N
o o / N\
HO
HoN NH Ethanol _

6] N
HO OH

Scheme 1: The synthesis of pyrimidine-2,4,6-triol.

Color: White; Yield: 69%; m.p: 255-259 dec; Mw:
148.11 g/mol; IR (v, cm-1): 3477(OH), 1693 (C=N),
1240 (C-O) as shown in figure 1; H1-NMR (300
MHz, DMSO-d6) & (ppm): 4.35 (S, 1H, CH:
pyrimidine), 8.49 (S, 1H, imidic OH), 10.11 (S, 1H,
phenolic OH) as shown in figure 2.

4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600  40C
Raw material AL em

Figure 2: The FTIR spectrum of pyrimidine-2,4,6-

ml of hot water at 50 °C was added followed by a 45 triol.

ml of HCI. The mixture was then filtered and cooled

in an ice bath for 24 hrs. and, after that, washed with

Table (1): Properties of PP used.

Property Test method Data Unit
Elastic Modulus ASTM D-638 0.12-0.13 GPa
Tensile Strength ASTM D-638 35 MPa
MFR ASTM D-1238 10 g/10min
Mw 195.69 g/mol
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2.3. The Synthesis of Hyperbranched Polyester
Polymer (Scheme 2)
A 0.2 mol (25.6g9) of the white precipitate

(pyrimidine-2,4,6-triol compound) was mixed with
0.3 mol (45 g) tartaric acid in a round bottom flask
set over an oil bath. The bath temperature was
steadily increased to 170°C and then held at 160 °C
for 4 hours. A continuous mixing was used until the
reactants were fully melted producing a pale brown
material (Hyperbranched Polyester Polymer).

Scheme 2: The synthesis of Hyperbranched polyester
polymer.

Color: Pale brown; Yield: 85%; m.p: 148-175;
Mw:360.49 g/mol; IR (v, cm- 1): 3471.87 (OH),
2962.66 (C-H alph), 1620.21 (C=0 aliphatic) as
shown in figure 3; H1-NMR (300 MHz, DMSO-d6) §
(ppm): 3.05 (d, 6H, OH tartaric group), 4.05 (S, 1H,
CH2 pyrimidine), 5.15 (d, 6H, CH tartaric group) as
shown in figure 4.

g5 @ ]

Figure 3: H-NMR of Hyperbranched polyester
polymer.

Table (2): Percentages of the polymer blends.

T T T T T T T T T T T
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HBP-TA 1/em

Figure 4: The FTIR spectrum of Hyperbranched
polyester polymer.

2.4. Blend Preparation
PP and HBP were mixed and then blended in an

SLJ30A type co-rotating twin-screw extruder
(manufacturer, China) equipped with two heating
sections working at a screw speed of 35 rev./min and
a temperature of 155-165 °C using the materials
composition listed in table 2. The molten material
was passed between two rollers to make a thin sheet.
The thickness of the sheet can be controlled by
adjusting the distance between the rollers, and then
the sheets were cut according to ASTM-D
specifications.

3. Characterization

3.1. Mechanical Properties
A universal testing machine (WDW_5E,

manufacturer, China) was used to determine the
tensile characteristics under ASTM D638-IV. The
test was performed at a speed rate of 10 mm/min.
Charpy impact strength was determined using a WP
400 impact tester (Gunt, Germany) following ASTM
D-256. Three samples were tested, and the average of
these values was taken. The hardness of the blend
samples was determined using a Shor D hardness
tester TH 210 FJ (China) following ASTM D 2240
and performed at room temperature.

3.2. Density
The GP-120 S density tester (China) was used to

determine the density of the blends under ASTM D-
792, using Archimedes principle at room
temperature.

Polypropylene (PP) wt.%

Hyperbranched polyester polymer (HBP) wt.%

100
95
90
80
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3.3. Differential Scanning Calorimetry DSC
The thermal characteristics of PP and PP/HBP

blends were evaluated using a differential scanning
calorimetry DSC type TA-60 WS instrument
(Shimadzu, Japan). The samples with an average
weight of (8-10+0.5) mg were heated at a heating rate
of 10 °C/min from 30 to 250 °C, then cooled down at
the same rate from 250 to 30 °C under an inert gas.
The following equation (1) was used to estimate the
degree of crystallinity (Xc) of the blends [17]:
Xc=(AHm/AHo*Ws) *100%.......covieiriiieiiierenieiennns Q)
Where: AHn: melting enthalpy as determined by
DSC, AH,: melting enthalpy, which is (209 J/g) of
fully crystalline PP [17] and Ws weight fraction
percentage of PP in the blend.

3.4. Scanning electron microscope SEM

The morphology of PP and PP/HBP blends have
been studied using SEM Inspect S50. The samples
were cut into small pieces and then coated with thin
layer of gold to obtain good conductivity.

4, Result and Discussion

4.1. Mechanical Properties

Figure 5 shows the influence of HBP level on
tensile strength of PP/HBP. The results show that the
tensile strength was slightly reduced by 0.865 MPa,
1.55 MPa and 0.97 MPa for the 5%, 10% and 20% of
HBP samples, respectively. The weak interfacial
adhesion between HBP and PP, as well as the lack of
entanglements between PP and HBP with various
polarities, results in inadequate stress transfer
between dispersed phase HBP and matrix PP [18],
[19]. The HBP molecules increase the distance
between PP chains and allow the chains to move
more freely past each other. These results indicate
that the blends of PP and HBP are immiscible [20].

—=— PP/HBP-TA

264 4 N,

Tensile Strength (MPa)

T T T T T
0 5 10 15 20
HBP content (%)

Figure 5: Tensile strength of PP/HBP vs. HBP
content.
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The influence of HBP content on the elastic
modulus of PP Blends is shown in Figure 6. It was
found that the elastic modulus increased by 0.18 GPa,
0.185 GPa and 0.06 GPa for the 5%, 10% and 20% of
HBP, respectively. This behaviour could be attributed
to the stiffening effect and absence of entanglements
of HBP, resulting in a brittle material with poor
mechanical properties.
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Figure 6: Modulus of Elasticity of PP/HBP vs. HBP
content.

Figure 7 represents the influence of HBP on the
elongation at the break of PP/HBP blends. The result
shows that the elongation of the blends decreased by
17.56 %, 20.1 % and 7.25 % for 5 %, 10 % and 20 %
of the HBP, respectively. This happen because the
HBP did not interact with the PP and remained a free
particle, reducing the PP ability to elongate [21],[22].
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Figure 7: Elongation at break of PP/HBP vs. HBP
content.

The toughness or resistance of a stiff material to
rapid deformation is referred to as impact strength.
Figure 8 shows the influence of HBP content on the
impact strength of PP/HBP blends. The result shows
that the addition of HBP enhanced the impact
strength of the blends by 7.4 KJ/m?, 13.3 KJ/m? and
11.6 KJ/m? for the5%, 10 % and 20% of HBP,
respectively compared to the neat PP. The addition of
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HBP, up to a certain level, increases the impact
strength of PP due to the good compability at low
levels and good dispersion of HBP particles. This
result agrees with the findings in [23][24].

—=— HBP/TA
20
184 e
/ T

<164

§ ,//

=

X 144

=1 S

212 ’

o /

- 10 /

o /

3 s

o /

E s /

/
81 /
o
4 T T T T T
0 5 10 15 20

HBP content (%)

Figure 8: Impact strength of PP/HBP vs. HBP
content.

Hardness is defined as the resistance of a material
to scratches or penetration. The presence of
plasticizers in materials reduces their hardness, while
crosslinks increase it. Figure 9 shows the influence of
HBP content on the Shore D hardness of the blends.
The PP/HBP blend hardness increases by 0.8, 1.5 and
3.4 as the amount of HBP increases from 5% to 20%
respectively, which may be attributed to the HBP
molecule's stiffness and the increased compatibility
of HBP with PP. These results are in agreement with
S. Mahapatra and N. Karak [21],[25].
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Figure 9: Shore D hardness of PP/HBP vs. HBP
content.

4.2. Density

The influence of HBP on the density of PP/HBP is
shown in Figure 10. The density of PP/HBP blends is
increased by 0.026 g/cm?3, 0.029 g/cm® and 0.051
g/cm?® for 5%, 10% and 20% of HBP, respectively.
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This increase in PP/HBP blend density is directly
proportional to the greater density of HBP [26],
which occupies the spaces between the chains of PP
and increase the total density of the blends.
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Figure 10: Density of PP/HBP vs. HBP content.

4.3. Differential Scanning Calorimetry (DSC)

The effect of HBP content on the melting (Tm)
and crystallization (Tc) temperature of PP and the
blends were studied using DSC. The polymer's
crystallization can be affected by the addition of a
heterogeneous or inorganic material. Generally, these
fillers can act as a nucleating site. Figure 11 and 12
shows the effect of HBP addition on the melting and
crystallization temperature of PP blends. The result
shown in figure 11 indicates that the melting
temperature did not change with the addition of HBP.
Figure 12 also shows slight differences in the
crystallization temperature and the HBP addition has
shifted the crystallization temperature of neat PP to a
higher value. Additionally, Table 3 shows that the
crystallinity of blends increased with the addition of
HBP. These results are in agreement with Diao, Jian
Z [27] and Wu, Lingyan [28],[29].
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Figure 11: DSC heating thermograms for PP and
PP/HBP.
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—— PP/20 % HBP TA|
—— PP/0 % HBP TA

PPJ5 % HBP TA
—FP

DSC (mW)
e
=

T T T T T !
60 80 100 120 140 160 180
Temperature (C°)

Figure 12: DSC cooling thermograms for PP and
PP/HBP.

Table (3): The PP and PP/HBP DSC data.

crystallinity have increased with increasing HBP
level in blends this increment is due to that HBP
acting as a nucleating agent. SEM images shows that
there is no interaction between blend components and
the blends were immiscible.

Samples Tm (°C) Tc (°C) Xc %
PP 164.27 113,24 421
0, -
PPIS% HBP 163.19 116.18 45,99
TA
0, -
PPI10% HBP 164.51 116.93 57.4
TA
0, -
PP/ZO_I_/ZHBP 164.99 116.79 51.21

4.4. Scanning electron microscope (SEM)

Figure 13 shows the SEM micrographs of PP and
PP/HBP samples at two magnifications 50 um and 10
pm. It's shown from the Figure 13 (A, B) that PP
sample has smooth, continuous, and uniform surface.
While the sample of PP blended with HBP shows
rough and non-uniform surface, due to the difference
in polarity of PP and HBP that results in poor
adhesion between the two polymers as in Figure 13
(C, D) and thus reflected on the mechanical
properties as shown above.

5. Conclusion

The HBP polymer has been prepared using A>+Bs
monomers with polycondensation polymerization and
then blended with PP at different ratios of HBP. The
tensile strength of the blends PP/HBP was reduced as
the amount of HBP increased for samples containing
5%, 10% and 20% of HBP due to the lack of
interaction and immiscibility of the two polymers.
The Young modulus has been increased due to the
increased stiffness of PP/HBP blends. Also, the
impact strength, hardness, and density increased at all
levels of HBP. The thermal properties such as
melting point did not change with HBP level while
the crystallization temperature and the degree of

Egypt. J. Chem. 65, No. 8 (2022)

Figure 13: SEM images of PP (A, B) and PP/HBP (C,

D) at two magnifications 50 pm and 10 pum.
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