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ABSTRACT: Hindered phenol exterminated hyperbranched polyester (mHBP) is fabricated by esterification reaction. The mHBP is
introduced into nitrile rubber (NBR) to prepare NBR/mHBP blends. Structure, damping and mechanical properties of NBR/mHBP
blends are investigated by Fourier transform infrared spectroscopy (FTIR), 'H-NMR, dynamic mechanical thermal analyzer (DMTA),
and tensile tester. FTIR spectra of the blends illustrate the intermolecular hydrogen bonding between the NBR and mHBP, contribut-
ing to the improvement of damping and mechanical properties. The results indicate that, with the increasing mHBP content, the T,
of the blends shifted to a higher temperature with a broadening temperature range and improved mechanical properties, showing an
application in adjusting the T, and temperature range without decreasing of loss factor. © 2015 Wiley Periodicals, Inc. J. Appl. Polym. Sci.

2015, 132, 42605.

KEYWORDS: dendrimers; elastomers; hyperbranched polymers and macrocycles; rubber; viscosity and viscoelasticity

Received 1 December 2014; accepted 7 June 2015
DOI: 10.1002/app.42605

INTRODUCTION

Viscoelastic polymers have been used as damping materials due
to their outstanding properties for reducing vibration and noise
around the glass transition temperature (Tg).1 In real applica-
tions, vibrations in wide temperature and frequency range are
often experienced, and a broad damping temperature range is
required. However, viscoelastic polymers usually exhibit a nar-
row range of only 20—30°C around their T, peak, which
obstructs further application.” Great researches’™ have been
made to broaden the damping temperature range of viscoelastic
damping materials. Traditional
broaden the damping temperature range included copolymeriza-

modification methods to

tion, interpenetration polymers networks, and blending of vari-
ous polymers. Introducing resins, such as phenol resin,®’
polyvinyl chloride,*® et al, into rubber are the most popular
methods to broaden the AT, while the loss factor peak
decreased significantly.'® On the other hand, low molecular hin-
dered phenols can improve the T, peak for the strong intermo-
lecular interactions between functional groups of hindered
phenol and the matrix.'' However, the low molecular organic
fillers usually tend to decrease the toughness and stability of
damping materials, which may restrict its application.'> Xiang
et al."” found that AO-80 modified NBR/PVC crosslinking com-
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posites showed an improvement of tan  from 0.96 to 1.56 with
increasing AO-80 content from 0 to 50 phr attributing to the
hydrogen bonding between the AO-80 and NBR, while the elon-
gation at break decreased from 600% to about 400% with
increasing AO-80 content. Hyperbranched polymer (HBPs), a
special type of dendritic polymers, have drawn great attention
in recent years owing to their unique architecture, excellent flow
and processing properties, and low melting and viscosity in
comparison to linear polymer with the comparable molar mass.
Moreover, HBPs possess abundant functional end groups, play-
ing a major role in further reactivity, which are believed to be
responsible for the enhanced toughness,'™'* thermal resist-
ance,''® and flame retardant,'”'® et al. All of these make them
ideal as promising candidates for the modification of polymer
materials. Recently, many articles on application of hyper-
branched polymers over thermoset resin modification were pub-
lished."”™' Helena Bergenudd et al** prepared three different
generations hyperbranched phenolic based on hyper-branched
polyester Boltorn® (H20, H30, H40) and 3-(3,5-Di-tert-butyl-4-
hydroxy-phenyl)-propionic acid, the products were used as anti-
oxidants. Similar research has been reported in literature.”
However, as is known to me, little studies have been reported

the application of hyperbranched polymers on rubber
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Figure 1. Structure of hyperbranched polyester.

modification,”*?** especially about the damping properties of

hyperbranched polymer-modified rubber systems.

In this article, hyperbranched polyester, modified with hindered
phenol, were prepared through esterification reaction and intro-
duced into nitrile rubbers (NBR) to prepare nitrile rubber/
hyperbranched polyester hybrid materials. Structure, damping,
and mechanical properties of the binary blends were studied by
FTIR, 'H-NMR, DMTA, and tensile tester. The blends, without
decreasing T, peak, exhibit improved damping temperature
range and mechanical properties.

EXPERIMENTAL

Materials

Hyperbranched polyester (HBP), with hydroxyl group number
of 12 and molecular weight of 1250 (shown in Figure 1), was
purchased from Suzhou HyperT Resin Science & Technology.
NBR with acrylonitrile content of 27%, was supplied by Lanz-
hou petrochemical company. P-toluenesulfonic acid (p-TSA),
Zinc oxide (ZnO), Stearic acid (SA), Tetramethylthiuram disul-
fide (TMTD), 2, 2’-dibenzothiazoledisulfde (DM), Carbon black
(CB), sulphur (S) were chemical pure.

Preparation of mHBP
The mHBP was prepared through a melting esterification meth-
ods, shown in Scheme 1.

Table I. Recipe of NBR/mHBP Blends
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Scheme 1. Scheme of mHBP preparation.

HBP 12.5 g (0.01 mol) and 3-(3-methyl-5-tert-butyl-4-hydroxy-
phenyl)propionic acid (AO) 28.4 g (0.48 mol) were added into
a 500 mL three-neck round-bottom flask equipped with a
mechanical stirrer, reflux condenser and thermometer under
nitrogen protection. The mixture was heated to 130°C. Then, p-
TSA 0.4 g was added when the above mixture was melted. The
reaction was maintained at 13°C for 3 h and then for another
2 h under reduced pressure to obtain the crude product. Finally,
the crude product was smashed in mortar, then the powder was
washed by acetone/deionized water (v/v =1/1) mixture solution,
finally dried at 80°C. The process of “smashing-washing-drying”
repeated for five times to obtain the pure product.

Preparation of NBR/mHBP Blends

NBR was plasticated with a mixing roller at room temperature
for 5 min, and then, calculated amount of mHPB, carbon black,
ZnO, SA, TMTD, DM, S was added and the mixture was
kneaded for another 10 min. The mixtures were hot-pressed
and vulcanized at 150°C under the pressure of 10 MPa for 30
min to prepare the sample for measuring. Various mHBP con-
tent cured NBR blends were prepared as Table I following the
above cure process.

Characterization

FTIR spectra of mHBP and NBR/mHBP blends were recorded
on a Bruker Vertex 70V spectrometer at temperature from 400
to 4000 cm ™.

The 'H-NMR spectra was collected using a Bruker V600 spec-
trometer, and solvent was CDCl;.

Damping properties were performed with a DMTA (Metravib
R.D.S. VA4000) at 125 Hz from —50°C to 100°C in the tensile
configuration.

The tensile strength, elongation at break, and percentage defor-
mation of the samples were measured on a electronic universal
testing machine (Sintech65/G, MTS), using dumb-bell shape
samples according to GB/T 528-92. Hardness of the samples
was performed on a LX-A Shore A durometer. The samples
were tested without any conditioning.

Sample no. NBR (g) HBP (g) mHBP (g) Zn0 (g) SA (g) TMTD (g) DM (g) CB (g) S (9
NBR 100 0 0 5 2 1 0.5 40 2
NBR/10 HBP 100 10 0 5 2 1 0.5 40 2
NBR/10 mHBP 100 0 10 5 2 1 0.5 40 2
NBR/30 mHBP 100 0 30 5 2 1 0.5 40 2
NBR/50 mHBP 100 0 50 5 2 1 0.5 40 2
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The morphology of tensile fracture was evaluated on a scanning
electronic microscope (5440, Leica Cambridge) under accelera-
tion voltage of 15 kV.

RESULTS AND DISCUSSION

FTIR and "H-NMR Spectra of mHBP

Figure 2 shows the FTIR and 'H-NMR spectra of mHBP. In the
spectra of mHBP, the peak (3430 cm ') attributing to
—CH,—OH of HBP shifted to 3500 cm™', attributing to
Ph—OH; a new peak at 1600 cm ™" attributed to the C=C (aro-
matic) stretching; the multi peaks in the range of
1200—1250 cm ™' and 800—850 cm ™! belonged to tertiary butyl
groups. In the 'H-NMR spectra of mHBP, there was the peak
(0=7.8 ppm) assigning to Ph—OH; the peak (6=6.7—6.8
ppm) belonged to the Ph-H; the peaks (6 =2.0—2.3, 2.5—2.8
ppm) corresponded to CH, and the peaks (6 =1.1—1.4 ppm)
belonged to CHj. From the FTIR and 'H-NMR spectra of
mHBP it can be seen that the hindered phenol group was
grafted to the end of HBP.

FTIR Spectra of NBR/mHBP Blends

Figure 3(a) showed the major feature of the infrared spectrum
of NBR/mHBP blends with various content of mHBP. The
hydroxy group (OH) stretching region near 3400 cm™ ' and the
carbonyl group (C=O) stretching region near 1730 cm™ ' were
shown in Figure 3, respectively. Corresponding to NBR/HBP
blends, the hydrogen group stretching region shifted from
3330 cm ™' to 3450 cm ™' [Figure 3(a)], and the carbonyl group
stretching region also shifted from 1724 cm™' to 1735 cm™!
[Figure 3(b)]. With the increasing mHBP content, both the OH
and C=O stretching region are strengthened.

As showing in Figure 3, the band at 3330 cm ™' was assigned to
the “free” hydroxy group (nonhydrogen-bonded),” while the

WILEYONLINELIBRARY.COM/APP

CIENCE

el

4000 3500 3000 2500 2000 1500 1000 500

Wavenumbericm ™! pm

mHBP 10

8 7 6 5 4 3 2 1
ppm
Figure 2. FTIR (a), ' H-NMR spectra of HBP and mHBP (b), ' H-NMR
spectra and molecular structure of mHBP (c). [Color figure can be viewed

in the online issue, which is available at wileyonlinelibrary.com.]

band at 3450 cm ™' is corresponding to “OH—C=N" interac-
tion, indicating that the hydrogen bonding was formed. As seen
in Figure 3(b), the band of C=O group stretching vibration
shifted from 1724 cm ™" to 1735 cm™ ', indicating that no inter-
molecular hydrogen bonding was formed between C=O and
OH of mHBP with the increasing mHBP content. The formed
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Figure 3. FTIR spectra of unvulcanized NBR/mHBP blends. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.

com.]
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Figure 4. Morphology of tensile fracture samples. (a) NBR; (b) NBR/10HBP; (c) NBR/10mHBP; d- NBR/30mHBP; e- NBR/50mHBP

hydrogen bonds contributed to the increasing damping and
mechanical properties for NBR/mHBP blends, according with
literature.**

Morphology Analysis

The tensile fracture morphology of NBR/mHBP (or HBP) blends
was investigated by SEM. The morphology pictures of all samples
were illustrated in Figure 4. From Figure 4(b), it was clear that
NBR/HBP sample exhibited a significant incompatibility “sea-
island-structure”, in which the continuous phase is NBR and
HBP (white blocks) is the “island”. The poor interface between
NBR and HBP indicated that they were incompatible, which
could explain the second loss factor peak and the decrease in ten-
sile strength. On the contrast, as shown in Figure 4(c,d), the frac-
ture morphology of NBR/mHBP blends became smoother
without phase separation when the mHBP content increased
from Ophr to 30phr, showing excellent compatibility between
NBR and mHBP due to the hydrogen bonds between NBR and
mHBP; however, when mHBP content further increased to 50phr,
as shown in Figure 4(e), mHBP enrichment (white block) indi-
cated the partly compatibility between NBR and mHBP.>>*¢
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Figure 5. Temperature dependence of loss factor. 0 -NBR; 1* -NBR/
10HBP; 2" - NBR/10mHBP; 3" - NBR/30mHBP; 4” - NBR/50mHBP.
[Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com. ]
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Table II. Dynamic Mechanical Properties of NBR/mHBP Blends

Materials Tan ¢ Tg (°C) AT (°C) TA
NBR 1.08 -84 51.4 54
NBR/10 mHBP 1.04 12.4 594 55
NBR/30 mHBP 0.97 28.6 63 59
NBR/50 mHBP 1.04 393 75 62

DMTA Analysis

Figure 5 shows the plot of tan J against temperature determined
by DMTA for the binary blends prepared with various content
of mHBP. The corresponding parameters> such as tan 6, AT for
all the formulations are collected in Table II. With the increasing
content of mHBP, the Ty shifted to higher temperature and the
AT was broaden significantly, especially when 50 phr. mHBP
was added, the AT reached 75°C in reference to 54.5°C of the
neat crosslinked NBR. When the mHBP content is below 30 phr,
the shape of the curve with only one peak indicated a good com-
patibility between NBR and mHBP; however, when the mHBP
content reached 50 phr, a secondary relaxation transition at
75°C is found, corresponding to the enrichment of mHBP, which
can be confirmed by SEM [Figure 4(e)]. On the contrary, the
NBR/HBP sample exhibited significant heterogeneity, which
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could be confirmed by two tan J peaks, even when only 10 phr
HBP was added. This phenomenon could be excellently corre-
sponding to the SEM picture [Figure 4(b)]. The TA in T, was
another index for an evaluation of damping performance, indi-
cating that the ability of converting mechanical energy into heat
through molecular motion. As shown in Table II, when the
mHBP content is 50 phr, the blends obtain the largest TA value,
which can keep high tan 6 level in a wide temperature range.

Mechanical Properties

The mechanical properties of the crosslinked samples were inves-
tigated. The corresponding results, such as tensile strength, elon-
gation at break, permanent deformation, and hardness, were
illustrated in Figure 6 and Table III. From the results, it is clear
that, when 10 phr HBP was added, the tensile strength decreased
significantly from 18.89 MPa to 17.68 MPa caused by the incom-
patibility between NBR and HBP attributing to the poor inter-
face between the binary phase of NBR and HBP, which can be
confirmed by the fracture morphology picture in Figure 4(b).

In contrast, the tensile strength increased from 18.89 MPa to
23.41 MPa with an increase of mHBP content from 0 phr to 30
phr and then decreased slightly with further increasing mHBP
content, which can be attributed to the compatibility between
NBR and mHBP. The improvement in compatibility may be
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Figure 6. Mechanical properties of NBR/ mHBP blends.
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Table III. Mechanical Properties of NBR/mHBP Blends

Tensile Elongation  Permanent

strength at break deformation
Materials (MPa) (%) (%) Hardness
NBR 18.89 233.4 3.28 73
NBR/10 mHBP  21.50 286.6 6.28 72
NBR/30 mHBP  23.41 346.1 6.44 67
NBR/50 mHBP  22.81 378.5 7.32 63

attributed to the hydrogen bonds between NBR and mHBP,
which can be confirmed in FTIR spectru (Figure 3).

The elongation at break and permanent deformation showed the
similar trend of significantly improvement when mHBP (or
HBP) was added for all the samples, especially when HBP was
added. The main reason for the improvement of elongation at
break and permanent deformation may be attributed to the fol-
lowing reasons. First, a hyperbranched polymer, for its short
branched molecular chains, exhibits excellent flowing properties,
which may increase the motion ability of molecular chains and
result in the improvement of elongation at break and permanent
deformation. Second, the addition of HBP, as shown in Figure
4(b), led to clearly separation phase, which may decrease the
crosslinking density. Third, the hydrogen bonds between NBR
and mHBP, confirmed by FTIR spectra (Figure 3), limited the
molecular chain motion, which can explain why even more
improvement when HBP was added.

The shore hardness improved from 73 to 78 when HBP was
added. On the contrary, the hardness decreased from 73 to 62
with the increasing mHBP content from 0 to 50 phr. HBP, dis-
persed in the NBR in the state of blocks [shown in Figure 4(b)]
can be used as rigid filler, which could explain why the hardness
improved when HBP was added. While mHBP, showing excel-
lent compatibility with NBR, played an important role in the
improvement on molecular chain motion and decrease of cross-
linking density, which could explain why the hardness decrease
with the increasing mHBP content.

CONCLUSIONS

In this article, hindered phenol exterminated hyperbranched
polyester was fabricated through esterification reaction and char-
acterized by FTIR and 'H-NMR. The prepared mHBP was intro-
duced into NBR to prepare NBR/mHBP damping materials. In
the temperature dependence of loss factor for the blends, the T,
shifted to higher temperature with the increasing mHBP con-
tent, and the AT was broadened from 39°C to 51°C, when the
mHBP content reached 50 phr. The FTIR spectra of NBR/mHBP
blends proved the existence of intermolecular hydrogen bonding
between NBR and mHBP, which played an important role in the
damping properties of NBR/mHBP blends. Therefore, the
mHBP is expected to have an important application in adjust
the T, and AT of polymer with improved damping properties.
The mechanical property results showed that the mHBP played
a positive effect on the tensile strength and elongation for the
hyperbranched structure of mHBP. Therefore, the mHBP is
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expected to have an important application of damping and
mechanical properties for polymers.
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