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Abstract
In this study, to improve the thermo-mechanical properties of glycidyl azide poly-
mer (GAP)-based elastomers, polyethylene adipate (PEA) with different molecular 
weights was successfully synthesized using a solvent-free method. GAP was syn-
thesized by cationic ring-opening polymerization of epichlorohydrin and then azida-
tion. The structure of PEA and GAP was characterized by FTIR, 1HNMR, and GPC. 
The compatibility of GAP/PEA at various weight ratio blends was investigated by 
differential scanning calorimetry. The result indicated GAP/PEA is compatible, and 
addition of PEA to GAP leads to the decrease in glass transition temperature. The 
copolyurethane elastomers were prepared by cross-linking GAP and PEA at various 
weight ratios using isophorone diisocyanate and N100 as curing agent. The thermo-
mechanical properties were evaluated by dynamic mechanical analysis and tensile 
test. Based on the results, with increasing weight ratios of PEA, the copolyurethane 
elastomers displayed an increase in tensile strength (6.97  MPa) and elongation 
(792%) in comparison with GAP.

Keywords  Glycidyl azide polymer (GAP) · Polyethylene adipate (PEA) · Blending · 
Copolyurethane elastomer · Mechanical properties

Introduction

Solid composite propellants consist of oxidizers, metallic fuels, binders, plasticizer, 
and other additives [1–3]. Among these components, the binder plays an important 
role in binding the components of the propellant [4–6]. In the last decades, the use 
of polymeric binders including energetic functional groups in polymer backbones 
(such as nitro, azido, and difluoramine) [7, 8] instead of usual and inert binders 
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such as hydroxyl-terminated polyether (HTPE), hydroxyl-terminated polybutadiene 
(HTPB), hydroxy‐terminated polyisoprene (HTPI), etc. [9, 10], to improve high-
performance propellants is a novel field in energetic material [11–13]. Energetic 
polymeric binders improve the performance of the propellants by increasing the 
total energy of the formulations [14–16]. Among the energetic polymeric binders, 
azide polymers are considered in the solid composite propellant formulation. Gly-
cidyl azide polymer (GAP) is a unique binder used in the propellant industry due 
to high density with positive heat of formation (+ 117.2 kcal/mol), a low tendency 
for detonation, and good compatibility with all high-energy oxidizers [17–20]. The 
usage of this binder in formulation leads to an increase in specific impulse, burn-
ing rate, decrease releases gas in combustion, and the best candidate polymer for 
chlorine-free eco-friendly solid composite propellant [21–23]. However, GAP is a 
well-known and promising energetic polymer with high polarity, rigidity, and con-
jugated structure of azide groups on the side chain as a pendent group in the poly-
mer backbone, elastomers, or propellant based on GAP has low thermo-mechanical 
properties due to low flexibility and the existence methylene azido pending groups 
in its molecular structure [24–26]. Generally, the structural integrity of the propel-
lant is affected by the polymeric binder characteristics. To overcome these prob-
lems, different methods have been used, for example, synthesis of higher molecular 
weight GAP, modification of the chain of GAP via interactions with other material, 
branched GAP, and blending of GAP with flexible chain polymers [27–29]. Blend-
ing two polymers is an easy method to improve the performance of solid propel-
lants. This method has been developed in improving the mechanical properties of 
GAP propellant due to its efficiency and simplification. GAP which has high polar-
ity azide groups grafted on the polymer backbone has good compatibility with ener-
getic plasticizer, oxidizers, and other polar diols. Therefore, to modify the mechani-
cal properties of elastomers based on GAP it can be used different polymers with 
flexible and polar structure backbones, such as polyethylene glycol (PEG), poly-
caprolactone (PCP) and poly(ethylene oxide-co-tetrahydrofuran) [P (EO-co-THF)] 
[30–34]. The mechanical properties of GAP-based propellant were improved by 
introduction of segmented GAP/PEG and GAP/PCL block copolymer networks to 
enhance the flexibility of polymer backbone [35]. Among polar and flexible poly-
mer, polyester diol based on adipate has an excellent compatibility with polar poly-
ols, high mechanical and thermal properties. Polyethylene adipate (PEA) is an ali-
phatic crystalline polyester synthesized from monoethylene glycol and adipic acid, 
which presents the nature of biodegradability [36–38].

In this study, to improve the thermo-mechanical properties of GAP, the blending 
of GAP/PEA is considered. We investigate the compatibility of these blends with 
differential scanning calorimetry (DSC). The copolyurethane network elastomers are 
prepared using GAP and different contents of PEA as a diol and isophorone diisocy-
anate (IPDI)/desmodure N100 as curing agents. The thermo-mechanical properties 
were evaluated by dynamic mechanical analysis (DMA) and tensile test.
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Experimental

Materials and methods

Epichlorohydrin (ECH) 99%, 1,4-butanediol (BDO) 99%, boron trifluoride ether-
ate (BF3.OEt2), dichloromethane (DCM) >  99.8, sodium azide 99.5%, dimeth-
ylformamide (DMF) ≥ 99.8%, magnesium sulfate (MgSO4) ≥ 99.5%, mono 
ethylene glycol (MEG) ≥ 99.0%, adipic acid (AA) ≥ 99.0%, isophorone diiso-
cyanate (IPDI) 99%, titanium isopropoxide (TIP) 97%, and dibutyltin dilau-
rate (DBTDL) ≥ 96.0% were purchased from Merck Company. Desmodur N100 
(N100) with NCO content (%NCO = 22) was purchased from Bayer. All solvents 
dried in vacuum at 60 °C for 24 h before use.

The FTIR spectra of the materials were recorded on a Bruker FTIR spectrom-
eter (KBr pellet) in the spectral range of 400–4000 cm−1. The ATR-FTIR spec-
trum was carried out by the GOLDEN GATE model from company SPECAC. 
Zinc selenide (ZnSe) prism is used in the ATR accessory. 1H NMR spectra are 
recorded on a Bruker spectrometer on 500  MHz at ambient temperature with 
CDCl3 as solvent. TMS or tetramethylsilane is used as an internal standard for 
calibrating chemical shift in 1H NMR. NCO content of IPDI and N100 was deter-
mined using ASTM D2572. The hydroxyl value (OHV) indicates the necessary 
amount of KOH (in mg) to neutralize the consummated amount of acetic acid of 
1 g fat during acetylation and was determined according to ASTM D4247. The 
hydroxyl values (mg KOH/g) were calculated by  the following equation:

where A, B, N, and W are the volume (ml) of potassium hydroxide solution 
used for the titration of the blank (without sample), volume (ml) of potassium 
hydroxide solution used for the titration of a sample, normality of potassium 
hydroxide solution, and the weight (g) of sample, respectively.

The acid numbers of the polyester diols were determined by ASTM D1980. 
Gel permeation chromatography (GPC) was performed using a GPC Agilent 1100 
(USA) instrument with a refractive index detector, using an Agilent PLgel 5 µm 
mixed-C 300 × 7.5 mm column; THF was used as the solvent and injected at 30 °C 
at the rate of 1  mL/min and calibrated with polystyrene standard. Tensile tests 
were performed at the Hiwa 200 instrument with a crosshead speed of 50 mm/
min at room temperature and 50 ± 5% relative humidity. All gauge sizes and 
shapes were compatible with the standard D638-02a (type IV). A PerkinElmer 
STA 6000 instrument differential scanning calorimeter was used to determine the 
glass transition temperature (Tg) under a nitrogen atmosphere at a heating rate of 
20 °C/min. The dynamical mechanical thermal analysis (DMTA) test was carried 
out using a Perkin 800 instrument with a film tension mode at 1 Hz. This analysis 
was performed in a nitrogen atmosphere, at a heating rate of 5 °C min−1, in the 
temperature range of − 100–100 °C.

Hydroxyl value = [(A − B) × N × 56.1]∕W
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Synthesis of glycidyl azide polymer

The glycidyl azide polymer was synthesized in two stages. The first stage was the syn-
thesis of polyepichlorohydrine by cationic ring-opening polymerization. The second 
stage was the synthesis of GAP from polyepichlorohydrine by azidation. The prepa-
ration of GAP was carried out in a three-necked round bottom flask connected to a 
nitrogen inlet, thermometer, and magnetic bar. In this reaction, BDO (11 g, 0.122 mol) 
was dissolved in 400 ml distilled DCM. Then, BF3.OEt2 (5 ml, 0.040 mol) was added 
into the reaction mixture and stirred at room temperature for 30 min. Epichlorohydrin 
(340 g, 3.675 mol) was added dropwise to the reaction flask during 12 h. The reaction 
mixture was stirred overnight at room temperature under nitrogen atmosphere. Finally, 
the reaction solution was quenched by adding 50 g sodium bicarbonate solution. The 
organic layer was washed with distilled water and then dried with magnesium sulfate 
and filtered. The solvent and unreacted monomers were removed by vacuum evapo-
ration. Polyepichlorohydrine was obtained after dried under vacuum at 30 °C (325 g, 
Yield: 92%). The molar ratio of initiator to monomer (MW = 92.5 g mol−1) was 1:30 
until molecular weight obtained in rang of 2500–3000 g mol−1.

In the second step, in a three-necked flask connected to the thermometer, condenser, 
and magnetic bar polyepichlorohydrine (300 g) was dissolved in DMF (600 ml). Then 
sodium azide (240 g, 3.7 mol) was slowly added to the mentioned solution at 60 °C for 
30 min. The reaction was heated to 100 °C and continues under stirring for 15 h and 
then was cooled, and solid materials were filtered. The organic phase was separated and 
washed with distilled water, dried with magnesium sulfate, and filtered. The solvent 
was removed by vacuum evaporation to obtain the yellow GAP (270 g, Yield: 90%).

Synthesis of polyethylene adipate

The polyester diols, PEA (Mn = 1000 g/mol), were synthesized by polycondensation 
reaction of AA and MEG in the presence of Ti (i-Pr)4 as a catalyst [38]. The reaction 
was carried out in a three-necked round bottom flask equipped with a dean & Stark 
trap, thermometer, condenser, and mechanical stirrer. The flask was charged with MEG 
(43.4 g, 0.7 mol), AA (87.6 g, 0.6 mol), and Ti(i-Pr)4 heated to 130 °C to achieve a 
clear liquid. Then, by collection of water as a byproduct in the Dean and Stark trap 
at 190 °C, the PEA synthesis was monitored. Finally, the acid value was determined 
by titration and reached 3. After slowly reduction of pressure to below 100  mm Hg 
and increase in temperature to 220 °C, water was collected and acid value reached to 
1 mg KOH/g. The reaction mixture was cooled down to room temperature, and white 
solid product was obtained (109 g, yield: 83.5%). These methods were used for varying 
the molecular weight.

Polymer blend preparation

GAP and PEA have dried in vacuum (200 mmHg) at 70 °C for 24 h before blending. 
Polymer blends were prepared through balk methods by mixing. The blending of 
GAP and PEA with different weight compositions (90/10, 80/20, 70/30, 60/40, and 
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50/50) was carried out in 60 °C for 60 min. Then, these compositions were stored at 
room temperature for three days to investigate any phase separation or multi-layer 
formation.

Preparation of polyurethane networks

To prepare the GAP/PEA-based polyurethane networks elastomer, GAP was placed 
in a three-necked flask fitted with a thermometer and nitrogen inlet, in an oil bath 
and heated to 60 °C under vacuum for 2 h. PEA, IPDI, and N100 at a NCO/OH ratio 
of 1:1 were added to flask and stirred for 30 min; then, DBTDL (0.1 wt%) was added 
to mixture as catalyst. The solution was stirred for 20 min under vacuum pump for 
degassing at 50 °C. The mixture was poured into teflon-coated mold and left to oven 
for 7 days at 70 °C. A preparation method of copolyurethane network elastomers is 
summarized in Scheme 1.

Results and discussion

Structures and characterization of GAP

GAP was synthesized by cationic ring-opening polymerization of ECH, using BDO 
as an initiator and BF3.OEt2 as a catalyst, followed by azidation with sodium azide 
in DMF. Scheme 2 shows the pathway for the synthesis of GAP. The structure of 
GAP was characterized by FT-IR and 1H NMR spectra.

The FT-IR spectra (Fig. 1) show successfully synthesized of polyepichlorohydrin 
and GAP. As shown in Fig.  1a, the broad absorption band at 3300–3550  cm−1 is 
related to the hydroxyl end groups. The peaks around 2924 cm−1 and 2874 cm−1 are 
assigned to C–H symmetric and antisymmetric stretching vibration of polyepichlo-
rohydrin. The characteristic peaks at 1128  cm−1 and 750  cm−1 attributed to sym-
metric stretching vibrations of C–O and C–Cl group. In the FTIR spectrum of GAP 
(Fig. 1b), the absorption band related to C–Cl disappears at 750 cm−1 and the char-
acteristic peak of  − N3 appears at 2102 cm−1. All these peaks confirm the successful 
synthesize of GAP.

Scheme 1   Process of preparation of copolyurethane binder
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The structures of polyepichlorohydrin and GAP were also characterized by 1H NMR 
spectra as presented in Fig.  2. As shown in Fig.  2a, characteristic peak observed at 
1.5–1.7 ppm attributed to –CH2–CH2—of the 1,4-butanediol (denoted b), 3.53–3.7 ppm 
of –CH2–Cl protons of pendent group (denoted d), 3.75–3.85 ppm related to methyne 
and methylene protons in polyether backbone of polyepichlorohydrin (denoted c, e), 
and small peak at 3.9–4 ppm related to terminal hydroxyl group (denoted a). As shown 
in Fig. 2b, after azidation of polyepichlorohydrin, the peak at 3.53–3.7 ppm related to 
the methylene protons of chloromethyl groups (–CH2–Cl) disappeared and a new peak 
observed at 3.2–3.5 ppm related to the resonance of the methylene protons (denoted d) 
of azidomethyl groups. Therefore, as a result of FT-IR and 1H NMR, chlorine atoms 
were successfully replaced by azide groups. Also, the molecular weight of GAP was 
calculated by 1H NMR and was obtained 2570 g/mol. According to the 1H NMR spec-
trum of GAP, the peaks of protons (b) and (d) attributed to methylene protons of the 

Scheme 2   Synthesis route of GAP
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1,4-butanediol and azidomethyl groups, respectively, appear clearly and do not over-
lap with any other peaks. Therefore, these two peaks were used to calculate molecular 
weight. From the integral ratio of protons (b) and (d) in 1H NMR and the ratio of the 
number of the protons in the theoritical GAP structure, the molecular weight of GAP 
can be calculated.
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Structures and characterization of PEA

The polyethylene adipate (PEA) were synthesized via polycondensation reaction of 
MEG and AA under vacuum and high temperature. The synthesis route of PEA is 
illustrated in Scheme 3.

In this reaction, water is collected as a byproduct to reach appropriate acid value 
(AN  <  2). The chemical and chain structures of the PEA were characterized by 
FT-IR (Fig. 3) and 1H NMR (Fig. 4) spectra. For the PEA diol, the sharp stretching 
vibrations of the C = O ester group appeared at 1756 cm−1, and the band appeared at 

Scheme 3   Synthesis route of PEA
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1250 cm−1 related to the (C = O)–O groups. The bands ascribed to stretching vibra-
tions of the CH2 groups were observed at 2870 to 2920 cm−1. The wide absorbed 
band at 3200–3600 cm−1 is related to terminal OH groups.

Also, the structure of PEA was confirmed by 1H NMR spectroscopy. The 1H 
NMR spectra of PEA show the single at δ:4–4.2 ppm attributed to the protons of the 
ester group (denoted b), triplet signal at 3.6 ppm related to –CH2OH terminal groups 
(denoted a), and triplet signals at 2.5 ppm and 1.5 ppm attributed to –CH2—of adi-
pate segments denoted c and d, respectively. According to the 1H NMR spectrum 
of PEA, the peaks of protons (a) and (b) always appear clearly and do not overlap 
with any other peaks. Therefore, these two peaks were used to calculate molecular 
weight. From the integral ratio of protons (a) and (b) in 1H NMR and the ratio of the 
number of the protons in the theorical PEA structure the molecular weight of PEA 
can be calculated. The characterization of synthesized materials is summarized in 
Table 1. As can be seen, the calculated molecular weight by the three methods is 
different. Since GPC is a relative method, determined molecular weight of the sam-
ples is relative values and they are described as polystyrene equivalent molecular 
weight. In the 1H NMR spectrum of PEA, integral ratios of the resonance signals in 
every spectrum are equal to their ratios of these protons in the polymer structure and 
the hydroxyl number represents the hydroxyl content of the material. In comparison 
with gel permeation chromatography (GPC), 1H NMR and hydroxyl number have 
the considerable advantages to calculate molecular weight along exact results. The 
calculated molecular weight by hydroxyl number is used for preparation of these 
polyurethanes.

Compatibility study on GAP/PEA blends

The glass transition temperatures (Tg) of polymers compositions are useful method 
for compatibility study of polymer systems. The obtained single-point Tg values for 
polymers compositions are an indication of homogeneity, which confirms the ther-
modynamic compatibility of polymers compositions. GAP is a polar polymer with 
polyether backbone and azide pendent groups; also PEA is a polar polymer with 
flexible ester group in the backbone. Hence, GAP and PEA be miscible, and phase 
separation will not occur for the blends. First, different ratios of GAP/PEA (90:10, 
70:30, and 50:50) were mixed in test tube. Three days after the preparation of the 
resultant compositions at 60 °C, no sign of heterogeneity was observed in all of the 

Table 1   Properties of GAP and PEAs

a n = 3

Sample name OH number Mn (g mol−1) Mn (g mol−1) Mn (g mol−1)
(mg KOH/g) (OH number)a (1H NMR) (GPC)

GAP 48.3 ± 0.2 2340 2570 2408
PEA-1000 84.5 ± 0.1 1355 1450 1645
PEA-2000 54.6 ± 0.4 2077 1980 2809
PEA-3000 39 ± 0.2 2952 2930 3945
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samples, denoting the physical compatibility of the GAP with the PEA. The DSC 
curves of the GAP/PEA blends from different weight ratios are shown in Fig. 5, and 
their Tg values are summarized in Table 2. According to results, with the increase 
in weight ratio of PEA content only one Tg is observed and decreases from  − 45.2 
to  − 47.1 °C. The obtained single point Tg values confirms the thermodynamic com-
patibility of all GAP /PEA compositions.

Structures and characterization of copolyurethane networks

Polyurethane network structures are prepared via the reaction of GAP and PEA with 
the mixed isocyanate (IPDI/N100) curing agent IPDI and N100. A schematic of this 
reaction is shown in Scheme  4. The structures of copolyurethane networks were 
characterized by ATR spectroscopy.

The ATR spectrum of PU film is shown in Fig.  6. As can be seen, the broad 
absorption band related to hydroxyl of polyol and the characteristic peak of isocy-
anate groups disappears at 3400 cm−1 and 2270 cm−1, respectively. The characteris-
tic peak of urethane appears at 1730 cm−1, indicating isocyanato and hydroxyl in the 
system react.

Tensile properties of copolyurethane networks

First, the effect of three different molecular weights of PEA on the tensile properties 
at 25 °C was studied. As shown in Fig. 7, the PU network elastomers derived from 
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Table 2   Glass transition 
temperature of GAP/PEA blends

a Mn = 3000 g mol−1

Sample name Pure GAP Pure PEAa GAP:PEA

90:10 70:30 50:50

Tg (°C)  − 44.7  − 50.5  − 45.2  − 46.3  − 47.1
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Scheme 4   Synthesis route of copolyurethane elastomer based on GAP/PEA

0.4

0.5

0.6

0.7

0.8

0.9

1

60012001800240030003600

Tr
an

sm
itt

an
ce

 ( 
a.

u.
) 

Wave number (cm-1) 

-N3
C=O

N-H

Fig. 6   ATR spectra of copolyurethane elastomer based on GAP/PEA

Fig. 7   Stress–strain curves of PEA-based networks
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PEA-3000 and PEA-2000 exhibited the stress–strain behavior of plastic deforma-
tion, while PU network elastomers based on PEA-1000 exhibited the elastic behav-
ior and yield point of usual elastomeric polymers. According to results, the tensile 
strength and Young’s modulus of the PU network elastomers are increasing with 
the increase in weight ratio of PEA content; meanwhile, crystalline behavior in PU 
network elastomers is increased. Therefore, PU network elastomers based on PEA-
3000 indicate higher mechanical properties compared to PEA-1000 and PEA-2000.

The results of the mechanical properties of PU network elastomers based on PEA 
are summarized in Table 3. According to results, PEA-3000 was selected for blend-
ing with the GAP due to excellent mechanical properties.

The tensile curves of copolyurethane network elastomers from different weight 
ratios of GAP/PEA-3000 blends are shown in Fig. 8. The addition of neutral diol 
such as PEA to propellant systems leads to decreasing in energy performance. 
The GAP/PEA networks were prepared from PEA whose content varied from 0 to 

Table 3   Mechanical properties of PEA-based polyurethane networks

Sample Elongation (%) Tensile strength (MPa) Young’s 
modulus 
(MPa)

PU-PEA1000 1065 ± 3.1 4.1 ± 0.2 2.6
PU- PEA2000 480 ± 2.5 6.55 ± 0.4 10.6
PU- PEA3000 345 ± 2.4 13.65 ± .1 13.5

Fig. 8   Stress–strain curves of copolyurethane networks with various contents of PEA
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50 wt%. As shown in Fig. 8, mechanical properties of copolyurethane network elas-
tomers based on pure GAP were poor as tensile strength, and elongation at break 
was 0.3 MPa and 178.2%, respectively. The results clearly point out that “addition of 
PEA” is highly effective in improving the mechanical properties. In the GAP/PEA 
samples containing 10 wt% and 20 wt% of PEA, improving mechanical properties 
are less obvious, while PEA concentrations higher than 20 wt% noticeably improved 
the mechanical properties of elastomer. For these elastomers, tensile strength values 
and elongation at break increased significantly. Thus, the addition of PEA to GAP 
has a large effect on mechanical properties of elastomer such as Young’s modulus, 
tensile strength, and elongation at break. The results are summarized in Table 4.

Thermo‑mechanical properties of copolyurethane networks

The thermal and mechanical properties of the copolyurethane network were 
investigated using DMTA. Figures  9 and 10 show the storage modulus and tan 
δ versus temperature ranging from − 80 to 100  °C for copolyurethane network 
from different weight ratios of PEA-3000 in GAP. The glass transition tempera-
ture (Tg, α relaxation) for copolyurethane networks was determined from tan δmax 

Table 4   Mechanical properties of copolyurethane networks with various contents of PEA

Sample Weight present (wt%) Elongation (%) Tensile strength 
(MPa)

Young’s 
module 
(MPa)GAP PEA3000

PU1 100 0 178 ± 2 0.3 0.083
PU2 90 10 279 ± 5.1 0.47 0.21
PU3 80 20 307 ± 2 0.65 0.23
PU4 70 30 345 ± 3 1.47 1.3
PU5 60 40 435 ± 03.5 1.83 2.58
PU6 50 50 792 ± 3.4 6.97 4.53

Fig. 9   Storage modulus versus temperature curves of copolyurethane networks
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(Table 5). At low temperatures, all copolyurethane networks were in the glassy 
state with E′ values on the order of 2000 MPa. As temperature increased, E′ of 
copolyurethane networks gradually decreased, and near glass transition tempera-
ture, a rapid decrease was observed. At higher temperatures, the storage modulus 
of all copolyurethane networks reached a rubbery plateau. All samples show only 
one tan δ peak, indicating the homogeneous nature of the copolyurethane net-
work elastomers. The second peak in PEA content 40% and 50% in 32.5  °C is 
related to the melting point of the crystalline segment of PEA. As the PEA con-
tent increased in copolyurethane network from 10 to 50%, the tan δ peak of the 
respective copolyurethane network elastomers shifted from 3.1 to  − 28.1 °C. This 
is attributed to the fact that increasing of PEA content caused increasing soft and 
flexible segment, and thus, glass transition temperature decreased.

The addition of PEA to GAP in the presence of IPDI/N100 leads to the for-
mation of interpenetrating polymer networks and enhances both the chemi-
cal crosslinking density and the physical interaction such as hydrogen bonding 
between chains in the copolyurethane network elastomers, which was improved 
the mechanical properties. Also, addition of PEA to GAP causes a decrease in 
bulk azide pending groups in GAP; therefore, molecular chain can move more 
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Fig. 10   Tan δ versus temperature curves of copolyurethane networks

Table 5   Glass transition 
temperature of copolyurethane 
networks from DMTA

Sample Weight present (wt%) Tg (°C)

GAP PEA3000

PU1 100 0 3.1
PU2 90 10  − 6.4
PU3 80 20  − 9.2
PU4 70 30  − 16.8
PU5 60 40  − 22.5
PU6 50 50  − 28.1
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easily that decreases Tg values and leading to increasing mechanical properties 
of copolyurethane network elastomers such as Young’s modulus, tensile strength, 
and elongation at break than pure GAP network elastomer.

The crystallization of the PEA segments causes the high physical crosslinking 
density in copolyurethane networks elastomers including more than 40 wt % PEA. 
The effect of PEA in the copolyurethane network elastomers is shown in Scheme 5.

Conclusions

The GAP/PEA blend with various weight ratios of 90/10, 80/20, 70/30, 60/40, and 
50/50 was prepared and compatibility of these blends investigated with DSC. The 
single-point Tg values were confirmed compatibility of this two kind diols. Also 
addition of PEA to GAP leads to decrease in Tg from   − 44.7 to  − 47.1 °C for GAP/
PEA = 50/50 weight ratio. The tensile test demonstrates that PEA-3000 has better 
mechanical properties compared to the PEA-1000 and PEA-2000. The copolyure-
thane network elastomers were prepared with different contents of PEA-3000 (con-
tent varied from 0 to 50 wt%.) and characterized with ATR, DMA, and tensile test. 
According to analysis, increasing the PEA content of the copolyurethane network 
elastomers resulted in a decrease in Tg values and leading to increasing mechanical 
properties of copolyurethane network elastomers such as Young’s modulus, tensile 
strength, and elongation at break than pure GAP network elastomer. Thus, the addi-
tion of PEA to GAP-based elastomers, especially 50% of PEA, indicated superior 
tensile properties (tensile strength = 6.97 MPa and elongation at break = 792%) due 
to the crystalline segment in elastomers were increased.
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