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ABSTRACT
Poly (decamethylene terephthalamide) (PA10T) is a kind of engineering plastics with high strength 
and high modulus, but one of its disadvantages is its low elongation at break. In order to improve 
the flexibility of PA10T, one aliphatic comonomer with a long alkyl chain is introduced to the 
molecular chain of PA10T. Then long chain semiaromatic copolyamides 10T/1014 were synthesized 
with different contents of 1014 units by polycondensation reaction of 1,10-diaminodecane, 
terephthalic acid and 1,12-dodecanedicarboxylic acid in deionized water. The intrinsic viscosities 
of the resultant polyamides ranged from 0.90 to 1.03 dL/g were obtained. The chemical and crystal 
structures of the copolymers were characterized by FTIR, 1H-NMR and WAXD. These copolyamides 
exhibited outstanding thermal properties with melting points range of 306–295 °C and degradation 
temperatures range of 479–472 °C at maximum degradation rate, and also have a wider processing 
window than PA10T. The tensile strength of PA10T/1014 copolymers decreased gradually from 80.02 
to 72.95 MPa as the content of 1014 units increasing from 5 to 20 mol %, while the elongation at 
break increased significantly from 57 to 150%. The moisture content of 10T/1014 copolyamides 
decreased with increasing the 1014 unit contents. It suggests that 10T/1014 copolyamides could be 
a kind of promising heat-resistant engineering thermoplastic in the future applications.

1.  Introduction

Aliphatic polyamides, such as nylon 6 and nylon 6,6, play an 
important role in automotive industry and electronic areas 
due to their excellent processability and toughness, but 
the lack of high thermal and dimensional stabilities limits 
their further application [1–6]. In contrast, wholly aromatic 
polyamides, such as poly (m-phenylene isophthalamide) 
(PMPI) and poly (p-phenylene terephthalamide) (PPTA), 
have been widely used in military and aeronautic fields 
for their outstanding heat resistance and mechanical prop-
erty [7–12]. One drawback of most aramids is that their 
melting points are too high to be processed in a molten 
state. Recently, semiaromatic polyamides that combine 
good processability of aliphatic polyamides with the heat 
stability of wholly aromatic polyamides have been devel-
oped and attracted much attention [13–19]. The semiar-
omatic polyamide is one of the most promising classes of 
heat-resistant material that is able to be used above 150 °C 
for a long time.

As a kind of semiaromatic polyamide, poly (decameth-
ylene terephthalamide) (PA10T) synthesized by polycon-
densation of 1,10-diaminodecane and terephthalic acid in 

organic solvent or deionized water has the properties of 
excellent heat resistance, good processability, outstanding 
dimensional stability, low water absorption and so on [20]. 
More importantly, 1,10-diaminodecane, one monomer of 
PA10T, is a renewable biomass energy sources and can be 
extracted from castor beans, which meets the require-
ments of green chemistry and sustainable development. 
Especially, oil resources are getting scarcer, and new bio-
mass monomers or materials gradually play a key role in 
supporting the economic development. For example, with 
the appearance and wide application of surface-mount 
technology (SMT) that requires the melting point of poly-
mers to be above 215 °C, PA10T has a high melting temper-
ature (about 316 °C) and good heat-resistant properties, 
which can meet the requirement of SMT, and has a wide 
application in electronic, as well as automotive and aero-
nautic areas.

As mentioned above, the melting point of PA10T is as 
high as 316 °C, which is close to its beginning degrada-
tion temperature (350 °C) [21]. Normally, the processing 
methods of PA10T, like extrusion and injection, are both 
operated in the molten state, so just a narrow processing 
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X-ray scattering (WAXD), differential scanning calorim-
etry (DSC), thermogravimetric analysis (TGA), dynamic 
mechanical analysis (DMA), rapid halogen moisture meter, 
and tensile test, respectively. The research on the chem-
ical modification of PA10T will be helpful for developing 
heat-resistant polyamides with expected performances 
from bio-based raw materials.

2.  Experimental

2.1.  Materials

1,10-diaminodecane (DMD) was purchased from Wuxi 
Yinda Co., Ltd. Terephthalic acid (PTA) was purchased from 
Jinan Mingxin Chemical Co., Ltd. 1,12-dodecanedicarbo-
xylic acid (TDA) was purchased from Wuhan Yuancheng 
Group. Benzoic acid (BA) and sodium hypophosphite 
(SHP) were purchased from Shanghai Macklin Biochemical 
Co., Ltd. Concentrated sulfuric acid (96%) and N, 
N-dimethylformamide (DMF) were purchased from Beijing 
Chemical Reagent Company. All the reagents were used 
without future purification.

2.2.  Synthesis

Monomers, sodium hypophosphite, benzoic acid and 
deionized water were added into an autoclave according 
to Table 1. The autoclave agitator was set to 50 rpm and 
the atmosphere was replaced by nitrogen for 10 times. 
Then the system was heated to 80 °C in 50 min and was 
held for about 1 h to get polyamide salts. Then the system 
was heated to 240 °C in 3 h and was held for about 30 min. 
During the heating process the pressure was controlled no 
more than 3 MPa by discharging steam. After that, water 
was removed from the autoclave to reduce the pressure 
to 0 MPa within 40 min, and meanwhile the system was 
kept at 240 °C. These pressure values that have deducted 
an atmospheric pressure were all read from the pressure 
gage of the autoclave. Solid prepolymers were obtained 
after the autoclave cooled to room temperature.

The prepolymers were crushed and put into a vacuum 
dryer to increase viscosity. The vacuum dryer was heated 
to 260 °C and was held for about 4 h while keep the vac-
uum degree at about 50 Pa. Then the resultant white pow-
ders were dried for testing after washing repeatedly with 
DMF and deionized water.

window is left between the melting and the degradation 
temperature of PA10T. In order to solve the problem, one 
feasible approach is to introduce a comonomer, especially 
an aliphatic comonomer to PA10T to form copolymers. As 
a result, a suitable content of comonomer can change the 
molecular regulation of PA10T and influence the crystallin-
ity, which will decrease the melting temperature but still 
meet the requirement of thermo-stability which can be 
used for SMT technology. At the same time, some aliphatic 
segments copolymerized with PA10T can ameliorate the 
rigidity of molecular chains and increase the material 
flexibility. Basing on the idea, many copolyamides have 
been developed and researched [22–26]. By introducing 
aminoundecanoic acid as the comonomer, the melting 
point of PA10T/11 effectively decreased on the premise 
of ensuring the high heat resistant property [27]. When 
ω-laurolactame is copolymerized with polyamide 6, the 
target product PA6/12 has a higher elongation than PA6, 
which indicates that the flexible long aliphatic chains 
improve the ductility of copolymers [28]. Recently, long 
chain 1,12-dodecanedicarboxylic acid can be obtained 
by means of petroleum fermentation method using light 
wax oil as the raw material, and light wax oil is a kind of 
by-product of petroleum refining process and has a low 
price and abundant sources, which make it be a research 
hotspot [29]. And the structure of twelve methylene con-
juncted together makes it easy to modify the conforma-
tion. Therefore, with long chain 1,12-dodecanedicarboxylic 
acid as the comonomer to modify PA10T, PA10T/1014 
might have a lower melting temperature and be more 
flexible. At the same time, such a long carbon chain of 
the monomer will reduce the whole molecular density of 
amide bonds. As we all know, the density of amide bonds 
is a very important parameter for the properties of pol-
yamide, like water absorption, crystallization and so on.

Aiming at studying the effects of 1,12-dodecanedicar-
boxylic acid as the comonomer on the properties of PA10T, 
a series of PA10T/1014 copolymers are synthesiezed from 
1,10-diaminodecane, terephthalic acid and 1,12-dode-
canedicarboxylic acid by polycondensation reaction. The 
influence of different contents of 1014 segments on the 
structure, crystallization, thermal stability, moisture con-
tent, and mechanical properties was studied by Fourier 
transform infrared (FTIR) spectroscopy, proton nuclear 
magnetic resonance (1H-NMR) spectroscopy, wide-angle 

Table 1. Composition of PA10T and PA10T/1014 copolymers.

Run Samples DMD (mol) PTA (mol) TDA (mol) BA (mol) SHP (wt %) H2O (wt %)
a PA10T 1.01 1.00 – 0.02 0.1 150
b PA10T/1014(5%) 1.01 0.95 0.05 0.02 0.1 150
c PA10T/1014(10%) 1.01 0.90 0.10 0.02 0.1 150
d PA10T/1014(15%) 1.01 0.85 0.15 0.02 0.1 150
e PA10T/1014(20%) 1.01 0.80 0.20 0.02 0.1 150
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2.3.  Characterization

The samples were dissolved using 96% concentrated 
sulfuric acid to get 0.005  g/mL sulfuric acid solution of 
polymers used for viscosity measurements. Solutions 
containing a few visible gel particles passed through a G2 
(10–15 μm) sand core funnel into the Ubbelohde viscom-
eter and the measurement was conducted in a water bath 
at 25 ± 0.05 °C. Three parallel experiments were employed 
to measure the flow time, giving the statistic error bar less 
than ± 0.2 s. The flow time of the solution and concen-
trated sulfuric acid are recorded as t1 and t0, respectively. 
Relative viscosity recorded as ηr can be calculated by
 

Specific viscosity recorded as ηsp can be obtained using
 

Intrinsic viscosity recorded as [η] can be defined using the 
Solomon and Ciuta relationship [30], where c is the con-
centration of the solution:
 

The FTIR measurements were carried out on a JASCO FT/
IR-6800 instrument in the range of 4000–600 cm−1.

The 1H-NMR spectra were collected on a BRUKER 
AVANCE Ⅱ-400 apparatus. The samples were dissolved in 
trifluoroacetic acid-D (CF3COOD).

Diffraction patterns were obtained with a BRUKER D8 
focus diffractometer. Data was collected in 2θ range of 5° 
to 65° with an increment of 0.02° and a scan speed of 0.1 
s/step.

Melting temperatures and crystallization temperatures 
of the samples were obtained with a METTLER DSC1 instru-
ment. The sample sizes ranged from 4 to 8 mg and the 
measurement was carried out under a nitrogen flow of 
50  mL/min. The measurement consists of three stages. 
In the first stage the sample was heated to 340  °C at a 

(1)�r = t1∕t0

(2)�sp = t1∕t0 − 1

(3)[�] =
[

2
(

�sp − ln�r
)1∕2

]

∕c

constant rate of 20 °C/min and was kept at 340 °C for 5 min 
to eliminate thermal history. Then the sample was cooled 
to 0  °C at a rate of 10  °C/min to get the cooling curve. 
In the last stage, the sample was heated to 340 °C again 
with a 10 °C/min heating rate. Data was collected from the 
cooling and the second-heating process.

The TGA measurement was performed using a TA Q50 
thermal analyzer with a heating rate of 10 °C/min from 0 to 
600 °C in a nitrogen stream. The sample sizes were about 
5 mg and placed in a platinum pan for TGA measurement.

The DMA measurement was carried out on a METTLER 
DMA/SDTA 861e apparatus in the tension mode at 1 Hz 
and a heating rate of 3 °C/min from −30 to 200 °C. The force 
amplitude was 5 N and the displacement amplitude was 
15 μm. The rectangle samples of 18 × 4.5 × 1 mm3 were 
prepared by injection molding with HAAKE Mini Jet Pro.

Tensile tests were done with an INSTRON-5699 instru-
ment according to GB/T 2918 (China standard). The 
dumbbell-shaped specimens of 25  ±  0.25  mm length, 
4 mm width, and 2 mm thickness were made by injection 
moulding with HAAKE Mini Jet Pro at 340 °C. The samples 
were stretched at 25 °C with a 5 mm/min stretching rate.

The moisture content was obtained with the Rapid 
Halogen Moisture Meter VM-15. The samples were about 
3 g and the test temperature was 120 °C.

3.  Results and discussion

3.1.  Synthesis of PA10T and PA10T/1014

PA10T and PA10T/1014 prepolymers were prepared from 
1,10-diaminodecane, terephthalic acid and 1,12-dode-
canedicarboxylic acid by polycondensation reaction as 
shown in Scheme 1. In the process of pre-polymerization, 
the system was kept at 80 °C for about 1 h to get poly-
amide salts, which is to reduce the volatilization loss of 
1,10-diaminodecane during the process of discharging 
steam. The synthesis procedure is one-step polyconden-
sation that omitted the procedure of separating 10T salt, 

Scheme 1. Synthesis route of PA10T/1014 copolymers, where x and y are variable.
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Meanwhile, it could be concluded that Mη values of PA10T 
and PA10T/1014 lied almost at the same level, which is 
helpful to analyse the influence of 1014 segments on the 
properties of PA10T/1014 copolymers.

3.3.  FTIR characterization

FTIR spectra of PA10T and PA10T/1014(x%) copolymers 
are shown in Figure 1. PA10T/1014 copolymers exhibit 
almost the same infrared spectra characteristics as PA10T. 
The band at 3308 cm−1 is assigned to hydrogen bond and 
νN–H in polyamide. The bands at 1622, 1537, 1495, 1288 and 
637 cm−1 are assigned to amide Ⅰ (νC=O), amide Ⅱ (νC–N and 
δN–H), amide Ⅲ (νC–N and δC–H), amide Ⅳ (νC–CO) and amide 
Ⅴ (δN–H), respectively [34]. And the intensity of these bands 
decrease with the content of 1014 units increasing, which 
attributed to the longer molecular chain of 1,12-dode-
canedicarboxylic acid compared with terephthalic acid 
so that the amide bonds density of PA10T/1014 is lower 
than PA10T. The band at 3065 cm−1 could be attributed 
to combined frequency-doubling absorption peak of νC–N 
and νN–H. All above characteristic bands of amide bond 
suggest that desirable PA10T and PA10T/1014 copolymers 
were successfully synthesized.

3.4.  1H-NMR  characterization
1H-NMR spectroscopy could be used to determine copol-
ymer chemical structure and composition. As demon-
strated in Figure 2, the chemical shift at 11.615 ppm is 
attributed to the solvent peaks of trifluoroacetic acid-D. 
The chemical shifts at 1.430  ppm, 1.826, 3.700 and 
7.980 ppm are attributed to the proton signals at posi-
tion 1, 2, 3, and T, respectively. And they all belong to 
PA10T units. The integral area ratio of δ1, δ2, δ3 and δT 
is close to 3:1:1:1 for PA10T in Table 3(a), which agrees 

which greatly simplified the experimental procedure and 
reduced the cost of production compared with traditional 
methods of salt formation, prepolymerization and sol-
id-polymerization using dimethylformamide as the solvent 
[31]. The important problem was to make sure an accurate 
equivalent ratio of acid to amine if polyamide-salt was not 
separated and refined. Therefore, a slight excess of 1 mol % 
DMD was added to compensate the volatilization of DMD, 
which could ensure PTA completely react with DMD.

In the initial stage of prepolymerization, 150 wt % 
deionized water was added into the autoclave acting 
as a reaction medium to make the reactants well mixed 
and contacted. And the procedure of salt formation is 
conducted gradually and slowly because the water sol-
ubility of DMD and PTA is very small and this is a cyclic 
process of dissolving-salt forming-separating out step 
by step. The high vapor pressure of the reaction is sup-
plied by water. Meanwhile as the byproduct, water has a 
retarding effect on the polymerization process in which 
the stage of discharging steam is particularly important. 
Postpolycondensation is a stage of solid-state polyconden-
sation (SSP) in which maintaining high vacuum is neces-
sary for avoiding side reaction [32].

3.2.  Intrinsic viscosity

Intrinsic viscosities are used to estimate the relative num-
ber average molecular weights of copolymers with Mark–
Houwink equation
 

which presents the relationship between [η] and Mη. 
However, it has not been reported that the Mark-Houwink 
equation constants K and α for PA10T or PA10T/1014. The 
equation
 

had been used to estimate Mη of PA10T/6T and PA10T/12T 
copolymers [33]. Because the chemical structure of 
PA10T/1014 is similar with PA10T/6T, it is reasonable to 
use the equation to estimate Mη of PA10T and PA10T/1014 
copolymers and the data is listed in Table 2. The intrin-
sic viscosities of PA10T and PA10T/1014 copolymers 
were ranged from 0.90 to 1.03 dL/g and the Mη values of 
the resultant samples were calculated and ranged from 
9120 to 10,773, which proves that polymers with high 
number-average molecular weight were synthesized. 

(4)[�] = KMa
�

(5)[�] = 0.000558(dL∕g)(M
�
)∧0.81

Table 2.  Intrinsic viscosities and estimated Mη values of PA10T 
and PA10T/1014 copolymers.

Samples a b c d e

[η] (dL/g) 1.03 0.99 0.90 0.92 0.96
Mη (g/mol) 10,773 10,259 9,120 9,371 9,877 Figure 1. FTIR spectra of PA10T/1014(x%) copolymers.
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3.6.  DSC analysis

The thermal properties and melt crystallization behaviors 
of the copolymers have direct influence on their using 
and processing performance, which were characterized 
by DSC as depicted in Figure 4. First, the melting curves 
of PA10T and PA10T/1014 copolymers exhibit obvious 
double-melting endotherms which are a common phe-
nomenon in semi-crystalline polymers, and the double 

with the expected molecular structure of pure PA10T. For 
PA10T/1014 copolymer, the CH2 of 1,12-dodecanedicar-
boxylic acid attached to the amide groups presented at 
2.788 ppm (position 4). Consequently, the mole contents 
of PA1014 segments were calculated according to the 
equation δ4/δ3. Here, δ4 and δ3 designated the intensities 
of peak 3 and peak 4. As listed in Table 3, the actual com-
positions of PA1014 segments in the copolymers are 5, 
11, 15 and 20%, which are agreed well with the contents 
of PA1014 in feed ratio.

3.5.  WAXD analysis

X-ray diffraction patterns of PA10T/1014 are given in Figure 3,  
which could be used to investigate the crystallization of 
PA10T/1014 copolymers. Diffraction patterns of PA10T 
show sharp diffraction peaks at approximately 22.6°, 21.2° 
and 20.4°. For PA10T/1014 copolymers, they were found 
to show the similar diffraction peaks assignable to those 
of PA10T, which indicated that the copolymerization of 
1,12-dodecanedicarboxylic acid did not change the crystal 
structures of PA10T segments. However, it forms a new 
weak peak at 19.03° as the content of 1014 units increased 
especially when the content is 20 mol %, which can be 
assigned to the α-form crystal of PA1014 segments [35]. 
That is, PA1014 segments could form crystals themselves 
if the content of PA1014 is enough.

Figure 2. 1H-NMR spectra of PA10T/1014(x%) copolymers.

Table 3. 1H-NMR integral data of PA10T and PA10T/1014 copolymers.

Samples δ1 δ2 δ3 δ4 δT nTDA/nDMD (actual value) (%) δ4/δ3 (calculated value) (%)
a 2.99 0.97 1.00 – 0.99 – –
b 3.20 1.06 1.00 0.05 0.94 4.95 5
c 3.43 1.12 1.00 0.11 0.90 9.90 11
d 3.64 1.15 1.00 0.15 0.84 14.85 15
e 3.85 1.21 1.00 0.20 0.79 19.80 20

Figure 3. XRD curves of PA10T/1014(x%) copolymers.
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which is a guide to design and synthesize new PA10T/1014 
copolymers of given thermal properties by adjusting the 
ratio of 1014 units to 10T units.

3.7.  DMA analysis

Dynamic thermomechanical analysis (DMA) is an 
important and effective method to characterize the 
thermomechanical properties. And the glass transition 
temperature (Tg), as determined by the tan δ maximum, 
has an intimate relationship with the composition and 
comonomer sequence of copolymer, which is a macro-
scopic express of inner molecules changing between 
moving and freezing. As shown in Figure 6(i), Tg of PA10T 
is 132.31 °C and is higher than aliphatic polyamides, for 
instance, Tg of PA6 is only 58.7  °C [37]. The molecular 
structure of PA10T contains rigid benzene rings which 
limit the appearance of more possible molecular chain 
conformation to reduce the flexibility of polymer chain. 
So more energy is consumed to move the molecular 
chain from a frozen state, which makes PA10T have a 
higher glass transition temperature. When more and 
more 1014 units are introduced to PA10T, the reduction 
of rigid benzene rings and hydrogen bonds decreased 
Tg of PA10T/1014. Moreover, the relationship between 
Tg and the content of 1014 units is a linear depend-
ence as shown in Figure 6(ii). The slope of best fitting 
straight line is −1.8484, which means the introduction 
of 1014 units can decrease the Tg of PA10T evidently. 
Combining the linear relation between Tm and the con-
tent of 1014 units, the temperature interval between Tm 
and Tg increases gradually with the content of 1014 units 
increasing, which can broaden the using temperature 
range of the materials.

melting behavior might be attributed to recrystallization 
phenomenon [36]. Accompany with the increasing of 
1014 units, both Tm1 and Tm2 shifted to low temperature. 
Because the polymer chain became more flexible with the 
copolymerization of aliphatic 1014 segments, the melting 
temperature of PA10T/1014 was lower than PA10T. At the 
same time, the shape of double endothermic peaks varied. 
The endothermic peak at Tm1 gradually diminished, while 
the peak at Tm2 enlarged. As more and more aliphatic 1014 
units were induced to the molecular chain of PA10T, the 
randomness of the resulting copolymer would lead to less 
recrystallization. Second, the crystallization temperatures 
of PA10T/1014 copolymers decrease with the content of 
1014 units increasing. Though the flexibility of aliphatic 
1014 segments benefits the adjustment of molecular con-
formation, lower hydrogen bond density and regularity 
would inhibit the crystallization of copolymers. As a con-
clusion, the crystallization temperature shifted to low tem-
perature, and the degree of crystallinity decreased, which 
was proved by the value of melting enthalpy in Table 4. 
Third, in order to further investigate the effect of molecular 
composition on the crystallization, a quantitative analysis 
was carried out as presented in Figure 5. Both Tm and Tc had 
a linear relationship with the content of 1014 segments, 

Figure 4. DSC curves of PA10T/1014(x%) copolymers: (i) heating and (ii) cooling curves.

Table 4.  The thermal property data of PA10T/1014(x%) copoly-
mers.

Samples a(x = 0) b(x = 5) c(x = 10) d(x = 15) e(x = 20)
Tm1 (°C) 313.18 306.52 302.85 298.74 295.11
Tm2 (°C) 302.80 297.64 294.00 289.55 285.85
∆Hm (J/g) −100.31 −58.44 −52.55 −42.25 −29.94
Tc (°C) 287.73 281.43 274.25 267.00 260.75
Tmax (°C) 479.39 478.76 478.32 474.16 472.45
T5% (°C) 435.79 430.54 428.85 426.34 424.22
∆T (°C) 122.61 124.02 126.00 127.60 129.11
Tg (°C) 132.31 122.78 111.49 105.26 94.86
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Figure 5. Linear relations between (i) Tm, (ii) Tc and the content of 1014 units.

Figure 6. (i) DMA curves of PA10T/1014(x%) copolymers, and (ii) linear relation between Tg and the content of 1014 units.

Figure 7. (i) TG and (ii) DTG curves of PA10T/1014(x%) copolymers.
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so PA10T/1014 copolymers still have remarkable heat-re-
sistant properties. As described above, the processability 
of polyamide is important for the usage, and a narrow pro-
cessing window restricts the use of PA10T. The extrusion, 
injection molding and other molten process of PA10T are 
carried out above its melting temperature, so we define 
the processing window (∆T) as the temperature interval 
between T5% and Tm1. As shown in Table 4, the processing 
window is found to increase with the content of 1014 units 
increasing. ∆T was about 122.61 °C for PA10T, but the value 
was 129.11 °C with 20 mol % PA1014 segments, which has 
been broadened about 7 °C. These results indicated that 
the copolymerization with 1,12-dodecanedicarboxylic 
acid could optimized the processability of PA10T and the 
PA10T/1014 copolymer still had excellent thermal stability.

3.9.  Mechanical properties

PA10T has good tensile strength, but the ductility and flex-
ibility are weak. The purpose of adding aliphatic 1014 units 
is to improve the ductility of PA10T, and the mechanical 
properties of PA10T/1014 copolymer depended mainly 
on the composition of copolymer and the crystallization 
of the materials. Hence, the effect of different contents 
of 1014 segments on their mechanical properties was 
checked by tensile measurements. As indicated in Figure 
8 and Figure 9, a relatively sharp yield is observed and 
corresponding yield stress is about 88 MPa for PA10T. After 
a slight drop, the stress nearly unchanged and lied at a 
plateau region until break, which is a typical tensile behav-
ior of crystalline polymer. And the fracture stress is about 
80.02 MPa, while the elongation at break is 37.218%. For 
PA10T/1014 copolymer, the stress-strain curves showed a 
similar shape, and the yield strength gradually dropped 
with increasing the content of 1014 segments. For exam-
ple, the tensile strength of PA10T/1014 (20%) is 72.95 MPa, 
down by 10%. However, an outstanding elongation at 
break was observed with the increase of 1014 contents. 
The elongation at break of PA10T/1014 copolymers are 
57.142, 81.043, 131.834 and 150.566% when the content 
of 1014 units are 5 mol %, 10 mol %, 15 mol % and 20 mol 
%, respectively. Compared with PA10T, the elongation at 
break of PA10T/1014 (20%) had an enhancement of 300%, 
which was due to the better flexibility of aliphatic PA1014 
chains. The molecular chain of PA10T/1014 copolymers is 
more flexible and the chain mobility has been increased 
because some rigid benzene rings were substituted by ali-
phatic chains. It was reasonable that the tensile strength 
appeared slight drop with the junction of 1014 segments. 
Besides, the reduction of crystallinity in accordance with 
DSC results could cause the decrease of the tensile strength 
[28]. However, the slight loss of strength is in exchange for 
a multiply increase in elongation at break. It can be said 

3.8.  TGA characterization

The thermal stability of PA10T and PA10T/1014 copoly-
mers was studied by TG and DTG, as depicted in Figure 
7. All the curves of PA10T and PA10T/1014 copolymers 
show one stage of weight loss, which does accord with 
the mechanism of random chain scission on thermal deg-
radation of polymers [27]. The temperature of maximum 
peak (Tmax) that is referred to the temperature at the max-
imum degradation rate can be obtained from the DTG 
curves, as shown in Figure 7(ii). Tmax of PA10T is 479.39 °C. 
With the content of 1014 units increasing from 5 to 20%, 
Tmax of PA10T/1014 copolymers decreases gradually from 
478.76 °C to 473.94 °C, which is attributed to the increase 
of flexible aliphatic segments. Although the degradation 
temperatures of PA10T/1014 copolymers decrease to dif-
ferent extent, they are still higher than aliphatic polyamides 
[38]. Normally, the onset degradation temperatures (T5%) of 
PA66 and PA46 are 402.9 and 395.2 °C [39–42], respectively, 

Figure 8. Stress-strain curves of PA10T/1014(x%) copolymers.

Figure 9.  The mechanical properties and moisture content of 
PA10T/1014(x%) copolymers.
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