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Characterization  

13C NMR was measured by a Bruker AVIII 500HD (500 MHz) instrument with 

the solvent of dimethyl sulfoxide-d6 and hexafluoroisopropanol to analyze the chemical 

structure of PA56/512.  

The thermal performance of all samples was measured by differential scanning 

calorimetry (DSC 214, NETZSCH). All samples were heated from 25℃ to 280℃ with 

a heating rate of 10℃/min. After holding at 280℃ for 3 min, the program was set to 

cool down to 25 ℃ at the set cooling rate of 10℃/min. After holding at 25℃ for 3 min, 

the second heating program was the same as the first time. All the DSC tests above were 

of nitrogen atmosphere.  

The oxygen permeability test was carried out on permeabil-ity tester (Ox-

Tran@Model 2/21, USA Mocon Company) at 23℃and 50% relative humidity and 1 

atm pressure according to ASTM D 3985. A 98% nitrogen (N2) and 2% hydrogen (H2) 

mixture was used as the carrier gas and 100% oxygen (O2) was used as the test gas. The 

test was ended when the oxygen flux changed by <1% during a 40 min test cycle. The 

reported data have been normalized by the films' thickness and are an average of four 

tests. The water vapour transmission rate (WTR) of PA56/512 was studied by Labthink 

W3-060 water permeability tester at certain relative humidity S5 (RH=90%) and 

temperature (38°C). The distilled water was used. The testing range was 0.1-10000 

g/m2 ·24h. The water permeability rate was calculated by measuring the weight of water 

which passed the films. The testing films were prepared following the same method as 

gas barrier testing with the diameter of 74 mm and the permeability surface area of 33 

cm2 . 

X-ray diffractometer (XRD, D8 ADVANCE, BRUKER) and Fourier transform 

infrared spectrometer (FTIR, PerkinElmer Frontier) were carried out to obtain the 

crystal structure and hydrogen bond arrangement information of copolymer PA56/512 

and its BOPA.  

Polarized Optial Microscope (POM, Leica DM4P, Germany) was used to observe 
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the crystal morphology of copolymer PA56/512 and its BOPA. All samples were heated 

to 30℃ above the melting point with a heating rate of 5℃/min and stayed for 3 min. 

Then the growth of spherulite was observed at a cooling rate of 5℃/min.  

The electronic universal testing machine (BTC-EXMUL TI-PAC2, Zwick/Roell, 

Germany) was used to test the tensile and bending properties of the samples. According 

to the standard of GB/T 1040-2006, the 1A dumbbell samples were measured at an 

ambient temperature of 23℃ with the tensile rate of 20 mm/min. Based on the standard 

of GB/T 9341-2008, the samples size of 80 mm × 10 mm × 4 mm were measured at an 

ambient temperature of 23℃ with a span of 64 mm and a rate of 2 mm/min. And the 

impact properties of the samples were tested by a cantilever beam impact tester (TS-

PIT501JA, Shenzhen Wance test equipment, Shenzhen, China) at ambient temperatures 

of 23℃ and −30℃ according to the standard of GB/T 1843-2008. The above 

mechanical properties were tested five times for each sample, and the average value 

was finally taken.  

The preparation process of PA56/512 resin injection molding splines is as follows. 

The fully dried samples #1 ~ #9 were moulded into splines by injection molding 

machine (ES300 DUO, ENGEL). The injection molding temperature is set according 

to the respective melting point of the resin. The injection temperature of #1 is set to 

245℃, 260℃, 280℃, 280℃ and 275℃. The injection temperature of #2 is set to 220℃, 

235℃, 255℃, 255℃ and 245℃. The injection temperature of #3 is set to 205℃, 220℃, 

240℃, 240℃ and 235℃. The injection temperature of #4 is set to 195℃, 210℃, 230℃, 

230℃ and 225℃. The injection temperature of #5 is set to 180℃, 195℃, 215℃, 215℃ 

and 210℃. The injection temperature of #6 is set to 170℃, 185℃, 205℃, 205℃ and 

200℃. The injection temperature of #7 is set to 175℃, 190℃, 215℃, 215℃ and 205℃. 

The injection temperature of #8 is set to 185℃, 200℃, 220℃, 220℃ and 215℃. The 

injection temperature of #9 is set to 200℃, 215℃, 235℃, 235℃ and 230℃. The screw 

speed is set to 50 r/min, the injection back pressure is 80 MPa, and the pressure holding 

time is 10 s. 
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Mechanical properties of PA56/512 copolymer 

 

Fig. S1 The mechanical properties curve of PA56/512 resin: (a) bending strength 

with different content of 512, (b) bending modulus with different content of 512, (c) 

notched impact performance of cantilever beam with different content of 512 in 23℃, 

(d) notched impact performance of cantilever beam with different content of 512 in 

−30℃  
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FTIR spectra of PA56/512 copolymer before and after biaxial 

stretching 

 

Fig. S2 FTIR spectra of PA56/512 before and after biaxial stretching with different 

composition ratios: (a) #1 and #1’, (b) #2 and #2’, (c) #3 and #3’, (d) #4 and #4’, (e) #5 and 

#5’, (f) #6 and #6’, (g) #7 and #7’, (h) #8 and #8’, (i) #9 and #9’  
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POM images of PA56/512 copolymer 

 

Fig. S3 POM images of PA56/512 before biaxial stretching: (a) #1, (b) #2, (c) 

#3, (d) #4, (e) #5, (f) #6, (g) #7, (h) #8, (i) #9 
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