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Investigation into impact of high-molecular-weight polyamide 6 on

the performance of polyamide 6 copolymer fibers

Ma Chi
Haiyang Technology Co., Ltd., Taizhou 225300, Jiangsu, China

Abstract: To overcome the strong hydrogen bonding effects between amide bonds (—CO—NH—)
in conventional polyamide 6 (PA6) which inhibited molecular chain orientation, and improve the
improvement of mechanical properties, a certain amount of high-molecular-weight polyamide 6
(HmwPAG6) was added into conventional PA6 to prepare PA6 copolymer resin. The PA6 copolymer
fibers were then produced via melt spinning, and their mechanical properties, dynamic
thermomechanical properties, and microstructure were characterized. Results showed that, a certain
amount of HmwPAG6 could promote molecular chain entanglement, increase fibers orientation degree
and crystallinity, and thus improve mechanical properties. When the mass fraction of HmwPA6 was
3%, the fiber molecular chain orientation degree reached the maximum, with the breaking strength
increased to 6.55 ¢N/dtex and the breaking elongation increased to 25.21%. The findings can
provide references for subsequent industrial production.
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Tab.1 Test instruments
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{HL R IH-2T A REAL Nicolet 6700 Thermo Fisher, America
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Tab.2 Prepared HPA6 resins

REBRAE m(PA6) :m( HmwPA6)
HPA6-1% 99:1
HPA6-2% 98:2
HPA6-3% 97:3
HPA6-4% 96:4
HPA6-5% 95:5

2 HPAG6 4 4 th 4] %

K 6 il 97 22 D34 T 1 1 HPAG6 A i i) 25 B
HPAG6 2- 4k, A 4E U B 1 fos, AN
JEM 400 H (BIFLAEZ) 38 um) |, 12 FLIE 22 M (FLAR
}% 0.4 mmx1.2 mm) , W B 2R 270 ~290 C,
THEEAEE 1.8 mL/r T 12 v/min, — A iR &
70 °C, “ A MR E 160 °C , #UE RIEEE 190 °C , %
LR B 2 825 m/min, T 1% HPA6 £F 4 h >Rk M
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Fig.1 Preparation of HPAG6 fibers with melt spinning 0 § ]b 115 210 zls 3|0
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Fig.2 Tensile stress-strain curves of HPAG fibers
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Tab.3 Linear density and mechanical property parameters of HPA6 fibers

YERERY B/ diex  WIRUREE/(cN-ditex™')  WIRREE CV (H/%  WIRMKR/%  BiRMKECVH/%
HPA6-0% 85. 15 5.54 2.50 22.94 9.58
HPA6-1% 82.53 6.15 2.63 21.70 9.01
HPA6-2% 81. 87 6.44 3.31 23.19 9.62
HPA6-3% 82.05 6.55 2.95 25.21 9.08
HPA6-4% 81.78 6.39 2.99 23.85 6.57
HPA6-5% 82. 09 6.22 4.34 26. 07 8.76
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Fig. 3 SEM images of cross-section after the HPA6-3% fiber tensile fracture
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Fig.4 Dynamic thermodynamic properties of HPAG fibers
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Tab.4 Crystal structure parameters of HPAG6 fibers

LR YERE S vt TET 5 44 (hkl) 20/(°) Hi 4/ nm FEavi/(°) D,/ nm X_/%
(200) 16. 4 4.37 1.087 0. 588

HPA6-0% 36. 41
(002,202) 18.6 3.82 1.528 0.419
(200) 16. 4 4.35 1.223 0.522

HPA6-1% 48. 86
(002,202) 18.6 3.84 1.801 0.356
(200) 16. 4 4.34 1.214 0.526

HPA6-2% 49.22
(002,202) 18.6 3.83 1.788 0.358
(200) 16. 4 4.34 1.259 0. 507

HPA6-3% 46. 89
(002,202) 18.6 3.84 1.813 0. 353
(200) 16. 4 4.34 1.250 0.511

HPA6-4% 48.71
(002,202) 18.6 3.84 1.811 0.354
(200) 16. 4 4.35 1.289 0. 496

HPA6-5% 46. 36
(002,202) 18.6 3.84 1.848 0. 347
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Fig.7 2D-SAXS patterns of HPAG6 fibers
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Tab.5 Long-period structural parameters of HPA6 fibers
LR AERE ¢/nm”’ L/nm
HPA6-0% 0.798 18 7.87
HPA6-1% 0. 806 07 7.79
HPA6-2% 0. 810 01 7.76
HPA6-3% 0.813 95 7.72
HPA6-4% 0. 806 07 7.79
HPA6-5% 0.817 89 7.68
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Tab. 6 Orientation structure parameters of HPA6 fibers
0.062 LFAERES An %  H/(°) [f/%  fu/%
HPA6-0% 0.0582 79.73 23.28 93.5  38.73
3 0060 - e HPA6-1% 0.0596 81.64 17.52 951  38.95
) .- .m HPA6-2% 0.0592 81.10 18.26 94.9  40.42
0058 ® HPA6-3% 0.0602 82.47 19.11 94.7  39.44
HPA6-4% 0.0587 80.41 19.63 94.5  35.77
00561 | : : . . . HPA6-5% 0.058 6 80.27 19.92 945  31.30
0 1 2 3 4 s
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Fig. 9  Oriented structure of HPAG6 fibers
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