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Preparation of flexible and branched polyamide 6 and its non-isothermal crystallization Kinetics
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[1. Plastics Processing Research Institute , Beijing Research Institute of Chemical Industry, Beijing 100013, China;
2. Science and Technology Department of China Petroleum and Chemical Corporation (Sinopec),Beijing 100013, China]

Abstract : High-flow polyamide has garnered significant attention in thin-wall injection molding and continuous fiber rein-
forced thermoplastic composites. The synthesis of high-molecular-weight branched polyamides via structural design is a common
strategy in both industry and academia. Branched polyamide 6 (BPA6) was successfully prepared through melt copolymerization of
caprolactam with a multifunctional polyether amine. The polymer structure was characterized by infrared spectroscopy, nuclear
magnetic resonance spectroscopy, and gel permeation chromatography. The branched architecture impart BPA6 with a high melt
flow rate (214 g/10 min) and excellent impact toughness (6.84 kJ/m?), while maintaining favorable tensile strength and thermal
properties. Differential scanning calorimetry analysis reveal that the crystallization process of BPA6 comprises a primary crystalliza-
tion stage and a secondary crystallization stage. The primary crystallization achieves growth from two-dimensional lamellar crystals
to three-dimensional crystals through mixed nucleation, whose kinetics are limited by molecular diffusion and initial nucleation.
Secondary crystallization exhibits successive nucleation or three-dimensional growth effects corresponding to crystal refinement,
rearrangement, and local recrystallization of BPA6, where new nucleation and higher-dimensional growth effects work together to
transform the remaining disordered regions into a more refined crystal structure. The crystallization activation energy of BPA6, deter-
mined via the Kissinger method,is —140.9 kJ/mol.
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Tab.1 Relative viscosity of BPA6 and its molecular weight

calculated by viscosity method

Sample 7, n, [n)d-g") M, M,
BPA6 1.595 0.595 0.715 14 953 14 566
PA6 1.618 0.618 0.737 15 642 15013

Notes: 7, is relative viscosity; Ny 18 shear-thinning viscosity; [7] is
characteristic viscosity number; M, is viscosity average molecular weight;

M, is number-average molecular weight.
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Fig. 5 Storage modulus and complex viscosity profiles of BPA6 and
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Tab.2 Mechanical properties of BPA6 and other branched PA6

Tensile strength/ Flexural strength/

Flexural modulus/  Notched impact strength/

Samples MPa MPa GPa (J*m ) Branched monomer References
PA6 65.3+3.2 77.5+4.1 2.40+0.12 6.02+0.4
I 58 63 2.18 9.3 HCPCP [13]
2° 52 45 2.40 2.4 TMA [14]
3" 58.2 58.2 ACL [10]
4 53 4.8 PAMAM [16]
5* 38.4 67 1.64 PAMAM [17]
BPA6 62.5+2.5 68.4+3.6 2.34+0.1 6.84+0.3 T403
2.3 BPA6WILE S A FR BE T, 25 5 P 5 FWHM 25 ik AH, 45 &R ¢ Fn
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Fig. 7 Crystallization curves and second heating curves of BPA6 at

different cooling rates
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Tab.3 Kinetic parameters of non-isothermal crystallization of BPA6

@ C'Tr:in") T,°C T/C F WISM/ (JA. :E{) tmin  X/%
5 2008 1797 180  —664 5.6 316
10 1973 1722 206  —646 3.4 32.4
15 1953 1675 231  —6l4 2.5 33.1
20 193.1  163.6 249  -598 2.0 325
30 190.7 1579 289  —585 L5 324

Notes: T;, is crystallization onset temperature; 7, is crystallization
peak temperature; FWHM is full width at half maximum; A/ is crystal-

lization enthalpy; ¢ is crystallization period; X, is crystallinity.
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Tab.4 Non-isothermal crystallization fitting parameters of BPA6

©/(°C+min") n, Z, Z, n, Z, z,
5 2.30 0.01 0.29 3.62 0.02 0.44
10 2.41 0.02 0.66 3.44 0.16 0.83
15 2.41 0.04 0.80 3.40 0.38 1.07
20 2.48 0.15 091 3.40 0.97 1.00
30 2.56 0.25 0.95 3.54 2.68 1.04

Notes:n is Avrami index for primary crystallization; Z and Z, denote
crystallization rate constants before and after correction; 1 and 2 denote

primary crystallization and secondary crystallization.
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Tab.5 Non-isothermal crystallization data of BPA6 and PA6 by
Mo’s method

X,
02 03 04 05 06 07 08
F(T)y,, 1479 1941 2344 2692 3090 3467 3890
e 1241260 126 127 129 130 130
F(T),,, 1515 1778 2042 2291 2511 2692 2951
a 136 137 140 142 143 142 143
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