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Abstract: To prepare biomass based nylon 6,5 copolymers, &caprolactam and 2-piperidone, the monomers of nylon 6,5
copolymers, were synthesized respectively from lysine and 5-aminovaleric acid which were produced from glucose by
the fermentation process. The copolymers were then polymerized by the anionic ring opening polymerization of them at
40 °C, using potassium zerz-butoxide as a catalyst and acetyl-2-caprolactam and carbon dioxide as initiators. The prepared
copolymers were characterized with various analytical methods: their viscosity molecular weight (14,) was as high as
30000 g/mol and polymerization yield was over 50%, and it was found that they were semi-crystalline polymers having
melting point at 165 °C which was much lower than its thermal degradation point, 250 °C. These polymers were expected
to have good thermal processability and application fields.

Keywords: biomass-based polymer, bioplastic, nylon 6,5 copolymer, ring-opening polymerization.
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Figure 1. Polymerization and chemical structures.
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Figure 2. FTIR spectra of bio-nylon 6,5 random copolymers pre-

pared from different monomer compositions using different concen-
tration of catalyst (PtB).
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Figure 3. '"H NMR spectrum of nylon 6 (polymerization condition:
PtB 5 mol%, acetyl-CL 1 mol%, 24 h, 40 °C).
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Figure 4. '"H NMR spectrum of nylon 6,5 random copolymer
prepared from monomer mixture composition of 3/1 (CL/PP)
(polymerization condition: PtB 5 mol%, acetyl-CL. 1 mol%, 24 h,
40 °C).
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Table 1. Intensity Ratios of the 'H NMR Peaks of Nylon 6,5 Copolymers and Determination of Copolymer Compositions

Integration values of

Monomer composition 'H NMR peaks Intensity ratio of ~ Copolymer composition
(CL/PP) (mol%) - peak ¢ (%)* (CL/PP) (%)
a, f b, g c d. h e, i
10/0 (100/0) 0.122 0.113 0.114 0.112 0.125 19.4 100/0
3/1 (75/25) 0.143 0.146 0.117 0.146 0.139 16.9 87/13
2/1 (66.7/33.3) 0.132 0.131 0.095 0.139 0.130 152 78/22

Intensity of peak c

*Intensity ratio of peak ¢ was calculated by the following equation: Intensity ratio of peak ¢ (%)= Tntensity of all peaks

x100.
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Table 2. Effect of Concentration of Catalyst on Yields and
Viscosity-average Molecular Weights (M,) of Nylon 6,5

Copolymers Prepared by Polymerization for 24 hrs at 40 °C

Copolymer  Concentration of Nylon 6,5 copolymer

composition catalyst (PtB)
(CL/PP) (mol%) (mol%) Yield (%) M, (g/mol)

1 20.6 7424

3 35.8 10919

87/13 5 53.0 18558

7 40.6 17626

9 40.5 17381

1 29.8 6913

3 30.7 14653

78/22 5 32,6 18321

7 574 19381

9 47.7 18381
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acetyl-CL¥ COE 77 0.5 mol%? &7 AE-, PB &
ZFe 7T mol%E ARSI

P rlr
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Table 3. Yields and Viscosity-average Molecular Weights (M)
of Nylon 6,5 Copolymers According to Polymerization Time
with Different Molar Ratios of Monomer

C(;zll)l;)(l)zg;z; Reaction time Nylon 6,5 copolymer
(CL/PP) (mol%) (hr) Yield (%) M, (g/mol)

24 423 18558

48 47.2 23248

87/13 72 453 31013
96 45.6 31.305

120 46.2 31.756

24 24.6 13527

48 31.2 14850

78/22 72 38.7 15772
96 50.9 26264

120 51.3 26302
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Figure 7. DSC curves of bio-nylon 6,5 random copolymers pre-
pared by polymerization of two monomer mixtures for 5 days (CL/
PP): (A) 3/1; (B) 2/1.
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Figure 8. TGA thermogram of bio-nylon 6,5 copolymer prepared
from CL/PP composition of 3/1 (T4 onset degradation point, 7y
mid point of thermal degradation).
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Table 4. Thermal Characteristics of Bio-nylon 6,5 Copolymers
with Different Molecular Weights Prepared from Two
Different Monomer Compositions

F82 - ol - A - AEE

Copolymer Molecular

composition weight T,(°C) T.(°C) T4°C)
(CL/PP) (mol%)  (g/mol)

31013 36.50 170.04 260.03
87/13 18558 35.73 181.17 253.28
10919 34.50 185.64 250.32
26264 36.38 165.21 258.15
78/22 19321 34.00 162.28 252.85
14653 37.41 163.43 250.09
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Figure 9. XRD patterns of bio-nylon 6,5 copolymers prepared from
different monomer compositions at different polymerization times.
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