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Abstract: Bio-based nylon 6-morpholinone random copolymers were prepared by the anionic ring opening poly-
merization of e-caprolactam and morpholinone, both of which were prepared from lysine and glucose, respectively. From
this work, a new biomass based nylon 6 with improved hydrophilicity was prepared. Optimizing the polymerization con-
dition, copolymer with a viscosity-average molecular weight of 30000 g/mol was prepared, with a yield of 80%. It was
possible to improve the hydrophilicity of nylon 6 by its copolymerization with morpholinone. The prepared nylon 6-mor-
pholinone random copolymers were then characterized using several analytical methods such as DSC, TGA, XRD, vis-
cosity measurement with U-shaped glass capillary viscometer and contact angle measurement.

Keywords: e-caprolactam, morpholinone, nylon 6 copolymer, anionic ring opening polymerization.
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Figure 1. Schematic of the synthesis of nylon 6-morpholinone ran-
dom copolymers.
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Figure 2. FTIR spectra of nylon 6 (a); nylon 6-morpholinone ran-
dom copolymer prepared from monomer composition of 10/1 (b); 2/
1 (c) (e-caprolactam/morpholinone, mole ratio). The polymerization
condition as a follow: PtB 7 mol%, acetyl-CL 1 mol%, at 80 °C for
24 h.
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Figure 3. '"H NMR spectrum of nylon 6-morpholinone random
copolymer prepared from monomer composition of 2/1 (a); 10/1 (b)
(&-caprolactam/morpholinone, mole ratio). The polymerization con-
dition as a follow: PtB 7 mol%, acetyl-CL 1 mol%, at 80 °C for
24 h.
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Table 1. Compositions of the Copolymers Prepared from
Different Monomer Compositions and '"H NMR Data Used for
the Calculation of Copolymer Compositions

Monomer compositions  Copolymer compositions

Polymer (mol%) (mol%)

M My Cer Cwp
1 100 0 100 0
2 90.9 9.1 91.8 8.2
3 87.5 12.5 84.9 15.1
4 83.3 16.7 83.5 16.5
5 80.0 20.0 77.0 23.0
6 75.0 25.0 66.5 33.5
7 66.7 333 582 41.8

*Copolymer compositions (mol%) were calculated by using the
following equation:

_ Intensity of peak ¢
Cer(mol%) = . x 100,
cL(mol%) Intensity of peak (c+h)
Cyp(mol%) = Il‘ltel.‘lsny of peak h 100
Intensity of peak (c+h)
100 40000
- 35000
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Figure 4. Effect of monomer compositions on the yield and vis-
cosity average molecular weight of the copolymers prepared under
the conditions as follows: PtB 7 mol%, acetyl-CL 1 mol%, at 80 °C
for 24 h.
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Figure 5. Variation of yields and viscosity average molecular
weights of the nylon 6-morpholinone random copolymers according
to the polymerization time under the polymerization condition as
follows: CL/MP=10/1, PtB 7 mol%, CO, 3 mol%, at 80 °C.
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Figure 6. Yields and viscosity average molecular weight of the
nylon 6-morpholinone random copolymers prepared by using
different initiators: A: acetyl-CL, B: CO,, C:HDI, D:BzC, E:EL
F:Phl. The monomer composition was 10/1 (CL/MP), reaction
temperature 80 °C, polymerization time: 24 h (except for CO, for
72 h), concentration of catalyst PtB 7 mol%. The concentration of
initiator was as follows: acetyl-CL 1 mol%, CO, 3 mol%, HDI
3 mol%, BzC 3 mol%, EI 3 mol%, Phl 3 mol%.
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Figure 7. DSC 2nd heating curves of the nylon 6-morpholinone ran-
dom copolymers prepared from different monomer compositions.

The polymerization condition as follows: PtB 7 mol%, acetyl-CL 1
mol%, at 80 °C for 24 h.
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Table 2. Thermal Properties of the Nylon 6-Morpholinone
Random Copolymers Prepared from Different Monomer

Compositions

Monomer

compositions M, T,(°C) 7,(°C) AH,(J/g)
(g/mol) &
(CL/MP)
10/0 22359 47.42 214.76 62.03
10/1 20064 42.70 212.16 72.06
7/1 21371 47.51 201.65 47.10
5/1 19149 31.25 192.99 45.04
41 18995 27.03 184.88 41.96
3/1 18290 25.30 156.91 38.95
2/1 10462 24.22 - -
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Figure 8. TGA curves of the nylon 6-morpholinone random copoly-
mers prepared from different monomer compositions. The polymer-
ization condition as follows: PtB 7 mol%, acetyl-CL 1 mol%, at
80 °C for 24 h.
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Figure 9. X-ray diffraction patterns of the nylon 6-morpholinone
random copolymers prepared from different monomer composi-
tions.

Table 3. Variation of Contact Angles of the Nylon 6-Mor-
pholinone Random Copolymers with Different Morpholinone
Contents

col\rr/{gg;)il:ilglrls Surface energy 7, Contact angles

(CL/MP) (mN/m) (degree)
10/0 43.90 62.60
10/1° 45.13 42.60
71° 47.24 35.19
3/1° 47.64 33.61

Nylon 6,6 42.20 68.30

Nylon 7,7 43.00 70.00

*Polymerization condition: “(CL/MP=10/1, PtB 7 mol%, acetyl-CL 1
mol%, 24 h). *(CL/MP=7/1, PtB 7 mol%, acetyl-CL 1 mol%, 24 h).
¢(CL/MP=3/1, PtB 7 mol%, acetyl-CL 1 mol%, 24 h).
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