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Abstract. Crystalline s-amino-caproic acid and nylon 66 salt (hexamethylenediammonium
adipate) were used yielding the corresponding polyamide (nylon 6 and nylon 66) at
temperature below that melting points. The polymerization processes of the thermo-
induced solid-state polycondensation were investigated by the relationship between
conversion and molecular weight of the obtained polymer.

Polymerization kinetics are discussed according to the concept given by Papissov and
Kabanov that the polymerization of crystalline monomers involves the nucleation and
growth of a new polymer crystalline phase in the monomer crystal. The results have

proved to be two-phase heterogeneous reaction.

Key Word. Thermo-induced solid-state polycondensation, Polymerization kinetics,
Nylon 6. Nylon 66.
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Fig. | Apparatus for the polymerization in the solid state.
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Fig. 2 Timc-conversion curves for the polymerization of e~-ACA in the solid state.
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Fig. 3 Time-conversion curves for the polymerization of nylon 66 salt in the solid state.
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Table 1 Comparison of calculated and observed values of degree of polymerization.
Conversion X 1 (#Py) obs (Puw) calc
0.848 - : 24 12
0.952; 42 41
0.98 95 99
0. 98 96 98
Py viscosity average degree of polymerization.
Pu: weight average degree of polymerization.
Table 2 Number-average molecular weight in the whole sytem and numebr-average
degree of polymerization.
Temp. (°C) Time (h) ’ conversion } (P): .‘ (Pn)s ‘ My ‘ (]
| 6.0 ‘ 0.10 L1 38 5000 —
10.0 ‘ 0.11 121 31 4100 —
15.0 i 0.21 1.26 50 6500 —
20.1 | 0.31 1.45 50 6500 —
166 24.0 | 047 | 1.8 68 8900 —
30.0 0. 48 1. 94 70 9200 —
32.0 0. 65 2.85 76 10000 —
39.2 0.52 2,09 82 10700 —
48.0 0.73 3.67 83 11500
71.0 0.97 . 12.5 1 — — 0. 87
| 4.0 0.0 | L1 % 800 —
| 8.0 0.2 | 131 45 5900 | —
9.7 0.3 | 1s5 | 31 4000 —
14,2 0.52 2.89 63 ‘ 8200 —
e | 180 0.42 ‘ 1.7 66 | 8600 | —
' 18.0 0.71 3.39 68 ‘ 8900 i —
20.0 0.55 2.22 76 9900 —_
24.0 0.72 3.57 — — 0. 68
27.0 0.76 4.17 — — 0. 69
. 480 093 .28 - — 0,75
| 2.0 017 L2 | 15 | 2000 —
4.5 0.28 1.39 | 27 3600 | —
6.1 0.35 154 35 4600 | —
8.1 0.50 2.00 37 900 -
174 10.1 0.57 2.34 33 i 4300 —
11.8 0.70 3.33 — — 0. 66
| 15.5 0.93 14.28 - - 0.67
20.0 0.93 14,28 1 — — 0.72
.2 — 0.75
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Fig. 4 Relationship between the polymerization time and the number-average
molecular weight of nylon salt in the solid state.
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Fig. 5 Optical microscopic photograph of the finely ground ¢-ACA crystals
polymerized for 1h at 165°C.
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Fig. 6 Plot of —In (1—X) vs. time for the solid state polycondesation of s-ACA.
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Fig. 7 Plot of -In (1—-X) vs. time for the solid statepolycondensation of nylon salt.
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