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Figure 1. Entanglement species formed from cyclic and linear
polymer. Cyclic polymer can not topologically form “knot”
entanglement. The entanglements for cyclic polymer only con-
sist of simple entanglements.
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Figure 2. Schematic illustration of suppression of crystal
growth by entanglements.
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Figure 3. Schematic illustration of topological constraint of
cyclic polymer.
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Figure 4. Plots of nucleation rate I of C-PE (M,, =114800)
and L-PE (M, =35400) against AT.
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Figure 5. Preparation of C-PE and L-PE via olefin metathesis and hydrogenation.

Table 1. Molecular characteristics of C-PE and L-PE

Sample code [M]/[C]¥  T,/°CY Mo Tn/°CY

C-PE( 9k) 302 60 9300 133.2
C-PE(44 k) 300 60 43600 139.4
C-PE(87 k) 300 60 86500 140.7
L-PE (44 k) 490 30 44000 145.2

@ Molar ratio of monomer to catalyst. ® 7T, denotes the
polymerization temperature. ¢ Determined by intrinsic viscosi-

ty measurements of PO precursor. ¢ Calculated by using eq.

(4) and (5).
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Figure 6. Schematic illustration of heating and crystallization
processes.
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Figure 7. Typical morphology of crystals formed from the
melt of C-PE (9k, 44k and 87k) and L-PE (44 k).
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Figure 8. Plots of G of C-PE (9k, 44 k and 87 k) and L-PE
(44 k) against T,.
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Figure 9. Plots of G of C-PE (9k, 44 k and 87 k) and L-PE
(44k) against AT .
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Figure 10. Schematic illustration of the regularity of fold
surface of nucleus during the crystal growth of C-PE with
different M,,.
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Figure 11. Schematic illustration of the adsorption mode of
C-PE and L-PE during the crystal growth.
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Effects of Topological Constraint and Knot Entanglement on the Crystal Growth of Polymers Proved by Growth Rate of Spherulite of
Cyclic Polyethylene

Tsunaki Kitanara*!, Shinichi Yamazaxr*!, and Kunio Kivura*!

*\Graduate School of Environmental Science, Okayama University (3—1-1 Tsushima-Naka, Kita-ku, Okayama 700-8530, Japan)

In order to clarify the effects of entanglement species on nucleation of polymers, we studied the growth rate of spherulite G of cyclic and
linear polyethylenes (C-PE and L-PE) from the melt as a function of degree of supercooling AT by means of polarizing optical microscope.
We prepared several C-PEs with different weight average molecular weights M,,= 9300, 43600 and 86500, and L-PE with M,,=44000. G of
all the sample were obeyed the equation, G= G, exp (—B/AT). B of C-PE gradually increased with increasing M,,. B is proportional to the
surface free energy of the end surface of the nucleus, and this indicates that the regularity of folding surface increased with increasing M.
We consider that topological constraint of cyclic polymer becomes large with decreasing M,, of the cyclic polymer. On the other hand, for
C-PE and L-PE having almost the same M,, (=44 k), G, of C-PE is much less than that of L-PE. Due to the topological constraint of cyclic
polymer, we speculated that the adsorption mode on the crystal surface of C-PE is different than that of L-PE.
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