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Determination of the critical shear rate for linear PLA at the crystallization
temperature of 130 °C. The longest reptation time, zep ™" for linear PLA at 180 °C
has been obtained from the relaxation time spectrum shown in Figure 3 in the main
manuscript. The Rouse time (stretch relaxation time), z can be calculated using the

relation based on the Tube model of Doi and Edwards:!
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where Z is the average number of entanglements (Z = Mw/Me, Me is the molecular mass
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between entanglements). The calculated Z value for linear PLA in the present work is
about 11 by using the M. value of 8000 g/mol for PLA. Table S1 lists the longest
relaxation times together with the characteristic shear rates for the transitions between
the orientation and the stretch regimes for linear PLA at 180 °C and 130 °C, respectively.
The relaxation times and corresponding characteristic shear rates at 130 °C were
calculated using the Arrhenius type of temperature dependence (with E, = 77 kJ/mol?),
from which the shear conditions for the present study on crystallization kinetics of
linear PLA can be chosen.®# The shear rate of 1 st was used in the present work, which
is not sufficient for the molecular chain stretching of linear PLA at 130 °C. However,
due to the much higher longest reptation time of LCB PLAs as compared with linear
PLA, the critical shear rate for the chain stretching can be far lower than 1.1 s*. The

chosen shear rate of 1 st is sufficient to guarantee that the Weissenberg number, Wis >

1.
T(OC) TrepHMW(S) TRHMW(S) Vi (5_1) Y (5-1)
180 2.39 0.072 0.41 13.89
130 30.13 0.91 0.03 1.1

Supplementary Table S1. Longest reptation time and rouse time determined from

relaxation spectrum and corresponding critical shear rates for the orientation stretch

regime transition. y,_,,,and »,_,, are the critical values of shear rate for the transition

of flow regimes for linear PLA between Regime | and I, and Regime Il and IlI,

respectively.

Changes of nucleation density with space filling obtained from the Avrami
equation.
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Supplementary Figure S1. Changes of nucleation density, N as functions of space
filling, ¢ for (a) linear PLA, (b) LCB PLAZ2, and (c) LCB PLAG during crystallization

at 130 °C after pre-shear at different shear times with the shear rate of 1 s

Comparison between nucleation densities derived from rheometry and optical
microscopy. The determination of nucleation density from the Avrami equation using
rheometry is sensitive to space filling obtained from time evolution of storage modulus
and spherulitic growth rate. To evaluate the reliability of this method, we counted the
number of nuclei, the area nucleation density Na, from optical micrographs at the early
stage of crystallization under the same shear condition as in the rheological
measurements. The Navalues were then transformed to volume nucleation density, Ny

values using a simple approximation according to equation (S2):
_Na

Y AH

where A is the observed sample area and H is the sample thickness (50 um in the present

N (S2)

work). The Ny values as obtained directly form optical micrographs can be compared
to the N values quantified by rheometry. The result is displayed in Fig. S2. It is found
that the N values determined from rheometry are in good accordance with that obtained

from POM, suggesting the reliability of the quantification of N from rheometry.
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Supplementary Figure S2. Changes of volume nucleation density, N as functions of
shear time for linear PLA and LCB PLAZ2 during crystallization at 130 °C after pre-
shear with shear rate of 1 s, The nucleation densities determined from both

rheometry and POM are displayed and compared.
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