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Figure S1. Anionic polymerization of e-caprolactam.
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Figure S2. Screw configuration and barrel temperature.

The manufacturing conditions should be set in consideration of the mass transfer, heat transfer,
reaction, and flow field interactions in the reactive extrusion process. In the reactive extrusion, the
configuration, rpm, barrel temperature, and feeding rate of the screw affect the molecular weight and
molecular weight distribution of the polymerized PA6 polymers. By performing preliminary
experiments for the anionic polymerization under various process conditions, the optimized process
conditions as well as screw configuration were set as shown in Figure S2, considering the
processability and specimen conditions.



Reaction Kinetics Expression of Wittmer and Gerrens
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where [A]: activator concentration, [C]: catalyst concentration, [CL]o: initial e-caprolactam
concentration, r: reaction rate, T: temperature at time ¢, To: initial temperature, Tf final temperature,
A: frequency factor, E: activation energy, and R: gas constant.

Degree of Conversion

_Q
=30
where Q =c¢,(T —T,) and AH = cp(Tf —To), Q: heat of reaction, AH: enthalpy of reaction, and ¢:
specific heat. The heat (Q) was obtained with the aid of the specific heat ¢, and the temperature
increase (T — To) above the initial temperature and the enthalpy of reaction (AH) was obtained from
the maximum temperature increase (Tf —Tp)-

(S2)

B = (33)

Prediction of Tensile Properties

Young’s modulus and tensile strength of the composite were calculated based on the Halpin—
Tsai equation and the rule of mixture, respectively [1-3]. Young’s modulus of the composite with
randomly dispersed MWCNTSs was calculated based on the Halpin-Tsai equation.
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composite, Em: Young’s modulus of the matrix, Em = 0.3574 GPa, Emwent: Young’'s modulus of

MWCNT, Emwent = 470 GPa [4], Imwent: length of MWCNT, Imwent = 10 um, and dmwent: diameter of
MWCNT, dmwent = 10 nm, Vmwent: volume fraction of MWCNTs in the composite, 0 mwent: density
of MWCNT, p mwent=1750 Kg/m?[5], © m: density of the polymer matrix, and © m=1140 Kg/m? [6].
Based on the values of Emwent and Em, the constant . and ). are n.=0.40; . =1.0

Vmwenr of the composite can be calculated as follows:

Ep (S4)

where 71, = E: Young’s modulus of the

Vawenr = (1.0%/ppwent)/ (1.0%/ prwent +99.0%/p,) = (1.0%/1750)/(1.0%/1750 +99.0%/1140)= 0.65%

Young’s modulus of the composite incorporated with randomly dispersed MWCNT of 1 wt%
content can be calculated with the following equation:

_ 31+2*(10000/10)*0.40*0.65%+51+2*1.0*0.65% 0.35 = 1.058 GP
" I8 1-0.40 % 0.65% 81—-2%1.0%0.65%] ~~ a

Tensile strength of the composite was calculated based on the rule of mixture.

0c = omwentVuwent +0mVin (S5)

where o« = tensile strength of the composite, omwent: tensile strength of MWCNT, omwent = 20 GPa
[4], om: tensile strength of the matrix, om = 0.062 GPa, Vmwent: volume fraction of MWCNTs in the
composite, Vm: volume fraction of the matrix in the composite. Vi of the composite can be calculated
as follows:

Vi = (99.0%/pm)/(1.0%/prawent +99.0%/py) = (99.0%,/1140)/(1.0%,/1750 +99.0%/1140)= 99.35%
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Tensile strength of the composite incorporated with MWCNT of 1 wt% content can be calculated
with the following equation:

O, = GMWCNTVMWCNT +0me =20 % 065% +0062 * 9935% = 195 MPa
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