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1. Supplementary Material

1.1. Rheometry of Epoxy Resins

Figure S1 shows the liquid viscosity of ER-A and ER-B epoxy resins listed in Table 1, as a
function of temperature. The tests shown in Figure S1 were conducted on “part A” of the epoxy resin,
i.e., the resin without curing agent added. The experiments were conducted using an ER 2000
rheometer of TA instruments, using a parallel plates accessory with 500 pm gap, with a heating rate
of 5 °C/min from 30 °C to 150 °C, applying a 0.5 uN-m torque. To obtain reproducibility, three
replicates of each polymer were analyzed. Figure Sla shows the variation of the viscosity of ER-A
resin as a function of temperature. For this resin, it is seen that the viscosity quickly decreases from
~ 1625 cP at room temperature (RT, ~ 30 °C) to ~ 105 cP at 60 °C, and then levels off with only modest
decrease in viscosity with increased temperature (T) for T > 60 °C. At the curing temperature (130 °C)
the average viscosity of the three samples tested is only 59 cP. On the other hand, For ER-B
(Figure S1b), the initial viscosity at RT is lower (953 cP) but the viscosity at the curing temperature
(60 °C) is ~ 115 cP. Thus, even when at RT ER-A is more viscous than ER-B, at the corresponding
curing temperature the viscosity of ER-A is almost half that of ER-B. The lower viscosity of ER-A at
the curing temperature could promote more resin infiltration into the CNTY [1], as is discussed in
the main text.
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Figure S1. Rheometry characterization of epoxy resins. (a) ER-A, (b) ER-B.

1.2. Thermoresistive Response of Samples Cured Using a Temperature Program

Figure S2 shows the representative thermoresistive response of a freestanding CNTY (without
polymer) at the beginning of zone III, using an identical temperature program as that employed for
specimens CNTY/ER-A. This analysis was conducted to isolate (and quantify) the inherent
thermoresistive response of the yarn from the effect of resin pouring (interaction between the
polymer and the CNTY). This is needed because the door of the oven where the molds are preheated
needs to be open for 2-3 min, for resin pouring. As seen in Figure S2, the sole act of opening the
oven’s door for ~2-3 min yields a sharp decrease in temperature of ~ 100 °C (from ~ 128 to 28 °C),
concomitant with a CNTY increase in electrical resistance (negative thermoresistive response), with
AR/Ro changing from ~ -7.5% to ~ =5.5% (~ 2%). This value is significantly smaller than that
experienced by CNTY/ER-A specimens in Figures 3a and 4c, and was considered as a subtracting
term in the ERP parameter (Equation (3)) listed in Table 3. This means that the increase in R observed
in Figure 4c is not only due to the thermoresistive effect of the CNTY, but there is a physicochemical
interaction at the interphase between the CNTY and the polymer upon resin pouring. Wicking and
infiltration into the external bundles of the CNTY are also expected [2].
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Figure S2. Onset of zone III of freestanding CNTY using the same temperature program as for the
CNTY/polymer experiment. (a) CNTY/ER-A, (b) CNTY/ER-B.
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A similar situation is observed in Figure S2b for an individual CNTY (without polymer) at the
beginning of zone III, mimicking the temperature program of samples CNTY/ER-B. In this case, the
temperature decreases from 65 to 25 °C (~ 40 °C) upon opening the oven’s door and AR/Ro changes
from ~ -10.6% to ~ —9.8% (~ 0.8%). This is again much smaller than what CNTY/ER-B experiences in
Figure 6b; and was accounted for in the calculation of ERP in Table 3.

1.3. Thermograms of Polymers Cured at Room Temperature

Figure S3 shows measurements of temperature over curing time for CNTY/ER-B,
CNTY/ER-B-50 and only CNTY (without resin) specimens listed in Table 1, which were cured at RT.
The experiments were conducted to examine potential changes in temperature (exotherms) during
the polymerization process (or by Joule effect, in the case of Figure S3c), in order to account for or
discard the contribution of this temperature effect on the electrical changes observed in the
experiments. The measurements were conducted using a K-type thermocouple placed into the mold,
i.e.,, embedded in the epoxy resin during curing for monofilament composite, or placed slightly above
the CNTY, and covering the samples with a Petri dish. As seen from all Figure S3, negligible
fluctuations in temperature were detected for these specimens. Thus, the changes showed in
Figure 8 could not be attributed to exotherms changes in temperature, or Joule effect, but rather to
physicochemical interactions between the polymer and the CNTY.
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Figure S3. Thermograms of specimens cured at RT. (a) CNTY/ER-B-RT, (b) CNTY/ER-B-50, (c) only

CNTY.
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