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S1. Palladium Decoration by Electroless Deposition 

S1.1. Schematic of Palladium decoration 

Figure S1. Schematic of palladium decoration on CNT by electroless deposition. Reproduced with permission from [1]. 

S1.2. Mechanism of palladium decoration 

Electroless decoration of the functionalized CNT was done to obtain a dense copper coating on the CNT surface. 

The electroless deposition was accomplished by a two-step sensitization-activation method wherein the Sn sensitizing 

layer increased the palladium adsorption onto the CNT surface, simultaneously increasing the binding strength of the 

Pd–CNT interface. The Sn (2) species also reduced Pd (2) to Pd (0). The mechanism of the two-step sensitization-activa-

tion procedure reproduced from [2] is given in Fig. S2.  

Figure S2. Mechanism of palladium decoration on CNT fiber by electroless deposition. Reproduced with permission from [2]. 

The palladium-seeded CNT fiber underwent an initial seeding of copper followed by a dense and homogenous 

continuous copper deposition to form the Cu–CNT composite fiber due to the high surface coverage of Pd–Sn nuclei on 

the activated CNT fiber. 



S1.3. Energy Dispersive Spectroscopy(EDS) of Pd–Cu–CNT fiber 

Figure S3. EDS of Pd–Cu–CNT fiber. 

S2. Current density measurements 

S2.1. Method 

Initially, tests were performed in the ±2 mA range with increments of 0.1 mA every 2–3 seconds. Subsequent tests 

were performed with extended ranges of ±50 mA and ±100 mA, each with a step size of 1 mA. Experiments in large 

current ranges were repeated if a hysteresis was observed in the voltage–current plot. Further, a powerful power sup-

ply, HP 6114A, controlled via a varistor (10 mA increments every 5–10 seconds), along with an HP 34401A multimeter, 

was used to measure the maximum current density of the CNT fibers. The maximum current was recorded as the value 

just before the current reached the point of burnout. The maximum ampacity (maximum current density), 𝜌𝐼, was cal-

culated by dividing the maximum current before burnout, Imax, by the cross-sectional area, A, as shown in the equation 

below. The cross-sectional area was assumed to be circular and was calculated from the fiber's diameter, D. The values 

for current density are reported in units of A/cm2.   

S2.2. Current Density Test Setup with the Sample After Burnout 

Figure S4. CNT sample after burnout on a current density measurement setup. Gap between copper mounting blocks is approxi-

mately 1.5 cm.  



S2.3. Energy Dispersive Spectroscopy (EDS) of burnout Sample 

Figure S5. EDS of burnout sample after current density test. 

S2.4. Current Density and Joule Heating 

Current density measurements were performed on densified CNT fibers, unannealed Cu–CNT, and unannealed 

Pd–Cu–CNT fibers. Joule heating in the fibers resulted in an incandescent glow at currents greater than 40 mA. With 

the increase in current, the brightness of the glow intensified, and a color shift was observed from reddish orange to 

bright white. During the ±50 mA and ±100 mA tests, the densified CNT fiber exhibited a slight hysteresis in its voltage–

current plot between 0 and +20 mA, shown in Fig. S6 a. The Cu–CNT and Pd–Cu–CNT samples exhibited a more pro-

nounced hysteresis during the initial climb from 0 mA to +50 or +100 mA (Fig. S6 b). However, this was not observed 

when the current was decreased from 0 to −50 nor 0 to −100 mA during the same test. (Fig. S6 c.), which confirmed that 

the samples appeared to be conditioned by repetitive tests.  

Figure S6. Examples of hysteresis seen in voltage–current plots. (a) Initial (±50 mA) test on a densified CNT sample with a marginal 

hysteresis between 0 and 20 mA. (b) Initial (±50 mA) test on a Cu–CNT sample, hysteresis observed on the first climb to 50 mA. (c) 

A repeat test (±50 mA) on the same Cu–CNT sample, where ahysteresis was not observed.  

(a) 

(b) (c) 



The intensity of the hysteresis in the plot was likely linked to the copper cladding, as it was marginal in the plots 

of the densified CNT fibers. The less substantial hysteresis observed in the densified CNT V–I plot could have been 

caused by the Joule heating resulting in an irreversible change, such as the desorption of moisture or relaxation of 

internal stresses. The higher intensity hysteresis seen in copper-coated samples could have been due to evaporation or 

sublimation of copper from the composite fiber due to intense Joule heating in the vacuum environment [3, 4]. The loss 

of copper from the composite’s surface explains why the V–I plots of the copper-coated CNTs look very similar to that 

of the densified CNT fiber.   

S3. Microtome Cutting 

Figure S7 (a) Schematic of cutting by microtome (reproduced with permission from [5]). (b) Polymer-embedded Cu–CNT fiber and 

polymer-embedded CNT fiber. (c) Picture of the microtome. 
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