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2.2 Preparation of SWCNT BP and nonwoven SWCNT-TPU composite sheets

By using a 50/50 ratio of solvent/nonsolvent (equal volumes of the solvent and nonsolvent), TPU that was initially dissolved in acetone is adsorbed onto the 

surface of SWCNTs upon combination with the non-solvent (methanol), and forms a TPU coating on the nanotubes. The composition (i.e., SWCNT and TPU 

content) was evaluated by weighing the dried sheets to determine the amount of TPU adsorbed/deposited on the known initial mass of SWCNTs. The external 

volume of the samples was evaluated by cutting squares of 15 cm × 15 mm from the SWCNT-TPU sheets. The thickness was measured with a Marathon Digital 

Electronic Micrometer having a resolution of 0.001 mm. The volume fraction of SWCNTs (Vf,CNT), TPU (Vf,TPU) and pores/voids (Vf,voids) in the samples were 

estimated using equations 1-3:

𝑉𝑓,𝐶𝑁𝑇 =
𝜌𝐶𝑜𝑚𝑝

𝜌𝐶𝑁𝑇
𝑊𝑓,𝐶𝑁𝑇,                (1)

𝑉𝑓,𝑇𝑃𝑈 =
𝜌𝐶𝑜𝑚𝑝

𝜌𝑇𝑃𝑈
𝑊𝑓,𝑇𝑃𝑈,                (2)

𝑉𝑓,𝑣𝑜𝑖𝑑𝑠 = 1 ― 𝑉𝑓,𝑇𝑃𝑈 ―  𝑉𝑓,𝐶𝑁𝑇,    (3)

Where ρComp, ρCNT and ρTPU are the densities of the nanocomposite sheet, SWCNTs, TPU, respectively. ρComp was obtained by dividing the mass of the SWCNT–

TPU sheets by their external volume, while a literature value of 1.8 g cm-3 value was used for ρCNT [1]. Wf,CNT and Wf,TPU correspond to the weight fraction of 

SWCNTs and TPU in the SWCNT-TPU composite sheets, respectively.
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3.1 Morphological analysis of SWCNT BP and nonwoven SWCNT-TPU composite sheets

Figure S1a. SEM images of the surface of SWCNT BP and nonwoven SWCNT-TPU-90 composite sheet and corresponding diameter size histograms of 

SWCNT and SWCNT/TPU bundles
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Figure S1b. SEM images of the surface of nonwoven SWCNT-TPU composite sheets with different SWCNT contents and corresponding diameter size 

histograms of SWCNT/TPU bundles
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3.3 Thermal conductivity

Figure S2. (a) Thermal conductivity (k) normalized to density and (b) k of the composite samples as a function of vol % SWCNTs including measured datapoints 

(per Figure 4 in the main text) and estimated data from the linear fit.
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3.4 Thermoelectric properties of SWCNT BP and nonwoven SWCNT-TPU composite sheets

Table S1. Electrical conductivity σ, Seebeck coefficient S, power factor PF, thermal conductivity k, and figure of merit ZT at 40 °C of the investigated samples.

Sample σ 

(S cm-1)

S 

(μV K-1)

Average PF 

(μW m-1·K-²)

k 

(W m-1 K-1)

Average ZT

(-)

SWCNT BP 276 ± 33 44.1 ± 2.3 53.7 7.6 ± 0.7 2.2 × 10-3

SWCNT-TPU-90 157 ± 17 64.5 ± 0.3 65.4 7.1 ± 0.5 2.9 × 10-3

SWCNT-TPU-80 105 ± 5 65.5 ± 0.5 45.0 * 2.0 × 10-3

SWCNT-TPU-50 133 ± 61 65.5 ± 1.3 56.9 * 2.4 × 10-3

SWCNT-TPU-35 27 ± 10 70.9 ± 2.3 13.8 6.0 ± 0.4 0.7 × 10-3

SWCNT-TPU-20 21 ± 3 72.3 ± 0.4 10.9 * 0.8 × 10-3

SWCNT-TPU-17 27 ± 4 75.6 ± 0.7 15.2 6.7 ± 0.4 0.7 × 10-3

SWCNT-TPU-12 13 ± 1 74.4 ± 0.0 7.2 4.3 ± 0.4 0.5 × 10-3

SWCNT-TPU-8 3.8 ± 2.9 75.5 ± 0.9 2.2 * 0.2 × 10-3

SWCNT-TPU-5 1.2 ± 0.5 75.7 ± 0.1 0.7 * 0.06 × 10-3

*For these composites, the thermal conductivity value was not measured, instead an interpolated value based on Figure S2b was used. Given the modest 

variation in k, this is not expected to have a major effect on the estimated ZT values and trends.
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Figure S3. Thermoelectric properties of nonwoven SWCNT-TPU composite sheets and SWCNT BP as a function of the SWCNT vol %
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Figure S4. Characterization of SWCNT buckypaper (BP) and SWCNT-TPU nanocomposite sheets by Raman spectroscopy: Comparison of representative Raman 

spectra with typical RBM, G, D, and G’ bands for SWCNT (a) with zoomed region showing D & G band region (b) and RBM region (c). (d) shows summary of 

G-band maximum position and ID/IG. (e) and (f) show the G and RBM regions, respectively, for all individual spectra measured at multiple spots on each sample.
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Table S2. Recent advances in thermoelectric properties of carbon nanotube/TPU based composites based on literature reports

Sample Filler  Content Processing σ S PF ZT E σfail εfai

l

Ref.

(wt%) (S cm-1) (μV K-1) (μW·m-1·K-2) (-) (MPa) (MPa) (%)
MWCNT/PEDOT:PSS/PU MWCNT CoMoCAT® 20 Solution 

Processing
1.4 10 1.4 _ _ _ _ [2]

PPBHI/SWCNT/PUBIII SWCNT TuballTM 10 Drop casting 110 24 5.2 × 10-1 _ _ _ 3.8 [3]

PEDOT:PSS/CNT/WPUIII SWCNT
Chengdu Organic Chemicals 

50 Drop casting 19 31 _ _ _ _ 400 [4]

MWCNT/TPU MWCNT Nanocyl® 
NC7000

5 Melt Mixing 0.45 8.5 4 × 10-3 _ 25 9.5 154 [5]

MWCNT/TPU L-MWCNT Nanocyl® 5 Melt Mixing 0.94 18.5 4 × 10-2 1.42 × 10-5 28.5 10.4 161 [5]
MWCNT/PVAIV/PU MWCNT

Chengdu Organic Chemicals 
Wet 

Spinning
4 17 1.16 × 10-1 _ _ _ _ [6]

SWCNT/PVA/PU SWCNT
Chengdu Organic Chemicals 

Wet 
Spinning

10 19 3.6 × 10-1 _ _ _ _ [6]

SWCNT/PVA/PU SWCNT
Nanjing XFNANO Materials 

Wet 
Spinning

9 38 1.3 _ _ _ _ [6]

PEDOT:PSS/CNT/PCLV/
PU

SWCNT
Chengdu Organic Chemicals 

7:3 
(PEDOT:PSS)

:(SWCNT)

Electro-
spinning and 

filtration

16 35 1.9 _ _ _ 400 [7]

Graphene/CNFVI/TPU Direct Ink 
Writing

_ 30.8 _ _ _ _ _ [8]

SWCNT/PVPVII/PU SWCNT
Chengdu Organic Chemicals 

7:3 
(SWCNT): 

(PVP)

Electrospin-
ning/Spray 
Technology

20 51 5 _ _ _ 250 [9]

SWCNT/TPU SWCNT TuballTM 50 (15 vol%)

90 (16 vol%)

Solution 
Mixing/one 

step 
filtration

133

157

65.5

64.5

56.9

65.4

2.4 × 10-3

2.9 × 10-3

1773

576

80

14

41

11

This 
work

I Polymer particles bearing many small bumps and crosslinkable hydroxyl groups on their surfaces (PPBH). II A waterdispersible polyurethane with blocked terminal isocyanate groups (PUBI). 
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III Waterborne polyurethane. IV Poly(vinyl alcohol). V Polycaprolactone. VI Carbon nanofiber. VII Polyvinyl pyrrolidone
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