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Fig. S1. Photographs of (a) masks and (b) SRF pellets used in pyrolysis.

Fig. S2. Product yields of SRF and mask waste after pyrolysis at 800 °C.
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Fig. S3. SEM images of the as-prepared (a) CoMo/MgO and (b) FeMo/MgO catalysts.

Fig. S4. XRD patterns of the as-prepared CoMo/MgO and FeMo/MgO catalysts.
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Fig. S5. HAADF-STEM and EDS mapping images of the spent catalysts (S-CoMo, S-
FeMo, M-CoMo, and M-FeMo) after CVD.
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Fig. S6. Low-frequency Raman spectra of the plastic-derived CNTs on the spent 
catalysts. 

Fig. S7. Mass ratios of amorphous carbon and filamentous carbon in the spent 
catalysts calculated using the TPO and derivative TPO profiles.
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Fig. S8. (a) TEM image, (b) Raman spectrum, (c) TPO and derivative TPO profiles, and 
(d) mass ratios of the amorphous and filamentous carbon in commercial CNTs (C-
CNTs). 
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Fig. S9. SEM images of the electrode surfaces with the different types of CNTs: (a) C-
CNT, (b) FeMo-CNT, and (c) CoMo-CNT.

Fig. S10. First discharge-charge profiles at 0.1 C of each electrode at ratios of (a) 85 : 
5 : 10 and (b) 94 : 2 : 4.
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Table S1. Results of the ultimate and proximate analyses of masks and SRF (dry basis). 

Feedst
ock

Ultimate analysis (wt.%) Proximate analysis (wt.%)

C H Oa N S Cl
Volatil

es
Moistur

e
Ash

Fixed 
carbon

Masks
79.1–

80.7

12.2–

12.4

5.8–

7.3

0.5–   

0.7
0 0

87.2–

88.8

0.3–   

0.5

0.5–

0.8

10.4– 

11.0

SRF
57.9–

61.4

7.3–

8.0

21.5–

24.8

0.2–   

0.3

0–   

0.1

0.3–

0.5

81.0–

84.3

4.1–   

4.6

8.6–

9.2

3.7–   

4.0

aCalculated as [O] = 100% ‒{[C]+[H]+[N]+[S]+[ash]}.

Table S2. Composition of gas (vol.%) obtained by pyrolysis of the mask waste and SRF.

Components Mask gas SRF gas

CH4 4.62–4.63 1.76–1.79

C2H4 4.04–4.07 1.47–1.51

C2H2 0.09–0.10 0.08

C2H6 0.33–0.35 0.11

C3H6 (Propylene) 0.84–0.89 0.20–0.22

C3H8 0.02 -

C3H4 (Propadiene) 0.03 0.01

C3H4 (Propyne) 0.05 0.01

i-C4H8 0.12 0.02

C4H8 (1-Butene) 0.21 0.06

C4H8 (trans-2-butene) 0.01 -

C5H10 (1-pentene) 0.08–0.09 0.02

C5H10 (2-methyl-2-butene) 0.03–0.04 0.01

H2 2.28–2.29 1.31–1.56

CO 0.96–0.97 1.68–1.73

CO2 0.52 1.12–1.14

N2 85.65–85.73 91.83–92.11



S9

Table S3. Results of elemental analysis using SEM-EDS, surface area, and pore volumes 
of the as-prepared CoMo/MgO and FeMo/MgO catalysts.

SEM-EDS
Catalyst

Co (wt.%) Fe (wt.%) Mo (wt.%)
SBET (m2 g–1) Pore volume (cm3 g–1)

CoMo/MgO 8.8 - 2.9 37.9 0.351

FeMo/MgO - 2.7 21.1 27.1 0.209

Table S4. Effect of catalysts on the composition of pyrolysis gas (vol.%) generated from 
masks (denoted as “Mask” or “M-”) and SRF (denoted as “SRF” or “S”) on N2-free basis. 
After CVD was conducted, the type of catalyst (CoMo or FeMo) is given after the 
hyphen.

Components Mask M-CoMo M-FeMo SRF S-CoMo S-FeMo

CH4 32.28–32.36 32.82–33.10 17.17–17.47 21.58–22.25 21.66–22.06 17.21–18.10

C2H4 28.34–28.38 8.14–8.20 0.50–0.54 18.03–18.83 7.92–8.07 3.95–4.13

C2H2 0.61–0.67 1.40–1.42 0.01–0.02 0.92–0.98 1.49–1.50 0.09–0.12

C2H6 2.29–2.31 0.24–0.26 0.06–0.07 1.35–1.41 0.08–0.10 0.07–0.08

C3H6 (Propylene)
6.04–6.08

0.07–0.08 - 2.52–2.63 0.05 0.02

C3H8 0.13–0.14 - - 0.05–0.06 - -

C3H4 (Propadiene) 0.20 0.01 - 0.08–0.09 0.01 -

C3H4 (Propyne) 0.35–0.37 0.02 - 0.15–0.16 0.01–0.02 -

i-C4H8 0.79–0.82 - - 0.19–0.20 - -

C4H8 (1-Butene) 1.44–1.46 0.08–0.09 - 0.77–0.81 0.07–0.08 0.02–0.03

C4H8 (trans-2-

Butene)
0.03–0.04 - - 0.02 - -

C5H10 (1-Pentene) 0.58–0.61 0.01–0.02 - 0.27–0.29 - -

C5H10 (2-Methyl-2-

butene)
0.23–0.25 - - 0.08–0.09 - -

H2 15.93–16.04 45.50–46.52 69.83–70.31 16.56–19.06 35.58–36.81 40.63–42.53

CO 6.70–6.73 7.96–7.99 11.09–11.26 20.97–21.48 23.78–25.52 34.26–35.08

CO2 3.61–3.68 2.70–3.33 0.79–0.87 13.92–14.24 7.51–7.55 1.84–1.85
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Table S5. Characteristics of the mask-derived and commercial CNTs and commercial 
carbon black.

Sample
Average diameter 

(nm)
ID/IG ratio

CNT purity 
(%)

Surface area 
(m2 g–1)

FeMo-CNT 5.4 0.28 97.9 271.0

CoMo-CNT 3.5 0.27 98.3 207.4

C-CNT 6.1 1.55 98.7 246.8

Super P - - - 63.3
aID represents the intensity of the D-band in the Raman spectrum. 
bIG represents the intensity of the G-band in the Raman spectrum.

Table S6. First discharge-charge capacity and initial coulombic efficiency (ICE) of the 
85 : 5 : 10 electrodes with different carbon materials.

First charge capacity 

(mAh g–1)

First discharge capacity

(mAh g–1)

ICE

(%)

C-CNT 199.7 189.6 94.9

Super P 207.3 195.7 94.4

FeMo-CNT 210.2 197.6 94.0

CoMo-CNT 172.8 154.5 89.4

Table S7. First discharge-charge capacity and ICE of the 94 : 2 : 4 electrodes with 
different carbon materials.

First charge capacity 

(mAh g–1)

First discharge capacity 

(mAh g–1)

ICE 

(%)

C-CNT 191.4 178.8 93.4

Super P 148.0 67.5 45.6

FeMo-CNT 196.9 184.2 93.6

CoMo-CNT 171.2 153.9 89.9


