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Supplementary Fig. 1: XPS analysis of (a) carbon collected after 10 cycle and (b) model
MWCNTSs. The contribution of each carbon type to the experimental spectra is fit in the
dash lines. As observed, sp? and sp® carbon atoms are dominant in both samples with the
sharp peaks centred at 284.7 and 285.2 eV, respectively. The characteristic shake-up line of
carbon in T — T* transition is observed at ca. 290.9 eV*? in both samples, suggesting the

produced carbon is primarily MWCNTSs.
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Supplementary Fig. 2: Raman spectrum. (a) Resulting carbons throughout 10 successive
cycles of HDPE decomposition using FeAlOy catalysts. The Raman spectroscopy reveals
characteristic D-band and G-band at around 1318 cm™ and 1590 cm™, respectively. (b)
Model carbon materials. Compared to the Ip/lc of model carbon materials, the produced
carbon has an Ip/lg value ranging from 1.06 to 1.13 (except cycle 1) that is very close to
MWCNTs and GNPs, indicating the formation of carbon in aromatic ring structure and it is a
fair assumption that the produced carbon is primarily MWCNTSs. In comparison, Ip/lg of
sample after cycle 1 is 1.36 which is ascribed to the presence of other forms of carbon such
as carbon black etc.
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Supplementary Fig. 3: Thermogravimetric analysis (TGA) of representative spent
FeAlOy catalysts. (a) Derivative plots of temperature programmed oxidation (TPO). (b)
Weight loss. The labelled 10s and 20s are the sample exposed to microwave irradiation
for 10 and 20s, respectively. The plastic here is HDPE and presented as a reference.
Peaks other than plastic obtained in the sample of 10s and 20s at lower temperature
indicate the production of intermediates in the reactions. These corresponding to the
weight loss observed in (b). No such compounds are found in the spent sample.
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Supplementary Fig. 4: A conventional thermal system configuration, heating by an electric
furnace.
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Supplementary Fig. 5: Energy-dispersive X-ray spectroscopy (EDS) mapping of the
elemental species on the surface of fresh FeAlOy catalysts before microwave activation. (A)
SEM (backscattered electron) morphology, (B) Fe map, (C) Al map, (D) O map, and (E) C
map.
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Supplementary Fig. 6: (a-d) Scanning electron microscope (SEM) images and (e-i) Energy-
dispersive X-ray spectroscopy (EDS) mapping of the elemental species on the surface of
spent FeAlOy catalysts after first cycle of decomposition of high-density polyethylene
(HDPE). (c, d) Some amorphous carbon observed was highlighted in blue circles. (e) SEM
(backscattered electron) morphology, (f) Fe map, (g) Al map, (h) O map, and (i) C

map. Unlike the samples of cycle 10 (Supplementary Fig 6) which were almost covered by
carbon, active Fe and other elements such as O and Al were also detected in cycle 1.
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Supplementary Fig. 7: (a-d) Scanning electron microscope (SEM) images and (e-h)
Energy-dispersive X-ray spectroscopy (EDS) mapping of the elemental species on the
surface of spent FeAlOy catalysts after 10 successive cycles of decomposition of high-
density polyethylene (HDPE). (c, d) As a general observation, the produced carbon nano-
materials were grown as bulks of filamentous carbon clusters. (e) SEM (backscattered
electron) morphology, (f) Fe map, (g) C map and (h) Al map. Nearly only MWCNTSs was
observed after 10 cycles.



Supplementary Fig. 8: Transmission electron microscopy (TEM) images of produced
carbon nanotubes in spent samples after 10 successive cycles of decomposition of high-

density polyethylene (HDPE). The formed MWCNTSs has outer diameters of ca. 20 nm, with
inner diameters of ca. 6 nm.



Supplementary Table 1: Experimental results for the microwave-driven decomposition
of high-density polyethylene (HDPE) using different microwave susceptor catalysts.

FeNiAIOx  FeCoAIlOx

Fe Fe,O: Fes0s FesC Ni Co C0304 L1:1:1)"  (L1:1:1)"

Evolved gas composition (Vol. %)

He 429 613 695 397 223 712 640 727 73.3
CH. 208 34 46 199 238 82 48 131 4.2
Cor 337 76 40 389 508 185 7.1 31 3.2
co 22 245 205 13 29 19 205 9.1 171
CO: 04 31 14 02 03 02 36 2.0 21

H. yield
(mmol- 90 191 297 40 30 171 351  23.6 34.1
g;_zllastic)
Gasyield 500 391 418 169 283 229 644 258 41.7
(wt.%)
Solid
yield 548 548 548 548 379 711 313 781 53.9
(wt.%)

Qil yield
wiop 122 61 34 283 338 59 43 ) 4.4
Mass

balance 87.8 939 966 717 662 941 957  103.9 95.6
(%)

* The numbers in parentheses refer to the mole ratio of Fe:Ni/Co:Al:citric acid.

10



Supplementary Table 2: Experimental results for the microwave-driven decomposition
of high-density polyethylene (HDPE) using different supported Fe-based microwave
susceptor catalysts and also different carbon materials.

Fe/AC®  Fe/SiC® Fe/Al,Oz38 (gszzliTB;s s AC" GNPs"  Graphite
Evolved gas composition (Vol. %)
He 623 421 53.1 42.6 51.2 508 28.2
CHa 20.7 245 185 12.9 241 30.4 27.3
Cor 9.6 31.1 24.4 43.2 214 1338 425
co 7.2 2.3 3.9 12 26 44 14
CO:» 0.2 0.1 0.1 0.2 08 06 0.6
H. yield
(mmol- 232 4.2 12.9 11.6 57 83 4.3
g;llastic)
Gasyield 552 148 31.0 51.5 148 19.3 29.1
(wt.%)
Solid
yield 49.0 645 53.0 225 58  65.6 66.2
(wt.%)
Oilyield 4,7 207 16 25.9 377 151 4.8
(wt.%)
Mass
balance 85.3 79.3 84.0 74.1 62.3 84.9 95.2
(%)

8The Fe loading for all the supported Fe catalysts are 40 wt.%.

* ACs refers to activated carbons and GNPs refers to graphene nanoplatelets.

4+ MWCNTSs had been also tested for HDPE decomposition under microwave irradiation.
Unfortunately, no reaction was observed over MWCNTS.
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Supplementary Table 3: Experimental results for 5 successive cycles of the
microwave-driven decomposition of milk bottles (High density polyethylene, HDPE)
using FeAlOy catalysts.

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5
Evolved gas composition (Vol. %)
Ho 74.3 88.0 83.1 82.6 78.4
CH, 5.8 5.0 7.8 8.1 5.9
Cox 2.8 0.9 3.4 3.5 10.4
Cco 15.2 5.3 51 5.2 4.9
CO:2 1.8 0.9 0.5 0.6 0.4
H2 yield
1 55.6 50.5 40.4 38.8 35.0
(m mol 'gplastic)
Gas yield
(WE.%) 62.7 27.3 28.4 28.0 34.2
Solid yield
(Wt.%) 35.1 73.1 72.0 68.1 63.1
Oil yield
(WE.%) 2.2 ¢) ¢) 3.9 2.6
Mass balance o, g 100.4 100.4 96.1 97.4
(%)
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Supplementary Table 4: Experimental results for 5 successive cycles of the
microwave-driven decomposition of waste packaging (polypropylene, PP) using
FeAlOx catalysts.

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5
Evolved gas composition (Vol. %)
H> 73.7 81.5 81.8 78.2 77.0
CHa 7.4 6.4 11.9 7.8 9.6
Cox 3.4 1.7 0.9 9.3 9.8
CO 14.2 9.6 4.8 4.4 3.4
CO:2 1.3 0.8 0.7 0.2 0.1
H2 yield
1 50.2 51.4 45.6 40.3 40.1
(m mol 'gplastic)
Gas yield
(Wt.%) 57.3 39.1 30.4 39.3 40.1
Solid yield
(WL.%) 36.3 60.4 65.4 57.8 54.3
Oil yield
(WE96)* 6.4 0.5 4.2 2.9 5.5
Mass balance
93.6 99.5 95.8 97.1 94.5
(%)
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Supplementary Table 5: Experimental results for 5 successive cycles of the
microwave-driven decomposition of waste plastic foam (polystyrene, PS) using
FeAlOx catalysts.

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5
Evolved gas composition (Vol. %)
H> 76.1 81.3 82.9 82.7 81.0
CHa 7.8 6.4 6.7 6.7 7.7
Cox 2.2 1.8 1.6 1.8 2.3
CO 125 9.6 8.2 8.1 8.3
CO:2 14 0.9 0.5 0.7 0.7
H2 yield
1 23.1 20.4 24.5 22.4 26.9
(m mol 'gplastic)
Gas yield
(Wt.%) 22.9 15.7 16.9 15.7 20.4
Solid yield
(WL.%) 75.9 83.3 79.6 81.7 75.2
Oil yield
(WL.%) 1.2 1.1 3.5 2.5 4.4
Mass balance
98.8 98.9 96.5 97.5 95.6
(%)
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Supplementary Table 6: Experimental results for the microwave-driven decomposition
of waste plastic mixtures using FeAlOy catalysts.

PE-PP:PS Evolved gas composition H. yield Gas Solid il Mass
(Wt.%) (Vol.%) (n_ﬁinol- yield yield yield  balance
Hz CH4 C2+ CO COz gplastic) (Wt-%) (Wt-%) (Wt-%) (%)
90:5:5 664 60 70 188 1.8 36.7 58.5 40.3 1.1 98.9
75:20:5 718 44 50 16.8 2.0 39.0 51.2 58.0 ) 109.2
45:45:10 734 42 42 164 1.8 36.1 44.1 59.7 ) 103.7
20:75:5 731 7.9 54 112 25 41.3 50.7 49.9 ) 100.5
25:25:50 752 7.6 24 129 1.8 30.7 32.5 61.8 5.7 94.3
Waste PE
plastic 758 40 4.0 147 15 47.3 51.3 454 3.3 96.7
bags
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Supplementary Table 7: Comparison of catalytic performance of hydrogen production from plastic waste with other methods.

_ - : : .
Type of Typeof Temp. Steam Evolved gas composition (Vol.%) Ha yield Qas Sphd Qll
Reactor Catalyst lasti oc YIN (mmol-g:2 yield yield yield Ref.
eacto plastic ( ) ( ) H, CHa Co+ CcO CO, gplastic (W'[.%) (Wt.%) (W'[.%)
743 58 28 152 18 55.5 627 351 2.2
Real- 880 50 09 53 09 50.5 273 731 0
Microwave o\, world 300 — No 831 7.8 34 51 05 405 284 72,0 o This
reactor waste 380 work
plastics 826 8.1 35 52 0.6 39 28.0 68.1 3.9
784 59 104 49 04 35 342 631 2.6
Sand 247 494 223 30 07 8 50.5 2.2 27.8
Ni/y- Al20s 526 396 1.9 45 14 225 418 211 364
Ni/a- Al2O3 484 411 40 55 09 18 39.6 261  37.8
Fely- A2O3 No 575 358 14 46 07 23 353 326 362
Fela- Al2O3 800 576 341 28 48 06 20.5 324 352 325
Two-stage - Real-
fixed bed Ni-Fely- world 629 272 27 62 10 32 430 407 196 3
Al203 waste
reactor .
plastics
Ni-Fe/y- Yes
629 66 09 281 1.6 925 1644 35 1201
AlzOs S/P=2.6*
Ni-Fely- 700 665 214 57 52 11 27 341 432 238
Al>O3
: No
N;E (e)/: 900 722 208 02 60 08 435 416 440 168
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Ni—-Mn-Al

Two-stage  catalyst Egﬁg 800 No 76.6 159 02 69 04 14 46.1 480
fixed bed ¢
reactor Ni=Mn—Al waste
catalyst plastics 800 Yes 63.4 7.4 0.3 241 4.8 235 170.1 19.0
Ni Al2O3 36.6 236 39.8 61.2 26.6 12.2
Two-stage Fe Al2Os 50.6 19.8 29.6 55.7 18.4 26.0
fixed bed LDPE 800 No
reactor Co Al203 31.3 24.9 43.8 60.2 29.8 9.9
Cu Al203 26.0 26.6 474 60.4 31.9 7.7
Fe-SiO2-S 417 39.1 1338 5.3 154 49.2 26
Two-stage Fe-SiO2-L 50.3 22.7 19.2 7.8 25.6 63.9 29
fixed bed PP 800 No
reactor Ni-SiO2-S 422 435 11 3.3 18.1 51.2 16
Ni-SiO2-L 47.7 383 7.6 6.3 22.6 52.5 16
Two-stage  Ru/y—Al203 580 69.2 5.2 24.9 130
fixed bed PS ——  Yes
reactor RU/Y—A|203 680 68.3 10.2 21.1 159
Ni—Zn-Al 52.7 134 9.4 195 5.0 46 120.9 10.0
Ni—-Mg-Al 56.9 9.8 2.8 26.9 3.5 75.5 168.4 3.5
Two-stage
fixed bed Ni—Ca-Al PP 800 Yes 58.3 9.4 4.3 23.7 4.4 68.5 148.2 9.5
reactor i
Ni—Ce-Al 55.6 10.6 5.0 24.9 3.9 63 148.6 8.0
Ni—-Mn-Al 62.7 9.2 1.8 20.9 5.4 715 131.1 23.0
Two-stage NiMnAl444 75.6 127 1.6 9.1 1.0 37.2 34.6 57.7 6.3
fixed bed PP 800 Yes
reactor NiMnAl424 70.8 9.6 0.4 166 2.7 56.6 71.2 46.6 7.0

* S/P: Steam to plastic ratio
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Supplementary Table 8: Experimental results for the microwave-driven decomposition
of high-density polyethylene (HDPE) using FeAlOy catalysts which had been prepared
by varying the molar ratio of Fe/Al/citric acid.

'r\g(:::i 10:1:1 10:5:1 10:5:5 10:8:2 10:8:10 10:10:10 10:10:5 10:14.5 10:21.5
Evolved gas composition (Vol. %)

Ho 64.0 54.1 66.2 72.8 71.4 74.3 77.6 71.1 62.2
CH4 2.2 9.2 10.3 5.9 11.1 5.8 4.2 6.9 10.9
Co+ 2.3 20.5 12.0 2.9 5.8 2.8 6.1 6.8 8.3
CO 29.0 15.4 10.7 16.5 10.6 15.2 11.8 13.2 16.8
CO; 2.5 0.8 0.8 1.9 1.1 1.8 0.4 1.9 1.7

H. yield
(mmol- 40.7 20.8 34.9 40.9 457 55.6 23.8 25.3 18.3
g;llastic)
Gasyield ., 531 535 495 559 62.7 237 329 325
(wt.%)
Solid
yield 20.5 47.2 46.6 58.4 35.1 35.1 68.3 68.2 74.0
(wWt.%)
Oil yield
(WL.9%) 5.6 ) ) ) 8.9 2.2 8.0 ) )
Mass
balance 94.4 100.3 100.1 107.9 91.1 97.8 92.0 101.1 106.6
(%)

T The molar ratio indicates the molar ratio of Fe:Al:citric acid, and also gives the amount of
Fe(NO3)3-9H-0, AI(NO3)s-9H.0 and citric acid used when preparing the catalysts.
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Supplementary Table 9: Comparison of microwave and conventional thermal decomposition
of HDPE using FeAlOx catalysts. The temperature used for thermal experiments were 550 °C
and the highest temperature recorded under microwave was ca. 350 °C.

Thermal Microwave
Evolved gas composition (Vol. %)

H: 40.7 74.3
CH,4 14.5 5.8
Cox 37.8 2.8
CO 2.6 15.2
CO2 4.4 1.8
Hz yield (mmol-g; ki) 4.3 55.6
Gas yield (wt.%) 21.8 62.7
Solid yield (wt.%) 12.3 35.1
Oil yield (wt.%) 66.0 2.2
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Supplementary Table 10: Experimental results for the microwave-driven
decomposition of HDPE using FeAlOx catalysts with different starting weight ratio of
HDPE and FeAlOy catalysts.

Weight Evolved gas composition .
ratio (Vol.%) Hyyield  Gas Solid oil Mass
(HDPE: (mmol-  vyield yield yield  balance

Catalysts H, CHs; Cp CO COz Iplastic) Wt%) — (Wt%)  (wt.%) (%)
)

03:1 681 34 21 221 43 455 71.4 32.3 ) 103.7
1:1 743 58 28 152 18 556 62.7 35.1 2.2 97.8
221 720 28 06 230 16 50.3 64.2 37.7 ) 102.0
331 700 7.2 112 112 0.3 352 50.2 45.1 4.7 95.3
51 691 50 60 178 22 251 36.6 49.6 13.8 86.2

>10:1 * )

* by the mixing weight ratio (HDPE : FeAlOy catalysts) over 10, negligible gas was produced
and instead, waxes are produced.
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Supplementary Table 11: Experimental results for 10 successive cycles of the

microwave-driven decomposition of milk bottles (High density polyethylene, HDPE)
using FeAlOx catalysts.

Evolved gas composition H2 _ _
(Vol.%) yield Qas Sglld Qll Mass
(mmol. yield yield yield  balance
Hp CHs; Cx CO CO: g;zlastic (Wt.%) (wt.%) (wt.%) (%)
Cyclel 743 58 28 152 1.8 55.6 62.7 35.1 2.2 97.8
Cycle2 880 50 09 53 09 50.5 27.3 73.1 ) 100.4
Cycle3 831 78 34 51 05 40.4 28.4 72.0 ) 100.4
Cycle4 826 81 35 52 0.6 38.8 28.0 68.1 3.9 96.1
Cycle5 784 59 104 49 04 35.0 34.2 63.1 2.6 97.4
Cycle6 76.7 9.8 9.2 39 03 34.1 32.6 66.2 1.2 98.8
Cycle7 65.7 171 148 23 0.1 21.1 30.3 64.7 4.9 95.1
Cycle8 615 188 168 27 0.1 18.4 30.5 64.2 5.3 94.7
Cycle9 526 219 235 18 0.2 15.1 35.7 57.6 6.7 93.3
Cycle10 416 273 287 23 0.1 8.9 31.8 63.7 4.4 95.6
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