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Biochar catalyst characterizations

Elemental analysis of biochar catalysts was conducted in a 2400 Series II CHN/O Elemental
Analyzer (PerkinElmer, USA).

N, adsorption/desorption isotherms were obtained by employing a physisorption analyzer
(Micromeritics R TristarIl 3020) to analyze the porous characters of biochar catalysts.

NH; temperature-programmed desorption (NH;-TPD) was performed using a Micromeritics
Autochem 2920 instrument. The analysis conditions of that were as follows. Initially, an
approximate 0.1 g sample was purged at a flow of Ar/He gas (5%/95%, 50 mL/min) at 300 °C for
1 h. After cooling down to the room temperature, the sample was saturated with 10% NHs/He for
1 hat 100 °C. After saturation, the sample was purged with Ar/He gas (5%/95%, 50 mL/min) until
no NHj was detected in the outlet gas. The desorption was performed by ramping the temperature
up to 400 °C at a heating rate of 10 °C/min.

The complete mineral profile analysis (including Ca, P, K, Fe, Mg, Mn, S, Cu, Zn, Na, Al)
was implemented by CEPS central analytical laboratory at the University of Arkansas,
Fayetteville, AR, USA.

Scanning electron microscope (SEM, TESCAN VEGA3) and Scanning electron microscope-
energy dispersive X-ray (SEM-EDX, TESCAN VEGA3) was used to identify the surface
morphology of biochar catalysts.

Fourier-transform infrared spectroscopy (FT-IR) of biochar was obtained with an IR Prestige
21 spectrometer in attenuated total reflection (ATR) mode (Shimadzu, Japan). The spectra were
recorded at a range of 500-4500 cm™! at a resolution of 8 cm™! using a combined 64 scans.

Thermo-gravimetric analysis (TGA) was carried out in a Mettler Toledo unit. The biochar
samples were placed in a crucible to ascertain uniform heating and kinetic control during the
degradation process. N, was employed to create the inert conditions at a flow rate of 50 ml/min.

Then the samples was heated from room temperature to 600 °C at the ramping rate of 60 °C/min.
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Fig. S1 FT-IR spectra of fresh and reused corn stover and Douglas fir derived biochars.
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Fig. S2 TGA profiles of biochar catalysts: (A) corn stover derived biochar; and (B) Douglas fir

derived biochar.



Fig. S3 EDS surface element analysis: (A) corn stover derived biochar; and (B) Douglas fir
derived biochar.
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Fig. S4 Liquid product compositions of model LDPE pyrolysis over corn stover derived biochar:
(A) Compositions change along with different biochar/LDPE ratios (1.6, 2.5, 3, 4, and 4.4) at a
fixed temperature of 600 °C. (B) Compositions change along with different temperatures (529,
600, 625, 650 and 671 °C) at a fixed biochar/LDPE ratio of 3.

Note: (A) shows the effects of biochar to LDPE ratios on liquid compositions, it can be seen that
the content of C8-C16 aliphatics went up with the increasing biochar to LDPE ratios, and then
declined after the ratio exceeding 3. This was attributed to the increasing content of mono-aromatic
hydrocarbons at higher biochar to LDPE ratios. At the temperature of 650 °C, the content of
monocyclic aromatic hydrocarbons in Run 1, Run 8 and Run 17 were respectively about 70%,
58% and 65%, suggesting that the higher biochar to LDPE ratio gives more monocyclic aromatics
formation. The content of C17-C23 aliphatic hydrocarbons was declined from about 23% (Run
12) to 11% (Run 7) with the increasing biochar to LDPE ratios from 1.6 to 4.4. With the
temperature increasing, as shown in (B), the content of both C8-C16 and C17-C23 aliphatic
hydrocarbons decreased because of the sharp increasing content of monocyclic aromatics,
indicating that high temperature favors enhancing the production of aromatics. And when the
temperature increased to 671 °C in Run 6, about 4.6% of dicyclic and more than 95% of
monocyclic aromatic hydrocarbons have been produced in the liquid product.
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Fig. S5 Gas product compositions of model LDPE pyrolysis over corn stover derived biochar: (A)
Compositions change along with different biochar/LDPE ratios (1.6, 2.5, 3, 4, and 4.4) at a fixed
temperature of 600 °C. (B) Compositions change along with different temperatures (529, 600, 625,
650 and 671 °C) at a fixed biochar/LDPE ratio of 3.

Note: In (A), it was found that the generation of H, was enhanced by rising biochar to LDPE ratios
from 1.6 to 4 at the expense of the H atom, leading to the reducing concentration of CH4. With the
temperature increasing, as (B) introduces, a gradual decrease of H, concentration appeared, which
can be explained that random bond scission has been strengthened with more formation of -CH,

or -CHj radicals at high catalytic temperatures, meanwhile resulting in a higher content of CHy,
C, and C; gas.
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Fig. S6 Liquid product compositions of model LDPE pyrolysis over Douglas fir derived biochar:
(A) Compositions change along with different biochar/LDPE ratios (1.6, 2.5, 3, 4, and 4.4) at a
fixed temperature of 600 °C. (B) Compositions change along with different temperatures (529,
600, 625, 650 and 671 °C) at a fixed biochar/LDPE ratio of 3.

Note: As shown in (A), when the biochar to LDPE ratio increased from 1.6 to 4.4, , the C8-C16
content kept at about 50% and the only small difference was observed, and the content of
monocyclic aromatics was increased from 25% (Run 12) to 33% (Run 7). A higher ratio of biochar
to LDPE resulted in the decline of C17-C23 content from 23.5% to 17.5%. (B) presents the effects
of temperature, and the content of C8-C16 aliphatic and monocyclic aromatic hydrocarbons were
respectively changed from about 50%, 20% to about zero, 83%. The content of C17-C23 aliphatic
hydrocarbons was also reduced dramatically as the temperature went up.
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Fig. S7 Gas product compositions of model LDPE pyrolysis over Douglas fir derived biochar: (A)
Compositions change along with different biochar/LDPE ratios (1.6, 2.5, 3, 4, and 4.4) at a fixed

temperature of 600 °C. (B) Compositions change along with different temperatures (529, 600, 625,
650 and 671 °C) at a fixed biochar/LDPE ratio of 3.

Note: (A) and (B) express the effects of catalytic temperature and biochar to LDPE ratio on gas
compositions. Similar to the pyrolysis process over corn stover derived biochar, H, content got a
moderate increase with the decline of CH,4 generation, and then experienced almost a stable level
of concentration after biochar to LDPE ratio being above 4. In terms of temperature factor, there
were no regular variations observed for both H, and CH4. On the whole, however, H, content

displayed a downward trend as the temperature moved up, which was contrary to the CH, and
other gas compounds.
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Fig. S8 Response surface and contour line for product yield (a: liquid, b: gas) with respect to
temperatures and corn stover derived biochar to model LDPE ratios.

Note: The liquid product yield increased with the decrease of temperatures or biochar to LDPE
ratios. However, temperatures lower than 550 °C resulted in the severe formation of solid wax
(Run 9 and Run 11), which indicates that the temperature was of great importance in the LDPE
pyrolysis because higher temperature intensified the bond dissociation of pyrolytic volatiles
towards light fractions. It should be noted that high temperatures could reduce the yield of the
liquid product with a rapid increase in gas yield. As (b) shows, more than 70 wt.% yield of gas
product was observed with full ranges of biochar to LDPE ratios when the temperature was at 650
°C or higher.
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Fig. S9 Response surface and contour line for product yield (a: liquid, b: gas, c: wax) with respect

to temperatures and Douglas fir derived biochar to model LDPE ratios.

Note: The maximum liquid yield lied in the temperature of around 600 °C, and the liquid yield
would decrease as the temperature increased, which was attributed to the enhanced bond scission
at the temperature of more than 610 °C. This can also be illustrated that the yield of gas has

10



increased to more than 80 wt.% at the catalytic temperature of 650 °C. The temperature had a
significant influence on the yield. And at the fixed temperature, the biochar/ratio impacted slightly
on wax yields.
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Table S1 Liquid product compositions of model LDPE pyrolysis over corn stover derived biochar.

Liquid compositions/area%

) Mono Di-
Ru Octa Octe None Dec Dece Und = Und  Dod  Dod  Trid Tride Tetrad Tetr  Penta  Hex  Hex - aro Ci7-  Other
n e ne ne ane he ccan ecen ecen ecan ecen adec decen adec adec Jroma  mati Cos S
e e e e e ane e ene  ane tics cs
1 433 319 0.00 000 636 000 312 441 000 238 000 247 000 0.00 223 000 6945 000 2.06 0.00
2 561 535 874 257 781 204 533 469 181 339 000 464 151 382 373 000 1788 0.00 19.16 1.92
3 6.00 533 11.13 273 8.01 200 456 416 161 288 000 387 000 315 3.11 0.00 26.06 0.00 1272 2.70
4 254 242 464 180 6.58 221 564 510 214 567 209 605 202 755 0.00 215 000 0.00 3413 7.26
5 547 584 11.67 192 781 167 517 426 140 3.17 0.00 430 0.00 360 347 0.00 1839 0.00 1857 3.27
6 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 000 000 000 000 0.00 000 0.00 0.00 9536 4.64 000 0.00
7 564 456 1088 215 7.54 179 420 4.06 146 267 0.00 353 0.00 284 285 0.00 32.18 0.00 11.12 2.3
8 000 157 000 000 722 150 359 394 0.00 246 0.00 292 0.00 236 244 0.00 57.89 0.00 891 5.20
9 273 244 400 0.00 573 214 495 459 210 510 2.03 557 197 730 490 222 0.00 0.00 3923 298
10 000 565 852 221 7.51 203 508 436 170 3.17 0.00 435 143 361 354 000 13.84 0.00 20.58 1242
11 327 323 458 000 6.15 2.09 515 4.64 0.00 4.18 0.00 562 000 489 490 205 223 000 4396 3.04
12 000 535 1156 184 811 1.62 541 446 0.00 344 0.00 467 0.00 390 3.64 0.00 19.09 0.00 2329 3.63
13 576 536 11.11 197 798 1.78 541 447 148 330 0.00 444 0.00 368 349 0.00 17.59 0.00 18.82 3.36
14 531 520 1214 129 694 146 436 385 131 295 0.00 395 0.00 336 335 000 2379 000 17.77 299
15 6.19 511 881 212 7.71 196 525 464 1.72 336 0.00 434 0.00 356 000 344 21.02 0.00 16.08 4.67
16 000 275 000 000 7.58 166 419 419 132 262 0.00 351 0.00 280 279 0.00 4725 0.00 1054 8.79
17 354 258 288 000 896 0.00 0.00 396 0.00 195 0.00 217 0.00 166 192 000 64.76 0.00 1.93 3.70
18 000 7.01 1256 240 7.72 175 498 4.11 155 336 148 402 147 335 3.10 0.00 22.04 000 17.31 1.77
19 000 829 1435 000 7.73 1.72 5.07 394 152 325 139 392 0.00 323 3.08 0.00 2077 0.00 1749 423
20 0.00 447 1091 1.73 7.55 152 507 439 142 346 0.00 477 0.00 410 396 0.00 2042 0.00 2458 1.64
21  0.00 695 1130 1.70 723 148 4.65 386 132 3.09 0.00 401 0.00 339 326 0.00 2584 0.00 2039 1.54
22 0.00 393 1197 179 7.50 150 489 426 134 333 0.00 438 0.00 374 3.63 0.00 26.14 0.00 18.68 2.94
23 0.00 4.06 1064 214 7.76 1.69 5.10 435 0.00 331 0.00 451 000 380 3.63 0.00 2515 0.00 2070 3.16
24 0.00 4.66 1096 1.69 7.68 1.52 525 438 0.00 342 0.00 466 0.00 395 379 0.00 22.04 0.00 20.17 583
25 0.00 4.53 1035 199 743 147 492 402 0.00 318 0.00 438 0.00 380 3.66 0.00 2326 0.00 2372 3.30
26 0.00 391 1098 2.07 7.51 1.61 473 419 0.00 3.13 0.00 418 0.00 359 3.53 0.00 26.74 0.00 19.27 4.58
27 0.00 426 11.33 0.00 6.67 138 472 405 0.00 318 0.00 444 0.00 383 3.80 0.00 2322 0.00 2488 422




28
29
30
31
32
33
34
35
36
37

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

5.06
3.97
4.54
4.92
4.42
3.93
4.31
4.50
3.31
2.76

11.79
9.59

9.74

10.58
11.14
11.53
12.27
13.53
10.00
10.75

1.69
0.00
0.00
0.00
0.00
0.00
1.96
0.00
0.00
0.00

7.66
7.13
6.89
7.10
7.25
6.92
7.38
7.63
7.29
6.98

1.41
1.40
1.41
1.42
1.45
1.44
1.40
1.45
0.00
0.00

4.89
4.77
4.86
4.72
4.83
4.56
4.69
4.81
5.08
4.25

4.10
4.12
4.18
4.08
4.27
4.17
4.17
4.13
4.52
4.47

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

3.22
4.77
3.33
4.58
3.28
4.57
3.12
4.47
3.55
3.08

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.55
0.00

4.38
4.39
4.73
4.21
4.60
4.25
4.26
4.17
4.57
5.75

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

3.77
5.33
5.33
5.03
5.11
4.79
5.11
4.53
3.81
4.90

3.61
3.90
3.98
3.64
3.77
3.51
4.69
3.28
3.73
3.68

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

22.59
19.95
20.21
23.05
21.92
26.16
21.58
24.07
23.96
26.94

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

21.19
23.97
25.98
21.83
23.21
19.52
20.29
18.60
23.26
21.49

4.65
6.72
4.82
4.84
4.76
4.65
4.77
4.83
5.37
4.95
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Table S2 Gas compositions of model LDPE pyrolysis over corn stover derived biochar.

Gas compositions/vol.%

Run Hz CH4 CO C02 C2 C3 C4+
79.45 15.21 0.42 0.00 2.05 0.68 2.18
78.51 14.55 0.33 0.00 2.29 0.71 3.62
78.65 13.92 0.36 0.01 2.10 0.68 4.28
75.29 12.07 0.53 0.01 5.52 2.52 4.05
66.22 16.52 0.58 0.03 8.98 5.74 1.93
59.92 27.27 0.54 0.00 7.22 2.98 2.07
70.87 18.80 0.65 0.00 5.35 2.30 2.02
62.10 22.53 0.73 0.03 5.70 2.38 6.54
78.35 10.13 0.50 0.01 1.33 0.40 9.27
73.01 19.72 0.47 0.00 1.79 0.54 4.47
73.53 16.31 0.38 0.02 2.27 0.76 6.74
56.06 27.72 0.35 0.19 7.17 4.45 4.04
68.48 24.17 0.54 0.04 2.65 1.00 3.12
63.41 26.10 0.58 0.00 3.79 2.36 3.76
70.79 17.64 0.49 0.05 5.05 3.61 2.37
68.93 25.29 0.57 0.01 2.13 0.71 2.35
67.53 25.95 0.61 0.02 2.74 1.01 2.15
60.31 29.09 0.50 0.04 4.63 1.62 3.82

51.48 32.95 0.33 0.04 6.96 4.45 3.79
56.81 33.97 0.44 0.03 3.06 0.98 4.71
54.06 36.98 0.49 0.02 3.44 1.09 3.93
56.31 35.69 0.36 0.04 2.90 0.87 3.82
54.92 35.76 0.36 0.03 4.17 1.34 3.43
55.26 34.87 0.29 0.03 3.16 0.93 5.46
50.09 39.95 0.39 0.02 3.60 1.17 4.78
50.67 39.37 0.37 0.03 4.06 1.31 4.19

52.12 38.36 0.31 0.02 2.98 0.85 5.35
53.15 38.04 0.40 0.01 3.13 1.01 4.26
55.55 35.09 0.25 0.02 2.61 0.75 5.74
51.45 39.19 0.24 0.05 3.65 1.16 4.26
51.51 39.34 0.28 0.03 3.56 1.11 4.18
48.29 41.28 0.29 0.03 3.98 1.22 4.91
54.05 38.56 0.30 0.03 2.81 0.82 342

51.12 40.58 0.35 0.05 3.68 1.04 3.18
46.78 43.97 0.28 0.03 4.40 1.28 3.26
45.16 40.08 0.28 0.02 8.38 3.01 3.07
53.10 39.07 0.22 0.00 3.20 0.91 3.49
39.56 44.51 0.09 0.13 7.06 3.72 4.93
47.80 44.22 0.00 0.00 4.20 1.35 243

(USIRUSIRUS R USREUS RN US RS B USROS U I (O I (O I NS I (O I NS I NS I NS T (O T NS T (O e e
C X AN N RE OO, O AN N RO, 0O AN N DALV —,O ORI B WD —

Note: Trace amounts of CO, appeared owing to the release of inherent oxygen-containing groups
or adsorbates existing on biochar. The biochar weight reduced slightly before and after the

14



reaction, which may be attributed to the release of some volatile molecules such as water adsorbed
on the surface and inside of biochar or caused by the reaction of VOCs with biochar at elevated
temperatures.
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Table S3 Liquid product compositions of model LDPE pyrolysis over Douglas fir derived biochar.

Liquid compositions/area%

Mon

Octa Octen None Deca Dece Und Und Dod Dod Trid Trid Tetra Tetr Penta Hex Hex o- Di- Ci-  Other
Run ecan ecen ecen ecan ecen ecan decen adec decen adec adec arom
ne e ne ne ne arom . Cys S
e e e e e e e ane e ene ane . atics
1 2.33  0.00 0.00 0.00 000 135 192 0.00 0.00 1.69 0.00 1.80 0.00 0.00 165 0.00 79.14 8.6l 1.51 0.00
2 0.00 3.59 9.06 0.00 7.14 184 519 484 1.63 356 0.00 6.75 0.00 575 397 0.00 1723 0.00 2427 5.17
3 0.00 3.05 9.50 0.00 7.14 158 504 466 0.00 336 0.00 626 0.00 528 3.82 0.00 1995 0.00 2340 695
4 0.00 8.04 6.47 1.84 6.02 197 444 379 175 3.19 000 3.85 0.00 3.14 322 0.00 11.62 0.00 2471 1595
5 0.00 276 1236 0.00 720 170 464 450 147 3.13 0.00 429 0.00 491 336 000 27.79 0.00 1836 3.54
6 0.00 0.00 0.00 0.00 0.00 000 000 0.00 0.00 0.00 0.00 0.00 0.00 000 000 000 8311 1509 0.00 1.80
7 0.00 0.00 11.64 0.00 685 166 429 431 147 277 0.00 3.80 000 458 308 000 3296 000 17.53 5.09
8 2.80  0.00 0.00 0.00 7.67 000 230 0.00 0.00 2.06 0.00 213 0.00 000 203 0.00 68.65 7.61 2.04 271
9 2420 1539 1343 182 542 125 173 126 0.00 0.00 0.00 0.00 0.00 0.00 000 1.61 23.13 000 10.76 0.00
10 293 000 11.12 0.00 7.12 1.67 464 452 000 3.12 0.00 437 000 504 353 000 2571 0.00 19.79 645
11 0.00 7.35 7.94 1.82 684 198 451 384 0.00 3.15 0.00 400 0.00 346 3.51 0.00 11.63 0.00 3524 4.73
12 0.00 285 1007 000 7.00 1.62 482 460 000 328 0.00 465 000 523 373 000 2537 000 2340 3.39
13 0.00 3.44 9.21 0.00 740 178 556 504 0.00 362 000 511 159 568 4.01 0.00 1881 0.00 2353 524
14 000 287 1083 000 698 1.59 458 449 000 3.11 000 448 0.00 512 361 000 2840 0.00 19.14 4.80
15 0.00 332 1079 000 742 176 497 464 154 3.19 0.00 449 000 3.68 362 000 2521 000 2043 496
16 0.00 1.86 0.00 0.00 844 165 423 458 0.00 281 000 392 0.00 456 314 0.00 4561 0.00 13.68 5.54
17  2.01 0.00 0.00 0.00 000 000 000 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 84.17 11.12 0.00 2.70
18 0.00 406 11.09 000 7.19 148 393 420 000 3.00 000 429 134 355 346 0.00 2982 0.00 1942 3.17
19 0.00 455 1048 173 7.09 159 489 447 141 328 0.00 446 000 5.08 347 000 2563 000 2042 1.46
20  0.00 3.18 9.87 1.60 6.68 147 442 441 0.00 3.12 000 583 000 497 353 0.00 2868 0.00 2068 1.57
21 0.00 465 1127 208 838 175 552 491 000 3.53 0.00 495 000 561 511 000 1397 000 23.08 5.19
22 0.00 1327 18.67 0.00 678 0.00 290 2.18 0.00 0.00 0.00 0.00 0.00 0.00 000 000 5354 0.00 0.00 265
23 0.00 4.18 9.23 1.73  7.19 158 508 460 0.00 3.33 0.00 4.63 0.00 503 362 000 2049 0.00 2553 3.78
24 0.00 2.65 10.87 0.00 728 151 472 462 000 3.09 0.00 430 000 359 340 0.00 29.07 000 1851 6.39
25 0.00 3.26 9.45 1.72 703 152 494 473 0.00 333 0.00 474 0.00 527 3.80 0.00 2573 0.00 21.15 3.32
26 000 504 1049 166 693 141 466 430 000 322 000 442 0.00 486 347 0.00 27.19 000 2092 145
27 0.00 3.69 1000 170 7.01 000 484 449 0.00 329 0.00 470 000 5.15 372 000 2297 000 2498 346
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Table S4 Gas compositions of model LDPE pyrolysis over Douglas fir derived biochar.

Gas compositions/vol.%

Run Hz CH4 CO C02 C2 C3 C4+
1 69.15 24.97 0.34 0.03 1.65 0.44 3.41
2 60.29 28.35 0.54 0.09 4.00 2.24 4.49
3 51.21 38.60 1.18 0.00 4.33 1.51 3.17
4 53.57 31.51 1.85 0.05 5.39 3.26 4.38
5 52.73 38.26 0.82 0.00 4.22 1.55 242
6 59.61 32.46 0.77 0.00 3.48 1.96 1.71
7 62.37 30.62 0.82 0.01 3.09 1.17 1.92
8 56.09 35.56 0.31 0.10 3.74 2.04 2.15
9 53.88 30.53 243 0.02 3.48 1.07 8.59
10 53.98 34.90 1.31 0.00 4.84 2.09 2.87
11 53.41 35.43 1.09 0.02 3.78 1.22 5.06
12 54.76 37.05 0.43 0.01 3.22 1.04 3.50
13 63.11 29.81 0.77 0.00 2.09 0.63 3.59
14 60.25 32.39 0.66 0.01 2.59 0.76 3.35
15 61.86 29.44 0.43 0.00 342 2.08 2.77
16 60.12 32.55 0.43 0.03 2.98 1.31 2.57
17 69.47 25.67 0.22 0.01 1.55 0.43 2.64
18 47.86 42.99 0.42 0.02 3.96 1.16 3.59
19 46.63 43.85 0.20 0.05 4.16 1.28 3.83

20 46.81 44.17 0.18 0.01 4.03 1.27 3.52
21 42.87 44.54 0.12 0.11 5.76 2.94 3.67
22 39.67 43.46 0.11 0.02 8.36 5.18 3.20
23 42.84 46.67 0.16 0.00 5.29 1.77 3.27
24 43.87 45.68 0.15 0.01 5.40 1.84 3.04
25 38.79 43.24 0.07 0.04 9.59 5.46 2.82
26 42.67 45.66 0.10 0.08 5.22 2.36 3.90
27 43.13 46.36 0.10 0.04 4.91 1.53 3.92
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Table S5 Products distribution and composition of real waste plastics pyrolysis over corn stover and Douglas fir derived biochar*.

Products Yield/wt.% Liquid distribution/area% Gas composition/vol.% Weight
Composition C17-Cy3 ) change of
of regl waste Liquid Wax Gas Cs-Cie Mono- aliphatic Biphenyl  Other H, CH, CO CO, C, C; (4 catalyst,
. aliphatics  aromatics S S A/
plastics Catalyst g
LDPE Corn 30.0 0 70.0 51.00 23.72 17.22 0 8.05 754 203 0.4 0.0 1.3 04 22 -0.11
HDPE stover 39.0 0 61.0 64.06 14.96 17.31 0 3.67 759 174 04 00 26 1.6 2.0 -0.14
PP derived 36.0 0 64.0 49.27 42.01 8.72 0 0 72.5 205 0.4 00 22 18 26 -0.15
PS biochar 93.0 - 7.0 0 91.61 0 0 8.39 86.6 4.1 1.6 0.1 06 00 7.0 0.04
PET 20.0 - 80.0 0 27.82 0 52.15 20.03 70.2 9.7 14.6 1.6 1.0 1.1 1.7 0.29
LDPE Douglas 25.0 3.0 72.0 53.52 27.65 17.20 0 1.62 51.5 353 1.0 0.2 59 33 2.8 -0.09
HDPE fir 18.0 9.0 73.0 42.62 20.98 30.18 0 6.22 546 364 1.1 00 33 10 36 -0.1
PP derived 23.0 2.0 75.0 28.99 58.75 10.41 0 1.85 51.8 388 1.0 0.0 30 1.9 3.4 -0.1
PS biochar 96.0 - 4.0 0 96.50 0 0 3.50 693 11.0 2.6 0.0 45 7.1 5.5 -0.12
PET 23.0 - 77.0 0 24.32 0 34.56 41.12  36.8 255 294 4.3 02 00 3.8 -0.1

*Reaction conditions: 600 °C, catalyst/feeding ratio = 3.

Note: For corn stover derived biochar, the liquid yield observed for real LDPE pyrolysis (30 wt.%) was lower than model LDPE (40 wt.%), while the distributions
of C8-C16 aliphatics, mono-aromatics, and C17-C23 aliphatics were similar to that from model LDPE. It was obvious that the concentration of other compounds
left in the liquid were higher than that from model LDPE pyrolysis, which could be ascribed to the additives that are required for the manufacture of plastics. The
gas compositions were almost the same as the process of model LDPE pyrolysis, especially the generation of H, was still dominant with more than 70 vol.% content.
Compared to real LDPE, real HDPE pyrolysis showed the higher liquid yield and C8-C16 aliphatics content, and the C17-C23 aliphatics and gas compositions
were exactly similar to real LDPE pyrolysis. The concentration of mono-aromatics observed for real HDPE was lower than that from real HDPE, which could be
owing to more quantity of short- and long-chain branches existing in LDPE compared to HDPE. The pyrolysis of real PP led to an obviously higher yield of
monocyclic aromatic hydrocarbons than that from both LDPE and HDPE pyrolysis. This can be explained that large quantities of monomer propylene, as an
elementary unit constituting PP, could be more easily formed and subsequently converted into aromatics. Similarly, up to 92% content of mono-aromatics were
detected in the liquid from PS pyrolysis because a small styrene unit is of great abundance in the framework of PS. About 87 vol.% content of H, was found during
PS pyrolysis in only 7 wt.% yield of the gas product. 14.6 vol.% concentration of CO was observed for the pyrolysis of PET, which indicates that decarbonylation
occurred in this process. Similar to PS, benzenes monomer are also with large amounts in PET skeleton, however, despite that, only 28% of mono-aromatics were
observed, which was caused by the easy condensation of active oxygen-bearing intermediates formed in PET pyrolysis, while resulted in about 52% concentration
of Biphenyls. Compared with corn stover derived biochar tending to enhance H, generation, Douglas fir derived biochar was still inclined to provoke more formation
of CHy. For the pyrolysis of real LDPE, HDPE and PP, there was small amount of wax produced over Douglas fir derived biochar, and the yield of liquid and H,
selectivity in gas product was lower than that over corn stover derived biochar, whereas the monocyclic aromatics were still with a higher content, which were in
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accordance with the results of model LDPE pyrolysis. The yields and compositions of liquid products from real PS and PET pyrolysis over biochar derived from
Douglas fir were similar to that over corn stover derived biochar, except that the biphenyls were with an obviously lower content (about 52% vs 35%).
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Table S6 Complete minerals analysis of used biochar.

Complete mineral profile (ppm)

Biochar
derivation Ca P K Fe Mg Mn S Cu Zn Na Al
Corn 8039 8170 29488 125 4127 163 1029 15.1 458 395 79.2
stover
Douglas

fir 1845 195 746 124 114 537 103 752 489 163 68.2
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