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Effects of plastic addition on rare earth elements in Dicranopteris Pedata pyrolysis biochar
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Abstract: The harvesting waste of Dicranopteris Pedata in the tailing areas of ionic rare earth mines in southern China poses a
huge risk of secondary pollution of rare earth elements.This study aims to explore the harmless utilization of the harvesting
waste of Dicranopteris Pedata and its rare earth elements through co-pyrolysis with plastics. The rare earth hyperaccumulator
Dicranopteris Pedata (DP) was co-pyrolyzed with four types of plastics (PVC, PP, PE, and PS) respectively at target
temperature gradients to obtain biochar containing rare earth . The contents, speciation, bioavailability, and leaching toxicity
of rare earth elements in Dicranopteris Pedata and biochar were studied, and an ecological risk assessment of rare earth
elements was carried out. The results showed that pyrolysis could reduce the content of unstable forms of rare earth elements in

the biomass of Dicranopteris Pedata from 60.51% to 15% below, decrease the bioavailability by more than 95%, and thus
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reduce the environmental risk of rare earth elements in solid residues. When the four types of plastics were added and

pyrolyzed within the temperature range of 600 to 800°C , the proportions of unstable forms of rare earth elements in the

biomass of Dicranopteris Pedata was reduced to within 9%, the bioavailability decreased to less than 1%, and the leaching

toxicity was reduced by 80%, further reducing the environmental risk of rare earth elements. Therefore, the off-site

application of rare earth biochar obtained by co-pyrolyzing plastics and Dicranopteris Pedata at a certain target temperature

will not bring new environmental risks.

Keywords: Dicranopteris pedata ; mixed pyrolysis; rare earth elements; morphological analysis; ecological risk assessment
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Table 1 Basic properties of experimental materials

. Wsx1 JLER D HTI%
’Hél-lll F
% C H N S (0%
I (DP) 497 4465 587 074 0.02 48.33
AL (PVC) 1.31 3890 5.67 0.01 0.78  53.33
B K (PP) 0.82 8391 1355 0.56 092 0.24
& 4% (PE) 0.23 8399 13.89 0.03 130 0.56
WA (PS) 0.77  91.05 7.12  0.02 0.85 0.19
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Table 2 BCR sequential extraction procedure '
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Table 3 7, and background values of rare earth elements

22, 23]
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T 2 1 1 5 2

WA AJZ TR 20.1 379 912 924 315 6.13

10 5 10 5 10 5 10 5 20
1.11 5.17  0.61 509 083 2,68 037 294 0.39
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Table 4 Classification criteria of the potential ecological

risk index'*
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Table 5 Biochar yield under different pyrolysis conditions
RE/C W) 57 A %
DP P1 P2 P3 P4
600 28.38 34.94 26.08 25.65 26.38
700 25.50 32.30 25.20 25.18 25.86
800 23.80 29.57 23.58 24.05 23.61
900 22.11 30.28 20.00 20.14 21.81
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BA 0y BR g BT AR 00 AR ) R AH LE S N %2 28 BL PP PE I
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Table 6 Rare earth elements contents of Dicranopteris pedata and biochar derived from pyrolysis
oy RRE/ i + 0 F & 5 M(mglkg)
e Y la Ce Pr Nd Sm Eu ¢Gd T Dy Ho Er Tm Yb Lu
bDp 25.05 300.97 2318.79 4195 152.56 19.29 2.73 30.21 1.70 5.16 0.88 2.61 0.28 1.42 0.20
600DP 600 31.9 514 2149.5 121.35  429.75 50.45 5.4 59.9 2.7 7.65 0.65 3.2 0 1.05 0
600P1 600 29.55 468.4 1988 109.95 397.6 46.15 5.2 5285 2.5 7.5 045 3.2 0 0.85 0
600P2 600 38.5 611 2644 38.3 525.5 62.8 7.95 74.15 1.05 995 04 5 0.1 2.45 0.1
600P3 600 37.45 587.5 2540.5 37.1 500 58.8 7.35 70.95 1.05 10.15 035 4.85 0.1 2.3 0.1
600P4 600 36.8 581.5 2500 36.6 493.15 58.95 6.75 69.55 0.95 9.75 035 49 0.1 2.35 0.1
700DP 700 33.7 5525 2325.5 129.6 461.5 53.6 6.15 64.75  3.05 795 0.7 3.85 0 0.7 0
700P1 700 20.65 362.2 1454.5 78.65 2739 32 32 38.8 1.45 4.5 0.05 1.85 0 0 0
700P2 700 39.65 633 2750 40.3 537.5 64.75 7.55 76.5 1.1 10.65 0.4 5.15 0.1 2.55 0.1
700P3 700 38.85 625 2685.5 39.25 5365 64.9 7.5 74.75 1.15 10.75 04 4.85 0.1 2.7 0.1
700P4 700 39.35 605 2619 38.1 517 63.7 7.5 74.1 1.05 10.05 0.35 535 0.1 2.4 0.05
800DP 800 29.15 600 2449.5 144.75 515 61.25 7.35 73.7 4.2 10 1.55 5.05 0.4 2.25 0.3
800P1 800 25.1 542 2188.5 129.45  462.05 54.55 6.65 66.6 3.7 9.3 1.35 475 0.35 2.3 0.25
800P2 800 41.45 650 2813 41.1 554.5 68.15 8 8035 1.15 11.05 04 5.3 0.1 2.4 0.1
800P3 800 403  630.5 2734 39.65 536 63.45 7.8 76.4 1.1 10.9 0.4 5.25 0.1 2.7 0.1
800P4 800 424  662.5 2874.5 41.5 566 66.9 79 79.1 1.1 1095 045 55 0.1 2.8 0.05
900DP 900 34.1 675.5 2728 160.65 573 68.5 8.25 83.05 4.65 11.05 1.7 5.85 0.45 2.65 0.35
900P1 900 29.6 612.5 2471.5 144.75 519 61.45 7.6 74.5 4.05 10.15 1.6 5 0.4 2.35 0.3
900P2 900 48.25 738 3219.5 46.7 634.5 77.15 9.25 89.05 1.3 12.45 0.5 6.35 0.1 3.05 0.1
900P3 900 49.15 751 3262.5 47.2 645.5 77.25 9.25 92 1.25 12.65 0.5 6.25 0.15 3 0.1
900P4 900 44.6 693 3007.5 43.85 5955 70.25 8.75 83.05 1.15 12.2 045 5.85 0.15 2.55 0.1
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Figure 2 Stacked percentage distribution of rare earth element

morphology
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Figure 3 Leachability of rare earth elements in Dicranopteris pedata and
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