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Abstract : This study was conducted to obtain basic process simulation data before conducting pyrolysis experiments for the
development of a thermochemical conversion system by recirculation of heat carrier and gases thereby. In this study,
polypropylene (PP) was used as a pyrolysis sample material as an alternative to waste plastics, and fluid sand was used as a heat
transfer medium in the system. Manganese (Mn) was chosen as the catalyst for the pyrolysis experiment, and the catalyst
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pyrolysis was performed by impregnating it in the sand. The basic properties of PP were analyzed using a thermogravimetric
analyzer (TGA), and liquid oil was generated through catalytic pyrolysis under a nitrogen atmosphere at 600C. The carbon
number distribution of the generated liquid oil was confirmed by GC/MS analysis. In this study, the effects of the presence and
the amount of Mn loading on the yield of liquid oil and the distribution of hydrocarbons in the oil were investigated. When
Mn/sand was used, the residue decreased and the oil yield increased compared to pyrolysis using sand alone. In addition, as the
Mn loading increased, the ratio of C¢~Co range gasoline in the liquid oil gradually increased, and the distribution of diesel and
heavy oil with more carbon atoms than Cj in the oil decreased. In conclusion, it was found that using Mn as a catalyst and
changing the amount of Mn could increase the yield of liquid oil and increase the gasoline ratio in the product.
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Figure 1. Schematic diagram of pyrolysis process [32].
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Figure 2. Thermogravimetric analysis result of mixing polypropylene
and Mn/sand.
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Table 1. Properties of sand and Mn (5 wt%, 10 wt%)/sand catalysts

BET Total
Surface Pore Pore
Catalyst Size Reference
Area Volume [hm]
[m’g'] | [em’g"]
Sand 1.14 0.0018 6.27 [32]
5 wt% Mn/sand 1.57 0.0027 6.92
10 wt% Mn/sand 1.31 0.0028 8.50
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Figure 3. XRD patterns of Mn/sand catalyst: (a) 5 wt% Mn/sand,
(b) 10 wt% Mn/sand.
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Table 2. Yield of products using sand and Mn (5 wt%, 10 wt%)/
sand catalysts

Product Residue Oil Gas Reference
Catalyst [wte] [wte] [wt]
Sand 20.02 56.78 23.19 [32]
5 wt% Mn/sand 7.59 62.06 30.35
10 wt% Mn/sand 3.51 65.02 31.47
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Figure 6. Oil components over sand and Mn/sand catalysts.



190 Q53 - MSE - oA - UE - £3Y

Table 3. Oil component expressed in terms of carbon number of the generated product after polypropylene pyrolysis using sand and Mn

(5 wt%, 10 wt%)/sand catalysts

Product Carbon number (area%)
Reference
Catalyst Cs C; Cs Co Ce~Co Cro Cu Cn Cio~Ci2 Ci3 T
Sand 0.81 0 491 17.55 23.27 591 14.31 0.79 21.01 48.84 [32]
5 wt% Mn/sand 0 0.78 7.16 26.02 33.96 6.63 11.49 1.48 19.60 44.75
10 wt% Mn/sand 0.14 2.4 8.81 29.99 41.34 4.54 9.05 0.94 14.53 43.38
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l
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