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Background

IWACP

*South Africa produces in excess of 500 000 tons p.a. of unrecyclable
waste plastic (DST, 2014)

*Generally, plastics cannot be easily recycled if they are constituted by
uncharacterized mixtures of different plastic types or plastic-
paper/metal combinations

In this work we are developing and analyzing a catalytic pyrolysis
technology that focuses on disposing of uncharacterized mixtures of
different plastic types that is less impactful on landfill
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*Pyrolysis is a thermal degradation process conducted in the absence of oxygen.

«Catalytic pyrolysis preferred over thermal (non-catalytic) pyrolysis as it produces a higher
guality fuel oil at a lower temperature (from about 423 K), has faster reaction times and
produces less volatile organic pollutants suggesting a less environmentally impactful process
(Oh et al., 2018)

Limitations include the energy cost to attain the pyrolysis temperature, catalyst cost and low
catalyst reuse period depending on the reactor configuration.

Optimization of catalytic pyrolysis involves selection of suitable inexpensive catalysts,
catalyst regeneration, process variables and reactor type, condition and configuration
optimization.
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« Multiple reactor types have been reported on in literature at laboratory-scale and pilot-scale operations
for the pyrolysis of waste plastic.

« The technology proposed in this work employs a unique lower pressure operation with a low-cost
catalyst in a fluidized bed reactor (FBR) under vacuum.

 FBRs for catalytic cracking of plastic has been reported in the literature on the laboratory scale (0.42
kg/hr plastic pellets with reactor dimensions of 300 mm x 80mm ID) (Garforth et al., 1998; Lin et al.,
2004: Lin and Yen, 2005; Liu et al., 1999: Marcilla et al., 2007; Mastral et al., 2001, 2006; Sharratt et
al., 1997; Williams, 1998; Yan et al., 2005). However, research into the pyrolysis of mixed plastic waste
using catalyst is limited.

« Advantages of FBR lies in the mixing which provides large surface area for the reaction to take place
on the catalyst, higher efficiency of heat and mass transfer, high yield of pyrolysis oil (Gholizadeh et al.,
2020), low capital and maintenance costs, and external heating makes the reactor body easier to clean
and load (Al-Salem et al., 2017)
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« There are three parts/phases to the work presented. Phase 1: laboratory-scale vacuum pyrolysis experiments in a
semi-batch reactor conducted for mixed plastic waste to perform catalyst screening and process temperature and
pressure optimization.

« The permutations considered for optimization include:
e (Catalyst (none, zeolite, zinc oxide)

e Temperatures in the range of 450-821 K
e Pressures between 30 kPa vacuum to 101 kPa absolute

» Pyrolysis products characterized by Gas Chromatography—Mass Spectrometry (GCMS) analysis.

 Phase 2: A continuous pilot unit has been constructed and commissioned, with experimental conditions and
design informed from the first phase. A series of experiments is ongoing to determine the operational limitations of
the unit, char handling, emissions, product collection and testing. This will be presented in detail in future work.

« Phase 3: a techno-economic analysis of a 100 kg.hr?! to-scale fluidized bed vacuum reactor was designed using
simulation software (Aspen Plus ®) to determine if the proposed technology is cost-effective.
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Experimental setup
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Figure 1. Experimental setup for lab-scale semi-batch pyrolysis measurements.
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Product yields from pure plastic pyrolysis
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Figure 3: Comparison of low-density liquid, wax, total liquid + wax product, char
and gas yields for uncatalyzed and catalyzed plastic pyrolysis experiments using
feedstock of LDPE, HDPE, and PP pellets.
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Product yields from mixed plastic pyrolysis

90
81.7 80 79.7
80 74.3 76.6 75.4 77/8.3
703
- 67.9 68. 68.
< 60.
<% . 53.( 53.( %
2
7 40
5
830
a 20.1 | 206 21.2 20 213 224 =9
20 13.1 75 158 B 145 — 132 13
1.6 : 114 . 0.8 '
10 6.8 - 8. BE 7.6 03 7 8.7
1.1
0
MP-01 MP-02 MP-03 MP-04 MP-05 MP-06 MP-07 MP-08 MP-09
Experiment
® Liquid Yield Wax Yield
m Total Liquid + Wax Yield m Char Yield
m Gas Yield

Figure 4. Comparison of low-density liquid, wax, total liquid + wax product, char and gas
yields for uncatalyzed and catalyzed plastic pyrolysis experiments using mixed
feedstock of LDPE, HDPE, and PP pellets.
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Lowest energy and CO, usage pyrolysis runs

Table 1. Energy usage for the plastic pyrolysis step for plastic pyrolysis

experiments.
—
Mass of Process Energy Usage per emissions per
Experiment liquid + wax Duration Heating Vacuum Cooling Total gram of product gram of liquid +
) (h) (0.3kw)  (0.3kw)  (0.3kw) (kWh pergram of | wax product

liquid + wax)-A obtained (kg CO,

PP with 10:100
10.81 2.33 0.70 0.70 0.70 2.10 0.19 0.31
catalyst

LDPE/HDPE/PP
15/45/40 with 12.32 7.83 2.35 2.35 2.35 7.05 0.57 0.92
5:100 catalyst
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VOC content from emissions

Table 2. VOC content of emissions in the individual Table 3. VOC content of emissions in the mixed plastic
plastlc perlySIS experiments. pyr0|ysis experimentsl

Plastic | Catalyst to Feed | VOC Emissions
Ratio

Plastic Composition Catalyst to Feed Ratio VOC

Emissions

LDPE Uncatalyzed 72.3 (%)
- 5:100 67.2 15 45 40 Uncatalyzed 66.1
o 10100 32.6 5:100 79.4
- Uncatalyzed 82.1 10:100 89.6
N 5:100 B 32 35 33 Uncatalyzed 65.8
U 100100 74.0 5:100 76.5
m Uncatalyzed 83.3 10:100 73.2
N 5:100 ol 65 20 15 Uncatalyzed 76.9
o 10100 61.1 5:100 73.5

10:100 74.5
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Gate-to-gate analysis of lab-scale process
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Figure 5. Analysis for the Laboratory-Scale Plastic Pyrolysis Process.
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Model development
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Figure 2: Model of the proposed pyrolysis process with reactor run at 723-873 K.

T- temperature, P- pressure, m- mass flow rate, x;- mass fraction. RX1- Fluidized bed reaction, CY1- cyclone,
HX1- Heat exchanger, FL1- Flash vessel, VP1- vacuum pump.
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Conclusions
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HDPE pyrolysis yields 85.4 wt % liquid + wax, while a 5:100 catalyst to feed ratio reduces gaseous Yyields in mixed HDPE
plastlc experiments.

PP pyrolysis (<3 hours) trades liquid + wax yield, process duration, and gas yield, with a catalyst slightly altering the liquid and
wax composition.

Mixed plastic pyrolysis with a 5:100 catalyst to feed ratio resembles pure plastic pyrolysis, enhancing reaction times and liquid
+ wax yields.

High LDPE feedstock extends process durations, with the catalyst reducing LDPE pyrolysis time but minimally impacting liquid
+ wax yields.

Catalyzed PP reactions yield >98% C12 to C27 components, making high PP plastic valuable for significant liquid + wax yields
suitable for fuel blends.

Mixed plastic pyrolysis runs show lower total VOCs with a catalyst increasing condensation efficiency for higher boiling point
VOCs.

Conditions with a 5:100 catalyst to feed ratio for 32/35/33 LDPE/HDPE/PP achieve an efficient balance in liquid + wax yield
(76.6 wt %), gas yield (14.5 wt %), VOC content (76.5 wt %), and process duration (12 h 45 min), with average energy usage
and CO, emissions.

““Ways forward to promote resources equity: The role of cleaner production and circular economy as moderator. Action or Reaction to Save the Planet”’



-ty

'Iz"' - References
IWACP

Al-Salem, S.M., Antelava, A., Constantinou, A., Manos, G., Dutta, A., 2017. A review on thermal and catalytic pyrolysis of plastic solid waste (PSW). J. Environ. Manage. 197, 177—-198.

Anuar Sharuddin, S.D., Abnisa, F., Wan Daud, W.M.A., Aroua, M.K., 2016. A review on pyrolysis of plastic wastes. Energy Convers. Manag. 115, 308—326.

Arena, U., Di Gregorio, F., Amorese, C., Mastellone, M.L., 2011. A techno-economic comparison of fluidized bed gasification of two mixed plastic wastes. Waste Manag. 31, 1494-1504.

Department of Science and Technology, 2014. A National Waste R&D and Innovation Roadmap for South Africa: Phase 2 Waste RDI Roadmap. The economic benefits of moving up the waste management hierarchy
in South Africa: The value of resources lost through landfilling.

Department of Science and Technology (South Africa)., 2021. Science, Technology And Innovation For A Circular Economy Waste Research Development and Innovation Roadmap South Africa Annual Progress
Report 2020/21.

Fivga, A., Dimitriou, I., 2018. Pyrolysis of plastic waste for production of heavy fuel substitute: A techno-economic assessment. Energy 149, 865-874.

Garforth, A.., Lin, Y.-H., Sharratt, P.., Dwyer, J., 1998. Production of hydrocarbons by catalytic degradation of high density polyethylene in a laboratory fluidised-bed reactor. Appl. Catal. A Gen. 169, 331-342.
Gholizadeh, M., Li, C., Zhang, S., Wang, Y., Niu, S., Li, Y., Hu, X., 2020. Progress of the development of reactors for pyrolysis of municipal waste. Sustain. Energy Fuels 4, 5885-5915.

Hanekom, A., 2020. South African Initiative to End Plastic Pollution in the Environment. S. Afr. J. Sci. 116.

Hayes, R., Pisano, G., Upton, D., Wheelwright, S., 2005. Pursuing the competitive edge. Danvers John Wiley Sons.

Jung, S.-H., Cho, M.-H., Kang, B.-S., Kim, J.-S., 2010. Pyrolysis of a fraction of waste polypropylene and polyethylene for the recovery of BTX aromatics using a fluidized bed reactor. Fuel Process. Technol. 91, 277—
284.

Kunii, D., Levenspiel, O., 1991. Fluidization engineering. Butterworth-Heinemann.

Lang, H.J., 1947. Cost relationships in preliminary cost estimation. Chem. Eng 54, 117-121.

Lin, S.A.Y., 1976. The modified internal rate of return and investment criterion. Eng. Econ. 21, 237-247.

Lin, Y.H., Yang, M.H., Yeh, T.F., Ger, M.D., 2004. Catalytic degradation of high density polyethylene over mesoporous and microporous catalysts in a fluidised-bed reactor. Polym. Degrad. Stab. 86, 121-128.

Lin, Y.H., Yen, H.Y., 2005. Fluidised bed pyrolysis of polypropylene over cracking catalysts for producing hydrocarbons. Polym. Degrad. Stab. 89, 101-108.

Liu, M., Subramanyam, Y.V.B.K., Baskaran, N., 1999. Preparation and analysis of cDNA from a small number of hematopoietic cells. pp. 45-55.

Liu, X., Wang, Z., Xu, D., Guo, Q., 2012. Pyrolysis of waste plastic crusts of televisions. Environ. Technol. 33, 1987-1992.

Marcilla, A., Hernandez, M. del R., Garcia, A.N., 2007. Study of the polymer—catalyst contact effectivity and the heating rate influence on the HDPE pyrolysis. J. Anal. Appl. Pyrolysis 79, 424-432.

Mastral, A.M., Garcia, T., Callén, M.S., Navarro, M. V., Galban, J., 2001. Assessement of Phenanthrene Removal from Hot Gas by Porous Carbons. Energy & Fuels 15, 1-7.

Mastral, J.F., Berrueco, C., Gea, M., Ceamanos, J., 2006. Catalytic degradation of high density polyethylene over nanocrystalline HZSM-5 zeolite. Polym. Degrad. Stab. 91, 3330-3338.

Muschelknautz, E., Greif, V., Trefz, M., 2006. Zyklone zur Abscheidung von Feststoffen aus Gasen. VDI Gesellschaft Verfahrenstechnik und Ingenieurwes. VDI (ed.), Springer-Verlag, Berlin, Heidelb.

Oh, D., Lee, HW., Kim, Y.-M., Park, Y.-K., 2018. Catalytic pyrolysis of polystyrene and polyethylene terephthalate over AI-MSU-F. Energy Procedia 144, 111-117.

Sharratt, P.N., Lin, Y.H., Garforth, A.A., Dwyer, J., 1997. Investigation of the Catalytic Pyrolysis of High-Density Polyethylene over a HZSM-5 Catalyst in a Laboratory Fluidized-Bed Reactor. Ind. Eng. Chem. Res. 36,
5118-5124.

Tekade, S.P., Gugale, P.P., Gohil, M.L., Gharat, S.H., Patil, T., Chaudhari, P.K., Patle, D.S., Sawarkar, A.N., 2020. Pyrolysis of waste polyethylene under vacuum using zinc oxide. Energy Sources, Part A Recover.
Util. Environ. Eff. 1-15.

Walas, S.M., 2013. Phase equilibria in chemical engineering. Butterworth-Heinemann.

Williams, T., 1998. REVIEWS. Fr. Stud. LII, 107-107.

Yan, R., Liang, D.T., Tsen, L., 2005. Case studies-problem solving in fluidized bed waste fuel incineration. In: Energy Conversion and Management. pp. 1165-1178.

““Ways forward to promote resources equity: The role of cleaner production and circular economy as moderator. Action or Reaction to Save the Planet”’



THANK YOU

moodleykb@ukzn.ac.za

““Ways forward to promote resources equity: The role of cleaner production and circular economy as moderator. Action or Reaction to Save the Planet”



	Slide 1: A STUDY OF MIXED PLASTIC WASTE PYROLYSIS UNDER LOW-PRESSURE
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8: Product yields from mixed plastic pyrolysis
	Slide 9: Lowest energy and CO2 usage pyrolysis runs 
	Slide 10: VOC content from emissions
	Slide 11: Gate-to-gate analysis of lab-scale process
	Slide 12: Current work
	Slide 13
	Slide 14: Conclusions
	Slide 15: References
	Slide 16: moodleyk6@ukzn.ac.za

