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A Close Examination of Unstability and a Quality Improvement using
Anhydrous NaxCOs in Waste Plastic’'s Thermal Pyrolysis Oil

YoungHwa Seo' - Kwang-Youn Ko*

Department of Environmental Health, Suwon Science College - *Department of Chemistry, Ajou University

ABSTRACT : Study on the instability of waste plastic's thermal pyrolysis oil was carried out for the purpose of improving its quality.
The reaction of pyrolysis oil with ozone changed double bonds into aldehydes and ketone, estimated that HDPE pyrolysis oil contained
~45 wit% l-alkene type olefins, and PP pyrolysis oil did ~73 wi% olefins, which consisted of ~47 wi% secondary and ~20 wt%
primary alkenes. The dark brown color and odor of pyrolysis oil were improved by eliminating double bonds, indicated that they were
directly related to unsaturated hydrocarbons. Container test showed that metal can affected oil quality worse than the brown glass bottle.
Antioxidant added into pyrolysis oil was consumed up to 90% within 2~3 days and the wt. composition of unsaturated hydrocarbons in
pyrolysis oil was not changed within 50 days, inferring that instability of pyrolysis oil due to unsaturated bonds can be stabilized by
antioxidants. Adsorption test on silica gel, activated carbon and alumina to remove precipitates in oil produced a good result, but not enough
to remove moisture. However, cheap anhydrous sodium carbonate showed the best removal efficiency of moisture as well as precipitates
in oil. Therefore the pyrolysis oil quality improvement was accomplished by applying anhydrous Na,COs into the production plant.
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Fig. 1. Scheme of thermal cracking mechanism of n-paraffin.
Table 1. PONA composition of waste HDPE and PP pyrolysis oil
Ozonolysis Paraffins Olefins Naphthenes Aromatics aldehydes ketones others
" before 48.58 42.33 8.56 0.23 0 0 0
HDPE
after 49.65 0.21 0.05 0.52 45.22 4.01 0.34
pp? before 15.84 73.08 2.29 8.79 0 0 0
after 15.80 235 0.02 8.81 20.14 47.58 5.30
Thermal degradation temperature of  430°C and ? 400 C
et E 5 otRl X 208 123, 2007H 124
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Fig. 2. GC/MS chromatograms of HDPE pyrolysis oil(a) and after reaction with ozone(b).
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Fig. 3. Variation of total PONA in PP-pyrolysis oil with/without antioxidant, (a): glass bottle blank, (b): glass bottle with
antioxidant, (c): metal can blank, (d): metal can with antioxidant. P: paraffin, O: olefin, N: naphthene, A: aromatics.
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Fig. 5. FTIR spectra of PP pyrolysis oil(A), BHT(B), PP
pyrolysis oil with BHT(C).
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Fig. 6. Residual antioxidants added to the HDPE pyrolysis
oil.

Table 2. PONA variation of HDPE pyrolysis oil after addi-
tion of antioxidants

.. PONA Paraffins| Olefins |Naphthenes |Aromatics

Antioxidant

HDPE pyrolysis oil 48.6 | 38.52 12.09 0.79

t-butythydroquinone | 40.97 | 37.37 20.15 1.51

30 days| BHA 42.96 | 38.67 16.92 1.45

after BHT 40.02 | 40.13 18.63 1.21

2,6-di-t-butylphenol | 39.83 | 39.61 19.03 1.52

t-butylhydroquinone | 40.14 | 38.92 19.65 1.30

50 days| BHA 42,99 | 39.03 16.60 1.38

after BHT 42.41 | 39.69 16.83 1.08

2,6-di-t-butylphenol | 41.30 | 43.96 13.69 1.05
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FEA F& dFsmA 42 FA9E B 849 100 mg,
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Fig. 8. UV spectrum of HDPE pyrolysis oil.
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Table 3. Qualitative examination result of HDPE pyrolysis oil with the naked eyes after adsorption experiment

adsorber Activated Alumina .
Silica carbon(AC) 150 mesh 100 mesh Alumn?a/AC(l D Clay, celite
wt%(adsorber/oil) 100 mesh acidic neutral basic neutral mixue
original pyrolysis oill D4

0.5 B2 B3 C3 C3 C3 C3 C2 C3
1.0 B2 B3

1.5 B2 C2 C2 C2 C2 B2 C3
2.5 Al B2

5 Al Bl C2 C2 C2 B2 B2 C2

R A; very light brown, B; light brown, C; brown, D; dark brown for color comparison.

1; most clear, 2; clear, 3; a little cloudy, 4; cloudy for turbidity comparison

Table 4. Physical test result of waste packing film pyrolysis oil after adsorption process

Adsorbing materials recycled oil after adsorption
Test items with low quality AC granular Clay powder | anhydrous MgSO, | anhydrous Na,CO;
Residual carbons
K . . 36 033
in 10% residual oil{wt%) 345 030 0.42 0.3
water & precipitation(vol%) 1.20 1.01 1.02 0.01 0.01

'FRAE EF Y AL T 90U F =Y 2008 E T 1 kg2
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Table 5. PONA and carbon product variation of waste package film pyrolysis oil after adsorption with anhydrous sodium carbonate

) .. Hydrocarbon group(wt%) Carbon Product(wt%)
Oil condition Color
Paraftin Olefin | Naphthene | Aromatics | others Cs-Ciz Ci5-Co Cas others
< 180°C collection” | weak brown 7.9 594 12.1 20.6 0 95.70 430 0 0
310°C & bottom oil” cloudy brown| 28.55 52.18 4.15 5.12 10.0 60.1 28.0 1.9 10.0
after adsorption of” | clear brown 34.22 55.78 485 5.12 0 61.54 38.42 0.04

" recycled oil was collected below 180°C after thermal degradation, ?
¥ after adsorption of mixed oil of 2.

£98 A 289 ded ABhE B4 34 57 2ol
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