
Alkene Quantitation in Plastic 
Waste-Derived Alternative 
Fuels using GC×GC FID

Genesis Barzallo, Hung Gieng, Petr Vozka

Department of Chemistry and Biochemistry, California State University, Los Angeles

gbarzal@calstatela.edu

15th Multidimensional Chromatography Workshop



Background

• California landfills enough 
plastic each day to fill 285 
Olympic-size swimming 
pools (more than 12,000 
tons).1

• In 2021, there were 2.3 
billion units sold in the 
world’s tire market, which 
amounted to 54.5 million 
tons of tires (2.7 billion 
units in 2027)2.

2



3

• Pyrolysis (+ hydrotreating) of plastic 
foils and waste tires

• Low Pressure Hydrothermal 
Processing of polyolefin plastic 
waste

Chemical Conversion Processes
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• Pyrolysis (+ hydrotreating) of plastic 
foils and waste tires

• Low Pressure Hydrothermal 
Processing of polyolefin plastic 
waste

Chemical Conversion Processes

OLEFINS



Statement of the Problem

• High olefin content can be 
detrimental to engine 
cleanliness.

• Causes gum formations.
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There are currently no methods 
for detailed quantitation of 
olefins, especially in high 
concentrations.



Methodology

• LECO’s QuadJet GC×GC-FID with LN2 thermal modulator 

• Reversed-phase column configuration 

• (30 m × 0.25 mm × 0.25 µm Rxi-17 Sil MS,  0.9 m × 0.25 mm × 0.10 µm DB-1HT)

• Flame ionization detector (FID)
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Methodology
• He flow rate of 1.5 mL/min 

• Front inlet and FID temperatures: 275 and 280 ℃, respectively

• Second oven and modulator temperature offsets: 35 and 20 ℃, respectively 

• Modulation period: 1.5 s (0.45 s hot pulse)

• Oven temperature program: from 40 ℃ (hold 0.2 min) to 200 ℃ (hold 1 min) with 3 ℃/min 
temperature ramp rate 

• Split injection: 1:20
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GC×GC-FID Classification

Monocycloalkanes + 

Olefins with 1 DB + 

Linear-olefins
Dicycloalkanes + 

Olefins with 2 DB

Tricycloalkanes + 

Olefins with 3 DB

Iso-alkanes + 

Iso-alkenes
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Sample + Internal Standard + 

DMDS + I2 solution

70 °C oven for at least an hour

Sodium Thiosulfate

Organic phase analyzed

Sample Preparation



Theory
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Standard Compounds

1-Hexadecene 1-Octadecene 4-Methyl-1-

Pentene

1-Tetradecene 

2,4-Dimethyl-

1-Heptene 

1,7-Octadiene Cycloheptene 1,5-

Cyclooctadiene 

Cyclo-

dodecatriene

Alpha-

terpinene 

4,4-Dimethyl-

1-

Cyclohexene 

1-Heptene 

Cyclohexene Cyclo-

dodecene

Trans-2,2-

Dimethyl-3-

Hexene 

3-Ethyl-5-

Methyl-2-

Hexene 

2,4-Dimethyl-

1,3-

Pentadiene 

1-Octene 2-Ethyl-1-

Hexene

2,5-Dimethyl-

2,4-Hexadiene

1-Decene Cis-

Cyclooctene

Cis-Trans-3-

Heptene

Model Compounds
Before Derivatization
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1 hr Post Derivatization Standard Compounds

1-Hexadecene 1-Octadecene 4-Methyl-1-

Pentene

1-Tetradecene 

2,4-Dimethyl-

1-Heptene 

1,7-Octadiene Cycloheptene 1,5-

Cyclooctadiene 

Cyclo-

dodecatriene

Alpha-

terpinene 

4,4-Dimethyl-

1-

Cyclohexene 

1-Heptene 

Cyclohexene Cyclo-

dodecene

Trans-2,2-

Dimethyl-3-

Hexene 

3-Ethyl-5-

Methyl-2-

Hexene 

2,4-Dimethyl-

1,3-

Pentadiene 

1-Octene 2-Ethyl-1-

Hexene

2,5-Dimethyl-

2,4-Hexadiene

1-Decene Cis-

Cyclooctene

Cis-Trans-3-

Heptene

Model Compounds
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2 hr Post Derivatization Standard Compounds

1-Hexadecene 1-Octadecene 4-Methyl-1-

Pentene

1-Tetradecene 

2,4-Dimethyl-

1-Heptene 

1,7-Octadiene Cycloheptene 1,5-

Cyclooctadiene 

Cyclo-

dodecatriene

Alpha-

terpinene 

4,4-Dimethyl-

1-

Cyclohexene 

1-Heptene 

Cyclohexene Cyclo-

dodecene

Trans-2,2-

Dimethyl-3-

Hexene 

3-Ethyl-5-

Methyl-2-

Hexene 

2,4-Dimethyl-

1,3-

Pentadiene 

1-Octene 2-Ethyl-1-

Hexene

2,5-Dimethyl-

2,4-Hexadiene

1-Decene Cis-

Cyclooctene

Cis-Trans-3-

Heptene

Model Compounds
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3 hr Post Derivatization Standard Compounds

1-Hexadecene 1-Octadecene 4-Methyl-1-

Pentene

1-Tetradecene 

2,4-Dimethyl-

1-Heptene 

1,7-Octadiene Cycloheptene 1,5-

Cyclooctadiene 

Cyclo-

dodecatriene

Alpha-

terpinene 

4,4-Dimethyl-

1-

Cyclohexene 

1-Heptene 

Cyclohexene Cyclo-

dodecene

Trans-2,2-

Dimethyl-3-

Hexene 

3-Ethyl-5-

Methyl-2-

Hexene 

2,4-Dimethyl-

1,3-

Pentadiene 

1-Octene 2-Ethyl-1-

Hexene

2,5-Dimethyl-

2,4-Hexadiene

1-Decene Cis-

Cyclooctene

Cis-Trans-3-

Heptene

Model Compounds
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4 hr Post Derivatization Standard Compounds

1-Hexadecene 1-Octadecene 4-Methyl-1-

Pentene

1-Tetradecene 

2,4-Dimethyl-

1-Heptene 

1,7-Octadiene Cycloheptene 1,5-

Cyclooctadiene 

Cyclo-

dodecatriene

Alpha-

terpinene 

4,4-Dimethyl-

1-

Cyclohexene 

1-Heptene 

Cyclohexene Cyclo-

dodecene

Trans-2,2-

Dimethyl-3-

Hexene 

3-Ethyl-5-

Methyl-2-

Hexene 

2,4-Dimethyl-

1,3-

Pentadiene 

1-Octene 2-Ethyl-1-

Hexene

2,5-Dimethyl-

2,4-Hexadiene

1-Decene Cis-

Cyclooctene

Cis-Trans-3-

Heptene

Model Compounds
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5 hr Post Derivatization Standard Compounds

1-Hexadecene 1-Octadecene 4-Methyl-1-

Pentene

1-Tetradecene 

2,4-Dimethyl-

1-Heptene 

1,7-Octadiene Cycloheptene 1,5-

Cyclooctadiene 

Cyclo-

dodecatriene

Alpha-

terpinene 

4,4-Dimethyl-

1-

Cyclohexene 

1-Heptene 

Cyclohexene Cyclo-

dodecene

Trans-2,2-

Dimethyl-3-

Hexene 

3-Ethyl-5-

Methyl-2-

Hexene 

2,4-Dimethyl-

1,3-

Pentadiene 

1-Octene 2-Ethyl-1-

Hexene

2,5-Dimethyl-

2,4-Hexadiene

1-Decene Cis-

Cyclooctene

Cis-Trans-3-

Heptene

Model Compounds
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24 hr Post Derivatization Standard Compounds

1-Hexadecene 1-Octadecene 4-Methyl-1-

Pentene

1-Tetradecene 

2,4-Dimethyl-

1-Heptene 

1,7-Octadiene Cycloheptene 1,5-

Cyclooctadiene 

Cyclo-

dodecatriene

Alpha-

terpinene 

4,4-Dimethyl-

1-

Cyclohexene 

1-Heptene 

Cyclohexene Cyclo-

dodecene

Trans-2,2-

Dimethyl-3-

Hexene 

3-Ethyl-5-

Methyl-2-

Hexene 

2,4-Dimethyl-

1,3-

Pentadiene 

1-Octene 2-Ethyl-1-

Hexene

2,5-Dimethyl-

2,4-Hexadiene

1-Decene Cis-

Cyclooctene

Cis-Trans-3-

Heptene

Model Compounds
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36 hr Post Derivatization Standard Compounds

1-Hexadecene 1-Octadecene 4-Methyl-1-

Pentene

1-Tetradecene 

2,4-Dimethyl-

1-Heptene 

1,7-Octadiene Cycloheptene 1,5-

Cyclooctadiene 

Cyclo-

dodecatriene

Alpha-

terpinene 

4,4-Dimethyl-

1-

Cyclohexene 

1-Heptene 

Cyclohexene Cyclo-

dodecene

Trans-2,2-

Dimethyl-3-

Hexene 

3-Ethyl-5-

Methyl-2-

Hexene 

2,4-Dimethyl-

1,3-

Pentadiene 

1-Octene 2-Ethyl-1-

Hexene

2,5-Dimethyl-

2,4-Hexadiene

1-Decene Cis-

Cyclooctene

Cis-Trans-3-

Heptene

Model Compounds
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Calculations

𝑊𝑡. % 𝑂𝑙𝑒𝑓𝑖𝑛, 𝐶# =  𝑃. 𝐴. 𝑃𝑟𝑒−𝐷𝑒𝑟𝑖𝑣𝑎𝑡𝑖𝑧𝑎𝑡𝑖𝑜𝑛, 𝐶# −  𝑃. 𝐴. 𝑃𝑜𝑠𝑡−𝐷𝑒𝑟𝑖𝑣𝑎𝑡𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑎𝑛𝑑 𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛, 𝐶# 

𝑊𝑡. % 𝐼𝑠𝑜−𝑎𝑙𝑘𝑒𝑛𝑒, 𝐶11 = 𝑃. 𝐴. 𝑃𝑟𝑒−𝐷𝑒𝑟𝑖𝑣𝑎𝑡𝑖𝑧𝑎𝑡𝑖𝑜𝑛, 𝐶11 − 𝑃. 𝐴. 𝑃𝑜𝑠𝑡−𝐷𝑒𝑟𝑖𝑣𝑎𝑡𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑎𝑛𝑑 𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛, 𝐶11

Olefins in sample

• Iso-alkenes

• Olefins with 1 double bond + Linear-alkenes

• Olefins with 2 double bonds

• Olefins with 3 double bonds

Equation

Example
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Scrap Tire Pyrolysis Oil Results

Before wt. %

n-alkanes 1.54

Iso-alkanes + Iso-alkenes 0.86

Monocycloalkanes + Olefins 

with 1 Double Bond + Linear-

alkenes

4.43

Dicycloalkanes + Olefins with 

2 Double Bonds
27.01

Tricycloalkanes + Olefins with 

3 Double Bonds
4.60

Aromatics 53.66

Light Hydrocarbons 7.90

After wt. %

n-alkanes 1.54

Iso-alkanes 0.64

Iso-alkenes 0.22

Monocycloalkanes 0.96

Linear alkenes 1.04

Olefins with 1 Double Bond 2.43

Dicycloalkanes 1.80

Olefins with 2 Double Bonds 25.20

Tricycloalkanes 1.10

Olefins with 3 Double Bonds 3.50

Aromatics 53.66

Light Hydrocarbons 7.90
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Waste Tire Pyrolysis, Gasoline Post Derivatization

Monocycloalkanes p.a. wt. % p.a.
After Norm 

p.a. Olefins (p.a.) Olefin (wt.%)
Real Cyclo 

(wt.%)

C5 52883.75 6.00 38374.69 31454.66 21429.09 2.32 3.68

C6 81707.23 9.27 65393.26 53601.03 28106.20 3.05 6.23

C7 86175.05 9.78 64515.59 52881.63 33293.42 3.61 6.17

C8 50744.41 5.76 50393.38 41306.05 9438.36 1.02 4.74

C9 56524.36 6.41 16947.64 13891.51 42632.85 4.62 1.80

C10 1839.73 0.21 553.02 453.30 1386.43 0.15 0.06

C11 0 0.00 0 0 0 0 0.00

C12 0 0.00 0 0 0 0 0.00

C13 0 0.00 0 0 0 0 0.00

C14 0 0.00 0 0 0 0 0.00

C15 0 0.00 0 0 0 0 0.00

C16 0 0.00 0 0 0 0 0.00

Total 329874.53 37.44 236177.58 193588.18 136286.35 14.77 22.67

Results
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NINE (9) GASOLINE-LIKE SAMPLES
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FIA, ASTM D1319 (vol%)
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Validation (Compared to other ASTM methods)
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Conclusion

• We introduced a possible method for 
olefin quantitation in complex 
alternative fuels made from the 
conversion of plastic waste.

• Validate the results using GC×GC 
with time-of-flight mass spectrometry 
(TOFMS).
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Pegasus BT 4D GC×GC-TOFMS



Chromatogram – diesel-like sample pre-derivatization



Chromatogram – diesel-like sample post-derivatization
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36 hr Post Derivatization Standard Compounds
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Conclusion

• We introduced a possible method for 
olefin quantitation in complex 
alternative fuels made from the 
conversion of plastic waste.

• Validate the results using GC×GC 
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Pegasus BT 4D GC×GC-TOFMS



References
1. Lam, M. (2022, November 3) “You Can’t Recycle Your Way Out”: California’s plastic problem and what we can do 
about it. KQED.

2. Tire Market: Global Industry Trends, Share, Size, Growth, Opportunity and Forecast 2022-2027, 2022.

3. Carlson, D. A.; Roan, C. S.; Yost, R. A.; Hector, J. Dimethyl disulfide derivatives of long chain alkenes, alkadienes, 
and alkatrienes for gas chromatography/mass spectrometry. Anal. Chem. 1989, 61, 1564-1571.

4. Curiale, J. A.; Frolov, E. B. Occurrence and origin of olefins in crude oils. A critical review. Org. Geochem. 1998, 
29, 397-408.

5. Auersvald, M.; Staš, M.; Šimáček, P. Electrometric bromine number as a suitable method for the quantitative 
determination of phenols and olefins in hydrotreated pyrolysis bio-oils. Talanta (Oxford) 2021, 225, 122001

6.  Lecocorp. (2022, February 17) ChromaTOF® tile analytical software. LECO Website Main Page. LECO 
Corporation.

7. Jin, K.; Vozka, P.; Gentilcore, C.; Kilaz, G.; Wang, N. L. Low-pressure hydrothermal processing of mixed polyolefin 
wastes into clean fuels. Fuel (Guildford) 2021, 294, 120505

33



34

Follow us on

 Instagram!

Dr. Vozka’s Research Lab

calstatela.edu/research/c3al

pvozka@calstatela.edu

www.linkedin.com/in/genesis-b-042363b3


	Snímek 1: Alkene Quantitation in Plastic Waste-Derived Alternative Fuels using GC×GC FID
	Snímek 2: Background
	Snímek 3
	Snímek 4
	Snímek 5: Statement of the Problem
	Snímek 6: Methodology
	Snímek 7: Methodology
	Snímek 8
	Snímek 9
	Snímek 10: Theory
	Snímek 11
	Snímek 12
	Snímek 13
	Snímek 14
	Snímek 15
	Snímek 16
	Snímek 17
	Snímek 18
	Snímek 19
	Snímek 20
	Snímek 21
	Snímek 22
	Snímek 23
	Snímek 24
	Snímek 25
	Snímek 26
	Snímek 27
	Snímek 28: Conclusion
	Snímek 29
	Snímek 30
	Snímek 31
	Snímek 32: Conclusion
	Snímek 33: References
	Snímek 34

