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• Organic compounds which adjust fuel properties
• Refining process, store-bought

• Major fuel blending components: octane boosters, pollution 
preventers 

• Blended at volume % level
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Methanol
• Cheap and efficient octane booster

• Emissions: high  

formaldehyde 

concentrations 
5

Methanol Institute (n.d.). Methanol Use in Gasoline. Methanol Institute. Web. 
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Benzene
• Important BTEX octane-

boosting component

• Group 1 carcinogen

Trojan UV (2010). Update on Emerging Contaminants: Fuel and Fuel Additives. Trojan UV / Trojan Technologies. Web.  



Non-Traditional Gasoline Additives (NTGAs)
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Desired Effect

Environmentally Safe

Renewable 7Amine, M. et al. (2017). Effect of Ethyl Acetate Addition on Phase Stability, Octane Number, and Volatility Criteria of Ethanol-Gasoline Blends. 

Egyptian Journal of Petroleum, https://doi.org/10.1016/j.ejpe.2017.08.007.  
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Biomass-derived 

compounds that 

have potential as 

fuel blendstocks

(partial list)
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Alcohols

Alkanes

Alkenes

Esters

Ethers

Furans

Ketones
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“Considered to be a cheap source of octane, these 

chemicals could cause engine problems...[t]hey are 

also harmful to human health and to the 

environment…”

Methyl Acetate Acetone

N-Methylaniline Methylal

Secondary-Butyl Acetate

Harmful NTGAs

ACFA (2014). Report on Harmful Chemicals in Gasoline Blending. ACFA. Web. 
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• Octane booster

• Causes gum formation – carbon 

deposit in engine parts

• Swells rubber seals – may cause oil 

leaks

Methyl Acetate Acetone

N-Methylaniline Methylal

Secondary-Butyl Acetate

ACFA (2014). Report on Harmful Chemicals in Gasoline Blending. ACFA. Web. 

Harmful NTGAs



Gasoline Analysis – DHA, ASTM D6730
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• 2+ hour run time 

• Identification by retention time 
only

•Not equipped to analyze 
novel compounds
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How Does VUV Spectroscopy Work?

VUV Analytics VGA-100
125 to 240nm

1 to 75 spectra/sec

4
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Hexane 1-Hexene

Benzene
2-Hexanone
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Hexane 1-Hexene

Benzene
2-Hexanone
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2,5-Dimethylfuran
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✓Spectral 
deconvolution

✓Easily add 
compounds to 
library

✓Under 35 minute 
run time

✓Identification by 
absorption and 
retention time
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Can we use ASTM D8071 conditions to analyze NTGAs? 
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1 2 3

Experimental setup

Volumetric 

standards prepared 

in oxygenate-free 

gasoline
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1 2 3

Experimental setup Acetone

Dimethoxymethane

Methyl acetate

2-Butanone

2-Methylfuran

Dimethyl carbonate

Ethyl acetate

2-Methyltetrahydrofuran

2-Pentanone

2-Pentanol

2,5-Dimethylfuran

4-Methyl-2-Pentanone

2-Methyl-1-butanol

sec-Butyl acetate

Cyclopentanone

Isobutyl acetate

3-Hexanone

Diethyl carbonate

2,4-Dimethyl-3-pentanone

Ethyl butanoate

n-Butyl acetate

Methyl pentanoate

Ethyl pentanoate

Anisole

Isobutyl isobutyrate

gamma-Valerolactone

Aniline

Methyl levulinate

Ethyl levulinate

N-Methylaniline

1% 3% 5% 10%

Volume %

Volumetric 

standards prepared 

in oxygenate-free 

gasoline



29

1 2 3

0.05%    0.1%    0.2%    0.5%

1% 2% 5% 10% 20%

Acetone

Dimethoxymethane

Methyl acetate

2-Butanone

2-Methylfuran

Dimethyl carbonate

Ethyl acetate

2-Methyltetrahydrofuran

2-Pentanone

2-Pentanol

2,5-Dimethylfuran

4-Methyl-2-Pentanone

2-Methyl-1-butanol

sec-Butyl acetate

Cyclopentanone

Isobutyl acetate

3-Hexanone

Diethyl carbonate

2,4-Dimethyl-3-pentanone

Ethyl butanoate

n-Butyl acetate

Methyl pentanoate

Ethyl pentanoate

Anisole

Isobutyl isobutyrate

gamma-Valerolactone

Aniline

Methyl levulinate

Ethyl levulinate

N-Methylaniline

Additional samples:

Volumetric 

standards prepared 

in oxygenate-free 

gasoline

Experimental setup
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1 2 3

Experimental setup

Analyzed with 

ASTM D8071 

using GC-VUV
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1 2 3

Experimental setup

Analyzed with 

ASTM D8071 

using GC-VUV

• Makeup gas: 0.25 psi N2

• Acquisition range: 125-240 

nm

• Acquisition rate: 4.5 Hz

• Detector flow cell: 275°C

• Transfer line temperature: 

275°C

VUV Analytics VGA-100

• Column: 30m x 0.25mm x 

0.25µm Rxi-1ms

• GC Inlet:  250°C, split 300:1

• Constant Flow Mode: 1.0 

mL/min He

• Injection volume: 1 µL 

• Oven: 35°C (10 min), 7°C/min 

to 200°C (0 min)

Agilent 6890 GC

ASTM D8071
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1 2 3

Experimental setup

Quantified 

Beer-Lambert Law:

A = εbc

A = Absorption

ε = Molar Absorptivity

b = Path Length

c = Concentration



NTGA Compound 10% 5% 3% 1%

Acetone 10.9 4.96 3.00 0.956

Dimethoxymethane 10.4 5.12 3.13 1.08

Methyl acetate 10.4 5.20 3.14 1.06

2-Butanone 10.4 5.12 3.09 1.11

2-Methylfuran 10.2 5.24 3.17 1.05

Dimethyl carbonate 10.5 5.21 3.09 1.05

Ethyl acetate 10.3 5.65 3.66 1.25

2-Methyltetrahydrofuran 10.2 5.13 3.13 1.04

2-Pentanone 10.6 5.32 3.18 1.01

2-Pentanol 10.2 5.19 3.32 1.15

2,5-Dimethylfuran 10.2 5.18 3.18 1.03

4-Methyl-2-Pentanone 10.3 5.30 3.19 1.06

2-Methyl-1-butanol 10.3 5.38 3.21 1.08

sec-Butyl acetate 10.5 5.43 3.25 1.08

Cyclopentanone 10.1 5.18 3.14 1.00

NTGA Compound 10% 5% 3% 1%

Isobutyl acetate 10.5 5.40 3.20 1.04

3-Hexanone 10.0 5.25 3.25 1.09

Diethyl carbonate 10.5 5.36 3.18 0.954

2,4-Dimethyl-3-pentanone 10.1 5.15 3.18 1.08

Ethyl butanoate 10.0 5.22 3.19 1.06

n-Butyl acetate 10.2 5.27 3.16 1.06

Methyl pentanoate 10.1 5.17 3.13 1.03

Ethyl pentanoate 10.3 5.37 3.31 1.18

Anisole 10.1 5.16 3.03 1.04

Isobutyl isobutyrate 10.0 5.12 3.13 1.04

gamma-Valerolactone 6.71 5.02 3.08 1.00

Aniline 10.3 5.23 3.19 1.07

Methyl levulinate 10.2 5.13 3.19 1.10

Ethyl levulinate 10.2 5.20 3.16 1.06

N-Methylaniline 10.3 5.32 3.28 1.08
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NTGA Compound 10% 5% 3% 1%

gamma-Valerolactone 6.71 5.02 3.08 1.00

Oxygenate-Free Gasoline

gamma-Valerolactone

Insoluble
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NTGA Compound 10% 5% 3% 1%

gamma-Valerolactone 6.71 5.02 3.08 1.00

Oxygenate-Free Gasoline

NTGA Compound 10% 5% 3% 1%

gamma-Valerolactone 10.3 5.51 3.26 1.05

Murphy Express Gasoline

(No ethanol)
Insoluble

(10% ethanol)
Soluble
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NTGA Compound 20% 10% 5% 2% 1% 0.5% 0.2% 0.1% 0.05%

Dimethoxymethane 20.9 9.85 4.90 1.83 1.00 0.49 0.22 0.09 0.06

N-Methylaniline 22.8 11.2 5.62 2.20 1.11 0.54 0.22 0.07 0.03

2,5-Dimethylfuran 20.7 9.96 4.88 1.83 1.01 0.47 0.16 0.06 0.02

Dimethoxymethane 2,5-Dimethylfuran

N-Methylaniline
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y=0.40x - 0.03

R2 = 0.9989
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Conclusions

•NTGAs can be analyzed using GC-VUV and ASTM 
D8071 conditions
• Compounds easily added to library
• Deconvolve coeluting compounds
• Accurately quantified

•ASTM D8071 conditions are favorable over ASTM 
D6730
• Shorter run time
• Confidence in identification
• No method changes necessary
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Questions? 

Ryan.Schonert@VUVanalytics.com

Image: 

https://www.videoblocks.com/video/o

il-platform-at-sea-at-sunset-lkqbl2d


