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ABSTRACT
As fossil fuel has become more difficult to obtain, there has been renewed interest in developing fuel from alternate
sources. One alternative fuel source being investigated and used in parts of the world is oil from agricultural prod-
ucts such as corn, rapeseed, or soy. Unmodified, or straight vegetable oil can be used as fuel in adapted diesel
engines. Unfortunately, because vegetable oil is more viscous than diesel fuel, as much as 10-20 times, it can
cause problems in such engines over time. To create biodiesel, a fuel with a viscosity closer to diesel, oil can be
modified. Thermally cracking, or controlled pyrolysis, of bio-oil decreases its molecular weight and is thereby effec-
tive in converting oil to a more useable fuel, like biodiesel. However, because of complicated pyrolysis mecha-
nisms, different pyrolysis conditions yield different products. This poster describes the use of pyrolysis GC/MS by
chemists to study various pyrolysis conditions and their effects on different vegetable oils. Chromatograms of pyro-
lyzed vegetable oils are compared to chromatograms of diesel fuel to determine optimal pyrolysis conditions.
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Figure 1: Chromatograms of gasoline, diesel and Linolenic Acid.

INTRODUCTION

Figure 1 above contains gas chromatograms of gasoline, diesel fuel, and a fatty acid found in vegetable oil. In this
poster, analytical pyrolysis is used to model large-scale pyrolysis (cracking) of bio-oils. Cracking reduces the oil's
molecular size, therefore increasing its volatility. We will see how oil changes chromatographically to more closely
resemble diesel fuel or gasoline. Although the resulting pyrograms are complex, we will also try to explain the
origin of a few cracking products of individual fatty acids, and relate them to triglycerides in oils.

EXPERIMENTAL

To examine cracking products of vegetable oils, we looked at some of the individual components of vegetable oils,
the fatty acids. So first we pyrolyzed 3 different unsaturated C18 fatty acids, then we pyrolyzed 4 different veg-
etable oils found in the supermarket: corn, canola, olive, and sunflower oil.

We used a CDS Model 5250 Pyrolysis Autosampler interfaced to an Agilent 6890GC/5975B MSD. Each sample
was heated inside a quartz tube using the platinum coil of the autosampler, to a setpoint 750°C for 15 seconds.
The resulting volatiles were transferred via a transfer line to the gas chromatograph for analysis. The gas chro-
matograph was equipped with a 30M HP5MS column, which was held at an initial temperature of 40°C for 2 min-
utes, then ramped at 8°C per minute to a final temperature of 300°C, which was held for 5 minutes. The detector
was set to scan from 25 to 550 amu.
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Figure 2: lon 43 Extracted to show Pentane in Linoleic Acid. Figure 3: lon 43 Extracted to show Octane in Oleic Acid.
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Figure 4: Pyrograms of Oleic, Llnolenlc and Linoleic Acids.
Table 1: Pyrolysis Products of Fatty Acids.

Oleic Acid Linolenic Acid
RT _[Mame RT__ |Maine RT Mame RT | Maime: RT|Mame RT |Mame:
1.76[1 3-Endadiens 7.91[2-Cyclohexen-1 -one | 1581 (2 4-Decadienl, (EE)- 1.78 |Propanal 6.50p-Xylene 115 53[1H-nclene, 1 -ethylidene-
181 1-Pentens 23 |Cyclopentens, 1 -butyl |15.92 5 Undecyne 200|Cyclopropane, efhylidene- | £ .55|Benzene, 1 2 dimelhyl- 15952 Cyclohexen-1-ane, 2.(2-melhyl-2-propenyl)-
208[1,3-Cyclopentadiens .57 |5-Hexenuic acid | 16:52{112-Tridecadiene 2.26|1-Hexene 6.58(1,2-Dimethyl-1 4-cyclohexadiens 16,66 |Undecylenic Acid
2.14|Cyclopentens 9.18{1-Decene 16.74 [n-Decanic acid 2.51|2 4-Hexadiene, (Z,Z)- 6.70{1 3-cis 5-cis-Octalriene 1892 |9-Oxononanoic acid
2.31[1-Hexene 9.450ctanal 1710 {1-Tetradecene 288|2,3-Dihydrofuran 7.01|Styrene 19 48 frans frans-nona-2,4-cienol
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6.44 |E I-4-Ethylidenecyclohexens | 15.27 |Nonanoic acid

Linoleic Acid
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.51 |[Benzene, 1,2-cimethyl- 13.57 |Octanoic Acid 28.14(9,12-Octackecadiencic acid (Z,2)-
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In general, fewer pyrolysis products are seen with oleic acid as it was much more easily desorbed than the other

two. This is

probably because it has only one double bond in its chain, and therefore fewer weak bonds. Also, oleic

acid's pyrogram has much less ocatanoic acid and nonanoic acid than the other two. Many more aldehydes are
seen in the fatty acids than expected. For example, linoleic acid’s pyrogram contains hexenal, and linolenic acid
has propanal, and heptadienals.

Although largely similar, each fatty acid does show significant differences. For example, as seen in Figure 2 on the
first page, pentane is seen in linoleic acid; it is not seen in the others. Pentane is probably the result of cleavage of

the bond in t

he 14" position (next to the double bond). Also, by the same mechanism, cleavage of the bond adja-

cent to the double bond, octane is found in oleic acid, but not the other two (Figure 3).



Figure 6: Cleavage of Glycerol backbone from a

Triglyceride(C. Zhenyi et al).

Vegetable Oils

A triglyceride is 3 fatty acids linked with a glycerol back-
bone, and vegetable oils are a matrix of different triglycer-
ides as well as free fatty acids. This is one reason why there
is much more pyrolysis product at a greater range of mo-
lecular weights in the oils compared to the fatty acids. Fig-
ure 5 is a pyrogram stack of all 4 studied oils.

The observance of propenal in the oils, but not the fatty
acids could be due to cleavage of CO bonds from the glyc-
erol backbone. Octadecadienals in the oils could also be
due to backbone cleavage. (Figure 6).

While differing from the
fatty acids, the oils look
very similar to each other.
However, one difference is
that olive oil's pyrogram
contains more octane than
the other oils (Figure 7). As
mentioned in the in the
Fatty Acid section, octane
is seen in the pyrogram of
oleic acid, but not in the
other two, therefore the
higher octane content may
be directly related to olive
oil's high oleic acid content.

Figure 7: lon 43 Extracted to show Octane in oil pyrograms.



Table 2: Pyrolysis Products of Vegetable Oils.

CONCLUSION

Generally, pyrolysis mechanisms of oils and fatty acids are complex, and product origin may not be well understood.
Obvious results include pentane in linoleic acid, and octane in oleic acid. The octane in olive oil may be related to
its high oleic acid content. Oleic acid appeared to be more difficult to pyrolyze than linoleic and linolenic. This is
most likely due to its degree of saturation (fewer double bonds). Another difference between the fatty acids is that
oleic acid’s pyrogram has much less ocatanoic acid and nonanoic acid than the other two.

Many more aldehydes are seen than expected. Linolenic acid’s pyrogram contains hexenal, and linolenic acid’s
pyrogram has heptadienals. Propenal and octadecadienals in the vegetable oils could be due to glycerol backbone
cleavage.

We have shown analytical pyrolysis to be useful in studying the cracking products of vegetable oils. Other pyrolysis
work on plant based oils has also been done around the world. D.G. Lima et al. in Brazil used a 5L stainless steel
still to pyrolyze and study soy, palm tree, and castor oils. Also, I.C.P. Fortes, and P.J. Baugh have done pyrolysis-
GC/MS on Macauba fruit oil in Brazil. Also useful in writing this poster were thermodynamic calculations of oils
done by C. Zhenyi et al. at the Biodiesel Lab of the University of Petroleum in Beijing, China.

REFERENCES

A. Demirbas, Energy Conservation & Management 41(2003) 2093-2109.
C. Zhenyi et al., Energy Sources 26(2004) 849-856.

D.G. Lima et al., J. Anal. Appl. Pyrolysis 71(2004) 987-996.

I.C.P. Fortes, P.J. Baugh, J. Anal. Appl. Pyrolysis 29(1994) 153-167.
I.C.P. Fortes, P.J. Baugh, J. Anal. Appl. Pyrolysis 72(2004) 103-111.
J.W. Alencar, J. Agric. Food Chem 31(1983) 1270-1275.



	Page #1
	Page #2
	Page #3
	Page #4

