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Ultrafast gas chromatography (UFGC) using a moderately polar column was compared to traditional gas
chromatography (GC) for evaluation of biodiesel-diesel blended fuels. Several biodiesel feedstocks (soy-
bean, tallow, canola, palm, camelina) and concentrations (1-20%) were evaluated, with specific attention
to the separation of fatty acid methyl esters (FAMEs) from the biodiesel component. UFGC is compared
to traditional GC using a similar column chemistry. Principal component analysis (PCA) is performed to
identify clustering based on feedstock and concentration. UFGC proves an effective and fast technique,
comparable to traditional GC, for the analysis of biodiesel-diesel blended fuels.

© 2022 Elsevier B.V. All rights reserved.

1. Introduction

Gas chromatography (GC) with a nonpolar column has long
been the preferred method for analysis of diesel, a petroleum
distillate containing various hydrocarbons [1-5]. Conventional GC
analysis of diesel can be time intensive, with run times of at
least thirty minutes or more [1,6]. Ultrafast GC (UFGC) methods
for diesel utilize the same nonpolar column chemistry but with
short (2-10 m), narrow-bore capillaries, allowing for run times of
just a few minutes [7-11]. Biodiesel is commonly added to diesel
fuel in response to the need for greener fuels and lower emissions
[12]. Biodiesel is produced from vegetable oil or animal tallow
via transesterification and yields fatty acid methyl esters (FAMEs).
GC paired with a long, polar column is best suited for success-
ful separation of individual FAME isomers in the biodiesel-diesel
blends [13]. High speed methods for separation of biodiesel blends
have been reported [14-15]. These fast methods utilize a polar col-
umn chemistry and allow adequate resolution of FAME compo-
nents. However, ultrafast methods for analysis of biodiesel-blends
are not well utilized and the literature regarding use of UFGC for
FAME analysis is limited. The work of Bergamaschi Tercini et al. is
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one of the only studies that evaluates biodiesel-diesel blends using
UFGC; they employed a very polar column for the analysis of total
FAMEs [16]. UFGC relies on quick temperature ramps and high fi-
nal temperatures, which in combination with a very polar column,
can yield column degradation in a short number of cycles. Previ-
ous research in our lab evaluated a nonpolar column for the anal-
ysis of diesel fuels mixed with various concentrations of biodiesel
[17]. Resolution of the FAMEs was poor on a nonpolar column. An
alternative approach may be to utilize a moderate polarity column,
where increased polarity may improve FAME separation along with
increased maximum temperatures may prolong column lifetime. In
fact, use of a moderate polarity GC column for the separation of
FAMEs has been reported in this journal [18]. A moderate polar-
ity column has also been utilized for analysis of diesel fuels, when
additional information regarding the chemical composition is de-
sired [19]. In this research, we employ UFGC with a moderately po-
lar column to investigate the separation of biodiesel-diesel blended
samples. A comparison to the separation of the same samples us-
ing a traditional length GC column with similar column chemistry
is performed.

2. Material and methods
2.1. Chemicals
Biodiesel fuel samples included in this study were obtained

from Iowa Renewable Energy (Washington, IA, tallow, soybean,
canola) and NIST (Gaithersburg, MD, SRM 2773, tallow/soybean).
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Two biodiesels were produced in house from the original plant oil
(palm (Bianca Rosa) and lena camelina (Lentz Spelt Farms). The
transesterification reaction was run adding 100 mL of warmed veg-
etable oil (40 °C) to 20 mL sodium methoxide solution ((0.35 g
finely ground anhydrous NaOH (Fisher Scientific) in 20 mL pure
methanol (HPLC grade, Fisher Chemical)) and stirring for 15-
30 min. The mixture was then transferred to a separatory fun-
nel where it was left to separate for approximately one hour. The
glycerol-containing bottom layer was removed, resulting in the fi-
nal biodiesel.

Diesel fuel was obtained from Phillips 66 (Linden, NJ). Sam-
ples were stored in their original containers at 4 °C. A series of
biodiesel-diesel blends (10 mL total volume) were prepared for
each biodiesel type by mixing with the Phillips 66 diesel in blend
ratios of 1, 2, 5, 10, and 20% biodiesel by volume (B1, B2, B5, B10,
B20, respectively). Samples were brought to room temperature, ho-
mogenized via inversion, and an aliquot of each was transferred to
an injection vial prior to GC analysis. Each sample was injected and
analyzed in triplicate.

2.2. Instrumentation

2.2.1. UFGC

Separations were performed using a CALIDUS™ Ultrafast Gas
Chromatograph (Falcon Analytical, Lewisburg, WV). The GC was
equipped with a moderately polar MXT-50 column (50% phenyl
polydimethylsiloxane, Restek, 4 m x 180 um x 0.2 um). The tem-
perature program began at 40 °C (start hold 10 s) and ramped to
275 °C at 2.0 °C/s, followed by a second ramp to 345 °C at 1.0
°C/s (end hold 27.5 s), yielding a total run time of 3.75 min. Ul-
tra high purity hydrogen was used as a carrier gas under constant
pressure mode (15.0 psi). The flame ionization detector (FID) was
operated using ultra zero grade high purity air (17.6 psi) and ultra-
high purity hydrogen (22.0 psi) at 350 °C. Each sample was an-
alyzed at room temperature. Injections (70 nL, splitless) occurred
via a PALARUS™ GC autosampler (Falcon Analytical) at 350 °C.
Chromperfect™ (v6.0.14, Chromperfect, Denville, N]) was used to
control all instrument parameters.

2.2.1. Traditional GC

Separations were performed using an Agilent 6890 gas chro-
matograph coupled with an Agilent 5973 mass spectrometer (Agi-
lent Technologies, Santa Clara, TX) and have been described previ-
ously [27]. The GC was equipped with a moderately polar RTX-50
column (crossbond 50% phenyl polydimethylsiloxane, Restek, 30 m
x 0.25 mm x 0.25 pm). The oven temperature was optimized for
separation of FAME components in the biodiesel as follows: 80 °C
(hold 1 min) to 180 °C at 30 °C/min to 290 °C at 5 °C/min, yield-
ing a total rum time of 26.5 min. High purity helium was used as a
carrier gas at a flow rate of 1.5 mL/min. Each sample was manually
injected in triplicate (1pL from 10 pL syringe, Hamilton Company)
with a split ratio of 50:1. The inlet and transfer line temperatures
were held at 250 °C and 280 °C, respectively. An electron-impact
ionization source was utilized with a quadrupole mass analyzer
operated in full-scan mode (m/z 20 - 600) with a sampling rate of
4.94 scans/s. The mass spectrometer source and quadrupole were
held at 230 °C and 150 °C, respectively.

2.3. Data analysis

Peak identification was performed by comparing to the NIST
2773 soybean/tallow biodiesel standard and using a NIST database.
All chromatograms were aligned using Lineup™ (Infometrix, Both-
ell, WA) to a representative diesel chromatogram with warp of 2
and segment size of 100 for the UFGC data and warp of 4 and seg-
ment size of 15 for the GC data. Aligned files were imported into
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Pirouette® (v4.5, Infometrix). Mean centering and vector length
normalization were applied prior to chemometric analysis using
Principal Component Analysis (PCA). The data are plotted in prin-
cipal component space using Microsoft Excel.

3. Results and discussion
3.1. Separation of biodiesel-diesel blends by UFGC

Representative chromatograms showing the separation of
biodiesel blends using the moderately polar MXT-50 column in
UFGC are presented in Fig. 1. Fig. 1A displays various feedstocks
at B20 concentration, and Fig. 1B displays the tallow/soybean feed-
stock at different concentrations.

FAMEs from the biodiesels elute between 1.2 and 2.2 min. The
C12:0, C14:0, C16:0, C20:1, and C22:1 FAMEs are resolved from
other FAMEs and diesel peaks. The C18:0 and C18:1 FAMEs are
unresolved from one another. In some feedstocks, the C18:2 is
a shoulder peak overlapping with the C18:0 and C18:1, while in
other feedstocks, like the camelina, the C18:2 is a more distinct
peak yet still not baseline resolved. For most feedstocks, the C18:3
FAME is not baseline resolved from the C18:0/C18:1 peak. Interest-
ingly, the C18:3 FAME is baseline resolved for the camelina feed-
stock. Elution order here is characteristically based on both boiling
point and polarity [18].

Peak heights for FAMEs increase with concentration. For the
most abundant FAMEs in a given feedstock, peaks are typically no-
ticeable at low concentrations of biodiesel (B1 and B2). For ex-
ample, C16:0 and C18:0/C18:1 peaks are present in the B1 tallow
chromatogram. At the low concentrations, it can be more challeng-
ing, however, to identify FAMEs that are present in smaller concen-
trations (e.g. C20:1 in camelina) or those that overlap with diesel
peaks (C12:0 in palm).

In comparison to UFGC with a nonpolar column, the separation
of FAMEs is not greatly improved [17]. The main difference is the
ability to perhaps identify the presence of C18:3 FAME, but oth-
erwise the separation is similar. Thus, if detailed information con-
cerning FAME composition is needed, UFGC with a moderately po-
lar column would not necessarily be a better choice than a non-
polar column, and use of a polar column chemistry would be war-
ranted [16]. However, if detailed FAME identification is not needed,
perhaps for determination of an adulterated fuel or calibration of a
biodiesel concentration, this UFGC method could be appropriate.

3.2. Separation of biodiesel-diesel blends by conventional GC

For comparison, representative chromatograms showing the
separation of biodiesel blends using the moderately polar RTX-50
column in conventional GC are presented in Fig. 2. Fig. 2A displays
various feedstocks at B20 concentration, and Fig. 2B displays the
tallow/soybean feedstock at different concentrations.

FAMEs from the biodiesels elute between 5.6 and 17.5 min. The
C12:0, C14:0, C16:0, C20:1, and C22:1 FAMEs are resolved from
other FAMEs and diesel peaks. The C18:0 and C18:1 FAMEs are un-
resolved from one another, as was the case with the UFGC method.
A large difference here is that the C18:2 and C18:3 FAMEs are base-
line resolved from the C18:0/C18:1 peak and from one another, a
major improvement in the separation. In fact, a much clearer de-
scription of the FAME composition for each biodiesel and the dif-
ferences across the set can be identified. Elution order is again
characteristically based on both boiling point and polarity [18].
These results are somewhat consistent with Yamomoto et al., who
were able to achieve some resolution between saturated and mo-
nounsaturated FAMEs but did not achieve baseline separation using
a 50% phenyl column [18].
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Fig. 1. UFGC chromatograms displaying (A) various feedstocks at the B20 blend ratio and (B) various blend ratios of the tallow/soybean biodiesel. FAME peaks are labeled:
1- C12:0, 2- C14:0, 3- C16:0, 4- C18:0, 5- C18:1, 6- C18:2, 7-C18:3, 8- €20:1, 9-C22:1.
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Fig. 2. Conventional GC chromatograms displaying (A) various feedstocks at the B20 blend ratio (B) various blend ratios of the tallow/soybean biodiesel. FAME peaks are
labeled: 1- C12:0, 2- C14:0, 3- C16:0, 4- C18:0, 5- C18:1, 6- C18:2, 7-C18:3, 8- C20:1, 9-C22:1.
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Fig. 3. PCA of UFGC dataset showing clustering based on concentration. The inset figure displays feedstrock type.

Peak heights for FAMEs increase with concentration, with sim-
ilar trends compared to UFGC. For the most abundant FAMEs
in a given feedstock, peaks are typically noticeable at low con-
centrations of biodiesel (B1 and B2). For example, C16:0 and
C18:0/C18:1 peaks are present in the B1 tallow chromatogram.
Again, at the low concentrations, it can be more challenging, how-
ever, to identify FAMEs that are present in smaller concentrations
(e.g. C20:1 in camelina) or those that overlap with diesel peaks
(C12:0 in palm).

3.3. Principal component analysis of UFGC data

PCA is a multivariate technique that is useful in determining
trends in large data sets. In this research, PCA was used to inves-
tigate if concentration and feedstock type could be grouped to-
gether using the data obtained from a moderately polar column
where the resolution between FAMEs is not complete. PCA was
performed on the UFGC data set; the first two principal com-
ponents are plotted in Fig. 3. Biodiesel-diesel blends are clus-
tered based on concentration across PC1. Diesel (BO) samples are
clustered in the upper right with B1 and B2 samples clustering
nearby. The overlapping BO, B1, and B2 groups are likely based
on very small differences in concentration of the FAMEs present
in the B1 and B2 samples. B5, B10, and B20 samples are clus-
tered more distinctly from one another and spread from right to
left across the first principal component axis. The differences in
B5, B10, and B20 FAME concentration are more pronounced than

in the smaller concentrations. The loadings for PC1 indicate C12:0,
C16:0, and C18:0/C18:1 FAME peaks are responsible for the con-
centration clusters observed. The only exception to these concen-
tration clusters comes from the camelina feedstock (far upper right
in Fig. 3). The camelina samples are still clustered distinctly based
on concentration, but are not as spread out across PC1 as the other
samples.

Biodiesel-diesel blends are clustered based on feedstock type
across PC2, almost as spokes from a central origin, as shown in
the inset of Fig. 3. On PC2, from most positive to least posi-
tive, the feedstocks are identified as camelina, soybean, canola,
tallow, tallow, palm. The soybean, canola, and tallow sam-
ples all contain similar FAMEs: C16:0, C18:0, C18:1, C18:2, and
C18:3, albeit in different concentration ratios [13]. The camelina
biodiesel has a large concentration of C18:3 FAME and is the
only feedstock in this data set that contains the longer C20:1
and C22:0 FAMEs. The palm biodiesel has a large concentra-
tion of C12:0 and C14:0, making it the only biodiesel in this
set with these FAMEs. The loadings on PC2 indicate C12:0,
C18:0/C18:1 and C18:2/C18:3 contribute the most, with C14:0,
C16:0, and C20:1 contributing to a smaller extent. The differ-
ences in these FAME concentrations are important for differenti-
ating the biodiesel-diesel feedstock type, thus it is an important
that these FAMEs are separated on this column chemistry. Simi-
lar groupings based on concentration and feedstock type were ob-
tained for the conventional GC with a moderately polar column
(not shown).
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4. Conclusions

The use of UFGC with a moderate polarity column was suc-
cessful for the analysis of biodiesel-diesel blends when considering
both concentration and feedstock. Bulk determination of identity
of a blend (concentration and feedstock) can be performed using
UFGC, with some analysis of FAME composition, in a very short pe-
riod of time. The UFGC method, while comparable to conventional
chromatography, was limited in its ability to resolve C18:0, C18:1,
C18:2, and in many cases C18:3. The use of conventional GC with
a moderate polarity column was also successful for the analysis of
biodiesel-diesel blends. While bulk determination of the identity
of a blend can be performed, additional resolution of the C18:2
and C18:3 FAMEs provided for a more comprehensive analysis.
Both methods are somewhat limited if detailed analysis of FAME
composition (positional isomers and/or saturated and monounsat-
urated FAMEs) in the biodiesel-diesel blends is desired. However,
the use of PCA allows for differentiation of both concentration and
feedstock type, despite the limited resolution of some FAME peaks
in both UFGC and conventional GC modes using a moderately polar
column. While PCA itself cannot provide classification or quanti-
tative assessment of biodiesel blending ratio, additional multivari-
ate regression techniques, such as PCR or PLS, could potentially be
used in combination with either UFGC or conventional GC to pre-
dict blend ratio. Combined with a difference in run time of nearly
23 min for each injection, a difference of 42 h of total run time for
the samples included in this study, UFGC provides a faster analysis
of biodiesel-diesel blends. Overall, this study shows that a moder-
ate polarity column paired with UFGC may be beneficial for quick
determination of biodiesel feedstock and concentration.
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