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ABSTRACT 

There are many anthropogenic climate change 
mitigation strategies being adopted worldwide. One of 
these is the adoption of biodiesel FAME (Fatty Acid 
Methyl Ester), in transportation. The fuel has been 
widely promoted as replacement for petroleum diesel 
because of its potential benefits for life cycle 
greenhouse gas emissions, carbon dioxide reduction 
and particulate matter improvements.  

Presently biodiesel may be made from a wide variety 
of starting materials, including food waste and 
agricultural materials such as vegetable oils and 
greases. The number and variety of possible starting 
materials continues to increase. Though, there is a 
limiting factor in the use of FAME, and that is cold 
weather operability. The regional climate can often 
influence FAME adoption with resultant economic and 
environmental implications. Often this cold 
temperature operability manifests itself as in vehicle 
fuel filter blocking. Several analytical protocols have 
been produced over the last few years to identify the 
chemicals in biodiesel that cause this problem. 
However, the presence of petroleum hydrocarbons 
compromises many of these methods and others 
involve derivatization. Here we propose a protocol 
built around supercritical fluid chromatography mass 
spectrometry (SFC-MS) and Fourier transform ion 
cyclotron mass spectrometry (FT-ICR MS) that has 
the flexibility to meet these challenges and allow the 
analysis of petroleum diesel/FAME blends and afford 
detection of the suspect compounds causing filter 
blocking under cold temperature  

INTRODUCTION 

The use of FAME worldwide and blends with 
petrodiesel has resulted in incidents regarding filter 
blocking. In many cases information regarding 
composition of the FAME and its impurities [1] would 
allow blenders to understand and manage the 
possible climatic problems they may experience. The 
subject has seen numerous historical and recent 

studies Csontos et al. have published several papers 
related to the analysis of FAME impurity blocked fuel 
filters [2,3,4]. Barker et al. have also investigated 
biodiesel impurities on filters [5,6]. Fersner et al. [7] 
used the standard method ASTM D2068 [8] filter 
blocking tendency to investigate biodiesel impurity 
filter blocking. Jolly also found the impurities in 
biodiesel caused filter blocking in field samples [9], 
and Gopalan [10] showed the importance of 
degradation products. Barker [11] and Richards [12] 
identified biodiesel origin acids on filters, and recent 
work by Heiden [13] has introduced a cooling step to 
known analytical protocols to help with interferences 
found when petrodiesel is present. The work 
regarding filter blocking incidents has led to 
specifications for biofuels EN14214:2019[14] and 
ASTM D6751-23a [15] being tightened and new 
methods developed to analyze impurity componentry 
in biodiesel, for example saturated monoglycerides by 
gas chromatography EN17057 [16], but the majority 
of methods cannot be used for a petrodiesel/biodiesel 
blend. This lack of methodologies is a severe 
limitation to those seeking to blend in certain climatic 
circumstances. The analytical technique of mass 
spectrometry is well suited to this task and a new 
rapid methodology will be described herein utilizing 
supercritical fluid chromatography-mass 
spectrometry, accurate mass measurement and 
tandem mass spectrometry. 

METHODS AND SAMPLES 

Samples: 

A selection of nine petrodiesel/biodiesel samples from 
the diesel pool were sourced from the field. The fuels 
were all hydrocarbon biodiesel blends from Europe, 
USA, and Scandinavia, except diesel 1 which was 
100% commercial biodiesel. FAMEs were observed 
to be present in all nine fuels during analysis, with all 
diesels containing FAMEs C18:3, C18:2, and C18:1.  

The major differences observed in FAME makeup: In  
diesel 1, diesel 2, diesel 3 and diesel 5 
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(C16:1;C16:0;C18:0) were observed. An absence of 
C16 FAMEs were observed in diesel 4, diesel 5, 
diesel 6, diesel 8 and diesel 9. An absence of FAME 
C18:0 was observed in diesel 6 and diesel 7. 

Methods: 

The samples were analyzed by positive and negative 
ion electrospray ionization (ESI) ultra high 
performance supercritical fluid chromatography mass 
spectrometry (UHPSFC-MS) and positive ion 
electrospray ionization Fourier transform ion cyclotron 
resonance mass spectrometry, (FT-ICR-ESI+MS). In 
the former case samples were introduced undiluted. 
In the latter a toluene solvent mix was used followed 
by dilution until a data intensity of 108 was noted in 
the mass spectrometer. The sample preparation and 
dilution were optimized to negate problems 
associated with space charge effects. 

Instruments: 

Note the mass spectral and other techniques have 
been described in detail previously in other SAE 
papers [17,18].  

UHPSFC-MS 

Analyses were undertaken using an Acquity UPC2 
system (Waters, Manchester, U.K.) coupled to a 
Waters SQD2 (Waters, Manchester, U.K.) single 
quadrupole mass spectrometer. Tandem MS analyses 
were undertaken using an Acquity UPC2 system 
(Waters, Manchester, U.K.) coupled to a Waters Xevo 
TQD (Waters, Manchester, U.K.) triple quadrupole 
mass spectrometer. Using positive ion ESI-UHPSFC-
MS ammonium acetate was added to the methanol 
make-up flow to preferentially form the ammoniated 
adduct [M + NH4]+ when analyzing the sample by 
positive ion electrospray mass spectrometry. 

FT-ICR MS 

The high resolution mass spectrometry (HR-MS) 
analyses were acquired using a Fourier transform Ion 
Cyclotron Resonance Mass Spectrometer (FT-ICR 
MS) (Bruker Daltonics, Coventry, U.K.). with a 4.7 
Tesla magnet. An ESI source was used with a TD 
(Time Domain) of 2M and 64 scans. Sodiated 
molecules [M + Na]+ were the abundant ions when 
using direct infusion positive ion ESI FT-ICR MS. 

ANALYSIS 

The following known climatically induced filter deposit 
forming compounds were highlighted for analysis  

• Fatty acid methyl esters (FAMEs)

• Fatty acid methyl ester (FAME) oxidation
products

• Free fatty acids (FFAs)

• Sterol glucosides (SGs)

• Monoacylglycerols (MAGs)

One example of each compound found to be present 
within the fuel will be shown in detail, using positive 
and negative ion UHPSFC-MS and FT-ICR MS data. 
A typical example base peak ion current 
chromatogram (BPICC) is shown in Figure 1 and the 
relevant areas of interest described. The 
reconstructed ion current chromatograms (RICCs) of 
each impurity of interest are described under each 
impurity subheading. 

Fatty Acid Methyl Esters (FAMES) 

FAMEs have been linked to filter blocking and deposit 
formation [18,19].Table 1 shows a summary of 
FAMEs to be screened for, their respective molecular 
formulae and structures, adducts that can be present 
and their associated masses. Nominally isobaric 
species are in bold and underlined. 

Figure 1  Positive ion ESI BPICCs of diesel samples 
1, 2 and 7 with retention time regions (minutes) 
highlighted for compounds of interest. 



Table 1 FAME Molecular formulae and masses. 

The diesel fuel number 1 will be used to illustrate this 
class of analysis. FAMEs were found to elute at tR 
0.55-0.70 min as shown in Figure 2 (positive ion ESI 
UHPSFC-MS) base peak ion current chromatogram 
(BPICC) of diesel 1. The corresponding positive ion 
UHPSFC-ESI mass spectrum shown in Figure 3, 
shows ammoniated molecules [M + NH4]+ observed 
at nominal m/z 286-316 that are consistent with 
compounds of nominal mass 268-298 g/mol and are 
in agreement with nominal masses of FAMEs from 
literature [20]. 

Figure 2 Positive ion ESI UHPSFC-MS BPICC of 
diesel 1 with pale blue box highlighting FAMEs region 
of retention (tR 0.55-0.70 min.). 

Figure 3 Positive ion ESI UHPSFC mass spectrum of 
diesel 1 at tR 0.55-0.70 min, zoomed range m/z 285-
319. 

RICCs of associated m/z values for FAMEs ([M + 
NH4]+ as shown in Table 1 are shown in Figure 4. The 
peaks observed are highly consistent with C16:1, 
C16:0, C18:3, C18:2, C18:1 and C18:0 FAMEs. 
Chromatographic separation of the positive ion ESI 
UHPSFC-MS method provides both separation of the 
FAMES by chain length as well as by degree of 
saturation.  

Figure 4 Positive ion ESI UHPSFC-MS RICCs of 
diesel 1 showing FAMEs with pale blue box 
highlighting FAMEs region of retention (tR 0.55-0.70 
min.). 

Figure 5 shows sodiated molecules observed for 
FAMEs C16:1, C16:0, C18:3, C18:2, C18:1 and 
C18:0 when using direct infusion positive ion ESI FT-
ICR MS (Table 1).This is in agreement with proposed 
FAMEs observed in the positive ion ESI UHPSFC-MS 
data for diesel 1 with the sodium adducts further 
confirming presence of FAME species with accurate 
mass measurements. 

 Becoming more saturated and carbon chain length 
increasing



Figure 5 Direct infusion positive ion ESI FT-ICR mass 
spectrum of diesel 1 (zoomed m/z 290-330), showing 
sodiated molecules for FAMEs. 

In summary, FAMEs were observed to be present in 
all nine fuels during analysis, with all diesels 
containing FAMEs C18:3, C18:2, and C18:1. The 
differences observed were an absence of C16 Fame 
in diesels 4, 5, 6,8, and 9. There was also an 
absence of FAME C18:0 in diesel 6 and 7.  

Fatty Acid Methyl Esters (FAME) oxidation 
products 

FAMEs are known to have low stability and are very 
susceptible to auto oxidation [21,22] and they linked 
to filter blocking [18,23,24].Table 2 shows a summary 
of the FAMEs and FAME oxidation products, their 
respective molecular formulae, adducts that can be 
present and their associated masses [25]. Each 
FAME has a designated color, dependent on number 
of double bonds, which match the colored arrows in 
figures 6 and 9 and it should be noted only C18 
FAME oxidation products were highlighted in this 
study. Clearly others could be analyzed using the 
same protocol. Diesel 5 was used to illustrate this 
product. The sample showed that multiple species 
have the same nominal mass, as the FAME oxidation 
products. In the positive ion ESI UHPSFC-MS data, 
multiple peaks at various retention times are 
observed for these species in RICCs. This makes it 
difficult to assign peaks with confidence even if 
expected retention time known. Whereas direct 
infusion positive ion ESI FT-ICR MS provides 
separation of nominally isobaric species due to 
accurate mass measurements, providing molecular 
formulae. Therefore, direct infusion positive ion ESI 
FT-ICR MS is the preferred technique for FAME 
oxidation products in petrodiesel/biodiesel blends and 
will be shown first with positive ion ESI UHPSFC-MS 
discussed afterwards. 

Table 2 FAME oxidation products molecular formulae 
and masses. 

However, it should be noted that positive ion ESI FT-
ICR MS will only show one species at a given m/z 
and not show structural isomer information, although 
it can be used in conjunction with chromatographic 
separation in the positive ion ESI FT-ICR MS method. 
Figure 6 shows ions consistent with the respective 
FAME oxidation products up to the addition of three 
addition oxygen atoms in agreement with ions shown 
in Table 2. 

Figure 6 Direct Infusion positive ion ESI-FT-ICR mass 
spectrum of diesel 5 range m/z 325-370 showing 
sodiated products for C18 FAME oxidation products 
up to the addition of three oxygen atoms. 

FAMEs and FAME oxidation products were found to 
elute between tR 0.50-0.80 min as shown in Figure 7. 
The corresponding positive ion ESI UHPSFC mass 
spectrum shown in Figure 8 shows ammoniated 
molecules [M + NH4]+ observed at nominal m/z 310-
360, which are consistent with compounds of nominal 
mass 293-343 g/mol, which is in agreement with 
FAMEs and FAME oxidation product nominal masses 
as shown in Table2. 

Figure 7 Positive ion ESI UHPSFC-MS BPICC of 
diesel5 with pale 



blue box highlighting FAMEs and C18 FAME 
oxidation products region of retention (tR 0.50 -0.80 
min.). 

Figure 8 Positive ion ESI UHPSFC mass spectrum of 
diesel5 at tR 0.50-0.80 min (zoomed range m/z 300-
380), showing ammoniated molecules for C18 
FAMEs and their respective FAME oxidation 
products, up to the addition of three oxygens. 

RICCs for nominal m/z associated with FAME C18:3 
and associated FAME oxidation products (in this case 
[M + NH4]+ as shown in Table 2 and confirms the 
assignment. Figure 9. 

Figure 9 Positive ion ESI UHPSFCMS RIICs of diesel 
5 showing 18:3 FAME and FAME Oxidation products. 

FAME oxidation products show that diesels have 
been oxidized, suggesting for example poor storage 
or old fuel. The difference in abundances of FAME 
oxidation products as well as the number of oxygen 
atoms observed corresponds to the different extent of 
oxidation each fuel has undergone.  
Both techniques used were suitable for FAME 
oxidation products analysis however positive ion ESI 
FT-ICR MS was able to confirm the assignment and a 
molecular formula. In summary, C18 FAME oxidation 
products were only observed to be present in diesels 
1, 2, 3, 4, 5, 7 and 9 during analysis. C18 FAME 
oxidation products were found to be absent in diesel  
6 and 8 suggesting that these fuels contain 
unoxidized FAMEs.  

FREE FATTY ACIDS (FFAs) 

FFAs are well known as a contributing compound for 
metal carboxylates deposits both in fuel filter and fuel 
injector IDIDs [19,23,26]. Diesel 8 will be used to 
illustrate this group of compounds. FFAs were found 

to elute at tR 0.85 – 1.20 min as shown in Figure 
10.The corresponding negative ion ESI UHPSFC
mass spectrum shown in Figure 11 shows
deprotonated molecules [M – H]- observed at nominal
m/z values matching those in Table 3. RICCs of
associated m/z values for FFAs (in this case [M – H]-
as shown in Figure12 were used for compound
confirmation as

Table 3 Free acids molecular formulae and masses 

shown in Table 3, and the peaks observed suggest 
the presence of C14:0, C16:1, C16:0, C18:3, C18:2, 
C18:1 and C18:0 FFAs. Additionally, 
chromatographic separation of the negative ion ESI 
UHPSFC-MS method provided both separation of the 
FFAs by chain length as well as by degree of 
saturation. 

Figure 10 Negative ion ESIUHPSFC-MS BPICC of 
diesel 8, pale blue box highlighting FFAs region of 
retention (tR 0.85-0.2min.). 



Figure 11 Negative ion ESI UHPSFC mass spectrum 
of diesel 8 at tR 0.85-1.20 min (range m/z 220-290). 

Figure 12 Negative ion ESI UHPSFC-MS RICCs of 
diesel 8 showing FFAs (tR 0.85-1.20m min.). 

The FFAs were also observed as deprotonated 
molecules [M - H]- in diesel 8 (m/z values in Figure 
13. 

Figure 13- Direct infusion negative ion ESI FT-ICR 
mass spectrum of diesel 8 (zoomed range m/z 220-
290), showing deprotonated molecules for FFAs. 
Using direct infusion negative ion ESI FT-ICR MS. 
The accurate mass data provides further confidence 
that C14:0, C16:1, C16:0, C18:3, C18:2, C18:1 and 
C18:0 FFAs were observed in diesel in agreement 
with negative ion ESI UHPSFC-MS. In summary 
FFAs were observed to be present in all nine diesel 
samples. The major differences noted were diesel 2 
and 7 only have confirmed assignments for FFAs 
C18:1 and C18:2.FFA C16:1 is only confirmed to be 
present in diesels 3, 4, 8 and 9 with tentative 
assignments for diesels 5 and 6. 

They key similarities are FFAs C18:2 and C18:1 are 
present in all nine diesels. FFAs C18:0, C18:3 and 
C16:3 are present in all diesels except 2 and 7.  

MONOGLYCEROLS (MAGs) 

Monoacylglycerols (MAGs) consist of a glycerol 
linked via an ester bond to a fatty acid [27]. MAGs are 
present as minor constituents or contaminants, within 
biodiesel as a by-product of incomplete 
transesterification [28]. 
Saturated MAGs have been found to plug fuel filters 
due to the low solubility of MAGs in biodiesel leading 
to the formation of solid precipitates in cold weather 
[29-31]. 
Table 4 shows a summary of the MAGs, their 
respective molecular formulae and structures, 
adducts that can be present and their associated 
masses [32] with nominally isobaric species m/z in 
bold and underlined. 

Table 4 MAGs molecular formulae and masses 

Diesel 3 is the example used to illustrate the MAGs 
within diesels identification.  
MAGs were found to elute at tR 1.20-1.35 min. as 
shown in Figure 14. The corresponding positive ion 
ESI UHPSFC mass spectrum shown in Figure 15 
shows a mixture of protonated [M + H]+ and 
ammoniated [M + NH4]+ molecules with nominal 
masses in agreement with MAGs nominal masses in 
Table 4. 



Figure 14 Positive ion ESI UHPSFC-MS BPICC of 
diesel 9 with pale blue box highlighting MAGs region 
of retention (tR 1.20-1.35 min.). 

Figure 15 Positive ion ESI UHPSFC mass spectrum 
of diesel 9 at tR 1.20-1.35 min (zoomed range m/z 
325-390).

RICCs of associated m/z values for MAGs [M + NH4]+ 
as shown in Figure 16 which supports that the 
respective peaks are related to MAGs C16:0, C18:3, 
C18:2, C18:1 and C18:0, and is in agreement with 
those observed in the direct infusion positive ion ESI 
FT-ICR MS data. 

Figure 16 Positive ion ESI UHPSFC-MS RICCs of 
diesel9 showing MAGs with pale blue box highlighting 
MAGs region of retention (tR 1.20-1.35 min.). 

For additional confirmation and to aid separation of 
nominally isobaric species, MAGs are observed as 
sodiated molecules [M + Na]+ using direct infusion 
positive ion ESI FT-ICR MS, Figure 17. 

Figure 17  Direct infusion positive ion ESI FT-ICR 
mass spectrum of diesel 9, (zoomed range m/z 340-
390), showing sodiated molecules for MAGs. 

As observed previously with FAMEs, nominally 
isobaric species are also observed between MAGs 
[C16:0 + Na]+ and [C18:3 + H]+, however for [MAG 
C16:0 + Na]+ and [MAG C18:3 + H]+ it is at nominal 
m/z 353 as shown in Table 4. Observation of 
complimentary adducts and FT-ICR MS analysis 
allow for separation of isobaric species. 
MAGs were observed to be present in diesel 1, 3, 4, 
5, 6 and 9 only, with tentative observations by FT-ICR 
MS only in diesel 2 and diesel 7 (suggesting possibly 
MAGs absent) and MAGs were found to be absent in 
diesel 8. 

STEROL GLUCOSIDES (SGs) 

Sterol glucosides (SGs) consists of a sterol linked at 
the hydroxyl group (by a glycosidic bond) to a sugar
[33]. SGs are present as contaminants, within 
biodiesel [28]. 
SGs naturally exist in the acylated form (with a fatty 
acid attached) in vegetable oil and are converted to 
SGs during transesterification. The loss of the fatty 
acid chain reduces the solubility of SGs in biodiesel 
[34] Cold temperatures and concentration exacerbate
the precipitation of SGs, forming large complex
agglomerates with MAGs or DAGs in biodiesel and
biodiesel blends, resulting in solid residues that can
clog fuel filters [28,34].
SGs can cause biodiesel to appear hazy at room
temperature due to SGs high MP (e.g. 240 °C for β-
sitosterol glucoside) that results in limited solubility
even at low concentrations (10-90 ppm). Processing
is used to reduce SG content to stop related issues,
however, low levels can still settle in the bottom of
fuel storage tanks and build up over time [34].
Table 5 shows a summary of the SGs, their
respective molecular formulae and structures,
adducts that can be present and their associated
masses [35].

Table 5 SGs Molecular formulae and masses 



Diesel 3 will be used to illustrate this analysis. SGs 
have been observed previously in biodiesel blend 
(unknown diesels) samples by Patel38. However, in 
this case, only the sterol fragment ions were 
observed in the diesels. Sterol fragment ions (with the 
absence of SGs) were found to elute at tR 2.00-2.20 
min as shown in Figure 18. The corresponding 
positive ion ESI UHPSFC mass spectrum Figure 20 
shows sterol fragment ions, corresponding to the 
protonated molecules [M + H – sugar]+ are observed 
at nominal m/z 380-400. However, there is an 
absence of ammoniated molecules for SGs at 
nominal m/z 580-600 in full scan data. SGs in this 
case may be present below the lowest limit of 
detection(LLOD).  

Figure 18 Positive ion ESI UHPSFC-MS BPICC of 
diesel3 with pale blue box highlighting SGs region of 
retention (tR 2.00-2.20 min.). 

Figure 19 Positive ion ESI UHPSFC mass spectrum 
of diesel3 at tR 2.00-2.20 min with pale blue boxes 
highlighting the m/z values expected for SGs and 
sterol fragment ions 

RICCs Figure 20 also confirm that SGs are not 
present in diesel 3 as the chromatographic peaks for 
the sterol fragment ion [M + H – sugar]+ and the SG 
[M + NH4]+ should be at the same retention time (e.g. 
for campesterol glucoside m/z 383 [M + H – sugar]+ 
and m/z 580 [M + NH4]+). However, no SG peaks are 
observed at the retention time of interest (2.00-2.20 
min) that match with sterol fragment ion, this 
suggests the absence of SGs (or below LLOD in full 
scan) in diesel 3 SGs and sterol fragment ions were 
also not observed by direct infusion positive ion ESI 
FT-ICR MS. 

Figure 20 Positive ion ESI UHPSFC-MS RICCs of 
diesel3 showing SGs and sterol fragment ions with 
pale blue box highlighting SGs region of retention (tR 
2.00-2.20 min.). 



SGs were absent in all nine diesels during analysis, 
as no SG ions were observed relating to relevant 
sterol fragment ions. This may suggest that 
processing has taken place to remove SGs to reduce 
related issues or that SGs are at such low levels they 
are not detected. It should be noted that the 
techniques described have detected SGs on filter 
media [5] so more work may be required to lower the 
detection limit.  
However, sterol fragment ions were observed in 
diesels1, 3, 4, 5, 6, 8 and 9, although the stigmasterol 
fragment ion was only observed in diesel 1. Further 
investigation showed these fragments were related to 
fatty acid sterol esters (FASEs). 

FATTY ACID STEROL GLUCOSIDES (FASEs) 

The presence of the sterol fragment ion was 
indicative that a sterol related compound was present 
in all of the fuels except diesel 2 and diesel 7.  
The possibility of the presence of another plant sterol 
species was investigated in conjunction with 
considering a series of chromatographic peaks are 
present at tR 2.00-2.40 min Figure 22 and the related 
positive ion ESI UHPSFC mass spectrum shown in 
Figure 22. 

Figure 21 Positive ion ESI UHPSFC-MS BPICC of 
diesel 1 with pale blue box highlighting FASEs region 
of retention (tR 2.00-2.40 min.). 

Figure 22 Positive ion ESI UHPSFC mass spectrum 
of diesel at tR 2.00-2.40 min with pale blue boxes 
highlighting the m/z values expected for FASEs and 
sterol fragment ions 

RICCs Figure 23 also confirm that FASEs are likely to 
be present in diesel 1 as the chromatographic peaks 
for the sterol fragment ion (e.g. campesterol 

glucoside m/z 383 [M + H – fatty acid]+ and related 
FASEs m/z 678, 680 and 682 [M + NH4]+) are at 
corresponding retention times with chromatographic 
separation based on degree of saturation of the fatty 
acid chain. 

Figure 23 Positive ion ESI UHPSFC-MS RICCS of 
diesel3 showing campesterol fragment ion and its 
respective FASEs in with pale blue box highlighting 
FASEs region of retention (tR 2.05-2.30 min.). 

The observation of FASEs in diesel/biodiesel fuel 
blends is of significance in the field. As prior to this 
work, in the literature, FASEs have only been 
analyzed in pure biodiesel and vegetable oils[37-41] 
and not in fuel blends Feld and Oberender [42] 
discussed FASEs as possible contaminants of 
biodiesel that may form deposits after seed crystals of 
SGs have initially accumulated in fuel filters. 

Tandem MS (MS/MS) was undertaken on diesel 1 to 
characterize the suspected FASEs species further 
fully within the fuel. The masses for the ammoniated 
molecules [M + NH4]+ of interest, in this case, m/z 
678, 680, 682, 692, 694 and 696 as shown in Table 6, 
were individually isolated and then fragmented in the 
collision cell. Four different collision energies were 
considered; 5, 10, 20 and 30 V, with 10 V being 
considered the optimal. The resulting product ions 
were then detected as shown in the example for 
campesterol esters Figure 24. 
The product ion scan for m/z 678 shows that 
precursor ion m/z 678 has two product ions related to 
it; m/z 381 and m/z 383.The m/z 381 and m/z 678 
ions suggest Brassicasterol ester 18:2 while m/z 383 
and m/z 678 suggest Campesterol ester 18:3 is 
present. As aforementioned, the loss of 297 and 295 
m/z units respectively is the loss of fatty acid chains 
differing by a double bond. This confirms that the 
sterol fragment ions are product ions of the precursor 
ions observed, in this case m/z 678.  
The product ion scan for m/z 680 shows that 
precursor ion m/z 680 has one product ion related to 
it; m/z 383. From, m/z 383 and m/z 680 suggest 
Campesterol ester 18:2 is present with the loss of 297 
m/z units is the loss of fatty acid chain. 
The product ion scan for m/z 682 shows that 
precursor ion m/z 682 has one product ion related to 
it; m/z 383. From, m/z 383 and m/z 682 suggest 
Campesterol ester 18:1 is present with the loss of 299 
m/z units is the loss of fatty acid chain. 



Table 6 FASEs molecular formulae and masses 



Figure 24 Product ion mass spectrum of diesel 1 of 
precursors nominal m/z 678 (top), 680 (middle) and 
682 (bottom) for campesterol esters at tR 2.28, 2.37 
and 2.46 min (TQD) respectively (zoomed over m/z 
120-700) CE 10V.

FASEs were observed to be present in diesels1, 3, 4, 
5, 6, 8 and 9 during analysis. FASEs were found to be 
absent in diesel 2 and 7.  
Stigmasterol ester 18:2 appears to be absent in all 
fuels with the exception of diesel 3 but that is at low 
abundance. Campesterol esters and β-sitosterol 
esters were the most abundant FASEs in the diesel 
samples. 
The presence of FASEs in diesels is believed to be 
linked to biodiesel and feedstocks so may suggest 
poor transesterication. In summary 

• FAME: Found in all 9 diesels.
• FAME OXIDATION PRODUCTS: Found in all

9 diesels.
• FREE FATTY ACIDS: Found in all 9 diesel

fuels.
• MONOACYLGLYCEROLS: observed to be

present in diesels1, 3, 4, 5, 6 and 9 only,
• STEROYL GLUCOSIDES: Absent in the 9

diesels.
• STEROLS (fragment ions): Observed in

diesels 1,3,4,5,6,8and 9.
• FATTY ACID STEROL ESTERS: Observed

in diesels 1,3,4,5,6,8and 9, absent in 2 and 7.

CONCLUSION 

A rapid mass spectrometry methodology has 
been developed to allow the screening of 
biocomponents implicated in “field” filter and 
injector problems involving FAME species. 
originating from FAME in petrodiesel/FAME 
fuel blends. Thus informing stakeholders in 
blending regarding the presence of possible 
problem molecules. This was without 
expensive/difficult to source standard 
materials, using minimal sample and without 
any sample derivatization steps. These 
methods will be extended in the future to 
include different mass spectrometry 
techniques, other filter blocking species and 
quantitation. 
FASEs have been identified in filter blocking 
residues from petrodiesel/biodiesel blends for 
the first time. Further, because sterol 
glucosides and free fatty acids are deposit 
forming compounds and that acylated sterol 
glucosides become less soluble in biodiesel 
upon loss the fatty acid chain during 
esterification FASEs may be molecules of 
concern regarding filter blocking.  
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