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ABSTRACT

Emergency landings, also known as "aircraft on ground" (AOG) situations, can arise from various causes,
including the clogging of jet fuel filters. This paper focuses on the problem of clogged fuel filters and its
connection to microbial growth. When a jet fuel filter becomes clogged, even with a full fuel tank, pilots
receive a low fuel message, necessitating an emergency landing at the nearest airport. Failure to address
the root cause of filter clogging may result in recurring incidents, causing further disruptions to air travel
schedules.

To mitigate such issues, it is crucial to identify and take appropriate measures to prevent the recurrence
of clogged fuel filters. Our analysis of numerous jet fuel filters has revealed that microbial growth is a
prevalent cause of clogging. Microbial contamination within fuel tanks lead to filter obstructions,
operational disruptions, and emergency landings. In this paper, we will discuss interesting case studies
of fuel filter clogging due to microbes, metal chips, and lint. Also, in this paper we will focus on periodic
sampling and testing of jet fuels to detect microbial growth. Employing proper tank cleaning procedures,
ensuring appropriate fuel handling, and utilizing biocides can effectively control microbial growth within
jet fuel systems.

Keywords: jet fuel filter, clogging, microbes, spores, microbial corrosion, SEM (scanning electron
microscope), EDS (energy dispersive spectroscopy), and FTIR (Fourier-transform infrared
spectroscopy).

INTRODUCTION

The heart of an aircraft lies in its fuel system, and often, the contamination of this system stems from
impure fuel. Such contamination manifests in various ways, but commonly it results in a filter bypass
signal. Bypass alerts predominantly manifest during takeoff or the climbing phase, given that these stages
typically experience the maximum fuel flow and the largest pressure variance across the filter. This can
cause significant delays if the pilot opts for a landing to inspect or replace the fuel filter. Fuel, distinctively
in aviation, lacks a fallback option; hence, when its quality deteriorates leading to engine issues, there's
no refuge above the clouds. Experienced pilots recognize that fuel filter blockages necessitate prompt
and decisive action. Thorough training for pilots on fuel filter obstructions and their consequences is
crucial to preemptively avoid mishaps.
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A fuel filter, positioned within the fuel line, functions to sift out pollutants such as dirt and rust from the
fuel. These filters are often cartridge-based and utilize filter paper for purification. They're a standard
feature in many internal combustion engines. Given the intricate designs of today's engine fuel systems,
fuel filters play a critical role. Unfiltered fuel can harbor contaminants, ranging from debris during refueling
to rust from moisture in metallic tanks. Without filtration, these contaminants can wreak havoc on the
engine, causing rapid deterioration of components like fuel pumps and injectors. Furthermore, fuel filters
boost performance: the purer the fuel, the more efficiently it combusts.*

The fuel filters discussed in the case histories below consist of a core held between two supporting end
caps. Within the core, there are five distinct layers: two outer steel filters, two protective layers
surrounding the main filter, and the central main filter itself. Glass fiber is generally used as material of
fuel or oil filter in aircraft. As fuel flows from the outer to the inner layer, it first passes through the steel
filter, then the protective layer, gets purified by the main filter, and follows the same sequence in reverse.
The main filter is central to removing impurities, while the protective layers safeguard it.

INVESTIGATION METHODS
VISUAL EXAMINATION

The entire analysis was conducted under the guidance of a corrosion specialist certified by AMPP. Upon
receipt, the fuel filters underwent a detailed visual inspection. Their physical state was carefully observed,
documented, and supported by photographic evidence to record their condition accurately. A key part of
the inspection process involved testing light transmission through the filters. By projecting light onto one
side and observing its passage to the other side, inspectors could assess the filters' permeability. This
test aimed to detect whether the light was fully or partially transmitted, providing initial insights into
potential blockages of the filters.

SCANNING ELECTRON MICROSCOPY (SEM) & ENERGY DISPERSIVE X-RAY SPECTROSCOPIC
(EDS) ANALYSIS

The integrated application of Scanning Electron Microscopy (SEM) and Energy Dispersive Spectroscopy
(EDS) provided a comprehensive analysis of the fuel filters. TESCAN' SEM was utilized to scrutinize the
shape and condition of the filter fibers, offering high-resolution images that detailed their morphology.
This level of magnification was critical in detecting any distortions or clogging attributable to microbial
contamination. In conjunction with SEM, EDS analysis was conducted to characterize the elemental
composition of the detected materials. EDS identified the specific elements present by analyzing the X-
rays emitted when the sample was bombarded with electrons. This was particularly useful in confirming
the presence of microbial byproducts or other contaminants within the filter matrix. Together, SEM and
EDS offered a robust diagnostic approach to assess both the structural integrity of the fibers and the
nature of any clogging agents, providing a clear picture of the filters' operational health.

FOURIER-TRANSFORM INFRARED SPECTROSCOPIC (FTIR) ANALYSIS

PerkinElmer? FTIR unit was used for FTIR analysis. Fourier Transform Infrared Spectroscopy (FTIR)
analysis is an essential tool for diagnosing clogged fuel filters. This method illuminates the sample with
infrared light and records the light absorption at different wavelengths to produce a unique spectral
fingerprint. These absorption patterns are indicative of the various chemical compounds embedded within
the filter. When applied to clogged fuel filters, FTIR can precisely identify and quantify the contaminants
responsible for obstruction, whether they be microbial byproducts, hydrocarbons, or other organic
substances. The detailed chemical profile obtained through FTIR analysis not only sheds light on the
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composition of the clogging material but also aids in unraveling the underlying causes of the blockage,
providing invaluable information for remediation and preventive strategies.

DNA MICROPROBE ANALYSIS

The fuel filter examination involved identifying both known and unknown bacterial DNA, noting that
bacterial DNA can linger even after the filter dries. For accurate DNA analysis, ideally, the sample should
be moist, but often only dry samples are available due to logistical constraints. While this limits some
testing methods, DNA analysis still reveals microbial presence. It's crucial to remember that results are
based on dry samples. The analysis detects various bacterial species, providing a biological count and
reporting only the bacterial DNA percentages for species in the testing library. Species not detected are
not necessarily absent. Additionally, a Colony Forming Units (CFU) count is calculated to quantify the
bacterial population.

CASE HISTORY 1: CLOGGING OF FUEL FILTER DUE TO MICROBES
INTRODUCTION

In this instance, an alarm indicated a bypass signal, alerting that the fuel level was low. Consequently,
the pilot chose to land, and subsequently, the filter was examined for potential blockages.

TEST RESULTS

Analysis was carried out on two fuel filters from the same aircraft, with one being clogged and the other
clear. The objective was to ascertain the possible cause of the clogging of the filter. Given the Aircraft on
Ground (AOG) urgency, a concise timeframe of a couple of hours was allocated for the analysis and
subsequent reporting.

Visual Examination

Figures 1, and 2 show as-received fuel filters. Small samples were extracted from each fuel filter for
subsequent examination. The clogged fuel filter sample is covered with black deposits. However, the
unclogged fuel filter sample did not show any deposits to the naked eye. A ray of light was incident on
one side of clogged fuel filter and no light was transmitted through fuel filter. This confirms that the
submitted filter section has been fully clogged. When a ray of light was incident on one side of unclogged
fuel filter, light transmitted through fuel filter which suggests that the filter is not clogged.
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Figure 1: Photograph of the fuel filter that is Figure 2: Photograph of the fuel filter from the
clogged. same aircraft that is not clogged
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SEM/EDS Analysis

Figure 3 shows SEM images taken on the sample from the clogged fuel filter clearly shows that the filter
is clogged. EDS data (Table 1) shows that the deposits are rich in sulfur (S). EDS analysis of the deposits
also revealed presence of other elements such as carbon (C), oxygen (O), silicon (Si), phosphorus (P),
nitrogen (N), sodium (Na), iron (Fe), calcium (Ca), aluminum (Al), lead (Pb), copper (Cu), and magnesium
(Mg) containing materials. Figure 4 from unclogged filter shows that the fuel filter is not clogged. EDS
analysis of the fuel filter sample showed no presence of sulfur. EDS data (Table 2) shows that the fibers
consist of elements such as carbon (C), oxygen (O), and silicon (Si). SEM examination revealed that the
fibrous strands are round and not flat.

Note: Shells (K, L, and M) next to element indicates where a vacancy/void/hole is generated in an inner shell of the
specimen atom by an incident high energy electron. For example, from Table 1, it can be stated that
vacancy/void/hole is generated in the “K shell”. The vacancy/void/hole in the K shell was then filled by an electron
from either L or M shell. During this filling, energy was emitted as a characteristic X-ray and the energy of the X-ray
is characteristic of the specimen atomic number from which it is derived.
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SEM HV: 20.0 kV WD: 15.12 mm VEGAS3 TESCAN SEM vV WD: 15.05 mm VEGAS3 TESCAN

View field: 854 pm Det: SE 200 pm View field: 209 pm Det: SE 50 pm
SEM MAG: 324 x Date(m/dly): 03/21/19 Matergenics Inc. SEM MAG: 1.32 kx | Date(m/d/y): 03/21/19 Matergenics Inc.

Figure 3 b): Closer view of Figure 3a) showing
clogging of the filter.

SEM HV: 20.0 kV WD: 14.28 mm | VEGA3 TESCAN
View field: 225 pm Det: SE
SEM MAG: 1.23 kx  Date(m/d/y): 03/22/19 Matergenics Inc.

SEM HV: 20.0 kV WD: 14.28 mm
View field: 225 pm Det: SE
SEM MAG: 1.23 kx| Date(m/dly): 03/22/19 Matergenics Inc.

Figure 4 a): The filter is not clogged. Figure 4 b): Fibrous strands can be clearly seen.



Table 1:
EDS data of the clogged fuel filter.

Element Weight % Atomic %

C 0.08 0.25
SNk o owr
oK 6.27 14.24
e e e
MgK 1.18 1.77
oo os
SiK 7.02 9.08
ek e om
SK 33.43 37.86
e we a0
K K 1.42 1.32
S me
CrK 3.98 2.78
SR wpm e
CuK 7.90 452
FTIR Analysis

Table 2:
EDS data of the unclogged fuel filter.

Element Weight % Atomic %

CK 56.77 68.68
TR
NaK 2.97 1.88
Lo e o2 |
SiK 9.40 4.86
L e om0 |
KK 1.76 0.65
TN
TiK 1.52 0.46

FTIR spectral analysis of clogged fuel filter (Figure 5) manifest the IR absorption bands for
sulfate/ammonium sulfate (particularly strong around 1100 cm™). FTIR analysis of the unclogged fuel

filter did not show any irregularity (Figure 6).
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Figure 5: FTIR spectrum of the clogged filter
manifest the IR absorption bands for
sulfate/ammonium sulfate (pointed by yellow
arrow).

Figure 6: FTIR spectral analysis of unclogged
fuel filter. No evidence of sulfate peaks.




COMPARATIVE ANALYSIS OF TEST OUTCOMES

The engine fuel filters from aircraft were examined by analytical techniques such as SEM, EDS and FTIR.
The test results are tabulated below (Table 3).

Table 3:
Test data of case history 1

Clogged Filter Unclogged Filter
Light Light was incident on one side of the | Light was incident on one side of
1 Transmission | filter and the light has not transmitted | the filter and the light has
Test through fuel filter. transmitted through fuel filter.
2 SEM Clogging can be clearly seen. No evidence of clogging.
EDS results revealed higher content of | No evidence of sulfur was
3 EDS
sulfur. observed.
It appears that the dark sample
4 FTIR manifests the IR absorption bands for | FTIR analysis of unclogged fuel

sulfate/ ammonium sulfate (particularly | filter did not show any sulfate.
strong around 1100 cm™).

CONCLUSIONS FOR CASE HISTORY 1

The test results discussed in Table 3 confirmed that one of the fuel filters was clogged with microbial
biomass. Thick microbe coating was found to predominantly form on/between the filter strands of fuel
filter. The fibrous strands in both fuel filters appeared to be round in shape when examined by SEM at
higher magnifications.

CASE HISTORY 2: CLOGGING OF FUEL FILTER DUE TO MICROBES AND CONTAMINANTS
INTRODUCTION
In this particular case study, the filter was found to be clogged, triggering the bypass signal. Despite the
urgency of the situation, a limited timeframe was allotted to conduct a thorough examination. This
investigation aimed to identify any bacteria and pinpoint other potential contaminants within the filter that
could have contributed to its clogging.

TEST RESULTS

Visual Examination

Figure 7 shows image of the as received fuel filter. Normally, fuel filters for analysis will be bright. This is
the first time we have noticed that the fuel filter is brownish gold in color to the naked eye. Filter samples
were extracted from the fuel filter for the subsequent testing. The extracted filter sample revealed that
the fuel filter is murkier. A ray of light was incident on one side of the filter, and it was observed that the
light did not transmit entirely through the fuel filter (Figure 8). This finding confirms that the fuel filter is
partially clogged.
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Figure 7: Photograph of the fuel filter that is Figure 8: Photograph showing that when a ray
clogged. of light was incident on one side of filter, the
light did not transmit through fuel filter entirely.

Water extract (20 ml) was collected from the small filter sample (20 g) cut from the fuel filter. The water
extract (10 ml) was checked for the presence of (Sulfate Reducing Bacteria) SRB. The detection system
used rapid enzyme immunoassay method that detects SRB. The test was positive i.e., fuel filter has SRB
concentration in the range of 10° cells/ml.

SEM/EDS Analysis

SEM images (Figure 9) taken on the fuel filter sample shows that the filter is clogged due to deposits.
SEM examination revealed that the fibrous strands are round and not flat. EDS analysis (Table 4) of the
deposits noticed in the fuel filter sample revealed that the deposits are rich in Sulfur. EDS analysis of the
deposits also revealed the presence of other elements such as copper (Cu), carbon (C), oxygen (O)
silicon (Si), phosphorus (P), nitrogen (N), sodium (Na), iron (Fe), calcium (Ca), aluminum (Al), and
magnesium (Mg).

| SEMHV:200kV | wo:203amm |||} NESAA TESSAN
V_ie_w_field:_1§1_ M |_Jet: SE_ ;20 pm
SEM MAG: 1.83 kx Date(m/dly): 07/28/22 Matergenics Inc.

Figure 9: SEM images of the clogged fuel filter.
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EDS analysis on the deposits present on the fuel filter showed significant presence of sulfur.

FTIR Analysis

Table 4:

Element  Weight %  Atomic %
CK 18.07 35.24
N K 0.12 0.21
oK 16.53 24.20
NaK 5.56 5.67
MgK 0.22 0.21
AIK 0.90 0.78
SiK 0.03 0.03
P K 0.01 0.01
SK 28.69 20.96
KK 2.12 1.27
SnL 0.63 0.12
CaK 2.37 1.38
TiK 1.15 0.56
FeK 13.80 5.79
CuK 5.66 2.09
ZnK 4.13 1.48

FTIR absorption bands (Figure 10) at 2957, 2925, 2856, and 1456 cm™ are characteristic of
hydrocarbons, a primary component of jet fuel. Sulfur was confirmed in the EDS analysis and has sulfate
bands in the FTIR spectrum at 1378 and 1111 cm™. The presence of nitrogen is noted in bands in the
FTIR spectrum at 3332 and 1643 cm™. The filter contains a nitrogen/sulfur compound like ammonium
sulfate. Nitrogen may also be present in proteins associated with biological material such as
microorganisms.
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Figure 10: FTIR spectrum of the clogged filter sample. The yellow arrow shows sulfate/ammonium
sulfate.




ADDITIONAL TESTING:

DNA microprobe analysis was performed on the fuel filter sample to check if the microbiological testing
supports the findings discussed above. A 1-inch square section was cut from the fuel filter sample and
DNA analysis was conducted. The analysis data is tabulated in Table 5.

RESULTS:
Counts are as cfu/sq. in (0.00064516 sqg. m) of filter mesh as received
Total Calculated Bacterial Count based on DNA/probe complex 8.25E+05
Total Calculated Aerobic Bacterial Count based on DNA/probe complex 7.47E+05
Table 5:
DNA Microprobe analysis data

Bacteria-Slime Formers Spore Formers 8.9%
Bacillus sp (Aerobic-some strains denitrify) 6.5% 5.36E+04
Clostridium sp.(Anaerobic-Non H,S Producing) 2.4% 1.98E+04
Bacteria-Slime Formers Non-Spore Formers 57.6%
Enterococcus sp. (Aerobic) 4.9% 4.04E+04
Enterobacter sp. (Aerobic) 2.5% 2.06E+04
Proteus sp. (Aerobic) 2.3% 1.90E+04
Acinetobacter sp. (Aerobic-denitrifying) 2.1% 1.73E+04
Serratia sp. (Aerobic) 2.7% 2.23E+04
Alcaligenes sp. (Aerobic-denitrifying) 2.5% 2.06E+04
Achromobacter sp. (Aerobic-denitrifying) 2.5% 2.06E+04
Pseudomonas aeruginosa (Aerobic-denitrifying) 6.4% 5.28E+04
Pseudomonas putida (Aerobic) 4.1% 3.38E+04
Pseudomonas stutzeri (Aerobic-denitrifying) 1.6% 1.32E+04
Pseudomonas cepecia (Aerobic) 1.5% 1.24E+04
Pseudomonas alcaligenes (Aerobic-denitrifying) 2.4% 1.98E+04
Pse_uc_lor_nonas pseudoalcaligenes (Aerobic- 1.6% 1 32E+04
denitrifying)
Pseudomonas putrificians (Aerobic-denitrifying) 1.5% 1.24E+04
Pseudomonas maltophelia (Aerobic) 1.6% 1.32E+04
Pseudomonas fluorescens (Aerobic-denitrifying) 8.5% 7.01E+04
Pseudomonas paucemoblia (Aerobic) 5.1% 4.21E+04
Pseudomonas mendocina (Aerobic) 0.3% 2.47E+03
E.coli (Aerobic) 3.5% 2.89E+04
Bacteria-Corrosive Iron Depositing 16.0%
Leptothrix sp.(Aerobic-Mn Depositing) 2.9% 2.39E+04
Sphaerotilus sp. (Aerobic-Mn Depositing) 8.5% 7.01E+04
Gallionellia sp. (Aerobic) 4.6% 3.79E+04
Bacteria Corrosive Sulfate Reducers 7.0%
Desulfovibrio sp. (Anaerobic-H2S Producing) 2.5% 2.06E+04
Clostridium sp. (Anaerobic-H2S Producing) 4.5% 3.71E+04




Bacteria-Corrosive Sulfuric Acid Producer | 2.9%
Thiobacillus sp. (Aerobic-Some strains denitrify-most produce 2. 9% 2 39E+04
sulfur ' '
Nitrifying Bacteria 4.80%
Nitrosomonas,Nitrobacter & Nitrovibrio 4.8% 3.96E+04
Bacteria not accounted for by probe set 2 8% 2 31E+04
TOTAL 100.0%

Key Findings:

We can conclude that the filter sample contained a very high level of bacteria at one time, including many
waterborne bacteria, and slime formers.

CONTAMINANT ANALYSIS:

During SEM/EDS analysis, along with microbial mass, presence of some contaminants was also
observed in the fuel filter mesh. The contaminants are predominantly dirt and corrosion
products/deposits. Some of the corrosion deposits (Figure 11) are rich in Copper (Cu), and some deposits
are rich in Tin (Sn). This finding indicates that bronze component in the line was corroding, and the Cu/Sn
are deposited on the filter. This could be the reason why the fuel filter is brownish gold in color to the
naked eye.

Element Weight % Atomic % Element Weight % Atomic %

CK 6.75 25.00 CK 10.05 32.16
OK 11.23 31.22 OK 4.62 11.10
NaK 5.04 9.75 NaK 2.49 4.16
MgK 0.04 0.07 MgK 0.25 0.39
AIK 0.05 0.08 AIK 0.34 0.49
SiK 0.00 0.00 SiK 0.29 0.40
SK 3.47 4.81 SK 1.41 1.69
KK 0.00 0.00 CrK 2.50 1.85
snL 69.94 26.21 FeK 6.74 4.64
CaK 0.40 0.44 CuK 71.30 43.12
FeK 2.04 1.62

NiK 1.05 0.79 Spot 4: Deposit rich in Copper (Cu)

Spot 7: Deposit rich in Tin (Sn)
Figure 11: Semi-quantitative analyses of deposits observed at the outer stainless steel mesh.
e Corrosion deposits might have a secondary influence in clogging, but it is not the primary cause.

The primary cause for filter clogging is due to microbial mass.
e No solid metal/bronze particles were observed.



COMPARATIVE ANALYSIS OF TEST OUTCOMES
The engine fuel filter from aircraft was examined by analytical techniques such as SEM, EDS and FTIR.
The test results are tabulated below (Table 6).

Table 6:
Test data of case history 2

Clogged Filter

Light was incident on one side of the filter and the light did not

1| Light Transmission Test transmit through the filter entirely.

Quick Test: SRB SRB concentration in the range 102 cells/ml.
SEM Clogging is clearly visible.
) EDS results on the deposits present on the filter revealed
higher content of sulfur.
4 | EDS ° Contaminant analysis: Significant presence of Copper and

Tin were observed in the corrosion deposits. Silicon was
present predominantly in some of the deposits suggesting

that it is dirt.
5 | FTIR FTIR spectra suggests presence of ammonium sulfate.
6 Add'.“f’”a' Bacteria The filter showed significant bacterial DNA.
Testing

CONCLUSIONS FOR CASE HISTORY 2

The analysis of the clogged filter yielded conclusive evidence of clogging. Light failed to pass entirely
through the filter, suggesting a blockage, while tests for SRB revealed microbial contamination.
Confirmation of clogging was provided by SEM, and EDS highlighted high sulfur content and traces of
copper, tin, and silicon. FTIR suggested the presence of ammonium sulfate, and additional tests
confirmed significant bacterial DNA. These results indicate a complex contamination involving both
microbes and inorganic materials, leading to the filter's clogging.

CASE HISTORY 3: CLOGGING OF FUEL FILTER DUE TO METAL DEBRIS
INTRODUCTION
When metallic debris/chips breach the filtering system, they allow unprocessed materials to infiltrate key
parts of the engine. If the filter system doesn't adequately capture these invasive particles, the engine

can suffer from operational issues. Over time, this can lead to reduced efficiency, potential breakdowns,
and consequently, increased maintenance and repair costs.

This case study centers on the analysis of metallic particles discovered in a fuel filter that resulted in the
activation of the bypass signal. These particles, frequently referred to as flakes or chips, may originate
from diverse causes and experience varying degrees of wear and deterioration. The study probes into
their likely sources and the mechanisms contributing to their development.

TEST RESULTS

SEM/EDS Analysis

When a magnet was brought close to the debris/chips, they were attracted to the magnet which indicates
that the chips are magnetic in nature. Figure 12 shows the SEM image of metal chips extracted from the



fuel filter. Similar macroscopic features were observed on the unaffected surface of all the chips.
Moreover, the appearance of fracture surface of all chips is similar. Ratchet marks indicative of multiple
crack origin sites were noticed on the fracture surface (Figure 13). Moreover, beach marks were also
noticed on the fracture surface. The presence of ratchet marks and beach marks indicate that the metal
flakes have chipped off from the actual material due to fatigue mechanism. Tables 7 and 8 show the EDS
data taken on the metal chip sample. EDS analysis on the fracture surface of the metal chip sample
suggested that the material of the metal chip is alloy steel. EDS analysis on the unaffected surface of the

metal chip revealed predominantly Silver (AQ).

SEM HV: 20.0 kV
View field: 27.2 mm
SEM MAG: 10 x

Figure 12: SEM image of the metal chips
collected from fuel filter

WD: 30.00 mm
Det: SE
Date(m/dly): 05/10/19

Matergenics Inc,

Table 7:
EDS analysis on the fracture surface of metal
chip.
Element Weight % Atomic %
CK 19.01 49.21
oK 3.93 7.65
SiK 0.45 0.50
CrK 0.24 0.15
FeK 75.75 42.17
NiK 0.62 0.33

CONCLUSIONS FOR CASE HISTORY 3

Beach Marks

Ratchet Marks

Deformation of
the material

SEM HV: 20.0 kV
View field: 2.73 mm
SEM MAG: 101 x

WD: 12.23 mm
Det: SE
Date(m/dly): 05/10/19

VEGA3 TESCAN

Lova o]

500 pm

Matergenics Inc.

Figure 13: SEM image of metal chip sample
showing ratchet marks and beach marks.

Table 8:
EDS analysis on the unaffected surface of metal
chip
Element Weight % Atomic %
CK 159 12.44
MgK 0.11 0.43
SiK 0.50 1.69
AgL 97.80 85.44

The conclusion from metal chip analysis is as follows:

The metal chips are magnetic in nature.

1.

2. EDS data suggests that the actual material of the metal chips is silver plated alloy steel.

3. The metal chips are most likely from the bearing component. Silver plating bearings can provide
an anti-galling surface and reduce friction. It can also offer an added level of protection from wear.



CASE HISTORY 4: CLOGGING OF FUEL FILTER DUE TO LINT
INTRODUCTION
Even in this case, the filter was determined to be obstructed, leading to the activation of the bypass
signal. The probe sought to ascertain whether bacteria or other possible contaminants in the filter might
have been factors in its blockage.

TEST RESULTS

Visual Examination

Figure 14 shows the received fuel filter. From visual examination, the filter looked clean, undamaged and
no indications of discoloration. However, the filter had lint on the stainless steel (SS) mesh (Figure 15).
Stereoscopic examination revealed that the lint is in fiber form. Convolutions and color contrast of the
fibers were clearly seen.
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Flgure 14 Photograph of the fuel fllter that is Figure 15: Presence of lint can be clearly seen
clogged. at the stainless steel mesh.
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SEM HV: 20.0 kv | WD: 15.07 mm VEGA3 TESCAN SEM HV: 20.0 kV WD: 19.08 mm VEGA3 TESCAN
View field: 237 ym | Det: SE View field: 417 pm , Det: SE 100 pm
SEM MAG: 1.17 kx |Date(m/dly): 10/27/22 Matergenics Inc. SEM MAG: 663 x | Date(m/dly): 10/27/22 Matergenics Inc.

Figure 16: SEM images showing that the filter is not clogged.




SEM/EDS Analysis

SEM images taken on the filter sample shows that the filter is not clogged due to deposits (Figure 16).
SEM examination revealed that the fibrous strands are round and not flat. The morphology of lint fibers
revealed by SEM imaging was typical for cotton fiber (Figure 17). The fibers were smoother and warped
(cursive) in nature. EDS analysis revealed presence of carbon and oxygen suggesting that the observed
lint fibers could be cotton fibers (Table 9).

Table 11:
EDS analysis of the fiber.

Element Weight % Atomic %
CK 50.71 57.82

oK 49.29 42.18
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SEM HV: 20.0 kV ‘WD: 14.85 mm
View field: 255 pm Det: SE 50 pm
SEM MAG: 1.08 kx  Date(m/dly): 10/27/22 Matergenics Inc.

Figure 17: SEM image of the lint fibers.

CONCLUSIONS FOR CASE HISTORY 4
Analysis of the fuel filter revealed that the fuel filter is not clogged due to microbes.

e No evidence of metal contaminants in the filter.

e Lint fibers were noticed in both filters. It can be speculated that at some point, cotton rags might
have been used to clean the filter, engine components, or could be carried over of minerals/dust
by water in the fuel.

CONCLUSIONS
Upon reviewing the aforementioned case studies, several key insights emerge:
e Microbial contamination stands out as a primary factor behind fuel filter obstructions.

o In environments that favor their growth, microorganisms can proliferate, resulting in the
formation of what's known as biomass. Within fuel storage, such biomass often presents
itself where water intersects with fuel or as a tenacious layer, coined a biofilm, on the
tank's inner surfaces.

o The inherent turbulence within a tank can disperse this biomass extensively throughout
the stored fuel. For aircrafts, this widespread microbial distribution can pose severe
challenges. If there's a significant buildup of these spores or particles, leading to increased
differential pressure on the fuel filters, it activates an urgent bypass notification to the flight
personnel.

Other typical contaminants detected in fuel filters encompass dirt, metallic remnants stemming from
deteriorated bearings, and fibers possibly from residues like rags left unintentionally within the tank.



RECOMMENDATIONS

To proactively counter potential issues related to fuel filter contamination, airlines can adopt a
multifaceted approach anchored in prevention and vigilance. Here's an expanded examination of these
strategies:

1. Periodic Assessment of Fuel Providers:

Rationale: It's vital for airlines to ensure that the fuel they use meets high standards of purity and quality.
Regular scrutiny of their fuel providers can serve as a checkpoint for quality assurance.

Methodology: Airlines can schedule routine inspections, audits, or reviews with their fuel suppliers. This
can involve examining their filtration systems, storage methods, and refueling processes, ensuring they
align with industry benchmarks and best practices.

Benefits: Such evaluations not only assure compliance but also foster a collaborative relationship with
providers, emphasizing the shared responsibility of delivering optimal performance and safety.

2. Frequent Fuel Filter Replacements:

Rationale: The engine is the heart of an aircraft, and its performance is paramount. A clean fuel filter
ensures that the fuel fed into the engine is devoid of contaminants, thereby guaranteeing optimal
combustion and reducing wear on engine components.

Methodology: Airlines can develop a more aggressive maintenance schedule that prioritizes the early
replacement of fuel filters, even before traditional replacement benchmarks are met.

Benefits: This approach minimizes the risk of obstructions and blockages, thereby promoting efficient
engine performance and extending the lifespan of engine parts.

3. Vigilance in Monitoring Contamination Patterns:

Rationale: A sudden surge in fuel filter contamination across a fleet is a red flag. This is not just indicative
of isolated equipment failure but can point towards a systemic issue, often at a particular airport or fuel
supply chain.

Methodology: Airlines should employ data analytics and tracking systems to monitor and analyze trends
in fuel filter replacements and contaminations. If anomalies or spikes are observed, especially
concentrated at specific locations or after refueling at particular airports, it necessitates a deeper dive.

Benefits: Being alert to such patterns allows airlines to swiftly identify potential issues at airport facilities.
This not only mitigates risks for their fleet but also aids the broader aviation community by highlighting
areas of concern.

In conclusion, a proactive approach, combining regular assessments, vigilant monitoring, and preemptive
maintenance, can significantly reduce risks associated with fuel filter contamination, ensuring both
operational efficiency and safety.
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