
PANEL DISCUSSION 

Introduction 

The following includes prepared comments by participants of the panel discussion held 
at the Symposium on Distillate Fuel Contamination, Cincinnatti, OH, on 24-25 June 1987. 
The topics discussed by each author originated from questions asked during the panel 
discussion concerning trends on additives, testing research, user needs, and microbiological 
outlooks. 

Future Distillate Fuel Properties and Problems 

By Robert N. Hazlett 1 

I was asked by the Chairman to discuss the future. That is a rather broad but nebulous 
task so I have decided to limit my comments to future properties and problems of distillate 
fuels. 

I will consider two time periods, 5 years and 5 squared, or 25 years. For the longer time 
frame, I predict we will have two major worldwide upsets in crude oil supply. I expect to 
see substantial use of alternate fuels both from nonpetroleum fossil energy sources and 
biological sources. The fuels around the year 2010 will have higher viscosities and densities. 
Consequently, we will have problems removing water and other contaminants. The recent 
progress in control of microbiological growth with additives should reach an advanced state 
in 25 years. The stability of fuels will degrade as poorer quality petroleum crudes and 
alternate sources are used to produce distillate product. However, our improved knowledge 
on the chemistry of instability and on the mechanisms of additive action should enable us 
to resolve most problems. If anyone encounters me 25 years from now you can tell me how 
bad these predictions were. 

Predictions for the near future (four to six years) may be of more interest, and I will 
spend more time on the short range. I expect the fuel situation will be fairly settled. Alternate 
fuels will contribute little to our overall energy picture. Crude quality will exhibit a modest 
decrease. The property trends observed for No. 2D diesel fuel over the past 20 years will 
continue. To review, some changes were as follows: 

�9 Cetane number: 50 to 45. 
�9 Kinematic viscosity: 2.6 to 2.9. 
�9 Distillation end Point: 610 to 642~ (321 to 339~ 
�9 Distillation 90% Point: 565 to 600~ (296 to 316~ 
�9 Distillation 10% Point: no change at 430~ (221~ 

Other probable changes in properties and composition will be increases in density, aro- 
matics, and polar compounds. The storage stability of distillate fuel will continue to decline. 

' 5205 Chippewa Plaza, Alexandria, VA 22312. 
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These changes will arise from two major factors: deterioration of crude quality and the 
incorporation of greater amounts of light cycle oil (LCO) into middle distillates. Require- 
ments for cetane number and stability may limit the amount of LCO that can be blended 
into diesel fuels. However, if these properties can be relaxed or managed by other means, 
such as additives, cleanup systems will be severely tested. Water and sediment will settle 
slower in blends high in LCO. Increases in density, viscosity, and polar compounds will 
make centrifuges, coalescers, and filters less effective and mandate more frequent servicing. 

Microbiological contamination problems could become more severe if water removal is 
impaired. We do have hope of controlling this problem, however, if we make more wide- 
spread use of well-known housekeeping techniques and use biocides wisely. 

In summary, I would suggest three implications for this symposium: 

1. Explore new ideas for fuel cleanup. 
2. Define the capability of additives, including interactions, for controlling key properties, 

such as stability, cetane number, and microbiological growth. 
3. Determine the degree of hydrotreatment needed to reduce key polar compounds and 

improve stability. 

Fuel Stability and Cleanliness Research: Where Do We Go From Here? 

By Dennis W. Brinkman 2 

I believe the time has come to focus our research efforts related to fuel stability and 
cleanliness. Active research has been going on in this area for well over 30 years. We have 
been working on it at my facility for over 40 years. 

However,  I believe the work described in this symposium and in the current literature 
implies that the quality and sophistication of our analytical techniques are now sufficient 
that we can start to provide some hard answers to hard questions. We are beyond the point 
where we either take pure compounds and measure their reactivity or take actual fuel samples 
and determine their bulk properties. 

One of the first things we can do is to sort out the problems from the complaints. Our 
new experience is that about half the fuel complaints really are handling or testing problems, 
rather than fuel problems. Once we have identified fuel problems, then we need to apply 
the advanced analytical capabilities we have heard described here to quickly and efficiently 
pinpoint the sources of the problems. I believe we are now at the point where we can become 
as specific as the situation calls for, right down to identifying compound types initiating the 
problem. That is something we currently do on a regular basis for various clients. 

This does not mean further research is not required. It is a continuing struggle to convince 
some people that the quality of current commercial fuels is a concern, even as we document 
specific incidents. A recent report acknowledged that the only problem it could see as serious 
was that a certain fuel could not regularly pass the oxidative stability test. Thus, their solution 
was to eliminate that test for the specification! Are we really that naive? 

! believe there are three objectives that we should have as we move on from this meeting 
to further the research in fuel stability and cleanliness: 

1. Develop quick protocols for identifying problem fuels, separating them from complaints 
that may have nothing to do with the fuels. 

2. Enhance the analytical tools necessary to pinpoint the cause of the problems, so that 
we can work on technically sound solutions. 

2 National Institute for Petroleum and Energy Research, P.O. Box 2128, Bartlesville, OK 74005. 
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3. Formulate processing, additive, or other solutions that are based on the understanding 
provided by the detailed analyses now available. 

If we build on what we learn, and take advantage of the advances, the next time we get 
together we will be able to talk about important advances toward maintaining a high-quality 
reliable fuel supply. 

Trends in Middle Distillate Stability 

By Cyrus P. Henry 3 

There are a number of factors that tend to affect the stability properties of middle distillate 
fuels; some of these are important across the breadth of the industry; others significantly 
affect properties for product produced at individual refineries (Table 1). 

There is a strong trend, worldwide, toward cracking of residual components to make 
transportation fuels. These cracking processes in general give a product with poor stability 
but can be readily improved by hydrogenation. When satisfactorily hydrogenated, these 
materials are quite stable, and their use results in no loss in pool stability. Stability properties 
are very poor with no hydrogen treating; hydrogen treating to reduce sulfur content may 
give product with marginal stability properties. 

Relatively speaking, crude oil is in abundant supply at this time, providing refiners an 
opportunity to choose crude oils that match their process capabilities. This has resulted in 
some instances in improved stability relative to several years ago. Long term, however, that 
trend will reverse again and likely give some loss in pool stability properties or a spot basis 
for individual refiners. Good crude availability has also improved overall cetane quality. 

The refining industry profit margin has been small in recent years; this has in general 
resulted in greater awareness of quality giveaway. On the other hand, there has been a 
resurgence in interest in stability as evidenced by recent symposiums both nationally and 
internationally; refiners are more aware and capable of maintaining satisfactory quality 
without excessive stabilization. 

Additive suppliers continue to improve the quality of their products. Most of these im- 
provements, however, have been incremental, and there have been no quantum leaps in 
benefits achievable with stabilizing additives. It is likely that we can look forward to further 
improvements in the future. 

Importation of finished products from abroad continues to increase; the implications for 
stability properties are not clear. 

The significance of all the above, however, may be small compared to the affect from 
mandated sulfur restrictions in the future. These may come about to meet vehicular emission 
requirements, to provide "smog-free air," or to reduce acid rain. There are already sulfur 
restrictions in place in most of the United States, and these have resulted in hydrogen 
treating to reduce sulfur levels in many products with a significant improvement in stability. 
New restrictions now being discussed may lead to further hydrogen treatment and further 
improvement in stability. 

In general, refiners continue to produce a good-quality product with satisfactory stability 
and other properties for normal use. Normal competitive pressures will continue that trend. 
Those who store fuel for prolonged periods (greater than one year) should do so with special 
care in procurement, monitoring, and possibly use supplemental additive treatment of fuels. 
Finally, there are considerable socioeconomic pressures at work that require political so- 

3 Senior research associate, E. I. Du Pont de Nemours and Co., Petroleum Laboratory, Wilmington, 
DE 19898. 
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TABLE 1--Trends m middle distillate stability. 

Factor 

Effect on Stabifity 

Recent Trend Long Term 

Resid cracking 
Crude availability 
Reduced quality giveaway 
Information and communications 
Improved additives 
Increased product imports 
Sulfur restrictions 

Prognosis 
continued good performance in "'normal" use 
special care for long-term storage 
significant socioeconomic factors 

- o r 0  - o r 0  
+ 

- - o r 0  
+ + 

+ + 

9 9 

+ + +  

lutions. A near-term shortage of crude oil is more likely to be politically induced than by 
the naural laws of supply and demand. Stability improvement or reduction in sulfur content 
by hydrogen treating requires the use of some of the energy in the crude oil. The balance 
between these factors is decided by society at large rather than by those of us here. 

D i e s e l  F u e l  S y s t e m  C o n t a m i n a t i o n :  A U s e r ' s  L o o k  t o  t h e  F u t u r e  

L.  L .  S t a v i n o h a  4 

As the user becomes more aware of the effects of fuel stability and cleanliness properties 
related to equipment operation and maintenance costs, a greater demand for test methods 
to monitor these fuel properties may evolve [1]. 

This presentation emphasizes the need for the user to control the origin and handling of 
diesel fuel for problem-free application in end-use vehicles. Diesel fuel control (Table 2) at 
the refinery is based upon fuel specifications for physical and chemical properties. In the 
distribution system, the control is the responsibility of the custodian who places certain 
surveillance requirements on the product. In user's storage, the user must provide his own 
surveillance for quality control. In the user's vehicle, experience becomes very important 
in knowing the impact of operation and fuel quality/contamination on system reliability and 
performance. 

Some possible general diesel fuel property trends affecting future quality are suggested 
in Table 3. Higher density of diesel fuel is being impacted by the use of higher density 
cracked stocks. Lower sulfur in the future may come about by the Environmental Protection 
Agency (EPA) mandate requiring very low (0.05 maximum) percent by weight sulfur contents 
[2]. Lower cloud point could result from refinery processing to reduce sulfur through more 
use of hydrodesulfurization. Higher olefin, phenol, and thiophenol concentrations in diesel 
fuel result from the use of untreated light-cycle oil from fluid cat cracking [3]. Lower biocidal 
resistance could be the result of refinery processing to reduce sulfur resulting in reduced 
naturally occurring biocides. 

Table 4 is a summary of properties and specification limits for No. 2 diesel fuels from 
two specifications, that of ASTM Practice for Preparing Test Specimens from Basic Re- 
fractory Ramming Products by Pressing (D 975), Grade No. 2D and VV-F-800D, Grade 

' Southwest Research Institute, San Antonio, TX 78284. 
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TABLE 2--Diesel fuel control. 

187 

Location Control 

Refinery Fuel specification 

Distribution Custodian surveillance 
system 

User storage User surveillance 

User vehicle User experience 

DF-214-5]. Specification limits for CONUS (Continental United States) and OCONUS 
(outside Continental United States) procurement are provided for in VV-F-800D. Important  
properties to the user include cloud point, which is a local requirement as is pour point that 
may not be required; kinematic viscosity at 40~ which impacts low-temperature operability/ 
startability; and the distillation, which is controlled at the 90% point and the end point in 
the case of VV-F-800. Carbon residue on 10% bottoms is controlled by both specifications. 
Neutralization number, or total acid number, is controlled by VV-F-800 for OCONUS but 
not in the other specifications. Particulate contamination, crucial to good filter operation, 
is not controlled in ASTM D 975. A more stringent requirement for water and sediment is 
placed on VV-F-800 through the use of clear and bright as opposed to a 0.05 value for water 
and sediment in D 975; this limit can be a very high number in terms of filter plugging if 
the 0.05% existed as sediment and microparticulates. 

Table 5 summarizes fuel stability and cleanliness properties and their effects. The results 
of instability (thermal/oxidative) are sediment that can plug filters. Gum can potentially 
foul injectors. The method used for determining gum in diesel fuels is ASTM Test for 
Existent Gum in Fuels by Jet Evaporation (D 381) (steam jet method). Both gum and 
unfiltered particulates are thought to contribute to engine combustion chamber deposits. 
Acid is related to corrosion of containers, pumps, and possibly injector nozzles. Additionally, 
it is thought that acids are related to accelerated fuel deterioration in much the same manner 
as certain metals (for example, copper) act as catalysts [6]. While color of a fuel can indicate 
chemical deterioration of a fuel, it is not directly harmful to the handling or use of diesel 
fuel. Sulfur fuel components may form corrosive elemental sulfur or acids during storage 
[7]. If a fuel forms water haze rather than shedding water, injectors or injector pump wear 
corrosion, or both, may result. Microbiological contamination and growth at fuel-water 
interfaces can rapidly plug filters. Microbiological growth produces acids through metabolism 
of fuel, and thus, both decreases fuel stability and increases the corrosivity of water bottoms. 

TABLE 3--General diesel fuel property trends. ~ 

Property Trend Reason for Change 

Higher density 
Lower sulfur 
Lower cloud point 
Higher olefin, phenol, and thiophenol 

concentration 
Lower biocidal resistance 

Higher density cracked stocks 
EPA mandated 
Refinery processing to reduce sulfur 
Use of untreated light cycle oil from fluid catalytic 

cracking 
Refinery processing to reduce sulfur 

~ Crude oil and refinery dependent. 
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TABLE 4--Summary of properties and specification fimits for No. 2 diesel fuels. 

Specification Values 

VV-F-800D 
ASTM ASTM D 975 Grade DF-2: 
Method Grade 

Properties Number No. 2D Conus Oconus 

Density, kg/L at 15~ 
Flash point, ~ min 
Cloud point, ~ max 
Pour point, ~ max 
Kinematic viscosity at 40~ 

(20~ cSt 
Distillation, ~ 

50% evaporated 
90% evaporated, max 
end point, max 
residue, vol%, max 

Carbon residue on 10% 

D 1298 NR Report 0.800 to 0.860 
D 93 52 52 56 
D 2500 Local Local Local 
D 97 NR Report Local 

D 445 1.9 to 4.1 1.9 to 4.1 1.8 to 9.5 
D 86 

NR Report Report 
338 338 357 
NR 370 370 
NR 3 3 

bottoms, mass%, max D 524 0.35 0.35 0.20 
Sulfur, mass%, max D 1552 0.50 0.50 0.30 

or 
D 2622 

Copper strip corrosion, D 130 3 3 1 
3 hr at 50~ max rating 

Ash, mass%, max D 482 0.01 0.01 0.02 
Accelerated stability 

total insolubles 
mg/100 mL, max D 2274 NR 1.5 1.5 

Neutralization number, 
tan, max D 974 NR NR 0.10 

Particulate 
contamination, mg/L, D 2276 NR 10 10 
max 

Cetane number, min D 613 40 40 45 
Water and sediment, vol% D 1796 0.05 NR ~ NR ~ 

D 4176 NR C&B C&B 

NOTE: NR = not required. NR ~ = shall be free from undissolved water, sediment, and suspended 
matter and shall be clean and bright at the ambient temperature or 70~ (21~ whichever is higher. 

TABLE 5--Fuel stability and cleanliness properties and their effects. 

Fuel Property Fuel Effects 

Stability (thermal/oxidative) 
sediment 
gum 
acid 
color 

Cleanliness (particulates) 
Sulfur stability 
Water haze 
Microbiological contamination 

Plugs filters 
Injector fouling and combustion deposits 
Corrosion 
None 
Plugs filters 
Corrosion 
Injector/injector pump wear 
Filter plugging, corrosion, fuel instability 
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FIG. 1--Diesel fuel property effects on vehicle engine and fuel tank, 
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Figure 1 summarizes the various properties of the fuel and its impact on various areas of 
the engine, fuel tank, primary and secondary fuel filters, transfer pump, and injectors. 
Combustion quality and performance can be affected by viscosity, volatility, cleanliness, 
cetane number, and gravity. Injector/injection pump life is dependent upon viscosity, re- 
finery treatment, impurities, and volatility. Piston/cylinder deposits/wear, and lubricant 
degradation are dependent upon heteroatoms in the fuel, hydrocarbon composition, and 
trace contamination. Pumpability/delivery are controlled by cloud point, pour point, which 
impact flow properties, cleanliness, oxidation/thermal stability, and viscosity of the fuel. 
Fuel tank/lines operations are dependent upon fluidity of the fuel, oxidation/thermal sta- 
bility, corrosivity, electrostatic charge, and elastomer compatibility. Generally, while an 
engine is in operation, the fuel serves as a coolant for the injector pump system by returning 
heated unused fuel to the fuel tank via a return line not shown in Fig. 1. Vehicle diesel fuel 
systems can be particularly harsh on the fuel in that not only is it used as a coolant, but it 
is also exposed to air containing moisture, oxygen, and carbon dioxide caused by tank 
breathing. Also, the diesel fuel subjected to daily temperature extremes (including fuel tank 
direct sun exposure) is exposed to various metal surfaces, and generally, the fuel system 
receives no preventive maintenance such as fuel tank draining and cleaning. Since fuel tanks 
generally are not completely drained under fill/use operation, some fuel remains in the tank 
for extended periods and contributes to enhanced fuel degradation of new fuel/old fuel 
mixtures. Combined effects of poor fuel stability, continued intermittent vehicle operation, 
contamination, and lack of preventive maintenance can lead to severe premature fuel filter 
plugging [8]. 

Copper generally acts as a catalyst for fuel deterioration and is present in many vehicle 
systems either as pure copper or an alloy. The user installation of fuel preheaters made of 
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copper piping on diesel equipment to handle high cloud point fuels may relieve temporary 
filter plugging caused by wax separation in cold weather but can cause premature filter 
plugging by increasing insoluble deterioration products. 

Suggested fuel specification limits for fuel stability and cleanliness properties are shown 
in Table 6. Also, included in Table 6 are test methods suggested for determining the fuel 
properties. Since some of the test methods have not yet been standardized, the status of 
the test methods is also given in Table 6. 

Oxidat ive/Thermal  Stability 

Technical Division E (on burner, diesel, and turbine fuel oils) under the jurisdiction of 
ASTM Committee D-2 on Petroleum Products and Lubricants established Section E-V on 
Fuel Stability and Cleanliness in 1979. The scope of this section's activities is to prompt,  
oversee, and participate in the development of methods for predicting and monitoring the 
stability, cleanliness, and microbiological contamination of fuels under the jurisdiction of 
Technical Division E. 

A symposium organized by Section E-V under the sponsorship of ASTM D-2 was held 
in June 1980 to assess the state-of-the-art and to define current and future needs for tests 
to predict and monitor the stability and cleanliness of distillate fuels (excluding aviation 
turbine fuels). Topics included appraisals of present-day distillate fuel stability and clean- 
liness, requirements for various applications, anticipated trends, future fuels, fuel distri- 
bution problems, microbiological contamination, test methods for stability and cleanliness, 

TABLE ~-Possible user specification limits for diesel fuel stability and cleanliness properties. 

Possible Fuel 
Fuel Property Test Method Test Method Status Specification Limit 

Stability (1) 43~ test ASTM standard 4 weeks; 2 rag/100 mL 
storage (2) 150~ test ASTM cooperative 90 rain; 2 mg/100 mL 

development or #3 pad rating 
(3) ASTM D 2274 ASTM standard 1.5 rag/100 mL 

Thermal D 3241 ASTM standard Not defined 
Acid number (1) ASTM D 974 ASTM standard 0.15 mg KOH/g of 

(using 40-G fuel fuel (using 40 g of 
sample) fuel) 

(2) ASTM D 3242 ASTM standard 0.15 KOH/g of fuel 
Cleanliness 

(particulates) (1) D 2276 ASTM standard 10 mg/L 
(2) Filterability ratio Not under formal 1.3 

development 
(3) Light transmittance Not under formal 10 mg/L 

development 
Soluble gum ASTM D 381 ASTM standard 10 mg/100 mL 
Sulfur stability None defined Not defined 1-ppm free sulfur 
Water haze (1) D 4176 ASTM standard "Clear and bright" 

(2) Microseparator? Capability defined by 50 mini 
D 3948 (modified) ASTM round robin Microbiological 

contamination ASTM task group to 
presence None defined write standard test 1 mg/L max 
growth None defined Zero 
fuel's ability to Not under formal 

support growth Innoculation development Zero 
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and refinery processes that improve stability. Papers presented at this symposium were later 
published in a special technical publication (STP 751), Distillate Fuel Stability and Cleanliness, 
by ASTM [9]. 

Diesel fuel handling and storage as addressed by the user depends on guidance and 
experience. An appendix entitled "Long-Term Storage of Distillate Fuel" first appeared in 
the 1981 version of the ASTM D 975 specification for diesel fuel [4]. This appendix attempts 
to provide guidance for consumers of distillate fuels who may wish to store quantities of 
fuels for extended periods. Fuel selection, storage conditions, and monitoring of properties 
before and during storage are addressed. 

A considerable amount of work has been performed in developing tests that predict the 
storage stability of distillate fuels. A large variety of predictive tests, referred to as accelerated 
aging tests, has been used or is in use for evaluating fuel stability. In a 1958 presentation 
by MacDonald and Jones, 26 different test methods were tabulated [10]. While time and 
temperature are accepted variables in accelerated tests, the range in containers, conditions, 
and especially in the method of sample evaluation, causes tremendous variation in results. 

The Navy-Coordinating Research Council Barge Storage Program [11], conducted in the 
1950s to determine the scale-down factor from barge to bottle or drum storage, provided 
data indicating the usefulness of storage at 43~ as a predictive method for long-term storage. 
Bottle storage at 43~ for 13 weeks is reported to be approximately equivalent to either 
drum or bottle storage at ambient (18 to 24~ temperatures for one year [12-15]. 

In a Department of Energy (DOE) sponsored program, a literature search was conducted 
to provide a list of stability test techniques and their interpretations that could be used in 
a correlative middle distillate fuel stability test program [16]. A large number of test tech- 
niques from numerous sources (approximately 116) were reviewed. The 43~ storage test 
method used in this program represented a generalized method incorporating a cross-sec- 
tional selection of details found in six different 43~ tests. This method formed the basis 
for more extensive cooperative testing by ASTM to develop a 43~ standard test, ASTM 
Test Method for Distillate Fuel Storage Stability at 43~ (100~ (D 4625). 

While most industry experts agree that the ambient storage stability of distillate fuels can 
by adequately assessed using 43~ storage test methods, these methods are not satisfactory 
for quality control or surveillance, since 18 weeks may be required to complete the test. A 
great variety of "quality control" tests (that is, tests that can be completed in less than one 
or two days) are in use, including ASTM Test Method for Oxidation Stability of Distillate 
Fuel Oil (Accelerated Method) (D 2274). None of these tests are fully accepted within the 
petroleum industry because the fuel stability is not predicted with complete reliability. This 
lack of reliability is due to inherent limitations in accelerating fuel degradation, complicated 
by variation in the nature of the degradation process. Those who monitor fuel stability 
properties choose or develop a test that serves their purposes and gradually accumulate 
interpretative skills and correlations with use experience; their test serves them well under 
normal conditions. When problems arise, most experts will utilize a variety of tests with 
varying severity and ultimately correlate results with field experience or 43~ storage tests. 
There appears to be merit in standardizing some of the alternative quality-control tests for 
this and other purposes. The duPont version of the 150~ test [17] has been used to form 
the basis for developing a rapid ASTM standard method. 

In Table 6, storage stability can be tested using either 43 or 150~ stability tests. The 43~ 
test is an ASTM standard. Suggested specification limit at four weeks is 2 mg of total 
insolubles per 100 mL. The 150~ test is under ASTM cooperative development. Suggested 
possible specification limit at 90 min would be a filterable insoluble limit of 2 mg/100 mL 
or a No. 3 (visual) pad rating. A third test, ASTM D 2274, is an ASTM standard. Most 
military and federal specifications limit this value in the specification to 1.5 mg per 100 mL. 
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Thermal stability could be controlled through ASTM Test Method for Thermal Oxidation 
Stability of Aviation Turbine Fuels (JFTOT Procedure D 3241) normally used for jet fuels. 
However, the possible fuel specification limit has yet to be defined for diesel fuels. 

Acid Number 

Acid number can be tested through ASTM D 974, which is an ASTM standard using 
40 g of fuel for sample. A 0.15 mg of potassium hydroxide (KOH) per gram of fuel 
limit is recommended for consideration. Another  method, ASTM Test Method for Total 
Acidity in Aviation Turbine Fuel (D 3242,) is an ASTM standard, and the same limit of 
0.15 mg K O H  per gram of fuel should be considered. 

Cleanliness (Particulates) 

Essentially eight types of materials can be found as particulates in diesel fuel. These types 
are shown in Table 7 with some typical examples. 

ASTM Test Methods for Particulate Contaminant in Aviation Turbine Fuels (D 2276) 
can be used for diesel fuels. This method uses a 0.8-1~m porous membrane filter. Fuel filters 
have a nominal pore size of 5 to 10 I~m. In order to evaluate actual fuel filter loading ability, 
the Society of Automotive Engineers (SAE) J 905 test method [18] should be employed 
and then related to D 2276 values to establish tolerable limits. The limit of 10 mg/L suggested 
in Table 6 is based on the limit in the diesel fuel Federal  Specification VV-F-800D. 

Another  test used for determining fuel cleanliness is the "Filterability Ratio Test" [8]. In 
this test, the time required to filter a given amount of contaminated fuel is compared 
with the filtering time for an equal portion of the same fuel that has been prefiltered. A 
value of 1.0 for the test indicates the fuel is clean. A value of 1.5 has been suggested as a 
"go/no-go" limit. Because of the unique characteristics of different types of particulates in 
diesel fuel and their ability to plug filters, the "'Filterability Ratio Test" may be a more 
realistic test than the D 2276 test, which measures the weight of particulate material rather 
than its ability to plug a filter. The suggested filterability ratio limit of 1.3 in Table 6 was 
based on a value of 1.0 for clean, and a "no-go" value of 1.5 for a dirty fuel and was not 
correlated to actual fuel filters. Part of an actual fuel filter element could be used as the 
filter in this test to make it even more realistic. 

The light transmittance test for particulates is actually a modified D 2276 test in that light 
transmittance through the test filter is used as a measure of particulate contamination rather 
than using a gravimetric weighing procedure. The contaminated filter measuring device for 

TABLE 7--Particulates (or Debris) in fuels. 

Type or Category Examples 

1. Inorganic compounds 
2. Fuel filter media 
3. Metals 

4. Fuel container surfaces 

5. Fungus 
6. Yeast 
7. Bacteria 
8. Organic compounds 

Dirt, dust, sand 
Paper, cotton 
Fuel pump wear particles; vehicle and bulk fuel tank corrosion debris; 

corrosion debris from filler pipe screens, walls, and caps 
Resins, fiberglass, high-density polypropylene, polymers/elastomers, 

and polyurethane foams 
Cladosporiurn resinae 
Candida hurnicola 
Pseudomonae 
Fuel-derived sediment and/or gum 
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this method is described in a recent publication [19]. The major advantage of this test method 
is speed and simplicity, which makes it useful as a field test monitor. This approach could 
be used for product acceptance and monitoring of fuel in bulk storage tanks as well as 
vehicle fuel tanks. 

Sulfur Compound Stability 

If elemental sulfur and sulfur-containing acids are formed after a fuel is transported from 
the refinery or is delivered to the user, mild steel and copper corrosion inhibition may not 
be present. Limited evidence suggests that some fuels that show adequate corrosion inhibition 
at the time of refining, subsequently form small quantities (15 to 30 ppm) of elemental 
sulfur. Probable source of elemental sulfur is oxidation of hydrogen sulfide H2S formed by 
sulfur-reducing bacteria in distribution systems, especially piping. Corrosion inhibition for 
this sulfur is not provided for at the refinery. Such may have been the case with Paraho-II 
shale fuels refined for a recent military fuel program. Model studies showed that the com- 
bined presence of free (elemental) sulfur and mercaptans, each at about the 10-ppm level, 
can cause failure of the copper corrosion test [20]. Investigations are needed to determine 
if diesel fuel sulfur component stability is a potential problem related to fuel corrosion 
changes during distribution or storage. If an accelerated test is developed for the formation 
of elemental sulfur, a fuel specification limit of 1-ppm elemental sulfur is suggested in 
Table 6. 

Water Haze 

If a fuel tends to form water haze rather than shed water, its lubricity may be reduced, 
causing wear of moving fuel-handling parts. A better test method to define "Clear and 
Bright" fuel is needed. An ASTM task group is actively developing an approach to better 
define water haze. The suggested fuel specification limit in Table 6 for water haze is "Clear 
and Bright" by Test Method for Free Water and Particulate Contamination in Distillate 
Fuels (Clear and Bright/Fuel Proceedings) (D 4176) or "50" by a modified ASTM Method 
for Determining Water Separation Characteristics of Aviation Turbine Fuels by Portable 
Separometer Field (D 3948) (microseparometer method). 

Microbiological Contamination 

What seems to be the most elusive and intriguing of all fuel contaminants fall into the 
general category of hydrocarbon-utilizing microorganisms (sometimes jokingly referred to 
as "HUM-bugs," for short) [21]. Because of the sporadic occurrence of filter plugging caused 
by organisms and lack of good methods to identify the problem, a great deal of confusion 
still exists regarding this subject. A task group has been established by ASTM to develop 
a standard test procedure for identifying microbial problems associated with petroleum fuels. 
Generally, the organisms involved are aerobic and are found at fuel-water interfaces. A 
recent article on "What's the Problem With Diesel Fuel" pinpointed sulfur and water as 
being the most troublesome to fuel users [22]. This water that seems to be abundant in 
diesel fuel systems is necessary for microbiological growth to occur in fuel systems. A fuel 
filter (usually easily wetted by water) provides an ideal surface for microbial activity. Nu- 
trients, including oxygen, water, minerals, and organic matter, are carried into the filter by 
circulating fuel. Waste products that would normally accumulate and eventually inhibit 
growth are carried away as fuel passes through the filters. Thus, an ideal dynamic culture 
system is set up for the production of larger masses of microbial organisms and eventual 
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filter plugging. A more common occurrence is the rapid plugging of fuel filters when a 
portion of fibrous mat is introduced from the bulk storage tank or from the fuel-water 
interface in a vehicle fuel tank. Thick microbial growth typical of Cladosporium resinae is 
readily identified visually because of its feel and appearance as a fibrous, resinous mat [23]. 
Analytically, the microbiological contamination can be distinguished from fuel degradation 
sediment. However, standardized methods to identify the presence of microbial debris are 
needed. A second type of method is needed to identify the potential for microbial growth 
in a fuel. Both of these methods are being addressed by the ASTM task group on micro- 
biological contamination. With respect to suggested fuel specification limits in Table 6, a 
value of <1 mg of microbial debris per litre of fuel and a zero growth potential are suggested. 

Conclusions and Recommendations 

Distillate fuel stability and cleanliness received major attention in the 1950s, which waned 
somewhat in the 1960s, saw renewed attention in the 1970s and appears to have potential 
for greatly maturing in its understanding and control in the 1980s. 

The suitability of diesel fuels for various end-uses depends on the crude oil (or synthetic 
crude) source, refinery processing of the components in the finished fuel blend, additives 
used, method of fuel distribution and storage, and the sensitivity of the end-use to various 
contaminants and other fuel properties. All of these factors may affect ultimate performance 
in a particular user's application. In addition to those factors that determine the properties 
of the fuel, requirements will vary depending on the level of contamination that can be 
tolerated by specific end-use systems. Specifications for diesel fuel should contain guidance 
information for the user to determine how to maintain adequate stability and cleanliness in 
storage and use. Evidence has been presented to support the potential need for diesel fuel 
specifications that provide limits on the following properties: 

�9 Stability (oxidative/thermal) 
�9 Acid number 
�9 Cleanliness (particulates) 
�9 Soluble gum 
�9 Sulfur compound stability 
�9 Water haze 
�9 Microbiological contamination 

The status of test methods to measure these properties has been summarized, and user- 
based specification limits have been suggested. 

Microbiological Outlooks 

By E. C. Hill 5 

For those who know nothing about the Institute of Petroleum, it is a United Kingdom 
organization which is O) a trade organization and represents its members in conflict with 
government or in cooperation with governments, (2) it is a technical institution with a large 
number of technical committees of which the microbiology committee is one, and (3) it sees 
itself in some sort of an educational role. Although it exists primarily for the benefit of its 

5 E. C. Hill and Associates, Microbiological Testing and Advisory Services, Unit M22, Cardiff Work- 
shops, Lewis Rd., East Moors, Cardiff CF1 5EG, United Kingdom. 
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members, it also invites other European participants. The microbiology committee is an 
active committee, and the members are from the main oil companies, from academic in- 
stitutions, from the major users, and so forth. It organizes normally two symposia a year. 
These are either published by John Wiley or they are published internally by the Institute 
of Petroleum. For example, last year there was a very successful meeting in Aberdeen called 
Microbiological Problems in the Offshore Oil Industry. This was published by John Wiley. 
It so happens that many of the fuel problems we have been experiencing have been on the 
offshore rigs and supply ships, so naturally these proceedings actually do contain some 
papers of relevance fuels. The second symposium we had last year was actually called the 
Microbiology Fuels and was published internally by the Institute of Petroleum. I think 
everybody who was involved in this was extremely pleased with the outcome because in 
Europe over the last five years or so we have all been wondering whether we are looking 
at a genuine upsurge in microbial problems or whether it was an apparent upsurge because 
recognition was better. We decided to hold a symposium in which the first four papers were 
presented by non-microbiologists, but these were people who were involved with refining, 
blending, additives, and distribution. The outcome was that the microbiologists who were 
present were able to identify real factors for the first time, which have contributed in Europe 
to a very considerable upsurge in microbiological problems. I will quote you the last sentence 
or so from a paper by Mr. Berryman of Shell International Petroleum: "Middle distillate 
fuel demand forecasts for the next 20 years would indicate the fuel quality may become 
even more favorable for microbial activity. Education of users is required to heighten the 
awareness, improve housekeeping facilities, and make available a range of treatment prod- 
ucts which are effective and involvement acceptable." At  the end of this meeting we all 
believed we were facing a genuine change in Europe. Microbiologists have seen it in other 
ways because we have recognized that the organisms that we were isolating and identifying 
were different, and that the fuels affected were different. Cladosporium was not the only 
cause of our problems, but we were seeing other micro-organisms. In particular we were 
seeing Candida problems, a variety of fungal problems, and pseudomonads. So from the 
microbiology point of view we could anticipate that the fuels themselves had changed chem- 
ically in some way so that they stimulated a different spectrum for organisms. As an outcome 
of this meeting, there was so much interest that the Institute formed a task force. The 
objectives of this task force are to look at the symptoms of fuel malfunction caused by 
microbial activity, to look at sampling methods and their significance, to look at micro- 
biological test methods, to look at interpretation of data and at remedial techniques, the 
outcome of remedial techniques, and the factors that contribute to microbiological problems. 
We are looking for international representation on this in the first case because a lot of our 
problems are with ships, and these ships move internationally. We do not want to be in the 
position where people were uplifting samples in different countries, getting different tests 
run and getting different interpretations. We were anxious that we should have this task 
force organized on a European basis, and the main reason why I am here is that we are 
also anxious that as these ships move across the ocean to North America they should also 
have consistent advice. So I am very anxious that from an Institute of Petroleum point of 
view we work very closely with you on standard test methods, both laboratory and on-site, 
where we take samples and finally how we interpret the results that we get. This task force 
has in fact met twice, and it is making fairly plodding progress as you might imagine. When 
a number of people come for the third International Symposium on Fuel Stability in London 
next year, I intend to organize a meeting of this task force either immediately before or 
immediately after. Hopefully you will come along to this meeting, and we can have round- 
table discussions of the list of problems that we are addressing. 
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If anyone is interested in the minutes of the first two meetings, they can write to me in 
London)  I have been interested in all that I have been listening to over these two days but 
some things strike me as being different in Europe and America. In some ways we are a 
little more advanced and in some ways we are a little more backward. 

In Europe but not mentioned here we are now seeing microbial problems with black oils. 
This is a bacterial problem. On the European scene the sources of the crudes have changed 
dramatically. They now come from the North Sea and even from Russia. In processing 
different crudes, we are obviously making different kinds of distillates. There are also many 
blending changes and changes in additives that result in the fuel chemistry changing. One 
of the factors that was identified was that there are far more soluble carbon compounds 
now in the water phase. If we are putting more soluble nutrients into the water phase we 
are stimulating microorganisms there. I would like to draw your attention to the much 
greater use of additives. Little "'bugs" require carbon, nitrogen and phosphorus, and many 
additives contain these. This is a stimulation factor. There is work on the effect of these on 
the microbiology of fuel. As you might expect, some of them actually stimulate microbial 
growth because we are providing a few vital nutrients, and some of them conversely actually 
inhibit microbial growth. 

On the subject of anti-microbial strategies that are used, these are all more or less the 
same as conducted here. In some ways, I think we are less advanced than you are. There 
is a need to improve housekeeping, and everyone here is aware of this and hopefully they 
will do it in the future. Typical physical methods that have been investigated are radiation, 
pasteurization centrifugation, and filtration. On the technical chemical side, you have two 
strategies: either to put a preservative in or to actually disinfect the system when trouble 
arises. There is a great deal of resistance in Europe to the use of fuel preservatives. Obviously, 
the glycol ethers have been around for a long time; they are used mainly by the military 
because they need the antifreeze properties. The civilian user tends not to like spending 
money on fuel preservatives. He would rather wait until he has trouble and then use a fuel 
disinfectant. Disinfection has been used from time to time, sometimes with the approval of 
engine builders and sometimes without. In most cases fuel users are very much going for 
disinfection rather than use preservatives. On this basis, there is a much greater call for on- 
site microbiological testing. I do not think I have time to say much about this, but if you 
do on-site microbiological testing, you also must interpret the results that you get. 

There is a problem with detection, as you know, that most people can cope with water 
phase detection and that is fine provided you have a water bottom sample. You can then 
do more or less conventional microbiological tests on it. It is when you have oil phase 
samples that you run into trouble; it has been mentioned already that a lot of microorganisms 
die out very quickly once they get into the oil phase, and by the time the sample is a few 
days old you may test and obtain a completely wrong answer. You may believe you have 
no microorganisms in the system, but in fact the system is very heavily contaminated. There 
is a great need for a quick microbiological test on the oil phase so that you do not have to 
ship it back to the laboratory. We are thoroughly interested in this development, but at the 
moment, the test that is most widely used is a laboratory based membrane filtration test, 
and the Institute of Petroleum has a committee working on standardizing this. 

It has now been submitted not as a standard test procedure (because it is not that rigid), 
but it is a recommended test procedure. An alternative to using membrane filtration is to 
take the fuel and emulsify it with nontoxic emulsifier and then apply conventional micro- 
biology. I think you have to be very cautious to interpret the test when you only have a 
fuel phase sample to examine. 

One tool that we do have and you do not is a little monitor that will monitor levels of 
biocide. So often, as you know, you work on some biocide accurately in the laboratory and 
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you then give a guy a bucket, and say "put in 24 ppm." You have no idea whether he puts 
it in at the correct concentration, whether it gets into the water phase and how long it 
remains in the water phase. We have a little test kit, which is a strip of plastic with a pad 
on the end, which contains an organism that is very sensitive to most biocides. It is immersed 
in fluid, withdrawn, and incubated. If it stays white, the organism is inhibited; this tells you 
that the biocide is above a specific concentration. So what? Well, we can arrange dilutions 
of that water bottom, test them all, and then we are able to say which of these dilutions 
contains inhibitory concentrations of biocide. Hence we can deduce the original concentra- 
tion. Thus, you have a simple technique for actually measuring how much biocide you really 
have in your tank water bottoms. 

To conclude, the two meetings next year at which we would really like to see ASTM 
members are the Third International Meeting on Fuel Stability and the Fuels Task Force. 
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anti-icing additive in military jet fuels to 
control microbial growth, 10-11, 98 

Ethyltriazine, 103 

F 

Federal Test Procedure (FrP) 
emissions testing, 75-79(figs) 
test vehical preparation, 64-67 

Filler inlet for underground tanks, 136 
Filter cakes, 91-92 
Filter clogging, 157-158, 160 
Filter/coalescer residue, 22 
Filter plugging, 4, 7, 15, 37, 130-131, 146- 

147 
effect of gum, 88-89 
fuel samples, 84(table) 
in diesel fuels, 37, 83-84, 160-161 
in fuel handling systems, 15 
in injector coking vehicle, 63, 67, 68-72(figs) 
in naval fuel, 7 
with contaminated fuels, 84 

Filtration, centrifugation, 120-133 
Filtration of diesel fuels, 86(fig) 
Floats in fuel storage tanks, 169, 170(fig) 
Fluorenones, 57-58(figs) 
Florida Power and Light fuel quality pro- 

gram, 167-182 
Flow tests of fuel injectors, 70(table) 
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FFP. See Federal Test Procedure 
Fuel aging, 51-53(table), 59-61 
Fuel analysis. 65(table) 
Fuel analysis, gas turbine,  171, 172- 

175(tables) 
Fuel chemistry, 107 
Fuel cleaning, 120 
Fuel contaminants, 160-161 
Fuel contaminat ion,  2, 105-113, 134- 

135(tables), 146 
Fuel contamination measurement, 19 
Fuel deterioration, 96, 105-107, 135 
Fuel economy, 66, 74 
Fuel emissions, 64, 74 
Fuel filter 

clogging, 157-158 
elements, 159-161 
media, reference materials for identifica- 

tion, 39(table), 42 
plugging, 37 

Fuel gage malfunction caused by microbial 
growth, 16 

Fuel handling systems design, 23 
Fuel filter plugging in injector coking vehi- 

cle, 63, 67-68, 69(fig) 
Fuel filters, 15, 37, 63 
Fuel gum, 63 
Fuel injectors--flow tests, 70(table) 
Fuel oxidation, 54, 158 
Fuel quality 

aging of navy distillate fuels, 49, 50(fig), 
61 

cold idle noise, 63 
container and surface contaminants, ref- 

erence materials for identification. 
39(table) 

contaminants, 1-3(figs), 6, 37, 38(fig), 
39(table) 

contaminants, method of sample measure- 
ment, 18-19 

degradation in tanks, 82 
effects of catalytic cracking, 48 
effects of lower quality crudes, 48 
emissions, 63 
filter plugging, 63 
fuel gum, 63, 83 
physical and chemical properties, 49(table) 
physical changes 

aging of fuel, 48-53, 59-61 
chemical composition, 49(table) 
color development, 48-52, 61-62 
increase in viscosity, 49 
sediment formation, 48-62 

quality program, 167-182 

sequential extraction and drying (TAMI), 
19-20 

thermogravimetric analysis (TGA), 19-20 
Fuel quality program, 167-182 
Fuel rotation program for preventive main- 

tenance, 181 
Fuel sampling program for preventive main- 

tenance, 181 
Fuel-soluble biocides, 11 
Fuel stability, 119, 167 
Fuel stability and cleanliness research panel 

discussion, 184-185, 188(table), 
189(fig) 

Fuel stability--effect on injector coking, 63- 
64 

Fuel storage, 95-103, 158 
Fuel storage facilities, 1 
Fuel storage management, 119, 134-138,148- 

149 
Fuel suction boom, 169 
Fuel system 

contaminants, reference materials, 38, 39- 
40(tables), 42 

design, 161 
emergency power for nuclear power plants, 

140(fig) 
failure, 161 
quality assurance program, 140-141 

Fuel system treatment program, 167 
Fuel tank, 27 
Fuel thief, 120 
Fuel treatment biocides, 148-150(tables), 

151(fig) 
Fuels, 114 
Fungi, 96, 103, 146 
Fungi contamination 

in aircraft and naval fuel supplies, 27 
in diesel fuel systems, reference materials 

for identification, 39(table) 
in fuel tanks, 16-17(figs) 
in jet fuel, 7-8, 16-17 
in shipboard fuel tanks, 28 
laboratory analytical methods, 35 

Fungicides, 111 

G 

GC/MS analysis. See Gas chromatography/ 
mass spectroscopy 

Gas chromatography/mass spectroscopy (GC/ 
MS) analysis, 51-53 

Gas turbine 
distillate fuel quality control program for 

tong-term storage, 167 



fuel analysis, 171, 172-175(tables) 
liquid fuel specification, 168(table) 

Gasoline, naval vessels, 6-7, 28 
Georgia Power Company 

preventive maintenance program for die- 
sel fuel, 157-266 

Gum formation 
in diesel fuels, 84-89, 87(fig) 
in gas turbines, 160 
treatment, 83 

Gum and particulate formation increased by 
water aeration, 10 

Gum solvent--effect on flow, 68 

H 

HPLC. See High performance liquid chro- 
matography 

High performance liquid chromatography, 
54 

High resolution mass spectrometry results for 
aged and unaged fuel samples, 61 

Hormoconis. See Cladosporium (Hormonis) 
resinae 

Housekeeping practices in fuel storage, 2, 7 
Housekeeping quality in fuel handling sys- 

tems, 15, 23, 146 
HUM-bugs. See Hydrocarbon utilizing mi- 

croorganisms 
Humidity, 123(table) 
Hydraulic oil and seawater mixture effect of 

long-term contact, 99(table) 
Hydrocarbon utilizing microorganisms, 95, 

159, 193 
Hydrocarbons in FTP emissions testing, 66 
Hydrogen sulfide odor 

implies presence of sulfate reducing bac- 
teria (SRB), 96 

Hydrogen sulfide production testing, 19 
Hydrolysis, 98 
Hydroperoxides, 54, 105 

Icing. See Anti-icing additives 
Identification of fuel system contaminants, 

method, 39-40(tables), 41 
Identification of microbial growth, 17(fig) 
Incompatibility of refinery components, 110 
Indole production testing, 19, 53 
Infrared spectroscopy, 38 
Injector coking--flow capacity, 69-71(table) 
Injector coking vehicle performance 

effect of unstable diesel fuel, 63-64, 66, 
69 
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Injector deposits, 73(tables), 74 
Injector nozzles--plugging and clogging, 161 
Inorganic compounds, nonmetallic reference 

materials for identification, 39(table) 
Inspection system, 116 
Instability of refinery components, 110 
Iron emission tests, 64, 65(table) 
Isothiazolones, 11 

Jet fuels, microbiological contamination, 16- 
17 

K 

Kerosene fuels, 105, 137, 141 
Kerosene fungus, 7 

L 

Laboratory analytical methods for sampling 
contamination in fuel tanks, 27-36 

Laboratory procedures for identifying mi- 
crobial growth, 15-25 

LCO. See Light cycle oils 
Lead emissions in fuel analysis 
Leopard spots, 22 
Light cycle oils (LCO), 108 
Liquid chromatography, 54 
Long-term storage of fuel, 99, 119, 139-144 
Long-term storage of diesel fuel, 163, 167 

M 

Malfunction of fuel gage caused by microbial 
growth, 16 

Marine sediments, contamination, 6 
MBC survey--sampling procurement, ap- 

pendix, 34 
Metabolites, acidic, 15 
Metal contaminants in diesel fuel, reference 

materials for identification, 39(table), 
42 

Metal deactivators, 105 
Methane gas, microbially produced, 6 
Methodologies for biocide evaluation, 95- 

96, 100-103 
Methodology for identification of contami- 

nants, 37 
Microbial activity, 157-158 
Microbial analysis, 171(fig), 176-178(figs) 
Microbial contamination 

gas turbine fuel analysis, 171(fig), 172- 
175(tables) 
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Microbial contamination--Continued 
in middle distillate and kerosine fuels, 105 
of diesel fuel, 161 
of fuels, 146, 157-158 
of gas turbine distillate fuel, 167 

Microbial deterioration of fuels 
biocide testing, 101 

Microbial fuel contamination 
diesel systems, reference materials for 

identification, 43 
jet fuels, 16-17(figs) 
marine sediments, 2-8, 9(fig) 
naval vessels, 28 
shipboard tanks, 28 

Microbial growth 
acidic metabolites as catalyst for corrosion 

of tank bottoms, 15 
control methods, 23 
in aviation fuel tanks, 16-17(figs) 
in fuel storage, 99 
types of contamination, 16 

Microbial growth problems in aviation gas- 
oline 

fuel gage malfunction in aircraft wing tanks, 
15 

fungus growing on fuel probe, 15 
Microbial sludge build-up, 161, 170(fig), 

180(fig) 
Microbiological contamination, 27, 193-194 
Microbiological deterioration of fuels bio- 

cide testing, 96, 101 
Microbiological slime, 84-89 
Microbiological techniques, 44 
Microorganisms in water, 6 
Microscopic techniques for identifying fuel 

system contaminants, 40(table) 
Middle distillate fuels, 105 
Middle distillate stabilizers, 110-111 
Morpholine effect on microbial growth, 99(fig) 

N 

Naval vessels, fuel contamination, 28 
Navy distillate fuels, 48-62 
Nitrogen compounds, 57, 59 
Nitrogen--in gum, 83 
Nitrogen gas production testing, 19 
Nitrogen removal by hydrogen treating, 106 
Nitrous oxides FTP emissions testing, 66, 74- 

75(figs) 
Noise levels in passenger compartment, 78- 

8O 
Nonmetallic inorganic compounds, refer- 

ence materials for identification, 
39(table) 

NOx. See Nitrous oxide 
Nuclear power plants, 139, 144 

O 

Oil-seawater mixture, 99 
Oil/water interface with sediment, 170(fig) 
Olefin content as a cause of poor fuel sta- 

bility, 64, 65(table) 
Optical microscopy, 38 
Organic compounds in diesel fuel systems, 

reference materials for identification, 
39(table) 

Organo-boron compounds as fuel-soluble 
biocides, 11 

Ottowa sand, 20 
Oxi/Ferm Tube (Roche) for identification of 

bacterial isolates, 19 
Oxidation, 107, 110-113, 133, 157-158 
Oxidation in diesel fuels, 83 
Oxidation in injector coking vehicle per- 

formance, 63 
Oxidation in navy distillate fuels, 48, 52-54, 

82 
Oxidation stability of distillate fuel oil, 143 
Oxidative/thermal stability, 190 
Oxygen--in gum, 83 

P. aeruginosa. See Pseudomonas aeruginosa 
Panel discussion 

distillate fuel contamination, 183-198 
Particulate formation, 110 
Particulates, 192(table), 193 
Passenger compartment noise levels--F['P 

emissions testing, 78-80(figs) 
Peroxide formation, 105-106, 113 
Petroleum--quality representative, 115 
pH as means of controlling fuel corrosiveness 

avoids use of toxic compounds, 10 
Phenanthrenes, C0-C3, 54 
Phenylenediamide antioxidants, 106 
Physical properties of fuel, 48-49(table) 
Plugging of fuel filters 

by fuel system contaminants, 37, 157 
in fuel handling systems, 15, 84, 160-161, 

169 
in injector coking vehicles, 63-69 

Polymerization, 83 
Potassium tellurite for recovery of clado- 

sporium resinae, 101(table) 
Power plant quality control program for fuel 

storage, 141 
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Preservation of distillate fuels in storage, 95 
Prevention of microbial growth, 15 
Preventive maintenance for fuel stability, 156- 

157, 161-162, 181 
Product identification, 141(table) 
Product quality, 115 
Protein analysis in microbiological contam- 

ination, 29-30(table), 35 
Pseudomonas, 21, 23, 96, 98 
Pseudomonas aeruginosa, 30-31(table), 44, 

96 
Pseudomonas putida, 98 
Pseudomonas species for biocide investiga- 

tion 
p. aeruginosa, 96 
p. putida, 98 

Purification--long-term diesel fuel storage, 
119 

Purifier centrifuge/filter unit, 120, 127-128 
Purifier filter, 133 
Pyridine, 59 
Pyridinethiols--toxic to marine life, 11 
Pyrrolic benzolog family, carbazoles less ac- 

tive than indoles in sediment forma- 
tion, 61 

Q 

QR. See Quality representative 
Quality assurance program, 114-118 
Quality control, 114-115, 139 
Quality representative (DFSC), 115-118 

R 

RCRA. See Resource Conservation and Re- 
covery Act 

Reference materials for fuel system contam- 
inants, identif icat ion,  38, 39- 
40(tables), 42 

Refinery components, incompatibility partly 
caused by solvent effects, 110 

Reliability of material, 114-115 
Reproducibility of test method, 145 
Resource Conservation and Recovery Act 

(RCRA1), 1 

Sample analysis of fuel sludge, 20-21(figs) 
Sample measurement, contaminants, 18-19 
Sampling 

for preventive maintenance of fuel, 181 

laboratory analytical methods 
MBC survey--sampling procurement, 

appendix, 34 
on shipboard fuel tanks, 27-36 
sample preparation techniques for diesel 

fuel analysis, 38-46 
Sampling and testing, 120, 123-127(figs) 
Scanning electron microscopy (SEM) to 

identify contaminants in diesel fuel 
systems, 39, 89-93(figs) 

Seawater intrusion in shipboard fuel 
tanks, 8, 28 

Seawater-oil mixture, 99 
Sediment composition 

characterization, 19-20(table) 
drying, 19 
in fuel tanks, 170(fig) 
sequential extraction, 19 

Sediment contamination in filter plugging, 
84-85 

Sediment deposits, 105, 107 
Sediment formation 

in navy distillate fuels, 2-9, 16-17, 28, 43, 
48-62 

Sediment samples, relative intensities from 
high resolut ion mass spectrum, 
60(table) 

Sedimentation, 108-109(figs), ll2(fig) 
Sediments in fuel samples, 90(fig) 
SEM. See Scanning electron microscope 
Shipboard tanks, microbiological contami- 

nation, 28 
Silica gel filtration--effect on stabilizer ad- 

ditives, 110(table) 
Slime, 146 
Slime and debris in diesel fuels, 84-88 
Slimes, 6, 84, 88 
Sludge in fuel tanks, sample analysis, 20- 

21(figs) 
Society for Industrial Biology, 96 
Soluble protein method for fungi in fuel, ap- 

pendix, 35 
Spectroscopic techniques for identifying 

fuel system contaminants, 38, 40(ta- 
ble) 

SRB. See Sulfate reducing bacteria 
Stability characteristics of fuels, 1, 63-64, 

157 
Stability effects 

of additives, ll0(table) 
of anti-oxidants, ll2-113(table) 

Stability properties of diesel fuels, 160, 
190(table) 

Stability samples after biocide treatment, 177, 
178-180(figs) 
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Stability test techniques, DOE literature 
search, 191 

Stability tests on diesel fuels, 159 
Stability treatment, 167 
Stabilizers, middle distillate, 110-111 
Standards and Specifications. See also ASTM 

DuPont F21 accelerated stability test, 159 
General Electric 

GEI-41017F, 167, 168(table, ftn) 
Society for Industrial Biology 

SIM SP-2, 96 
US 

DF-2, 115 
F-76, 115 
JP-4, 106, 115 
JP-5, 106, 115 
JP-8, 115 
MIL-S-53021, 96, 167, 176-177, 181 
MIL-T-5624, 106-107 
VV-F-800D, 187, 188(table), 192 

Storage 
diesel fuels, 119,135-139 
hydraulic oils for offshore use, 98-99(table) 
long-term, of diesel fuels, 163 
microbial control of hydraulic oil for off- 

shore use, 98-99(table) 
preservation of distillate fuels. 95 
system design, 137 

Storage tanks 
biocide treatment, 10-11, 15, 23-25,148, 

151-154 
cleaning, 152, 155, 158 
construction, 167-168 
design, 3(figs) 
distillate fuel, 16(fig) 
filter plugging, 169 
fuel suction boom, 169 
preventive maintenance, 169-181 
sludge, 169(fig) 
stability testing, 159 

Subfractionation of acids and bases, 50-51, 
53-55(tables), 59 

Suction boom, t69 
Sulfate-reducing bacteria, 6-8, 15 
Sulfate-reducing bacteria in presence of hy- 

drogen sulfide odor, 96 
Sulfides--anaerobic generation, 10 
Sulfur 

compound stability, 193 
in fuel emissions testing, 64, 65(table) 
in stored oil, 6, 82 
removal by hydrogen treating, 96 

Surfactant metabolites--effect on filter/sep- 
arators, 15 

Surveillance program for diesel fuel in long- 
term storage, 143-145 

T 

TABAD. See Tertiary butylamine pyridine 
Tank cleaning, 152-158 
Tank corrosion, 15 
Tank sampling for biomass estimation, lab- 

oratory analytical methods, 27 
Tank sediment 

housekeeping procedures, 21-28 
sample analysis, 20-23(figs) 
test procedures, 64-67, 75-79 

Tank vents, 136 
Tankers, 114, 116-117 
Tanks, whole fuel storage, 148 
Temperature, 121-122(tables) 
Tertiary butylamine pyridine N-oxide (TA- 

BAO). 103 
Test memod for evaluation of biocides, 96, 

101 
Test vehicle preparation, 64-66 
Testing fuels in long-term storage. 145 
TGA. See Thermogravimetric analysis 
Thermal deposits, 105-110, 113 
Thermal stability of aviation turbine fuels, 

143 
Thermogravimetric analysis (TGA), 19-20 
Time factor in storage, 98 
Training, 114 
Transort of bulk petroleum, 115 
Treatment, fuel and water soluble biocides, 

146 
Treatment off-shore, 153-154 
Treatment onshore, 151-153 
Treatment programs 

analysis, 162(table) 
biocide additives, 161-163, 176-177 
for fuel stability, 157 
monitoring, 177 
to prevent diesel fuel deterioration, 160 

Triazine biocide, 98(table) 

U 

Underground storage, 1 
Underground tanks, 135-137 
United States Standards. See Standards and 

specifications 
Unstable diesel fuel 

effect on injector coking vehicle perform- 
ance, 63, 79 

testing, 64 



Urease activity testing, 19 
User specification limits diesel fuel stability 

and cleanliness properties, 190(table) 

V 

Vacuum pump, 124(fig) 
Vehicle performance, injector coking prob- 

lems, 63, 74 
Vehicle preparation for testing, 64-66 
Vent pipe inlets, 137 
Vents, 136 
VGO. See Virgin gas oils 
Virgin gas oils, 108-109(figs) 

W 

Water aeration, 10 
Water as a fuel contaminant 

cause of corrosion and fuel degradation, 
2, 7-12 

diesel fuels, 160, 169 
effect on diesel fuel gum, 10, 90-91(figs), 

93(table) 
elimination from fuel handling systems, 17 
in fuel tanks, 146 
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Water-bottoms biocide treatment, 24(fig), 
148-150(tables) 

Water drainage in fuelhandling systems, 23 
Water haze, 193 
Wind speed, 123(table) 

X 

X-ray fluorescence spectroscopy (EDXRF), 
38-39 

Xylose utilization testing, 19 

u 

Y. lipolytica. See Yarrowia lipolytica 
Yarrowia lipolytica (formerly Candida), 30- 

31(table), 44 
Yeast, 146 
Yeast contamination 

in diesel fuel systems, reference materials 
for identification, 39(table) 

in shipboard tanks, 8, 28 

Z 

Zinc emissions in fuel analysis testing, 64, 
65(table) 




