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SYNOPSIS 

Fuel is Changing. 
Today’s modern gasoline is constantly changing, but not in a positive way as it 
relates to small engines. Ethanol content is rising. Fuel has inherent 
contamination, including water bonded to ethanol and particulate matter and is 
not delivered “safe” for engines and fuel injectors. The water problem becomes 
worse over time with condensation and water encroachment and we know that 
WATER is the greatest enemy to your fuel system and engine. We know that 
ethanol attracts water and at some point this corrosive mixture phase separates 
to the bottom of your tank. Tier 3 standards that reduce sulfur content will drive 
up peroxides and gums. As these issues compound, fuel will tend to degrade in 
as little as 60 days (or much less) before it is considered no longer acceptable to 
use. Consider marine equipment in which the fuel can sit for long periods of time 
before it is needed. This same contaminated fuel is what enters the engine, 
causing problems that lead to costly repairs and downtime.  

What Can You Do? The FUEL LIFE Solution! 
B3C Fuel Solutions, LLC, a manufacturer of environmentally friendly products and 
solutions that resolve engine and fuel system problems caused by today’s modern 
gasoline and diesel fuels, including ethanol and bio-diesel blended fuel (bio-fuel) 
related problems, has developed a new, patented technology that combats all of 
these fuel related issues. We call it the FUEL LIFE In-Tank Fuel Stabilizing Filter. 
The FUEL LIFE Fuel Stabilizing Filter is a proprietary nanopore reactive molecular 
sieve that removes (neutralizes) the compounds in fuel that cause fuel decay. 
Once removed, fuel’s ability to decay is drastically diminished, even when exposed 
to heat and sunlight. The FUEL LIFE Fuel Stabilizing Filter removes moisture from 
ethanol blended fuel in a fuel tank, and is the ONLY scientific process that 
removes water bound to ethanol (all fuel containing ethanol, e.g. fuel pump 
gas with up to 10% ethanol, ALREADY HAS WATER in it because ALL 
ethanol contains up to 1% WATER). Fuel decay and water are top contributors 
to contamination and operating issues in engines. The concept is similar to 
desiccant packs, a time-tested standard method to remove moisture in critical 
items like pills and electronics. Benefits include potential reductions in fuel related 
warranty issues and costs, increased customer satisfaction, and positive 
environmental impact. FUEL LIFE is a highly innovative and creative long-term 
solution that OEMs can leverage to drive competitive brand differentiation, 
increased awareness, and ongoing customer satisfaction. Be sure to read this 
entire White Paper for details and please contact us for more information. 
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Fuel is Changing. 
 
Today’s fuel is not the fuel of the past. Fuel, as we know it, is now in a 
constant state of change. And this constant change has created more and 
more confusion in the marketplace. First, there is the proliferation of ethanol. 
More than 80% of all retail gas stations in the United States blend gasoline 
with up to 10% ethanol (E10)1. And as time progresses, we are finding that 
the ethanol content in gasoline at fuel pumps is rising to now include as much 
as 15% (E-15) to 85% (E-85) (Fig. A). Approximately 5,000 new pumps in the 
United States now offer E-15. 
 

According to a 2015 Outdoor Power Equipment Institute (OPEI) survey, 
“consumers are ill-equipped to make smart decisions about new gasoline 
choices entering the marketplace, such as fuel blends greater than ten 
percent (10%) ethanol. According to poll results, Americans continue to 
choose gasoline on price, and do not pay much attention to pump warning 
labels.” In fact, ninety-one percent (91%) overwhelmingly notice price when 
they pull up to the pump and sixty-three percent (63%) choose the least 
expensive grade of gasoline whenever possible.2  
 
This lack of awareness regarding today’s changing fuels leads to problems in 
the market with consumer’s equipment and engines. OPEI recently launched 

 

Fig.  A  
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the “Look Before You Pump” campaign in response to the U.S. Environmental 
Protection Agency (EPA) approval of gas with 15% ethanol content for 
automobiles from 2001 or later. Most people get the fuel for their power 
equipment from the fuel pump, often at the same time they are filling up their 
automobiles. 10% ethanol content is problematic and 15% is not even 
approved for use in small power equipment. Since most people will not notice 
the shift from 10% to 15%, and will continue their routine behavior of filling 
their gas cans for their power equipment at the pump with the lower priced 
fuel, OPEI is warning consumers to “Look Before You Pump”.3  
 
Another change in fuel began in 2017. The U.S. Environmental Protection 
Agency (EPA) developed an important rule designed to reduce air pollution 
from passenger cars and trucks. Starting in 2017, “Tier 3 sets new vehicle 
emissions standards and lowers the sulfur content of gasoline, considering the 
vehicle and its fuel as an integrated system.” Federal gasoline will contain no 
more than 10 PPM (parts per million) of sulfur on an annual average 
(approximately 80% reduction from Tier 2 standards).4 Sulfur reduction in 
gasoline may be considered good for emissions, but there is a negative effect 
regarding fuel stability because sulfur has preservative properties that reduce 
free radicals, like peroxides. 
 
What’s Happening in Your Gasoline Tank? 
 
While gasoline in the past was considered stable, today’s modern gas is 
inherently unstable and the quality degrades over time. The proliferation of 
ethanol in modern fuel is continuing to exacerbate the already present 
issues with fuel degradation and water. First and foremost, ethanol 
inherently contains WATER. Consider the ethanol production process. A 3a 
molecular sieve is specifically designed for the dehydration of fuel grade 
ethanol. Ethanol can only be dried to an azeotropic point of 95.6% purity by 
traditional distillation. An ethanol-water mixture on fractional distillation yields a 
solution containing approximately 95% by volume of ethanol. Once this 
composition has been achieved, the liquid and vapor have the same 
composition, and no further separation occurs. After that point, a 3A 
molecular sieve selectively adsorbs the water from the solution to produce 
anhydrous (without water) ethanol with less than 1% water. Adsorption (not to 
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be confused with absorption) is the adhesion of atoms, ions, or molecules from 
a gas, liquid, or dissolved solid, to a surface. This is the drying method of 
choice for fuel ethanol producers (Fig. B).  
 
 

 
 
“Less than 1%” is still a percentage up to 1%, meaning there is the presence of 
water. As an example, ADM Fuel Ethanol contains up to 1% water content per 
written specifications. According to the specifications, “ADM Fuel Ethanol 

Fig.  B  
A 3A molecular sieve is specifically designed for the dehydration of fuel grade ethanol. A 
molecular sieve is a material with very small holes, or pores, of uniform size of certain 
molecules. Therefore, only certain size molecules can be adsorbed. Many molecular sieves are 
used as desiccants. (Diagram Source: Renewable Fuels Association).  
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meets the current ASTM D4806 Standard Specification for Denatured Fuel 
Ethanol for Blending with Gasolines for Use as Automotive Spark-Ignition 
Engine Fuel”.5 This is the same fuel ethanol that is blended with today’s 
modern gasoline that everyone uses from the standard pumps at a typical gas 
station (Fig. C).  

 

Fig.  C  
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Water is the greatest enemy to fuel and engine systems in your equipment. 
Yet, as we just indicated, pump gas, or any gas containing ethanol, will contain 
water because the ethanol used for fuel contains up to 1% water.  
 
To demonstrate, B3C Fuel Solutions obtained gasoline straight from the pump 
at various gasoline providers in multiple states. We then had a ISO Certified 
laboratory perform a Karl Fischer analysis. As indicated in the chart below (Fig. 
D), every sample contained water. What is particularly alarming is that the 
amount of water in every sample exceeded 1000 PPM (parts per million), 
which is considered the high ASTM specification for ethanol to meet fuel grade 
standards. 
 
 
 

 
 

 
 

 

Fig. D 
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In addition to being inherent in ethanol blended gasoline, the amount of 
water in your tank continues to increase over time, caused by such things 
as condensation from temperature fluctuations and high humidity, and 
external leaks in tanks. In the U.S., gas stations have sold gas with 10% 
ethanol content for some time. When 10% became the standard ethanol 
content in fuel, gasoline powered equipment problems rose. Ethanol is 
hygroscopic, absorbing water from the atmosphere. If enough water is 
absorbed, Phase Separation occurs, which is the point the ethanol and water 
combination reach a saturation point and “falls out”, settling on the bottom of 
the equipment fuel tank. The following images shows phase separation in fuel 
containing a 2 cycle oil mix. An important point to consider is that water, 
ethanol and 2 cycle oil do not completely bond. Considering 10% is most likely 
the minimum amount of ethanol in most pump gasoline these days, with 
phase separation, at least 10% of the fuel in this image has no lubrication. For 
2 cycle equipment, this can lead to engines seizing up due to lack of 
lubrication. Also, note the slime layer caused by detergent hydrolysis that 
develops. This hydrolysis occurs when the detergents in the gas and 2 cycle 
oil react to the high water content in the fuel. This slime can plug fine mesh 
screens in your equipment (Fig. E).  

 
 
 
 

 

Fig. E 
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And, at lower temperatures, phase separation can occur with very little water 
present. This has great implications for equipment that sits outside or is stored 
over the winter in cold environments. This is one of the most critical times that 
fuel needs to be prepared or stabilized, and water removed to avoid phase 
separation from occurring (Fig. F).  
 

Another factor causing issues with modern gasoline is the high amount of 
oxygen present in ethanol. Oxygen naturally decays gasoline, which is 
organic. Ethanol in fuel accelerates this fuel decay process. Fuel “sours” or 
becomes stale when oxygen reacts with it to form hydroperoxides. This is an 
unstable compound that can be easily broken down to water and oxygen. 
These unstable species decompose, forming free radicals that may attack 
some elastomers. This attack can cause either “reversion” (rubber softening), 
or further crosslinking, resulting in embrittlement. The olefinic portions of 
“cracked” gasoline are the most susceptible to oxidative attack, and gasoline 
blended with alcohol also tends to be unstable.6  

 

Fig. F  
 

Source Data: EPA  
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Further issues occur due to the oxidation reactions of gasoline. Gasoline is a 
volatile, inflammable liquid composed of a mixture of paraffinic, naphthenic, 
olefinic, and aromatic hydrocarbons (C4–C12). During storage, these 
components react with atmosphere oxygen and with each other, promoting 
changes in their physical–chemical characteristics. Primary oxidation reaction 
products continue to react and form non-volatile molecules with high molar 
mass that are commonly called gums (Fig. G). The high gum content formed 
can be explained by the formation of five canonical resonance structures 
resulting from the reaction with peroxide (propagation step). These radicals 
have higher stability and longer life, which favors a higher oxidation of 
gasoline.  
 
In the carburetor and near the admission valves, these deposits build up in 
large quantities, which makes their 
operation difficult, and results in 
inappropriate mixture and deficient 
fuel burn. Over time, the built-up 
deposits cause problems such as:  
 
1. Engine stalling, hesitation, 

and choking. 
2. Power loss, reduced 

acceleration, increased fuel 
consumption, and knocking. 

3. Increased exhaust gas 
emission (CO, NO, etc.). 

 
The formation of gums in fuels 
stored for a very long time and 
under normal temperature conditions depends mainly on the gasoline 
constituents, the origin of the petroleum, the type of refining, and the room 
storage conditions. Gasolines with a high olefin percentage present a high 
gum content.7 
 

 

Fig. G  
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As mentioned earlier, the Tier 3 standards will only exacerbate the issues of 
peroxide and gum formation. The implications for gasoline are apparent, as 
proven by a study performed by The Naval Research Laboratory. They 
performed a study of diesel fuel used for ship propulsion, and the impact of 
sulfur reduction over time (for example, during storage). In order to meet the 
requirements for Ultra-Low Sulfur Diesel (ULSD), fuels with 15 ppm (parts per 
million) S (sulfur) or less, the sulfur is removed by hydrotreating and other 
processes.  Since some naturally occurring sulfur compounds will decompose 
hydroperoxides, there are concerns that as ULSD is introduced into fleets, 
these fuels may undergo greater rates of peroxide and/or soluble gum 
formation during long-term storage. Historically, it is generally accepted that 
when hydroperoxide concentrations exceed the specification level of 8 ppm 
(parts per million), fuel system elastomeric materials such as O-rings and 
seals are attacked. Hydroperoxides have also been shown to initiate fuel 
autoxidation under long-term ambient temperature storage conditions (storage 
instability) and short-term high-temperature stress (thermal oxidative stability).  
These hydroperoxides greatly accelerate, as well as, lower the 
temperature at which gums 
and sediments can form.8 
 
Finally, let’s consider the 
phase separated ethanol / 
water mixture that ended up in 
the bottom of your tank. It is 
extremely corrosive. Problems 
to power equipment include, 
but are not limited to, severe 
corrosion, 
carbon/varnish/gum, and 
dried/brittle rubber and plastic 
parts (Fig. H). E15 or higher 
content only worsens these 
problems and may even cause engine failure and may void warranties. Bad 
gas causes problems with all engines and equipment, including boats, 
ATVs, UTVs, snowmobiles, motorcycles, generators, pressure washers, 
snow removal equipment, mowers, trimmers, and more. For a consumer, 

 

Fig. H  
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the end result is often an engine that will not start or that may start but runs 
poorly. For retailers, dealers, and service centers, the end result is unsatisfied 
customers, high returns and repairs, and warranty claims.  
 
Given the inherent issues with fuel (like water) and negative forces of 
contamination, combined, working against gasoline, all of these issues are 
compounded. It is easy to see how fuel quickly becomes and stays 
contaminated.  
 
Let’s recap. We know that today’s modern gasoline is constantly changing, 
but not in a positive way as it relates to small engines. Ethanol content is 
rising. Fuel has inherent contamination, including water bonded to ethanol 
and particulate matter and is not delivered “safe” for engines and fuel 
injectors. The water problem becomes worse over time with condensation 
and water encroachment and we know that WATER is the greatest enemy 
to your fuel system and engine. We know that ethanol attracts water and at 
some point this corrosive mixture phase separates to the bottom of your 
tank. Tier 3 standards that reduce sulfur content will drive up peroxides 
and gums. As these issues compound, fuel will tend to degrade in as little 
as 60 days (or much less) before it is considered no longer acceptable to 
use. Consider marine equipment in which the fuel can sit for long periods 
of time before it is needed. This same contaminated fuel is what enters the 
engine, causing problems that lead to costly repairs and downtime.  

What Can You Do? The FUEL LIFE  Solution! 
 
Let’s consider the words of Lew Gibbs, a senior engineering consultant 
and a Chevron Fellow who co-wrote the article, Three Myths About 
Ethanol. He says the best way to prevent phase separation in E-10 is to 
“keep it dry, keep it dry, keep it dry.”  We can add to that statement, and 
say, “keep it clean, keep it cool and keep it dry”. The purpose of fuel is 
to run your equipment. What’s in the tank is what ultimately ends up in your 
engines. And, today’s engines are more sensitive than in the past, so 
engine issues are becoming more prevalent.  
 
Clean, well-maintained fuel leads to clean and efficient running equipment 
with fewer maintenance needs, less downtime, and lower operating and 
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repair costs. Of course, it only makes sense that one would want “clean 
and dry” fuel that lasts longer and that does not clog filters or damage 
equipment.  

However, a clean, dry, healthy fuel system is not something that just 
“happens”. A healthy fuel system is free of water, particulate matter, and 
contamination. We call this “good fuel hygiene” and it requires a proactive 
plan of action to eliminate and prevent fuel contamination.  
 
B3C Fuel Solutions, LLC, a manufacturer of environmentally friendly 
products and solutions that resolve engine and fuel system problems caused 
by today’s modern gasoline and diesel fuels, including ethanol and bio-diesel 
blended fuel (bio-fuel) related problems, has developed a new filter that 
combats all of these fuel related issues. In fact, this represents a paradigm 
shift in fuel stabilizing technology. We call it the FUEL LIFE In-Tank Fuel 
Stabilizing Filter. B3C was awarded two patents, one for fuel preservation 
technology (Patent no. 9,149,788) and another for fuel drying technology 
(Patent no. 8,828,104).  
 
The FUEL LIFE Fuel Stabilizing Filter is a proprietary nanopore reactive 
molecular sieve that removes (neutralizes) the compounds in fuel that cause 
fuel decay (similar to the molecular sieve in Fig. B). Once removed, fuel’s 
ability to decay is drastically diminished, even when exposed to heat and 
sunlight. The FUEL LIFE Fuel Stabilizing Filter removes moisture from 
ethanol blended fuel in a fuel tank. It removes bound, emulsified, and free 
water, eliminating corrosion and phase separation. FUEL LIFE is non-toxic, 
non-hazardous and non-liquid and does not release anything into the fuel. 
The technology is third-party ASTM D525 (oxidation stability) and ASTM E 
1064 (water presence) tested and simple to use. 
 
The FUEL LIFE In-Tank Fuel Stabilizing Filter is the ONLY in-tank 
technology that removes water bound to ethanol while neutralizing the 
compounds in fuel that cause fuel decay. 
 
FUEL LIFE stabilizes fuel by donating electrons (radical scavengers) to the 
unpaired electrons in the free radicals that destabilize fuel. This stabilizes the 
free radicals and therefore the fuel. At the same time, FUEL LIFE adsorbs 
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the water in the fuel so the water can do no harm. Combined, the processes 
of the FUEL LIFE technology essentially eliminate fuel decay and provides 
LIFE long protection against fuel related issues (Fig. I). 
 
In terms of moisture removal, the concept is similar to desiccant packs, a 
time-tested standard method to remove moisture in critical items like pills 
and electronics (although standard desiccants will not work in a fuel tank). 
Desiccants remove moisture through adsorption, by holding the water 
through a physical bond. So essentially, desiccant packs capture the water 
and holds it where it can do no harm. This is different than absorption, where 
the water becomes part of the absorbing substance.  

 
FUEL LIFE works by donating electrons (radical scavengers) to the unpaired electrons in the free 
radicals that destabilize fuel. This stabilizes the free radicals and therefore the fuel. At the same time, 
FUEL LIFE adsorbs the water in the fuel. This eliminates fuel decay and provides LIFE long protection 
against fuel related issues. 

Fig. I  
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This new technology has the potential to change the fuel additive industry as 
we know it today by stopping fuel related engine problems before they start. 
Millions of engines, for example boats, motorcycles, ATVs, and outdoor 
power equipment, either do not run, or run poorly due to bad fuel, both gas 
and diesel. Additionally, considering the environmental aspects of fuel 
disposal, when fuel goes bad, it is unusable and has to be disposed of 
properly, but proper disposal does not always occur. These problems are 
preventable with FUEL LIFE. 
 
FUEL LIFE also offers an incredible opportunity for Original Equipment 
Manufacturers (OEMs) to build FUEL LIFE into new equipment or sealed gas 
cans (low permeation fuel tanks). At the point of manufacture, FUEL LIFE 
will stop potential issues with ethanol-blended fuels (fuel decay, gums, 
varnish, corrosion) resulting in completely stabilized and water free fuel. 
FUEL LIFE will clean slightly marginal fuel by neutralizing the negative 
chemical reaction that may have already started.  
 
Benefits include potential reductions in fuel related warranty issues and 
costs, increased customer satisfaction, and positive environmental impact. 
FUEL LIFE is a highly innovative and creative long-term solution that OEMs 
can leverage to drive competitive brand differentiation, increased awareness, 
and ongoing customer satisfaction.  
 
FUEL LIFE is revolutionary in terms of fuel stabilizers. It is multi-patented, 
worldwide compliant, non-liquid, non-chemical, and environmentally friendly.  
 
It truly is a paradigm shift in fuel stabilizing technology.  
 
 



 
 

 16 Copyright © 2016 by B3C Fuel Solutions, LLC 
 
All rights reserved. No part of this publication may be reproduced, distributed, or transmitted in any form or by any means, including photocopying, recording, or other electronic or 
mechanical methods, without the prior written permission of the publisher. For permission requests, write to the publisher at B3C Fuel Solutions, 108 Daytona Street, Conway, SC 29526. 

  

 



 
 

 17 Copyright © 2016 by B3C Fuel Solutions, LLC 
 
All rights reserved. No part of this publication may be reproduced, distributed, or transmitted in any form or by any means, including photocopying, recording, or other electronic or 
mechanical methods, without the prior written permission of the publisher. For permission requests, write to the publisher at B3C Fuel Solutions, 108 Daytona Street, Conway, SC 29526. 

REFERENCES: 
 

1. Ethanol-Water Phase Separation White Paper. Samir Jain, Veeder Root. 
Pg.1.  

2. New OPEI Survey Shows Consumers Remain Ill-Equipped for Newer Fuel 
Options at the Pump; Improved Consumer Education on Ethanol Fuel 
Options in the Marketplace Needed. Article, OPEI.org. 

3. Don't put the wrong gas in your mower or blower: Warnings about ethanol in 
small engines hit high gear. Published: Ed Parratore, Consumer Reports.org, 
November 01, 2013. 

4. EPA Sets Tier 3 Motor Vehicle Emission and Fuel Standards. EPA Office of 
Transportation and Air Quality, EPA-420-F-14-009, March 2014. 

5. ADM Fuel Ethanol Specifications, Product Code 017609. 
6. Viton – Excelling in Modern Automotive Fuel Systems, Copyright © 1999 

DuPont Dow Elastomers. 
7. Effect of mono-olefins and diolefins on the stability of automotive gasoline. 

Rita C.C. Pereira, Vanya M.D. Pasa. Fuel Laboratory, Chemistry 
Department, ICEx, Universidade Federal de Minas Gerais, Av. Antonio 
Carlos no: 6627, Belo Horizonte, Minas Gerais CEP: 31.270-901, Brazil. 
Received 28 June 2005; accepted 30 January 2006; Available online 28 
February 2006. 

8. Potential for Peroxide and Gum Formation in Ultra-Low-Sulfur Diesel Fuels. 
Heater D. Willauer, Dennis R. Hardy, Robert E. Morris, Frederick W. 
Williams. Navy Technology Center for Safety and Survivability Chemistry 
Division. October 31, 2007. 
 
 
 
 
 
 
 
 
 
 
 

ˆ 

ˆ 



 
 

 18 Copyright © 2016 by B3C Fuel Solutions, LLC 
 
All rights reserved. No part of this publication may be reproduced, distributed, or transmitted in any form or by any means, including photocopying, recording, or other electronic or 
mechanical methods, without the prior written permission of the publisher. For permission requests, write to the publisher at B3C Fuel Solutions, 108 Daytona Street, Conway, SC 29526. 

About B3C 
Headquartered in Conway, South Carolina, B3C Fuel Solutions, LLC 
manufactures a complete line of environmentally friendly products and 
solutions that resolve engine and fuel system problems caused by today’s 
modern gasoline and diesel fuels, including ethanol and bio-diesel blended 
fuel (bio-fuel) related problems. B3C offers the most comprehensive line of 
solutions to resolve issues including water, corrosion, and contamination. As 
a Total Fuel Solutions company, B3C’s patented products allow customers 
to TEST, FIX, & PREVENT fuel related issues so all engines will start and 
continue to operate efficiently, with minimal repair cost and downtime. B3C’s 
products are found at a number of retailers, dealers and distributors 
worldwide. For more information about B3C, call 843.347.0482 or visit 
www.B3CFuel.com.     
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