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Final Conclusions 

This study examined sixty-four engines and their reaction to being stored with fuel for 12 months. The sixty-

four engines were split up into 2 groups. One group consisted of 32 consumer grade 50hr emission 

determination (EDP) period 2-stroke leaf blowers and 32 consumer grade 150hr EDP generator sets 

(gensets).  Each group was again split evenly to run on four different ethanol fuel concentrations; E0, E10, 

E15, and E20.  The study investigated both material compatibility and performance issues.  Fuel was also 

stored in 5-gallon containers, sealed and vented, to examine the degradation on the different blends while 

being stored for one year.  Unlike automobiles which tend to be used frequently and year round, small 

engines are often seasonal and see infrequent use.  This allows fuel to remain in these engines for extended 

periods of time which can lead to starting and operational issues.  Fuel for these engines may also be stored 

in gas cans for extended periods of time before it is consumed.  Most of these engines are carbureted and 

have no method to automatically compensate for fuel related issues.  Finally, many of these engines have 

open fuel systems that can allow the fuel to be continually exposed to the moisture, degrade and loose lighter 

hydrocarbons.  Most manufacturers do not recommend storing these engines for more than 30 or 60 days 

without properly preparing them for storage.  Two storage methods are commonly recommended.  One, to 

drain all of the fuel out of the fuel tank and run the engine until it stops.  The second method is to treat the 

fuel with an additive and run the engine to ensure the additive is in the fuel system and fill the fuel tank 

close to the top.  Many consumers do not properly store their equipment which can lead to problems such 

as “gummed up” carburetors, leaky float needles and corrosion.  These problems can lead to hard starting, 

erratic operation and even engine failure. 
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All of the engines survived 12 months of storage and testing.  Increased ethanol content appeared to be the 

largest influence on engine performance and fuel system durability. The generator group did not seem to 

have any noticeable issue while the leaf blower’s performance suffered with increased ethanol content after 

12 months. 

 

The higher ethanol content affected the blowers. Large RPM variations were realized at the end of the study. 

Multi-position operation was affected. Metallic fuel components showed signs of pitting and fuel residual 

buildup as ethanol content increased. The gensets seemed to be less affected by ethanol than the 2-stroke 

blowers. There was no noticeable performance loss between engines on different ethanol blends. Metallic 

fuel components showed minimal signs of pitting but had some buildup in the carburetor bowls as the 

ethanol content increased. 

 

Ethanol blended fuels seem to degrade more over time than non-oxygenated fuel as acidity, gum, water and 

ethanol content all increase. Vented fuel containers allowed more water to be absorbed and more light-end 

fuel components to evaporate. Full synthetic oils had better miscibility than synthetic blends. 

 

The increase in ethanol concentration from E10 up to E15 or E20 will most likely will cause some issues 

with small engine.  Some issues seen were due to enleanment and material compatibility in the carburetors. 

 

Study Overview 

The purpose of this study was to determine performance and material compatibility of small handheld and 

non-handheld gasoline engines while storing them with E0, E10, E15, and E20 in their fuel systems. E10 

being 90% gasoline and 10% fuel grade ethanol by volume.  Small non-road engines (SNREs) typically use 

carbureted fuel systems which are unable to adapt to different fuel compositions like modern automobile 

engines can.  SNREs are also generally produced at a lower cost and have a shorter expected life span than 

an automobile engine.  These engines were also not designed to run ethanol concentrations above 10% and 

many other issues can happen while storing ethanol in the engines. Fuel and wear related issues are more 

likely to show up in these lower cost engines. Due to factors such as these, there is a lot of concern with 

increasing the ethanol concentration at the pump. 

 

Four different fuels were used for the study, E0, E10, E15, and E20.  The non-oxygenated gasoline which 

was used as a base fuel for splash blending was obtained locally and met ASTM: D4814 - Standard 

Specification for Automotive Spark-Ignition Engine Fuel (Figure 1). The ethanol used was obtained from a 

local ethanol plant and met ASTM: D4806 - Standard Specification for Denatured Fuel Ethanol for 

Blending with Gasoline for Use as Automotive Spark-Ignition Engine Fuel (Figure 2).  The fuels were 

splashed blended using specific gravity and a fuel composition meter to ensure accuracy. The fuel for the 

blowers had 2-stroke oil premixed at a 40:1 ratio.  

• P0: 91 octane, non-oxygenated pump gasoline that meets ASTM D4814 

• PE10: 90% P0, 10% fuel grade ethanol 

• PE15: 85% P0, 15% fuel grade ethanol   

• PE20: 80% P0, 20% fuel grade ethanol 

 

Fuel and ethanol samples were also sent out at the start of the project and after 12 months to examine how 

the different blends changed.  The ethanol was sent out to Midwest Laboratories to ensure it met ASTM: 

D4806.  The E0, E10, E15, and E20 samples were sent to Southwest Research Institute and tested to the 

gasoline standard, ASTM D4814.  This consisted of a battery of tests along with five additional tests, D6304, 

E1064, D3703, NACE1072 and D1613 (Figure 1).   
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Figure 1 ASTM D4814 plus additional tests performed on fuel samples 

 

 

Figure 2 ASTM D4806 performed on ethanol sample 

 

A total of eight fuel samples, four sealed and four vented, were stored next to the engines in a non-climate 

controlled area for 12 months.  Four were stored in 5-gallon consumer grade plastic fuel containers that 

were sealed. Each sample was on only filled halfway so there would be air present to interact with the fuel. 

The other four fuel samples were stored in a vented fuel container. These containers were originally sealed 

containers but were modified by drilling a 1/16th inch hole into the fuel caps to test for acidity and water.  

This was done to see how the air exchange would react with the fuel since ethanol is hydroscopic and older 

small engines have vented fuel caps on their fuel tanks. After 12 months in storage the fuels were sent out 

Standard Description

ASTM D1591 Standard Test Method for Vapor Pressure of Petroleum Products (Mini Method)

ASTM D130 Standard Test Method for Corrosiveness to Copper from Petroleum Products by Copper Strip Test

ASTM D1319 Standard Test Method for Hydrocarbon Types in Liquid Petroleum by Fluorescent Indicator Adsorption

ASTM D1613

Standard Test Method for Acidity in Volatile Solvents and Chemical Intermediates Used in Paint, Varnish, Lacqer, and 

Related Products

ASTM D2699 Standard Test Method for Research Octane Number of Spark Ignition Engine Fuel

ASTM D2700 Standard Test Method for Motor Octane Number of Spark Ignition Engine Fuel

ASTM D3231 Standard Test Method for Phosphorus in Gasoline

ASTM D3237 Standard Test Method for Lead in Gasoline by Atomic Adsorption Spectroscopy

ASTM D3703 Standard Test Method for Hydroperoxide Number of Aviation Turbine Fuels, Gasoline and Diesel Fuels

ASTM D381 Standard Test Method for Gum Content in Fuels by Jet Evaporation

ASTM D4052 Standard Test Method for Density, Relative Density and API Gravity of Liquids by Digital Density Meter

ASTM D4814 Standard Test Method for Annex 1 Silver Corrosion

ASTM D5188

Standard Test Method for Vapor-Liquid Ratio Temperature Determination of Fuels (Evacuated Chamber and Piston Based 

Method)

ASTM D525 Standard Test Method for Oxidation Stability of Gasoline (Induction Period Method)

ASTM D5453

Standard Test Method for Determination of Total Sulfurin Light Hydrocarbons, Spark Ignition Engine Fuel, Diesel Engine 

Fuel, and Engine Oil by Ultraviolet Fluorescence

ASTM E1064 Standard Test Method for Water in Organic Liquids by Coulometric Karl Fisher Titration

NACE TM0172 Determining Corrosive Properties of Cargoes in Petroleum Product Pipelines 

ASTM D86 Standard Test Method for Distillation of Petroleum and Liquid Fuels at Atmospheric Pressure

ASTM D5599

Standard Test Method for Determination of Oxygenates in Gasoline by Gas Chromatography and Oxygen Selective Flame 

Ionization Detector (OFID)

ASTM D6304

Standard Test Method for Determination of Water in Petroleum Products, Lubricating Oils, and Additives by Coulometric 

Karl Fisher Titration

ASTM D4682 Standard Specification for Miscibility with Gasoline and Fluidity of Two-Stroke-Cycle Gasoline Engine Lubricants

ASTM D4814 Standard Specification for Automotive Spark-Ignition Engine Fuel

Standard Description

ASTM D381 Standard Test Method for Gum Content in Fuels by Jet Evaporation

ASTM D5501

Standard Test Method for Determination of Ethanol and Methanol Content in Fuels Containing Greater than 20% Ethanol 

by Gas Chromatography

ASTM D1613

Standard Test Method for Acidity in Volatile Solvents and Chemical Intermediates Used in Paint, Varnish, Lacqer, and 

Related Products

ASTM D6423 Standard Test Method for Determination of pHe of Denatured Fuel Ethanol and Ethanol Fuel Blends

ASTM D7319

Standard Test Method for Determination of Existent and Potential Sulfate and Inorganic Chloride in Fuel Ethanol and 

Butanol by Direct Injection Suppressed Ion Chromatography

ASTM D1688 Standard Test Methods for Copper in Water

ASTM D5453

Standard Test Method for Determination of Total Sulfur in Light Hydrocarbons, Spark Ignition Engine Fuel, Diesel Engine 

Fuel, and Engine Oil by Ultraviolet Fluorescence

ASTM E1064 Standard Test Method for Water in Organic Liquids by Coulometric Karl Fisher Titration

ASTM D4052 Standard Test Method for Density, Relative Density and API Gravity of Liquids by Digital Density Meter

ASTM D4806 Standard Specification for Denatured Fuel Ethanol for Blending with Gasolines for use as Automotive Spark-Ignition 

Engine Fuel
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again to be tested. The vented fuel samples were sent out to be tested for acidity and water content. The 

sealed fuel samples were sent to get the same battery of tests that were run at the beginning of the study 

(D4814 with D6304, E1064, D3703, NACE1072 and D1613) along with D4682 (Figure 1). 

 

Thirty-two consumer grade 50hr emission determination (EDP) period 2-stroke leaf blowers (Troy-Bilt 

TB2BV) and 32 consumer grade 150hr EDP 2700 watt generator sets (gensets) with a Honda GC160 engine 

(Figure 3 and Figure 4).  From this point on the engines will simply be referred to as the blowers and gensets. 

The leaf blowers were chosen because they were self-loading. That allowed ease of testing rather than 

needing a dynamometer to load each engine. The leaf blowers used a cube carburetor with a diaphragm for 

their fuel system.  The other group consisted of 32 4-stroke generators. These generators used a float style 

carburetor and were connected to resistive heaters to provide the load.  Each group was again split evenly 

to run on four different ethanol fuel concentrations; E0, E10, E15, and E20. Engines were randomly assigned 

a fuel blend at the beginning of the study and continued testing with that fuel blend the whole way through. 

The study was conducted for 12 months. In order to see what happened to the fuel system on the engines 

while in non-climate controlled storage, it was necessary to test the performance at the beginning to get a 

baseline. Performance testing was also conducted at 6 and 12 month intervals.  The entire testing and storage 

strategy is located in Figure 5.  

 

 

 

 

Figure 3 Two-stroke leaf blower 
Figure 4 Genset with Honda GC-160 engine 
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Figure 5 Testing sequence used during the study 

 

The engines were broken-in order to make sure they were in good working order.  During break-in, intake 

air temperature, cylinder head temperature, exhaust gas temperature and engine RPM was recorded for each 

engine. If the engine data appeared to be in good order, the engines were allowed to continue the test cycle. 

The break-in cycle was slightly different between the engine groups. The blowers were run for 51 seconds 

wide open throttle (WOT) and 9 seconds of idle for 5 hours. The generators were run for 2 minutes at full 

load, 6 minutes at half load and 2 minutes at no load. That cycle lasted for 10 hours. Figure 6 shows how 

the generators were hooked up in order to be loaded. The generator was plugged into a switch box that was 

on a timer. The switch box controls the paths to space heaters which load the engine.  To approximate half 

load one electric heater was turned on and for full load, two heaters were turned on. 

 

 

Figure 6 Generator plugged into the load switchbox 

Storage Study 

Initial Break-in 

Initial Performance 

Test 

Unconditioned Storage for 6 Months 

6 Month Performance 

Testing 

6 Month Aging 

Final Disassembly 

12 Month Aging 

Unconditioned Storage for 6 more Months 

12 Month Performance 
testing 
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The engines were then run through a specific battery of tests to simulate an operator using the item. These 

tests were grouped together and called performance tests. Temperatures and RPM were logged in order to 

monitor each engine. Below is the breakdown of the tests for each group of engines. 

 

The blower performance tests included: 

o Wet starting- starting with fuel stored in the unit 

o Idle and WOT stability 

o Acceleration 

o Multi-position stability 

o Hot restart/ vapor lock 

o Exhaust/ exhaust surface/ cylinder head temperature 

 

The generator performance tests included: 

o Wet starting- starting with fuel stored in the unit 

o Idle/ rated speed stability 

o Hot restart/ vapor lock 

o Load pickup 

o Exhaust/ cylinder head/ crankcase oil temperature 

 

Each engine was then filled halfway with the assigned fuel and then stored for either 6 or 12 months to 

simulate normal consumer practices. Engines were stored in an unconditioned area which ranged in 

temperature from 95°F and humid all the way to -20°F (Figure 7). This was the most important time of the 

study as the goal was to see how the engines reacted to the fuel for an extended period of time.  

 

 

Figure 7 Thirty-two blowers in non-climate controlled storage 

 

After 6 months 24 blowers and 24 gensets were pulled from storage and tested (2 of each per fuel were left 

undisturbed until 12 months).  In order to see if the fuel concentrations had any effect on the engine’s fuel 
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system two blowers and two gensets from each fuel were randomly selected and the fuel systems were 

disassembled and photographed. Disassembly was completed to see if any buildup occurred or if any fuel 

system parts were damaged. These engines were reassembled and performance tested with the other ones 

that were pulled at 6 months but were not disassembled. After performance testing, they were aged for 5 

hours to simulate the average use of a small engine during the designated season. The aging cycle was done 

to simulate consumer use. The aging cycle was the same as used to break-in the engines. All the engines 

were then refueled and placed back into storage for the remaining 6 months. 

 

At 12 months all engines were removed for testing. The engines that had their fuel systems disassembled 

before performance at six months were again disassembled at 12 months to see if 6 additional months of 

fuel storage changed anything. Also at 12 months, one blower and one genset that had been left for 12 

months undisturbed, had their fuel system disassembled and inspected.  After that all the engines were 

performance tested and aged. When aging was complete, each engine’s fuel system was then fully 

disassembled, inspected, and photographed. Notes were taken on: 

 Fuel cap- swelling and appearance 

 Primer bulb- swelling, feel and discoloration 

 Fuel tank- sediment 

 Fuel lines- pliability, cracking 

 Carburetor bowl- sediment, deposits or metal corrosion 

 Carburetor needle and seat- deposits, discoloring, pitting, swelling 

 Carburetor venturi area- deposits 

 

Tests and Results 

All of the engines, regardless of fuel type, completed the 12 month storage test. There were several 

differences noted between engines running on E0 and engines running on an ethanol blend as discussed 

below. The headings are listed with blowers, gensets, or both depending if the test was applicable to the 

engines. 

 

Wet Starting and Hot Restart (Blowers and Gensets) 

The engines ability to be started was tested at each of the performance measurement points following the 

manufacturer’s recommended starting procedure.  They were tested at an “ambient” state after the engines 

remained at lab temperatures (70°F) for 12 hours without running. The engines used the fuel that was stored 

inside them during storage. They were also tested for hot restart/vapor lock.  To test for hot restart/ vapor 

lock the engines were brought up to full operating temperature for a period of time, then they were turned 

off and placed in an insulated box to allow them to heat soak for 5-minute and then they were started.  All 

of the engines passed the validation requirement of starting with in five pulls, regardless of fuel blend.   

 

Load Pick-up and RPM Stabilization (Gensets) 

A modified version of SAE standard J1444, Procedure for evaluating transient response of small engine 

driven generator sets, was used to measure the engines ability to pick-up load and the governor’s ability to 

maintain a specific RPM.  The testing was conducted while the engines were connected to a load bank.  The 

frequency (directly proportional to RPM) of the electricity generated was monitored as the loads were 

applied.  Most of the engines regardless of fuel exhibited a frequency drop that was less than the amount 

allowed of 3 Hz. Only 7 engines out of 32 failed the test at 12 months and the other engines all acted 

similarly regardless of fuel. 

 

Pretest Disassembly (Blowers and Gensets) 

The pretest (6 and 12 months) disassembly revealed a couple things in the engines. Figures 8 through 11 are 

pictures of the blower’s carburetor at 12 months. As the ethanol concentration went up, the amount of 
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residue increased. If viewed carefully the pictures reveal that the die cast metal is pitted in the engines with 

higher ethanol concentrations. 

 

 

Figure 8 Two E0 engines at 12 month partial disassembly  Figure 9 Two E10 engines at 12 month partial disassembly 

 

Figure 10 Two E15 engines at 12 month disassembly   Figure 11 Two E20 engines at 12 month disassembly 

 

The gensets on the other hand appeared to be less affected by the increased ethanol concentration. Figure 

12 shows the same E0 engine disassembled at both 6 and 12 months. Figures 13 through 15 show similar 

comparisons with the E10, E15 and E20. Looking closely at the pictures the largest note is the increased 

fuel residual in the E15 and E20 carburetors. 

 

 

Figure 12 E0 engine at 6 and 12 month disassembly   Figure 13 E10 engine at 6 and 12 month disassembly 
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Figure 14 E15 engine at 6 and 12 month disassembly   Figure 15 E20 engines at 6 and 12 month disassembly 

 

Performance Testing and Temperatures (Blowers and Gensets) 

The blower performance tests revealed a lot of data about how the engines changed over a year. The 

following graphs depict the average of all the engines in a group. For instance, the E0 bar is the average of 

all 6 or 8 engines that were tested at that time. Figure 16 shows the average stable WOT RPM of the engines 

at the baseline performance test. As the ethanol concentration was increased the RPM of the engines was 

reduced. Since all of the engines came from the factory rated to run on E0, the air to fuel ratio was increased 

(also known as enleanment) and not as much power could be made. As the engines aged to 6 months (see 

Figure 17) the wide open throttle RPM dropped in all engines. There smallest average RPM drop happened 

in the E0 engines and the largest average drop happened in the E20 engines. At 12 months (Figure 18) some 

E20 engines bogged so bad that the idle RPM was higher than the WOT RPM. 

 

      

Figure 16 Leaf Blower Initial WOT RPM Comparison   Figure 17 Leaf Blower 6 Month WOT RPM Comparison 

 

Figure 18 Leaf Blower 12 Month WOT RPM Comparison 

 

The temperatures were also recorded during the performance tests. The most notable temperatures recorded 

were the EGT’s (exhaust gas temperature).  Figure 19 shows the initial average EGT. As the ethanol 

concentration increased the EGTs decreased. Figure 20 shows the temperatures at 6 months. That is more 
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of a typical trend with increased ethanol. The one thing to note is how low the E20 engine’s EGTs were. 

Figure 21 shows the 12 month average EGTs decreased with increased ethanol content.    

 

       

Figure 19 Leaf Blower Initial WOT EGT Comparison   Figure 20 Leaf Blower 6 Month WOT EGT Comparison 

 

Figure 21 Leaf Blower 12 Month WOT EGT Comparison 

 

The aging test for the blowers provided some difficulty in testing at 12 months. Some of the E15 and E20 

engines would shut off (die) when the throttle was opened. Those engines were quickly restarted and run 

for the remaining time. At least four E20 engines could not run at the aging cycle with the choke completely 

off. Those engines were run at half choke in order to complete the test, but were considered failures. 

 

The genset performance tests went better than the blowers. Since the generators ran at a steady state RPM 

that comparison is not very telling. Instead full load EGTs were monitored to see how the engine changed 

over the 12 months. Figures 22 through 24 shows how the EGT went up with the concentration of ethanol. 

Not much changed happened between the initial and 12 month time frame. 

 

      

Figure 22 Generator Initial Full Load EGT Comparison  Figure 23 Generator 6 Month Full Load EGT Comparison 
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Figure 24 Generator 12 Month Full Load EGT Comparison 

 

The generators functioned very well during the aging and there were no issues.  All 64 of the engines were 

also compression tested at the end of testing and deemed in good working order. 

 

Final Disassembly (Blowers and Gensets) 

After the 12 month performance and aging tests, all of the engines had their fuel systems disassembled, 

inspected and photographed. The most notable difference was in the carburetor. The leaf blowers’ 

carburetors, as was mentioned in the partial disassembly, had issues as the ethanol concentration increased. 

The E0 carburetors showed no issues while the E20 engines showed substantial fuel residue buildup and 

metal pitting.  The generators’ carburetors were all in good working order after 12 months. Some fuel 

residual was found in E20 engines and the fuel bowls had a slight change in color. 

 

Visual inspection of the rest of the fuel system on every blower and genset also occurred during disassembly. 

The visual inspection on all of the plastic and rubber parts showed no apparent trends in discoloration, 

deposits, or pliability.  

 

Fuel Testing 

Fuel sample testing was completed after all of the engines were tested and disassembled. The 4 sealed 

samples were sent off and compared directly to the baseline data. Figure 25 shows some of the notable test 

values.  

 The first noticeable thing was how much the vapor pressure decreased over the course of year.  The 
vapor pressure decreased between 3.5, 3.8, 1.3, and 4.6psi on each of the fuels respectively, E0, E10, 

E15, and E20.  This would be consistent with the loss of light end hydrocarbons from the fuel.  A 

reduction of this magnitude could contribute to hard starting, especially when it is cold out. 

 Acidity increased slightly but was a very small amount as compared to the total % of the sample. 

 Unwashed gum content increased in the all the fuels.  

 Water content increased in the ethanol blends slightly, most likely due to the moisture in the air 
which was sealed into the container. That follows along with alcohol’s hydroscopic trait.   The 

amount of increase was small at .079% weight which is well below the allowable limit of D4806. 

 Ethanol content in all of the ethanol blended fuels also increased. This was due to the lighter gasoline 

hydrocarbon components permeating thru the fuel containers.  

 Oxygen increased in the E15 and E20 due to the permeation of the gasoline components. Measured 

oxygen in E10 decreased slightly while increasing in E15 and E20. 
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Figure 25 Sealed Fuel Container Testing Comparison 

 

In order to compare the sealed containers to the vented ones, two main components were measured. These 

tests were conducted at 12 months to see how the fuels differed. Acidity was important to monitor to see 

what happened to the fuel as it reacted with the air. Unfortunately it was hard to draw conclusions as one 

set of fuels was only measured to 2 decimal places. Moisture content was also monitored to see how much 

water was absorbed by the ethanol. In both sealed and vented containers, the water content increased as the 

ethanol content increased as expected. The major difference is that the vented containers allowed more water 

to be absorbed by the ethanol. Figure 26 shows the sealed and vented data.  It should be noted that the water 

content was still well below the allowable limit in D4806. 

 

 

Figure 26 Sealed vs Vented Fuel Container Testing Comparison 

 

It was noted that as ethanol content increased oil viscosity for 2 stroke engines increased as well. Also noted 

was the difference in viscosity at -10°C between full synthetic oil and synthetic blended oil. The higher 

viscosity can cause issues in 2 stroke engines that are used in colder weather if they have oil injection. Figure 

27 shows the oil miscibility comparison. 

 

 

Figure 27 Oil Miscibility Comparison 

 

E0 E10 E15 E20 E0 E10 E15 E20

ASTM D5191 ASTM VAPOR PRESSURE PSI 12.35 12.89 12.64 12.56 8.78 9.15 11.28 7.86

ASTM D1613 ACIDITY mg KOH/g 0.0085 0.0138 0.0138 0.0114 0.0069 0.0189 0.016 0.0142

ASTM D2699 RON 95 98.4 99.7 101.3 95.4 98.4 99.8 101

ASTM D2700 MON 86.5 87.5 87.9 88.6 86.8 87.9 88.3 88.7

ASTM D3231 PHOSPHORUS mg/l 0.13 0.13 0.13 0.11 0.4 0.35 0.31 0.25

ASTM D3703 HYDROPEROXIDE mg/kg 1.82 4.23 4.1 2.97 1.0151 1.5896 0 1.4647

ASTM D381 UNWASHED GUM mg/100ml 29 25 26 22.5 33 50.5 28 29

ASTM D4052 SPECIFIC GRAV @60F 0.7232 0.7296 0.7332 0.736 0.7337 0.7411 0.7368 0.7499

ASTM E1064 WATER wt% 0.005 0.132 0.197 0.257 0.005 0.18 0.233 0.336

ASTM

ASTM D5599 ETHANOL vol% <0.1 9.95 14.95 19.35 <0.1 10.01 15.62 21.8

OXYGEN wt% 0 3.76 5.62 7.24 0 3.72 5.84 8.01

ASTM D4682 OIL MISC full syn visc cp 57 55 65 66

OIL MISCsyn blend visc cp 81 83 86 88

Baseline 12 months

E0 E10 E15 E20 E0 E10 E15 E20

ASTM D1613 Acidity % wt 0.00% 0.00% 0.00% 0.00% 0.0010% 0.0020% 0.0010% 0.0010%

ASTM E1064 Moisture, 

Karl Fisher

% 

Volume

0.0037% 0.1334% 0.1717% 0.2521% 0.0000% 0.1800% 0.2200% 0.3200%

Note: Acidity in the sealed containers was only measeured to 2 decimal places

Sealed Fuel Container Vented Fuel Container

E0 E10 E15 E20

ASTM D4682 OIL MISC full synthetic 57 55 65 66 visc cp

OIL MISC synthetic blend 81 83 86 88 visc cp

Oil Miscibility at 12 months


