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The compatibility of elastomer materials used in fuel dispensers was assessed 
for a gasoline standard containing 0, 10, 17, and 25 volume percent of 
aggressive ethanol.  Specimens of fluorocarbon, fluorosilicone, acrylonitrile 
butadiene rubber (NBR), styrene butadiene rubber (SBR), silicone rubber, 
neoprene and polyurethane were immersed in test fuels flowing at a rate of 
0.8m/s for 4 weeks at 60oC and then dried for 20h at 60oC.  The change in 
volume, mass and hardness were measured for wet and dried conditions and 
dynamic mechanical analysis (DMA) was measured for the dry condition only.   
 
 
1 INTRODUCTION 
 
The Renewable Fuel Standard is a key provision of the Energy Independence 
and Security Act of 2007 which requires the United States to use 36 billion 
gallons of renewable fuel in vehicles by 2022.  Ethanol is widely used as 
renewable fuel and a significant portion of the 36 billion gallon goal can be 
achieved by increasing the ethanol content in gasoline to 15% (E15) (1).  
However, uncertainties arose regarding whether E15 (and possibly E25) are 
compatible with legacy and current materials used in standard gasoline fueling 
hardware.  Elastomers represent a critical material in dispensers since they are 
used in the majority of sealing applications.  Therefore, elucidation of elastomer 
compatibility is important to assess hardware response to gasoline containing 
intermediate levels of ethanol (10 to 25% by volume).  In the summer of 2008, 
the US Department of Energy initiated a study to assess the impact of 
intermediate blends of ethanol on the fueling infrastructure, specifically the 
dispenser hanging hardware and associated piping to the underground storage 
tank (2). 
 
One of the key properties affecting polymer compatibility is the mutual solubility 
between the material and the solvent fluid.  Mutual solubility is estimated using 
the solubility parameter, which is a complex thermodynamically-based parameter 
useful for assessing polymer-fluid compatibility (3).  Solvents and solutes having 
similar solubility parameters will have a greater affinity for permeation and 
dissolution.  A simplified representation of the Hansen Solubility Parameter 
(HSP) as a function of ethanol concentration in gasoline is shown in Figure 1. 
The shaded region is representative of the solubility parameter range of most 
dispenser polymeric materials.  As the ethanol concentration increases from zero 
to 15%, the solubility parameter of the fluid approaches the values of most 
dispenser polymeric materials (2).  Therefore, the propensity for the fuel to 
permeate and dissolve polymeric components is enhanced, thereby resulting in 
swelling and softening of the elastomers.  If one or more components, such as 



plasticizers are leached out, then the sealing properties of the elastomer 
component will be compromised. 

 
Figure 1.  Calculated total Hansen solubility parameter as a function of 

ethanol concentration. 
 
Elastomers or synthetic rubbers are widely used in fuel dispenser systems as o-
rings and gasket-type seals.  In addition, the rubberized cork gaskets typically 
used to seal the meter face-plate are usually impregnated with a common 
elastomer, such as NBR. Volume swell is the property most associated with 
compatibility and sealing performance; however, there is considerable variability 
among the different sealing applications and, as such, there are no pass/fail 
standards associated with swell.   
 
Several studies have investigated the compatibility of polymeric materials to 
gasoline containing intermediate levels of ethanol (4-10).  Few included 
elastomers used in fuel dispenser sealing applications and those that did were 
limited in scope and had different test conditions.  This study was undertaken to 
understand the compatibility of a broad (and hopefully inclusive) range of 
dispenser infrastructure elastomers with gasoline containing 0, 10, 17, and 25% 
ethanol (by volume).  The intent of the elastomer selection was to match, to the 
extent possible, those elastomers used in full-scale dispensers and related 
equipment.  The resulting data is now available to dispenser designer and seal 
manufacturers to assist material selection and guide future elastomeric seal 
development.   
 
 
2 EXPERIMENTAL  
 
2.1 Description of elastomer specimens 
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A total of seven elastomer types were evaluated in this study.  The materials 
included fluorocarbon rubbers, fluorosilicone rubber, NBRs, silicone rubber, 
SBR, neoprene and polyurethane.    Two classes of elastomers (fluorocarbons 
and NBRs) contained more than one sample grade.  Four of the eight 
fluorocarbon samples were grades of Viton and the other four were grades of 
Dyneon, and each grade contained differing levels of fluorine.  The six NBRs 
were also provided by two manufacturers and were developed for use in fuel line 
hoses.  The samples were cut into rectangular shapes approximately 1.27cm 
wide by 3.81cm long by 0.25cm thick.  Three specimens were evaluated per 
sample type.  Each specimen was pre-weighed and measured prior to exposure 
to the test fluid.  The specimens were immersed in the test fluid inside a sealed 
chamber for 4 weeks at 60oC.  During this time, the test fuels were flowed past 
the specimens at 0.8m/s using a stir paddle.  The vapor space region of the 
sealed chamber was purged with dry air (0% humidity) for 5 minutes prior before 
sealing to minimize potential water pickup by the fuel ethanol.  When unloading 
the specimens from the chamber, the specimens were quickly placed in a 
secondary container filled with the representative test fluid to enable wet 
property determination.  After recording wet volume, mass and hardness, the 
specimens were loaded into a dryer and heated to 60oC for 20 hours, afterwards 
the volume, mass, and hardness were remeasured, and DMA was performed on 
the dried specimens.  The hardness protocol followed the ASTM D2240 type A 
scale (11).   
 
2.2 Description of test fuels 
The test fuels were based on the Fuel C standard described in SAE J1681 for 
use in compatibility studies (12).  Fuel C is a mixture of 50% isooctane and 50% 
toluene that produces swelling in polymers indicative of highly aromatic premium 
grades of gasoline.  The ethanol component is based on the aggressive 
formulation, which is also described in SAE J1681.  Aggressive ethanol contains 
contaminants typically found in fuel grade ethanol.    Table 1 lists the individual 
components and amounts used to make 1.0L of aggressive ethanol. 
 

Table 1.  Aggressive ethanol composition to make 1.0L of fluid 

Component Amount needed to make 1.0 Liter 
(g) 

CDA ethanol 816.0 
Dionized water 8.103 

Sodium chloride 0.004 
Sulfuric acid 0.021 

Glacial acetic acid 0.061 
  
All of the test fuels are based on Fuel C, and, as such, contain the letter “C” in 
the nomenclature, while “a” refers to the aggressive ethanol component.  
Therefore a test fuel containing CE10a will contain 90 vol% Fuel C plus 10 vol% 
aggressive ethanol.  These test fuels are designed to simulate severe, real-world 
conditions.  They are also intended to minimize the length of exposure 
necessary to rigorously evaluate materials while providing a reference standard.  
 
The test fuels used in this study were Fuel C, CE10a, CE17a, and CE25a.  
CE10a represents an aggressive E10 formulation and can be considered as a 
baseline test fuel (along with Fuel C) since E10 is currently available in most 
gasoline dispensers in the United States.  CE17a was selected to conservatively 



represent  E15, since quality surveys on E10 have shown that the actual ethanol 
content can vary 2% from pump to pump.  CE25a was included in the study 
because of the existing potential for even higher future ethanol concentrations. 
 
 
3 RESULTS 
 
All of the elastomer specimens exhibited some level of swell from exposure to 
each of the test fuels (including Fuel C) indicating that some level of solubility 
exists between the fuels and elastomers, even without the addition of ethanol.  
As shown previously in Figure 1, the total solubility parameter for E0 (Fuel C) is 
not far from the range of solubility parameters for many polymers (including 
elastomers).  Figure 1 also reveals that the total HSP for CE25a is actually within 
the polymer solubility range, which suggests a high potential for degradation via 
dissolution and extraction.  The penetration or dissolution of the fuels into the 
elastomer enables the solvent to extract the base polymer and/or additive agents 
such as plasticizers, antioxidants, etc.  Many elastomers (especially NBR and 
SBR) are compounded with additives necessary for maintaining a durable seal.  
This is especially true for plasticizers.   
 
3.1 Wet volume and hardness 
Elastomer performance was observed to largely group together according to 
class as shown in Figure 2 for the wetted volume swell and hardness.  Volume 
swelling and a decrease in hardness occurred in all samples with exposure to 
the test fuels (including Fuel C).  Interestingly, for all specimens (except several 
fluorocarbons) the highest level of swell occurred with exposure to either CE10a 
or CE17a and not CE25a as would be expected from the solubility parameter 
chart shown in Figure 1.  It is important to note that solubility parameter theory is 
useful in providing insight into compatibility, but it is not empirically-based.   
 

 
Figure 2.  Drop in hardness as a function of volume swell and ethanol 

content for each elastomer type. 
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The hardness results for the fluorocarbons, fluorosilicone, NBRs, and 
polyurethane decreased with increasing volume swell; however, the other 
elastsomer types showed no noticeable trend between wet hardness and volume 
swell. 
 
3.1.1 Fluoroelastomers 
The fluorocarbons and fluorosilicone exhibited the lowest volume swell and drop 
in hardness; the level of swelling was less than 20%, which is usually considered 
the upper limit for many dynamic sealing applications.  (For many static 
applications, 50% swell is generally considered acceptable.)  For the 
fluorocarbons, volume swell was observed to generally decrease with increasing 
fluorine content (as shown in Figure 3) for either the Viton or Dyneon samples.  
This relationship has been also been reported in other investigations (6-7).  
Interestingly the VIton and Dyneon grades containing 67% fluorine deviated from 
the trend by exhibiting lower swell than the 68% and 69.5% grades.  The exact 
chemistry and processing parameters for these grades is unknown, and it is 
likely that one of these factors is responsible for the added reduction in volume 
swell for the 67% grades. 
 

 
Figure 3.  Volume swell as a function of the fluorine content of the 

fluorocarbons. 
 
3.1.2 NBRs and polyurethane 
As shown in Figure 2, all of the NBRs (excepting NBR#3) and polyurethane 
swelled to around 20% (the upper acceptable limit for dynamic sealing) for 
exposure to Fuel C.  However, the addition of ethanol increased the swell for 
both elastomer types to between 30-40%.  The NBRs exhibited a 20 point drop 
in hardness with exposure to Fuel C and an additional 10 point drop with 
exposure to ethanol.  In contrast, the hardness for polyurethane was relatively 
unaffected by Fuel C; however, among the elastomer types it was most affected 
by ethanol, dropping an additional 25 to 35 points depending on the ethanol 
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content.  It is worth noting that the results for NBR#3 did not group with the other 
NBRs.  NBRs can exhibit a wide range of properties depending upon additive 
type and level, copolymer ratio, degree of crosslinking and processing (13).   
 
3.1.3 Silicone rubber, neoprene and SBR    
The elastomer types exhibiting the highest swell were silicone rubber, neoprene, 
and SBR.  Neoprene swelled between 60 and 80%, while the SBR and silicone 
rubber specimens swelled even more.  High swelling will potentially result in the 
extrusion of seal material through adjoining surfaces, thereby resulting in a loss 
of material available for compression against the adjoining faces.  For SBR 
swelling is also accompanied by a roughly 50 point drop in hardness; the 
combination of high well and drop in wet hardness suggests that SBR is the 
elastomer type most susceptible to extrusion (of the elastomer types tested). 
   
3.2 Dried volume and hardness 
Since swelling is a measure of the solubility between the fuel and elastomer, 
mass loss, and therefore shrinkage, will occur (following dry-out) if the fuels were 
able to extract one or more elastomer component.  The end result would be a 
decrease in the original mass and volume (shrinkage).  If plasticizers are 
extracted, then the dried elastomer will likely exhibit a higher hardness than in 
the original state.  The elastomer would then be considered embrittled, and 
therefore less durable as a seal material.  The results presented in Figures 4 and 
5 show the relationship of dry-out mass and volume, respectively, to the 
corresponding wet volume swell. 
 

 
Figure 4.  Mass change (from the original state after drying) as a function 

of volume swell and fuel type. 
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Figure 5.  Volume change (from the original state after drying) as a function 

of volume swell and fuel type. 
 
After drying, each of the fluorocarbon specimens had a small increase in both 
mass and volume from the baseline condition.  This result is caused by 
incomplete removal of the test fuel from the fluorocarbon during dry-out and this 
effect has been reported in other studies (6-7).   The mass/volume increase 
suggests that negligible dissolution and leaching occurred for the fluorocarbon 
samples.  The fluorosilicone specimens experienced a slight loss of mass and 
volume, but not enough material was removed to be considered significant.  
Interestingly silicone rubber lost around only 2% of its original mass and 4% of 
its original volume, even though this material exhibited the highest volume swell 
of the elastomers tested in this study.  SBR, NBR, neoprene and polyurethane 
rubbers all exhibited mass losses exceeding 7%.  The majority of these samples 
also had greater than 10% shrinkage.  These values are considered high and 
would not be considered acceptable for many sealing applications.  Neoprene 
experienced the highest levels of shrinkage (~17%) and mass loss (~15%) of the 
elastomer types that were evaluated.   
 
The change in hardness after dry-out is important since any increase over the 
baseline condition would indicate embrittlement of the material.  Extraction of 
plasticizers would result in higher hardness; however, dissolution of the base 
polymer would not necessarily affect hardness results since hardness is not 
dependent on volume or mass.  In fact when the point change in hardness (after 
dry-out) is plotted against the corresponding change in mass (Figure 6), 
significant embrittlement is only observed for the NBRs and neoprene.  This 
embrittlement is likely caused by removal of plasticizers, which would 
correspond with the relatively high material loss observed for the NBR and 
neoprene specimens.  These results also show that Fuel C was primarily 
responsible for this embrittlement, as ethanol did not appreciably add to the 
hardness. 
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Figure 6.  Change in hardness (from the original state after drying) as a 

function of mass loss and fuel type. 
 
The fluorocarbon specimens generally experienced a small decrease in 
hardness (softening) after dry-out.  This hardness decrease is correlated with 
accompanying mass increase which is an artifact of the residual fuel present in 
these polymer types.  In fact, for the fluorocarbons, the level of softening (drop in 
hardness) was observed to increase with increased mass. 
 
Fluorosilicone, silicone, and SBR did not show significant embrittlement or 
softening with the test fuels.  However, polyurethane showed a pronounced 
sensitivity to ethanol.  The hardness was unaffected by Fuel C even though the 
polyurethane specimen lost around 3% of its original mass.  Exposure to the 
ethanol blended test fuels caused pronounced softening along with a significant 
decrease in the original mass, an indication that the molecular structure had 
degraded.  Because softening only occurred for the specimens exposed to 
ethanol, it seems likely that ethanol (or one or more aggressive components) 
reacted with the polyurethane.  This is not completely surprising since 
polyurethane was considered to be the least compatible of the elastomer types 
with ethanol, acetic acid and sulfuric acid (14).  
 
3.3 Dynamic mechanical analysis 
DMA results provide an important assessment of the performance of a polymer 
over a range of operating temperatures. This measurement is highly sensitive to 
molecular changes of a polymer and is typically used to assess the degree of 
curing or crosslinking.  A typical DMA test result is a log-scale plot of the storage 
modulus with temperature.  Many elastomeric materials undergo a significant 
change in modulus between 0 and 50oC.  At low temperatures (usually <0oC for 
elastomers), the storage modulus is high (1000-10,000MPa) and the elastomer 
is stiff and behaves like glass.  In this glassy state, the molecular free volume is 
low and the molecule is tightly compressed, which prevents additional molecular 
motion.  At these temperatures an elastomer may be unsuitable as seal.  As the 
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temperature is increased, the expanding volume will reach a critical point, 
whereby large segments of the molecule chains are able to move (via stretching, 
bending, and rotation), causing the storage modulus to drop to 10-100MPa.  The 
temperature at which this begins to occur is the glass to rubber transition 
temperature (Tg).  Tg is usually the most significant transition of a polymer as 
the physical properties change from a hard glassy to a rubbery state.  The 
storage modulus at Tg, along with Tg, provides an ideal means for single 
temperature quality analysis sensitive to changes in molecular polymerization.  
For elastomers Tg also represents the lower operating temperature.  Changes in 
Tg are used to monitor structural changes in the polymer, including plasticizer 
removal caused by solvents.  Any increase in Tg resulting from exposure to a 
test fluid should correspond with a loss of plasticizer additive and would 
effectively reduce the operational temperature of the elastomer. 
 
Since hardness and storage modulus are both measurements of elasticity, the 
results for these two properties (at room temperature) should correlate with each 
other.  This correlation is approximated by the curve shown in Figure 7, although 
the results for NBR#3 did not follow this relationship.  This result is consistent 
with the other data that showed that NBR#3 did not group with the other grades 
of NBR. 
 

 
Figure 7.  Change in hardness (from the original state after drying) as a 

function of mass loss and fuel type. 
 
These results show that the margin of change for the storage modulus at 25oC 
(E’25) was more sensitive to solvent effects than the dry hardness.  The 
dependency of E’25 on the test fluid ethanol content for each elastomer type is 
further shown in Figure 8.  The materials exhibiting the largest increase in E’25 
were the NBRs and the neoprene, which is indicative of plasticizer extraction.  
Likewise, the fluorocarbons showed a pronounced decrease in E’25 associated 
with the retention of test fluids in these elastomers.  Fluorosilicone, silicone and 
SBR specimens were relatively unaffected.  The polyurethane results were not 
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affected by Fuel C, but once again demonstrated sensitivity to ethanol.  In 
contrast, ethanol has negligible effect on E’25 for neoprene.  Interestingly, except 
for SBR and neoprene, the lowest E’25 results were observed for specimens 
exposed to CE17a.  This observation corresponds to the maximum level of 
swelling that occurred for these materials, which also occurred with CE17a.  For 
the fluoroelastomers and NBRs, the E’25 results for CE25a were nearly the same 
as for Fuel C. 
 

 
Figure 8.  Percent change in E’25 for each elastomer sample. 

 
Similar behavior was observed for the shift in the glass to rubber transition 
temperature as shown in Figure 9.  For the fluorocarbons, Tg was lowered 
between 5 and 10oC with exposure to Fuel C and was further reduced with the 
addition of ethanol.  The highest reduction occurred for CE17a which 
corresponds to the maximum swell recorded for these specimens.  It seems 
likely that the expanded dry volume for the fluorocarbons enabled a 
correspondingly higher molecular free volume, thereby promoting molecular 
relaxation to temperatures below the original condition. 
 
In contrast, each of the test fluids raised the Tg significantly for the NBRs (and to 
a lesser degree, SBR).   For the NBRs, Fluid C produced the highest increase in 
Tg.  The probable extraction of plasticizers may have contributed to this result. 
However, if plasticizer removal alone was responsible for raising Tg then Tg 
should have either been unchanged or raised even higher with the addition of 
ethanol, since ethanol produced higher volume swelling than Fuel C.  It is 
doubtful that Fuel C by itself could have extracted more plasticizer than Fuel C 
blended with ethanol.  This result suggests that some level of structural change 
is occurring in the NBR specimens in addition to plasticizer removal.  The 
remaining elastomer types showed only minor shifts in Tg with the test fluids.  In 
fact, fluorosilicone and silicone showed negligible effect, while polyurethane and 
neoprene showed a modest decline in the glass to rubber transition temperature.    
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Figure 9.  Shift in Tg from original condition following exposure to the test 

fluid and dry-out at 60oC for 20 hours 
 
 
4 CONCLUSIONS 
 
The wet and dry changes in volume, mass, and hardness were found to group 
together according to elastomer type.  Even though several NBRs and 
fluorocarbon samples had different compositions and processing treatments, 
their physical properties (especially volume swell and hardness) generally fell 
within certain groupings.  The lone exception was NBR#3, which frequently did 
not group with the other NBR specimens.  For the majority of the elastomer 
types, the greatest amount of swelling occurred for either the CE10 or CE17a 
test fluids.  This was somewhat unexpected as the calculated solubility 
parameters of the elastomers were closer to the value of the CE25a test fluid.  
 
DMA measurement also provided insight into solvent effects, especially the 
storage modulus measured at 25oC.  Although the storage modulus and 
hardness are both measurements of elasticity, the storage modulus was found to 
be more sensitive to solvent effects than hardness.  The glass to rubber 
transition temperature is important since it defines the lower operational 
temperature limit for an elastomer.  Both E’25 and Tg showed particular 
sensitivity to the CE17a test fluid for fluorocarbons and NBRs. 
 
4.1 Fluorocarbons  
The fluorocarbon samples showed the smallest decrease in physical properties 
of the elastomer types tested.  The eight grades of fluoroelastomer exhibited 
modest swell (around 20%) and softening upon exposure to the test fluids.  In 
general volume swell decreased with increased fluorine content.  Following dry-
out, these specimens did not shrink nor did they become embrittled.  
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Interestingly, exposure to CE17a was found to lower the glass to rubber 
transition temperature.  Fluorocarbon appears to offer good compatibility with 
intermediate ethanol level gasoline fuels. 
 
4.2 NBRs 
The eight NBR grades showed pronounced swelling and softening when 
exposed to the test fluids.  Exposure to Fuel C resulted in a volume increase of 
~20%, while exposure to ethanol expanded the volume to slightly more than 
30%.  In addition, the hardness declined by 10 points with the exposure to 
ethanol.  After dry-out these specimens lost 8-14% of the original mass and 10-
18% of the original volume.  Correspondingly, the dried hardness increased 5 to 
16 points, indicating embrittlement and plasticizer extraction. The variability of 
the results was not unexpected as NBR (and SBR) can yield a wide range of 
properties depending on the grade.  Therefore some grades will provide 
acceptable levels of compatibility (depending on the application) to gasoline 
containing up to 25% ethanol, while others may not.  
 
4.3 Fluorosilicone Rubber 
The compatibility performance of the fluorosilicone rubber was similar to the 
fluorocarbons.  Volume swell was relative low (<30%), although this material did 
exhibit a slight embrittlement and decrease in mass and volume from the 
baseline state following dry-out.  The results from this study suggest that the 
fluorosilicone rubber sample would be acceptable as a seal material for gasoline 
containing intermediate levels of ethanol. 
 
4.4 Silicone Rubber 
The dried silicone sample lost only 2% of its original mass and ~4% of the 
original volume.  In addition the hardness change was low, an indication that 
embrittlement had not occurred.  However, silicone exhibited the highest volume 
swell (>120%) of the elastomer types studied.   This excessive swell was also 
accompanied by a significant (20 point) drop in hardness, which indicates that 
extrusion of the seal is likely to be an issue.   High volume swell is also an 
indication of relatively high permeability (and potential environmental release) of 
the test fuels.  As a result, additional permeability studies need to be performed 
prior to use to confirm applicability. 
 
4.5 SBR 
SBR experienced the highest combination of volume swell and softening of the 
elastomer types.  The wet volume expansion exceeded 90% and hardness 
decreased by 50 points.  The sample grade used in this study would not be 
considered compatible with many fuel sealing applications.  However, because 
SBR performance depends on the additives, processing, and co-polymer ratio, 
there may be appropriate formulations that will, in fact, meet a given sealing 
application. 
 
4.6 Polyurethane 
Polyurethane was the elastomer type most sensitive to ethanol.  When exposed 
to the test fluids, the volume swell results were similar to those obtained for the 
NBR specimens (~23% volume swell for Fuel C and around 40% for the ethanol-
added blends.  The drop in hardness from exposure to Fuel C was very low (4 
points), but the decrease in hardness with exposure to the ethanol-blends was 
exceptionally high (30 to 40 points).  No other elastomer exhibited this level of 
change from the Fuel C exposures to any of the ethanol-blended test fuels.  



Following dry-out, the Fuel C hardness results were unchanged from the original 
setting, but again, this material became substantially softer after exposure the 
ethanol-blended fuels.  This result is consistent with the fact that polyurethanes 
generally do not contain significant amounts of plasticizers (13).  The reduction 
in hardness (after drying) upon exposure to ethanol suggests that the aggressive 
ethanol may have directly reacted with the polyurethane, causing permanent 
weakening.  The high level of wet softening combined with high shrinkage and 
dry mass loss indicates that polyurethane is not an acceptable elastomer for 
many sealing applications for fuels containing up to 25% ethanol. 
 
4.7 Neoprene 
The neoprene sample’s decrease in wet hardness was low and comparable to 
the results obtained for the fluorocarbons; however, the volume swell exceeded 
60%, which may limit its use.  Neoprene exhibited the poorest dried properties of 
the elastomers tested; the dry mass and volume were reduced by 15% and 20%, 
respectively from the original condition.  Neoprene also exhibited a high level of 
embrittlement.  The reduction in mass and hardness (following dry-out) was 
consistent between the test fluids, indicating that significant levels of plasticizers 
were extracted by the Fuel C alone.  As a result, the neoprene grade evaluated 
in this study would not be acceptable for many sealing applications containing 
highly aromatic gasoline, regardless of whether ethanol was added to the fuel or 
not.  
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