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*NOTE: All tables and figures appear at the end of the report. All tables and figures 1-3 are from
the California Environmental Protection Agency (CalEPA) "CaRFG: Performance and
Compatibility Test Program.” Figures 4-8 are from Kathios et al. "Permeation of Gasoline-
Alcohol Fuel Blends Through High Density Polyethylene Fuel Tanks with Different Barrier
Technologies."
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I. INTRODUCTION

Senate Bill 521 (Mountjoy) calls for an assessment of the impact of MTBE on vehicle parts and
the efficient operation of vehicles. A cursory review of the available literature was undertaken to
determine whether any detrimental effects on the vehicle system could be attributed to the
introduction of MTBE into gasoline. To determine if MTBE was indeed the cause for some of
vehicle system problems, industry and the federal government performed tests (CalEPA, 1996).
Failure of the fuel system mainly occurs in the gaskets, rubber hoses, and parts in direct contact
with fuel. Separating out the effects of the fuel additive from other factors affecting the fuel
system is difficult. Other factors that should be considered are for example, the type and age of
the vehicle, the materials used in the vehicles engine and exhaust systems, quality of gasoline used

and even weather conditions.

Il. VEHICLES, FUEL INJECTORS, AND EXHAUST SYSTEMS

Some automobile owners have complained that their cars began to have problems when MTBE
was put into use. To determine if the cause of the problems was indeed MTBE, tests were
conducted using test and control fleets of cars (CalEPA, 1996). The Air Resources Board (ARB)
study indicates that the vehicles used included all makes and models of passenger cars and trucks,
ranging over the years from 1964 to 1995 with odometer readings as high as 230,000 miles. A
brief summary of the information gained from these tests follows: 1) cars built during and after
1991 did not experience problems while those built prior to 1991 did; 2) cars built prior to and
during 1986 and those vehicles that had accumulated mileage of 95,000 miles or greater were
those that experienced the largest proportion of fuel system problems; 3) the age of the car and
its maintenance history contributed to the failure of the fuel control systems. According to
Kortum et al. (undated), "Fuel Economy and Engine Performance Issues”, the use of the vehicle,
weather and driving conditions, and improper maintenance contribute more to the performance
problems than do oxygenated fuels. Many older cars have problems because they do not use a

"closed loop™ fuel system that monitors and adjusts the amount of fuel delivered to the engine to
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maintain the stoichiometric air-fuel ratio of 14.7 pounds of air to one pound of non-oxygenated

gasoline.

Testing was also undertaken to determine the effect of MTBE on vehicle cold-starting behavior,
fuel injectors, fuel systems, and exhaust systems. It was found that blending 15% MTBE in
fuels provided easy cold and hot starting, sufficient freedom from vapor lock, and good all
weather driveability. Tests performed using Sun Fuels with 15% MTBE demonstrated that it
did not contribute to fuel injector plugging. From tests done by Volkswagen researchers using
alcohol--gasoline blends, Decker and Haahtela concluded that the engines must be tailor-made to
cold-start requirements (Automotive Engine, 69). Mixing compounds that contain oxygen with
gasoline changes the volatility of the fuel which controls the starting capability and cold-engine
driveability of the vehicle. The engines and fuels that are used must complement each other in

order to get the best performance out of the vehicle.

Other factors can contribute to fuel injector problems. The driving pattern of the vehicle is an
example. Deposit formation in the fuel injectors occurs during the hot soak period immediately
after the engine shuts-off. Therefore, typical short, city-trip driving tends to increase port fuel
injector deposit formation (Automotive Service Technical Manual, 1991). The higher
temperatures also increase the deposits. The amount of deposits can also be affected by the rate
of fuel weepage through an injector where fuel weepage is defined as the passage of fuel beyond

the injector seat during the hot soak.

Sun Fuels performed a 50,000 mile vehicle emissions durability testing. The objective of this
program was to see if fuels containing 15% MTBE would have deleterious effects on exhaust
emissions over 50,000 miles of operation. The cars that were used for the program were those
that represented the current technology used in cars. Overall, the tests showed that MTBE gave
driveability, emissions and port fuel injector cleanliness performance better than the base

gasoline.
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Sun Fuels also performed a test on evaporative losses in vehicle fuel line hoses and gasoline
dispenser hoses. Results indicate that there were no significant differences in evaporative losses
from hoses containing base fuel and those containing 15% MTBE. Dispenser hoses composed of
Viton samples showed greater evaporative losses when tested using fuelcontaining either 50%

aromatics or fuel containing 15% MTBE.

Industries such as Chevron ran on-road tests of their own in which employees volunteered their
cars for the program. The incidents that occurred during the testing were not considered to be
related to either the reformulated or conventional fuels (TABLE 1). The only possibility where
fuel could have been the cause is in incidents involving the elastomers and seals. The average
odometer readings for the test fleet's incidents were 105,000 miles, ranging from 24,000 miles and
202,000 miles. For the control fleet, the average odometer reading for incidents was 91,000 miles,
ranging from 24,000 to 184,000 miles (Air Resources Board Test Program 2-8). The observed
and normalized incident rates for both the control and test fleets were below that of the expected
(TABLE 2). According to Chevron, none of the incidents that occurred were positively
identified as being fuel-related. Possible reasons why these incidents occurred are because of the
engine, fuel system, age of the vehicle, age of the parts in the vehicle, or maintenance of the
vehicle. Vehicle age is a particularly important factor in governing the tendency to problems or

failure.

Ford Motor Company ran lubricity tests to determine if CaRFG caused an increase in engine and
component wear. The fuels were compared with the fuels used in the Auto/Oil Air quality
Improvement Research Program. The results from the bench-top wear test indicate that higher
contents of aromatics or oxygenates generally reduce the lubricity rating of fuel (Air Resources
Board Test Program 2-17). These results do not indicate whether engines will be affected
significantly in actual use, but an increased fuel wear rate is expected over the industry average

fuel.
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Nissan Motor Company performed tests to compare how conventional gasoline and CaRFG
fuels affected the formation of deposits in the intake valves and combustion chamber. The vehicle
model used for testing the fuels (TABLE 4) was the Nissan Sentra 4-cylinder, spark ignition,
internal combustion engine (TABLE 3) (Air Resources Board Test Program 2-35, 2-36). The
results showed that the intake valve deposits were less while using the reformulated gasoline, the
combustion chamber deposit formation with the reformulated fuel was the same with
conventional gasoline, and there was no difference in deterioration of fuel system components
between the reformulated and conventional gasoline (FIGURES 1, 2, & 3) (Air Resources Board
Test Program 2-34, 2-35, & 2-36). Using reformulated fuels basically does not harm any of the
intake or combustion components in a vehicle. The results are the same or better than the

conventional fuel.

I1l. PLASTICS, ELASTOMERS, AND METALS

Elastomers were tested by exposing them to MTBE over a period of time; the amount of swell
was measured. Some elastomers are compatible with the use of MTBE. The elastomers that
showed high compatibility are Kalrez 4019, Zalak 250GP, and Zalak ZLX 93004 (*'Fuel

Reformulation™ 44). These elastomers are also compatible with alcohols

Another factor that affects the swelling of an elastomer is the fuel's aromatic content. According
to "Changes in Gasoline and the Automobile Service Technician", gasolines contain 25-40 percent
aromatic compounds which have a "greater tendency to cause plastics and elastomers to soften,
swell, crack and otherwise deteriorate™ ("Changes in Gasoline and the Automotive Service
Technician™ 14). Newer vehicles are less likely to experience problems because the fuel systems
have been upgraded to compensate for the use of high aromatic gasolines, ethers, and alcohols.

Rubbers that have a high fluorine content provide the best resistance to MTBE.

Sun Fuels tested plastics and elastomeric parts in gasoline and gasoline containing 15% MTBE. It

was found that there were not large differences in swell between the two materials except in
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Viton samples, which had a small level of swell of 7%. For some of the materials there was less
swell with fuels using MTBE which indicates that it acted as a diluent. Many of the elastomeric
hoses had slightly more volumetric swell with base fuels containing 50% aromatics and 15%

MTBE.

EMCO Wheaton, Incorporated ran tests on four of their nozzles using winter and summer
CaRFG test fuels and their own standard test fuel of 20% volume ethanol in premium grade.
They evaluated the mechanical wear and deterioration caused by these fuels. The average volume
% swell using the standard test fuel was greater than that of winter and summer CaRFG test
fuels. The maximum allowable swell is 40% and allowable weight loss is 10% for the standard
test fuel (Air Resources Board Test Program 2-14). The average weight loss was almost the same
for each of the three fuels (TABLE 5). EMCO Wheaton claimed that the CaRFG fuels did not
affect the performance of their equipment, nor did they deform the O-rings, seals, or diaphragms.

The plastic and metal parts were also in good condition.

General Motors ran tests to measure the effects of CaRFG on unused fuel system elastomers and
plastic materials. GM used two bench test procedures. In the first test, the fuel system plastics
were "refluxed in the test fuel at the initial boiling point of the fuel” (Air Resources Board Test
Program 2-20). The elastomers and the Saran/polyester fuel filter were reflux tested to 1000
hours and the foamed urethane and the Nitrophyl samples were reflux tested for 24 hours (Air
Resources Board Test Program 2-20). In the second test, the samples were immersed in test fuel,
in a sealed container called a Parr bomb. It was placed in an oven, and the test fuel and material
were heated to 100 degrees Celsius. The results of the fuel system plastics (Table 6) show that
the changes are not sufficient to affect their performance as carburetor materials. For the fuel
system elastomers, changing to a lower aromatic fuel CaRFG-LA has not produced any major
differences in property changes (Table 7, 8, 9, 10, I 1, and 12). In the reflux and Parr bomb tests,
the results show little effect of the CaRFG blends on Viton A and epichlorohydrin samples,
relative to RFA (Air Resources Board Test Program 2-28). The fluorosilicone samples showed

large property changes in CaRFG blends relative to RFA during the first 500 hours of testing, but
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none to warrant concern. Nitrile elastomers had large property changes in both reflux and Parr
bomb tests. The nitrile elastomers were used in older, carbureted fuel systems, but have been
replaced by fluorocarbons or newer elastomers. This change is accounted for by the fact that

CaRFG fuels are now being used, and nitrile does not seem to be compatible with them.

MTBE may affect the metal parts in a vehicle. The oxygen present in MTBE may cause
oxidation. However, results have shown that there is no difference in corrosion performance of
gasoline and gasoline containing 15% MTBE. Cast-iron and tin coated steel actually had a small
weight gain with 15% MTBE blended fuels. The 10/20 steel samples showed a slight weight loss,

but indicated no potential problems.

During the CaRFG Performance and Compatibility Test Program, the On-Road Data collected
for the Driveability/Incident Logs showed that 2.9% of the test vehicles and 3.1% of the control
vehicles may have had problems related to fuel (Air Resources Board Test Program 1-37). The
percentage indicates that the deleterious effects of using reformulated gasoline is negligible since
the same percentage was found using base fuels. Seeps were also found in 131 of the 829 test
vehicles (Air Resources Board Test Program 1-38). Seeps are defined as a wet spot near a gasket,
seal, or fitting which suggests that fuel may have seeped through that area. All the reported seeps
found in the vehicles were "characterized™" as normal to vehicle operations and should not affect
the test results. The seeps were determined to be caused by a liquid other than gasoline such as

coolants.

The incident rates for both test and control vehicles were also reported (TABLES 13 & 14). The
incident rates were based for particular fleets upon odometer readings and model years of the
vehicles. . For the observed values of the test and control fleets, the values were all less than the
"expected" values. Problems occurred in the fuel pumps, carburetors, fuel lines, fuel injectors, and
fuel tanks. Overall, the analysis indicated that differences in normalized rates (TABLE 15) should
not be attributed to the differences in fuels used (Air Resources Board Test Program 1-55). Data

collected from the on-road test program also indicated that the fuel system problems occurred in
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vehicles where the mileage was more than 30,000 and 40,000 miles. Cars of older model years had
higher rates of incidents. Cars that were models of 1991 or older were not observed to have
problems. Cars that were made pre-1981 had incident rates lower than those of 1981 and 1984
models. The Performance and Compatibility Test Program indicates that there are two reasons
why this has occurred. One reason is that the sample sizes were small and the other reason is that
many of the pre-1981 vehicles had their fuel system components replaced with new ones (Air

Resources Board Test Program 1-57).

IV. FUEL TANKS

At present, the automobile industry uses high-density polyethylene (HDPE) to fabricate fuel
tanks (Kathios 1). Untreated HDPE is permeable to the constituents of gasoline, which is the
reason why fuel tanks are being produced with various barrier technologies to reduce the
permeation rate of fuels. HDPE fuel tanks are preferred over the conventional steel tanks because
they do not corrode, they are lighter than steel, and there are "less packaging restrictions involved
in their fabrication™ which allows designers to take advantage of the space under the vehicle

(Kathios 1).

There are four types of barrier technologies that are currently available. They are fluorination,
sulfonation, coextrusion, and the laminar barrier technology. The fluorination process is
"Integrated directly into the blow molding process - the process by which the fuel tanks are
industrially fabricated" (Kathios 1). In this process, a compressed gas of fluorine and nitrogen is
injected into polyethylene to create a mold. The fluorine then replaces the exposed hydrogen
atoms on the surface of the polyethylene surface (Figure 4). The fluorination process creates a
barrier on the inner surface of the fuel tank. In the sulfonation process, sulfur trioxide is
introduced to the inside of an untreated HDPE fuel tank after the blow molding process has
already taken place" (Kathios 1). A reaction occurs between the exposed sulfur trioxide and the
exposed polyethylene causing sulfonic groups to form in the inner surface of the tank (Figure 5).

Ammonium hydroxide is introduced into the tank to neutralize acidic by-products formed during
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the reaction (Kathios 2). The tank is then rinsed with water to remove any excess ammonium
hydroxide solution and neutralized by-products. The sulfonation process creates a barrier on the
inner surface of the fuel tank. Both the fluorination and sulfonation processes decrease the
permeation rate by reducing the solubility of gasoline in the inner surface of the fuel tank
(Kathlos 2). These technologies may also change the molecular structure of the inner surface of
the tanks, thus causing it to be more tightly packed than untreated HDPE. This results in less

surface solubility.

According to Kathios, "the coextrusion barrier technology involves the fabrication of a multilayer
HDPE fuel tank with a thin, continuous nylon layer present within the wall of the tank™ (Kathios
2). The nylon layer is impermeable to the constituents of gasoline, thus reducing the permeation
rate (Figure 6). The laminar barrier technology uses a polar polymer that is mixed with "virgin
HDPE prior to the blow mold process™ (Kathios 2). The resulting wall of a series of polar
polymer baffler platelets in the fuel tank creates a longer and harder path for the fuel to permeate

through. The increased path thus results in overall decrease in the permeation rate (Figure 7).

These four barrier technologies were successful when used with pure gasoline, but their
effectiveness diminished when alcohols were introduced into the gasoline. Despite this setback,
the fluorination process seemed to be the best solution to reducing permeation with alcohol
blends. Improvements had to be made to the fluorination process to compensate for the alcohol
blends. More of the oxygen groups had to be removed during the blow mold process resulting in
"optimized" or "super" fluorination. The permeation rate with the standard fluorination barrier
treatment decreased to less than 0. 8 grams per day with pure gasoline, but with the alcohol
blends, the permeation rate was reduced to less than 0.25 grams per day with the optimized
fluorinated tanks, and to less than 0.07 grams per day with the super fluorinated tanks (Figure 8)
(Kathios 9). The sulfonation process is also an excellent barrier against permeation, but it is
inconsistent from fuel tank to fuel tank (Kathlos 9). Since HDPE is preferred over steel fuel
tanks, it is important to improve the processes that reduce the permeation rates of the fuels to

compensate for the fact that alcohols and oxygenates are now mixed with gasoline.
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V. CONCLUSIONS

Drawing from a number of articles that reported on studies done on reformulated fuels, it can be
concluded that MTBE does not affect the performance or longevity of the vehicle. The problems
that occur within the vehicles themselves are primarily attributable to the condition of the car and
its maintenance history. The effects of MTBE on a number of vehicle components are also seen
when using a base fuel. Older vehicles fail because they are not compatible with MTBE. Hence,
the parts within the vehicle are replaced with more up-to-date components when a car is brought
in for maintenance. When MTBE is used, certain toxic emissions such as benzene are reduced
while others like formaldehyde increase. It is a small trade off, which could be reduced by using a
three-way catalyst. Though it is helpful in reducing toxic emissions, some MTBE is released
unburned into the atmosphere, especially during engine cold starts and refueling operations.
When using MTBE, the rubber hoses are the main parts that need to be replaced with more
compatible, elastomeric parts which are also less expensive. The barrier technologies used in the
fuel tanks should also be improved to compensate for the use of alcohol and oxygenated fuels.
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VII. TABLES
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Tahle 1
Chevron Test Fuel Parameters
Fuzl Parameter On-Road Test Chevran Conventional!
Fuel (Summer) || Test Fuel | Cantrsl Fuel®

Aromatics, vol% 84 137 251
Benzene, vol% (.80 .24 2.2
RVF, psi 0.5 B3 15.0
TS0, *F 190 153 152
T, °F 298 2a8 306
Sutfur, ppmw 52 155 a7
Oxygen, wide 209 2.1 1.9
OlelEns, vol2y a7 S0 14
Socce;

i Mir Regources Board, RS, Air Resgurses Soord Oracle Dotadare Sy
Fefarmotated Garaline Profect. Sacramente, Califomis
£ Cheyron Comaeation. Juby 13, 1995, "Frescotatian 40 Performance
Subcommirtee.” Sacramenty, Califomia.

"~ Observed, Expected and Normalized Incident Rates

Table 1.

£n-Road and Cheveoe Fleets Combined

Test Fleet £ Lonrrol Fleet
Component {Vehicled Observed Expacted Nannalizedﬂ!’:hicl:srﬂbmrﬁd Expeeted Normalized.
Type .
Fuoel Pumps o7 1.6% 2.0%% 1.6% T34 095 1.6% 1.38¢
Fuel Linag 47 0, 5% 1.8% (5% T34 0.Ms 1.3% 0.3%
Catburetors 947 14¥4% 2. 1% 1.0% 252 1.2% 1.53%% 1.8%
Fuel Injectors| 947 n.0%% 0T 1% 54 0% (8% 0%
Fuel Tarks 957 044 1.3% 0% 754 0.7%% 1.1%% 0,094
Total MW7 | L% T.9% A3%,. T 28% 65% 4.2%
Saurce: Chm Cogporation. July 12 1985 *Presenrarion 1 Performance Subcommiflae,.” Sacmménts,
E?rlllr?i:?:!;m Board, 1998, Baseline Dot Caliiornin Reformulated Gasaline Frofest. Sacramenta,
Califomia,
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Table 3
Yebicle Engine Specifications
Base Modsi WEY L9935 Sentra (B13) California
Engine {3A16 — L4 1.6L 4CYL DOHAC
Fuel System: Multi-point EFT with EGit
Canalyst Close-coupled catalyst, underfloor eatalyst
Q2 Sensor Loz

Source: Missn Motar Compeny, September 19, 1995, Shasus FERT presemied ta the Performance
SHbcamminee. Jairamenta, California, ©

- _Table: 4
Nissan Test Fuels
Fusl Parameter EFG Conveniional
RVP (at 100 °F), psi G.43 . DR
Sulfar, ppmw 37 232
‘Banzeoe, volh . 0.8 : LE
Aromatics, vol% 270 311
Olefinz, voi%h 43 7.2
MTBE, vol% 12.3 0,0
Gum Content, mg/100ml - Unwashed 2.4 2.0
Gum Confent, mg/100ml - Washed 4 14
THD0, F 2 190
T9, F 301 282

Sourpe: Misean botor Cotpany, September 19, 1995, Stwer report presented fo e Performomce
Subcommigee, Sporamentn, Califoria, '
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——— Table 5 e
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Results of EMCO Wheatan Emmersion Testing
{Standard Test Fucl’ Versus CaRFG)

Componeat Standard Test Winter C2RFG Summer CaRFG
Fuel Test Fuel Test Fuel
Volume Weight | Yolume — Weight | Volume Weight
Swell Loss [ Swell Loss Swell Loss
() {0} (34 (o) (%) (%)
Diaphrasm - an 34 1] 26 2
-ring {pTeas. cap) 23 7 b ) o T
(-nng {spout) 28 g g & 4 10
O-ring {dia-cap) 26 7 & 7 4 ic
Q-ting {vapor auide) T. 1 4 )} 3 I
Or-ting {fuel inlet} - 3 14 9 ) T q
Disc Seal 5 0 3 | 2 L
O-ritg {main cage) - 24 T 16 0 4 5
Yapor Seal 3z 5 13 3 12 4
Boot Face ki a 1 Q 4 0
Vapor Bellows 25 0 7 0 i4 ¥
B0 Aszembly 28 q ] 3 T g
m-:wgt _ 24 5 L 3 ] _'_E _ﬁ
Source: E:ﬁﬁ:ﬂﬂemn. ErA5 "lmmeriMTice Somespendence Bepardine CARB Foel Testing.™ Wilsaa, Morth

L. 0% premium and 207 ethenal. Macimum allowabbe sachl iz d0%%;, maximoen allowabbe waighi loss is 103,
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Tahle &
Summary of Weight Percent Change of Reflux Toests
Fuel System Plastic Materials
Material CaRFG-T | CaRFG-E | CaRFG-LA | RFA | ASTM-C
Saran/Polyester Fuel
Filter {1000 hours <2 1% -22% 2.5 =2.2% 2. 2%
reflux)!
Foamed Urethage Floats
(24 houes reflux) : -I.IEIEfE' -0.3% -L.6% -1.8% -[.7%
Nitrophyl Fioais
(Foamed Mitrile) -0.28% -0.03% LL2E% o24% | 005%
{24 houes reflux)

Source: General Medars Corparation, February 1906, Beach T

\ichizan.

s for the Perfarmaance Subcommitree. Detroit,

. Ad 500 hours cest time, CaRFG and BFA samples gwitthed to CaRFG-LA,
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e

-

-

‘Table T

Summary of Parr Bomib Tests
Fuel 3yzteam Plastic Makerinls

- 500 Hour Resuls

Fercont Chanpe in CaRFG-T | CaRFGE | CaRFG.LA | REA | ABTMC
Muterial Froperiy

Polvhiokykne

Terophibatats ' ET)

"Lensil= Jtrength % T -1 25 -331%
Ultimaw: Elooygalson 2% TS 1% ol i
Tenzile Moduhuz -1 244 -1E% 2% ~5d%
Nasdd Emipacl Strenprht - " -— — —
Vil T d.3% 2.55% . T4 a,0%
Weighi ™% Ll A [ oz .00
Palyphentleop Sullde

(L1 S

“Tersile Strengb £ oy 1% Py 105
Ubimate Elangafign -5 L2 o Il L'
Tensibe Madualum -n3; 3% 8 Aty 445
Trod Impact Stengih! - - - —
Walurie .45 1.4% 9.3% Lg% 15%
Weight o455 1,1% 0.29% 2% 1.0%

Michigan,

Zrure: Senerl Mowes Carpargon. Febnoy i ag— il-'m_.'arrnsﬁg'i;nw Swbreamimer. Lharai,

........ NTEH?._;'E._____ —
Summary of Parr Romb Tests T
Fuci System Plistic Meiersls
1000 Biour Resolis

Feroenl Clatge io ZRFG-E! A s TVIeL |
prreent ml;im CafFG-T' | C=RFG-E' | CaBREFGLA RFA4 AST v
Polybuiylece

Terephibrlate {FHT}

Fensile Strengh 2% -1t [ s | am
Lthiae Eleagalion -h% S §- -1 -1 E3%
Temsile Madulus e , 5% | -1 | <260
Lead Impecs Swrenpel -5k -5 ~1 7% =2 -11%

Y lume 2.5 185 el S04 4.5%
Waighn 163 240% b i | 1
Talyphenylen: Sulbde )
((FFS)

Tensits Sweigh 1% 2% L% T
ienate Tlomgacon B4 4% 2684 -t 11%
Tenzile: Moduzuz L8 %5 =385 =% -8%
Tzod Emapact Strergth -0 -5l G A% g
Yalame 0,35 1.2 1.4% 1,60 S
Weigly FL 0.5% 0,285 0.46% 23%

Seurce: Gerttral Muors Coupietion. Frhmary [#56, Binen Tor for s Perronance Sxbeormiivg. DolroiL

Pucigan.

L. 1 ZHY R oums 2am me, CoRFO and KPA 1251 fuld 2wiks hed 00 CaRFS 4,3, (i balypos of il

Kr -
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Table 4
Summary of Relluz Toeats
Fuel Bystent Elastomers
E00 Hour Resnlta

Pereent Chanme in CoRFG-T | CaRF-E | CaRFG-LA | BFR | ARTM.C
Materisl Fropecty

Flooratarbma-yET O A -

Hardness 120% -7 -1316% 058 | -la4%
Ulsimabe Elongasion 131.5% EraL -13.2% J0B% | -2netg
Tensibe Fength -3hEM «315.1% 2765 -25.1% 37T
W o e 15 1% 1d433% 12 5% 11.3% L&,
Epichberobydrin

Hrdresss - -LT1% 25T «11.085 Srats | 0
Ubtimare Bkangeion ST 37.d% “41.4% 3615 | -AT0%
Teooaile Senzth 1% -15.24%, «5.1% «11.5% SR
Viglame 12,3% L4 A% T5% 154% 2B, %
Fluarcilicone

Hardness -Ei% -20.5% Qe b | -154%
\tjmale Elempation 354% -2 <435 Ald% | Sl
Temsile Serengrh «37. 5% wiDLEYE -B8.G% <] 7,004 2T
Wolume J04% 15,54 17.3% 1. 1% 19.5%
Miirile

Hardness 9.7% .4%5 TA% 2578 | -114%
Vltimnt= Elamgatian Bt 11 -7, % =1 TR U L) A3 A%
Tenzile Swwngib A150%% o275 . A% P AT
“ofume 15.1% 144 0.5 I1.2% MI%
Lauroe: ;el:ﬁumtumiun Febreay L%, Benah Tice far A Femivaance Svbcammings, Deing

[Fr.-3
Tabfe & B T _
Sunmary of Reflux Tests
Fuel System Elastomers
TOE0 Hoor Results
Percent Change in CoRFG-IL | CAaRFGE' | CARFGLa | RRAT | ARTM-C
Iaterial Fropeely
Fizoroce choo-VITON A

Harllwss -2 % -12.3% J10RE B N B
Uluneae Eleogalian -bL 2 29.9% 2 LE%% At | -5LEW
Tepgile Strengl 35.0%, -t -34.384 -29.5% | -31d%
Yalune LEE% L2.5% 121% 13.3% | e
Epichlorobydcio ,
Hedness «11.0085 -2 A . Al «EA%E
Ultirzu: Elonpotinn L4 LA 15 1% O3 | -
Tensile 3rengih 105 S10LE% ~13.5% -1 424 <415
Ypluime . BAang 248 h 1 S.E3% 18
Fhuoraosilicong

Hardmese 0205 -L7.6% EELIAY -la2% Y -EGgds
Ubimoes Elangation - | <0328 7% ng | 3eam ] o3I
Ter=ibe Supgh Flilwl -3 AT «1d.5%5 Z6.1%
Wolure 07 |75 LB. 1% 20.5% 14, 1%
Mitrite

Hanbnes? 1T 8% 1.3% Lg% G5
Ullimz'e Elongalian =20,5% ~23.93 R S | JEEH
Tecuslle Suenph A% B0 AF% -5 | -5
Wolune: 2% -1. 7% Rrricy Ak ]
Sowee: Generl Mokors Creperaliies. Frbiory 10905, Som Teerfor the Fbroednss Sabeonmbics. Ceaon.

Michran,

1 ALSR0 heuis esLalne SaRPG and RRA s fusls dwicked i CafPlel A for belonm off e
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Takle 11
Sunamary of Parr Botib Tests
Fuel System Elastomers
500 Hoo r Resubts
Ferecat CHADER I CaRFG-T | CARFGE | GARFGLA | EFa | ASIOLC
Mateciol Properly
[ Finorocarhon- YITON &
Mardness 1174 =15.&% 12,9 -13.5% § -LB.0%
Lleinrne: E3ongarive 4 1305 14.3% 134 [ -17%
Texncile Stremgrh -3h% 4.5 -14.6% 2 | 2
Valame ) 16, 1% 20 152% 15.1% 253%
Epichlarobydrin ,
Hardreas SlLS a1, «l1.9% «21.595 ul b_B%G
Urimaet: Elamgetion ~A%6% -41.3% A ) S17% | Akt
Temsile Strength 1723 19,65 -Léa¥G 4% | -5kt
Vi liztis SR | 164N B.0R% ET LT e
Fluoraalllcone :
Hariness . Brpd SREE L -244% AL | St
Ullimare ERogalian . -3l «11.E% 2159 i 1% B
Tersile Stromgth =50 48,04 -1 1% B L S
Valame 4 0% 13.4% 1B.3%% 17.4% 2343
Mitrile
Hariness EG. M A 15, 4% 5T 3%
Uliisrtaee Elamgalban -51.3%% -50.7% LT 11 5% wdd oG
Tersile Strength BrER- Sy el B L b 205 Po-144Ms
Walume 4% §.1% +£31% 4.9% 15,00
Sinrees ﬂ::&]ﬂm Corparetisn. Febiliry 190 Brock Tael fEr the Pacbrmpncs Sopepnminge, Dinoc
Table §L
Suenmary of Barr Bomb Tests
Fuel System Elnsiomiers
1000 Hour Results
Fercent Chaops i CaREG-T' | CaRFG-E | CaRFG-LA | RFA" | ASTM-C
Maierial Proper
Fluaracarhoo-YTTON A
Hardness 12,90 e 11.2%% W HBM ~12.5%
Llivuere Elongation 21,36 LG 21.0% B3 o R I AL )
Tensile Stredgih 3045 4074 -34.5% ez | a2l
Walme 15,075 164V 16,1% 16,3% 14.3%
Epichlarabyrdrio
Hardness 5,435 . D5 1,5 =B AT
Lz es Eloagmiat S5Lw 3. 385 <483 [ dli%
Tonsile Séreozth 20034 241,d%5 1,5 «2E.E% 233, 1%
Walame T% 5.5 ik piRel) 5.3
Fluorazilicane
Herdness 0235 -14.3% 23.2% -Z3. 8% -35 A%
TNrmnte :El,urlxgql.i;qn 0,252 31,2%5 383N w555 »10.5%
Tentila Sareneth -0.3%4 = 1% —3.8% 4314% [ -53.1%
Wolares 0. 195 L5, 7% 19.3%; T4 T 1.7
Mitree
Hardeass ] 12 8% td. 1% 25.1% [T
LNeimare F:aparica By ) 205 B S [ BT
Tersile Strenmih -154.9‘3-"-'6.. «43d.13% LY A Ll B% | -03.5%
Walusss -1.54% -LE% - LR L -1 1%
Eource: General bk Corporuiess Felmuany 1530 Tench f::r,&f:ﬁle."e.l;ﬁvmm&'mnmw;. Dteit,

bbickizan
1. AL 200 kovrs o i, CURFG ind B 13 deels swiichesd oo CalEGral b for belenoesof L.
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io the Dp-Rozd Test Pragram
Tost Fhoen (T35 veklches) Comtryl Fleet [£37 wehicles)
Tnident Type E Observed Fae | ® Ohservad Fate
Lighe-Thaty
Foel Famps 4 LLr¥e [ QA
Carhnomed oes | 5% 2 0.5%
Fuel Ll i (LS 0 il
" Puel Injeciea: i LTS 0 0.0
Furel Tianks i QLA 1] .08
Sobmatal 5 1.3% 2 d.6%
Medlom- & Heavy-Duty
Fuel Purps i . 1.8% g 1.5
Caruaerars 7 1.6% 7 1%
Fuoz] Lines 3 1. T% { [LLIES
Fuos] Injectats [ 0.0 il D
Fuzl Tacks h L0834 3 L%
Qthar ' L &.2% 0 0%
Subotml L] 4.4% 11 B
Tatal
Fuel Pumsgs. 12 LA%% E QL
Carburelers B L 5 1A%
Fucl Lices 37 DA% 0 Ok
Fusk [njecmra q LIy o 0454
Fuszt Tanks i ok -] b 0.4
Gahex 1 0.1% 0 055
Taqial 24 28 H “3.15

Semree: AT Fnovers Bl 1975, AP Rerowrots Looord Droc feahans Spteml o ot e Coaalie
Erafec, Badrreiey, Collfamla )
1. The whlsasy pef rach pefisnly becawsa vakes ks nnctded =2 e Bearen decimak.

Tahle ¥
Observed apd Expeciled Incident Rales"
for On-Road Test and Cootrol Fleets

Text Flesd Cpntrol Fleal
Ohzeroed | "Expeeied” | Clozeraed | "Expgensd”
Light=Duty ]
Fized Pumps 1.0 WA (305 0,854
Cnrberekars 433 LT o 0.5%
Fued Lines i DB {0 0.7%
Fuazl [njmm[:; T4 DL1% {k Pt 0.4%
Fuose] Tanss L0 Dse e 10.5%;
Owerall .18 1R% LI 1.3%
Medium- F teary-Esty
Tzl Pumpis LB 315 L.23% 2.6
Corbaretars Lg% 358 2.3% 206
Fios] Lings it bk 1% 2.3%
Fip=] lrl.ja'\::urs [RLiEYY 0.7%8 P 1.9
Fusl Tanks e I.3% L&a% B0y
Creerall 449 12.d% 5.5 10.5%
Taral
Fuil g LAY 2 1% LR [.7%
Corburé s . L% 22 | 4% L%
Fuel Lices 0L5% 1.5% (0% b
Fuel Iojeciors v L L% 0,7%% % 0.8%
Fuel Tankx Ol e 1.4% B L2
frveral] T £.3% 1% 0%
Sourca! A¥ PN s Board, 1995, MediiHer Antymatand Grraling Friger, Samamema, Califom,

b Inzigece ol te “other™ calegon: weas nok insluded in Be diskel 20Hparsan.
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| Table 1§
Comgarisop of Normalized' Incident Rates
For Test and Cortrol Fleets in the On-Road Test Program

Incident Type ‘Fest Fleet Cooicnl Fleet
Light-Duty
Fuel Pumps 1Mo £.1%
Carhuretors 0.3% 0.9%0
Fuel Lines 0.0%% . 1%
Fuel Injectors 0.1% 0.0%%
Fuel Tanks 8% . £.19%
Subpgtal 1.3%% 1.1%
Medinm- & Heavy-Dury
Fuel Pumps 1.8% 2.5%
Carburerors 1.6% 3.1%
Fuc] Lines .7% Q.4%,
Fucl Injectors 0284 0.0%%
Fuel Tamks (0.0% 1. %
Subtotal 4.4% T.EM
Tetal _
Fue! Putnps 1.4% 1.4%
Carhureeoes 1.0¥e 1%
Fucl Lines 0.4%% (0, 3%
Fucl Injectars 0.1% 0.0%%
Fuel Tanks 0.0% IR
Tatal 1.9% 4. T%

Gouree: At Resources Boani 995, Boeeline Do Reformutaled Casobine Profes
Sacromiento, Calitormin, "
i Incidents of the "other” eaiegary were not mchsded In the direct comparisan.
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VIII. FIGURES

' Figure 1
Intake Valve Depusits Determined from In-Use Testing
I
i |mCenventional DRFE |
g0 ; 1
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E, % meuclion:-
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Before Adtar
waahing washiby

Sourec: Mizsan Maler Company. Seprember 19, 1995, Sratus moposr prede hied fo
Hhe Perfarnranee Sulcommities. Sncramenta, Califommsa,
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Figure 1 .
Cominsstion Chamber Deposits Determined from In-use Testmg

m ! W Hston |

O0D Walghbt (meieyl)

Lonveoliooal RFG

' goureer Missoo holor Company. September 19, 1995, Sternes report pratevited & dhe Perfarmance Swboammiitee.
Cacramenie, Calidernin,

_ Figure 3
Average Intzke Valve Depaosits Determined from Bench Testing

1936 Welght {mgiAveraga)

150 -
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Bestx  Bastx "Worsix Worsts
Regular RFG Repular RFG

Sougeer Minsn Moter Compasty. -Septembey 19, 1995, Statws report precented to the Perfersance
Subramminee. Bacramenio, Celiformia
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Figure ¥ - The {lworination process,
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Figsre §: Cross-srebfopal view of the wall of & cocxtrioded
mullifever TDPE fus tank.
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HDPE Sulfonated HDPE
Figers 5. The sulfonsasion process,
) Permestion Through
Fermeation Thagh HRFPE With The
Unieared HOPE Laminar Barriar Teshnology

L 3

Figura\; Disgram of the wall of a fuel tank with the lam-
inar harcier techpolagy. Disgram shows kow the predence
of the barrisr platelsts decesases the overall prraeation
rate by increasing the overall path lengih requirad by rhe
salvent 30 pass through the plastic medivm.
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o 3
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Figure ¥ : Permeatice rater of gasolina-methansl fuel blends through 2hgallon HDPE fucl tanks with and without difereot
barser dechnologies, Tanks are 20% full and s¢ room feMperature,
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