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This 2012 version of SAE Vehicle standard SAE J2659 includes some editorial updates of the document released in
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Although this SAE JR659 is not widely applied to fuel system materials, the speciation approach désgribed is helpful for a
more complete undgrstanding of material permeation, especially with respect to ethanol fuels.
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1. SCOPE

This test method d¢g

different fuel constityent that permeates across sheets, films orslabs of plastic materials. One side ¢

to be in contact witl
environment free of
alcohol and ether ¢

different constituentg.

Furthermore, Appen
such as fuel lines, fu

either a liquid test fuel or a saturated test fuel vapor, the other side is meant
uel. The test fuel can either be a mixture of a small (usually smaller than ten) nun
pnstituents or it can be a sample of a real automotive fuel, e.g., one that may

dix A contains guidelines(to speciate evaporative emissions from finished fuel
el filler pipes, fuel sender units, connectors and valves.

scribed in this document covers a procedure’to speciate that is, to determine the amounts of each

f the sheet is meant
0 be exposed to an
nber of hydrocarbon,
contain hundreds of

system components
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2. REFERENCES
2.1 Applicable Publications

The following publications form a part of this specification to the extent specified herein. Unless otherwise indicated, the
latest version of SAE publications shall apply.

2.1.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside
USA and Canada) or 724-776-4970 (outside USA), www.sae.org.

SAE J30 Fuel and Oil Hoses

SAE J1527 Marine Fuel Hoses

SAE J1681 Gasoline, Alcohol, and Diesel Fuel Surrogates for Materials Testing

SAE J1737 Test Procedure to Determine the Hydrocarbon Losses from Fuel Tubes, Hoses, Fittings,

and Fuel Line Assemblies by Recirculation

SAE Paper 981360 Fuel Permeation Performance of Polymeri¢c Materials Analyzed by as Chromatography
and Sorption Technique

SAE Paper 981376 Speciation of Evaporative Emission from Plastic Fuel Tanks
SAE Paper 1999-0110376 Fuel Permeation Analysis Method-Correlation

SAE Paper 1999-0110377 Vapor and Liquid Composition Differences Resulting from Fuel Evaporation
SAE Paper 1999-0110380 A Comparison of Vapor and Liquid Fuel Permeation of Fuel Systems Pplymers
SAE Paper 2001-0111999 Fuel Permeation-Performance of Polymeric Materials

SAE Paper 2002-0110635 Comparigon-of Fuel Hose SHED Test Results and Predicted Values|Using Fundamental
Material Barrier Properties

2.1.2 ASTM Publigations

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959, Tel:
610-832-9585, www|astm.ofg

ASTM E 96 Test Method Tor Water Transmission of Materials

ASTM D 5134 Standard Test Method for Detailed Analysis of Petroleum Naphtas through n-Nonane by Capillary Gas
Chromatography

2.1.3 Federal Regulations

Available from the Document Automation and Production Service (DAPS), Building 4/D, 700 Robbins Avenue,
Philadelphia, PA 19111-5094, Tel: 215-697-6257, http://assist.daps.dla.mil/quicksearch/.

U.S. Code of Federal Regulations, 40 CFR, Chapter 1, Subpart B - §86.101 to 86.157
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2.1.4 General Scientific Literature Publication

J.T. Scanton and D.E. Willis, “Calculation of Flame lonization Detector Relative Response Factors Using the Effective
Carbon Number Concept”, J.of Chromatographic Science. Volume 23, August, 1985

Jrn of Chromatographic Science P. O. Box 48312, Niles IL 60648

2.2 Related Publication

The following publication is provided for information purposes only and are not a required part of this SAE Technical

Report.

2.2.1 SAE Publics
Available from SAE
USA and Canada)

SAE J2260 Non

3. DEFINITIONS

3.1 FLUX

The flux, Fi(l), ofa s
per unit time) of the
An accepted measu
be stated. Eventuall
for each constituent

3.2 VAPOR TRAN

The vapor transmis
state rate of flow (m
unit area and for a U
The test conditions
VTR:= I* F®9(1), whe
3.3 MEASURING
When permeation a

the time t that has e
function of t. Eventd

of 724-776-4970 (outside USA), www.sae.org.

tion

International, 400 Commonwealth Drive, Warrendale, PA 15096-0004, Tel: 8

metallic Fuel System Tubing with One or More Layers

specified constltuent in the direction normal to_the face of the sheet, through a u
re of Fy(l) is gm/m day. The test conditions.(test fuel composmon temperature,
in the course of a permeation test a steady state value, F*(l), of the flux, Fy(l],
see 3.3).

SMISSION RATE

ass per unit time) of the spécified constituent in the direction normal to the facs
nit sheet thickness under-the conditions of the test. An accepted measure of VT
must be stated. The-steady state flux, F; ss)(I) and the vapor transmission rate,
re | is the film thickness.

STEADY STATE CONDITIONS

77-606-7323 (inside

pecific fuel constituent i (across a sheet, film or slap of thickness ) is defined as the rate of flow (mass

nit area of the sheet.
pressure, etc.) must
should be reached

5ion rate, VTR,, of a specific\fuel constituent (across a sheet, film or slab) is d¢fined as the steady

of sheet, through a
Ri, is gm mm/m? day.
VTR, are related by

ross a'plastic film or sheet is measured both the amount of permeate and its co
apsed.since the film or sheet was first exposed to the fuel: in other words, each f
ally,'a steady state rate of permeation should be attained for each fuel constltue

sufficiently long t, ea

position depend on
ux Fi(l), is a different
t. In other words, for
an only be possible

if the composition of the test fuel does not change significantly in the course of the experlment The time required to arrive
at steady state is inversely proportional to the square of the film (or sheet) thickness and it varies greatly depending on:

a.

The material tested

b. The composition of the test fuel

C.

The temperature of the experiment

For the purposes of the present test it is crucial that the steady state permeation rates (as opposed to the transient
permeation rates detected prior to the attainment of steady state) be reported.
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3.3.1 Operational Criteria for Steady State

An operational definition of steady state permeation may be as follows:

3.3.1.1 In the case of a test fuel constituent i, for which the flux Fi(I) has been determined to be non zero (e.g., above
the experimental quantitation limit), F;(l) will be considered to have attained steady state at time t, provided that
(within the precision of the experiment) it has remained constant for an interval of time At greater than or equal
to t/4.

3.3.1.2 In the case of a test fuel constituent i, for which the flux Fi(I) has remained below the experimental quantitation

limit throughout the entlre time t over which testing has been conducted, it is not possible to determine the
steady sta ed together with the
time t ovel which |t has been observed Repeatmg the experiment with a thinner film of'the same material may
yield a nofp null result.

In using the previou
material is exposed
undergo significant
material elastic prop
steady state is reach
is important in asseg

5 operational definition of steady state it is important to keep in mind that, in geperal, when a plastic
to a permeant (such as a test fuel), permeant is taken up by that material apd the material may
changes as a result. These changes may include deformations)due to swelling, changes in the
erties, plasticization, changes in crystallinity and depletion of additives. All thesel changes affect how
ed: an understanding of the changes that are likely to occuffor the material and|the test fuel at hand
sing the test results.
3.4 TEST CONDITIONS
In order for the pe

prerequisite for relig
must be carefully co

rmeation rates measured according to the present procedure to be reprog
bility and ultimate usefulness—the following~conditions under which the test pr
ntrolled.

ucible—a necessary
bcedure takes place

3.4.1 Temperaturg

state both the test
e of thumb of a 10%

Permeation rates afe known to be greatly affected by temperature, therefore test results should
temperature and its ptandard deviation. Permeation’ rates usually increase with temperature and a ru
increase in permedtion per degree centigradé is often quoted. However, the rate of change [of permeation with
temperature depends on both the materialiand the test fuel. For example, if the temperature of the ekperiment is close to
the glass transition dse with temperature
is to be expected.

achieved either by u

Therefore it is crucial

riment. This can be
N and evaporation in

the course of the te

humber of “standard

test fluids”.

3.4.3 Pressure

External pressure itself has a negligible effect on permeation, since it has a negligible effect on the chemical potential of
the permeants. However, pressure differentials between the two sides of the test sheet may cause it to stretch and/or
warp and thus influence the results of a permeation test. Furthermore, the saturated vapor pressure of the permeant
strongly depends on temperature: this vapor pressure contributes to the total pressure at which the test fuel is held and
may also cause deformations (stretching or warping) of the test sheet if the temperature is changed. In order to reduce
deformations as much as possible, it is necessary to insure that the total pressure on the two sides of the film is
maintained at comparable levels. For example, this can be achieved by venting the test fuel to the outside or by
minimizing changes in temperature after the film has been mounted. Clearly, for a given material, the thinner the test film
the greater the chances for potentially damaging elastic deformations. Conversely a sufficiently thick test sample will be
able to withstand a higher pressure differential between the two sides.
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3.4.4 Materials

It is important to keep in mind that both the processing conditions (e.g., cast versus blow molded film) and the additive
package may have significant effects on permeation. Thus, it should not be surprising that films of the same polymer
obtained from different manufacturers exhibit somewhat different permeation characteristics when exposed to the same
test fuel.

3.4.5 Liquid versus Vapor Exposure

Standard thermodynamic considerations imply that the permeation rates for films in direct contact with liquid permeant or
with its saturated vapor should be the same. While there have been a Iarge number of experimental observations
confirming this rule (sec , - - S on-reported where weight
loss appears to dep¢nd on whether the plastrc specrmen is exposed to Irqurd or vapor (see SAE Paper 1999-01-0380). In
this case, it is poss|ble that, the liquid in contact with the plastic material is more effective than its vapor in depleting
certain additives froqm that material, since the presence of the liquid favors convective transport away from the surface of
additives leached oyt of the material. This may hold in particular for additives having relatively high molecular weight that
are soluble in the ligpid.

Concerning the issup of liquid versus vapor exposure it should be noted that, in the'ease of liquid exposure, the test film
has to support the yeight of the fuel. As a result, if the film is very thin, e.g., below 50 microns, itffmay easily become
stretched or warped| This in turn may invalidate the results of the test.
3.4.6 Moisture Coptent and Relative Humidity

Both the moisture c@ntent of the fuel and the relative humidity expefienced by the test film (moisture [content of the purge
gas) may affect pefmeation rates. Such materials as EVOH and nylons are known to be particularly sensitive to the
presence of water; Qowever, for these materials the presence of alcohols in the “test fuels” may ovefwhelm any effect of
this kind. To make gonsistent comparisons between the resullts of different tests, the moisture confent of the fuel used
should either be:
a. Keptto a minimym

b. Controlled to a gre-agreed level
c. Measured and r¢ported

(listed in order of prgference).

3.4.7 Film Thickngss

Theoretical considefjations{suggest that the steady state flux, F; ss)(I) across a film of thickness | is i@versely proportional
to the thickness: th deflnrtron of vapor transmission rate VTR is based on this rule. However, this is based on the
assumption that th y deviate from this
assumption. For example, processing conditions are often such that the two surfaces of a film have material properties
(crystallinity, local concentration of additives) significantly different from those of the bulk. As a result, for very thin films
(typically 50 microns or less) where the surface material accounts for a significant fraction of the overall thickness, the
observed values of the steady state flux, Fi (I) may depart from the rule stated previously.

Furthermore, it should be kept in mind that an absolute variation in thickness (for example, thickness specified to within
12 microns) represents a much greater uncertainty in percentage terms for a thin film than for a thick one.
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3.5

UNITS OF MEASUREMENTS

It has been common practice to use certain engineering units that do not strictly conform to a specific system (such as
CGS or MKS). Conversion factors between different commonly used units are as follows:

3.5.1

For the fluxes Fi(l)

1 g/m?day = 6.45 10 ’gm/(100in%)day
= 1.16 10’gg/cm2 sec (CGS unit)
=1.16 10 °kg/m? sec (MKS unit)

(Eq. 1)

3.5.2 Forthe Vap

4. BACKGROUND

Evaporative emissiq
through fuel system
Flame lonization De
the evaporative emi
fuel, oxygenates ing
lower ratio of carbor
regulations approve
either measurement
the first practical req

Even where not m4
plastic material is de

pr Transmission Rate VTR;

19 mm/mzday = 2549 mil/(100in2)day
= 1.16 10_109 cm/cm? sec (CGS unit)
=116 10" g m/m? sec (MKS units)

INFORMATION

ns of motor vehicles are strictly controlled through<€nvironmental regulations
material is one important component of vehicle evaporative emissions. Regulati
tector (FID) to measure the total mass of the evaporative emissions and do not
5sions products which may contain one hundredor more hydrocarbon species.

luding methanol and ethanol are present.jn<eévaporative emissions. Because
atoms to molecular mass, the FID under counts the mass contribution of oxyge
j by the California Air Resources Board-in January 2012 include ethanol in the

or correction to account for the ethanol mass in the evaporative emissions. This
Lirement for speciation in evaporative emissions.

sirable for the following reasons:

med decisions as te-the environmental impact of the emissions from a construct
design of multilayer plastic parts used in automotive fuel systems (in these par
Ve filter toCertain fuel constituents)

ostic \information as to the source of the evaporative emissions from a vehid

(Eq. 2)

Permeation of fuel
pns impose use of a
require speciation of
When present in the
oxygenates have a
nates. CARB LEVIII
test fuel and require

LEVIII regulation is

ndated by regulation, knowledge of the composition of the permeate that diffiises across a given

on built of a specific

ts each plastic layer

le (see: SAE paper

Nd_SAE paper 981376).

APPARATUS AND EQUIPMENT

Tests aiming at speciating permeate that diffuses across a film, sheet or slab of plastic material must include the following

a. To arrive at info
plastic material

b. To optimize the
acts as a selecti

c. To obtain diagn
1999-01-0377 a

5.

steps:

a.

Capturing the permeate

b. Analyzing the permeate composition

C.

Determining the steady state flux F{**(1) (and the vapor transmission rate VTR;) from the results of the analysis.

The detailed realization of these steps will differ depending on the type of fuel used in the test, on the type of material

being tested, and on

the thickness of the film, sheet or slab sample.
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In different realizations of this test certain elements of the apparatus and equipment used may be different. However, all

realizations must be

a.

based on:

b. Gas Chromatographic (GC) analysis of the permeate composition.

As a result, the pieces of equipment described in items 5.1 to 5.4 are required in all realizations.

Specific realizations

a.

b.
column. This ha
and sample thig
thickness.

c. Inthetype of G

Iltems 5.5t0 5.6 eac

5.1 Permeation C
The permeation cell
and is not otherwise
separated by the te
(permeate collectio
Depending on whet
below the specimen
thick) made of a su
FKM elastomers. TH
purge gas/permeate
(e.g., indium O-rings
5.1.1  Fuel Cup

The fuel cup may co
the fuel cup to be re
fuel during the expe

may differ:

S to be decided on the basis of the permeation level, i.e., ultimately it-depends
kness, since the steady state flux Fi(ss)(l) of permeate constituent i is inversely

s Chromatographic column chosen: generally, the type of fuel used in the test gu

describe equipment that is specific to one of two different separate realizations ¢

Y
7

can be made of stainless steel or anodized ‘aluminum; any other material that is
altered (e.g., corroded) in the presence of fuel is acceptable. The cell is divided i
5t film (see Figure 1). The test fuel mixture is contained in one of the cups (fue

cup) serves as a collection/sampling unit for the permeate that diffuses
er the test is conducted under(liquid or vapor exposure (see 3.4.5) the fuel cup

The plastic film is mounted between the two cavities using two flat gaskets (r
table low permeation grade’ of fluorocarbon elastomers such as Viton GFLT of
e purpose of the gaskets is to prevent leakage of fuel from the fuel cup and lo
mixture from the permeate collection cup. Any other sealing method that achievg
) is acceptable.

ntain an-opening to either allow venting of the fuel to the outside or to permit the
julated by other means: see 3.4.3; it may also contain additional openings to allo

Permeate collection that uses a purge gas to sweep over the surface of the plastic sample that is not exposed to fuel.

the time required to
ired to reach steady

as Chromatographic
on sample material
proportional to the

des this choice.

f the test.

ot permeable to fuel
h two cavities (cups)
cup); the other cup
across the sample.
is located above or
o more than 0.2 cm
70% fluorine grade
5s by leakage of the
s the same purpose

total pressure within
v replenishing of the
r for 1/16 of an inch

riment. If the fuel cup is vented to the outside a long (e.g., longer than 1 mete

diameter) venting tu

5.1.2

Permeate Collection Cup

- H ol b . H 1 L 1 ol Lo lo Y bk 1 HY
C 1o TTUUNTU tu TS 1UsS UT TUTT VapuUl dllUu TITTIVC UHdllyTo 1T 1ol TUTI bUIIIpUDlthn.

The permeate collection cup or collection unit contains at least two openings to allow flow of the purge gas in and out of
this cup. The shape of the cup and the location of the openings should be such to insure that there are no dead volumes
(where permeate may remain trapped) within this cup.

5.2 Purge Gas So

urce

Inert purge gases such as nitrogen, helium and argon are acceptable; the moisture content of the purge gas should be
kept to a minimum, controlled to a pre-agreed level, or be measured and reported: see 3.4.6.
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5.3 Temperature Controlled Chamber

An explosion proof temperature controlled (e.g., by air circulation) chamber houses the permeation test cell. The
temperature at different locations within the chamber should be uniform to within at least +1 °C; it should also be stable in
time to within less than 1 °C.

Went (to fume hood) To funie hood

}

Fuel cup
—1 _______|Polymer
Permeate
collection
cup

To GiZ orto

W_}h perﬂ]eate
| Valve A

congentrator

Purge gas

FIGURE 1 - SCHEMATIC OF “OPEN\LOOP” IMPLEMENTATION OF THE TEST]

5.4 Gas Chromatggraphic Apparatus

A Gas Chromatogrdphic apparatus fitted with‘one or more chromatographic columns, capable of sgparating the various
constituents of the fyel employed in the test.to'the required level of precision, and with a Flame lonizafion Detector (FID).

5.5 Additional EqUipment Needed in an “Open Loop” Realization of the Test
In an “open loop” reglization of the test (see Figure 1) purge gas continuously sweeps permeates frdm the surface of the

sample that is not ¢xposed. {o)fuel. The permeates transported by the purge gas are either collgcted for analysis or
diverted into a fume hood (Gsing valve A in Figure 1).

If the concentration ¢fipermeates within the purge gas is high enough to provide a sufficiently strong signal, the purge gas
can be fed directly {0 the Gas Chromatograph, otherwise equipment capable o trapping the permeate contained in the
purge gas over an appropriate period of time is required. Items 5.5.1 and 5.5.2 are required if the purge gas is fed directly
to the Gas Chromatograph; items 5.5.3 and 5.5.4 are required to trap the permeate.

5.5.1 Purge Gas Lines and valves

Purge gas lines of appropriate diameter (typically 1/8 in) 3.18mm made of a non permeable material such as copper or
steel are acceptable. 3-way valves made of a non permeable material such as steel or brass are acceptable.

5.5.2 Purge Gas Flow Controller

A purge gas flow controller that regulates the purge gas flow in the permeate collection cup.
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5.5.3 Permeate Trap

A permeate trap, sometimes referred to as permeate concentrator - such as a trap and desorb carbon trap, a cryogenic
trap or other such device - capable of completely trapping all the constituents of the test fuel.

5.5.4 Desorbing Unit

A desorbing unit, capable of completely releasing to the Gas Chromatographic apparatus the permeate captured by the
permeate trap.

5.6 Additional Equipment Needed in a “Closed Loop” Realization of the Test

In a “closed loop” replization of the test the permeate collection cup is part of a “closed loop” (seg’kigure 2) that contains
a carrier gas (such gs air). The “closed loop” realization is similar in principles of operation to a SHED|(Sealed Housing for
Evaporative Emissigns) - see U.S. Code of Federal Regulations, 40 CFR, Chapter 1, Subpart B.- §8¢.101 to 86.157 - and
may be thought of ds a micro-SHED. In the “closed loop” realization of the test the permeate is allpwed to accumulate
within the “closed Joop” (rather than being continuously swept away as in the ‘open loop” realization) over the
measurement periodl. Periodically, during the measurement period, the permeate/purge gas mixtune present within the

closed loop is hompgenized, and small samples of this mixture are fed to theGas Chromatogrgph. The flux Fi(l) of
permeate constituert i is determined from the rate of accumulation of permeaté:i within the “closed loop”. It is important
that the vapor pressure of permeates in the closed loop remain well below (less than one hundredith of) the saturated
vapor pressure of the same permeates at the temperature of the test, since permeation is driven|by the difference in
chemical potential (reflected in the difference in vapor pressure) between the two sides of the test sheet. Items are 5.6.1
to 5.6.3 are required|in this realization of the test.
— i |Detector

Pump :

Valve % + :

Sample:

Lloog} ¢

: :

LS 8-port-valye

........ Permeate (load)
collectio
cup
Valve?
Valve 3 Valve 2
O—O
Atm.-pressure calibration gas
Oven GC PC

FIGURE 2 - SCHEMATIC OF CLOSED LOOP IMPLEMENTATION OF THE TEST
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5.6.1 Purge Gas Lines and Valves

Purge gas lines of appropriate diameter (typically 1/8 in) 3.18mm made of a non permeable material such as copper or
steel are acceptable. Multi-position valves made of a non permeable material such as steel or brass are acceptable.
5.6.2 Membrane Gas Pump

The membrane gas pump is designed to homogenize the permeate/purge gas mixture within the “closed loop”. All parts in
contact with organic vapors should be made out of a low sorption low permeation material such as ETFE and should be

held at the temperature of the test.

5.6.3 Vapors Injegtion-System

A vapor injection sy

Gas Chromatograph.

6. SAFETY EQUIPAMENT AND FACILITIES

Appropriate safety
flammable substand
recommended indus

7. TEST PROCED
The following are th
be generic in order
document is met anc
7.1  Test Specime

Cut a sample of the

the sample at a number N of points (with N > 4).at’uniformly dispersed locations across the sample.

thickness and its
recommended). Alsd
fluoroelastomer gas

7.2 Test Specime

Appropriate sample
from the sample (e
However, it is not p
include:

stem capable of sampling a small volume of the permeate/purge gas mixture ang

es. Laboratory staff and management must follow local health and safety Ia
try guidelines when setting up the apparatus and condugcting’all parts of the proce

URE

b steps to conduct the speciated permeation measurement. The steps describg
to accommodate variations in apparatus. Slight modification will be acceptablg
the modifications are necessary to properly utilize the specific test apparatus.

n Preparation

plastic film appropriate to fit between the two halves of the permeation cell. Mea

A

standard deviation. The._thickness should be measured as accurately 3
record the area A of the: sample enclosed within the inner circumference (or in

ets.
N Preconditioning

preconditioning treatments should be employed if there is a need to remove
g., in the*case of EVOH and nylon, water that may have been picked up fro

of injecting it to the

recautions must be taken when conducting this permeation.test’because the tgst fluids are volatile

ws, regulations and
dure.

d here are meant to
if the intent of this

sure the thickness of
Record the average
s possible (+0.5%
ner perimeter) of the

bpurious substances
m the environment).

pssibleto provide hard and fast rules valid for all samples. Such preconditioning procedures could

a.

Exposure to a dry nitrogen environment

b. Baking the samples in a vacuum oven held at temperature higher than the temperature of the experiment

However, both the duration and the temperature of the pre-conditioning procedure has to be decided on a sample by
sample basis taking into account such factors as sample thickness, glass transition temperature of the material, type of
permeant to be used and ultimate goal of the preconditioning procedure.
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SAE

7.3 Mounting Test Specimen

Place the test specimen between the two metal cups that make up the permeation cell, with one of the flat fluoroelastomer
gaskets on each side between the test specimen and the cups. The gaskets must be baked in an oven at 100 °C for 12 h
to outgas hydrocarbons that may have been taken up by the gaskets in previous experiments. Analogous steps should be
followed, if a different sealing system (e.g., indium O-rings) is used

The precise sequence of steps to be followed in mounting the specimen depends on the method chosen to control the
total pressure on the fuel side of the cell. If the fuel cup is not vented to the outside (or its total pressure is not controlled
by other means) it is essential that both the test fuel and the metal cups that make up the cell are heated to the test

temperature prior to

mounting the film: see 3.4.3.

7.4 Starting Test

Immediately after th¢ sample has been mounted and the two halves of the test cell have been fastene

moved into a tempel
741 In an “open
respectively
permeate is
trap. The f
depending d
through the
source shou
7.4.2 In a “closed
fitted with a
pressure is
fuel brought

In both the “open” 3
acceptable to store
be taken to insure t
fuel. The cell is m
measurement is req
spent at temperature

7.5 Permeate San

This step depends o

7.5.1 In an “open

*Lh

at permeate is continuously swept away from the surface of the sheet that is ngt in contact with the

ature controlled chamber and the time recorded as the starting time ofithe’experi

loop” realization of the test the inlet and outlet of the permeate.‘collection cup s
to the purge gas source and to an outlet tube that is either vented to a fume hog
not collected for analysis) or fed to either the Gas Chromatographic apparatus
ow P of the purge gas should be in the 10 to 50 cc/min range (however the r
n the equipment used). If the fuel cup is fitted with a~venting outlet, the outlet s
venting tube to a fume hood; if the fuel cup pressure_is‘Controlled by an external
d be connected to the fuel cup and the fuel brought.to the pressure chosen for th

loop” realization of the test the permeate collection cup is part of the closed Ig
venting outlet, the outlet should be connected through the venting tube to a fume
controlled by an external pressure souree, the source should be connected to
to the pressure chosen for the experiment.

nd the “closed loop” realization, if a long time is required for permeation to rea
e permeation cell in a separate storage oven at the temperature of the test: in

bved to the temperaturé. control chamber fitted with the permeate collection
hired. In transferring-the 'test cell from one oven to another, care should be taken
s different from the\test temperature.

hple Collection

h whetheran “open” or a “closed loop” realization of the test is implemented.

d, the cell should be
ment.

hould be connected
d (at times when the
or to the permeate
hnge may be higher
hould be connected
bressure source, the
e experiment.

pp. If the fuel cup is

hood; if the fuel cup
he fuel cup and the

ch steady state, it is
his case steps must

equipment when a
to minimize the time

the sample material,

loop? realization of the test, at time intervals chosen depending on the test fuel,

PPN Dok PP-V-S PSP~ HY

the sample

hiclknaa A
MOIKTTCSS—arta— tTC tCTTTICT

X THT £tk srekaant—th. RT P | H 12
atOTC UT T CAPCTTTICTIG e PpuUTgt—yas 1S UrveTtCU—CTtTC

r directly to the Gas

Chromatograph or to the permeate trap for a time interval At that again depends on the factors listed above. In
either case the purge gas sample is eventually fed to the Chromatographic column and once separated
(speciated) to a Flame lonization Detector.

752

In a “closed loop” realization of the test, a small sample of the permeate/purge gas mixture within the closed loop

is periodically (at time intervals chosen depending on the test fuel, the sample material, the sample thickness and
the temperature of the experiment) homogenized; a small sample of the homogenized permeate/purge gas

mixture is th

en injected to the Gas Chromatograph.
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7.6 Calibration of the Gas Chromatograph
This step depends on the type of test fuel used.
7.6.1 If the test fuel is a mixture of a small number of hydrocarbon, alcohol and ether constituents, the Gas
Chromatograph should be calibrated by introducing in the Chromatograph a mixture of known composition and
similar in nature to the expected permeate mixture in order to produce a standard curve. For each constituent (or
group of constituents) the area under each peak can than be translated into a mass amount M; of the constituent
(or group of constituents) in question.

7.6.2

If the test fuel is a real automotive fuel e.g., one that may contaln hundreds of dlfferent constltuents the FID of
This calibration step

the Gas Chromatograph-s

(Modified; a DHAX

toluene as referencg

there is no interfere
factor (f;) of every kn
(see: J.T. Scanton a

For each constituen
propane calibration

7.7  Shutting Dowr
7.7.1  Turn off sou
7.7.2  Turn off sou
7.7.3 Disconnect

7.7.4 Disconnect {
7.7.5 Move test cq
7.7.6  Open the te
7.7.7

peak. This reference constituent was chosen because a) itds present in almo
nce with other hydrocarbons and c) the peak is midway in the,GC temperature
lown individual constituent in the chromatogram is calculated against propane, us
hd D.E. Willis, J. of Chromatographic Science. Volume-23, August 1985).

(or group of constituents) the area under each peak in combination with flame 1

he propane peak of

new test fuel. Peak
from ASTM D 5134

nalyses). After positive identification of a constituent, the relative retention time is calculated with

5t every test fuel, b)
program. The flame
ing the ECN method

esponse factors and

tan than be translated into a mass amount M; oftheé constituent (or group of consfituents) in question.

the Test Apparatus
rces of heat (allow system to cool down before the other steps are followed).
rce of pressure (if any) for the test fuel.
bressure controller or vent:
he permeation cell from the permeate collection loop (“open” or “closed”).
Il out of the temperature controlled chamber

5t cell andrecord the status of the film (any unusual warping or crinkling)

Retain the r¢maining test fuel for analysis.

8. CALCULATIONSANDREPORT

8.1

Calculate the Flux of Each Constituent and the Total Flux at Each Collection Time

This calculation depends on whether an “open” or a “closed loop” realization of the test is implemented.

8.1.1

In an “open loop”

implementation the flux Fi(l) of each constituent (through a film of t

hickness 1) at each

measurement time is obtained by dividing M; (the measured mass amount of constituent “”) by the collection time
At and by the area A of the sample enclosed within the inner diameter (or perimeter) of the gaskets:

Fi(l) = M./ (A - (At/1440))

(Eqa. 3)
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where

Fi(l) = flux of constituent i in g/(m? - day)
A = area in m?
At = collection time in minutes

In a “closed loop” implementation, assuming that sampling of the permeate/purge gas mixture within the loop

occurs at times t4, t, .., tn, the flux Fi(l) of each constituent (through a film of thickness I) can be obtained from the
slope S; = (Mi(tk+1)-Mi(t))/(tk+1—t); here Mi(t) is the mass of species i contained in the permeate sample collected
at time t.. If V; is the ratio between the volume of the “closed loop” and the volume of the permeate sample
injected in the GC and A is the area of the sample enclosed within the inner diameter (or perimeter) of the

gaskets:

where

Fi(l) = flux of
S; = slope of

A = area in n°

V; = ratio be
The total flu

constituents
see 9.1.

8.2 Obtain the Stg
The steady state flu

using the guidelines
film with the steady s

8.3 Reporting Res
At a minimum for ea

8.3.1 Material deg

constituent i in g/(m” - day)
the mass, M;, of permeate constituent i in the sample versus time, in gm/min

ween the volume of the closed loop and the volume of.thé permeate sample inje

For the relation between this result and the tetal flux obtained with other meas

outlined in 3.3. The vapor transmission rate, VTR, is obtained by multiplying th
tate flux:

VTR, (in(g - mm)/A(m? - day)) = I(in mm)*F%(in g/(m*- day))
ults

Ch film samplethe following data should be reported:

cription (manufacturer and trade name)

8.3.2 Brief descri

ady State Flux and the Steady Sate Vaper Transmission Rate of Each Constituent

(Eq. 4)

ted in the GC

permeating across the sheet is obtained by summing the contributions Fi(l) from all the different fuel

urement techniques

X, Fi(ss)(l), of each constituent is obtained from a set of successive measurements of the fluxes Fi(l)

e thickness, |, of the

(Eq.d)

tion of pre-conditioning procedure (if any)

8.3.3
8.3.4
8.3.5

8.3.6
acceptable)

8.3.7
and a report

Thickness | of the film and standard deviation of the thickness
Temperature of the experiment

Pressure in the fuel cup (if different from ambient)

and total steady state flux.

on the composition of the residual test fuel.

Steady state flux, Fi(ss), and vapor transmission rate, VTR,;, of each constituent (any of the units described in 3.5 is

Optionally a more complete report should include the entire time development of the flux Fi(l) (e.g., Fi(l) versus t)
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9. ADDITIONAL IN

9.1 Relations with

FORMATION

Other Measurement Techniques

Unspeciated measurements of the transmission rate of fuel across plastic films or sheets conducted thus far fall in two

broad classes:

a.
J30, SAE J1527

purge gas from

, and SAE J1737.

he cellis fad Hirnf\fly to-a flama ionization-detector calibrated to-some epar\ifir\ h

Weight loss measurements (these include adaptations to fuel of ASTM E 96 as well as various adaptations of SAE

Measurements where the plastic film to be tested is mounted on a cell similar to the one shown in Figure 1, but the

/drocarbon standard

(e.g., propane).

The main disadvarn
1999-01-0376) will t
problem the total flu
the sum of the fluxeq

Measurements belo
results of the preser
obtained from the p
Specifically, if m;is t

tage of measurements belonging to class (a) is the possibility that leakad

k obtained from measurements of class (a) should be equal (all other test condi
F,**) obtained from the present test.

nging to class (b) do not suffer from the leakage problem but are more difficu

resent test, but the weights are different for each constituent and depend on tf
he molecular weight per carbon of species i, m is the molecular weight per carbo

standard used to calibrate the FID, and R; is the relative response facter for species i, then the total

obtained from meas

where the sum runs
flux to the total flux A

irements of class (b) is related to the fluxes F; obtained from the present test by:

Fr = ZFi(mi/(m ‘R))

over every constituent i of the testfuel. Note that to compare the results of class
1 of the equation 6 one needs-toknow the separate fluxes F;.

9.2 Accelerating t

e Test in Order to Cut the Time Needed to Achieve Steady State

Often results for the steady state fluxes F**) are required at a given temperature T4; however,
performed at this temperature the time required to attain steady state may be prohibitively long. In
upper estimate of the fluxes F,*® at\the temperature T; may be obtained by performing the test at ar
T, and, once steady| state has been achieved, by lowering the temperature to T, and waiting for Fi
constant value. The| acceleration achieved in this way can be substantial: for example, if the perm
10% per degree C, p difference (T, — T4) equal to 10 °C may result in a reduction as large as a fac
required to reach st¢ady state at T, compared to T4. However, once the temperature is lowered to T

e (see SAE paper

bke place and lead to an overestimate of the total flux. Under the assumption that leakage is not a

ions being equal) to

t to compare to the

t test since the total flux found from measurements of class-(b) is a weighted avgrage of the fluxes F;

e type of FID used.
n of the hydrocarbon
hydrocarbon flux F+

(Eq. 6)

(a) tests for the total

if the entire test is
these instances an
higher temperature
* to attain a (lower)
eation increases by
or 0.386 in the time
1, the apparent near

constant value of the¢ flux may hide a very slow (hard to detect) decrease corresponding to the fact th

at the concentration

of fuel within the sheet is decreasing very slowly to the level corresponding to the temperature T;.

For this reason the

results for F® at T, obtained from the accelerated test should be regarded as an upper limit to the actual value of &) at

T.
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10. NOTES
10.1 Marginal Indicia

A change bar () located in the left margin is for the convenience of the user in locating areas where technical revisions,
not editorial changes, have been made to the previous issue of this document. An (R) symbol to the left of the document
title indicates a complete revision of the document, including technical revisions. Change bars and (R) are not used in
original publications, nor in documents that contain editorial changes only.

PREPARED BY THE SAE FUEL SYSTEMS STANDARDS COMMITTEE
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