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EXECUTIVE EUMMARY

The Asia-Pacific region is experiencing the most rapid motor ve-
hicle growth rate in the world, and in many urban areas, this is
bringing with it commensurate increases in air pollution. In order
to contain these increases, a comprehensive programme of effective
vehicle emission reduction is necessary, and this needs to cover-
all aspects from the requirements for new vehicles to the provi-
sion of fuels and 2-stroke oils that will allow vehicles to oper-
ate at their optimum emissions performance.

The provision of fuels equivalent to those upon which vehicles are
type-approved for emissions compliance, 1is likely to be an ex-
tremely expensive and lengthy process, as in many of the countries
of the Region, the fuels quality is well below that of the major
vehicle manufacturing countries, and thus of the homologation and
reference fuels used for vehicle design and testing. For leaded
motor gasolines, aimed largely at existing non-emission-controlled
vehicle populations, this may be less important, as this situation
already exists in many other countries, and the major emphasis
should be on product consistency with a gradual improvement in
quality over time. For unleaded motor gasolines however, destined
for use in low-emission vehicles, there is a requirement to
minimise emission deterioration over the target vehicle life (say
80 000 km), and this is best achieved by qualities close to the
reference fuel properties. These factors are taken into account in
these Guidelines by setting ‘lowest’ quality requirements for such
motor gasolines, which are judged to achieve close to design emis-
sions over the vehicle life. The introduction of low-emission ve-
hicles should thus be timed to coincide with the availability of
unleaded motor gasolines meeting at least these requirements.

For diesel fuels, the situation is more complex, as the US and
Japanese reference fuels are at present rather less well defined
than ECE-03-A-84, there is ‘slippage’ in the dates of implementa-
tion of lower sulfur limits into these reference fuels, and there
are significant differences in volatility which make strict com-
parison difficult. The major determinant of choice however is
gquantity, and with high diesel/gasoline ratios, the European
model, allowing a broader distillation range, is more appropriate
to the countries of this Region.

Because of the low octane capacity in oil refineries in some coun-
tries, combined with older vehicle design manufacture and poor
maintenance, the first priority may well lie in terms of tackling
the problems of fuel consumption (CO, emissions) and toxic exhaust
enissions rather than the control oi regulated pollutants. How-
ever, a strategy for the introduction of at least a limited avail-
ability of adequate quality unleaded mctor Ggasoline for
low~-enission vehicles is recommended. The early introduction of
low cuality unleaded motor gasoline, not meeting the ‘lowest’
quality specified in these Guidelines, (apart for use in 2-stroke
engines) to fuel imported low-emission vehicles is not recom-
nended.
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There are improvements that can be made however, and a programme
of octane quality upgrading should be embarked upon in many, if
not most, of the countries of the Region. This will enable lead
contents in leaded motor gasoline to be reduced, benzene contents
to be controlled, and sulfur and volatility limits to be improved,
and eventually, will lead to the introduction of unleaded motor
gasoline in those countries at present unable to provide such a
product at the required quality level.

For automotive diesel fuel, the situation may well be more dif-
ficult and expensive, largely because of the strong linkage be-
tween feedstock gquality and final fuel quality. This is par-
ticularly true of the two major fuel gquality precursors of
regulated pollutants, namely ignition quality and density, where
many of the feedstocks indigenous to the countries of the Region,
do not provide adequate fuel quality through conventional oil re-
fining. Sulfur contents are also high in many countries, leading
to both high SO_ and PM emissions, and this is a problem that may
be solvable aloﬁgside improvements in motor gasoline octane
nunbers, as increased catalytic reforming capacity, particularly
in terms of the latest designs of contiruous units, will auto-
matically increase the availability of hydrogen, necessary for
de-sulfurisation

Alongside all the recommendations for fuels quality included in
these Guidelines, there is a need for an infrastructure of Stand-
ards and quality monitoring. This is considered in detail in the
Guidelines, and recommendations on the structure and content of
both Standards documents and quality monitoring systems are in-
cluded.

To attempt to cover recommendations for fuels quality across the
Asia-Pacific region in a harmonised manner, a long-term strategy
is required providing step-wise improvements in individual coun-
tries towards an overall target quality for each fuel grade for
the Region. Such a policy allows individual countries to introduce
parallel improvements in vehicle design and emissions performance.
There is scope for regional co-operation in the setting of 1limit-
ing values for a range of properties in both intermediate and tar-
get qualities, but most importantly, in the manner in which fuel
standards are prepared, and the test methodology used for the
definition of fuels properties.

These Guidelines set out the principles behind the setting of fu-
els standards for the Region, and provide information on the rela-
tionship of fuels quality parameters with engine design and with
socio-economic factors. The extent of co-operation between the
countries of the Region, in implementing these recommendations as
part of their air quality strategies is to be determined at the
Expert group Meeting.
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1. INTRODUCTION.

These present Guidelines dealing with the contribution of fuel
qualities to motor vehicle emission control in the Asia-Pacific
region, were prepared in the framework of UNDP/UNIDO Project
DP/RAS/89/057 ‘Regional network on control and regulatory meas-
ures concerning motor vehicle emission’. The following coun-
tries of the region have declared their participation or inter-
est in the Project: Peoples Republic of China, Hong Kong, Iran,
India, Indonesia, Republic of Korea, Malaysia, Philippines,
Singapore, Sri Lanka and Thailand.

The main objectives of the Project are as follows:

-to initiate, develop and promote the cooperation among partic-
ipating countries in the area of motor vehicle emission con-
trol, to establish working contacts between organisations
dealing with motor vehicle emission control in these countries
and to set up the nucleus of the operational regional network,
which would develop recommendations for common standards and
policy in the mentioned area; ‘

-to lay down terms for the introduction of common standards and
control procedures for motor vehicle emission control, at
least for certain groups of countries within the region.

For this purpose, a series of Guidelines for vehicle emission
related issues requiring a common approach within the region,
will be prepared to assist the individual governments to add-
ress motor vehicle emission problems. These Guidelines will
take into accocunt region-specific conditions which affect pot-
ential solutions of common problems, such as vehicle design,
vehicle population structure and density, road traffic, vehicle
maintenance, economic conditions, current air quality, fuel
quality, etc.

At the'‘Expert Group Meeting on Control and Regulatory Measures
Concerning Motor Vehicie Emission in the Asia-Pacific Region’,
held in Seoul form 21st to 24th August, 1990 during the prepar-
atory phase of the Project, the following issues to be dealt
with by a common regional approach were identified:-

-emissions standards for new vehicles,

-procedures for inspection of in-use vehicles,

-fuel quality standards,

-practical policies to improve the maintenance of vehicles.
These present Guidelines constitute the third in the series of
four Guidelines to be prepared under the Project. The draft was

prepared by a UNIDO consultant on the basis of, and taking
accourit of:
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i) reports of the Expert Group Meetings held under the Project
(1], [2). [3], in particular, Country Papers included in the
. above reports,

ii) two other Guidelines already prepared under the Project [4],
. (53,

iii) results of fact-finding missions to the region and comments
of concerned organisations in visited countries to sugges-
tions and recommendations with regard to new motor vehicle
emission control, and in-use motor vehicle inspection and
maintenance in the region, and strategy for improving fuel

quality,

iv) experience of countries conducting comprehensive and effect-
ive motor vehicle emission reduction programmes, and prac-
tices being followed in those countries,

v) experience of participation in the generation of pan-Natio-
nal fuel Standards and associated petroleum test methods.

2. SCOPE AND OBJECTIVES.

2.1 Scope. The scope of these Guidelines covers considerations
regarding the compilation of standards for the quality of:

-gasolines for spark-ignition (SI) engines,
~diesel fuels for compression-ignition (CI) engines,
-0ils for blending with fuel for 2-stroke engines.
The scope only covers on-highway applications of these fuels.

2.2 Objectives. The major objectives of these Guidelines can be
summarised as:

~to provide the information necessary to formulate effective
standards for automotive fuel quality,

-to lay down the outline of a strategy for the improvement
of automotive fuel quality,

-to indicate a route for the gradual harmonisation of autc-
motive fuel quality standards within the region,

-to indicate,- where necessary, vehicular modifications nee-
ded to take advantage of improved fuel quality,

-to prioritise, where possible, the automotive fuel quality
aspects contributing to air quality standards in par-
ticipating countries.




The objectives take into account that the situation and con-
ditions are different in each country, and thus the starting
point in any harmonisation process will be different. Some of
these aspects will be dealt with in more detail in 3.4.

3. BACKGROUND/OVERVIEW.
3.1 Overall emjssion strateqgy. An emission strategy is only one

tool of a number of tools available for the maintenance or
improvement of ambient air guality in urban areas. Air quality
is thus the focus, emission strategy one tool, and vehicular
emissjon strategy, including fuel standards and quality con-
trol, only one part of this tool. It is essential that an
inventory of those harmful contributors to ambient air qual-
ity, together with their sources, is clearly defined before
such a strategy is embarked upon. A coherent vehicular emis-
sion control strategy is inordinately expensive, impacting not
only on the capital and revenue expenses of both the motor and
oil industries, but also on the capital and revenue necessary
to set up and maintain and infrastructure that ensures contin-
ued compliance. In addition, although not directly part of
this Project, care must be taken that there is not a swop of
one type of harmful gaseous emission for another, in par-
ticular, the increase in greenhouse gases (energy) used in the
vehicle manufacturing and oil processing industries, exceeding
the efficiency gains by the end users.

Most important of all are the socio-economic implications of
a vehicular emissions regime of any potential impact. Many
factors contribute to this, and some will be highlighted fur-
ther in these Guidelinest, but two appear to be of overwhelm-
ing importance in several, but not all, countries involved in
this Project.

3.1.1 Composition of the ‘private’ vehicle parc. To achieve a
reduction in vehicular emissions from the privately owned
sector of the vehicle parc in a reasonably short time pe-
riod, is not so dependent on the emission strategy for new
vehicles, or even the maintenance of these emission stand-
ards, as on the strategy for the worst emitters amongst the
existing vehicles. The Unocal ‘SCRAP’ programme{6] in the US
showed that even in the relatively affluent and sophisti-
cated environment of California, about 3% of the private car
parc was pre-1971, and did not have any forms of pollution
control equipment fitted. Examination of a reprentative por-
tion of this sector showed that these cars emitted between
10 and 100 times the three key pollutants, than current
cars. Extrapolacing these results to the whole car parc,
showed that this 3% of vehicles could account for 30% to 50%
of the total emissions from private vehicles.

If we look at this in the context of the region involved
in this Projec:, where the proportion of gross emitters is
obviously much higher, including a vast population of two-
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and three-wheeled vehicles powered by two~stroke engines,

we need to apply a different strategy to maintain, or im-
prove, the emission performance of this sector, recognising
that enforced, or even incentivised, removal is an impracti-
cable solution. The options lay only in the maintenance and
fuels quality areas, and to some extent these can be en-
forced through regulations on fuels Standards, and in-use
testing, but the effect will be relatively moderate. The
real improvement is unlikely to exceed 10 %, with the
maximum potential only 20 %.

Unfortunately, the poorest maintained vehicles are generally
owned by the poorest sector of the community able to afford
any form of personal mobility, and thus prone to the least
maintenance, and the cheapest fuel/lubricant options avail-
able. Before adding to this sector’s costs, a cheap reliable
alternative (mass transit) is probably necessary. Allowing
this population to continue, or even to grow, in an uncon-
trolled-manner, could more than negate any emission control
strategy applied to other vehicle sectors. This will be a
particular problem for three or four of the countries in-
volved in this Project.

In urban areas of high concentrations of 2- and 3-wheeled
vehicles running on 2-stroke engines, there is no doubt that
they are disproportionate contributors to the decline in
ambient air guality. As such, they demand high priority for
control. As discussed earlier, it would be difficult to
eliminate, or even reduce, the worst offenders in the short
term, although that would be the the approach to show real
gains in air quality. It will be necessary to ‘contain’ the
existing population by the regulation of fuel/lubricants
used in the vehicles, and by in-use inspections, and to
‘control’ the emissions performance of new vehicles (of
course, also with regulations on the fuel/lubricants). The
current difficulty is the choice of emissions limits for
these engines. The requirements specified in ECE Regulation
40/01 are lenient, and exert only limited control. If more
stringent emigssion limits are required to address the air
guality problems, then those currently applied in Austria,
Switzerland or the US could be considered. Details of these
are given in ‘Guidelines for New Motor Vehicle Emission
Control in the Asia-Pacific Region’ prepared under this
Project (5].

Contribution of the heavy vehicle parc. For the large major-
ity of countries involved in this Project, the congsumption
of diesel fuel is considerably higher than that of gasoline.
With the exception of Singapore and China, the ratio of die-
sel fuel consumption to gasoline was generally in the range
of 3:1 to 6:1. This of course means thac vehicular emissions
of particulate matter (PM) and NO_ &re largely from the
heavy duty-sector, since apart tr¥n taxis, and some vans and
minibuses, there are few passenger car diesel engines. The
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taxis themselves may be a particular problem in a few urban
areas. Many of the heavy duty vehicles observed were an-
cient, both in design and longevity, and badly maintained.

This sector poses severe socio-economic problems because of
the direct relationship between the costs of transportation,
either for the distribution of goods, or for the carriage of
people, and the consumer price indices. The ability of car-
riers to generate capital for the replacement of obsolete
vehicles, and to maintain their condition throughout their
working life, must be addressed as part of the overall air
gquality strategy.

In addition, it is the emissions from these vehicles (part-
icularly smoke) that are most sensitive to traffic speed,
and thus most affected by traffic management decisions.

In some urban areas visited, the contribution of vehicular
emissions to the total ambient air particulate content was
less than 10%, although this does not take account of the
relatively more hazardous nature of diesel particulate mat-
ter in particular. Their complete elimination would re-

sult in a barely measurable decrease in ambient air partic-~
ulate burden. In such cases, a much lower priority to the
inordinate expense required, would seem to be warranted. A
similar argument may be put forward for SO_ emissions, where
it would seem unreasonable to drive automofive fuel sulfur
contents down to very low levels, even below 0.01 %(m/m),
whilst allowing industry and off-highway applications to
continue with uncontrolled emissions from fuels as high as 4
t(m/m) sulfur content. Smoke however is another matter. It
is emitted from vehicles at low level, it is visible, and it
is generally unpleasant, and may even bc harmful.

i The dominant factor which
determines the emission of the ‘controlled’ pollutants (CO,
HC, Neo_, PM) is the engine design and condition, and, as for
the asBessment of octane requirement for new vehicles, differ-
ences between individual vehicles of the same make and model
often exceed the differences between makes and/or models. Fuel
quality does play a role however, which becomes more critical
as new vehicles are produced to meet tighter emissions lim-
its. The relationship of fuel quality to controlled emissions
on older, poorly maintained vehicles is more tenuous. Annex G
gives detailed information on the relationships of engine des-
ign and operational features that interact with fuel quality
options, and a brief synopsis only is given here of some of
the major implications. The recommendations of this summary
are incorporated into the ‘target’ fuel qualities given in
tables 1, 2, 6, 7 and 9 of these Guidelines.

There are some features of fuel quality however, that do have
a direct impact on emissions, irrespective of the vehicular
contribution, and these relate to the composition of the fuel,




-11-

both hydrocarbon and non-hydrocarbon. There is thus a direct
and fairly immediate, benefit to air quality obtainable by
regulating these constituents.

3.2.1 PFuels for BI Engimnes. It is vital that all future production
of SI engines has suitable metallurgy to accommodate the use
of unleaded motor gasoline, irrespective of the time-scale
envisaged for the introduction of catalytic converters to
meet more stringent controlled emission limits. These eng-
ines, without converters, can still accommodate leaded fuel,
vhere unleaded fuel is not available, but delays in their
introduction put back any potential phase-out of leaded
motor gasoline by the turnover life of vehicles in a given
market.

For leaded motor gasolines, every effort should be made to
reduce the maximum lead content to 0,15 gPb/1 at the earl-
iest opportunity. Apart from the direct effect on the lead
burden in ambient air, this will stimulate the first stage
of ‘clear octane’ enhancement in refineries.

For all motor gasolines, the benzene content should be con-
trolled at a maximum of 5 $(V/V), and in the longer term,
perhaps even lower.

There will be benefits to the emission of regulated pollut-
ants from tighter control of limits, and particularly toler-
ances, on a number of other fuel properties and constitution
and for new engines, these benefits may be considerably en-
hanced by a close matching of fuel quality with engine de-
sign features. These properties include:

i) Density-closer tolerances will contribute to lower HC and
CO emissions,

ii) volatility-closer tolerances lead to better driveability
‘(lower HC), and controlled maximum volatility also red-
uces evaporative losses,

iii) composition-the use of oxygenates has a beneficial, but
small, effect on CO emission,

iv) additives-there are many effective engine system clean-
liness additives available. The main objective of this
type of additive is to maintain the engine in ‘as-new’
condition, and thus not increase in emissions with time
and the malfunctions associated with deposits.

3.2.2 Fuels for CI Engines. A major contributor to both particul-
ate matter (PM) and SO_ emissions is, of course, the sulfur
content of the fuel, afid this needs to be regulated. The
level chosen should be part of a coherent strategy of sulfur
and particulate emissions from all fuels, and the specific
contribution of vehicular emissions to this total. Maximum
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levels of between 0,50 3{(m/m) and 0,20 ¥(m/m) would seem to
be reasonable in the short to medium term, with lower levels
down to 0,05 % (m/m) being considered only when both the
environmental and economic circumstances dictate and/or
allow.

There is potential for very good matching of engine design
features and fuel quality in CI engines, but only limited
advantage can be taken of thi<. The key to the matching is
tight tolerances on some of the fuel properties, enabling
engine settings to be optimised, e.g.smoke stops and fuel
pump settings, but the natural variations in these qualities
from a variety of feedstocks, makes the imposition of extr-
emely tight tolerances impracticable in most instances.

The most noticeable emissions from CI engines are smoke,
both white on start-up and warm-up, and black during run-
ning. The dominant contributor to white smoke is ignition
quality, and to eliminate this completely, higher ignition
gualities than any specified in any market are probably
needed (European diesel manufacturers estimate a cetane num-
ber of 52 to 54 is required). Significant reductions do
start above about 48 cetane number, and that recommended in
the ‘target’ guality is the same as the present European
limit of 49 minimum. For black smoke, the prime contributor
is density, with ignition guality again being a strong infl-
uence. Density maxima are being reduced world-wide in res
sponse to increasing evidence that values above 865 kg/m
dramatically increase smoke and particulate emissions.
Higher densities also increase CO emissions.

Other fuel properties that influence emissions and perform-
ance include:

i) viscosity-minimum to protect fuel pumps from lubricity
failure, and maximum to ensure good droplet formation and
fuel/air mixing,

ii) volatility-front-end to ensure ignition, and back-end to
reduce CO and HC (and to restrict the availability of PAH
in the fuel, which may be directly related to PAH in par-
ticulates),

iii) carbon residue/ash-to control injector/port/valve depos-

its which may lead to erratic combustion,

iv) Additives-a similar range of additives to those for SI
engines is-available.

In most of the highly industrial-

ised countries, there has been considerable activity over the
past 5 years on automotive fuel quality, driven by proposed
increasingly severe emissions limits for controlled pollut-
ants. This is particularly noticeable for the motor gasoline
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engined vehicles, where this has meant that now in all of
Europe, Japan and North America, new vehicles have to be fit-
ted with catalytic converters, fuel injection and engine
management systems, and thus can only rur on unleaded motor
gasoline. Japan has already discontinued the sale of leaded
motor gasoline, and the US will complete this process by 1997,
and other countries are close to a similar conclusion. Europe
has produced ‘common’ specifications for unleaded motor gasol-
ine (EN 228) and automotive diesel fuel (EN 590) which are
legally binding in 19 countries, but largely because of clim-
atic variations, these do appear to be rather complex, rather
in the manner that ASTM D4814 has complexities when applied to
the US. Unfortunately, both in Europe and the US, there is a
trend to ‘environmental’ grades of fuel (particularly auto-
motive diesel fuel) being specified in sub-areas, encouraged
by fiscal incentives/penalties, which confuses the issue still
further. This trend has already had severe market disturbing
effects in some areas, to the extreme that in California, four
of the major marketers (BP, Shell, Mobil, Texaco) have with-
drawn from the automotive diesel fuel market, creating a
severe shortage. A similar situation is developing in Sweden.

The major benefit of the mainstream activity has been the
gradual harmonisation of both emissions limits and more par-
ticularly, homologation fuels and reference fuels for type-
approval testing, giving the multi-national motor producers at
least some scope for rationalisation, and the oil refiners a
basis for upgrading facilities abeit often on an unrealistic
time-scale.

There are considerable uncertainties over the next steps in
these industrialised countries, and this makes predictions
beyond 2000 rather dependent upon both the perceived impact of
current changes on ambient air quality as the vehicle/fuel
parc homogenises, and the world-wide economic climate enabling
vastly expensive further changes to be accomplished. It is
likely that evaporative emissions, both vehicular and distrib-
utional, will receive more attention, and this will be applied
to vehicles, infrastructure, and fuels, and that more atten-
tion will be given to tne nature of emissions, rather than
their quantity (this particularly applies to PM from CI en-
gines, and aldehydes from SI engines). The danger is that hav-
ing achieved limited harmonisation, we may see f::agmentation
in the future, with the most enviconmentally active legisla-
tures pushing severe emissions strategies on the sole basis of
achievable technology, rather than of air quality and
cost-effectiveness.

Changes in fuel quality in these industrialised countries
between now and 2000 are, of course, already known, and are
relatively minor, apart from the reduction in sulfur content
'in both motor gasoline and automotive diesel fuel to

0,05 $(m/m) maximum at some time (1994 in US, 1995/7 in Europe
and possibly 1998 in Japan). There is likely, during this pe-
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riod, to he some form of official ‘accreditation’ of additives
which already occurs by some motor manufacturers, motoring
organisations or independent bodies, in some countries.

The major changes in the definition of fuel quality will be
the full introduction of new test methodology for vapour pres-
sure of motor gasolines, and for low temperature operability
of automotive diesel fuels. Both of these will have some small
impact on limiting values for these properties.

Outline Strate or Improvi el Ouality. The overall
strategy for individual countries wishing to improve their
fuels quality and/or control system will be obtainable from
the whole of these Guidelines, but a summary of some of the
key points is included here.

For a number of countries, the investment and organisational
changes required will not be forthcoming in the short term, in
order to produce any form of ‘harmonised’ fuel specifications.
Furthermore, the lead times for major changes to both vehicle
and oil manufacturing facilities, imply at least a S-year
delay before the process can even start in some countries.
This is inevitably going to lead to some very significant
pressures for change from environmental lobbies, vehicle imp-
orters, or external bodies, and could well lead to expensive
and unwelcome interim measures. Unless the overall direction
of the air quality and emission policies are coherently de
vised, then many of these interim measures will need to be
revised, or even reversed, as the strategies evolve. At best
then, these Guidelines should provide a series of integrated
fuel and emisssion standards, directionally trending from al-
most the worst in existence towards a judgement of the harmo-
nised position required in say 10-15 years time, and allow in-
dividual countries to choose their position and rate of
progress.

In thHe initial stages, these Guidelines cannot include consid-
eration of all possibilities, and therefore can only look

at the optimum solutions within countries, with the aspiration
that the progress of countries along a quality improvement
route will gradually eliminate barriers to harmonisation.

In summary, the minimum requirements necessary to implement
an effective automotive fuels quality strategy should include
the following major elements:

i) A National standard, which may be the National implement-
ation of a Regional Standard, of which at least the proper-
ties of fuels contributing directly to environmental air
quality degradation, are legally binding.

ii) An infrastructure for the monitoring of automotive fuels
quality for conformance to the National Standard.
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iii) A standardised regime for the monitoring of automotive

fuels quality, including a focal point, sampling regimes
for various types of outlet, and testing regimes for both
random and programmed compliance testing.

The approach of individual countries towards a ‘harmonised’

or ‘target’ fuels quality will be to determine their position
between ‘lowest’ and ‘target’ qualities, and to plan a struc-
tured route and time-scale, dependent upon their individual
capacity for change. Por vehicles with SI engines, the major
priority is to ensure the correct metallurgy (see 3.2.1), and
then introduce some, if only limited, availability of unleaded
motor gasoline at the earliest opportunity. The introduction

of low-emission vehicles recommended in Guidelines for New
Mctor Vehicle Emission Control in the Asia-Pacific Region (5]
can only be integrated with the availability of these fuels.

4. STANDARDS CONSIDERATIONS.
4.1 General. In the creation of consensus petroleum product stan-

dards for the main tranche of products (fuels and lubricants),
a balance needs to be achieved between the petroleum product
supplier, the equipment manufacturer (in this case the engine
manufacturer), the end-user, and the regulator. This balance,
when achieved, is often extremely fragile, and in the best
cases, wholly satisfies no party (the principle of ‘equal-
isation of misery’). In an exercise such as this Project, it
is obviously not possible to enter into protracted discussions
in 11 countries to achieve this balance (if it were a realis-
tic aim in any case), and therefore an approach is needed
which will inevitably include some form of imposition,
unwvelcome though it may be to some of the parties, although
already a de facto position in some countries.

An attempt has been made to assess the major sensitivities to
chande by the various parties, and to gauge the economics, and
thus cost-effectiveness, of such changes. The missing factor
is of course, the potential air guality impact of the changes,
and this can at best only be roughly gauged from forecast ve-
hicle population data, both by numbers and by type, in combi-
nation with parallel changes in fuel quality. Of course, in
many countries, it is tnis vehicle population, together with
inspection and maintenance regimes, and traffic management,
that will have the greatest impact on air quality in the short
to medium term, and thus there needs to be a series of concur-
rent strategies dealing with both the current vehicle parc,
and particularly the older part of this, and new vehicles, to-
gether with their projected life. Depending on the vehicle
factors, will be the fuel types needed, and following from
that, the logistics and rationalisation to a realistic grade
structure for each individual market.

4.2 Petroleun fuel standards, The published, widely available,
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normally National (or pan-National), fuel Standard, is only
the visible tier of three standards, and this helps to explain
the long lead times in implementation of radical changes to
existing standards.

The first tier of these is the ‘homologation’ fuels, which are
those upon which engine design is based. Although not full
Standards, they contain the essential features for the engine
designer to optimise his configuration for thermal efficiency
and durability, and thus needs to be known at least S years in
advance of the implementation of new National Standards. Of
course, the choice of existing homologation fuels eliminates
this lead time, but it must be realised that this implies that
the final National Standard will meet, or exceed, these design
properties when it is implemented.

The second tier is the ‘reference’ fuels, upon which both type
approval and in-use testing for performance and emissions will
be based. These specifications are slightly fuller than the
homologation fuel specifications, but normally have the same
limiting values, albeit with different tolerances, for the
critical properties. These reference fuels are those quoted in
the emissions regulations, and as such are the key to success-
ful emissions strategy. If they differ markedly from the mark-
eted fuels, then so will the emissions, and therefore it is no
use accepting type-approvals (perhaps with no local checking)
based on one series of reference fuels, and expecting corres-
ponding emissions performance from lower quality fuels on the
market. There is no acceptable translation or correlation
between the quantities of the individual pollutants emitted,
and the key fuel quality items. This will be a function of the
sensitivity of each individual engine type. Theoretically, it
is possible to have ‘local’ reference fuels, and to adjust the
emissions limits accordingly, but the above-mentioned factor
of engine sensitivity makes such an approach difficult and
potentially unfair.

The final tier, the National Standards, will be dealt with in
more detail later in these Guidelines, and this is both the
starting and finishing point of the process. It is sufficient
to say at this stage, that it is not simply a table, or
tables, of limiting values, but describes an organised means
of reproducible checking for compliance, as well as a coherent
description of market requirements for the benefit of end-
users.

4.3 considerations in the content of fuels standards.

4.3.1 Motor gasoline. Examination of the situation in various

countries makes it clear that some at least, will have only
a minimal short-term requirement for unleaded gasoline,
possibly only for tourists, but there is considerable bene-
fit to be gained in air quality terms by improvements in
the quality of leaded gasoline (see 3.2.1). Some attention
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has therefore been given to this aspect. The judgement of
the timing of the introduction of full emission controlled
gasoline-engined passenger cars, with catalytic converters,
knock-sensors, and electronic engine management systenms, is
of course, a matter for each regulatory authority, and will
undoubtedly vary with the balance between locally produced
and imported vehicles. The engine metallurgy to run on
unileaded gasoline is the first priority (see 3.2.1).

Most of the countries involved in this Project have small
seasonal variations in temperature, although some (e.g.
China, Iran, Korea) have regions where seasonal variations
are much greater. The application of seasonal grades, in
terms of volatility, has largely been neglected in these
Guidelines, concentrating mainly on a mainstream

‘summer’ quality, which would be generally applicable
within the temperature range of 25 °C to 35 °C. Lower
temperatures would allow some relaxation of volatility
limits, whereas higher temperatures would demand some
further restriction. The limits suggested are for vehicular
losses only, with evaporative losses during storage and dis-
tribution (and local requlations on these) left as a purely
environmental consideration.

The most difficult area possibly, is the incorporation of
oxygenated compounds. The use of alcohols as whole fuels is
not considered. There are strong arguments for the use of
such compounds, both economic (octane enhancement), and
environmental (CO, HC, CO, emission reduction). However,
there are drawbacks, espeaially in the use of alcohols, even
in fairly small proportions. The drawbacks include toxicity
(methanol) and water-leaching (all), and the latter of these
demands a totally clean and dry distribution system, with no
possibilities of leached product reaching either inland or
marine water environments. In the short term, this seems an
unlikely possibility for most of the countries involved in
this Project, and therefore the use of alcohols as fuel
components is not recommended in these Guidelines. However,
ethers (MIBE, ETBE, TAME) are considerably more attractive.
They provide the benefits of alcohols, with few of the draw-
backs, do not significantly leach from gasoline blends when
used in reasonably small proportions, they utilise readily
available refinery components and generally surplus alcohols
in their manufacture, and provide an octane enhancement/
volatility ratio more suited to modern gasolines. The use

of ethers therefore, in proportions up to 15 %(V/V), can

be allowed, or even recommended for the higher octane grades
and for their contribution to emission reduction (see annex
G), but in these Guidelines, they are not mandatory.

Finally, there is the overwhelming economic decision on the
choice of octane numbers for the various grades. Octane
numbers, both RON and MON, are possibly the most cost-
critical item to the oil product manufacturer, dictating
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both capacity and severity of secondary processing units of
considerable sophistication. They are also crit.cal to the
engine manufacturer, since in gencral terms, the higher the
octane numbers, the better the thermal efficiency, and thus
economy (and to a lesser extent, performance). Exhaustive
studies in Europe and the US in the late 1970’s, established
that there was a cross-over in energy terms between in-
creased energy (CO.,) in the refinery for more intensive
procescing, and dezreased energy, in terms of economy per
km, by the end-user. This cross-over was established at
about 95 RON/85 MON, and these values have been used by the
motor industries of North America, Europe and Japan as the
key homologation fuel properties for ‘premium’ requirement
passenger cars since about 1982-3. Before this study, in the
late 1960’s and early 1970’s, there was an ‘octane race’,
with car manufacturers able to claim better and better
performance and economy on ever increasing octane number
fuels, even to over 100 RON. The fuels were of course,
leaded (and increasingly so), totally hydrocarbon, and with
little control on composition. With crude oil very cheap, it
was the e.onomy of the end-user that dominated.

The balance of the cross-over point is again under challenge
by the motor industry, and the study of the late 1970’s is
being repeated. Although the results will not be known for
some time, it seems unlikely that the point will have moved
significantly (almost certainly less than 1 ON).

There is a case for maintaining a higher octane grade for
that part of the car population that can take advantage of

‘it. This may be leaded, if the metallurgy is unsuitable for

unleaded fuels, or unleaded, or, as in most European coun-
tries, both. This enables motorists with environmental
instincts, but unsuitable engine technology, to mix fuels of
sufficient octane quality to maintain economy and perform-
ance, down to a minimum lead content to protect their
erngines (0.03 gPb/l to 0.05 gPb/l). These higher octane
unleaded fuels are mnot homologation fuels, but there is
disturbing evidence that some motor manufacturers are aiming
at these fuels for ‘maximum’ performance, and tuning to a
lower quality for conformance testing. In some countries,
it is necessary to universally adjust the engine conditions
to meet the marketed fuel octane qualities. It must be
clearly realised that this procedure not only upsets the en-
ergy balances discussed above, but also can have a drastic
effect on emissions performance.

Automotive diesel fuel. The design of automotive diesel
fuels has historically been much simpler than motor gasoline
with the major proportion of the product coming from atmos-
pheric distillation, with or without de-sulfurisation, and
smaller elements coming from secondary processing facil-
ities. However, because of this simplicity, many of the key
fuel performance parameters are directly related to the
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cheaical composition of the crude oil processed, and
although increased secondary processing has been introduced
to greatly increase the quantity of diesel fuel (and other
middle distillates), many of the adverse quality aspects are
at best only maintained, or in many cases, worsened.

With emissions regulations increasingly focussing on the
heavy duty diesel-engined wvehic :s, with their natural pro-
pensity to smoke and particulate emissions, the quality of
both fuels and engines has come under pressure. It is here,
on this interface, that the ‘cutting-edge’ technology of
both industries is being tested. The problem is even more
acute if the small (less than 2.5 1) direct-injection
passenger car engine is being considered. In an attempt to
match the performance of these vehicles with gasoline-
engined vehicles of similar size, and to maintain the fuel
economy advantage of the diesel engine (very largely to the
end-user only), and to reduce NO_ and particulates, these
vehicles demand a fuel quality w&ll above the average of
that marketed in most countries. It is perhaps worth ment-
ioning that the introduction of significant numbers of
passenger car diesels to the US, very much heralded in the
late 1970’s and early 1980’s, foundered on the aspect of
fuel quality.

Unfortunately, there are no current easy options in terms

of high quality, non-hydrocarbon, components for diesel fuel
as there are for motor gasoline. There are potentially small
quantities of biomass substitutes, notably esterified veg-
etable oils, but these may well be both economically unatt-
ractive requiring a complex system of subsidies, and could
be environmentally negative, particularly if nitrogenous
fertilisers are used for growth. More attractive, are proc-
esses to produce a new generation of hydrocarbon components
from natural gas (synthetic middle distillates), but these
also have economic penalties, and severe quantity limita-
tiohs. Since the development and production of these is
likely to be entirely within the oil industry, they will
undoubtedly fulfill a small but increasing role as compon-
ents, but are likely to be directed primarily at the highest
added-value markets.

Severe secondary processing, such as hydrogenation, does
show some gains in quality, but the fundamental chemical
transformation, that of ring-opening, has not yet reached
commercial implementation. With many of the crude oils local
to countries involved in this Project yielding rather poor
middle distiliate fractions, the balance between achievable
enissions performance and fuel costs will inevitably be
disturbed. The logistics and economics of crude oil ‘swap-
ping’ normally preclude this option.

Because of the above, the production of a single series of
specifications for automotive diesel fuel is particularly
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difficult, since it is unlikely that more than a very few
countries could achieve the most emission-critical require-
ments for the grades appropriate to the lower emissions
standards. The type-approval process should thus be left un-
disturbed, with the only problem being a supply of the type-
approval fuel for reference fuel purposes.

The key parameters that cause these problems are ignition
quality (in terms of Cetane Number and Cetane Index) and
density. These two properties, together with sulfur content,
are the major fuel quality items directly related to emis-
sions (see annex G). Both of these properties are related to
the natural chemical composition of the fuel, and, as men-
tioned earlier, the crude oil. Increasing aromaticity (not
aromatics) adversely affects both, increasing the density,
and decreasing the ignition quality. Some amelioration of
the effect on ignition quality can be achieved with addi
tives, but these are organic nitrates, and if used in high
proportions (above 0,10 ¥(V/V), could increase NO_ emis-
sions. They, like lead compounds for motor qasoliﬁe, also
need extremely rigorous storage, handling and blending fa-
cilities, as they are basically explosives.

Density is probably the most difficult property to control,
and the most critical property for overall performance and
emissions of existing vehicles. The reputed fuel economy of
the diesel engine is of course based largely on the higher
volumetric specific energy of the fuel, as a higher mass
charge is introduced into the engine at a given volumetric
injection. This gives more energy (power), but at a given
air/fuel ratio, a propensity to less complete combustion and
thus more smoke (see annex G). The density range is narrow
for optimum performance, power and emissions, and rather
like the exercise on gasoline octane numbers, energy bal-
ances need to be made between the overall economy/power out-
put to the end-user, and the energy consumed in both the en-
girfe and oil manufacturing processes.

Sulfur, to some extent, also falls into this category.
Sulfur is emitted either as SO_ or as sulfates, the former
contributing to acid attack bo¥h directly (on buildings etc)
and indirectly by being transported in water either to the
atmosphere (acid rain), or to the water table. The latter
forms a major part of the particulate emission, increasing
in proportion (but not absolute gquantity) as lubricant usage
in diesel engines declines, and less lubricant is burnt from
the engine chamber walls with the fuel (see annex G). Re-
moval of sulfur is a fairly simple oil refinery process, but
it is expensive in energy terms, and also results in a dis-~
posal problem for the sulfur produced. A recent cost evalua-
tion showed that to reduce the sulfur content of a diesel
fuel from 0.25 $(m/m) to 0.05 ¥(m/m), an additional 19
tonnes of CO, are emitted for each 1 tonne of sulfur re-
moved, and tﬁat the incremental cost is between US$ 12 and
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US$ 18 per tonne of product. Thus again there is a balance
between the demerits of different types of pollutants, and
the cost-benefits of the fuel improvements.

2-stroke oils. The 2-stroke engine, burning a mixture of
fuel and lubricant, is inherently a grosser emitter of CO,
HC, smoke and particulates than the corresponding 4-stroke
gasoline engine. To some extent, these emissions can be
controlled by the gquality of the oils used, but other fac-
tors have an overwvhelming influence. The major factor is of
course engine design, with maintenance playing an important
role, with exhaust ports, manifolds and systems all subject
to carbon deposition contributing to a variety of de-optim-
ising engine performance criteria. In addition, the oil/fuel
ratio, and means of controlling this at differing power out-
puts, the o0il delivery system, whether within the fael or
separately, contribute to the potential emissions.

The function of the oil is to lubricate the inside walls of
the cylinder during the first stroke of the piston, and to
be completely burnt during the second, thus providing a
clean surface for the next application. This implies a
number of properties for the oil, including good thin film
lubricity, good ‘stickability’, good mixing with the fuel,
conmplete combustion within the time period allowed, and low
residue. Not all of these are mutually compatible.

In their simplest form, 2-stroke oils consist of base lubr-
icating o0il(s), together with a ispreader’, which is gener-
ally a kerosine or white spirit type component (usually

‘higher flash point than marketed kerosines or white

spirits). In the better formulations, there is more than one
base 0il to obtain the stickability/lubricity from a heavier
material at the minimum overall viscosity (and thus C/H
ratio) to aid burn-out. The ‘premium’ oils contain addi-
tives, some of which may be similar to those in crankcase
lubricants (anti-rust, detergents, anti-oxidants, etc), but
they may also contain anti-smoke additives (see annex G).
The major anti-smoke additive used is polybutene (or poly-
isobutene), although there may also be some residual use of
metallic based anti-smoke materials. The use of more so-
phisticated 2-stroke oils is claimed to reduce the concen-
tration necessary, down to 2 ¥(V/V) from 5 $(V/V) to 6 %
(V/V) for the simplest mineral oils, and technically this is
feasible. This concentration however, is also a function of
individual engine design.

It is difficult, if not impossible, to write meaningful
generic specifications for 2-stroke oils. The approach of
crankcase lubricant ‘type-approval’, where each oil is app-
roved by a range of engine manufacturers, highlights that
the requirements are specific to engine model, and are
generally not covered by any form of standardised methodol-
ogy (see 10). Many of the major problems are associated with
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mis-use, either in type, concentration, or even the re-use
of crankcase oil. These are as much infrastructure problems
as product quality problems. One approach, which has several
attractions, is to disallow the sale of 2-stroke oils, and
to restrict the sale of fuel to this market sector to
blender pumps dispensing a pre-mixed fuel. One attraction of
this approach is that the fuel component of this mixture can
tolerate a lower octane number, due to the 2-stroke engine’s
lower requirements, and thus the overall ‘cost’ of fuel/
lubricant mixture could be contained. With the demand for
higher clear pool octane numbers for passenger cars, this
could be attractive to oil suppliers in areas of high 2-
stroke engine concentration. Faradoxically, the demand for
high quality fuels for passenger cars could otherwise
penalise the poorest market sector through rationalisation
of the logistics of distribution leading to the removal of
the cheapest options.

Harmonisation of emissions standards for the type-approval
testing of 2-stroke engined vehicles is possibly the most
urgent of all the tasks facing this Project Group. Not only
are the ambient air gquality factors important, but also
potential friction points between countries applying widely
different controls, and considerable trans-border traffic,
and the relationship with the engine manufacturers and their
distributors, provide an urgent incentive for guidance.

5. AUTOMOTIVE FUELS STANDARDS APPROACH.
5.1 General Standard Copstruction. As a first step, it is impor-

tant to distinguish between a Standard and a specification. A
Standard consists of a number of parts, one of which is the
specification of the product(s) being standardised, but many
of which deal with the equally important aspects of safety,
sampling, packaging, marking, dispute procedure, and special
aspects relating to general quality control not directly inc-
luded in the tables of limiting values. Standardised terminol-
ogy has been developed for many of these parts of a Standard,
and particularly introductory paragraphs of clauses, will be
identical in all standards, or should be, as these expressions
have been tested for ambiguity and legal robustness. The Stan-
dard will also give guidance on the legal status of the
various parts, either by reference to relevant National legis-
lation, or if the standard is wholly covered, by a statement
and reference to this effect.

One of the important parts of a National Standard is the
References clause. Here all the documents required for full
implementation of the Standard are listed, and if necessary,
cross-referenced, and/or annotated. For the purposes of this
Project, International Standards Organisation (ISO) references
have been used throughout, where available, but locally,
either National Standards series, or generic International
series such as ASTM, IP, JIS, DIN or AFNOR, may be deemed to
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be equivalent or acceptable. For legal dispute cases, this
clause must clearly indicate the ‘referee’ Standards for
compliance.

‘Skeleton’ Standards are given in annexes X and Y for motor
gasoline and diesel fuel, but these will not necessarily be
comprehensive for all countries. The specification clauses in
these ‘skeletons’ are omitted, and dealt with separately in
the clauses below.

Grade Structures. A National Standard does not necessarily
cover all the grades of a given product available in the mar-
ket. Particularly with the increasing tendency to have ‘mini-
local’ environmental requirements, there is often a large
number of similar, or ever identical, ‘performance’ grades at
differing key pollutant levels. Examples of this are sulfur
limits in many fuels, differing in certain urban areas from
the general countryside, lead in motor gasoline similarly, or
specialised grades for a specific application such as mining.
The National Standard may reference these, and should give
guidance on how they are to be described, but will not usually
provide full specifications for them. The National Standard
should concentrate on the major technical performance grades,
and give specifications for a minimum number of these in each
class, incorporating the environmental limiting values that
are applicable across the whole of the area over which the
Standard is implemented. Marketing considerations may well
lead to higher performance, or lower pollutant level, grades
being made available in additiom to those required by the
National Standard. The user and end-use manufacturing indus-
tries however, require assurance on minimum qualities. The
recommendations in these Guidelines are for generic grades
only, and will not address these specialised requirements.

Mandatory and Consensus Options. In many countries, only part
of the National Standard has legal status, although it may be
that 4t is indirectly covered by some form of Trades Descrip-
tion legislation for retail sales. In some countries, getting
less, it is still allowed to market products that do not
conform to the National Standard. This allows for a vast array
of difficulties, and it would be strongly recommended that as
we move towards more harmonisation of specifications, these
specifications themselves are given a more secure basis. The
only means of achieving this is to ban the marketing of prod-
ucts that do not meet, or exceed, the minimum requirements of
the National Standard, and that the National Standard becomes
the baseline in all contracts, both commercial, and by approp-
riate marking, dndividual.

This still leaves open the distinction between civil and crim-
inal legislation, and it must be left to each country to de-
cide where to draw the line. Burope has just gone the whole
way, in making the whole of EN 228 and EN 590 legally binding
by Acts of Parliaments, and thus breaches are criminal. Up
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till then, only parts of each National Standard were legally
binding, mostly the environmental properties, e.g.lead, sulfur
and benzene, but also one or two performance or Customs
definition limits e.g. RON/MON, Distillation and/or Density,
dyes/markers. Other items in the specification were then a
matter of contract between buyer and seller, either written,
or in the case of retail sales, covered by some form of ge-
neric legislation.

It is a difficult decision where to draw this distinction, and
these Guidelines can do no more than point out the options.
Total coverage, whilst philosophically attractive, may lead to
a large number of very small disputes on barely significant
quality defects, simply for a commercial advantage, whilst
lack of legal protection may leave the individual at the mercy
of unscrupulous marketers. It is the resource available to
police the system that should determine the extent of
coverage.

i imj e e The result of a test is to-
tally dependent on the method used for the determination and
the integrity of the sample examined. This may seem to be an
obvious statement, but unfortunately, is all too often ignored
It may seem clear in some cases, such as Water Content, where
you get a different answer if you carry it out by distillation
or centrifuge and recover only the undissolved water, or you
carry it out by Karl Fischer and recover the total, dissolved
and undissolved, water. Sometimes it is not clear however. How
many people realise that currently, the Octane Numbers (RON
and MON) derived in the US (and the Far East) are different to
those in Europe, and that this is deliberate? Hopefully, this
will change in 1954, but this is the current position, and
could only be noticed by extremely close reading of the dif-
ferent methods used.

Many properties show bias when measured by different, even if
similar, test methods. Some of these are critical, e.g.
sulfur, lead, cetane index, flash point, and often the biases
become more pronounced at very low levels. It is therefore
absolutely vital that the correct test method is specified,
the limiting value is set at the appropriate level, and in the
correct reporting units, for that method, and that the test
procedures are unambiguous and carried out in the exact manner
prescribed.

Unfortunately, the above is not universally applied. Not all
test methods are well written, although a tremendous effort
has been made -in ISO/TC 28 to up-date most of the automotive
fuel methods during 1991, 1992 and 1993. All too often, obso-~-
lete units are still quoted in specifications, where they are
not allowed as reporting units in the test methods, limiting
values are not to the precision required by the test method
report, and so-called ‘equivalent’ methods are used, but not
reported, for the actual determinations.
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There are currently problems in the concepts of petroleum test
methodology (common to many other areas), and this makes ad-
herence to the above principles even more important. The prob-
lems will not be discussed here, but they relate to calibra-
tion (with special problems relating to matrix effects), and
to automation (where the principle of measurement is different
to that used historically). It is likely therefore, that there
may be a proliferation of methodology, which will require dif-
ferent limiting values for what appears to be a similar or
identical property. This is already happening for example,
with motor gasoline vapour pressure, where the new ASVP meth-
ods give a different value to the traditional RVP.

6. QUALITY CONTROL IN THE MARKET.

It is essential that adequate policing of the quality of petr-
oleum fuels is carried out in the market place. The prime rea-
son of course will be safety, since infrastructure and end-use
design will rely on certain fuel properties, in particular,
flash point, volatility, corrosiveness, and these will be fac-
tors in consideration of the siting of facilities, as well as
safety distances, venting arrangements etc, within the fa-
cilities.

The major quality control issue with regard to this Project
however, is the monitoring of quality for conformance to Stand-
ard. This is to ensure that the end-use is protected against
damage, and that the consumer is assured that he receives the
product that is described. It also of course, ensures that
environmental requlations, as they apply to fuels, are in comp-
liance.

The exertion of guality control in the market requires a cons-
iderable infrastructure, and it is normal for this to be comp-
osed of a co-operation between the public and private sectors.
Since the National Standard applies at the point of custody
trangfer of the product to the end-user, in practice this means
the external monitoring of product qualities is carried out
both at depots/terminals for deliveries to commercial and ind-
ustrial users, and at retail sites for deliveries to indi-
viduals. In addition to a regular monitoring responsibility,
the system must also accommodate challenges made by end-users,
or in exceptional circumstances, by end-use manufacturers. This
demands a number of skills from all those participating in this
process, not least being the ability to obtain representative
samples of the product(s) being monitored.

Of course, it is totally impracticable to fully monitor any
large proportion of sites on a regular basis, and thus some
form of statistical approach is necessary, dividing outlets
into types both by size and geography, and setting some form of
‘random’ selection that can be accommodated by the infrastruc-
ture in place:. Additionally, the test regimes should be ration-
alised in such a manner to provide the best information within
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a reasonable budget.

In practice, this means a large number of samples will be col-
lected for a ‘short test’ examination, looking at a few of the
simplest yet most sensitive tests, and a few samples will be
subjected to more extensive testing, with a relatively small
number actually undergoing a full test against all the proper-
ties specified in the National Standard. Obviously, there will
need to be facilities for those samples exhibiting defects in
the ‘short tests’ to be further examined, and thus the sample
size must be sufficient for this.

Whilst it is not the function of these Guidelines to provide an
infrastructure for quality control, it might be helpful if the

following general principles were adhered to in all participat-
ing countries:

1. Sampling shall be carried out from tanks by trained per-
sonnel. -

2. Samples from retail outlets shall be generally obtained by
purchase, into containers filled from dispensing pumps.

3. Samples shall always be taken into pre-cleaned and dried
containers, with appropriate closures.

4. Samples shall be of minimum 2 litres in volume.

5. Gasoline samples shall be chilled to below 10 °C as soon as
practicable after sampling, and kept at this temperature
until analysis.

6. Samples shall be sealed and clearly labelled immediately
after acquisition. Clear records must be kept.

7. Analysis may be carried out by governmental agencies or by
accredited laboratories in the private sector. In all cases,
the exact methodology and procedures described in the Na-
tional standard shall be followed.

A clear focal point for this activity shall be identified,
empowered to carry out guality control procedures, its compet-
ences, duties and responsibilities specified, and a control and
dispute procedure put in place.

Having established an infrastructure for the monitoring of qua-
lity, the next stage is to ~onstruct a sampling and testing
regime, appropriate to the -ize and complexity of the market.
The following suggestions might be appropriate to a medium-size
market of say between 1 000 and 5 000 outlets.

A. Sampling should be carried out monthly from retail sites,
‘random)y” from between 1 % and 2 % of the retail sites each
month, ensuring that within each 6-month period, all grades
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from all manufacturing sources are examined at least once.

B. Sampling from depots/terminals should be monthly or quar-
terly depending on their number. The same principle as in
B applies.

C. Between 10 & and 20 § of the samples taken from retail sites
should be subjected to full analysis against the National
Standard. This proportion should rise to between 20 % and
50 §t for the samples taken from depots/terminals. The total
number of samples subject to full analysis each month should
be between 5 and 20. .

D. Samples exhibiting defects in the ‘short tests’ should be
added to those undergoing full examination.

The final decision on structure to be accomplished is the sel-
ection of test regime for the ‘short tests’. As mentioned ear-
lier, these should be selected on the basis of sensitivity and
simplicity, two principles not always mutually compatible.

Suggested regimes for gasoline and diesel fuel are given below.

i) Motor Gasolines.

a) Density at 15 °C.

b) Vapour Pressure at 37.8 °C.

c) Distillation, E70, E100, E180, FBP.

d) VLI (calculation)

e) Lead Content (in the case of ULG, can be go/no-go).

ii) Automotive Diesel PFuels.

a) Appearance/Colour.

b) Density at 15 °C.

c) Distillation, 10 $(V/V), 50 $(V/V), 90 %(V/V), 95 $(V/V).
d) Cetane Index (calculation).

e) Frash Point, PMcc.

There is the difficult decision on the degree of publication of
the data, both in terms of its format (coded or named), and in
terms of the breadth of publicity. This will be the province of
the individual countries, but for the greatest effectiveness,
the widest and most open publicity will almost certainly gain
the best results. It might be wise however, in the early stages
when results may not be as one had hoped, to restrict the re-
sults to those directly involved, and, by discussion, eliminate
the inevitable ‘teething problems’.

7. SPECIFICATION CONSTRUCTION.
In considering the construction of a tpecification matrix comp-
rising a large number of potentiai grades and options, it seems

reasonable to isolate those properties and limiting values that
will be common to all grades, and deal with the ‘variables’ in
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a series of sub-tables. As mentioned earlier, a single climate
is to be considered for these specifications, and they will be
targeted to an ambient temperature of 25 °C to 35 °C. This will
certainly simplify the presentation of the specifications,
since the climatically dependent properties can be standardised
but will obviously not address countries, regions or seasons,
when the climate is outside this range.

The target ‘premium’ quality will be that represented by the
quality illustrated in the two major world-wide reference fuels
for emission, consumption and power measurement, namely CEC RF-
08~A for unleaded premium gasoline, and CEC RF-03-A for auto-
motive diesel fuel, although the compositional restrictions in
these specifications will not be applied.

The specifications will be presented in SI units and ISO(or EN)
methodology throughout. Only where there is no current approp-
riate International methodology, will methods be quoted from
other series. Users of the specifications may need to translate
these into their local preferences, but should ensure that
strict equivalence is used. The common practice with most Eur
opean Standards bodies (IP/BS, DIN and AFNOR) is to adopt the
ISO or EN text directly into their standard method by means of
re-printing from camera-ready copies available from the issuing
authorities.

By constructing tables of ‘common’ and ‘variable’ fuel prop
erties, it will be possible to construct a great number of
specificaticns, as the changes in refining upgrading are prog-
ressed. It may be possible to implement ‘target’ variable prop-
erties in one area before being able to implement the whole,
and this should be encouraged. Some of the most cost-critical
items will doubtless be similarly deferred.

The presentation format of the specifications will be to pres~
ent the target ‘premium’ specification in full for each cate-
gory, and to then present tables of ‘lowest’ and ‘intermediate’
qualities. The tables of ‘intermediate’ qualities will be in
terms of ranges or steps.

8. SPECIFICATIONS FOR MOTOR GASOLINES.

8.1 Genera). Specifications are prepared for both leaded and un-
leaded motor gasoline. For the target grades, all properties
apart from octane numbers are the same, and four grades are
identified. One of these grades is exclusively for use in 2-
and 3-wheeled 2-stroke engined vehicles, and will only be
introduced in those countries who have both a substantial pop-
ulation of these vehicles and a strong economic incentive for
minimising the cost to the consumer of this product, whilst
maintaining controlled gquality. The specification represents
the guality of motor gasoline before addition of the 2-stroke
0il. The top tier grade (Super) is alsc not recommended as a
universal grade, only applying in those countries which have a
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substantial requirement for older high-requirement engines.
For unleaded motor gasoline, this grade is not included.

The vapour pressure limits for all grades are set in terms of
the relatively new technique of air saturated vapour pressure
(ASVP), not the traditional Reid vapour pressure still widely
used. For pure hydrocarbons, ASVP figures, when converted by
the DVPE formula given in the method(s), give approximately
the same value as Reid vapour pressure, but in the presence of
oxygenates, Reid vapour pressure gives erroneous low results.
The use of ASVP therefore covers all the options available.

The density range given, even in the target specifications, is
wider than would be expected in individual specifications. In
general, National standgrds should not express a density range
of greater than 40 kg/m™~, choosing their position within the
overall range with regard to local circumstances.

Specifications for Leaded Motor Gasoljine. The octane require-
ments for the four target grades are given in table 1, and the
general requirements for these grades are given in table 2.
Table 3 gives ‘lowest’ and ‘intermediate’ qualities for octane
requirements, and tables 4 and 5 for other groups of proper-
ties

Table 1-Target octane requirements for leaded motor gasoline

- Grade
F-ltroko Regular| Premium{ Ssuper| Test
Property method
esearch octane number, minh 82,0 90,0 95,0 98,0/1S0 5164
otor octane number, min - 80,0 85,0 87,0]ISO 5163
Table 2-Target common reguirements for leaded motor gasoline
Property Limiting values Test -othoJ
iAppearance Clear and bright Visual
Density at 15 °C, kg/m° 725 to 780 IS0 3675 or]
- IS0 12185
bapour pressure at 37,8 °C, kPa 35 to 70 EN xvzl)
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Table 2-continued

Liltillltion IS0 3405 ]
E70, %(V/V) 15 to 45
E100, $(V/V) 40 to 65
E180, %(V/V), min 85
FBP, °C, max 215
Residue, %t(V/V), max 2
VLI (10 VP + 7 E70), max 950 Calculation]
Penzene, 2 (V/V), max 5,0 EN 2382?r
EN ABC
Lead, gPb/1, max ' 0,15 ISO 3830
Sulfur, %$(m/m), max 0,05 ISO 8754 or
ISO 4260
Oxidation stability, min, min 480 IS0 7536
Gum (solvent washed), mg/100 ml,|.
rnax 5 IS0 6246
Copper strip corrosion
(3h at 50 °C), Class h ISO 2160
Oxygenates content EN PQR3)
Ethers (MTBE, ETBE, TAME)
$(V/V), max 15
Notes:

1. Method not yet published. Use IP 394 or ASTM D5191 until
publitation.

2. Method not yet published. Use ASTM D3606 until publication.

3. Method not yet published. Use ASTM D4815 until publication.

For the properties listed in the following tables, there is no
revision to the test methodology, as the relaxed values only
apply when tested by the identical methods. For some proper-~
ties, e.g. Gum, Copper corrosion, Oxygenates, no further rel-
axations are allowed. In some cases, there is no intermediate
position between the ‘lowest’ recommended guality, and that
applicable in the target grades.

The ‘lowest’ RON octane values can be used as a universal lab-
elling system, providing a guide value below which motor gas-
oline cannot be labelled as, e.g. ‘Premium’ or ‘Super’ quality
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for retail purposes. This would help consumers in trans-border
situations, giving them some help in assessing the fuel

necessary for their vehicle.

Table 3-Relaxed octane requirements for ieaded motor gasoline

Property Lovest Intermediate
Grade RON MON RON MON
2-stroke 79,0 - 80-81 -
Regular 87,0 77,0 88-89 77-79
Premium ' 93,0 83,0 94 83-84
Super 97,0 86,0 97,5 86-87

Table 4-Relaxed volatility requirements for leaded motor gasoline

Property Lovest Intermediate
Density at 15 °C, kg/m> 705 to 785 710,720 to 785
Vapour pressure at 37,8 °C,
kPa, 35 to 80 75 max.
Distillation

E70, $(V/V) 15 to 47 15 to 47

E100, %(V/V) 40 to 67 40 to 67

FBP, °C, max. 225 220
VLI 4 1 000 1 000

Table 5-Relaxed composition requirements for lsaded motor gasoline

Oxidation stability, min, min.

Property Lowvest Intermediate

Benzene, %(V/V), max. 10 9 to 6

Lead, gPb/l, max. - 0,40 0,35 to 0,25

Sulfur, $(m/m), max. 0,25 0,20 to 0,10
240 360
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jcations Unleaded Motor Gasolijne. As stated in 7.1,
only a 3-grade structure is proposed for unleaded motor gas-
oline, and since the 2-stroke grade is optional, it is ex-
pected that some countries will have only a 2-grade structure.
The target specifications have been designed for use in modern
engines with catalytic converters fitted, although they will
of course be suitable for all engines with hardened valves and
valve seats, with or without converters. The same format of
presentation is used as that for the leaded grades.

Table 6-Target octane requirements for unleaded motor gasoline

Grade
. 2-stroke | Regular | Premium Test
Property method
esearch octane number, min 82,0 90,0 95,0 ISO 5164
otor octane number, min - 80,0 85,0 "ISO 5163

Table 7-Target common requirements for unleaded motor gasoline

Property Limiting values Test method
hppearance Clear and bright Visual
Density at 15 °C, kg/m° 725 to 780 ISO 3675 or

IS0 12185
Vapour pressure at 37,8 °C, kPa 35 to 70 EN xyzl)
pistillation IS0’ 3405

E70, %(V/V) 15 to 45

E100, %(V/V) 40 to 65

E180, %(V/V), min. 85

FBP, °C, max. 215

Residue, $(V/V), max. 2
VLI (10 VP +7 E70), max. 950 Calculatioﬁ
Benzene, %(V/V), max. 3,0 EN 2382?r

A - EN ABC
Lead, mgPb/1, max. 13%) EN 237
fulfur, $(m/m), max. 0,05 ISO 8754 or|

. ISO 4260
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Table 7-continued

hosphorus, mg/l, max. 1,3 ASTM D3231
xidation stability, min, min. 480 IS0 7536
um (solvent washed), ISO 6246
g/100 ml, max. 5
opper strip corrosion, IS0 2160
(3h at 50 °C), Class 1
|oxygenates content EN PQR3)
Ethers (MTBE, ETBE, TAME)
$(V/V), max. 15
Notes:

1. Method not yet published. Use IP 394 or ASTM D5191 until
publication.

2. Method not yet published. Use ASTM D3606 until publication.
3. Method not yet published. Use ASTM D4815 until publication.

4. Although this is a ‘target ’ value, it is intended that this
shall be reduced to 5 mgPb/l when distribution systems are
completely free of lead.

The relaxed quality requirements for octane numbers and volatility
for the three unleaded grades are identical to those shown in
tables 3 and 4 for the appropriate leaded grades. Table 8 gives
the relaxed composition requirements, with the exception of
oxidation stability, which is the same as that given in table 5.

Table 8-Relaxed composition requirements for
unleaded motor gasoline

Froporty Lovest Intermediate
enzene, Y(V/V), max. 8 7 to 4
Sulfur, $(m/m), max. 0,20 0,15 to 0,10

For lead and phosphorus a transient excursion above the target
value to twice this value, can be allowed during the distribution
changeover period. Continued presence at these levels will damage
catalyst systems. The average level from any outlet shall be below
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the target values.

9. C ONS FO .

9.1 General. Only a single ‘premium’ grade is considered here,
although the properties have been tailored towards only a mod-
erately environmentally sensitive market. The extremes, in
terms of environmental severity, of the US West Coast, or Swe-
den, have not been considered appropriate to any countries
participating in this Project.

One of the most important properties of automotive diesel fuel
in temperate climates, is the low temperature operability. In
many of these, including Europe, Japan, Australasia, and some
participants, e.g. Singapore and Hong Kong, Cold Filter Plugg-
ing Point (CFPP) is the property used to define this, and that
is the practice in these proposed specifications, although
climatic variations are not considered. Pour point has no
relevance when considering performance in a vehicle, and cloud
point is a too severe predictor by itself, and needs great
experience to set limits appropriate to climatic conditions,
and most importantly, is not conducive to depression by addit-
ives. CFPP can be used as a direct relationship to daily aver-
age minimum temperatures, unless excessive additive has been
used to achieve a target value (i.e. creating a CFPP/cloud
point differential of greater than 10 °C).

Provision has also been made for both cetane number and cetane
index. This is to allow, but control, the use of ignition im-
proving additives, and to protect the ‘base’ gquality of the
fuel being treated.

Sulfur is. obviously the difficult property to assess the cor-
rect target value. 0,20 $(m/m) has been chosen as basically
the lowest level at which a balance between environmental con-
siderations 7 nd sesulfurising costs on medium-high sulfur
crude oils ¢ n be struck. There is not only a monetary cost in
this, since as mentioned in 3.3.2 (p.18), there is a strong
risk of substituting disproportionate quantities of Co, for
smaller and smaller reductions in SO_. It probably has“to be
accepted that in the long term, sulffir limits will be forced
downwards towards 0,05 $(m/m) or even lower, but that has not
been considered as a reasonable basis within the lifetime of
this Project.

Cleanliness may be another area of difficulty. Historically,
sediment and water limiting values have been a nonsense, both
in methodology- and specified levels. This is being addressed
in Europe in particular, but it could prove difficult to imp-
lement in the Asia-~-Pacific region in the short term. New meth-
odology and limiting values are included in the target specif-
ication, but it is appreciated that this may take some time to
implement, particularly since the limits do depend on clean
and dry infrastructure.
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. The target specific-
ation is given in table 9, and the relaxed qualities are given

Table 9-Target specification for automotive diesel fuel

Property

Limiting values

Test method |

Appearance
Density at 15 °C, kg/m3

Cetane number, min.
Cetane index, min.
Flash point, PMcc, °C, min.
Viscosity at 40 °C, mm“/s
Distillation
10 $(V/V) rec. at, °C, max.
50 ¥(V/V) rec. at, °C, max.
85 %$(V/V) rec. at, °C, max.
95 $(V/V) rec. at, °C, max.
Sulfur, %(m/m), max.

Carbon residue (10 %tb),
$(m/m), max.

Ash, %¥(m/m), max.
Water, mg/kg, max

Par§icu1ate matter,
g/m~, max.

Copper corrosion
(3h at 50 °C), Class

Oxigation stability,
g/m~, max.

CFPP, °*C, max.

Neutralisation number
Acid number, max.
Strong acid number

Clear and bright
at 15 °C

820 to 860

49,0
46,0
56,0
2,00 to 4,50
210
295
350
370

0,20

0,30%)

0,01

2502)

25

25
3)

0,20
Nil

)
]
|
Visual l
|
ISO 3675 ort
ISO 12185
ISO 5165
ISO 4264
>S50 2719

IS0 3104

U P R

1SO 3405 ;

ISO 8754

IS0 10370

ISO 6245

IS0 12937

IP PM-BH

IS0 2160

IS0 12205
EN 116

ISO 6618
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Notes:

1. This limit only applies if the method specified is used.
Approximate equivalents are 0,20 t(m/m) if ISO 4262 (Ramsbot-
tom) is used, or 0,15 ¥(m/m) if ISO 6615 (Conradson) is used.

2. This is a measure of total water, and implies only 50 to 100
mg/kg undissolved water (see 4.4).

3. On a ‘normal’ fuel, with no additives, the average diffe_ential
between CFPP and cloud point (ISO 3015) will be 2 °cC.

Table 10-Relaxed requirements for automotive diesel fuel

Property Lowest Intermediate g
Density at 15 °C, kg/m3 815 to 870 865 max. ?
Cetane number, min. 45,0 4€,0 to 48,0 ;
Cetane index, min. 42,0 43,0 to 45,0 |
Viscosity at 40 °C, mm?/s 1,50 to 5,50 1,60 to 5,40
Water, mg/kg, max. s00t) 450 to 300
Parsiculate matter, 2)

g/m~, max. 80 75 to 30
Sulfur, %(m/m), max. 0,50 0,30

Notes:

1. This 4is close to the 0,05 $(V/V) level specified in many trad-
itional specifications, when tested by ISO 3733 {distillation).

2. This is close to the 0,01 $(m/m) level specified in many trad-
itional specifications, when tested by IS0 3735 (extraction).

10. DISCUSSION ON 2-STROKE OIL OPTIONS.

As discuesed in 3.3.3, the generation of meaningful 2-stroke
oil specifications is very difficult, firstly because the
‘real’ properties required have no standardised methodology,
and secondly because a wide range of materials have been found
to be suitable. There are some general principles of course,
such as a need to have a ‘spreader’ or ‘cosolvent’ component to
ensure good mixing with the fuel, the need to have a minimum
flash point for storage and handling, since it may be handled
in uncontrolled conditions, and probably there is an optimum
viscosity range, although this is rather wide. Provision for
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control of basic properties such as sulfur, carbon residue,
water content and pour point would also be expected. Most of
the other properties will be very dependent on the formulation.
For example, it is unreasonable to impose a stringent ash
limit, as some ash-containing additives may be effective in
reducing either deposits or smoke.

The major assessment of the effectiveness of these 2-stroke
oils therefore is likely to be by means of engine tests, and
thus via a route of oil type-approval. The engines chosen will
be representative of those available locally, since there is a
vast amount of manufacturers of these engines, and world-wide
coverage is unlikely, and it is likely that at least two, and
may be up to five, engines will be required. The reason for the
multiplicity of engines is of course because of the different
engine sensitivities to the characteristics under examination,
and a need to achieve differentiation in the test results. For
those countries with substantial 2-stroke engine populations,
this does meéan an infrastructure of testing facilities, al-
though within the region, it may be possible to achieve some
agreement on reciprocal recognition. There should certainly be
agreement on base motor gasoline quality for testing (reference
fuel), oil/fuel ratio for testing, range of properties required
for type approval, and perhaps some form of classification and
labelling system. Because of the uncertainty, and poor reprod-
ucibility of this type of engine testing, it is normally car-
ried out by parallel examination of candidate oils against a
reference oil of known consistent performance. A regional ref-
erence oil would certainly aid in acceptance of reciprocal
type-approvals.

There are seven major properties that need to be addressed in
engine tests, although it is possible that the number of tests
can be reduced by examining an engine for a number of these,
following a single test sequence. An example of this may be
that detergency, ring-sticking and wear, can be assessed on a
single engine type, during a single test sequence, if the
engine is sensitive to variations in lubricants quality in the
same way for a number of different individual quality param-
eters.

Table 11 gives an outline of these engine related properties,
together with a brief commentary, and table 12 gives a basic
‘physical’ specification for a finished 2-stroke oil.

Table 11-Engine test regime for 2-stroke oils

Characteristic Commentary

|
!

Detergency Demerit scale reguired, parallel
: | testing mandatory.
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Table 1l1-continued

|
!

Ring-sticking Can be absolute, e.g. adhesive strength
of deposits, but more commonly, paral-
lel tested.

Wear Can be absolute, e.g. scuff mark dia-
meter, but normally parallel tested.

Lubricity Can only be assessed against reference

Port blocking

oil.

Absolute-measured by power loss, and
physical deposits on exhaust ports.

Smoke , Absolute-measured by smoke meter at

: |

Pre-ignition

specified power/time intervals.

Absolute-number of failures.

Table 12-Physical requiremants for 2-stroke oils

Property

Limiting values

Test method

Density at 15 °cC, kg/m3

Viscosity 2

at 40 °C, mm“ /s

at 100 °C, mm“/s
Viscosity index, min.
Flash point, PMcc, °C, min.

Distillation
; rec. at 320 °c, $(v/v)

Carbon residue, $(m/m), max.
Sulfur, %(m/m), max.
Pour point, °C, max.

Water, mg/kg, max.
Sulfated ash, $(m/m),

850 to 880

50 to 150
8 to 15

96

60

15 to 25

300

Report

IS0
IsOo

IS0

Iso
150

Iso

IsO
Iso
Iso
Iso

Iso

3675 or
12185

3104

2909
2719

3405

10370

8754

3016

12937

3987
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11. OPTIONS FOR SELECTED COUNTRIES.

Whilst it is not possible in these Guidelines to provide coun-
try plans for all countries participating in this Project,
some indication of the priorities and potential positioning of
three countries is looked at with a view to illustrating the
suggested upgrading of fuels and 2-stroke oils quality over
time. For those items selected for progress by individual
countries, the schedule of progress should follow a similar
form of logic.

11.1 Environmental Plan. Vehicular emissions of all types,
regulated, unregulated and global, are only one component of
air quality, and as stated elsewhere in the Guidelines, an
emissions inventory is the first step to formulating a
strateqgy for ambient air quality over the longer term. In a
graduated approach to emissions strategy, measurement will
be the key in all areas, looking at firstly the compliance
with such regulations that are imposed, and secondly the
effect of these regulations on ambient air quality. With
regard to petroleum fuels, this means good statistics on
their qualities and usage in all applications, transport,
industry and domestic, and a coherent approach to fuels qual-
ity and end-use technology in all these areas concurrently,
setting the priorities by the immediate impacts of the major
contributors to air quality degradation.

When we narrow the field to on-highway tranportation fuels,
the vehicles and fuels should be looked at as a single system
so that the introduction of more advanced technologies in
both 0il and motor industries can have the maximum impact on
ambient air quality, with the minimum wastage of resource.
Part of this consideration needs to be a policy on transpor-
tation options, and a view of future transportation usage.
This will include a view on the extent of regulation required
to direct usage to/from public and private transport, and the
control of the gasoline/diesel shares of the market, and for
the former, the contribution of small 2-stroke engines within
the gasoline sector. Dependent on the overall strategy with
regard to greenhouse gases, fuel consumption/engine size for
private vehicles, and power/mass ratios for commercial ve-
hicles may also be considered for regulation, or more usu-
ally, fiscal encouragement/penalty.

Finally, and not considered in these Guidelines, is the role
of alternative fuels, particularly biomass fuels and natural
gas. These will never be a major energy producer overall, but
may have a bereficial impact in specific locations with use
restricted to specific applications.

11.2 China. The Chinese vehicle and fuel market is of considerable
interest world-wide at present, not least because of the pot-
ential for growth. The indigenous market is both small in per
capita terms, and design limited, and thus has a number of
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real problems in terms of environmental performance, and
perhaps as importantly, economic performance. The current av-
erage fuel consumptions (and thus CO, emissions) are very
high across all sectors, and the quaiity of fuels in the
market, particularly the motor gasolines, does not allow for
advantage to be taken of newer technologies in the vehicle
market. The design of gasoline-engined heavy duty vehicles,
dictates both consumption patterns and overall energy bal-

- ances. Specified unleaded motor gasoline is not available in
China, although a significant proportion of the lower octane
grades does actually contain no added lead. The quoted lead
limits however are very high, and there is no infrastructure
segregation. There have been instances of modern vehicles,
fitted with catalytic converters and and lambda probes, com-
pletely destroyed by the usage of leaded Chinese motor
gasoline.

The preferred strategy for China is a very long-term one, and
the priorities will not be those for most other countries.
The problems are horrendous, and the capital required over
say a 10-year period, rather colossal, but failure to start
planning now, whilst traffic density is relatively low, would
mean much more drastic limitations at a later date. Any
strategy derived will require a parallel fiscal policy to
direct/coerce the changes necessary for a coherent growing
transportation market into the next century, without severe
ecological damage. Perhaps, an even more intractable and ex-
pensive problem concerns the infrastructure, in particular
the road network in major cities, and the distribution and
sales of petroleum products.

China has an almost unique opportunity to plan a vehicular
policy for the next century without the overhang of a very
large existing market dominating for a long period. The
forecast is for vehicle population to grow from 7 million in
1992 to 38 million in 2010, and it is the composition of this
incremental 31 million vehicles that will determine the emis-
sions

The direct strategy suggested for fuels quality in China,
assuming that all factors mentioned above are considered, is
based upon:

i) The lead content maxima should be reduced to improve am-
bient air quality in this respect, but the elimination of
lead is not seen as a first priority.

ii) Benzene content shculd be controlled. A limit of 5 %(V/V)
maximum in motor gasoline should be introduced as soon as
possible.

iii) Octane values should be raised, and the number of grades
reduced to not more than 3.
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iv) Density maxima should be introduced for diesel fuels.

v) Over time, at least one diesel fuel of higher ignition
quality should be introduced.

vi) Sulfur contents of lower grades of diesel fuel should be
reduced.

vii) Viscosity maxima for diesel fuels should be reduced/
rationalised.

All the above depends upon a corresponding improvement in
vehicle design, in particular with respect to thermal effi-
ciency (fuel consumption/octane requirement) in passenger
cars, and fuel-efficient diesel-engined heavy duty vehicles
(TC) . Reduced-emission, rather than low-emission should be a
requirement for all vehicles registered after say 1996. Long
term, the introduction of low-emission vehicles and the pro-
vision of unleaded gasoline will be required, and a limited
availability of unleaded gasoline on main highways may be
needed earlier for use by transient vehicles. The quality of
this grade(s) must be commensurate with that of the vehicles
which will use it (see 8.3), and this will mean a reduced
sulfur content from that currently proposed in table 13,
even taking into account note 6. Delivery should also be

via a ‘small’ nozzle.

Tables 13 and 14 give an outline of proposed key quality
items for a possible motor gasoline and diesel fuel grade
structure, and some suggested step-wise improvements with
time. It should be emphasised that these limiting values
should be implemented at the earliest opportunity, and that
they should be regarded as the initial steps on the route
towards the ‘target’ values given in tables 6, 7 and 9.

Table 13-~Leaded motor gasoline for China

Low Regular | Premium
Property T ,
. :
T
Appearance Clear and bright
RON min. 79 20 95
MON min. 70 80 85 |
Density at 15 °cC, kg/m3 2) 710 to 785|710 to 785|710 to 7Bd
Vapour pressure at i
37, °C, kPa 3) | eeee—e-- 35 to 70(S)=-==-~-- |
T 55 to 90 (W)=-~====-- |

\ \ N
‘ \ \
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Table 13-continued

|
Distillation 3) ;
E70, °¢c ) esce———— 15 to 45(S)=-====-~- !
-------- 15 to 47 (W) =—~==—=—= |
E100, °¢c |  e————— 40 to 65(S)—=v==——- i
-------- 43 to 70(W)=—————=~ |
E180, °C min. 85—
FBP, °C max. 215~~~ memmnemno ,
Residue, t(V/V), max. 2 - ———
VLI 3) max. |  e==——-—- 950(S)---1100 (W) - ——~—-
Benzene, %(V/V), 4) max. 7,0 e —— :
Lead, gPb/1, 5) max. 0,40
Sulfur, ¥(m/m), 6) max. | emvecccece—- 0,15-—————=—c—o- '
Oxidation stability, min, min. 360-~~m—mmr———— i
Gum (solvent washed),
ng/100 ml, max. Se——- —_——
Copper strip .corrosion
(3 h at 50 °C), Class 1 -

Notes:

1. This grade is for existing 4-stroke engined vehicles that
can run on it, and small 2-stroke engined vehicles, both
existing and new.

2. This range should be narrowed with time towards the ‘target’
values.

3. More seasonal/regional grades may be required. These limits
apply to summer ambient temperatures of around 30 °C, and
winter ambient temperatures of around 0 °C.

4. Provision needs to be made for benzene contents to be re-
duced to 5 ¥(V/V) as soon as possible, and possibly at later
stages to 3 $(V/V) or even 1 %(V/V) in the long term in un-
leaded motor gasoline when this is introduced.

5. Lead should be reduced in stages to reach 0,15 gPb/1l no
later than 2000.

6. Sulfur should be reduced to 0,10 $(m/m) as soon as practic-
able. No further reduction for leaded motor gasoline seems
to be necessary.
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Table 14-Automotive diesel fuels for China

Grade :
Regular Premium !
Property |
Appearance @@ | =m==———-- Clear a..d bright------ !
Density at 15 °C, kg/m> 1) min.| 815 to 880 815 to 870 |
1 Cetane number, 2) min. 45 47 ’
| Cetane index, 2) min. 42 45 5
: Flash point, PMcc, °C, 3) min.; $6-———————eee
i Viscosity at 40 °C, mm2/s 3) | =—m=—=———- 1,50 to §,50--————
Distillation 3) :
: 10 $(V/V) rec. at, °C, max. 225 215 |
50 $(V/V) rec. at, °cC, max. 300 295
85 %(V/V) rec. at, °C, max. 350 -
95 $(V/V) rec. at, °C, max. 370 -
|
Sulfur, $(m/m), 4) max. 0,50 0,20 .
| carbon residue (10 %b)
$(m/m) 5) max. 0,40 0,30
i Ash, %¥(m/m) max. 0,0l
Water, mg/kg, 6) max. 500 300
Particulate matter, g/ma, 6) max.| ~--ececcce——- 50~=mmm—— e
Copper corrosion
(3 h at 50 °C), Class l-—rmmeccee——
Oxidation stability, g/m3, max. 25-——mm e
CFPP, °C, 7) max.| ----- 10(s), | -10(W) --==--
Neutralisation number
Acid number max. 0,50 0,20
Strong acid number Nil ———

Notes:

General: A distinction between regular and premium grades may
be on the basis of usage, and it is normal to have a fiscal
differential- also. This relates to the regular grade being
duty-exempt/reduced for off-highway applications such as




-44-

agriculture, construction, airport/port transport etc. In
this scenario, the ‘regular’ grade should be dyed and marked
to minimise duty evasion.

1. The density maximum, particularly of the premium grade,
should be reduced at the earliest opportunity (see annex G).

2. The ignition quality of the premium grade should be improved
towards the ‘target’ quality over time.

3. This value is that almost universally used in storage and
handling regulations for gas oils. At very low ambient tem-
peratures (and thus light product requirements), this may
need to be relaxed. In those areas requiring such relaxation,
the fuel should be handled as a ‘flammable’ liquid.

4. The sulfur maximum of the regular grade should be reduced
towards 0,20 ¥ (m/m) maximum in steps over time.

5. The limits apply to test method ISO 10370 only (see note 1 to
table 9).

6. These limits should be reduced. Regular monitoring should
provide an indication of the condition of the distribution
system, and where clean-up is required. The limit proposed
is an estimated ‘starting point’.

7. Many more seasonal/regional grades may be required (see
annex B, BS EN 590).

11.3 Indja. In many respects, India enjoys many commonalities with
China in respect of obsolescent vehicle design, domestically
produced, poor fuel quality, and in urban areas, a generally
insufficient paved road network. However, in respect to emis-
sions and ambient air quality in urban areas, India is sig-~
nificantly worse than China, due largely to its much higher
per capita vehicle ownership, and the very high proportion of
small 2~ and 3-wheeled 2-stroke engined vehicles in this
population. In Delhi at least, the absence of any mass tran-
sit system mitigates against a rapid improvement in the
position.

There has been little investment in the approximately 40 ref-
ineries in India over the past 20+ years, in a period of
relatively high growth in both the vehicle parc and the gen-
eral economy, particularly the chemical industry. Refineries
are consequently stretched for quantity, with many of the
better components for motor gasoline (reformate) being used
for chemical intermediates. This leaves the octane pool
rather low, and in most areas, the best quality available is
well below ‘lowest’ regqular limits, which has the effect of
new vehicles needing to be de-tuned considerably, even to
run. The fuel consumption and emissions are of course consid-
erably increased by this practice, quite apart from the pot-
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ential longer-term engine damage. To obtair some control over
the emissions from motor gasoline engined vehicles therefore,
needs firstly country-wide availability of a fuel suitable
for new vehicles to conform to their design fuel consumption
and emissions, and secondly, a strateqgy for 2- and 3-wheeled
2-stroke vehicles that ensures their emissions improvement
over time. As for China, the elimination of lead from motor
gasoline cannot be a first priority, although the guantity
should be contained and then reduced. It seems unlikely that
unleaded gasoline of a reasonable quality, on any significant
scale, can be made available this century.

The situation is similar for automotive diesel fuel (HSD),
where lack of refinery upgrading and constrained feedstock
choices leads to a very high sulfur, and in some locations,
low ignition quality, product. This, combined with the rel-
atively poorly maintained and elderly vehicle parc, leads in
turn to high emissions and poor fuel economy. In the auto-
motive market, sulfur contents of 1,0 $(m/m), with even rep-
orted excursions above this, cannot be considered commensu-
rate with any reasonable emissions strategy, and this must be
a high priority for attention. Ignition quality is more diff-
icult, depending so highly on feedstock quality, but the ab-
sence of a higher ignition quality minimum precludes the in-
troduction of lower emission engined vehicles. In the medium
term, ignition-improver additives in some locations may be an
economic solution.

Tables 15 and 16 give an outline of a ‘first step’ improved
leaded motor gasoline and automotive diesel fuel specifica-
tion which should be implemented as soon as possible. Furth::
improvements will need to be planned and implemented at
regular intervals, with the objective of at least reaching
‘target’ leaded fuel limiting values within 10 years.

Table 15-Leaded motor gasoline for India

Grade : T
2-stroke | Regular | Premium
Property , E
Appearance ===z | eecccec--- Clear and Bright--------
- RON min. : 79 ; 90 95
MON min. - : 80 85
Density at 15 °C, kg/m> 2) | 705 to 785| 710 to 785 | 710 to 780

Vapour pressure at 37,8 °C,
kPa, 3) eemmmmemmee- 35 to 70-=====--n--

- : . —dh
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Table 15-continued

| [ i
Distillation 3) .
E70, °C -- —e===12 tO 45--—-—-m——ee- :
E100, °C 40 tO 65-=~———m——uun
E180, °C min. -85
FBP, °C, max. 215~ ——— -
Residue, %(V/V), max. Qe — e
VLI 3)max. 950 _———
Benzene, $(V/V), max. e ——————
Lead, gPb/1, 4)max. 0,40=~——=emmem— e
Sulfur, %(m/m), S)max. 0,25 0,20 ‘ 0,15
Oxidation stability, min,min. -360=———=—mm e |
i
Gum (solvent washed) i
mg/100 ml, max.‘ ---------------- frm———em e ;
Copper strip corrosion i
5 (3 h at 50 °C), Class i i
! ! | 1 |
Notes:

1. Quality of base gasoline excluding 2-stroke oil. Consideration
should be given to supplying this grade pre-mixed only.

2. This range should be narrowed with time.

3. Seasonal/regional grades may be required. These limits apply to
ambient temperatures of around 30 °C + 5 °C.

4. This limit is significantly below existing limits (0,56 gPb/1
to 0,80 gPb/l) and should be targeted for early implementation.
Further reductions to 0,15 gPb/l should be planned.

5. These limits reflect only a slight improvement on the current
values. Reduction to 0,10 %(m/m) maximum should take place as
soon as possible.

Table 16-Automotive diesel fuel for 1India

. |
Property Limiting values !
Appearance Clear and Bright
| Density at 15 °c, kg/m’ 1) 815 to 870

—
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Table 16-continued

Cetane number 2) min. 45 é
Cetane index 2) min. ' 42 t
Flash point PMcc, °C 3) nin.i 56 !
Viscosity at 40 °C, mm’/s 4) 1,50 to 5,50 ;
Sulfur, ¥ (m/m) 5) nax.é 0,50
Ash, %(m/m) max. : 0,01
Distillation
10 $(V/V) rec. at, °C, max. 220
50 ¥(V/V) rec. at, °cC, max. 295
85 $(V/V) rec. at, °C, max. 350
95 $(V/V) rec. at, °cC, max. 370
z Carbon residue (10 tb), %¥(m/m) 6) max. 0,30
' Water, mg/kg, 7) max. 300
Particulate matter, g/m3 7) max. 50
' Copper corrosion (3 h at 50 °C), Class 1
f Oxidation stability, g/m3 max. 25
' CFPP, °C, max. 10
. Neutralisation number
Acid number max. 0,30
Strong acid number Nil
Notes:

1. The density range, and in particular the maximum, should be
narrowed in steps towards the ‘target’ value.

2. This is considered to be the minimum quality necessary for use
with modern engines, albeit at increased emissions. The CT
limit is equivalent to current limiting values, and the CN
could be achieved by the use of approximately 0,10 $(m/m) +
0,05 $(m/m) of organo-nitrate ignition improver.

3. The current value allows the use of light components (for quan-
tity). This should be eliminated in the longer term for perfor-
mance, emissions, and most importantly, for safety reasons.
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. The current maximum limit is too high for modern fuel pumps. It
is probably rarely approached in practice.

This is half the current limit, and should be regarded as a
start only. Reduction to 0,20 ¥(m/m) should be planned and
implemented over time.

The limit applies to test method ISO 10370 only (see note 1 to
table 9).

See note 6 to table 14.

11.4 Singapore. Of the countries involved in this Project, Sing-

apore is probably the most advanced in terms of the current
status of integration of an air quality strategy with emis-
sions, vehicles, and fuels quality. This represents a costly
investment, both by State and individuals, and the cost of
personal transportation is high. Conversely, public transport
is widely available, efficient and cheap. The regulations are
tough and effective, with the result that there are virtually
no passenger cars more than 7 years old, taxis and heavy-duty
vehicles are extremely well maintained, and the indigenous
small 2-stroke market is very small.

Of course, Singapore has enormous advantages. It is small,
but has one of the largest entrepot oil refinery capacities
in the world. This capacity is in terms of the most sophisti-
cated yield-shifting and upgrading design, capable of provid-
ing International quality products from a great variety of
feedstocks. The impact of high quality demands from the small
local Singapore market is thus very limited on the refining
capabilities.

The single grade of leaded motor gasoline remaining, is of
‘super’ quality (98 RON), meeting all the target qualities of
tables 1 and 2, and most, if not all, of the marketers in-
corporating second or third generation additive packages.
This grade may soon be severely restricted in availability as
the Singapore market approaches 80 % unleaded.

There are two grades of unleaded motor gasoline, one at 98
RON and the other at 92 RON, again both containing advanced
additive packages, and exceeding the minimum target require-
ments of tables 6 and 7, with the possible exception of
benzene content.

Because of ite size, Singapore unusually has a relatively
small diesel vehicle market, with sales of diesel fuel appr-
oximately equal to that of motor gasoline. The current auto-
motive diesel fuel does not have quite the same relationship
to the target qualities as the motor gasolime, although again
there is an-advanced additive package included. The main area
of divergence is sulfur content, although density and back-
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end volatility are also not controlled to the target limiting
values. Because the major feedstocks to the Singapore refin-
ing complex are high sulfur Middle East crude oils and compou-
nents, and some naphthenic/aromatic Far East crude oils in
addition to the highly paraffinic type, the balance regquired
to obtain low sulfur and low density middle distillates is
extremely delicate. Since de-sulfurisation is now required
for many unleaded motor gasoline components/feedstocks to
meet limits of 0,05 ¥(m/m), the de-sulfurising capacity
(hydrogen availability) of even the Singapore refineries, is
insufficient to treat all product streams. Thus the current
automotive diesel fuel limit of 0,50 $t(m/m) is likely to be
reduced only slowly with time towards the target of 0,20
$(m/m). For some of the Far East crude oils, although low in
sulfur, the density is high and ignition quality iow, for
conventional automotive diesel fuel distillation ranges.
Decreasing density by decreasing the distillation temperat-
ures, correspondingly decreases ignition quality even fur-
ther. Advanced technology and the availability of new com-
ponents will with time improve this situation.

L L T B T S T S L T B ]
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ANNEX A (informative)

MAJOR MOTOR GASOLINE SPECIFICATIONS

A.1 CEC LEGISLATIVE FUEL RF-08-A-85.

Type-Premium Gasoline, Unleadedl)z)

Applications-Exhaust Emissions Test (ECE 15)
-Fuel Consumption Test
-Power Measurement Test
-Evaporative Emissions Test

Property Limiting values method

RON _ 95,0 5164
MON 85,0 5163

Density at 15 °C, kq/m3 748 to 762 3675 or
. 12185

Vapour pressure at 37,8
kPa 3007

Distillation 3405
IBP, °C

10 ¥(V/V) evap. at,
50 $(V/V) evap. at,
90 ¥(V/V) evap. at,
FBP, °C

Residue, %(V/V)

Hydrocarbon analysis
Olefins, $(V/V) ISO 3837
Aromatics, $(V/V) 180 3837
Benzene, Y (V/V) EN 2383)

. EN ABC

Carbon/Hydrogen ratio

Oxidation stability,
min, ISO 7536

Gum (solvent washed)
mg/100 ml ISO 6246

Copper corrosion
(3 h at 50 °Cc), Class IS0 2160

Lead, mgPb/1l

Sulfur, $(m/m) ISO 8754

Phosphorus, mg/1l ASTM D3231
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Notes:

1. The use of oxygenates is prohibited. The blended fuel shall
contain only conventional refinery components.

2. The fuel may contain oxidation inhibitors and/or metal de-act-
jvators normally used to stabilise refinery gasoline streams.
No detergent/dispersant additives or solvent oils are to be
added.

3. Pending publication of these methods, ASTM D2267 and ASTM D3606
shall be used as alternatives.
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A.2 BS EN 228.

This represents the UK implementation of European Standard
EN 228. It is similarly implemented, in English, French or
German, by all Member States of EC and EFTA, with their own
National Annexes.

BRITISH STANDARD BS EN
228 : 1993

Specification for

Unleaded petrol
(gasoline) for motor
vehicles

The European Standard EN 228 : 1083 has the status of &
Britsh Standard
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BS EN 22§ : 1993

National foreword

This British Standard has been prepared under the direction of the Petroleum
Standards Policy Committee and is the English language version of EN 228 :
1993 Automotive fuels — Unleaded petrol — Requirements and methods of test,
published by the European Committee for Standardization (CEN).

EN 228 : 1993 was produced as a result of international discussions in which
the United Kingdom participated.

BS EN 228 supersedes BS 7070 : 1988, which is withdrawn.

EN 228 : 1993 requires that each country implementing it establishes national
annexes detailing requirements for ‘Pump marking’, ‘RON and MON
requirements for regular grade’, and *Seasonal volatility’. Also, if the methods
for sampling given in ISO 3170 and ISO 3171 are not to be used, a national
annex has to detail national requirements. National annex NA of BS EN 228
gives additional requirements on sampling, in particular for sampling from the
pump; national annex NB gives details of requircments for 'Pump marking';
national annex NC gives details of the ‘RON and MON requirements for regular
grade’; and national annex ND gives details of seasonal volatility requirements.

The principal differences between this British Standard and BS 7070 : 1988
include the following.

Phosphorus containing compounds are excluded.
The acidity of fuel ethanol blendstock is limited.
The minimum density is increased to 725 kg/m” and a maximum given.

The limit for sulfur content is reduced to 0.10 % (m/m) and, from
1995-01-01, to 0.05 % (m/m).

The minimum oxidation stability is increased from 240 min to 360 min.
A storage grade with an oxidation stability of 480 min is no longer included.
Oxygenates are now limited by reference to Directive 85/536/EEC.

NOTE. Testing. In che Juboratory testing of petrol against the requirements of clause 5 of this

s British Standard it is necessary to use equipment and procedures exactly as laid down in the
appropriate test metheds. In particular it is essential to use properly inspected and maintained
standard CFTt! engincs for the determination of both RON and MON. A useful guide to the
satisfactory operation and test precision of 8 CFR engine can he obtained by including it in the
Engine Test Correlation Programme of the Institute of Petrolcum. Details of this programme are
available from the Institute of Petroleum or the Dritish Standards Institution.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

1) Co-operative Fuel RResearch Committee.




-A7~-

EUROPEAN STANDARD EN 228

NORME EUROPEENNE

EUROPAISCHE NORM March 1993

UDC 665.733.56.038.5 : 662753 : 620.1 Supersedes EN 228 : 1987

Descriptors: Motors vehicles, gasoline, unleaded gasoline, specifications, characteristics, tests, volatility, reference to standards

English version

Automotive fuels — Unleaded petrol — Requirements and
methods of test

Carburant pour automobiles — Essence sans Kraftstoffe fur Kraftfahrzeuge — Unverbleite
plomb — Exigences et méthodes d’essai Ottokraftstoffe — Mindestanforderungen und
* Prifverfahren

This European Standard was approved by CEN on 1993-03-16. CEN members
are bound to comply with the CEN/CENELEC Internal Regulations which
stipulate the conditions for giving this European Standard the status of a
national standard without any alteration.

Up-to-date lists and bibliographical references concerning such national
standards may be obtained on application to the Central Secretariat or to any
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Foreword

This European Standard was drawn up by
CEN'TC 19 **Test methods and specifications for
petroleum products’’.

The standard was approved and in accordance with
the CEN/CENELEC Internal Regulations, the
following countries are bound to implement this
European Standard: Austria, Belgium, Denmark,
Finland, France, Germany, Greece, Iceland,
Ireland, Italy, Luxembourg, Netherlands, Norway,
Portugal, Spain, Sweden, Switzerland and United
Kingdom.

This European Standard shall be given the status of
a national standard, either by publication of an
identical text or by endorsement, at the latest by
September 1993 and conflicting national standards
shall be withdrawn at the latest by

September 1993.

This European Standard cancels and replaces

EN 228 : 1987 in whole. In this second edition of
EN 228 provisions for requirements to be set
nationally for characteristics designated in the first
edition as type B and type C characteristics are
deleted. For all relevant characteristics
requirements and test methods are now specified in
this European Standard. Only for climatically
related requirements provisions are included for
national bodies to specify seasonal grades from a
limited number of grade-options given in this
European Standard.

Also in this second edition requirements are
included or amended as appropriate to account for
the use of oxygenates in unlecaded petrol.

This European Standard has been prepared under a
mandate given to CEN by the Comnmission of the
European Communities and the European Free
Trade Association.

Annex A forms an informatjve part of this
European Standard.

Introduction

As a consequence of the adoption of the request
issued to CEN concerning the establishment of a
standardization programme in the field of motor
vehicle fuels (BC/CEN/8/87) by the Commission of
the European Communitics, the Commission
requested that CEN create two European Standards
for unleaded petrol in addition to the existing

EN 228. One European Standard was to deal with
the characteristics designated in the first edition as
type B and type C characteristics, for which
national bodies would no longer be allowed to set
requirements nationally. The other European
Standard was to set or amend requirements as
necessary in view of the use of oxygenates in
unleaded petrol.

In view of the major effects that these two new
European Standards would have on the existing
EN 228 and on cach other, it was decided by
CEN/TC 19 to draft a full new edition of EN 228 in
response to these requests.




1 Scope

This European Standard specifies requirements and
methods of test for unleaded petrol as marketed
and as delivered in the countries of the members of
CEN. It is for use in petrol engine vehicles designed
to run on unleaded petrol, including those
equipped with devices to reduce emitted
pollutants.

All requirements apply equally to regular and
premium grade unleaded petrol, unlass indicated
otherwise. The requircments regarding the regular
grade apply only if a regular grade unleaded petrul
is marketed.

2 Normative references

This European Standard incorporates by dated or
undated reference, provisions from other
publications. These novmative references are cited
at the appropriate places in the text and the
publications are listed hercafter. For dated
references, subscquent amendments to or revisions
of any of these publications apply to this European
Standard only when incorporated in it by
amendment or revision. For undated references the
latest edition of the publication referred to applies.
ENS Determination of existent gum in’
Juels by jet evaporation

Liquid petrolcaum products -
Determination of vapour pressure -
Wet method

Liquid petroleum products -
Determination of low lead
concentrations - Alomic ubsorption
Spectrometric method

Liguid petroleum products -
Determination of the benzene content -
Infrared spectrometric method

Petroleum products und
hydrocarbons - Determination of
sulfur content - Wickbold combustion
method

ISO 1388-2 : Ethanol for industrial use - Method of

1981 lest - Purt 2 : Detection of alkalinity
or determination of acidity to
phenolphthalein

EN 12

EN 2371

EN 2381

EN 242602
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ISO 21€0 :
1985

IS0 3170 :
1988

IS0 3171 :
1988

Petroleum products - Corrosiveness o
copper - Copper strip test

Petroleum products - Liquid
hydrocarbons - Manual sampling
Petroleum products - Ligquid
hydrocarbons - Automatic pipeline
sampling

Petroleum products - Determination of
distillation characteristics

Crude petroleum and liquid
petroleum products - Laboratory
determination of density or relative
density - Hydrometer method
Petroleum products - Determination

and application of precision data in
relation to methods of test

Motor and aviation-type fuels -
Determination of knock
characteristics - Motor method

Motor juels - Determination of knock
characteristics - Research method

Gasoline - Determination of oxidation
stability - Induction period method
Petroleum products - Determination of
sulfur content - Nondispersive X-ray
Jluorescence method

Test method for density and relative
density of liquids by digital density
meter .

1SO 3405 :
1988

1S0 3675 :
1976

ISO 4259 :
1979

ISO 5163 :
1990

iSO 5164 :
1990

ISO 75363

ISO 8754 -
1992

ASTM D
40524 .
1991

3 Sampling

Samples shall be taken as described in ISO 3170 or
ISO 3171 and/or in accordance with the :
requirements of national standards or regulations
for the sampling of unleaded petrol. The national
requirements shall be set out in detail or shall be
referred to by reference in a national annex to this
standard.

NOTE. It is essential that for sampling of unleaded petrol the

containers used to take and store the samples before test gre
not contaminated with jead,

) These standards are to be published. Pending their publication the following standurds may be used.

For EN 237: ASTM D 3237-00): Test methods for lead in gasoline by stomic absorption spectrometry.

For EN 238: ASTM D 2267-88: Test method for aromatics in light naphthas and aviation gasolines by gas chromatography.

DTy be published. (CEN implementation of ]SO 4260 : 1987, to replace EN 41 - 1975, Determination of the sulphur contens of

?ctmlcum producis by the Wickbold combuation method. )
) To be published.

) ASTM D 4052-91 is a joint ASTM/IP method and carries also the designation IP 365/1984 (1986).
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4 Pamp marking

Information to be marked on dispensing pumps
used for delivering unleaded petrol, and the
dimensions of the mark shzll be in accordance with
the requirements of national standards or
regulations for the marking of pumps for unleaded
petrol. Such requirements shall be sct out in detail
or shall be referred to by reference in a national
annex to this European Standard.

5 Requirements and test methods

5.1 Dyes and markers
The use of dyes and markers is allowed.

5.2 Additives

In order to improve the performance quality the
use of additives is allowed.

5.3 Phosphorus

In order to protect automotive catalyst systems,
phosphorus containing compounds shall not be
included in unleaded petrol.

-Al10-

5.4 Oxygenates content

The limits for the oxygenates content are given in
an EC Directive (sec Annex A, Al). An EN giving
a test method for the determination of the
oxygenates content is being developed. For the
time being methods as indicated in the relevant EC
Directive (see Annex A, A2) shall be used.

5.5 Acidity

To adequately limit the acidity of the petrol, the
acidity of fuel ethanol used as a blendstock shall
not exceed 0,007 % m/m (as acetic acid) when
tested in accordance with ISO 1388-2.

5.6 Generally applicable requirements and test
methods

When tested in accordance with the test methods
indicated in tables 1 and 2, premium grade
unleaded petrol and regular grade unleaded petrol
respectively shall be in accordance with the limits
specified in tables 1 and 2.

ﬁhblc 1. Generally applicable requirements and test methods for premium grade unleaded petrol

Property Units Limits Test method
Min. Max.
Research octane number, RON 95,0 - ISO 5164
Motor octane number, MON 85,0 - ISO 5163
Lead content @l - 0,013 EN 237
Benzene content % v - 50 EN 238
Density (at 15 °C) : kg/m? 725 780 1SO 3675/ASTM D 4052
Sulfur content % m/m - 0,100 | EN 24260/1SO 8754
Oxidation stability min 360 - ISO 7536
Existent gum content (solvent mg/(100 ml) - 5 ENS
washed)
Copper strip corrosion (3 h at 50 °C) | rating class 1 1SO 2160
Appearance clear and bright Visual inspection
) From 1995-01-01 onward the sulfur content shall be: 0,05 % m/m max.
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Table 2. Generally applicable requirements and test methods for regular grade unleaded petrol

Property Units Limits Test method
Min. Max.
Research octane number, RON 1 - ISO 6164
Motor octane number, MON D - ISO 5163
Lead content g - 0,013 | EN 237
Benzene content % Vv - 5.0 EN 238
Density (at 15 °C} kg/m3 725 780 ISO 3675/ASTM D 4052
Sulfur content % m/m - 0.10% | EN 24260/1SO 8754
Oxidation stability ' min 360 - 1SO 7536
) Existent gum content (solvent mg/(100 ml) - 5 ENS
washed)
Copper strip corrosion (3 h at 60 °C) | rating class 1 ISO 2160
Appearance clear and bright Visual inspection
1) RON and MON shall be specified in 8 national annex to this European Standard, in accorc¢ance with the provisions of the
relevant EC Directive(s).

2) From 1995-01-0] onward the sulfur content shall be: 0,05 X m/m max.

55

S0

8 Qlass indication

45

"N

VLI value
40

35+

304

€70.% v/V

257

20

2 3/4 5/6 17

15

10 T T T T T T T 1
30 L0 S0 60 70 80 90 100 110

VP, kP2

Figure 1. Relation between VP, E70 and VLI for the eight different volatility classes
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. 5.7 Climatically dependent requircments and
test methods

5.7.1 Water tolerance

* Given the known potential for some motor
gasolines to absorb water, suppliers shall ensure
that no water segregation occurs under the range
of climatic conditions experienced in the country
concerned. When there is a risk of water
separation, anti-corrosion additives shall be
incorporated.

5.7.2 Volatility requirements

The volatility requirements of petrol shall be
controlled by limits on the propertices given in
table 3.

~-Al2-

To meet the different seasonal and geographical
conditions eight volatility classes are defined as
given in table 4, and illustrated by figure 1. Each
country shall, in a national annex to this European
Standard, specify which one of these eight classes
applies during a defined period of the year for a
defined region of its country.

5.8 Precision and dispute

All the test methods referred to in this European
Standard include a precision statement. In cases of
dispute, the procedures described in ISO 4259 for
resolving the dispute, and interpretation of the
results based on test method precision shall be
used.

) ['lhble 3. Properties for volatility requirements Annex A (informative)

Bibliography

* Property Unit Limits

' Vapour Pressure, VP kPa min./max.

! Percentage evaporated at % V/V | min./max.

170 °C, E70

" Percentage evaporated at % V7V | minsmax.
100 °C, EI00

i Percentage evaporated at % V/V | min.
; 180 °C, E180

i Final Boiling Point, FBP °C max.
, Distillation residue . % WV max.
' Vapour Lock Index, VLI min./max.

{(VLI = 10 VP + 7 E70)

A.1 Directive 85/536/EEC, Council Directive on
crude-oil savings through the use of substitute fuel
components in petrol

A.2 Directive 87/441/EEC, Commission Directive
on crude-oil savings through the use of substitute
fuel components in petrol

Table 4. Volatility ¢lasses

| Property Units Limits Test

: method

i class class class class class class class class

| 1 2 3 4 5 6 7 8

t\’apour kPa, min. 35 35 45 45 55 85 60 65 |(EN 121

j pressure kPa, max. 70 70 80 80 90 %0 5 100

}% evaporated % V/V, min. 15 15 15 15 15 15 15 20 |ISO 3405
at 70 °C % V/V, max. 45 45 45 45 47 47 47 50

‘VLI max. 900 950 1000 1050 1100 1150 1200 1250

(10VP + TE70)

% evaporated % V/V, min. -40 40
at 100 °C %. V/V, max. 65 65

1% evaporated % V/V, min. 85 85
at 180 °C

\FBP °C, max. 215 215
Distillation % V/V, max. 2 2
residue

40 40 43 43 43 43 |ISO 3405
65 65 70 70 70 70

85 85 85 85 85 85 11S0O 3405

215 215 215 215 215 215 |ISO 3405
2 2 2 z 2 2 |1S0 3405

replace EN 12 by s generslly spplicable method.

) EN 12 is suitable for oxygenates contents meeting column A of the relevant Directive (see Annex A, Al). It is intended to
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National annex NA (normative)
Sampling requirements

NA.l Intraduction

This national annex gives the sampling
requirements to comply with clause 3.

NA.2 Sampling

NA.2.1 Sampling from storage tanks

For the purposes of this British Standard all
sampling shall be carried out in accordance with
the relevant procedures of BS 3195 : Part 1 : 1989
and, additionally, as detailed in NA.2.3.

NOTE 1. Attention is drawn to the speciul precautions needed
for samples for the determination of Reid vapour pressure (see
BS 2000 : Part 69).

NOTE 2. The methoc described in NA.2.3 1s designed for
sampling the bulk of fuel being fed to the offtake point. The

examination of equipment, e.g. pumps to detect fauity
operation, may require the use of different techniques.

NA.2.2 Sampling from pipelines

For the purposes of this British Standard all
sampling shall be carried out in accordance with
the relevant procedures of either BS 3195 : Part 1 :
1989 or BS 3195 : Part 2 : 1989 and, additionally,
as detailed in NA.2.3 (see note 2 to NA.2.1).

BS 3195 : Part 2 : 1989 shall be used in
combination with a variable volume receiver which
maintains the integrity of the sample.

NA.2.3 Sampling from petrol pumps

NA.2.3.1 Sampling cans of 51 and 1 | capacity

The construction of the cans shall conform to the
appropriate safety requircments for cans that are
to hold highly flammable material. Cans shall be
constructed from lead-free material except that
lead solder may be used for the attachment of
external fittings. They shall be provided with screw
caps incorporating a petroleum resistant washer in
good condition.

A stock of cans shall be Kept solely for the purpose
of taking samples of unicaded petrol. Such cans
shall be clearly identified and kept separate from
cans used for the purpose of taking samples of
leaded petroleum in accordance with BS 4040.
NOTE. Attention is drawn to the fact that sampling cans will
need to conform to the statutory safety requirements for the
classification, packaging and labelling of dangerous substances.

NA.2.3.2 Preparation of cans

New cans shall be rinsed with unleaded petrol
before being Lsed, to remove any residual traces of
oil left during manufacturing operations, and then
allowed to dry. Before use, all cans shall be
checked to ensure that they are sound and free
from leaks.

NA.2.3.3 Sampling procedure

From the pump nozzle, 5 1 of petrol shall be drawn
carefully into a cool 5 1 can using a clean dry
funnel. Immediately afterwards, this sample shall
be decanted carefully into the requisite number of
1 1 cans, using a funnel, filling the cans within

15 mm of the bnm.

If more than 5 1 is needed, the operation shall be
repeated immediately and before the pump has
been used for any other purpose. The screw caps
shall be tightened fully and the cans checked to
ensure that there arc no leaks.

The sanipling procedure shall not be carried out in
direct sunlight.

NOTE 1. If carried out in direct sunlight. changes in fuel quality
especially octane level, may occur.

NOTE 2. A quanuty of | 115 sufficient for the determination of
octane number and certain other tests but it 1s advisable to

provide each laboratory with 2 1 of sample in case further work
is needed; it is essential that these 2 | be dentical matenal.

NA.2.3.4 Storage, labelling and trarvsport

Samples shall be kept in a cool place although it is
not necessary to kecp them refrigerated.

NOTE 1. If left in direct sunhight there s a danger that the cans
will *balioon’.

Full and legible information relating to the source
of the sample shall be attached to the can in such a
manner that it will not easily become detached
subsequently.

NOTE 2. If required, the sample may be sealed and labelled to
maintain the legal integrity.

NOTE 3. If the sample has to be sent to a laboratory by public
transport, it will be necessary to comply with the general
regulations covering transportation of flammable materials and
with the requirements of the transport authority concerned.
Information on the appropriate procedures and the type of

packaging required should be obtzined from the transport
authority involved.

NA.3 List of references

NA.3.1 Normative references

BS 3195 : Methods for sumpling
petroleum products
BS 3195 : Manual sampling of liquid
Part 1 : 1989 hydrocarbons
BS 3195 : Automatic pipeline sampling
Part 2 ; 1989 of liquid hydrocarbons

NA.3.2 Informative references

BS 2000 : Methods of test for petroleum
and its products
BS 2000 : Reid vapour pressure of

Part 69 : 1982 petroleum products

BS.4040 : 1988  Specification for leaded petrol
(gasoline} for motor vehicles
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National annex NB (normative)
Pump marking requirements

NB.1 Introduction

This national annex gives the pump marking
requirements to comply with cluse 4.

NB.2 Requirements

For the purposes of this British Standard the
following information shall be warked on cach
dispensing pump or container used fur dehvering
petrol conforming to this British Standard into the
consuming vehicle.

a) The name or mark of the supplicr or vendor of
the petrol.

b) The grade designation “Prenuum® or “Regular
as defined in 5.6 and displayed as shown in
figure NB.1. The minimum dimensions of this
mark shall be as shown in figure NB.1 (see
note 1) and the colour used for the design and
lettering shall be in clear contrast to the
background colour {see¢ note 2).
NOTE 1. The mintmum dimensions of the mark given in
figure NB._1 have been selected to enable its application to
pumps of the snullest anticipated dimensions. It s strongly
recommesded that, i the mterests ot visibility to the motonise
the larger recommendal dimensinns be used wherever possibie

NOTE 2. It is recommended that the pronunent colvur should
be green. The preferred cclour is colour number 216 of
BS 381C.

The mark shall be in a prominent position

NB.3 Informative reference
BS 381C : 1988 Specification for colowrs for
identification, coding and
special purposes

Recommendedd Mininum
mm nun
25 16
15 . 12
[4 100 ()]

NOTE. For Regular grade, substitute the word *Regular’ for *Premium’.

Figure NB.1. Form of mark for unleaded petrol, Preminm grade
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National annex NC (normative)

RON and MON requircments for regular
grade

NC.1 Introduction

This national annex gives the RON and MON
requirements for regular grade to comply with
footnote 1 to table 2.

NC.2 Requirement for anti-knock values

For the purposes of this British Standard unleaded
petrol designated as ‘regular’ shall have anti-knock
values expressed as RON and MON not less than
the minimum values given in table NC.1 when
tested by the methods given in table NC.1.

Table NC.1 Minimum anti-knock values for

Table NC.2. Reproducibility of RON test
method

RON ! Reproducibility, R
90 0.7
91 0.7
92 0.7
93 0.6
94 0.6
95 0.6
96 0.6
97 0.6
96 0.7
99 0.7

100 0.7

regular grade

Property Limit min. Test method
RON 90.0 BS 2637 : 1991
MON 80.0 BS 2638 : 1991

NOTE. Table NC.2 has been calculated from the
reproducibility data published in ASTM D 2699-86 : IP 237/69,
Section 18 and figure 3a.

NOTE 1. The interpretation of single KON and MON test
results according to BS 4306 is described in NC.3.

NOTE 2. The details of procedure and equipment for the
determination of RON and MON are given in

ASTM D 2699-86 : IP 237/69 and ASTM D 2700-86 : IP 236/69
respectively, to which BS 2638 and BS 2637 refer. EEC
Directive 85/210/EEC refers for the determination of octane
ratings to the 1877 editions of [SO 5163 and SO 6164, which
themselves refer to undated editions of the ASTM methods.
BS 2638 and BS 2637 refer to dated editions of the ASTM
standards.

NC.3 Interpretation of single RON and MON
tests results: testing margin at the recipient

A recipient who has no other source of information
on the truesvalue of a characteristic than a single
result shall consider that the product fails the
specification limit, with 95 % confidence, only if
the result X is such that:

where

R is the reproducibility of the test method given
in tables NC.2 and NC.3;

A is the minimum RON and MON for the grade.

NOTE. Reproducibility is a quantitative expression of the
random error associated with operators working in different
laboratories, each obtaining a single result on a portion of the
same sample. It is the difference beiween two such single and
independent resuits that would be exceeded in the long run in
only one case in twenty in the normal and correct operation of
the test method. This is known as the 85 X probability level.

Extensive dats obtained from oconsumer and producer
laboratories over a8 number of years for many samples of
conventional petrols have shown that the reproducibility of fuel
ratings between laboratories varies with octane number level.

Table NC.3. Reproducibility of MON test
method

MON Reproducibility, R
80 1.2
81 1.0
&2 1.0
83 1.0
84 0.9
85 0.9
86 0.9
87 1.0
88 1.0
89 1.1
90 1.1

NOTE. Table NC.3 has been calculated from the
reproducibility data published in ASTM D 2700-86 : IP 236/69,
Section 18 and figure 4a.

NC.4 List of references

NC.4.1 Normative references
BS 2637 : 1991
BS 2638 : 1991

NOTE. The titles of thess DBritish Standards are listed in
national annex NF opposite the entries for 1SO 5163 and
1SO 5164,

NC.4.2 Informaltive references
BS 4306 : 1981

NOTE 1. See IS0 4258 in national annex NF.
ISO 5163 : 1990
ISO 5164 1990

NOTE 2. See nauonal annex NF,

ASTM D 2699-86 : IP 237/69
ASTM D 2700-86 : IP 236/69

(NIRRT
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National annex ND (normative) National annex NE (informative)
Seasonal volatility requirements Committees responsible
ND.1 Introduction The United Kingdom participation in the

preparation of this European Standard was
entrusted by the Petroleum Standards Policy
Committee to Technical Committee PTC/11, upon

This national annex gives seasonal volatility
requirements to comply with 5.7.2.

ND.2 Requirements which the following bodies were represented:
For the purposes of this British Standard the
following volatility classes shall apply. Association of United Kingdom Oil Independents
Automobile Association
Summer For deliveries from Bus and Coach Council
::ﬁ“?fies ‘l*g‘k ;“nrlmt': Chemical Industries™ Association
31 August inclusive: class4  Consumer Policy Committee of BSI
For sales from petrol retail Department of Trade and Industry
outlets petrol pumps 1 Department of Transport
June to 31 August Federation of Petroleum Suppliers
inclusive: | class4  Preight Transport Association
Winter For del.ivcries f.rom Institute of Petroleum
{:{:nnf:ﬁ. a;‘g;ggzl?)er to Institute of Trading Standards Administration
15 April inclusive: class 8 Ministry of Defence
For sales from petrol retail Motor Cycle Industry’s Association of Great Britain
outlet petrol pumps Petrol Pump Manufacturers’ Association
1 September to 31 May Petrol Retailers’ Association
inclusive: class 8 Road Haulage Association
Royal Automobile Club

Society of Motor Manufacturers and Traders
United Kingdom Petroleum Industry Association
World Wide Fund for Nature

10




National annex NF (informative)

Cross-references

Publication referred to Corresponding British Standard
ENS

ISO 2160 : 1985

IS0 3170 : 1988 BS 3185 Methods for sampling petroleum products
Part 1 : 1989 Manual sampling of liquid hydrocarbon
ISO 3171 : 1988 BS 3195 Methods for sampling petroleum products
Part 2 : 1989 Automaiic pipeline sampling of liquid hydrocarbon
ISO 3405 : 1988 BS 7392 : 1990 Method of determination of distillation characteristics of
petroleum products
ISO 3675 : 1979 BS 4714 : 1980 Method for
- density of crude petroleum and liquid
ISO 4259 : 1979 - BS 4306 : 1981 Method Jor determinat
relation to methods of test for petro
1SO 5163 : 1990 BS 2637 : 1991 Method for determination of knock characteristics of motor and
aviation-type fuels (motor method)

1SO 5164 : 1990 BS 2638 : 1991 Method Jor determination of knock characteristics of motor Suels
(research method)
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qm) Designation: D 4814 - 92¢

Standard Specification for

Automotive Spark-lgnition Engine Fuel®

This standard is issued under the fixed designation D 4314; the number immediately following the designation indrcates the year of
onginal adoption o, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢} indicates an editonial change since the last rewision or reapproval.

This st

dard has been app

d for use by agencies of the Depariment of Defense. Consult the DoD Index of Specifications and

Standards for the specific year of issue which hos been adopied by the Depariment of Defense

Note—Footnotes D, E, and F of Table 4 are currently under ballot fos revision.

1. Scope

1.1 This specification guides in establlshmg requirements
of automotive fuels for ground vehicles equipped with
spark-ignition engines.

1.2 This specification describes vanious characteristics of
automotive fuels for use over-a wide range of operating
conditions. It provides for a variation of the volatility and
waler tolerance of automotive fuel in accordance with
scasonal climatic changes at the locality where the fuel is
used. For the period May 1 through September 15, the
maximum vapor pressure limits issued by the U.S. Environ-
mental Protection Agency (EPA) are specified for each
geographical area except Alaska and Hawaii. Vanation of
antiknock index with seasonal climatic changes and altitude
is discussed in Appendix X1. This specification neither
necessanly includes all types of fuels that are satisfactory for
automotive vehicles, nor necessarily excludes fuels that can
perform unsatisfactorily under certain operating conditions
or in certain equipment. The significance of each of the
properties of this specification is shown in Appendix X1.

1.3 The spark-ignition engine fuels covered in this specifi-
cation are gasoline and its blends with oxygenates such as
alcohols and ethers. This specificaticn does not apply to fuels
that contain an oxygenate as the primary component, such
as Fuel Methanol (M85). The concentrations and types of
oxygenates are not specifically limited in this specification.
However, depending on oxygenate type, as oxygenate con-
tent increases above some threshold level, the likelihood for
vehicle problems also increases. The composition of both
unleaded and leaded tuel is limited by economic, legal, and
technical consideration, but their properties, including vola-
tility, are defined by this specification. In addition, the
composition of unieaded fuel is subject to the rules, regula-
tions, and Clean Air Act waivers of the U.S. Environmental
Protection Agency (EPA). With regard to fuel properties,
including volatility, this specification can be more or less
restrictive than the EPA rules, regulations, and waivers.
Refer to Appendix X3 for discussions of EPA rules relating
to fuel volatility, lead and phosphorous contents, and use of
oxygenata in blends with unleaded usoline. Contact EPA

'mwm-uwumdmmmmu
Peroleus Products and_ Lubricants snd is the direct responsibility of Subcom-
mitiee D02.A on Gasoline.

Curvent edition spproved Nov. 15, l”lWJuwyl”JOlbuly
published as D 4814 - 88. Lam previows edition D 4814 - 92b.

Connn o TR R R R ENTERTT T

for the latest versions of the rules and additional require-
ments.

1.4 This specification represents a description of automo-
tive fuel as of the date of publication. The specification is
under continuous review, which can result in revisions based
on changes in fuel, automotive requirements, or test
methods, or a combination thereof. All users of this specifi-
cation, therefore, should refer to the latest edition.

Note |—If there is any doubt as 10 the latest edition of Specification
D 48)4, contact ASTM Headquarters.

1.5 Tests applicable to gasoline are not necessanily appli-
cable to its blends with oxygenates. Refer to the specific test
methods for information on their applicability 1o gasoline-
oxygenate blends. The type of fuel under consideration must
firr. be identified, in order to select applicable tests. A
method for identifying gasolines that contain alcohols is
described in 5.2. A test method for identifying gasolines that
contain alcohols or MTBE is Test Method D 4815.

1.6 The test methods in Annexes Al through A3 are
state-of-the-art; however, they may be revised and eventually
balloted for publication as separate standards.

1.7 The values stated in SI units are the standard, except
when other units are specified by federal regulatica. Values
given in parentheses are provided for informziion purposes,

1.8 The following safety hazard caveat pertains only to the
test method portions, Annexes A!, A2, and A3 of this
specification. This standard does not purport 1o address all of
the safety problems, if any, associated with its use. It is the
responsibility of the user of this standard 10 establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D 86 Test Method for Distillation of Petroleum Products?

D 130 Test Method for Detection of Copper Corrosion
from2 Petroleum Products by the Copper Strip Tamnish
Test

D381 Test Method for Existent Gum in Fuels by Jet
Evaporation?

D439 Specification for Automotive Gasoline’

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

3 Annual Book of ASTM Siandards, Vol 05.01.
3 Discontinued—See 1990 Annual Book of ASTM Siandards, Vol 05.01.
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TABLE 1 Vapor Pressure and Distillation Class Requirements
Vapor Orstilation Temperatures. *C(*F). at X Evaporated® Ocetiahes
Vapor Pressure/ Pressure 4
50 vol X ResdR. vol X
Despaton Class max. 10 Vol %. max 90 vol X. max €nd Pont. max max
kPalps) mn max
AA 54(7 8) 70{158) THIT0) 1217250} 190(374) 225(437) 2
A 62(9.0) 70(158) T70170) 121(250) 190(374) 225(437) 2
8 69%(10.0) 65(149) 70 118(245) 190(374) 225(431) 2
c (11.5) 60(140) T70170) 116(240) 185(365) 225(437) 2
D 9)(13.5) S5(131) 70170) 113(235) 185365) 225(437) ?
E 103(15.0) 50{122) T(170) 110(230) 185(365) 225(437) 2

entorcement).
® At 101.3 kPa pressure (760 mm Hg)

D 1193 Specification for Reagent Water*

D 1266 Test Method for Sulfur in Petroleum Products
(Lamp Method)?

D 2500 Test Method for Cloud Point of Petroleum Oils?

D 2533 Test Method for Vaper-Liquid Ratio of Spark-
Ignition Engine Fuels?

D 2599 Test Method for Lead in Gasoline by X-Ray
Spectrometry’

D 2622 Test Method for Sulfur in Petroleum Products by
X-Ray Spectrometry’

D 2699 Test Method for Knock Characteristics of Motor
Fuels by the Research Metnod®

D 2700 Test Method for Kuock Characteristics of Motor
and Aviation Fuels by the Motor Method®

D 2885 Test Method for Research and Motor Method
Octane Ratings Using On-Linc Analyzers®

D3116 Test Method for Trace Amounts of Lead in
Gasoline®

D 3120 Test Meinod for Trace Quantities of Sulfur in
Light Liquid Petroleum Hydrocarbons by Oxidative
Microcoulometry®

D 3229 Test Method for Low Levels of Lead in Gasoline
by Wavelength Dispersive X-Ray Spectrometry®

D 3231 Test Method for Phosphorus in Gasoline’

D 3237 Test Mcthod for Lead in Gasoline by Atomic
Absorptior Spectrometry?

D 3341 Test Method for Lead in Gasoline—Iodine Mono-
chloride Method®

D 4057 Practice for Manual Sampling of Petroleum and
Petroleum Products®

D 4306 Practice for Aviation Fuel Sample Containers for
Tests Affected by Trace Contamination®

D4815 Test Method for Determination of CI to C4
Alcohols and MTBE in Gasoline by Gas Chroma-
tography’

D 4953 Test Method for Vapor Pressure of Gasoline and
Gasoline-Oxygenate Blends (Dry Method)’

D 5059 Test Methods for Lead in Gasoline by X-Ray
Spectroscopy’

D 5190 Test Method for Vapor Pressure of Petroleum
Products (Automatic Method)’

* Annual Book of ASTM Siandards, Voi 11.01.
3 Annual Book of ASTM Siandards, Vol 05.02.
¢ Annual Book of ASTM Standards, Vol 05.04.
? Annual Book of ASTM Siandards, Vol 03.0).

[T 1L

116

The ory methods descnbed in Test Methods D 4953. D 5190, or D 5191 shall be used for casone-aicohol blends {consult EPA lor approved test methods for

TABLE 2 Vapor Lock Protection Class Requirements

Vapor/ugud Ravo (V/LIA®
Vapor Lock
Prowecton Class Test Temperature, VIL. max
*C(*F) )
1 60(140} 20
2 56(133) by
3 51(124) 20
¢ 47116) 20
S 41{105) 20

4 At 101.3 kPa pressure (760 mm Hg).

# The mercury contrwng fiusd procecure of Test Method D 2533 shall be usec
for gasokne-oxygenate biends. Either glycenn or mercury confining fked may be
used for gasokne. Subcarvmatiee D02.08 is nvestugating & possible ias of the
mm:mmmumwmmmm
The procedure for est D V/U (see Appendcix X2) may only be
used for gasokne

D 5191 Test Method for Vapor Pressure of Petroleum
Products (Mini Method)’
E 1 Specification for ASTM Thermometers®

3. Terminology

3.1 Definitions:

3.1.1 amtiknock index. n—:he arithmetic average of the
Research octane number (RON) and Motor octane number
(MON), that is, (RON + MON)/2.

3.1.2 gasoline, n—a volatile mixture of liquid hydrocar-
bons, containing small amounts of additives, suitable for use
as a fuel in spark-ignition, internal combustion engines.

3.1.3 gasoline-alcohol blend. n—a fuel consisting prima-
nly of gasoline along with a substantial amount of one or
more alcohols.

3.1.4 gasoline-ether blend, n—a fuel consisting primarily
of gasoline along with a substantial amount of one or more
cthers.

3.1.5 gasoline-oxygenate blend, n—a fuel consisting pri-
marily of gasoline along with a substantial amount of one or
more oxygenates,

3.1.6 oxygenate, n—an oxygen-containing, ashless, or-
ganic corrpound, such as an alcohol or ether, which can be
used as a fuel or fuel supplement.

3.2 Applicability—In order to determine when a fuel
contains a substantia] amount of an oxygenate, a gasoline-
oxygenate blend is defined as a fuel which contains more
thar. 0.35 mass percent oxygen, or more than 0.15 mass
perce..i oxygen if methanol is the only oxygenate. The
definitions in this section do not apply to fuels that contain

® Annual Book of ASTM Standards, Vois 05.03 and 14.03.
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TABLE 3 ODetailed Requirements for sll Volatiity Classes*
J—
Lead Content. max. gL (G/U.S. gal® Copper Exstont Sultur, max. mass % Oxdanon
Stnp Gum. max Stabikty Water
Corrosion, ¢ N Mrwmom, Toserance
Unleaded Leaded max mQ/100 mL Unieaded Leadeo ranwtes
0.013(0.05) 1.1(4.2} No 1 5 0.10 r1s 240 <

A Gee Appencix X1 for informaton on Anbknock index.

# See Appenckx X3 for U.S. EPA maxsmum kmuts 10f lead and phosphorus contents n unleaded gasolne (X3 2 1} ant maumum average lead wmats for leaded gasokne

x322)

€ water tolerance krmits N terms 0f Maxumum temperature for phase separabon are gven n Table 5 (consult Annex A3;

an oxygenate as the primary component; for example, fuel
methanol (M85).

Note 2—The critena in 3.2 were selected with consideration given to
current oxygenate levels in the marketplace, state labeling practices, and
consistency with federal legislation and regulations.

4. Ordering Information

4.1 The purchasing agency shall:

4.1.1 State the antiknock index as agreed upon with the
seller,

4.1.2 Indicate the season and locality in which the fuel is
10 be used,

4.1.3 Indicate the lead level required (Table 1), and

4.1.4 State the concentration and types of oxygenates
present as agreed upon with tht selier.

S. Performance Requirements

5.1 Some requirements snd test methods applicable to
automotive spark-ignition ».ngine fuel depend on whether the
fuel is a gasoline, or a gasoline-oxygenate blend. If it is not
known whether a specific fuel is a gasoline-oxygenate blend,
fuels containing more than about 0.1 volume % aicohol can
be identified using the test described in 5.2. Once the type of
fuel is known, the appropnate requirements and test
methods can be identified by reference 1o Tables 1, 2, 3 and
Section 7.

5.2 A simple laboratory test 1o de.ermine generally
whether oxygenates are present in a fuel is not currently
available. However, the alcohol detection test using refrac-
tion of light through the water extract of the fuel sample (see
Annex Al) should be used to determine if a fuel contains
alcohol (methano] through butanols). A detectable change in
refractivity of the water extract, as defined in Annex Al,
indicates the presence of sufficient alcohol to require special
precautions, and references in this specification to oxygen-
ates are applicable. This test may not detect small concentra-
tions of alcohol (less than 0.1 volume %), which, howeve
can influence the vapor pressure of the fuel. The test does »
detect ethers, such as methyl terr-Quty! ether (MTBE), 3~
does not detect high-molecular weight (bevond butanc -
alcohols. The inability to detect ethers we d affect tne
results of the vapor-liquid ratio (V/L) Tes. method D 2533
because MTBE is miscible with one of the confining fluids
(glycerin). Because of these limitations, this alcohol detection
test should not be used to decide whether to add oxygenates
to a fuel of unknown composition. A gas chromatographic
analysis is required to ensure that an oxygenate is not
introduced into a fuel already containing oxygenates. A gas
chromatographic test method, such as Test Method D 4815,
can be used to detect ethers as well as determine the presence
of alcohols.
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5.3 Volatility of fuels 1s vaned for seasonal climatic
changes and conformance 1o U.S. EPA volatility regulations
by providing six vapor pressure/distillation classes and five
vapor lock protection classes for fuel. Volanlity of fuel is
specified by an alphanumeric designation that uses a letter
from Table | and a number from Table 2.

5.3.1 The scasonal and geographic distnbution of the
combined vapor pressure/distillation-vapor lock classes is
shown in Table 4.

5.3.2 The EPA vapor pressurc regulations can cause the
distillation of the fuel 10 be less volatile, which for some
vehicles, results in poorer warmup driveability performance.

5.3.3 Test Methods D 4953, D 5190. or D 5191 shall be
used for determining vapor pressure of gasoline and gasoline-
oxygenate blends.

5.3.4 Test Method D 2533 contains procedures for mea-
suring tempcrature-1’/1. of both gasoline and gasolinc-
oxygenate blends. For gasoline-oxygenate blends, the proce-
dure requires that mercury be used as the confining fluid in
place of glycenin. Either confining fluid may be used for
gasoline. Subcommitice D02.08 is investigating a possible
bias of the mercury procedure and the suitability of using
glycerin for gasoline-ether blends. An alternative method for
measuring temperature- /L of 20 for gasoline-oxygenate
blends, as well as gasoline, using a bomb method is shown in
Annex A2. This test mcthod is under development by
Subcommitice D02.08. In case of dispute, Test Method
D 2533 is the referee method. The method for estimating
(see Appendix X2) temperature-V/L is only applicable for
gasoline.

5.4 Antiknock index (AKI) i1s very imponant 1o engine
performance. The matching of engine octane requirement to
fuel octane level (AKI) is critical to the durability and
performance of engines; this cannot be accomplished with a
sir" - specified minimum level of antiknock index. Ap-

~this X oincludes a discussion of antiknock indexes of
uels cau.ently marketed and relates these levels to the ocane
aomde TUroad groups of engines and vehicles. Also discussed

effect of altitude and wcather on vehicle antiknock
r ,uirements.

5.5 Additional fuel requirements are shown in Table 3.

5.6 The properties of gasoline-oxygenate blends can differ
considerably from those of gasoline. Consequently, addi-
tional requircments are needed for gasoline-oxygenate
blends. These requirements involve evaluation of compati-
bility with plastic and elastomeric materials in fuel systems,
corrosion of metals, and especially in the case of gasoline-
alcohol blends, water tolerance. Requirements for metal
corrosion (other than copper) and material compatibility are
not given because test methods and appropriate limits are
still under development. When these have been developed
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TABLE 4 Schedule of Seasons! and Geographical Volatility Classes*
- Thes schecle, Subyact 10 agr p ond sefler, Ganotes the voistity propertes of the fusl ot the tme and place of devery 10 the end user. R 8iso Canoles the
vapor pr or geasolng ge at rek . IMQOrters, pep and Gunng May anc for the entire Astnbution system for June 1 10 Sept. 15. Spments shoula
anbopate Whis acheduls.

Where aternatve CIaSses &8 bSec. &ther LSS Or Ntermackate CIaSIes re SCCBpiabIs. the Opeon Shall be exerCsed by the seler
Nore—Footnotes D. . and F ol Table 4 sre currently under baiol for rension.

State Jan. Feb. Mar. Apr. May®  June Juy Aug. 115 1630 Ot Nov.  Dec
Alsbema 04 D4 D4/C3 CI/A3I A3 A3° A30 T A2f A-2¢ AIC3 CA C3/04 D4
Aaska E-S E-S E-5 E-S E-504 D4 04 D-4 D4 D4/€£-5 E-S E-S E-S
Anzona

N 34° Labntude D4 D4 D4/C-3 C-3/A-2 A2 A A A1 A2 A-2/B-2 B-2/C-3 C-304 D4
and E 111°
Longrtude
Remainder ot D4 D4/C-3 C-3/8-2 B-2jA2 A2 A-1F A1? A1 A€ A AB-2 B-2/C-3 C304
State
Arkansas E-5/04 D« D4/C3 CIA3 A3 A3 A-2 A2 A2 A-2/C-3 C-3[D4 D4 D-4/E-S
€ Callorrea:
North Coast E-5/04 D4 D4 D-4/A3 A3 AJe A28 A-2€ A-2F A2/8-2 B-2/C3 C-3[D4 D4ES
South Cosst D4 D4 D4/C3 C-3/A3 A3 A-2¢F A-2¢ A28 A-2F A-2/8-2 B-2/C-3 C3D4 D4
Southeast D4 D4/C-3 €382 B-2A2 A2 A-1F ATF A-3* ALF A1 A-1/82 B-2/2-3 C3/D4
Intenor E-5/04 D4 D4 D4/A3 A3 A-2¢ A-2¢ A-2€ A-2¢ A-2/8-2 B-2/C-3 C-3j0D4 DHES
Colorado ES E-5/04 D4/)C3 CIAI A3 A2 A2 A2 A2 A2/8-2 B-2/C3 CID4 D4ES
Connecticut €S €S E-S/D4 D-4/A4 A4 A3 A3 A3 A3 A3/04 D4 D4/€-S E-S
Deiawars E-5 ES5 E-5/D4 ‘D4/A4 A4 A3 Al A3 A3 AJIC-3 C-304 DAES ES
District of Coumbia  E-5 €504 D4 D4/A3 A3 A-30 A-30 A-30 A-3° A-IC-3 C-3MD4 DAES ES
Flonda D4 D4 D4/C-3 CIA3I A3 A-3° A-3° A-3° A-3° AJIC3 CI C304 D4
Georgia 04 D4 D4/C-3 CIAI A3 A-3° A-3° A-2¢ A-2¢ A2IC-3 C3 C-3/04 D4
Hawan c3 ca Cc-3 c3 c3 C3 Cc3 c3 Cc-3 C-3 c-3 c3 Cc3
Idaho:
N 46° Latitude E-5 E5, ES5D4 D4/A4 A4 Al A2 A2 A2 A-2/C-3 C3MD4 D4ES ES
S 46° Lattude E-5 E-5/04 D4 D4/A3 A3 A-2 A2 A2 A2 A2/8-2  B-2/C3 C-3D4 DAES
Wnoes:
N 40° Lattude E-5 E-S5 E-5/0-4 D4/A4 A4 Al Al A3 A3 A3IC-3 C-3/04 D4fES ES
S 40° Latitude €5 (33 E5D4 D4/A3 A A3 A3 A3 %] A3/C3 C3MD4 D4 D-4/E-5
Indiana E-5 ES E-5/D4 D4/A4 A4 A3 A A3 A3 A-J/IC-3 C3IMD4 D4ES ES
fows ES ES5 E-5/04 D-4/A3 A3 A3 A3 A3 A3 AJ/C-3 C3IMD4 DA4ES ES
Kansas ES E5/D4 D43 CIAI A3 A-2F A-2¢ A-2f A-2F A2/8-2 B-2/IC-3 C-304 DA[ES
Kentucky E5 E-504 D4 D-4/A3 A3 A3 A3 A3 A3 AJ/C-3 C30D4 D4ES ES
Louisisna D4 04 D4/C3 C3IA3 AI A-3° A-30 A-2fF A28 A2IC-3 C3 C-3/04 D4
Maine ES E-S E-5/0-4 D-4/A4 A4 Ad A Ad A A3D4 D4 D4E-S5 ES
Maryland ES E-S E-5/04 D-4/A4 A4 A3 A-3° A-3° A-30 A-3/C-3 C3ID4 D4ES ES
Massachusetts E5 E-S E-5/04 D-4/A4 A4 A3 A3 A3 A3 AJD4 D4 D4[ES £S5
Michigan ES E-5 ES5(04 D4/A4 A4 A3 A3 A-3 AJ AJD4 D4 D4/E-5 ES
Minnesots E5 E-S E-5MD4 D-4/A4 A4 A3 A3 A3 A3 AJC-3 CIO4 D4ES ES
MississSippi D4 D4 D4/C3 C3A3 A3 A3 A3 A2 A2 A2/IC3 C3 C-3/04 D«
Messouri E-5 E-5/04 D4 D-4/A-3 A3 A3 A-2¢ A-2€ A-2¢ A2/C-3 C3/04 0«4 D4/E-5
Montana ES5 ES E-5[04 D-4/A-3 A3 A2 A2 A-2 A2 A-2/C-3 C-I04 D4ES ES
Nebrasks E-5 ES E-5/04 D4/A3 A3 A2 A2 A2 A2 A-2B8-2 B82/C3 CJID4 D4ES
Nevada:
N30 Latituge E5 E5/004 D4 D4/A3 A3 A28 A-2¢ A-2¢ A-2F A2B-2 B2/ICI CIO4 DAES
$38° Latitude D4 D4/C3 C3B-2 B2A2 A2 A1 A Al Al A1 A-1/8-2 B8-2/C3 CI30D4
New Hampshire E5 €5 ES5/D4 D-4jA4 A4 A3 A3 Ad A3 A4 D4 D4ES5 ES
New Jersey . ES E5 E5/C4 D-4/A4 A4 A AD A3 A3 A3JD4 D« D4/ES E-5
New Mexico:
N34° Lattuse E-5/04 D4 D4/IC3 C3A2 A2 A1 Al A2 A2 A2B-2 B2IC3 CIM4 D4
SMU® Latitwde D4 D4/)C3 C3MB-2 B-24A2 A2 A1 A A-1 A1 A1/B-2 B2IC3 CID4 D4
New York E5 ES ES/D4 D4/A4 A4 A3 A3 A3 A3 A3/0-4 D4 D4/E5 ES
North Carciing ES5M4 D4 D4 D4/A3 A3 A-3P A-3° A28 A28 A2IC3 CI04 D4 D4[E-5
North Dakots ES €5 E-5/D04 D4/A4 A4 A A2 A2 A2 A2IC3 C3ID4 D4ES ES
Onio ES E-5 E-5/04 D4/A4 A4 A3 A3 A3 A3 AJICI C3D4 D4fES ES
Okishoms E-504 D4 D4/C3 CIA3 A3 A2 A2 A2 A2 A2B-2 B2HCI CIMO4 D4ES
Oregon: .
E 122° Longitude E-S E-5/04 D4 D4/A4 A4 . A3 A2 A2 A2 A2IC3 C3/D4 D4 D-4/E-5
W 122° Longituce E-5 E-5/D4 04 D4/A4 A4 A28 A3 A-3° AJ° AJIC3 CI04 O4ES ES
Pennsytvania E5 ES E5/04 D4/A4 A4 Ad M3 A3 A3 A3/D4 D4 D-4/E-5 E5
Rhode leiand ES ES E5D4 D-4/A4 A4 A3 A3 A3 A3 AJO4 D4 D4ES5S ES
South Carolina D4 D4 D4 O4/A3 A3 AJ° AP A-2f A2 A21C3 CID4 . D4. D4 -
South Dakots E5 E5 ES5/04 D4/A3 A3 A2 A2 A2 A2 A2/8-2 B-2/IC3 CI/D4. D4ES
Ternessee - E5/04 D4 D4 D4/A3 A3 Ade AP A-2¢ A1 A2/C-3 CID4 D4 D4fE-S
Texas: T- o
E 99° Longituse D4 D4 D4/C3 CIA3 A3 AJ° A28 A28 A2E A2/B8-2° B2/IC3 CI04 D4
W 99° Longitude D-4 D4C3 CIB2 BYA2 A2 A1’ At A’ A1’ A1/8-2 . B-2/CI CID4 D4
Rah' ES5 ES5D-4 N4 - DAY AJ A2 A28 A28 A-2¢ A2B2 B2/C3 CID4 D4fES
Vermont e 2 ] ES .4 DAA4 A4 T AD A3 AJ Ad AJfO4 D4 D4fES ES5
Virginia o B8 " ES5D4 D4 D4/A3 A3 AP A3 A30 AJ0 ‘AJICI . CID4 D4ES ES
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TABLE 4 (Cont:nued)
State Jan, fFeo Mar Agr May®  June Sy Aug ff‘:‘s ‘5:_93'0 Oct Nov Oec

Washangton

€ 122° Longtude E-5 E-S E-5/04 D4/a4 A4 A-J A2 A2 A-2 A-2/C-3 CID4 D4fES ES

W 122° Longtuge  E-§ E-5 E-5/04 D-4/r4 A4 A3 A3 A-3 A-3 AJ3/C-3 CJ/D4 D4ES ES
Waest Virgma €5 €5 , E-504 D4/A4 A4 Ad A3 AJ A3 A3/C-) CID4 D4ES ES

. wisconein E-S E-S E-5/04 D-4/A4 A4 f %] A A3 Al A-3/C-3 C3/04 DAES ES

Wyoming E-S E-5 E-5/D4 04/A-3 AJ A2 A2 A2 A2 A2/B8-2 B-2/C-3 C-3/04 D4fES

4 For the perod May 1 thvough September 15, the speahed vapor pressure classes comply with 1992 US EPA Pnase i y rege EPA allow

1.0 ps Ingher vapor pressure for gasolne-ethanol biends contanung 9 to 10 vol X ethanol for the same penad SeeApoenaxxalormw\deutyregunons
& Apni classes are peritted for sihepments 1o end users
€ Detads ol State Chmatologecal Dwvision by county as nccated:
Caslorma. North Coast——Alameda. Contra Costa. Del Norte. Humbait, Lake, Mann. Mendocno, Monterey, Napa. San Bersto. San Franasco. San Mateo. Santa Clara.
Santa Cruz, Solano. Sonoma, Trnity

Cablorma, intenor—Lassen, Modoc, Plumas. Serra, Siskiyou. Aipne, Amador. Butte. Caiaverss. Colusa. £1 Dorado. Fresno, Glenn, Kem {except that porion lyng east

of Los Angeles County Aqueduct). Kings. Madera. Manposa. Marced. Placer. S. . San Joaqun, Shasta. S 13. Sutter. Tehama. Tulare. Tuoksmne.
Yolo, Yubs. Nevada
Cablorraa. South Coast—Orenge, San Dwego. San Luss Otrspo, Santa B . Ventura, Los Angeles {except that portion north of the San Gabnel Mountan range and

east of the Los Angeles County Aqueduct)
Cablorma, Southeast—impenal. Riverside, San Bernadno. Los Angeles (that poruon north of the San Gabnel Mountan range and east of the Los Angeies County
Aqueduct). Mono, inyo. Kem (that port:on lyng east of the Los Angeles County Aqueduct)
2 AA-3 for the (0ROWg OZONe NONJTLaNMENt areas:
{See Federal Regester 56. 215, 56694, November 6. 1991 for descnpuion
of the geograpihc Doundary for each area )

Alabama—Barmngham North Carona—Charotie-Gasiona
Cakiornsa—Manterey Bay North Carolna—Greensboro-Winsion Salem-High Pont
Canlorrua—San Franasco-Bay Area North Carobna—Ralegh-Ournam

Drstnct of Columbsa—Washington Oregon—Portiand-Vancouver AOMA
Flonga—Warms-Fort Lauderdale-West Paim Beach South Carona—Cherokee County
Fionda—Tampa-St. Petersburg-Ciearwater Tennessee—Knoxvile

Georgra—-Atlanta Tennessee—Memprs

Lousiana—Baton Rouge Tennessee—Nashville

Lowsiana—-Lake Charles Texas—Beaumont-Port Arthur
Maryland—Baitmore Texas—Dakas-Fort Worth

Marytand—Kent and Queen Anne’s Countes Texas—Houston-Galvesion-Brazona
Maryiang—Phdaceiphua-Wimngton-Trenton Area Virgrua-Norlolk-Vegena Beach-Newpon News
Maryland—Washingion Area Virgeua—Richmond-Petersourg
Missoun—Kansas Ciy Vrgiua—Smyth County

Missoun—St. Lows Vrgrua—Wasiwngion Area

£ AA-2 for the followng OZONe Nonatianment areas
(See Feceral Regrsier 56, 215, 56694. November 6, 1991, for descnption
of the geographic boundary for each area )

Alabsma—Burrrngham Missoun—Kansas City
Anzona—Phoernx Missouri—St. Lous

Cakorria—Los Angeles-South Coast Ar Basin Nevada—Reno
Caktorrma—Monterey Bay North Carcins—Chariotte-Gastonsa
Caltormea-—Sacramento Metro North Caroina—Greensboro-Winston Salem-High Pont
Cailorma—San Dego North Carona—Ralegh-Durham
Caslorra—San Francisco-Bay Area South Carokna-Cherokee County
Canlorrva—San Joaquin Valey Tennessee—Knoxville
Cahlorra—Santa Barbara-Santa Mana-Lompoc Tennessee—Mempins
Caktornia—Ventuwra County Tennessee—Nashvilie
Georga—Atiania Texas—Beaumnont-Port Arthur
Kansss—Kansas City Texas—Dadas-Forth Worth
Lousisna—Baton Rouge Texas—~Houston-Galvesion-Brazona
Lousiana—Laxe Charles Uah—Sasit Leke City

£ AA-1 for the fOROWING OZONE NONSHANMENt Meas:
(See Foderal Regrster 56. 215, 56694, November 6, 1991, for description
of the geographwc boundary for 8ach area )

Anzona—Pnoerix
Castornia—Southeast Desert Modvhed AOMA
Texas—El Paso

they will be included in this specification. Water tolerance is  ability of a gasoline-oxygenate blend to dissolve water
specified in Table 5. without phase separation. This may not be a problem with
5.7 Depending on oxygenate type and concentration in gasoline-ether blends, but it is of primary concern for
the blend, vehicie driveability with gasoline-oxygenate blends  alcohol-containing blends, as blends of gasoline with low-
can differ significantly from that with gasolines having  molecular weight alcohols generally will dissolve about 0.1 to
similar volatility characteristics. 0.7 mass % of water under normal conditions, depending on
5.8 Water Tolerance: the nature and amount of the alcohol(s) used, the specific
5.8.1 The term water tolerance is used to indicate the  hydrocarbons present, and the temperature of the blend.
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TABLE § Mnhmﬂhwuunﬁwhmo&mnﬁm%?
Tempersiure Conversion *F = (°C x 1.8) + 32°
Feb. March Apnl May June Jly Aug. Sept Oct.
-3 o 10 10 10 10 10 6
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TABLE § Continued
Temperature Conversion *F = (°C x 1.8) + 32°

Siste Jon Fed SAarch Aprd May June July Aug Sept Oct Nov Dec
Tenas
N of 31° Lattude -1 -8 -4 2 ] 10 10 10 10 L -3 -7
S of 31° Ladtude -t 1 e 10 10 10 10 10 10 10 3 1
wsh -15 -1 -7 -2 2 [ ] 10 10 7 2 -1 -12
Vvermont -20 -1 -12 -2 2 9 10 10 S 0 -6 -17
wgne -8 -7 -3 3 9 10 10 10 0 4 -2 -7
Washington:
E of 122° Longitude -13 -6 -3 1 4 7 19 10 7 1 -5 -7
W ol 122° Longiude ] -2 -2 1 4 7 9 9 6 2 -2 -2
West Vrgne -13 -12 -7 -2 4 9 10 10 5 -2 -7 -12
Wgtonsn -25 -0 -15 -3 3 [] 10 10 5 -1 -n -1
wyomng -3 -7 -14 -6 0 (] 10 10 3 -2 -13 -16

4 A muumum phase separason temperstse of 10°C (SO°F) 1 speciied, even i e 6-h 10w parcantie mursmsm lemperature f0r the &res 8nd MONth can be Megher

# The designeted areas of Alaska are Gwded as follows:

Southern Region—The Alsutians, Kodiak istand. the cosstal sip East of Longitude 141°, and the Alsskan Penngula South of Lastude 52°.

South Masniend—The porson of Alsska South of Lattude 62°, except the Southem Regon.

North of Latitudie 62* —The speciication test lemperahsre must be agread between the vendor and Purchases having regard 10 eqUIPMENt design. expectad weathes
CONRoNS. and other relevant factors.

€ The desapneted arees of Calidormes are Gvided by county as lolows:

Novth Cosst—Aameda. Corra Costa. Del Nore, HumboR, Lake, Marin, Mendocono, Monterey. Nap3. San Berwto. San Franasco, San Mateo. Sama Clara. Sata Cruz.
Solano. Sonoms, Trinity.

intenor —Lassen, Modoc. Plumas. Swerra. Susiiyou. Aipne, Amador, Butte, Calaveras, Cousa. €1 Ooraco. Fresno, Glenn, Kem (exceptng that porton iywng eass of the
Los Angles County Aqueduct). Kngs, Madera, Manposa, Merced. Placer, Secramento, San Joagusn. Shasta. Starsl Suter. T . Tulare_ Tuok . Yoo
Yuba, Nevads.

South Cosst—Orangs. Sen Dego. Sen Luss Otispo. Santa Barbara. Ventwra, Los Angeles (except that porton lyng north of the San Gabnet Mountan range and east
of e Los Angeies County Adqueduct).

Southesst —impenal, Riverside. San Bemadino, Los Angsies (1hat parton lying north of the San Gabnel Mountamn range and east of the Los Angeles County AQueduct).
Mono, inyo. Kem (1t portion iyngreast of the Los Angeles County Aquaduct).

.

© The designeted aress of Mchugen are dwded as follows:
Lower Mechigan—That portion of the state lyng East of Lake Michigen.

Upper Micthegan—That porson of the siate lying North of Wisconen and of Lake Mchigan.

When blends are exposed 10 a greater amount of water than
they can dissolve, they separate into an alcohol-rich aqueous
phase, the voiume of which can be significantly greater than
that of the additional water, and an alcohol-poor hydro-
carbon phase. As the aqueous phase can be highly corrosive
10 many metals and the engine cannot operate on it, such
separation is very undesirable. Blends containing low-mo-
lecular weight alcohols are generally hygroscopic and can
eventually absorb enough moisture from ambient air to
cause separation. The problem of phase separation can
usually be avoided if the fuels are sufficiently water-free
initially and care is taken during distribution to prevent
contact with water. To help ensure this, gasoline-oxygenate
blends shall be tgsted at the lowest temperatures to which
they can be subjected, dependent on the time and place of
intended use, as indicated in Table 5. The values in Table §
are the 10th percentile 6-h minimum temperatures, with
each reading specifically defined as the highest temperature
of the six coldest consecutive hourly temperature readings of
2 24-h day. For April through September (and occasionally
October, and year-round for Hawaii), Table § specifies a
minimum phase separation temperature of 10°C (50°F), even
though the 10th percentile 6-h minimum temperature can be
higher. Use of this temperature limit also reduces the risk of
separation of the fuel in storage tanks where temperatures
may be lower than ambient.

Note 3—The values in Table 5 are taken from the US. Army
Belvoir Research Development and Engineering Center’s Report No.
316, entitied “A Predictive Study for Defining Limiting Temperatures
and Their Application io Petroleum Product. Specifications.” This.can
be obtained as Publicatioa AD756-420 from -the National Technical
Information Service, Springfield, VA 22151,

[ S S L O (Y NI I DO N A T NI
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5.8.2 The 1est procedure (see Annex A3) consists of
cooling the fuel under specified conditions 10 the appropnate
temperature listed in Table 5. It is important 10 note that
when cooling to a low temperature some gasolines and many
gasolinc-oxygenate blends, especially those containing ethers.
can take on a hazy appcarance. This haze must be carefully
distinguished from the test cntenon described in Annex Al
of separation into two distinct phases with 2 more or less
distinct common boundary, and must not be considered
grounds for rejection of the fuel. This test also must not be
confused with that described in Section 6, which is con-
ducted at 21°C (70°F) or above, and for which the appear-
ance of haze is proper grounds for rejection.

6. Workmanship

6.1 The finished fuel shall be visually free of undissolved
water, sediment, and suspended matier; it shall be clear and
bright at the ambient temperature or 21°C (70°F), whichever
is higher.

6.2 Fuel to be used in this test shall not be cooled below
about 15°C (59°F) or its temperature at the time the sample
was taken, whichever is lower, as cooling of gasoline-
oxygenate blends can produce changes in appearance that
are not reversed on rewarming.

7. Test Methods

* 7.1 The requirements enumerated in this specification
shall be determined in accordance with the following
methods:
7.1.1 Distillation—~Test Method D 86. .
v7.1.2 Vapor-Liquid Ratio—Test Method D 2533 has pro-
cedures for determining vapor-liquid (V/L) ratios for both
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gasoline and gasolinc-oxygenate blends. Bec.  ~ome oxy-

genates are muscible with the glveenn used . - procedure,
another procedure asing mercury as the coi. o fluid is
provided for gasoline-oxygenate blends. Eutt:.  procedure

may be used to determine ¥/L for gasoline. but a possible
bias between the two procedures 1s under invesugation by
Subcommittee DO2.08. An investigation is als underway by
Subcommittee D02.08 10 determine the suttabiiity of using
the glvcenn procedure for gasohne-cther blends

7.1.2.1 Annex A2 describes a2 bomb procedure for deter-
mining the temperature at a V/L of 20. This test method 1s
under development by Subcommittee D02.03.

7.1.3 Vapor Pressure— Test Metheds D 4953, D 5190, or
D 5191.

7.1.4 Corrosion. for Copper. Test Method 10130, 3 h at
50°C (122°F).

7.1.8 Fustent Gum—Test Method ) 3Kt
ratus

7.1.6 Sulfur—Test Methods D 1266, D 2622, or D 3120.
With Test Method D 3120, fuels with sulfur content greater
than 100 ppm (0.0100 mass %) must be diluted with
1sooctane. The dilution of the sample may result in a loss of
precision. Test Method D 3120 cannot be used when the
lead concentration is greater than 0.4 g/L (1.4 g/US. gal).

7.1.7 Lead—Test Methods D 2599, D 3341, or D 5059
Test Mcthods A or B). For lead levels below 0.03 g/L (0.1

. air jet appa-

g/U.S. gal) use Test Methods D 3116, D 3229, D 3257, or
D 5059 (Test Mcthod O)

71.1.8 Oxidanion Siabtlity—Test Method D 525,

71.1.9 4lcohol Detection—Test Method D 4813 or sece
Annex Al.

7.1.10 Warer
method.

Tolerance-~-See Annex A3 for 2 test

8. Precision and Bias

8.1 The preaision of each required test method with
gasoline is included in the standard applicable to each
method. in many cases. the precision applicable 10 gasoline-
oxygenate blends has not been established vet.

9. Reywords

9.1 alcohol. alcohol detection: anuknock index: automo-
tve fuel: automotive gasoling, automouve spark-ignition
engine fuel; copper sinp corrosion. corrosion; distllausan:
dnveability: EPA regulations; ethanol; ether; existent gum.
fuel; gasoline; gasoline-alcohol blend; gasoline-ethanol blend:
gasoline-oxygenate blend: induction period; lead; ieaded fuel.
methanol; MTBE; octane number; octane requirement;
oxidation stability; oxygenate; phase separauon; phospho-
rous; sulfur. T, = 20; unlecaded fuel: vapor-iquid rauo:
vapor lock: vapor pressure volatihity: water tolerance

ANNEXES

(Mandatory Information)

Al. TEST METHOD FOR DETECTION OF ALCOHOL IN SPARK-IGNITION ENGINE FUEL
(REFRACTION METHOD)

ALl Scope

Al.1.1 This test method penains to the determination of
the presence of alcohols (methanol through butanol) in
automotive spark-ignition engine fucls. The test results are
used to determine which limits and analytical tests of
Specification D 4814 are applicable 10 the fuel tested.

A1.1.2 This test method is state-of-the-art; however; it
may be revised and eventually balloted for publication as a
separate standard.

A1.2 Summary of Test Method

Al1.2.1 A sample of the fuel is shaken, using a standard-
1zed technique, with distilled water at room temperature. The
mixture is allowed 1o settie into two phases, and a refractom-
eter is used to obtain a reading of the lower aqueous phase. A
minimum specified increase in the refractometer reading over
that of distilled water indicates that an alcohol is present.

Al13 Significance and Use

Al.3.1 Based on the results of a round-robia evaluation, a
scale reading of 0.5 or greater was selected to indicate that
alcohol is present in a fuel sample. A reading of 0.5 on
average is equivalent to 0.05 vol % ethanol, 0.11 vol %
methanol, or 50/50 .mixture of methanol and tert-butyl
alcohol (TBA), or 0.13 vol % TBA.
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A1.3.2 This tcst method should not be used for deciding
whether 10 add an oxygenaie 10 a fuel of unknown composi-
tion. This method does not determine the type of alcohol
and does not detect ethers such as MTBE. A gas chromato-
graphic method. such as 1est Method D 4813, mus: be used
10 determine the types and concentrations of oxygenates 10
avoid adding an oxygenate 10 a blend already containing
some type of oxygenate, and to ensure compliance with EPA
rules and waivers.

Al.4 Apparatus

Al1.4.1 Graduated Glass Cvlinder, glass-stoppered, 100-
mL, with I-mL graduations

A14.2 Piper. 2-ml

A14.3 Pipar Filler o Bulb.

A1.4.4 Refraciometer,” \emperature compensated, hand
held, 0 to 10" Bnx (1.3330-1.3479).

AlS Reagents

AL.S.1 Purity of Reagenis—Reagent-grade chemicals will
be used in all tests. Unless otherwise indicated, it is intended

? The Misco Products Tester Model 10441 A T C
sated Hand Refractometer has been found suitasble. Also an aqmv:km my be
used.
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that al” reagents shzli conform to the specitications of the
Commuttee on Analytical Reagents of the Amencan Chem-
ical Society, where such specifications are aviulable.'* Other
grades may be used. provided it 15 first ascenained that the
reagent is of sufficient punty 10 permit 1 use without
lessening the accuracy of the deternunation.

A1.5.2 Purity of Water—Unless otherwise indicated, ref-
erence to water shall be understood to mean distilled water
or watcr of equivalent punty. See Specification D 1193, Type
Iv.

3.3 Acetone

Note Al l: Acetone—Warning—Exiremely Rammable. imtating o
skin eves. and mucous memhranc

AlLSd n-Heptane conforming to matena used in Test
Methods D 381, D 2699, and D 2700, or pectroleum spirit
60/80 conforming 10 IP specification or equivalent. Com-
mercial grade quality is adequate for these solvents.

Nott Al.2: n-Heptane— Warning—Flammabic. Harmful if inhaled.
Skin umitant on repeated contact. Aspiration hazard.

Note AL3: Paroleum Spiris (Mincral Spirits)—Wsming—Com-
busuble Skin imiant on repeated contact Aspiration hazard.

Al.6 DI'reparation of Apparatus

Al.o.1 Clean the graduated cvlinder and pipet thoroughly
before carrying out this test.s The recommended cleaning
procedure is as follows:

Al.6.1.1 Remove traces of oil from the cylinder, stopper,
and pipet by flushing with hot tap water, brushing if
necessary. Alternatively, remove all traces of oil from the
glassware by using either n-heptane or the 1P solvent 60/80.
Rinsc with acetone followed by tap water.

AlL6.1.2 Immerse the cyviinder, stopper, and pipet in
warm detergent solution, follow with tap water, distilled
water, and acetone ninses. Afier the acctone rinse, thoroughly
drain and dry the cylinder, stopper, and pipet.

A1.6.2 Open the cover plate of the refractometer and
using a soft cloth, or soft tissue paper moistened with water,
wipc the prism and cover plate. Dry both surfaces with a soff,
dry cloth or ussue. Then close the cover plate. Fill a clean
pipet with distilled water using the pipet filler. Tilt the
refractometer with the eyepiece up. Place the pipet tip at the
top of the cover plate between the hinges and discharge a few
drops of distilled water until the prism is at least half covered
with liquid. Immediately point the instrument toward a
window or other source of light so that the light enters from
above. Look through the eyepiece and take the reading at the
point where the dividing line between light and dark cresses
the scale. This should provide a reading of zero. If not, the
water is contaminated or the instrument is out of calibration
and shall not be used.

Note Al1.4—The dividing line between the light and dark areas of
the scale can sometimes be difficult to see. The best way 10 see it is to
hold the refractometer slightly away from the eye. When using a lamp as
the light source, the refractometer and observer's head should be
positioned 0.3 m (1 fi) away from the lamp so that the light enters from

10 "Reagent Chemicals, American Chemical Society Specifications,” Am.
Chemical Soc., Washington, DC For suggestions oa the testing of reageats pot
lised by the Amencan Chemical Society, see “Analar Standards for Laborstory
UK. Chemicals,”’ BDR Lid., Poole,
Pharmacopeis.”

I N NN
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above at 457 Ihe relractometer and observer’s head shsll be movad
together unul eplmom contrast on the )eale 15 obtained

Al.7 Procedure

Al1.7.1 Measure 100 mL of the fuel to be tested. at room
temperature, intc the 100-mL graduated cylinder.

Al1.7.2 Add 2 mL of disulled water using the pipet and
pipet filler and stopper the cvhinder.

AL13 Invent the cyvhinder, holding the stopper with o
finger, and allow the water to flow nto the sample. Keepine
the cylinder 1n a honizontal attitude. shake it vigoroush fot
cxactly 2 min. two to three strokes per second. using 125 o
250 mm (5 10 101000 strokes

AL73 Inimediately place the ovhinder o vertical posi-
tion un a vibration-tree surface and allow the contents 1
settle undisturbed for 3 nun.

A1.7.5 Open the cover platc of the retractometer and
using a soft cloth, or soft tissue paper moistened with water.
wipe the prism and cover platc. Dry both surfaces with a soft.
dry cloth or tissuc. Then close the cover plate.

AL.7.6 Air dryv the pipet and snstall the pipet tiller
Remove the stopper fram the graduated cvhinder. uht the
cvlinder, and msert the pepet with the up n the water phase
Squecse the papet Biller amd disciuuege arr through the pipet (o
purge any tucl that has entered the pipet up. Draw up into
the pipet about onc-half of the water phase in the bottom of
the cylinder. Try to avond drawing in anv emulsion.

Nott AL S—If the water i towaliv absarbed into the tuch phase. this
indicates that the sample contans 3 Ingh concentration (greater fhae 2*
volume %) of cthanol or heavier alcohol

A1.1.7 Remove the pipet from the graduated cvhinder. dn
the outside of the pipet with pissuce 10 remove any tuel on the
surface, and then discharge a few drops of water phase to
purge any fucl in the up. Tilt the refractometer with the
eyepicce up. Without hifting the cover plate, place the pioct
tip at the top of the cover plate between the hinges and
discharge enough of the water phase 1o cover at Jeast half of
the pnism.

Al1.7.83 Immediately point the instrument toward a
window or other source of light so the light enters the pnsm
from above. Look through the eyepiece and tzke the reading
at the point where the dividing line between light and darl
crosses the scale.

Note Al.6—Take the reading within 10 s of discharging the water
phase onto the refractometer prism  The rcading can change with, timie
as constituents cvaporate ar the sample otherwise changes in compasi-
uon.

A1.79 Record the scale reading.

Al8 Report

A1.8.1 The report shall include the refractometer scale
reading. If the reading is off scale, repont 10 +° Bnix. If the
value is equal 10 or greater than 0.5° Brix, the sample is 10 be
reported as containing 2 detectable level of alcohol.

NoOTE AL.7—Testing of a number of commercial gasolines con-
1aining no alcohol has shown a change in refractometer reading as much
as 0.3° Brix. Before concluding that an alcnhol is present, 2 minimum
reading of 0.5° Brix must be observed. However, it is still possible that a
sample having 8 refractometer reading of less than 0.5° Brix contains a
low level of sicohol.
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“Al.9 Precision and Bias

A1.9.1 The precision of this test method as determined by
statistical examination of interlaboratory results is as follows:

A1.9.1.1 Repeatability—The difference between succes-
sive test results, obtained by the same opcrator with the same
apparatus under constan! operating conditions on identical
test matenial would, in the long run. and in the normal and
correct operation of the test method, caceed the following
values only in one case in twenty:

Range
0-1.0 vol % alcohol

Repeatabelity
0.457 (Refractometer Reading)'”?
A19.1.2 Reproducibility—Tne difference between two
singlc and independent results, obtained by different labora-
tones on identical test matenal would, in the long run, and
in the normal and correct operaticn of the test method.
exceed the following values only 1n one case in twenty:
Range
0-1.0 vol % akcohol

Reproducibelity
0467 (Refractomerer Reading)*?
A1.9.2 Bius—There being no cnitena for measuring bias

in these test-product combinations, no statement of bias can
be made.

AY. TEST METHOD FOR TEMPERATURE AT A VAPOR/LIQUID RATIO OF 20 FOR SPARK-IGNITION
ENGINE FUEL (BOMB METHOD)

Al.l Scope

A2.1.1 This test method covers a procedure to determine
the temperature at which the vapor formed from a liquid fuel
in a chamber of a volume 21.0 times that of the onginal
volume of this hiquid fuel at 32 10 34°F (0 to 1°C) will have a
calculated partial pressure egual to ! atm. This temperature
1s considered 10 be equal to the temperature at which the
vapor-liquid ratio of the fuekis equal 10 20 as determined by
the Test Method D 2533.

A2.1.2 This test method is not applicable to samples
having a vapor pressure above 26 psi (180 kPa).

Note A2.1—This method is applicable to gasolines and gasoline-
oxygenate biends which contain compounds which are soluble in
glycenn.

A2.1.3 This test method is state-of-the-art; however, it
may be revised and eventually balloted for publication as a
standard.

A2.2 Terminology

A2.2.1 Definition:

A22.1.1 MV/L = 20) the equilibnum temperature at
which the partial pressure of a fuel, under the test conditions,
is equal to 1 atm. At these conditions the volume of the
vapor is equal to 20.0 times the volume of the liquid sampie
charged at 32 te 34°F (0 10 1°C) (Notes A2.2 and A2.3).

Note A2.2—The actual vapor-liquid ratio under these conditions is
not exactly 20.0 since no corvection* are made for the following: (1) the
expansion of the liquid sample wi.is increasing temperature, (2) the
‘decrease in liquid sample volume because of partial vaporization, (3) the
dissolved air in the liquid sample, and (4) the effect of the air originally
present in the vapor chamber,

NoTe A2.3—In this test method the partial pressure of the fuel is
observed as a gage pressure in the presence of air. In Test Method
D 2533, on the other hand, the vapor pressure of the fuel is measured as
an absolute pressure. Strict correspondence between the temperature at
which the vapor-liquid ratio is 20, as determined by the Test Method
D 2533, and the T{V/L = 20) as determined by this method, is hence
only valid for ideal mixtures. For practical purposes, however, results by
these two methods can be expected to be quite comparable.

A23 Summary of Test Method

A2.3.1 The fuel chamber of the apparatus, having a
volume of approximately 20 mL, is filled with the chilled
sample and connected to the air chamber, having a volume
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20.0 umes the volume of the hquid chamber. The apparatus
ts immersed in a thermostated waler bath and shaken
peniodically until 2 constant pressure is observed on the
pressure readout device attached to the apparatus. After
recording this pressure and the corresponding temperature,
the apparatus is moved to another thermostated bath set at a
temperature 10 1o 30°F (5.6 to 16.7°C) higher than the
previous bath. The apparatus is shaken penodically until a
constant pressure is observed. This pressure and the corre-
sponding temperature are again recorded.

A2.3.2 Using the equation shown in A2.11.1 the corre-
sponding "1’/ L ratios” for these temperatures are calculated.
The temperature corresponding 10 a " V/L ratio” of 20.0, 1s
then determined by interpolation. The temperature is also
known as T{V/L = 20).

Al4 Significance and Use

A2.4.1 The {V/L = 20)is a measure of the tendency of a
fuel 10 vaporize in automotive fuel systems. For high
ambient temperatures. one would specify a fuel with a high
value of TUI’/L = 20), indicating a fuel with a Jow tendency
to vaporizc; conversely, for low ambient temperatures a fuel
with a low value of T{I"/L = 20) would be indicated.

A2S Apparatus

A2.5.1 The required apparatus consists of two chambers
connected to each other. Connected 1o the top of the upper
chamber is a pressure measuring device.

A2.5.1.1 Upper Chamber (also known as the vapor
chamber) shall be constructed of stainless steel and have the
same dimensions as the air chamber described in Test
Method D 4953,

NOTE A2.4—An air chamber of a Test Method D 4953 unit may be
used for this test.

A2.5.1.2 Lower Chamber (also known as the liquid fuel
chamber) shall be a cylindrical vessel constructed of stainless
steel as shown in Fig. A2.1.

A2.5.1.3 When the two chambers are coupled together, no
liquid fuel shall be lost during the coupling operation, nor
shall there be any compression effects caused by the act of
coupling. The assembly should also be free of leaks during
the conditions of the test.
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Liquid Chamber

FIG. A2.1 Liquid Chamber

Note A2.5—With some commercially available equipment, there is
no adequate provisions for avoiding compression effects. Before em-
ploying any apparatus, it sha¥l be established that the act of coupling
does not compress the air in the air chamber. This may be accomplished
by tightly stoppering the gasoline chamber opening and assembiing the
apparatus with a sensitive pressure readout device attached 10 the 1op of
the vapor chamber. A pressure increase of more than 0.01 psi (0.07 kPa)
is an indication that the apparatus does not adequately meet the
specifications of the method. Il this problem is encountered, 8 vent hole
may be drilled 10 ensure atmospheric pressure in the air chamber at the
instant of sealing.

A2.5.1.4 The volumetric capacities of both the vapor and
the liquid chamber shall be checked to ascertain that the vol-
ume ratio of the two chambers is between 19.80 and 20.20.
Disconnect the gage from the V/L unit and weigh the
cleaned and dried vapor chamber and liquid chamber sepa-
rately. Fill the liquid chamber with water and determine the
weight of the water required. Then connect the two cham-
bers together and determine the weight of the water required
1o fill both units to the seat of the gage connection. The dif-
ference in weights shall be the weight of the amount of water
corresponding to the vapor chamber (Note A2.6). To the
volume of the vapor chamber shall also be added the vol-
ume of the pressure gage cavity as determined in A2.5.2.3.

Note A2.6—Temperature correction for the expansion of the water
is not required if ambient temperature water is used and the temperature
is maintained within 1°F (0.5 °C) during these measurements,

A2.5.1.5 Before placing a new apparatus in service and as
often as necessary thereafter, the assembled system shall be
checked for freedom of leaks by filling with air through the
top opening 1o 50 to 100 psi (350 to 700 kPa) gage pressure
and completely immersing the system in a water bath.

A2.5.2 Pressure Gage:

A2.5.2.1 The pressure gage can be a Bourdon type spring
gageoftestsagequahtywnhapassagewayofnotlasthan
¥ in. in diameter with a range from 0 to 20 (0 to 140 kPa)
or 0 to 25 psi (0 to 175 kPa) and with graduations of not
more than 0.2 psi (1 kPa). Only accurate gages shall be used.
The gage shall be considered inaccurate if the calibration
correction, based on comparison against a Hg manometer or
a dead-weight tester, is greater than 0.3 psi (2 kPa). -

[RNCR R Y [N IV R R TR)

125

A2.5.2.2 The pressurc gage can also be a pressure trans-
ducer which, with the appropniate electronic signal condi-
tioner and display, will have a rated accuracy of 0.1 % of
scan or better under the conditions of the test and show a
resolution of 0.01 psi or better.

NoTte A2.7—A high resolution is desirable, even though the rated
accuracy may be much less, because it will allow the operator 10 more
accurately determine when a system has reached thermal equihibnum
dunng the testing.

NoOTE A2.8—Pressure transducers are often quite sensitive 1o the
ambient operational temperature. These transducers should therefore be
calibrated prior 10 use to determine the temperature offset, if any, which
will occur because the transducer will be heated up during the
measurements. A thermocouple attached 1o the body of the transducer
can be used 10 determine the wemperature of the transducer.

A2.5.2.3 The void volume 1n the Bourdon tube or in the
pressure transducer has 10 be determined by filling this void
volume with water or by calculating the volume irom
specifications supplied by the manufacturer.

A2.5.3 Waier Bath—The thermostated bath provided
shall be of such a dimension that the V/L apparatus can be
completely immersed in the vertical position to at least | in.
{25 mm) above the top of the air chamber. Means shall be
provided 10 control the temperature of the bath in the
temperature range of ambient to 180°F (82°C) within 0.2°F
(0.1°C) of the setpoint (Note A2.9).

NOTE A2.9—A method to rapidly increase the temperature of a
water bath 10 the desired wemperature is 1o employ live stcam introduced
directly into the water bath. Ice can be used to rapidly decrease the
temperature of the bath.

A2.5.4 Temperature Indicators:

A2.5.4.1 Thermometers used to monitor the bath temper-
ature shall have a resolution of 0.1°F (0.05°C) or better and
an absolute accuracy of +0.2°F (0.1°C) as determined by
calibration against a standard thcrmometer. The calibration
of this standard should be traceable 10 the National Institute
of Standards and Technology. Although mercury-in-glass
thermometers can be used for this purpose, a platinum
resistance thermometer with digital readout 1s more appro-
priate.

A2.5.4.2 Thermometers used to monitor and to record
the ambient temperature of the air in the vapor chamber
shall have a resolution of 1°F (0.5°C) or better and a scale
error of I°F (0.5°C) or less. Mercury-in-glass thermometers
can be used for this purpose as well as digital temperature
indicators with a thermocouple as the sensing clement.

A2.5.4.3 A mercury manometer, filled with clean mer-
cury, having a range of at least 20 psi (140 kPa) shall be
employed as the primary pressure gage. The manometer
scale may be graduated in steps of | mm, 0.1 in., 0.05 psi, or
0.001 bar.

A2.6 Reagents

A2.6.} Purity of Reagenis—Use reagent grade chemicals
in all tests. Unless otherwise indicated, it is intended that ali
reagents conform o specifications of the Committee on
Analytical Reagents of the American Chemical Society
where such specifications are available.'® Other grades may
be used, provided it is first ascertained that the reagent is of
sufficiently high purity to permit its use without lessening the
accuracy of the determination. .
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A2.6.2 Accione

Note A2.10: Acetone—Warning—Eatremely ti
to skin, eyes, and mucous membranes

A2.6.3 Methanol

Note Ad1L: Methanol—Warning—Flammable (auses eve irrita-
twon. Skin umitant on repeated contact

nable. Irmtating

A2.7 Handling of Samples

A2.7.1 The extreme sensitivily 0f “apor picssure measure-
ments 10 losses through evaporation and the resulting
changes in composition requires the utmost precaution and
the most meticulous care in the handling of sumples.

NOTE A2.12—Because the hiquid volumes used are about five times
smalier than in Test Method D 4953, it is even more imperative that

great care s taken in the handling of samples 1o avoud tosses of volatile
hvdrocarbons.

A2.7.2 Sampling shall be performed in accordance with
Pracuce D 4057.

A2.7.3 The size of the sample container from which the
sample is taken shall be approximatefy 1 qu_ It shall be filled
with 70 10 80 % of sample at 32 10 34°F (0 to 1°C).

A2.7.4 Precautions:

A2.7.4.]1 This test shal! be the first test run on a sample
(Nate A2.13). For samples with a vapor pressure higher than
13 psi (90 kPa), not mord* than one sample may be
withdrawn from the sample container for this test. For
samples with vapor pressures between 10 and 13 psi, not
more than two samples may be withdrawn from the sample
container for this test. For samples with a vapor pressure less
than 10) psi, not more than four stmples may be withdrawn
from the sample container for this test.

Note A2.13—{f 2 vapor pressure determination is required on the
same sample, this should be run from a scparate sample container. Do
not run this test from a sample container after sample has been drawn
from that container for 2 vapor pressurc.

A2.7.4.2 Samples shall be protected from excessive heat
pRor to testing.

A2.7.4.3 Samples in leaky containers shall not be tested.
They should be discarded and new samples shall be obtained.

A2.7.4.4 The sample contents shall be cooled to 32 10
34°F (0 10 1°C) before the container is opened. This can be
assured by direct measurement of the temperature of a
similar liquid in 2 like container placed in the cooling bath ai
the same time as the sample.

A28 Preparation for Test

A28.1 Verification of Sample Container Filling—With
the sample at a temperature of 32 to 34°F (0 to 1°C), 1ake the
container from the cooling bath, unseal it, and examine its
ullage. The sample content shall equal 70 to 80 % of the
container capacity.

A2.8.1.1 Discard the sample if its volume is less than
70 % of the container capacily

A2.8.1.2 If the container is more than 80 % full, pour out
enough sample lo bring the container contents within the
70-80 % range. Under no circumstance may any -sample
poured out be returned to the container,

A2.8.2 Air Saturation of Sample in Sample. Conmmer

A2.8.2.1 With the sample again at a temperature of 32 .10
34°F (0 10 1°C), take the container from-the cooling bath,
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unseal 1t momentanly. reseal it. and shake wvigorously.
Return 1t to the bath for a mimmum of 2 min.

A28.22 Repeat A2.8.2.1 twice more. Return the sample
to the bath until the beginning of the procedure.

A2.8.3 Preparation of the Fuel Chamber—Check that the
fuel chamber is clean and dry. Close off the opening with 3
rubber stopper  Completely tmmerse the stoppered fuel
chamber in the bath at 32 to 33°F (0 to 1°C) for at least o
min. Wrap the clean and dry sample transfer connection in 3
plastic bag and plice it aiso 1 the same bath.

A28.4 Preparanon o Air Chamber—Check that this
chamber 1s clean and dry and that there 1s no residual hquig
left in the pressure cavity of the pressure measurement
device. Read and record the room temperature. The
chamber should have been at this temperature for at least 1§
min pnor to charging the sample.

A29 Procedure

A2.9.1 Sampie Transter—With evervthing 1n readiness,
remove the chilled sample contaner and dry off excess mots-
ture. Remiove the sampiz transter connection from the bath,
uncap the contatner and insert the transter connection in the
container (sce Fig. A2.2). Remove the chilled fuel container,
wipe the top part dry, remove the cork, and place the fuel
chamber in an inverted position. over the sample delivery
tube of the transfer apparatus. Invert the entire system
rapidly so that she fucl chamber is upright with the end of the
delivery tube touching the bottom of the fuel chamber. Fil}
the fuel chamber to overflowing. Keep the outlet of the
transfer tube under the surface of the iquid. Do not splash or
slosh during this operation. Withdraw the debivers tube from
the fuel chamber while allowing the sample 10 continue
flowing up to the moment of complete withdrawal.

Note A2.14: Caution—Provisions should be made for suitabie re-
straint 2nd disposal of the overllowsng gasoline 1o avoud fire hazard [
not inhale gasohine tumes Carry out the sample transfer in 4 tume howd
if possible

A2.9.2 Assembly of Apparatus—Hold the botom of the
liquid fue) chamber on a flat surface: ensure that the liguid
level is flush with the top of the chamber and immediateh
attach the air chamber 10 the fuel chamber. Not more than
10 s shall be consumed in coupling the two chambers (Note
A2.15).

NOTE A2.15—Sample Transfer and Apparatus Assembly as de-
scribed 1n A29.) and A2.9.2 are hest performed by two persons working

Crilied Gosoime CAomber

= “\

Position of Syshem (o
Sovple onsfler

FIG. A2.2 Simplitied Skeiches Outlining Method of Transferring
Sample to Gasoline Chamber from Open-Type Containers
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together  This reduces the time that the sample 1~ cxpased to the
atmosphere and reduces potential crrors in sample hae Hing

AZY S Iroduction of Apparatus e BLon—Hold  the
assembled vapor pressure apparatus i the honizontal posi-
uon to allow a major portion ol the samjn: n the fuel
chambet to runanto the vapor chamber. Wal the apparatus
sull tn the honzontal positon. shake 1t vigerously 6 10 §
umes tn a direction parallei ta the apparatus. With the gage
end up. immerse the assembled apparatus in a thermostated
bath maintained at +0.2°F (0.1°C) of the desired temperature
(Note A2.16). With the conncction beiween the fuel and the
vapor chamber under the wzter level. carefully examine this
conncction for leaks (Note A2.17). If no leaks are observed.
further 1immerse the apparatus 10 a1 least | in. (25 mm)
abcve the top of the air chamber. Observe the apparatus for
leakage throughout the test. Discard the test at any time a
leak 1s detected.

Nuik Al.16—For samples with a vapor pressure between 8 and 14
pst {56 and 98 kPa) a good temperature 1o start is 100°F (37.8°C). For
samples with a higher vapor pressure 3 lower starung iemperature 15
recommended. for example, %F. Conversely. a hgher starting tempes-
ture 1s ndicated for samples with vapar pressures below § psi (56 kPaj.

Nan Al 17—Liguid leaks are more difficult 10 detect than vapor
leaks Because the couphing between the two chambers is normally in the
hquid scction of the apparatus. give ¢ particular aticntion

A29.3 Measurement of Vapor Pressure:

AZu 4l After the assembled apparatus has been im-
mersed in the bath for at least § mun. tap the pressure gage or
pressure transducer hightly and abserve the reading. With-
draw the apparatus from the bath and repeat A2.9.3. Al
ntervals of not less than 2 mun, perform A2.9.3 until a total
ol not less than S shakings and gage readings have been
made. Continue thereafier if necessary until the last two
consecutive gage readings are constant. indicating that equi-
hibnum has been auained. These operations normally re-
quire 20 to 30 min. Read the final gage pressure to the
nearest 0.05 psi (0.35 kPa) and record this value as the
“uncorrected vapor pres-ure” of the sample.

A294.2 Have another thermostated bath ready at a
temperature 10 to 30°F (6 to 17°C) higher than the previous
bath. If only one thermostated bath is available, the temper-
ature can also be changed by adjusting the setpoint of the
bath Increasc the temperature by the full 30°F if the
observed pressure in the previous run is 9 psig (63 kPa) or
less. increase the temperature of the bath by JO'F, if the
pressure of the previous run is 13 psig (91 kPa) or more.
Decrease the tempcrature of the bath if the observed pressure
of the first run results in a calculated 17/ L value (see A2.1 1.1)
of more than 20.0.

A2.94.3 Repeat steps A29.3 and A2.94.1. If the ob-
served final gage pressure in the subsequent run is such that
the corresponding 1/L, as calculated according to A2.11.1 is
less than 20, an additional run is required. Repeat steps
A29.4.2, A29.3, and A2.9.4.1 in this case. Repeat until a
measurement is obtaincd where the final gage pressure
reading costesponds to a ¥/ L larger than 20, as calculated by
Eq A2.1.

A2.9.4.4 After the final gage pressure reading, remove the
pressure gage (Note A2.18) and, without attempting to
remove any liquid which may be trapped in the gage, check
its reading against a manometer while both are subjected to a

common steady pressure which s no more than 0.2 psttliy
kPa) different from the fast recorded gage pressure It o
ditlerence i observed berween the gage and the manometer
reading, thes difference should be added to or subtracted
from the uncorrected vapot pressure readings  recanded
carhier

Nttt AZld—1ihe gage prossure should m general be 3 pwo( et
LPa) or higher at this point. Coubing the assembly pnor 10 disconnechn,
the gage will facaintate disassembly and reduce the amount of hydrocar-
bons reicased mte the atmosphere In ali cases the page shauld e
disconnected with the rehict hole in the bottom of the vapor chambse:
powting away trom the operatoe

A29.5 Preparation of Apparatus for Nexr Tesi—Discor-
nect the vapor and hiquid fuel chamber and discard the
residual sample. Clean bath chambers by nnsing severa
times with a soivent such as acetone or methanol. allow i
drain and then blow dry. Check visually for cleanhiness Alter
disconnecting the pressure gage from its mamfold connec-
tion with the manometer. remove trapped flud by repeated
centnfugal thrusts For o Bourdon tvpe pressuie pae. thes
can be accomplished by holding the gage between the paim
of the hands with the nght hand on the face side and the
threaded connection ot the gage forward Extend the arms
forward and upward ar an angle of 45° with the couphing o
the page pomnung i the same direction Swing the amm
downwards ttough un arc of about 133 so that the
ceninfugal furce aids gravity in removing the trapped hguid
Repeat dus operation three times o expel all hquid For o
pressure transducer o somlar approach can be used (o eype!
all hquid trom the pressure cavity Purge the pressure pape b
directing a small jet ol cleaned air into the Bourdon tube o
sample cavitv fur at icast S minutes

A0 Hazards

A2.10.1 Gross errors can be obtained if the prescribed
procedures arc not foliowed carcfully. It 1s very imponans 1.-
adhere strictly o the precautions given 1n this procedurc

A2.10.1.1 Checking the Pressure Gage or Pressure Trans.
ducer—Check the gage or the transducer after each test 10
ensure high precision and results. Read Bourdon tyvpe gages
while tn the vertical posinon and after tapping lightly. When
a pressurc trunsducer is used, the temperature of the trans-
ducer should he moniored to correct tor the effect of
temperature on the readout.

A2.10.1.2 Shake the sample container vigorously at the
beginning of the test to ensure equilibnum of the sample
with the air in the contamner,

A2.10.1.3 Check the apparatus before, dunng. and afier
the test for both liquid and vapor leaks.

A2.10.1.4 Sampling—Because initial sampling and the
handling of the sample will greatly affect the final result.
employ the uimost precautions and the most meticulous care
10 avoid losses through evaporation, splashing, and any other
operation which could result in even slight changes in
composition.

A2.10.1.5 Thoroughly purge the pressure gage and the
two chambers to ensure that they are free from residual
sample. This operation is most conveniently performed at
the end of each test.
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A2.11 Calculation
A2.11.1 For cach determinauion calculat
ratio™ as follows:

r -V
(4 3.

vapor-hquid
T,-T.
4596 + 7,

/L = (A2.1)

)

: ( P+
¥, 14.69 \
where:

I’ = total void volume of the apparatus, ml (Note A2.19),

volume of the liquid fuel chamber, mL.

corrected pressure gage reading. psig (Note A2.20),

B barometric pressurc. psi.

T, = mir temperature in vapor chamber wr charging, °F
{Note A2.21), and

T. = air temperature at equilibnum, °F.

Note A2.19—The total void volumc s the sum of the vapor
chamber, the hquid fucl chamber, the dead volume in the pressure gage.
and the volume of the connection between the pressure gage and the
vapor chamber.

NOTE A2.20—If the pressuse readings are in mm Hg. substituie 760
for the 14.69 in the equation: if the pressurc readings are in kPa,
substitute 101.3 for 14.69 in the equation

Now A2.2i—If the temperature readings are 1 "C, subststule
273.13 for 459.6 in the formula.

A2.11.2 Piot the experimental results in the form of
“vapor/iiquid ratio” versus tgmperature on graph paper,
which can be read easily 10 0.1 ¥/L and 0.2°F (0.1°C). Read
from the plot the temperature corresponding to the V/L

ratio equal 10 20.0 {Note A2 22). This is the desired value of
/L = 20).

NOTE A2.22—This temperature can aiso be calculated mathemat-
cally from the followmng-

ny/L =20) (A

=T, +{T, - T X200 — (V70304 VL), — (VLY

where T, and (!1'/L), are the wemperature and the corresponding: value
of the “vapor/hquid rato™ from the first eapenimental point and 7, and

(V/L), are the temperature and the corresponding value of the “vapor!
hiquid ratio”™ from the sevond expenmental point

-

2)

A2.11.3 Extrapolauon s not permitied to calculate the
valuc of T{17/L = 20}. It necessary, perform an addiuonai
measurement to ensure that the desired temperawure can be
calculated by interpolation. The calculated value of TUV/L =
20) shall also be less than 10°F (5.6°C) away from a measured
data poimnt. If this 1s not the casc. perform an additional
measurement at a temperature close to the expected value of
N’/L = 20) (Note A2.23).

NoTe A2 23— morc than 2 daia ponts are obtained, these will not

Ire on a strasght hine To detenmne the desired TUL = 200 consider
only the two closest eapwenimicnial paunts bracheung this salue

A2.12 Precision and Bias

A2.12.1 Precision—Precision is sull 10 be determined.

A2.12.2 Bias—Therc being no cniena for measunng bias
in these test-product combinations. no statement of bias can
be made.

A3. TEST METHOD FOR WATER TOLERANCE (PHASE SEPARATION) OF SPARK-IGNITION ENGINE
FUEL

Al.l Scope

A3.1.1 This test method determines the ability of gaso-
line-oxygenate blends to retain water in solution or in a
stable suspension at the lowest temperature to which they are
likely to be exposed in use.

A3.1.2 The values stated in SI units are standard.

A3.1.3 This test method is state-of-the-art; however, it
may be revised and eventually balloted for publication as a
separate standard.

A3.2 Summary of Test Method

A3.2.1 The sample of fuel is cooled at a controlled rate to
its expected use temperature and is periodically observed for
both haze and phase separation. The apparatus of Test
Method D 2500 or a dry ice-isopropyl alcohol bath may be
used. A maximum cooling rate of 2°C (4°F)/min is specified
because phase separation in gasoline-oxygenate blends has a
relatively long but unpredictable induction period.

A3.3 Significance and Use

Al.3.l Some oxygenate-containing fuels, and gasoline-
~ alcohol blends in particular have a very limited ability 1o
retain water in solution or in stable suspension, and if the
amount of water in the blend exceeds this limit, the fuel will
separate into a Jower oxygenate-rich aqueous phase and an
upper oxygenate-lean hydrocarbon phase. The most impor-
tant factor governing the ability of a specific fuel to retain
water ‘without such - separation is its - temperature. This
method is intended to determine the maximum temperature
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at which the fuel will separatc. The 10th percentile 6-h
minimum temperature, or 10°C (50°F) whichever is lower,
for the timc of year and geographic arca of the United States
in which the fuel may be used. are tabulated in Table 3 of
Specification D 4814. The temperatures represent the max-
imum temperatures above which the fuel must not separate
into two distinct phases.

A3.3.2 Note that in this test, actual separation of the
sample into two distinct phases is the critenion for failure.
The following are indications of phase separation:

A3.3.2.1 The formation of droplets large encugh 10 be
detected by the unaided eye. They can be either clinging to
the sides of the container or collect on the bottom.

A3.3.2.2 The formation of two layers separated by eithera
commcen boundary, or a layer of emulsion.

A3.3.3 Formation of haze without one of thesc indica-
tions of scparation is not causc for rejection

A3.4 Apparatus

A34.1 Test Contuiner—The container may be as speci-
fied in the apparatus scction of Test Method D 2500, but any
glass container of about 100 mL capacity may be used. This
container may be marked at the level of 40 mL.

A3.4.2 Thermometers, meeting the requirements of Spec-
ification E 1. ASTM thermometer 6C (range ~80 to +20°C,
1°C graduations, 76 mm immersion. Thermometer 6F is the
Fahrenheit equivalent of 6C) spans the necessary range of
temperatures. A thermometer must be provided for each
container, mounted to pass through the stopper. -
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A333 Vion Rubber Stopper—ito it sanonle container,
bored centrally for the test thermometer.

A3 43 Cooling Bath—May bx of ssmilu -nmensions to
those specified in 6.7 of Test Mcthod D 25t01 ind provided
with a jacket, disk. and gasket as specified in the apparatus
scction. filled with an ¢qual-volume mixture of water and
~permancnt” antifreeze and provided with retseeration coils
capabic of reducing its temperature w —30°C (—40°F).
alternauvely, a dry ce-isopropy] alcohol batl may be used.

A3S Sampling and Handling

A3.5 1 Draw samples in accordance with the mstructions
in Practice D 4057, specifically 7.8.3.7.9.1, and 10.3, except
that water displacement, 10.3.1.8, shall not be used.

A3.52 Draw the samples in steel cans that have been
solvent washed in accordance with 6331 of Practice
D 43¢

A3.3.3 Store the samples i a retrgerator (2 w0 7°C, 35 10
45°F) whenever not actually transterming sample.

A1.53 3 Because gasoline-alcohol biends arc hygroscopic as
well as volatile, minimize contact with the atmosphere by
keeping sample containers tightly closed except when trans-
fernng sample.

Al6 Procedure

AX6 1 Warm the sample 1o 15°C (59°F) and shake. 1o
redissolve any water that mayv have settled out at the
refrigerator temperature.

A3.6.2 Cool the test containers to 10 10 15°C (50 1o 59°F).
Carnn out steps A3.6.3 through A3.6.5 as promplly as
possiblc to minimize vaporization losses and absorption of
water from the atmosphere.

A36.3 Rinse out the cooled test container with some of
the samiple 1o be tested. Drain

A3.6.4 Pour about 40 mL of the sample into the test
container. The precise amount is not critical, but it must be
enough to submerge the thermometer bulb adequately,
without being so much as 10 requirc an excessive amount of
cooling time. If the sample has separaied. as defined in
A3.3.2. terminate the test.

A36.5 Scal the test continner wath the rubber stoppet
Locate the thermometer bulb approximatedy at the center ot
the tuel sample.

A3.6 6 Cool the sample by intermittent immersion i or
circulation of the coolant  Fhe sample 1s rot o be swirled o
shaken while 1 the coaling hath. Starting at a coohng ith
temperatute not higher than 10°C (30°F) or 16°C (30
above the test wmperatute, cooi the sample ot 3 maamum
rate of 2°C (3°F)y/muinute unul phase scparation occurs. or the
test temperature s reached

Al6.7 AL 2°C (47F) mervals. remove the test contane
from the cooling bath and shake vigorousty for 5w 10
Wipc the extenor of the sample container with a towel
moisiened with 1sopropyl alcohol to remove any condensa-
tion. and observe the conditton of the sample for no more
than 5 s agmnst a hight colored. ilummated background

ALOS 10 BIkely that the sample will get hany powe o
actual phase separation as defined in A3 32 Record the
sample temperature at the first indication of haze (when
cooling). and the temperature when the haze disappearns
(warnung).

A36.9 Record the temperature of phase  separanon
(A3.3.2). Then aliow the sample to warm at ambent empxer-
ature. Shake the sample vigoroushy after a temperature e of
2°C(4°F). amd observe Record o “warmmng™ phase recomby
nation tempeeniore. and haze disappeariance wemperatute
Avetage these “coohng™ ad Cwarmung” tempertures to
determine the actuad phase separation and  haze poat
tlemperatures Repeat thas process for improved accuracy

AY.T Repont

AX7.1 Repon the following information:
AY7.1.1 Report the averaged haze point and phase sepa-
ration temperatures found i A3 69

AN Precision and Bias

AR Precovem—TThe preasion of this test method has
not been determined

Al.8.2 Bias—~There bemg no crniieria for measuning bias
m these test-product combimanions. no statement of bias can

be made.

APPENDIXES

(Nonmandatory Information)

X1, SIGNIFICANCE OF ASTM SPECIFICATION FOR AUTOMOTIVE SPARK-IGNITION ENGINE FUEL

X1.1 Genera)

X1.1.1 Antiknock rating and volatility define the general
characteristics of automotive spark-ignition engine fuel.
Other charactenistics relate to the following: limiting the
concentration of undesirable components so that they will
not adversely affect engine performance and ensuring the
stability of fuel as well as its compatibility with materials
used in engines and their fuel systems.

X1.1.2 Fuel for spark-ignition engines is a complex mix-
ture composed of relatively volatile hydrocarbons that vary
widely in their physical and chemical properties and may
contain oxygenates. Fuel is exposed to a wide variety of
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mechanical, physical, and chenucal environments. Thus, the
propentics of fucl must be balanced 1o give satisfacion
engine performance over an extremely wide range of oper-
ating conditions. The prevailing standards for fuel represent
compromises among the numerous quality and performance
requirements. This ASTM spccification is established on the

basis of the broad experience and close cooperation of

producers of fuel, manufacturers of automotive equipment,
and users of both.

X1.2 Engine Knock
X1.2.1 The fuel-air mixture in the cylinder of a spark-
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igninon engrne will, under certamn conditios s, autoignite in
locah «d areas akead of the flame front thui is progressing
from the spark. This ts engine spark knock which can cause a
ping that may be audible to the customicer.

X1.2.2 The antiknock rating of a fuel s 1 measure of its
resistance to knock. The antiknock requiremient of an engine
depends on engine design and operation, as well as aimos-
pheric conditions. Fuel with an antiknock rating higher than
that required for knock-free operatien dos not improve
performance.

X1.2.3 A decrease in anuknock rating mav cause vehicle
performance loss. However. vehicles equipped with knock
hmiters can show a performance improvement as the anu-
knock quality of the fuel is increased in the range between
customer audible knock and knock-free operation. The loss
of power and the damage 1o an automotive engine due to
knocking are generally not significant untif the knock inten-
sity_becomes very severe. Heavy and prolonged knocking
may cause power loss and damage 10 the engine.

XL3 Laboratory Octane Number

Xi3.1 The 1wo recognized laboratory engine test
methods for determining the antiknock rating of fuels are the
Research method (Test Methods D 2699 or D 2885) and the
Motor method (Test Methgds D 2700 or D 2885). The
following paragraphs define the two methods and describe
their significance as applied 10 various equipment and
operating conditians.

All 1988 Mode! Year Cars ang Light Trucks

82
80

7 CRC Rapon No. 568

76 A 1 1 1 1 '] i 1 1
5 10 20 30 405060 70 80 90 95
Percant Technical Satistaction

FIG. X1.1 An Example of the Statistical Distribution of Vahicle
Antiknock Requirements

[}
'
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TABLE X1.1 Aut

tive Spark-lg Engine Fuel Antiknock
Indexes in Current Practice

Unieaded Fuels
{tor vemcles tar can or must use unleaced luei,

Antknoci tngex ¥ ¢ U €
(RON + MON)2

a7 Desicned to meet antmnock regquwements of mos:
TOTT ana ater modet vetncies
82 Satakes vetucles with SOMewnar higher antmnocs
requrements
Salistes verucies with Ngh antmnock requwements

Leaceo Fuet
{tor vemncCles Mat can or must use leacec fuel)

Antknock Index &< &€
(RON + MON)2

Appucaton

91 ana above

Applcation

88 For most velwies that were Cesignec 10 operate or
leaded tuef

“ Unieaded tfuei hawng ar antinock waex of ar least B~ should aiso have o
asmum Motor oCtane nurites 0° 82 in ordes to agequater, [rotect tNOSE vehnms
Mat are sensitive 10 Moltor Ctarw q_akry

¥ Reducthions i vetecie antmnock remurements for altitude are Showr e
Fig X12

€ Reductons in vetCh: antis+QCk requirements or seasona: vanatuns are
shown n fig X1 3

© Not at antknack nges levers ksted n Itws table are avadadle at ai locations

f The Federal Trade Cornmussion requres octane POSUNG and certicatior -
accorgance with 16 CFR Past 307

X1.3.2 Research octane number s determined by &
mcthod that measures tuel antiknock fevel 1n a single-
cvhinder engine under nuld operating conditions, namely, at
4 moderate mdet monee wmperature and o low engine
speed. Rescarch octane number tends to indicate tuel anu-
knock performance cogines at wide-open throwtle and
low-to-medium engine speeds.

X1.3.3 Motor octane number is determined by a method
that measures fuel antiknock Jevel in a single-cylinder engine
under more scvere operating conditions than those empioved
in the Rescarch method: namely, at a higher inlet mixtire
temperature and at a higher engine speed. It indicates fuel
antiknock performance 1n engines operaling at wide-open
throttle and high enginc speeds. Also, Motor octane number
tends to indicate fucl antiknock performance under pan-
throttle, road-load conditions.

X1.4 Road Octane Number

X1.4.1 The road octane of a fuel is the measure of its
ability to resist knock in customers’ vehicles, and is ulti-
mately of more imponance than laboratory octane numbers.
Since road octanes are difficult 10 measure and interpret, the
industry has agreed 10 use ASTM laboratory engine tests to
estimate the road octane performance of spark-ignition
engine fucl in vehicles

X1.4.2 The anuknock inden (AKI]) 15 the anthmeuc
average of the Research octane number (RON) and Motor
octane number (MON):

AKIl = (RON + MON)/2 (X1 1)

This value is called by a variety of names, in addition to
antiknock index, including:

Octane rating
Posted octane
(R + M)/2 octane

X1.4.3 The AKI is posted on retail gasoline dispensing
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FIG. X1.2 Reduction in Vehicle Antiknock Index Requirements
for Altitude* *

Area Less than 89 AKi 89 AKI or Greater
1 07 05
1 18 15
m 22 1.5
w Jo 20
v 45 30

“ Fue! may be marketed usiy] these requctions but actual antiknock ndex
minmums must be posted

¥ While the reductions in this table apply to most pre- 1985 vetwcles, the control
technology ON Many newer vehicies May CAuse them to have kitie or no reduced
antiknock requerement at fegher altitude

pumps in the United States and is referred to in car owners’
manuals. The AKI is also required for certification at each

Cortnoms !
Noaetn Caovt ',

wholesale tue! tanster and s reterred oo United States
federal lan as “Octane Raung.™ "

X144 TThe most evensive data base that relates the
laboratory  cnpme st methods for Research and Motor
octane to actual field pertormance of fuel in vehicles s the
annual Coordinatng Research Council (CRCY: Octane
Number Reguiremient Survey conducted for new hight-duty
vehicles. Analvsis of these date shows that the anuknock
performance of a fuct in some vehicles may correlate best
with Rescarch octane number. while in others. 1t mas
correlate best with Motor octane number These correlations
also differ from model vear-to-model year or trom e
population-to-vehicle population. reflecung changes 1. on
gine designs over the years.

X1.4.5 The antiknock index of a fuel appronimates the
CRC road octane ratings for many vehicles However. the
user must he punded also by eapenence as to which tuel =
most appropriate for an individual vehicle. The aruknock
index formula s reviewed penodically and may have w be
adjusted in the future as engmes and fuels conunue -
evolve. The present (RON + MON)2 tormula is an estimate
and v pot an absolute micasure of fuel antiknock pertor
mance in general or moany spectfic vehicle

X1.4.6 Car anuknock requirements vary, -even within o
single madel, so the stanstical dissnibution of the octane
needs of any car population are usually shown in graphicat
formi. as shown i Fig N1 As anuhnock indes increases
larger and Lairger fractions of the car popufauon in gquestion
will be tree of knock  that s be "saustficd” with the octane

' Detals of this regulation can b found in Code of |edera! Regulations T
16. Chapicr 1. Subchapter ¢ part 306 (1o CERW0). S Gosernment Printir
Office. Supermiendent of Doonments Washingron DU 20402

FIG. X1.3 Reduction in Vehicle Antiknock Requirements for Weather*

J ] M A M
Nofthe st i6 [V (IR ] 0
Southeast 0s 0 0 0 (1]
Midwest 10 05 08 0 0
Northwest 1.0 1.0 -0 05 0
Southwest 1.0 0.5 0 0 0
California?
No Coast 0.5 0.s 0s = 05 0.s
So Coast 0 0 0.5 0.5 10
Alasks . 10 . 1.0 0.5 , 08 0
Hawaii 0 0 o- . o0 [

4 Fuol may be marketed using thess reéductions, but sctusl sniknock index minimums must be posted.

# Detats of Calfornia coastal aress are shown in Footnote A of Table 2.

2 Conrdinatiny Researct Counal loe 219 Penmeter Cerier Parbay
Atlanta. GA 0130
-3
J J A hY [§] hY 3]
1] 0 [} [ [T 0 T
0s 0>~ us 0 0 1] (18}
0 8 f] u Y s o
0 0 0 0 05 10 o
0 0 0 [} 0 05 tu
0.5 04 [1 3] 0 0 [ 3] (3]
1.0 10 0.5 [t 0 0 U
0 0 0 05 1.0 (XY
0 0 0 0 0 0

I3
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qualuty of fuels at or above that level wh index. The
datain Fig. X1.1 are for new model I trucks sold in
the United States in the model vear 19> ¢ are included as
an example of the antiknock requircment wistribution, not as
a data reference.

X1.4.7 According 1o the winter 1988-1989 motor gaso-
line survey published by the National Institute for Petroleum
and Energy Research, unleaded fuel anukhnock indexes in
current practice range from a low rear A3 in the mountain
areas 1o a high of near 94. Companies tvpucally market two
or three unleaded grades of fucl, one of which usually has a
minimum antknock index of 87, tor whi : most post-1971
vehicles are designed. Most campanies ai-~. market a higher
octane fuet with an antiknock index ot Y1 or above. This fuel
is intended to satisfy those vehicles with a higher octane
requirement. Some companices offer three grades of unieaded
fuel. The third grade usually has an antiknock index of 89.
Leaded fuel 1s still available in some mark-ts and usually has
an antiknock index of 88 or 8Y.

X1.4.8 Marketers set the grades and octane based on their
perception of the techmical and competitive needs in the
market.

X1.49 Antknock indexes of fuel sold in current practice
in the United States are shown in Table X1.1 for both
unieaded and leaded fuels.

X1.5 Precision and Bias of Antiknock Index

X1.5.1 The following statements apply to the precision
and tias of antiknock index of fuel, which is a composite
quantity not addressed in any other standard.

X1.5.2 The precision of the antiknock index, (RON +
MON)/2, 1s a funcuon of the individual precisions of
Research (Test Method D 2699) and Motor (Test Method
D 2700) octane numbers. The repeatability and reproduc-
ibility vaniances for these test methods are summed and
divided by four 10 obtain the vanance of the antiknock
indcx.

X1.5.2.1 Repeatability—The difference between two sets
of antiknock index determinations, where two test results by
cach octane number method were obtained by one operator,
with the sarae apparatus under constant operating conditions
on identical test matenal would, in the long run, and in the
normal and correct operation of the test methods, exceed the
values in the following 1able 1n only one case in twenty.

X1.5.2.2 Reproducihiluy—"The difference between two
independent sets of antiknoch index determinations, ob-
tained by different operators working in different laborato-
nies on identical test material would, in the long run, and in
the normal and correct operation of the test methods, exceed
the values in the foliowing iable in only one case in twenty.

Repeatability Limits,
Antiknock Index Units

Reproducibility Limits,

Antiknock Indes Antiknock Index Units

83 0.2 07
85 02 0.7
87 0?2 07
8y 0.2 0.6
91 0. 0.6
93 02 06
95 - 0.6
97 - 0.7

Note X|1.)—These precision limits were calculaicd from Research
and Motor octane number results obtained by member laboratories of
the ASTM Nationa! Exchange Group (NEG) participating in 8 cooper-

abnve testing program Lhe data obtained dunng the penuad 198G througt:
I982 have been anabyzed i accondance with RR.DU2-1007, “Manual
on Determiming Precior Data tor ASTM Methods on Petrolcum
Products and Lubncants,” Sprning. 1973

X1.5.2.3 Bias—Since knock raungs are determined by
the conditions of the empirical test methods involved. b
cannot be determuned

X1.6 Altitude and Weather Octane Adjustiments

NX1o6 U The octane requurement (the octane number o
tuel requred tor satistactozs ~ehicic operation with respect o
Knock) ot vehicles desreases as altitude mereases, primantds
because ol the reduction in munture density caused b
reduced atmosphenic pressure. However, alutude does not
affect octane requirements of all cars uniformly.

X1.6.2 The adjustments to antiknock indey for alutude
are given n Fig. X 1.2 Boundanies of the arcas defined and
the corresponding antiknock indea reductions were estab.
lished to protect cars dnven from a high 1o a lower athitude
(and, hence, higher octane requirement) area while using tue!
obtamed i the gh alutade arca

X163 Fests by the CRC and other orgamizanons ha -
shown that the decrease 1in uctane requirements with altitude
is larger for most modcls between 1971 and 1984, designed
1o use a fucl with an antiknock inden of 87, than tor
pre-1971 cars. Generally, the pre-1971 cars have high com
pression ratios and use fuels with an antiknock inden of 8x
and higher. Fucls with antiknock indexes below 89 are
adjusted by a larger reduction factor than those with an
antiknock index of 89 or greater

X1.64 Recent data indicate that vehicles with maders
control technology 4o not respond to alutude i the same
wav as carhier vehicles In fact. the antiknock index require-
mentin high altude regrions may be the same as at sea level
This control technologs began to be used extensively around
1983 and 1» now used in the majonty of new vehicles. As
post-1984 vehicles replace older vehicles in the population.
the antiknock correcuons in Fig. X 1.2 will become inappro-
prate.

X1.6.5 Velicle octane requirements, on the average, nse
with increasing atmosphenc iemperature by 0.097 MON per
degree Celsius (0.054 MON per degrec Fahrenheit). and
decrease with increasing specific humidity by 0235 MON
pes gram of water per hibogram of dey air (00335 MON pes
gramn ol wiater per pound ol dry air). Because temperatuse
and hunudity ol geographical areas are  predictablc
throughout the year from past weather records. oclane levels
can be scasonally adjusted to match seasonal changes in
vehicle octane requirements. Fig. X 1.3 defines the bound
aries of arcas and the scasonal vanations recommended for
antiknock index variations.

X1.7 Leaded Versus Unleaded Fuel Needs

X171 In addition 1o selecung the appropriate antihiogh
mdex o meet velucle antiknock needs, a choice must
made between leaded and unicaded fuel. Vehicles that must
use unicaded fuel are required by Environmental Protection
Agency regulation 10 have permanent labels on the instru-
ment panel and adjacent to the fuel tank filler inlet reading
“Unleaded Fuel Only.” Most 1975 and later model passenger
cars and light trucks are in this category. Most 1971-1974

i ——— — ~
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vehicles can use leaded or unleaded fuel. Pi: . vehicles  of vapur-liquid rauo. vapor pressure. and disullatnon proper-
were designed for leaded fuel: however, ut 1 fuel of  es.
suitable antiknock tndex may generally be in these X1.8.4 For sea-level areas outside of the Umited States
vehicles, except that leaded fuel should be use.  ‘niodically  where vapor pressure requirements are not as restrictive as

(after a few tankfuls of unleaded fuel have wen used).
Leaded fuel may be required in some vehicles. particularly
trucks, in heavy-duty service and some farm cquipment.
Instructions on fuel selection are normally provided In
publications of vehicles manufacturers (for example. owner's
manuals, service bulletins, etc.). Anuknock agents other than
lead alkyls may be used 1o increasc the antthnoch index of
fuels, and their concentrations may alse he linted due 10
either performance or legal requirements

X1.8 Volatility

X1.8.1 In most spark-ignition internal combustion en-
gines, the fuel is metered in liquid form through the
carburetor or fuel injector, and is mixed with air and
parially vaponized before entiening the cylinders of the
engine. Consequently, volatility s an extremely important
charactenstic of motor fuel.

X1.8.2 At high operating temperatures, fuels can boil in
fuel pumps, lines, or carburetors. If t0oo much vapor is
formed. the fuel flow to the engine can be decreased,
resulting in loss of power, rough engmc opcranon or engine
stoppage. These conditions are Yknown as “vapor lock.”
Conversely, fuels that do not vaporize sufficiently can cause
hard starting of cold engines and poor warm-up perfor-
mance. These conditions can be minimized by proper
selection of volatility requirements, but cannot always be
avoided. For example, during spring and fall a fuel of
volatihty suitable for satisfactory starting at low ambient
temperatures can cause problems in some engines under
higher ambient temperature operating conditions.

X1.8.3 Six vapor pressure/distillation classes and five
vapor lock protecuon (vapor-liquid ratio) classes of fuel are
provided to satisfy vehicle performance requirements under
different climatic conditions and to comply with U.S. EPA
vapor pressure limits for the control period of May | through
September 15. Class A and Class AA specify the EPA
maximum vapor pressure limits of 9.0 psi and 7.8 psi,
respectively. Volatility of fuel is specified by an alphanu-
menc designation. The letter specifies the vapor pressure/
distillatinn class and the number specifies the vapor lock
protection class. The vapor pressure/distillation classes are
needed 1o comply with the EPA vapor pressure regulations
and are not based on vehicle performance during the EPA
control pertod. The separate vapor lock protection classes are
provided because under most ambient conditions the EPA
regulations specify a lower vapor pressure than would be
required to prevent hot fuel handling problems. If tne
corresponding and unnecessarily more restrictive vapor-
liquid ratios were specified when the EPA regulations are in
effect, it could result in reduced fuel production, manufac-
turing hardships, and increased fuel costs. The schedule for
scasonal and geographical distribution indicates the appro-
priate aiphanumeric volatility requirement or requirements
for each month in all areas of the United States, based on
altitude and expected air temperatures, and on EPA vapor
pressure regulasions. Volatility limits are‘established in terms
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those specified by EPA, the following ambient temperatures
are for guidance 1n selecuing the appropnate alphanumenc
designation:

Ithh Percentile
6-h Aimmum

th Peteentide

Alphanumeri Maumum [

Volatihty Dalv lemperature Temperatury
Deuignation U *Ci't.

Al Lty y;ady EXRNRRIIN

B2 BUER] sadiny
-3 ENET <97
D =72 <29 (RS)
L-¢ = -7 (2th <2 o9

The 6-h minimum temperature 15 the highest temperature of
the six coldest consecutive hourly temperature readings of a
24-h day. The 6-h minimum temperature provides informa-
tion on the cold-soak temperature expenenced by a vehicle
The 10th percentile of this temperature statistic indicates a
10 % expectation that the 6-h minimum temperature will be
below this value dunng o month The 90th percentile
maximum tempetature 1 the highest temperature expected
during 90 % of the days, and provides information relative 1o
peak vehicle operating temperatures dunng warm and hot
weather. For arcas above sca lcvel, the 10th percentile 6-h
minimum temperature should be increased by 3.6°C/1000 m
(2°F/1000 ft) of altitude, and the 90th percentile maximum
should be increased by 4.4°C/1000 m (2.4°F/1000 ft) of
altitude before companng them tc the sea level tempe. sture.
These corrections compensate for changes in fuel volatilits
caused by changes in harometnc pressure due to altitude

X1.9 Vapor Pressure

X1.9.1 The vapor pressure of fuel must be sufficienth
high to ensure case of engine starting. but it must not be so
high as 10 contribute 1o vapor lock or excessive cvaporative
emissions and running losses.

X1.9.2 Test Mcthods D 4953, D 5190, or D 5191 provide
procedures for determining the vapor pressures of gasoline or
gasolinc-oxygenate biends.

X1.10 Vapor-Liquid Ratio

X1.10.1 Vapor-liquid ratio (¥/L) is the ratio of the
volume of vapor formed at atmosphens pressure o the
volume of fucl tested in Test Mcthod D 2533, The /L
increases with temperature for a given fuel. Because some
oxygenates are miscible with the glycerin confining fluid,
Test Method D 2533 has been modified so mercury can also
be used as a confining fluid. Either confining fluid may be
used for determining V/L of gasoline, but 2 possible bias
between the two fluids is under investigation by Subcom-
mittee D02.08. The mercury confining fluid must be used for
gasoline-oxygenate blends. Subcommitice D02.08 is also
investigating the suitability of using glycenin for gasoline-
ether blends. A test method shown in Annex A2 describes a
bomb procedure for measuring the temperature for 17/L of
20 which is under devclopment by Subcommittee D02.08.

X1.10.2 The tempcerature of the fuel system and the V/L
that can be tolerated without vapor lock vary from vehicle 10
vehicle and with operating conditions. The tendency of a fuel
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to cause vapor lock, as evidenced by los
full-throttie accelerations, 1s indicated by - whine tem-
perature at a /L of approximately 20. A .ar relauon-
ship for gasoline-oxygenate biends has also bue:. determined.
The temperature at which the maximium 17/ 1~ specified for
cach gasoline volatility class is based on the ambient temper-
atures and the altitude associated with the use of the class.

~or dunng

X1.11 Vapor-Liquid Ratio (Estimated)

X111t Three techniques for estimaung temperature-
I’/L values using vapor pressure (Test Mcotnods D 4953,
D 5190. or D 5191) and distsllation (Test Mcthod D 86)
results are given in Appendin X2: they apr - 10 gasoline
onls

X1.12 Distillation

X1.12.1 Test Methed D 86 for distillation provides an-
other measure of the volatility of fuels. Table | designates the
limits for end-point temperature and the wmperatures at
which 10 %, 50%. and 90 % by volumc of the fuel 1s
evaporated. These distillation charactenstics, along with
vapor pressure and }'/L characteristics, affect the following
vehicle performance characteristics. starting. dnveability,
vapor lock, dilution of the engine oil. fuel economy, and
carburetor 1cing.

X1.12.2 The 10 % evaporated temperature of fuel should
be low enough 10 ensure starting under normal temperatures.

X1.12.3 Fuels having the same 10 % and 90 % evapo-
rated temperaturcs can vary considerably in dnveability
performance because of differences in the boiling tempera-
tures of the intermediate components, or fractions.
Dnveability and idling quality are affected by the 50 %
evaporated temperature. The 90 % evaporated and end-
pownt temperatures should be low cnough 0 minmize
dilution of the engine oil.

X113 Corrosion

XL 131 Fuels must pass the COpper strip corrosion test to
minimize corrosion in fuel systems due 1o sulfur compounds
in the fuel. Some fuels corrode fuct system metals other than
copper, butl there are no ASTM test methods o evaluate
corrosion ol these metals. Depeading on the type and
concentration of oxygenate, gasoline-oxygenate blends can
corrode metals such as zinc. magnesium, aluminum. steel.
and terne. However, at this ume there 1s no test method witk:
a known correlation to field pertormance  Conseguentiv,
addional corrosion tests are needed

X114 Existent Gum

NiGid D The test tor eastent gam messures the amount
of residue afier evaporation of the tuel and alter 3 heptane
wash. The heptane wash removes the heptane-soluble mate-
nal such as addiives and nonvolatile oils, which can have
been added to the fuel Excess eaistent gum can cause
harmful carburetor. engine intake manifold and intake vabve
deposits.

X1.15 Sulfur

NP3 | The bt on sultar content s mcluded to protedt
agamst engie wear, detenoratios of engme ail, and coro-
sion of exhaust system parts.

X1.16 Oxidation Stability

X1.16.1 The imduction penod as measured i the omda-
tion stability test 1s used as an indication of the resistance of
fuel 10 gum formation 1n storage. Expenence indicates that
fuels with an induction period equal to or greater than that in
Table | generally have acceptable shori-term storage sta-
bility. However, correlation of the inducuon period with the
formation of gum in storage can van markedly under
different storage condinons and with different fucls

X2. ESTIMATING TEMPERATURE-V/L VALUES FOR GASOLINE

X2.1 Scope

X2.1.1 Three techniques are presented here for estimating
temperature-V/L data from vapor pressure and distillation
test results'? on gasolines only. They are provided for use as
a guideline when' V/L data measured by Tet Method
D 2533 are not available. One method is designed for
compuler processing, one is a simpler linear te~.linique, while
the other is a nomogram form of this lincar equation.

X2.1.2 These techniques are not optional procedures for
measuning V/L. They are supplementary tcols for estimating
temperature-V/L relationships witl, reasonable accuracy
when used with due regard for their limitations.

X2.1.3 Test Method D 2533 is the referee V/L procedure

'Y A correlation of temperature-V/L ratio data with vapor pressure and
distiltation data was developed in 1943 and restudied in 1963 by panels of the
Coordinsting Research Council, Inc. See “"Correlation of Gasoline Vapor Forming
Charactenstics wmith Inspection Test Dawa,” CRC Report No. 159, Jan. 28, 1943 (or
SAE Transaction, Vol 52, August 1944, pp. 364-367) and “Study of CRC
Cakulated Temperature-¥'/L Technique,” CRC Report No. 370, February 196).
The CRC correlation was modified by a task group of Subcommitiee A of
Commutiee -2 10 sdapt 1t for computer processing. as well as the lincar equaton
and the nomognam. . L , B .

and shall be uscd when calculated valucs are questionable.

X2.1.4 These techniques are not intended for, nor arc
they necessanly applicable to. fuels of extreme distillation or
chemical characteristics such as would be outside the range
of normal commercial motor gasolines. Thus, they are not
applicable in all instances to gasoline blending stocks o:
specially blended fucls.

X2.2 Computer Method

X2.2.1 Summary—The values of four intermediate func-
tions, A, B, C, and D, are derived from the gasoline vapor
pressure and distillation temperatures at 10, 20, and 50 %
evaporated. Values for A, B, C, and D can be obtained cither

values using inch-pound umits. Estimated temperatures at o
V/L of 4, 10, 20, 30, and 45 arc then calculated from A, U,
C, and D. Estimated temperatures at an intermediate §'/L
can be obtained by interpolation.

X2.2.2 Procedure:

X2.2.2.1 Establish input data from vapor pressure (Test
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0 , - i T /P + 0.00627839R Y/ P + 0.0969193R?/P?
N1 ! ah Pl | C = 0.34205P + 0.55556/S (x27)
N B P D =~ 0.62478 - 0.68964R + 0.132708R? (X2.8)
AN P! Lo § + = 0.0070417R? + 5.8485/R
e ~ ... - X2.22.3 If 4, B, C, and D, are 10 be obtained from charts,
- N ] i read them from Figs. X2 1. X2.2. X2.3. and X2.4. respec-
A NG tively.
§ - ; 5 X2.2.2.4 Calculate the esimated temperature (°C or °F) at
4 _ P \,\\_ V/L ratios 4. 10, 20. 30, and 45 from the following
o : o equations:
SR ECT DO UG N A -—; . Ta=A+B (X2.9)
IS R N N O 1 T4S = F+ 0.125H + C (X2.10)
®» ® w 0 P & W W e N TI0 = T4 + 0146341 (T45 - T4)+ D (X211
VAPOR PRESSURE P aPs T20 = T4 + 0.390244 (745 — T4) + 1.46519D (X2.12)
FIG. X2.1 Function A versus Vapor Pressure P
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Methods D 4953, D 5190, or D5191) and distillation (Test - L.'E" _’_;_r — ‘_ ==
Method D 86) test results as follows: -l 1", L "10 e r'r“ -
E = disullation temperature, °C at 10 % evaporated, : m'; .

F = distillation temperature, °C at 20 % evaporated,
G = distillation temperature, °C at 50 % evapo.ited,

'H=G-E,"C, (X2.1)
P = vapor pressure, kPa,
Q=F-E°C and (X2.2)
R = H/Q, except that if H/Q is greater than 6.7,

make R = 6.7. (X2.3)

X2.2.2.2 If A, B, C, and D, are 1o be calculated use the
following equations:

A = 102.859 ~ 1.36599P + 0.009617 P? - 0.000028281P* (x3 4)
+207.0097/P
B = -5.36868 + 0.910540Q — 0.040187 Q? (X2.5)

+0.00057774Q° + 0.254183/Q

S = ~0.00525449 — 0,3671362/(P — 9.65) — 0.812419
/(P = 9.65F + 0.00096T1R ~ 0.0000195828R* = (x2.6)
+ 3.3502318R/P? + 1241.1531R/P* ~ 0.06630129R?

FIG. X2.3 Function C versus Ratio R and Vspor Pressure P

4 Y Y T
T
v '_"7
— B 0 S S ot st e
M T T
¥ ' il ¢ -—y-—-r——t——wr -t 'l— -
. 4
S PN t—f b g t-
3 z e D B o
. z ' T i—"-_#-; =1
O 7 e i R e i st
1% T g ]
Y + - 1
L W o g -
B oia 1 B 0 PO I O 00 63 e
10 20 a0 40 [ X} (X ] 10
AATIO A

FIG. X2.4 Function D versus Ratio R
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170~ - - R wiere:
o , SRR X = the desired }’/L ratio between 4 and 45. and
160 s T e : TX = the esumated temperature at 172 rato XL
150 X2.2.2.6 ifinch-pound units are used, establish input data
- from vapor pressure (Test Mcthods D 4933, D 53190, or
o 140 D 5191) and distillation (Test Method D 86) test results as
a follows:
< 130 E = distiliation temperature, °F, at 10 ¢ evaporated.
Z 120 F = disullation tempcerature, °F, at 20 '5& evaporated.
‘;’ G = disullation temperature, °F. at 50 % evaporated.
¥ o H=G-E'F {(X2.15)
2 P = vapor pressure, psi.
100 Q =F-FE F.and (X2.16)
sol o ) o { R = H/Q. cxcept thataf FH/Q s greater than 6.7.
. : : ' make R = 6.7. (X2.17)
80 — TN W S S S | X222701f 4. B. C. and D are 10 be calculated in
5 6 7 8 9 0 12 13M B KV inch-pound units, use the following equations:
VAPOR PRESSURE P, POUNDS . )
FIG. X2.5 Function A versus Vapor Pressure P A= 2TUST - 1695278+ 0BV - 0.0166839P (3 1y,
+ 33.0436/F

B = -9.66363 + 0.9103300 ~ 0.02232600° (X2.19)
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FIG. X2.6 Function B versus Distillation Temperature ! V :
Ditference Q 74
T30 = T4 + 0.634146 (T45 ~ T4) + D (X2.13) ol P
. 1.0 20 40
where: RATIO R
T4, T10, T20, T30, and 745 are estimated temperatures at
V/ L ratios, 4, 10, 20, 30, and 45. FIG. X2.7 Function C versus Ratio R and Vapor Pressure P

X2.2.2.5 If the temperature at an intermediate V/L ratio
is 10 be estimated, either plot the values calculated in
X2.2.2.4 and read the desired value from a smooth curve

[ 5
through the points, or use the Lagrange interpolation for- ¢
mula as follows: -1
=10 X-30 X-4s o
X = T‘( 10 4-30"4-45) z
- Tl -3 _ X- 45) 9
5 5 30X 10 X214 ¥

ib'— 36""6'0 35'_5}( ‘5) 2 . CE ] | et

1.0 20 0 40 50 60
-0 X-30
+ T45 (_3_. _5__5_ ) RATIO R
- ! _5-15 FIG. X2.8 Function D versus Rstio R
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FIG. X2.9 Reistionship Between Gasoline Volatility and Temperature for V/L Ratio at Sea Level—S! Units

+ 0.000178314Q° + 0.823553/Q
S = —0.00525449 — 0.0532486/(P — 1.4)
- 0.0170900/(P - 1.4)* + 0.0009677R -
0.0000195828R? — 0.0704753R/P? + 0.549224R/P* (X2.20)
— 0.00961619R%/P + 0.000910603R*/P
+ 0.00203879R%/P?

(X2.21)
(X2.22)

C=4.245P + 1.0/S
D = 1.12460 — 1.24135R + 0.238875R?
~ 0.0126750R? + 10.5273/R

X2.2.2.8 If 4, B, C, and D are to be obtained from charts
in inch-pound units, read them from Figs. X2.5, X2.6, X2.7,
and X2.8 respectiyely.

X2.2.2.9 Calculate the estimated temperatures, °F, at V/L
ratios 4, 10, 20, 30, and 45 using the equations in X2.2.2.4
and X2.2.2.5.

X23 Linear Equation Method

X2.3.1 Summary—As given, these two equations provide
only the temperatures (°C or °F) at which a V/L value of 20
exists. They make use of two points from the distillation
curve, Tyo and Ty (°C or °F), and the vapor pressure (kPa or
psi) of the gasoline with constant weighting factors being
applied to cach. Experience bas shown that data obtained
with .these simple lincar equatioms generally are in closc
agreement with those obtained by the computetized version
given above. The limitations pointed out.in X2.1.1 through
X2|4mustbekeptmmmdwhenw s made of this
procedure. . ahd e

X2.3.2 Procedwa—Obwn 10% mpomed and . 50%
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evaporated points from the distillation curve (Test Method
D 86) along with the vapor pressure value (Test Methods
D 4953, D 5190, or D 5191); apply these directly in the
equation.

Typezo= 5247 =033 (VP) +0.20 T, + 0.17 Ty
where:
Ty1-20 = temperature, °C, at V/L of 20:1,

(X2.2})

VP = vapor pressure, kPa,

Ty = distillation temperature, °C, at 10 % evaporated,
and

Ty = distillation temperature, °C, at 50 % evapotrated.

or in the inch-pound customary unit equation:
Tyjrezo ™ 114.6 — 4.1 (VP) + 0.20 T\5 + 0.17 Ty

where:
Ty 130 = temperature, °F, at V/L of 20:1,

(X2.24)

vP = vapor pressure, psi,

T = distillation temperature, °F, at 10 % evzporated,
and

T = distillation temperature, °F, at 50 % evaporated.

X2.4 Nomogram Method

X24.1 Summary—Two nomograms have been devel-
oped and are included herein (Figs. X2.9 and X2.10) to
provide the same function as the linear equations procedure
cutlined above. Figure X2.9 is in SI units and Fig. X2.10 is
in- mch-pound units. The nomograms'are based on the two
equauons and. the same limitations apply to their use in
estimating V/L (20) temperatures. ./
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FIG. X2.10 Reiationship Between Gasocline Volatility and Temperature for V/L Ratic of 20 at Sea Level—inch-Pound Units

X2.4.2 Procedure—Obtain 10 % evaporated ard 50 %
evaporated points from the distillation curve (Test Method
D 86) along with the vapor pressure value (T=st Methods
D 4953, D 5190, or D 5191). Select the SI unit (Fig. X2.9) or
inch-pound unit (Fig. X2.10) nomogram based on the units
of Ty, Tso, and VP. Using a straightedge, locate the intercept
on the line between the “T4 and T, scales after selecting
the applicable 7', and T, values. From this intercept and

the proper point on the *VP" scale, a second intercept can be
obtained on the “T,, .,," scale to provide the desired value
directly.

X25 Precision

X2.5.1 The precision of agreement between temperature-
V/L data estimated by any one of these three techniques and
data obtained by Test Method M 2533 has not been estab-
lished.

X3. SUMMARY OF EPA REGULATIONS APPLICABLE TO SPARK-IGNITION ENGINE FUEL

X3.1 EPA Applicable Vapor Pressure Standards

X3.1.1 Under authority of the Clean Air Act, the U.S.
Environmental Protection Agency (EPA) issued, effective
May 1992, vapor pressure control standards for leaded and
unleaded gasoline and leaded and unleaded gasoline-oxy-
genate blends. Some states, notably California, have more
restrictive vapor pressure limits. -

X3.1.2 Detaiis of the EPA regulations and test methods
are available in Part 80 of Title 40 of the Code of Federal
Regulations (40 CFR Part 80). For specific state vapor
pressure regulations, the state of interest should be contacted.

X3.1.3 The EPA maximum-vapor pressure limits of 7.8

138

psi and 9.0 psi are shown in Table 1 as Classes AA and A,
respectively. The EPA requirements for each distribution
area are shown in Table 4 for the period May 1 through
September 15. For the month of May, the EPA limits only
apply to finished gasoline and gasoline-oxygenate blend
tankage at refincries, importers, pipelines, and terminals. For
the period June | through September 15, the EPA limits
apply 1o all locations of the distribution system. Footnotes D
through F of Table 4 indicate the ozone nonattainment areas
which are limited to 7.8 psi maximum and the appropriate
vapor lock protection class. California has controls that vary
for the different air basins from as early as March | at
refineries through as late as October 31. There are no EPA
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vapor pressure limits for the states of Alaska or Hawait.

X3.1.4 EPA regulations allow 1.0 psi higher values for
gasoline-cthanol blends than the EPA limits shown in Tables
| and 4 for the penod May | through September 1S. To
qualify, the gasolinc-¢thanol blends must contain 9 to 10
volume % ethanol. Higher vapor pressure lim:ts for gasoline-
ethanol blends under state regulations vary for other time
peniods, and specific states of interest should be contacted to
determine if higher limits apply.

X3.2 EPA Lead and Phosphorus Regulations

X3.2.1 Unieaded Fuel—The intentional addition of lead
or phosphorus compounds to unleaded fuel is not permitted
by EPA. EPA regulations limit their maximum concentra-
tions to 0.05 g I=ad per U.S. gallon (0.013 g/L) and 0.005 g of
phosphorus per U.S. gallon (0.0013 g/L) (see Test Method
D 3231), respectively.

X3.2.2 Leaded Fuel—EPA regulations himit the lead
concentration in leaded fuel to no more than 0.10 g per U.S.
gallon (0.026 g/L) averaged per calendar quaner for each
refinery. There is no EPA lead limit for any individual gallon
of leaded fuel.

X3.3 EPA Oxygenate Regulations Applicable to Unleaded
Gasoline-Oxygenate Blends

X3.3.1 Substantially Similar*Rule:

X3.3.1.1 Section 211(f) (1) of the Clean Air Act prohibits
introducing into commerce or incrcasing the concentration
in use of, any fuel or fuel additive, which is not substantially
similar to any fuel or fuel additive uulized for emissions
certification of any model year 1975, or subsequent model
year vehicle or engine, unless a waiver is obtained from the
EPA.

X3.3.1.2 Gasolinc-oxygenate blends are considered “sub-

The American Society lor Testing and Materials lakes no p

stantially similar™ if the following cntena are met.

(1) The fucl must contain carbon, hydrogen, and oxygen,
nitrogen, or sulfur, or combination thereof, exciusively, in
the form of some combination of the following:

(a) Hydrocarbons:

(b) Al:phatic ethers;

{c) Aliphatic alcohols other than methanol:

(d) (1) Up to 0.3 volume % methanol;

(1) Up 1o 2.75 volume Sc methanol with an equal
volume of butanol, or higher molecular weight alcohol;

(2) The fuel must contain no more than 2.0 mass %
oxygen except fuels containing aliphatic ethers and/or
alcohols (excluding methanol) must contain no more than
2.7 mass % oxygen.

(3) The fuel must possess, at the time of manufacture, all
of the physical and chemical charactenstics of an unleaded
gasoline as specified by Specification D 4814 - 88 for at least
one of the Seasonal and Geographical Volatlity Classes
specified in the standard.

Note X3 1—Opmon vancs as 10 whether the EPA “substanualis
similar” rule requires unleaded gasolines that do not contain oxygenales
10 meet ASTM specificanions.

X3.3.2 Waivers:

X3.3.2.1 EPA has issued waivers for blends of gasoline
and ethanol (gasohol), gasoline and ethanol with cosolvents.
and gasoline and methanol with cosolvents that are less
limiting than the “substantially similar™ rule. For the latest
listing of waviers, EPA should be contacted.

X3.3.2.2 Gasoline-cthanol blends are not required by
EPA 10 meet Specification D 4814 volaulity limits (see
X3.1.4 for vapor pressure limits). EPA has specified in all
other waivers that the volatility of the finished gasoline-
oxygenate blend must comply with Specilication D 439 or
D 4814 climatic and geographical limits.

rasp
with any #em mentoned in s stenderd. Users of this standard are expressly advi

g 1he validity Ol any patent rQs 8sserted i COMeCHon

dJ that de of the validity ol ary such

palent rights, and the risk of winngement of such rgis, are sntwely their Own respons:dihly.

Ths standard 13 subject (o revision al any lime by the responsibie techmical commultee and mus! be reviewed every five yaars and
d nol revised, either reapproved or wikhdrawn. Your comments are inviled either for revision ol this standard or for addilional stendards

and shouid be addressed to ASTM Headquarters. Your

will

carelvl O

o g of ihe respor

technical commatee, which you may attend. if you feel that your comments have nol receved & lair hearng you should make your
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ANNEX B (informative)

MAJOR AUTOMOTIVE DIESEL FUEL SPECIFICATIONS

B.1 CEC S \'4

Type-Diesel Fuell)

Mpplications-Emissions Test (ECE 24, ECE 15)
-Fuel Consumption Test (ECE 15)
-Power Measurement Test (ECE 15)

~03-A-84

Property

Limiting values

Test method

Cetane number

Density at 15 °C, kg/m3

Distillation

50 $(V/V) rec. .at, °C min.
90 ¥(V/V) rec. at, °C

FBP, °C max.
Flash point, PMcc, °C min.
CFPP, °C max.

Viscosity at 40 °cC, mm2/s

Sulfur, %$(m/m) max.
Copper corrosion

(3 h at 50 °C), Class
Carbon residue

(10 tb), ¥ (m/m) max.
Ash, $(m/m) max.
Water, $(m/m) max.
Acid number max.

Oxidation stability, g/m3 max.

{

49 to 54

835 to 845

245
320 to 340
370

56
-5
2,50 to 3,50

0,30%)

!
a
|

ISO 5165

ISO 3675 or
ISC 12185

IS0 3405

ISO 2719
EN 116
ISO 3104

ISO 8754

ISO 2160

ISO 6615

ISO 6245

ASTM D1744

ISO 6618

ISO 12205

Notes:

1. The fuel shall consist of straight-run and cracked hydrocarbon
distillates only, with desulfurisation as necessary. It shall
not contain metallic additives or ignition improvers.

2. The sulfur content will be reduced to 0,20 $(m/m) maximum on

01-01-93, and to 0,05 %$(m/m) maximum on 01-10-95.
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B.2 B3 EN 590
As for BS EN 228 (see A.2), this is the English language
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This British Standard, having
been prepared under the
direction of the Petroleum
Standards Policy Committee,
was published under the
authority of the Standards
Board and comes intn effect on
15 Octuber 1993

© BS! 1965

The following BSI references
relate to the work on this
standard:

Committee reference PTC/11
Draft for comment 81/57146 DC

ISHN 0 /K 22314 0

Cooperating organizations

The European Committee for Standardization (CEN), under whase supervision
this European Standard was prepared, comprises the national standards
organizations of the following countries:

Austria
Belgium
Denmark
Finland
France
Germany
Grecce
Iceland
freland

Italy
Luxembourg
Netherlands
Norway
‘Bortugal
Spain
Sweden
Switzerland

United Kingdom
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Dansk Standardisenngsviad

Suomen Standardisvimislinto, r.y.
Association frangaise de normalisation
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Ente Nazionale Italiano di Unificazione
Inspection du Travail ¢t des Mines
Nederlands Normalisatic-instituut

Norges Standardiseringstorbund

Instituto Portugués da Qualidade
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BS EN 590 : 1993

National foreword

This British Standard has been prepared under the direotton of the Petroleum
Standards Policy Committee and is the English language version of EN 5t ¢
1993 Automative fuels — Diesel — Requivements and methods of test. published
by the European Committee for Standardization (CEN). EN 3890 © 19493 was
produced as a result of international discussions in which the United RKingdom
participated.

BS EN 590 supersedes BS 2869 : Part 1 : 1988, which is withdriwn.

EN 590 requires that each country implementing it establish national annexes
detailing requirements for pump marking and swmnmer aud winter grades. Also,
if the methads for sampling given in 1SO 3170 and 1SO 3171 aue not 1o be used,
a national annex has to detail national requircments. Xatwonal annex N\ of

BS EN 590 gives additional requirements on sampling. i parnicabin lor samphing
from the pump; national annex NB gives detals of requuirements for pump
marking; and national annex NC gives details of requirements for suunmer and
wjnter grades.

The principal differences between this British Standard and BS 2869 - Pt 1
1988 are as follows:

- maximum carbon residue increased from 0.2 % (¢ ) 10 0.3 % (a0 e

- maximum water content reduced from 0,05 % (U 1) ro 200 my kg

imtraduction of quantitative requirements tor particubine nuter:

viscosity range reduced to 2.00 jm= s to | 30 mm- ~;

- minbmum cetane number increased from IS po 4400

- change of density range to 820 kg'm® to 860 kg,

- no limit for temperature for recovery to 51 % (V7 1) of the distillate;

- no requirement for sediment but in its plice a requirement for the
quantitative determination of particulate matier has been itroduced:

- the maximum cold filtes plugging point lor summer grde reduced from
-4°Ct -5 °C

Compliance with a British Standard docs not of itselfl confer immunity
from legal obligations.
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This European Standard was approved by CEN on 1993-03-16. CEN members
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Foreword

This European Standard was drawn up by
CEN/TC 19, Test methods and specifications for
petroleum products.

The standard was approved and, in accortance
with the CEN/CENELEC International Regulations,
the following countries are bound to implement
this European Standard: Austria. Belgium,
Denmark, Finland, France, Germany, Greece,
Iceland, Ireland, Italy, Luxembourg, Netheriands,
Norway, Portugal, Spain, Sweden, Switzerland and

United Kingdom.
This European Standard shall be given the status of
a national standard, either by publication of an

identical text or by endorsement. at the latest by
September 1993, and conflicting national standards
shall be withdrawn at the latest by September
1993. .

This European Standard has been prepared under a
mandate given to CEN by the Commission of the
European Communities and the European Free
Trade Association.

Annex A forms an informative part of this
European Standard.

!
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1 Scope

This European Standand specifies requirements and
test methods for automotive diescl fuel as
marketed and as delivered in the countries of thie
members of CEN. It is applicable to automotive
diesel fuel for use in diesel engine vehicles
designed to run on automotive diesel fuel.

2 Normative references

This European Standani incorporates by dated or
undated referenc?, provisions from other
publications. These nonmative references are cited
at the appropriate places in the text and the
publications are listed hereafter. For dated
references, subsequent amendments to or revisions
of any of these publications appiy to this European
Standard only when incorporated in it by

amendment or revision. For undated references the

latest edition of the publication referred to applies.

The references given below reflect the state of
affairs at the date of issue of this European
Standard. Further infonmation on developments
regarding the standards referred 1o is given in

annex A

EN 1160
EN 24260-)
EN 262454

’

I1SO 2160 . 1985

ISO 2719 - 1988

IS0 3015 - 1992

ISO 3104 : 1976

"' Ty be published

Diesel and domestic heating
Juels — Determination of
cold filter plugying point
Atroleum products and
hydrocarborns —
Determination of sulfur
contenl — Wickbold
ceombustion method

Ivtroleum products —
Detevmination of ash

oroleum products —
Corasineness o copper —
Copper Strip test

Ivtrolewin products and
lubricants — Determination
of flash point —

Pk y-Martens closed cup
wethod

Petroleum products —
Determination of cloud point

Rtroleum products ~
Trunsparent and opaque
liquids — Determination of
kinematic viscosity and
culculation of dymamic
viscosily

IS0 3150 -

IS0 3171 ¢

ISO 3405 -

ISO 3675

ISty 3254

RERITLE

INO 51650

INCY 8T0

1OSS

[uns

1988

1976

1l

102

1942

ISO pgTob

ASTM D (734

ASTM D 2274

ASTM D 446

ASTM 1 40529

199]

DIN 51 419 . 1953

“ Th be published (CEN implementation of 1SO 4260 : 1087, 10 replace EN 1)
‘ﬂmh'um prwducts by the Wiekbold comibustion methd,

' See als 5.5.2.
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Petrdewon Liquids — Muanual
saompling

BWetroleam hquids —
Automatic papeline sampling

troleum products —
Determinvation of distillatioy
chan.ctervisties

Crude petrolenm and liguild
petrolewm products —
Labovatory determination o
density or velative deusitg —
Hydrmmeter methend
Pooleum products —
Intermiination and
application of precision data
v relation te methods or test

Betrolewm proucts —
Distillate fuels —
Caleulation of cetuasie indey

Dieset fueds —
Determintion of wpnition
squality — Cetane wicthod

trodein prowlucts —
Deteraivation of sulju:
contlenl — Non-dispenrsive
X-vay Tuorescence method
Ivtroleum preatucts —
Determination o carisse
vesidue (micvn method)

Tisst anethed for water in
Liguadd pertovdewm prowliuets iy
Kavl Fisehev vengent

Tisst vathrond for ovidation
stability of distitlate yuel ol
{Accelerated method)

Tis: methend for alkyl witvate
v diesel fuels by
spectrophotometyy

Tost sethond for density and
velative density of ligquids by
digital density metey
Detevmination of total

contaomination in highly
Maid petvolewm mroducts

VS Iwtevmanationn o the sulfns rontent of

" ASTM U 4052-01 15 2 yosnt ASTM/II* method and carnes alsor the dosignation 1 65 1484 11NG)

!
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3 Sampling

Samples shall be taken as described in 150 3170 or
ISO 3171 and:or in accordance with the
requirements of national standards or regulations
for the sampling of automotive diesel fuel. The
national requirements shall be set out in detail or
shall b referred to by reference m i national
annex to this European Standard

In view of the sensitivity of some of the test
methuwds referred to in this European Stancard,
parucular attention shall v pavl 1o comphance
with any guidance on ssaaphing contamers which s
inchiddesd In the test method standard.

4 Pump marking

Information to be marked on dispensing pumps
used for delivenng automotye diesel fuel, and the
dimensions of *he mark shall ¥ in accordance with
the requirements of national standards or
regulations for the marking of pumps for
automonve diesel fuel. Such requirements shall be
set out in detail or shall be referred to by reference
in a national annex to this European Standard.

5 Requirements and test methods

5.1 Dyes and markers
Thee uses of dves or markens i allowed.
5.2 Additives

In order to mprove the performance quality, the
vse of additives is allowed.

5.3 Gewnerally applicable requirements and
related test methods

5.3.1 lioncrally'amplicablc requirements are given
in table 1. When tested by the methods given in
table 1. automotive diesel fuel shall comply with
the limuting requirements specified in that tabie.

5.3.2 The hmiting value for the carbon residue
given 1 table 1 s based on product pnior to
addition of gnition improver, f used. If a value
exceeding the it is obtamed on finished fuel in
the market, ASTM D 4046 shall be used as an
indicator of the presence of a nitrate-containing
compound. If an ignition improver is thus proved
present, the limit value for the carbon residue of
the preduct under test cannot be"applied. The use
of additives does not exempt the manufacturer
from meeting the requirement of max. 0,30 % m/m
of carbon residue prior to addition of additives.

5.3.3 The limit for the water.content shall be

200 mg kg max. (see table 1) with the following
exception: a limit value of 500 mg/kg max. may be
specificd until 31 December 1995 by those
countrnies where regulations and/or codes of
practee result in inherently wet distribution
systems

5.4 Climatically dependent requirements and
related test methods

5.4.1 For climatcally dependent iequirements
options are given to allow tor seasonal grades 1o be
set nationally. The options are for temperature
climates six CFPP (cold fiiter plugging pownt) grdes
and for arctie chnutes Tive dfferent clisses
Chmatcally dependent requireients are given m
table 2. Table 2 i~ divided o two sections, ohwe
for temperate climsates (table 2a) and one lor aetie
climates {table 2k

When tested i accordane e with the methods ol
test indicated m Gibles 2o and 2h, automonive
diesel fuel shall be in accordance with the
requirements specified i these tables,

5.4.2 Ina national annes e thas Eaopean
Standard cach country shall detaul requirements tor
a summer and winter grade and mav include tan:
intermediate and or regional gradets) which shall
be justified by natnonal meicorslogical dara

5.4.3 In a national annex to this European
Standard each couniry shall detail date ranges for
summer, winter aud, where appropnate.
mtermediate grides

5.4.4 Arctic clitsses {see table 2hy mav exhibat peoot
lubricity charictensties il corpective nusasures
mayv have to e aken

5.5 Precision and dispute

5.5.1 All the test methends peterred tom thas
European Standard mclude o precision statement
In cases of dispute. the procedures described m
1S0 4239 for resolving the dispute, and
interpretation of the restilts based on test method
precision shall be used

5.5.2 The test methods veterned to m ths
European Standard are. with one exception. those
to be used m cases of dispute For the
determination of the cetine number alternative
methods may albseo be used in cases of dispute
provided that these methods orgginale trom a
recognized methoo senes, and have a valud
precision statement, derved iy accordance with
ISO 4259, which demonstrates precision at least
equal to that of the referenced method The test
result, when using an altermative method, shall
also have a demonstrable relationship (o the result
obtned when using the teterencest methed




Table 1. Generally applicable requirements and test methods

Property Units Limits Test method :
Min. Max.

Flash point °C above 55 IS0 2719
Carbon residue % m/m 0,301 ISO 10370 ‘
{on 10 %X distillation residue) i
Ash content % m/m 0,01 EN 26245 i
Water content mg/kg 200°2) ASTM D 1744 i
Particulate matter mg/kg 24 DIN 51 419 .
Copper strip corrosion rating class 1 IS0 2160 .
(3 h at 50 °C) ' i
Oxidation stability gm3 25 "ASTM D 2274 ;

4
Sulfur content .. % m/m 0,203 EN 2426(/ISO 8754 |

]
D See alsn 5.3.2. !
2 See also 5.3.3. !

INOTE. Directive 87/219/EEC. article 2.1 sets 8 maximum of 0,30.
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Table 2. Climatically related requirements and test methods

Table 2a. Temperate climates

Property Units Limits !
Min. Max ; Test method :
CFPP °C + 5 LEN 116
CFPP grade A 0 }
CFPP grade B - 5
CFPP grade C - 10
CFPP grade D - 15
CFPP grade E - 20
CFPP grade F
Density at 15 °C kg/m3 820 860 JASTM D
| 4052 |
Viscosity at 40 °C mm?/s 2.00 1.50 |1S0 3104
Cetane number ] 49 11O 5163 {
Cetane index 46 180 4264
i !
Distillation!-2) % Vv < 65 Y180 3405
% V?V recovered at 250 °C % Vv 85
% V/V recovered at 350 °C % Vv 95 '
% V/V recovered at 370 °C 5
Table 2b. Arctic climates
Property Units Limits Test method
class O [class ] {class 2 [cClass 3 | class 4 ;
CFPP ° C max. -201-261-32[-38|-44 TEN1I6 !
Cloud point ° C max. ~-10}-16 }-221-281]-34 E ISO 3015 ’
Density at 15 °C kg/mmin. ;800 800 800 [800 |[800 |ISO 3675
kgm3 max. |845 |[845 |840 840 |840 [ASTMD |
' 4052 %
Viscosity at 40 °C mm¥smin. [1,50 |[1,50 {1,50 140 120 [ISO3104 |
% mm?%/s max. [4,00 [4,00 {400 {4,600 }4.00 i
Cetane number min. 47 47 46 45 45 1SO 5165
Cetane index min. 46 46 46 43 43 1SO 4264
Distillation!-2)
% VIV recovered at 180 °C % V/Vmax. | 10 10 10 10 10 1S0 3405
% V/V recovered at 340 °C % V/V min. |95 95 95 95 95

) The limits for distillation at 250 °C and 350 °C are included for temperate climate diesel fuel in hne with EEC Common
Customs Tariff. EEC Common Customs Tariff definition of gas oil does not apply to the grades defined for use w arctic chmates

2 1t should be noted that for the calculation of the cetane index the 10 % V/Vand 50 % ViV’ recovery points are also needed. |
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Annex A (informative)

Information on referenced standards

This annex gives information on developments
regarding the standards referred to in this
European Standard.

EN 116 :

Alternative methods to define vehicle low
temperature operability are under investigaticn. If
one of these is shown to predict performance to a
better precision than the CFPP, this method,
Ltogether with the appropriate limits will replace
EN 116 in this Eumpean Standard.

EN 26245 :

It is intended to implement 1SO 6245 as EN
without alternation (thus becoming EN 26245).
ISO 6245 is presently under revision; the CEN
unplementation procedure will be launched upon
publication of the new editior, of 1SO 6245.
Pending publication of the revised 1SO 6245, EN 7
may be used.

EN 7 will be withdrawn upon publication of
EN 26245

l
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ISO 4264

IS0 4264 is still in preparation, at present at the
stage of Draft Intermational Standard. Fending
publication of I1SO 4264, ASTM D 4737 [P 350, on
which ISO 4264 is based may be used

1SO 10370 -

IS0 10370 is still in preparation, at present at the
stage of Draft International Standard. Pending
publication of ISO 10370, ASTM D 4530, un which
ISO 10370 is based may he used.

ASTM D 2274 -

Alternative techniques are being evaluted A
methad bhased on ASTM D 2274 IP 385 has been
submitted to ISO as onew work stem. The I8
reference will be imserted as soon as it s available
DIN 51 419 :

An alternative 1o DIN 51 419, [P PM-BH. with
possibly different himus, will be constdered for
adoption

0
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National annex NA (normative)

Sampling requirements

NA.1 Introduction

This national annex gives the sampling requirements to comply with clause 3.

NA.2 Sampling

NA.2.1 Sampling from storage tanks

For the purposes of the British Standard, all sampling shall be carried out m accordance with the

relevant sections of BS 3195 : Part 1 : 1989 and additional.y as detailed in 2.

NOUTE. The method desenbed in 2.0 s designed for samphng the bulk of the toel e ted 1o the otdtake peant The
CNQTUNAUON of equipment e g panps) to detect faulty operation miy requee thee ases o dlTEeaent o fivdgoe -

NA.2.2 Sampling from pipclines

For the purposes of this British Standard all sampling shall be carried out in accordance with the
relevant procedures of either BS 3195 : Part 10 1989, or BS 3195 : Part 2 . 1989 and. additionally. a»
detailed in 2.3 (cee note to NA.2.1). BS 3195 : Part 2 - 1989 shall be used in combination with a
variable volum: receiver which maintains the integrity of the sample.

NA.2.3 Sampling from fuel lines

NA.2.3.1 Sampling cans

sampling cans shall bt of 5 | capacity.

NOTE. Attention is drawn 1o the Gt that sunphng cans will pecd T compiy Wit the statior s salety respineneits ot thee
classification, packagang and fabelling of dangerous substances

NA.2.3.2 Preparation of cans

A stock of cans shall be kept solely for the purpose of taking fuel samples Before use. all cans shall
be checked to ensure that they are sound and free from leaks. A Tuel-resistant scaling washer m good
condition shall be in position in the cap.

NA.2.3.3 Procedure

From the offtake point, 5 1 of the fuel to be tested shall be carcfully drawn mto a 51 can using i
clean dry funnel. The serew cap shall be fully tightened and the can checked 1o ensure that there are
no leaks.

It more than 5 | are necded, the operation shall be repeated immediately and betore the pump has
heen used for any other purposce.

NA2.3.4 Labelling and transport

Full and legible information relating to the source of the sample shall be attached 1o the canom such a
manner that it will not casily become detached subsequently:.
NOTE 1. If requured, the sample may be sealed and labelled to maintain its legal integrity

NOITE 2. If the sample has to be sent to the laboratory by public transport it will be necessary (o comply with the general
rerulations covering transportation of flammable maternials, where appropriate, and with the reguirements of the transport
anthornty concerned. Information on the appropriate procedures and type of packaing? requisred should be obiased trom the
LEARSport authorsty snvolved

- -— m———— b — - —— e e ] al I
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BS EN 590 : 1993

. National annex NB (normative)

Pump marking requirements
NB.1 Introduction
This national annex gives the pump marking requirements to comply with clause 4.
NB.2 Requirements
For the purposes of this British Standard the following information shali be marked on cach dispensmg:
pump or container used for delivering diesel fuel complying with tlhus British Standard inte the
consuming vehicle:
a) the name or mark of the supplier or vendor of the diesel tuel,

) the designation displayved as shown in figure NB. 1. The mimimum dimiensions ot thus mark <hall be
as shown in figure 1 (see note 1) and the colour used Tor the design amd fettenng shall e i clea
contrast to the background colour (see note 2).

NOTE 1. The mimmum dimensions of the wnark given in figure NB.1 have been selecied to vnable s apphcation te prasges ot
the smallest anticipated dimensions. 1t 1s strongly recommended that, i the snrerests o vistbaling 1o The motonist, the baneer
recommended dimensions be used wherever nossible.

NUTE 2. It 15 recommended that the prominent colour should be black
The mark shall be in a prominent position.

National annex NC (normative)

Climatically dependent requirements

NC.1 Introduction

This annex gives the climatically dependent requirements to comply with 5.4

NC.2 Requirement

For the purposes of this British Standard the following shall apply au the retail pump.
Summer (16 March to 21 October inclusive): CFPP grade C.

Winter (22 Octaber to 15 March inclusive): CFPP grade E.

NUTE The date for the change from summer grade to winter grade will be reviewed i the hght ol expetienee

Recommeonded | Minkmum '
7] 25 15
b 15 12 :
[ 100 60 !

; Dimensions in mllimetres
Figure NB.1 Form of mark for auunnntive diesel

W
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BS EN 596 : 1993

National annex ND (informative) .

Committees responsible

The United Kingdom participation in the preparation of this European Standard was entrusted by the
Petroleum Standards Policy Committee (PTC/-) to Technical Committee PTC/11, upon which the
following bodies were represented:

Association of United Kingdom Qil Independents
Automobile Association

Bus and Coach Council

Chemical Industries Association

Consumer Policy Committee of BSI

Department of Energy

Department of Transport

Federation of Petroleum Suppliers

Freight Transport Association

Institute of Petroleum

Institute of Trading Stundards Administration
Ministry of Defence

Motor Cycle Industry’s Association of Great Britain
Petrol Pump Manufacturers’ Association

Petrol Retailers’ Association

Road Haulage Association

Royal Automobile Club

Society of Motor Manufacturers and Traders
United Kingdom Petroleum Industry Association
World Wide Fund for Nature

National annex NE (informative)
Cross-references

Publication’veferred to Corresponding British Standard

EN 116 : 1981 BS 6188 : 1982 Method for determination of cold filter plugging point of diesel
and domestic heating fuels
iSO 2160 : 1985 BS 2000 Methods of test for petroleum and its products
Part 154 : 1993 Petroleum products. Corrosiveness t; copper. Copper strip lest
1SO 2719 : 1988 BS 6664 Flashpoint of petroleum and reluted products
Part 5 : 1990 Method for determination of flashpoint by Pensky-Martens closed
tester
1SO 30156 : 1892 BS 2000 Methods qof test for petroleum and its products

Part 218 : 1993 Petroleum products. Determination of cloud point
BS-3195 Methods for sampling petroleum products

ISO 3170 : 1988 Part 1 : 1989 Manual sampling of liquid hydrocarbons

ISO 317} : 1988 Part 2 : 1989 Automatic pipeline sampling of liquid hydrocarbons

1SO 3405 : 1988 BS 7392 : 1990 Method for determination of distillation characteristics of
_petroleum products

1SO 36756 : 1976 BS 4714 : 1980 Method for luboratory determination of density or relative
density of crude petroleum and liquid petroleum products (hydrometer method)

1SO 4259 : 1979 BS 4306 : 1981 Method for determination and application of precision data in

relation to methods of test for petroleum products




B.3 ASTM D975

45") Designation: D 975 - 92a

Standard Specification for
Diesel Fuel Oils’

An Amencan Nabonal Stanaara

Thus standard 1s issued under the fiacd designation D 975; the aumber immediately following the designation indscates the year of
onginal adophion or, in the case of reviuon, the year of last revision. A number 1n parentheses indwates the year of Last reappeoval A
superscript epsilon (¢) 1ndicates an cditonial change since the last revision of reapproval.

1. Scope

1.1 This specification covers five grades of diesel fuel oils
suitable for vanious types of diesel engines. These grades are
described as follows:

1.1.1 Grade Low Sulfur No. 1-D—A special purpose, light
distillate fuel for automotive diesel engines requinng low
sulfur fuel and requiring higher volatility than that provided
by Grade Low Sulfur No. 2-D.2

1.1.2 Grade Low Sulfur No.2-D—A general-purpose,
middle distillate fuel for automotive diesel engines requiring
low sulfur fuel. It is also suitable for use in non-automotive
applizcations, especially in conditions of varying speed and
load.

1.1.3 Grade No. I-D—A special-purpose, light distillate
fuel for automotive diesel engines in applications requiring
higher volatility than that provided by Grade No. 2-D fuels.

1.1.4 Grade No. 2-D—A general-purpose, middle distil-
late fuel for automotive diesel 2ngines, which is also suitable
for use in non-automotive applications, especially in condi-
nons of frequently varying spced and load.

1.1.5 Grade No. 4-D—A heavy distillate fuel, or a blend of
distillate and residual oil, for low- and medium-speed diesel
engines in non-automotive applications involving predomi-
nantly constant speed and load.

NoTe 1—A more detailed descripuon of the grades of diesel fuel oils
1s pven in Anpendix X1.2.

1.2 Ths specification, unless otherwise provided by agree-
ment betweenrghe purchaser and the supphier, prescribes the
required properties of diesel fuels at the time and place of
delivery.

1.2.1 Nothing in this specification shall preclude obser-
vance of federal, state, or local regulations which may be
more restrictive.

Note 2—The generation and dissipation of static electricity can
create problems in the handling of distillate diesel fuel oils. For more
information on the subject, see Guide D 4865.

1.3 Values are stated in Sl units and are regarded as the
standard.

2. Referenced Documents
2.1 ASTM Swandars:

* Tius specification is under the junsdiction of ASTM Committee D-2 on
Petroleum Products and Lubricants and is the direct responsibility of Subcom-
mittee DO2.E on Burner, Dresel, and Gas Turbine Fuels.

Current edition approved Oct. 15, 1992, Published December 1992, Originally
published as D 975 - 48 T. Lasi previous edition D 975 - 92,

1 This fuel complies with 40 CFR Part 80— Regulation of Fuels and Fue!
Addiives: Fuel Quality Regulations for Highway Diesel Fuel Sold in 1993 and
Later Calendar Years.

D 56 Test Method for Flash Point by Tag Closed Tester?

D 86 Test Method for Distillation of Petroleum Products®

D93 Test Method tor Flash Point by Pensky-Marnens
Closed Tester®

D129 Test Method for Sulfur in Petroleum Products
(Gencral Bomb Method)?

D 130 Test Mcthod for Detection of Copper Corrosion
from Petroleum Products by the Copper Stnp Tarnish
Test?

D445 Test Method for Kinematic Viscosity of Trans-
parent and Opaque Liquids (and the Calculation of
Dynamic Viscosity)?

D 482 Test Method for Ash from Petroleum Products?

D 524 Test Method for Ramsbottom Carbon Residue of
Petroleum Products®

D613 Test Method for Ignition Quality of Diesel Fuels by
the Cetane Method*

D976 Test Methods for Calculated Cetane Index of
Distillate Fucls?

D 1266 Test Method for Sulfur in Petroleum Products
(Lamp Method)®

D 1319 Test Method for Hydrocarbon Types in Liquid
Petroleum  Products by Fluorescent Indicator
Absorption.?

D 1500 Test Mcthod for ASTM Color of Petroleum
Products (ASTM Color Scale)®

D 1552 Test Method for Sulfur in Petroleum Products
(High-Temperature Method)?

D 1796 Test Method for Water and Sediment in Fuel Oils
by the Centrifuge Method (Laboratory Procedure)

D 2274 Test Method for Oxidation Stability of Distillate
Fuel Qil (Accelerated Method)?

D2276 Test Method for Panticulate Contaminant 1n
Aviation Fuel®

D 2500 Test Mcihod for Cloud Point of Petrolcum Oils'

D 2622 Test Method for Sulfur in Petroleum Products by
X-Ray Spectrometry? .

D 2880 Specification for Gas Turbine Fuel Oils®

D 3117 Test Method for Wax Appearance Point of Disul-
late Fuels®

D 3120 Test Method for Trace Quantities of Sulfur in
Light  Petroleum  Hydrocarbons by  Oxidative
Microcoulometry®

D 4057 Practice for Manual Samipling of Petroleum and
Petroleum Products?

D 4294 Test Mcethod for Sulfur in Petroleum Products by
Non-Dispersive X-Ray Fluorescence Spectrometry’

" Annual Book of ANTM Mandards, Yol 05.0)
* Annual Book of ASTM Siandards, Yol 05.04.
S dnnual Bk of ASTA Standards, Yol 05.02
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TABLE 1 Detalled Requirements for Diesel Fue) Olis*
Az;ue.st &mmlﬂn.ow mm'i?-ow Grace No. 1-D€ Grade No. 2-D€ Grade No. 4-0€
Flash Pont, *C, min. D93 38 52(125) 38 . 52 55
Water and Sediment, %voi. max D179 0.05 0.05 0.05 0.05 0.50
Drstilation Temperature, °C 90 % Xvol D86
Recovered
men .. 2820 . 2822
max 288 (550) 338 288 (550) 338
hc Viscosity. mm?/S at 40°C D 445
min. 13 19 13 19 55
max .. 24 41 24 41 24.0
Ash X mass, max D 482 0.01 0.01 0.0t 0.01 0.10
Sulfur, X mass, max® D 2622* 0.05 0.05
D129 L. ... 0.50 0.50 2.00
Copper stnp corrgsion ratng max 3 h D130 No. 3 No. 3 No. 3 No.3
at 50°C
Cetane number, min¢ D613 40" 40~ 40~ a0 30"
One of the following propertes must
be met .
(1) Cetane ndex, mn. D976¢ 40 40
{2) Aromaticity, Xvol, max D INY 35 35 .. ... .
Cioud pont, *C, max D 2500 ! 4 4 ! !
Ramsbottom carbon residve on 10%_ D524 0.15 035 0.15 035

distilation residue, X Mass, max

4 To meet special cperating condilons, thodifications of individual imiting requirements may be agreed upon between purchaser, seller and menutacturer.

5 The test methods indicated are the spproved referee methods. Other acceptabls methods are indicated in 4.1,

€ Grages No. 1-0, No. 2-D and No. 4-D are required to contain 8 sufficient smaount of §.4-diakyl amino anthwaguanone (biue dye) SO its presence 1s wisually apparent.
© When a cioud point less than —12°C is specified, the minimum viscosity at 40°C shall be 1.7 mm?/s and the minmum 90 % recovered temparature shall be waived.
£ Other sulfur limits can apply in selected areas in the United States and in other countries.

* These test methads are specihed n CFR 40 Part 80.

G Wnere cetane number by Test Method D 6135 is not avadable, Test Method D 4737 can De used as an 3pOrOXNMaloOn

¥ Low amiven! tempe-atures as well as engine operabon at high altitudes may requwre the use of fuels with higher cetane ratngs.

1t 55 unreakstic to specily low temperature praperties that wil ensure satisfactory Operation at 28 ambient conditions. However, satisiaciory operaton should be
achveved m most cases d the clcud pont {or wax appearance poni) is specified at 6°C above the fenth perentile minmum amteent temperature for the arga n winch
amprent temperatures for U.S. locabions are shown m Appendix X2. This guidance is genersl. Some equipment designs or operation may allow higher o require lower cloud
pont fuels. Approgriate low temperature operadifity properhes should be agreed upon between the fuei suppler and purchaser for the intended use and sxpected ambient

temperalures

D 4737 Test Method for Calculated Cetane Index by Four
Vanable Equation®

D 4865 Guide for Generation and Dissipation of Static
Electricity in Petroleum Fuel Systems®

D5186 Test Method for Determination of Aromatic
Con'znt of Diesel Fuels by Supercritical Fluid
Chromatography*®

2.2 Other Document

40 CFR Part 80 Regulation of Fuels and Fuel Additives

3. Requirements

3.1 The grades of diesel fucl oils herein specified shall be
hydrocarbon oils conforming 1o the detailed requirements
shown in Table |.

4. Test Methods

4.1 The requirements enumerated in this specification
shall be determined in accordance with the following
methods:

4.1.1 Flash Point—Test Methods D 93, except where
other methods are prescribed by Jaw, For Grades Low Sulfur
No. §-D, Low Sulfur No. 2-D, No. !-D, and No. 2-D, Test
Method D $6 can be used as an alternate with the same
limits, provided the flash point is below 79°C and the

* Aunval Bixk of ASTM Standards, Vol 05.03.
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viscosity is below 5.5 mm?/s at 40°C. This test method will
give slightly lower values. In cases of dispute, Test Methods
D 93 shall be used as the referee method.

4.1.2 Cloud Point—Test Method D 2500. Test Method
D 3117 can also be used since the two are closely related. In
case of dispute, Test Method D 2500 shall be the referee
method.

4.1.3 Water and Sediment—Test Method D 1796.

4.1.4 Carbon Residue—Test Method D 524.

4.1.5 Ash—Test Method D 482.

4.1.6 Distillation of Low Sulfur No. 1-D, Low Sulfur No.
2-D, No. 1-D, and No. 2-D Fuel Oils—Test Method D 86.

4.1.7 Viscosity—Test Method D 445,

4.1.8 Sulfur—Test Method D 2622 is used for Gradss
Low Sulfur No. 1-D and Low Sulfur No. 2-D. Test Methods
D 1266, D 3120 and D 4294 are also suitable for deter-
mining up to 0.05 % sulfur in diesel fuels. Test Method
D 129 is used for Grades No. 1-D, No. 2-D and No. 4-D,
Test Methods D 1552, D 2622, and D 4294 can also be used
for these grades. In addition, Test Method D 1266 can be
used for Grade No. 1, but only with samples having sulfur
contents of 0.4 mass percent and less (down to 0.01 %). In
case of dispute, Test Method D 2622 is the referee sulfur test
method for Grades Low Sulfur No. 1-D and Low Sulfur No.
2-D. Test Method D 129 is the referee sulfur test method for
Grades No. 1-D, No. 2-D and No. 4-D.

4.1.9 Corrosion—Test Method D 130, 3 h test at 50°C.

l
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4.1.10 Cetane Number—Test Method D 613.

4.1.11 Cetane Index—M:=tl.od D 976 - 80.

4.1.12 Aromaticity—Test Method D 1319. This test
method provides an indication of the aromatics content of
fuels. For fuels with 2 maximum final boiling point of 315°C

-B18-~
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this method is 2 measurement of the aromatic content of the
fuel.
5. Keywords -

5.1 diesel; fuel oil; petroleum and petroleum products;
specification

APPENDIXES

(Nonmandatory Information)

XI. SIGNIFICANCE OF ASTM SPECIFICATION FOR DIESEL FUEL OILS

X1.1 lntroduction

X1.1.1 The properiies of commercial fuel vils depend on
the refining practices employed and the nature of the crude
oils from which they are produceda. Distillate fuel oils, for
example, may be produced within the boiling range of 150
and 400°C having many possible combinations of various
properties such as volatility, ignition quality, viscosity, and
other characteristics.

X1.2 Grades

X1.2.1 This specification is miended as a stalement of
permissible limits of significant fuel properties used for
specifying the wide vaniety of commercially available diesel
fuel oils. Limiting values of significant properties are pre-
scribed for five grades of diesel fuel oils. These grades and
their general applicability for use in di.sel engines are
broadly indicated as [ollows:

X1.2.2 Grade Low Sulfur No. I-D--Grade Low Sulfur
No. 1-D comprises the class of low sulfur, volatile fuel oils
from kerosine to the intermediaic distillates. Fuels within
this grade are applicable for use in high-speed engines which
require low sulfur fuel and in services involving frequent and
relatively wide vanations in loads and speeds, and also for
use in cases whdre abnormally low fucl temperacures are
encountered.

X1.2.3 Grade Low Sulfur No. 2-D—Grade Low Sulfur
No. 2-D includes the class of low sulfur distillate gas oils of
lower volatility than Grade Low Sulfur No. 1-D. These fuels
are applicable for use in high-speed engines which require
low sulfur fuels and in services involving relatively high loads
and uniform speeds, or in engines not requiring fuels having
the higher volatility or other properties specified for Grade
Low Sulfur No. 1-D.

X1.2.4 Grede No.o 1-D—Grade No. 1-D comprises the
class of volatile fucl o:ls from kerosine 1o the intermediate
distillates. Fuels within this grade <are applicable for use in
high-speed engines in services involving frequent and rela-
tively wide variations in loads and specds, 2nd also for use in
cases where abnormally low fuel temperatures are encoun-
tered.

X1.2.5 Grade No. 2-D—Grade No. 2-D includes the class
of distillate gas oils of lower volatility. These fuels are
applicable for use in high-speed engines in services involving
relatively high loads and uniform speeds, or in engines not
requiring fuels having the higher volatility or other properties
specified for Grade No. 1-D.

X1.2.6 Grade No. 4-D—Grade No. 4-D covers the class of
more viscous distillates and blends of these distillates with
residual fuel oils. These fuels are applicable for use in low-
and medium-speed engines employed in services involving
sustained loads at substantially constan. speed.

X1.3 Selection of Particular Grade

X1.3.1 The selection of a particular diesel fuel oil from
one of these three ASTM grades for use in 2 given engine
requires consideration of the following factors:

X1.3.1.1 Fuel price and availability,

X1.3.1.2 Maintenance considerations,

X1.3.1.3 Engine size and design,

X1.3.1.4 Emission control systems,

X1.3.1.5 Spced and load ranges,

X1.3.1.6 Frequency of specd and load changes, and

X1.3.1.7 Atmospheric conditions. Some of these factors
can influence the required fuel properties outlined as follows:

X1.4 Cetane Number

X1.4.1 Cerane number is 3 measure of the ignition quality
of the fuel and influences combustion roughness. The cetane
number requirements depend on cngine design, size, natuse
of speed and load vanations. and on starting and atmo-
sphenc conditions. Increase in celane number over values
actually required does not materially improve engine perfor-
mance. Accordingly, the cetane number specified should be
as low as possible to assure maximum fuel availability.

X1.5 Distillation

X1.5.1 The fuel volatility requirements depend on engine
design, size, nature of speed and load variations. and on
starting and atmospheric conditions. For engines in services
involving rapidly fluctuating loads and speeds as in bus and
truck operation, the more volatile fuels may provide best
performance, particularly with respect 10 smoke and odor.
However, best fuel economy is generally vbtained from the
heavier types of fuels because of their higher heat content.

X1.6 Viscosity

X1.6.1 For some engines it is advantageous to specify a
minimum viscosity because of power loss due 1o injection
pump and injector leakage. Maximum viscosity, on the other
hand, is limited by considerations involved in engine design
and size, and the charactenistics of the injection system, "

32
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X1.7 Carbon Residue

X1.7.1 Carbon residue gives a measure of the carbon
depositing tendencies of a fuel oil when heated in a bulb
under prescribed conditions. While not directly correlating
with engine deposits, this property is considered an approxi-
mation

X1.8 Sulfur

X1.8.1 The effect of sulfur content on engine wear and
deposits appears to vary considerably in impornance and
depends largely on operating conditions. Fuel sulfur can
affect emission control systems performance. In order to
assure maximum availability of fuels. the permissible sulfur
content should be specified as high as is practicable, consis-
tent with maintenance considerations.

X1.9 Fiash Point

X1.9.1 The flash point as specificd 1s not directly related
to engine performance. It is, however, of importance in
connection with legal requirements and safety precautions
involved in fuel handling and storage, and is normally
specified to meet insurance and fire regulations.

X1.10 Claud Point

X1.10.1 Cloud point is of importance in that it defines the
temperature at which a cloud or haze of wax crystals appears

in the oil under prescribed test conditions which generally
relates to the temperature at which wax crystals begin to
precipitate from the oil in use.

X1.11 Ash )

X1.11.} Ash-forming matenals may be present in fuel oil
in two forms: (/} abrasive solids, and (2) soluble metallic
s0aps. Abrasive solids contribute to injector, fuel pump,
piston and ring wear, and also 1o engine deposits. Soluble
metallic soaps have little effect on wear but may contribute
to engine deposits.

X1.12 Copper Strip Corrosion

X1.12.1 This test serves as a measure of possible difficul-
ties with copper and brass or bronze parts of the fuel system.

X1.13 Aromaticity

X1.13.1 This test is used as an indication of the aromatic
contents of diesel fuel. Aromatic content is specified 10
prevent an increase in the average aromatics in Grades Low
Sulfur No. {-D and Low Sulfur No. 2-D fuels. Increases in
aromatic content of fuels over current levels may have a
negative impact on emissions.

X1.14 Cetane Index

X1.14.1 Cetane Index is specified as a hmitation on the
amount of high aromatic components in Grades Low Sulfur
No. 1-D and Low Sulfur No. 2-D.

\2. TENTH PERCENTILE MINIMUM AMBIENT TEMPERATURES FOR THE UNITED STATES
(EXCEPT HAWAI)

X2.1 Introduction

X211 The t. .ath percentile minimum ambient tempera-
tures shown on the following maps (Figs. X2.1 through
X2.12) were denved from an analysis of historical hourly
temperature readings recorded over a period of 15 10 21
vears from 345 weather stations in the United States. This

study was conducted by the U.S. Army Mobility Equipment
Research and Development Center (USAMERDC), Coating
and Chemical Laboratory, Abcrdeen Proving Ground, MD
21005. The tenth percentile minimum ambient temperature
is defined as the lowest temperature which will occur 90 % of
the time. In other words. there is only a 10 % expectation

IIniay s ¢ S0 vl (OB

FIG. X2.1 October~10th Percentile Minimum Temoperatures
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EOITONIALLY REVISED 198D

FIG. X2.2 November— 10th Percentile Minimum Temperatures

2w INMIar 1 7 SIISN I

FIG. X2.3 December—10th Percentile Minimum Tempsratures

that the minimum daily temper'awre will be lower than the  temperature operability requirements. In establishing these

tenth percentile minimum temperature. : low-temperature  operability requirements, censideration
X2.1.2 It is recommended that these dat» be used to  should be given to fuel system design, normal equipment
estimate the temperature 10 be used in specifying low  protection for cold weather operation, type of operation, use

314
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FIG. X2.4 January—10th Percentiie Minimum Temperatures

of fluidity improver additives, area in which the fuel will be  X2.2 Maps
used and any unusual weather or operating conditions, or a
combination thereof, which may make low temperature
operability more or less severe than normal.

X2.2.1 The maps in the following figures were denved
from CCL Report No. 316, A Predictive Study for Defining
Limiting Temperatures and Their Application in Petroleum
Product Specifications,” by John P. Doner. This report was

Imrenmily srvire

FiG. X2.5 February—10th Percentile Minimum Temperatures
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FIG. X2.6 March— 10th Percentile Minimum Temperstures

published by the U.S. Army Mobility Equipment Research
and Development Center (USAMERDC), Coating and
Chemical Laboratory, and ii is available from the National
Technical Information Service, Springfield, VA 22151, by
requesting Publication No. AD756-420.

X2.2.2 Where states are divided the divisions are noted on
the maps with the exception of California, which is divided
by counties as follows:

California, North Coast—Alameda, Contra Costa, Del

Norte, Humbolt, Lake, Marin, Mendocino, Monterey,

Napa, San Benito, San Francisco, San Mateo, Sama Clara,
Santa Cruz, Solano, Sonoma, Trnnity.

California, Interior—Lassen, Modoc, Plumas, Sierra,
Siskiyou, Alpine, Amador, Butte, Calaveras, Colusa, El
Dorado, Fresno, Glenn, Kern (except that portion lying
east of the Los Angeles County Aqueduct), Kings, Madera,
Manposa, Merced, Placer, Sacramento, San Joaquin,
Shasta, Stanislaus, Sutter, Tehama, Tulare, Tuolumne,
Yolo, Yuba, Nevada.California, South Coast—Orange,
San Diego, San Luis Obispo, Santa Barbara, Ventura, Los
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FIG. X2.10 Jsnuary—10th Parcentile Minimum Temperatures
Aqueduct), Mcno, Inyo, Kem (that portion lying cast of
the Los Angeles County Aqueduct).
X2.2.3 The temperatures in CCL Report No. 316 were in
degrees Fahrenheit. The degree Celsius temperatures in X2
were obtained by converting the original degree Fahrenheit

Angeles (except that portion north of the San Gabriel

Mountain range and cast of the Los Angeles County

Aqueduct).

California, Southeast—Impenal, Riverside, San Bernardino,

Los Angeles (that portion north of the San Gabriel
temperatures.

Mountain range and cast of the Los Angeles County
X3. LONG-TERM STORAGE OF DISTILLATE FUELS
excluded. Consistently successful long-term fuel storage re-
quires attention to fuel selection, storage conditions, and

monitoring of properties prior to and during storage.
X3.1.2 Normally produced fuels have adequate stability

X3.1 Scope
distillate fuels who may wish to store quanitities of fuels for

X3.1.1 This appendix provides guidance for consumers of
extended periods. Fuels containing residual components are
L 41 J
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properties to withstand normal siorage without the forma-
tion of troublesoms amounts of insoluble degradation prod-
ucts. Fuels that are 1o be stored for prolonged periods should
be selected to avoid formation of sediments, which can
overload filters or plug combustor nozzles or injectors.
Selection of these fuels should result from supplier-user
discussions.

X3.1.3 These suggested practices are general in nature
and should not be considered substitutes for any require-
ments imposed by the warranty of the distillate fuel equip-
ment manufacturer or by federal, state, or local government
regulations. Although they cannot replace a knowledge of
local conditions or good enginecring and scientific judgment,
these suggested practices do provide guidance in developing
an individual fuel management system for the distillate fuel
user. They inciude suggestions in the operation and mainte-
nance of existing fuei storage and handling facilities and for

identifying where, when, and how fuel quality should be
monitored.

X3.2 Definitions

X3.2.1 long-term storage—storage of fuel for longer than
12 months after it is received by the user.

X3.2.2 bulk fuel—Ffuel in the storage facility.

X3.2.3 combustor fucl—fuel entering the combustion
zone of the burner or engine after filtration or other
treatment of bulk fuel.

X3.2.4 fuel comaminants—foreign matenals that make
fuel less suitable or unsuitable for the intended use. Fuel
contaminants include matenals introduced subsequent to
the manufacture of fuel and fuel degradation products.

X13.2.5 fuel-degradation products—those materials which
are formed in fuel during extended storage. Insoluble degra-
dation products may combine with other fuel contaminants
to reinforce deleterious effects. Soluble degradation products
(soluble gums) are less volatile than fuel and may carbonize
1o form in fuels due to complex interactions and oxidation of

Coasy

FIG. X2.12 Msrch— 10th Percentile Minimum Temperatures -

small amounts of olefinic, sulfurous, oxygenated, and nitrog-
enous compounds present in fuels. The formation of degra-
dation products may be catalyzed by dissolved metals,
especially copper salts.

X33 Fael Selection

X3.3.1 Cenain distilled refinery products are generally
more suitable for long-term storage than others. The stability
properties of distillaies are highly dependent on the crude oil
sources, severity of processing, and whether additional re-
finery treatment has been gammied out.

X3.3.2 The composition and stability propertics of distil-
late fuels produced at specific refineries may be different.
Any special requirements of the user, such as long-term
storage, should be discussed with the supplier.

X3.3.3 Blends of fuels from various sources may interact

10 give stability properties worse than expected based on the
charartenstics of the individual fuels.

X3.4 Fuel Additives

X3.4.1 Available fuel additives can improve the suitability
of marginal fuels for long-term storage but mayv be unsuc-
cessful for fuels with markedly poor stability properties. Most
additives should be added at the refinery or dunng the carly
weeks of storage to obtair maximum benefits.

X3.4.2 Biocides or biostats destroy or inhibit the growth
of fungi and bactena which can grow at fuel-water interfaces
to give high particulate concentrations in the fuel. Availat'e
biocides are soluble in both the fuel and water or in the water
phase only.

X3.5 Tests for Fuel Quality

X3.5.1 At the time of manufacture, the storage stability of
fuel may be estimated by Test Method D 2274. However,
correlation of this test with actual storage stability can vary
significantly, depending upon field conditions and fuel
composition.

9,

y
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X3.5.2 Performance criteria for accelerated stability tests
that assure satisfactorv long-term storage of fuels have not
been established.

X3.6 Fuel Monitoring

X3.6.1 A plan for monitonng the quality of bulk fuel
dunng prolonged storage is an integral part of a successful
program. A plan to replace aged fuel with fresh product at
established tntervals is also desirable.

X 3.6.2 Stored fue! should be penodically sampled and its
quality assessed. Practice D 4057 provides guidance for
sampling. Fuel contaminar:ts and degradation products wul
usually settle 10 the bottom of a quiescent tank. A “Bottom™
or “Clearance™ sample, as defined in Pracuce D 4057, should
be included in the evaluation along with an “All Level”
sample.

X3.6.3 The quartity of insoluble fuel contaminants
present in fuel can be determined using Test Method
D 2276. Procedure A.

X3.6.4 Other qualuty tests like fuel color (Test Method
D 1500) and stability tests® (Test Method D 2274) after
storage may have value. Correlations of these tests with fuel
suttability are tenuous.

X3.7 Fuel Storage Conditions

X3.7.1 Contamination levels in fuel can be reduced by
storage in tanks kept free of water. and tankage should have
provizions for water draining on a scheduled basis. Water
promotes corrosion, and microbiological growth may occur

at a fuel-water interface. Underground storage is preferred to
avoid temperature extremes; above-ground storage tanks
shouid be sheltered or painted with reflective paint. High
storage tempetatures accelerate fuel degradation. Fixed roof
tanks should be kept full to limit oxygen supply and tank
breathing.

X3.7.2 Copper and copper-containing alloys should be
avoided. Copper can promote fuel degradation and may
produce mercaptide gels. Zinc coatings can react with water
or organic acids in the fuel to form gels which rapidiy plug
filters.

X3.7.3 Appendix X3 of Specificaunon D 2880 discusses
fuel contaminants as a general topic.

X3.8 Use of Degraded Fuels

X3.8.1 Fuels that have undergone mild-to-moderale deg-
radation czn ofien be consumed in a nortal way, depending
on the fuel system requirements. Filters and other cleanup
equipment can require special attention and increased main-
tenance. Burner nozzle or injector fouling can occur more
rapidly.

X3.8.2 Fuels containing very large quantities of fuel
degradation products and other contaminants or with run-
away microbiological growth require speciat attention. Con-
sultation with experts in this area is desirable. It can be
possible to drain the sediment or draw off most of the fuel
above tne sediment layer and use it with the precautions
descrnibed 1n X3.8.1. However, very high soluble gum levels
or corrosion products from microbiological contamnation
can cause severe operational problems.
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ANNEX G (normative)

The Relationship of Fuels Quality with Pollutant Bmissions
from Motor Vehicles

GEN L.

The objective of this annex is to give a background on the
impact of fuel properties on pollutant emissions from motor
vehicles equipped with both spark-ignition (SI) and compres-
sion-ignition (CI) engines. This annex provides supplemental
information for the explanation and justification of views
presented, and recommendations given, in the Guidelines.

Many fuel properties are closely inter-related and inter-
dependent, and their impact on emissions in respect ot both
direction and magnitude depends on vehicle design features and
operating variables. There are differences in sensitivity to
fuel quality between uncontrolled, reduced-emission and low-
emission engines, and this makes assessment of the effect of
fuel characteristics and, in particular, its quantification,
very difficult. Fuel characteristics can affect pollutant
emissions;

i) directly, by influencing the working processes in the eng-
ine, e.g. the mixture formation and combustion in the case
of exhaust emissions, or

ii) indirectly, by influencing, e.g. engine cleanliness and
wear, which in turn will have an impact on emissions.

This overview is concentrated on so-called requlated (or con-
trolled) pollutants, which are:

s CO, total HC and NOx for SI engined vehicles, and

s CO, total HC, Nox, PM and smoke for CI engined vehicles.
However, fuel properties, in particular composition, impact
also emissions of many unregulated pollutants, e.g. benzene,
aldehydes, polyaromatic hydrocarbons (PAH), as well as smog-
forming or photochemically reactive emission products which
considerably affect air quality, and are of growing concern.
The impact of fuel quality on unregulated emissions is often
higher than on those regulated.

To achieve the best compromise between many, sometimes con-
tradictory, requirements to be met by vehicles, the engine
design and the.setting of production engines, are finalised
using a fuel quality approriate to the market. In order to
make it possible for in-use vehicles to maintain their perfor-
mance, including emissions, close to design, fuels in the
market should be manufactured to tolerances which allow little
variation in fuel quality. However, in practice, the situation
where fuel characteristics do not match vehicle requirements
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is common, e.g. impnrted technologies not sufficiently adapted
to local conditions, or imported, both new and second-hand
vehicles, designed for fuels different to those locally
available.

In this connection, two cases should be considered when the
effect of fuel properties on vehicle performance, including
emissions, is analysed:

i) the design and setting of the engine is adjusted to a given
market fuel properties, and

ii) the design and settings remain unchanged, and there is a
deviation of market fuel properties from those optimum.
Case ii) is typical for in-use vehicles, where, in practice,
only very limited modifications of their adjustment are fea-
sible. The effect of fuel properties on emissions is usually

higher in this case than in 1i).
In principle, every fuel specification property affects, to
some degree, pollutant emissions. In this overview emphasis is
laid on properties thought to be most significant. These key
properties for vehicles equipped with SI engines are:

s lead content,

s benzene content,

e density,

s volatility.

The effect of lead and benzene content is obvious (see 3.2.1),
and does not require any supplementary comments.

For vehicles equipped with CI engines, the key properties are
thought to be:

s ignition quality (cetane number/index),
s density,

s back-end volatility,

® viscosity,

s sulfur céntent.

The above characteristics are not listed in any order of mag-
nitude of effect.
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G.2 VEHICLES EQUIPPED WITH SI ENGINES.

G.2.1 Exhaust emissions. The level of requlated, and some of the
unregulated exhaust emissions from SI engines depends upon
the mixture formation and combustion processes, and is aff-
ected by many engine design and operating variables. The
predominant role is played by air-fuel equivalence ratio
(called also mixture strength) of the fresh charge supplied
to the engine ()). With lambda equal to 1, the engine is re-
ceiving a stoichiometric air-fuel mixture. The effect of
air-fuel equivalence ratio,)», on engine performance and pol-
lutant emissions is shown in a simplified qualitative manner
in figure G.1. The major characteristic to note is that the
individual parameters reach their extremum (maximum or
minimum) values at a different mixture strength, which makes
it difficult to optimise for all regulated pollutants.

The engine power output 1s maximum at a mixture richer by
about 10 % to 15 % than stoichiometric, i.e. at lambda equal
to about 0,85 to 0,90. Both mixture enrichment and enlean-
ment from this point results in power drop, particularly
noticeable with enleanment. The minimum fuel consumption
occurs at a mixture considerably leaner than this, and at an
optimum lambda of 1,00 to 1,20. Thus maximum powe and mini-
mum fuel consumption are incompatible, and depending on the
compromise or priority chosen, engines will operate 5 % to
20 % from optimum conditions on one or both of these.

As regards emissions, carbon monoxide emissions decrease
with increasing lambda, as do hydrocarbon emissions, but
only to the ‘lean limit’. When this limit is exceeded, they
increase steeply due to incomplete flame propagation and
misfire. This increase is accompanied by unstable engine op-
eration , resulting in surge and poor driveability. This
precludes the use of such lean operation. The effect of mix-
ture strength on NO_ emissions is to some extent, the
reverse. The maximuffi NO_ emission occurs at lambda of 1,05
to 1,10, and falls from here with both increasing and de-
creasing lambda.

Trends cocerning the effect of air-fuel equivalence ratio on
engine parameters, shown in figure G.1, are typical of all
SI engines, including 2-stroke, irrespective of their design
and operating variables. However, these variables affect
concrete characteristic values of lambda at which extremum
values of power, fuel consumption, HC and NO_ occur. More-
over, they affect the rate of change of thesé€ parameters as
a function of lambda. It is worth noting that CO and CO
cocentrations in the exhaust gas depend relatively littie on
variables other than lambda.
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rigure G.1-Effect of air-fuel equivalence ratio on 8I engine
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There is a significant difference between vehicles not equi-
pred with three-way catalytic converters, and those so equi-
pred. When not equipped, the mixture strength is the result
of a compromise between requirements related to different
parameters, e.g. power, fuel economy, driveability, emis-
sions, etc, whereas when not equipped, the emission aspect
is decisive. To achieve the optimum efficiency of the con-
verter, and to meet emission standards, the air-fuel equiva-
lence ratio must be stoichiometric (within very close toler-
ances) under most operating conditions. It is because of
these close tolerances of lambda acceptable to catalytic
converters, that carburetted engines are not now acceptable
for low-emission vehicles. Carburetion often, if not
generally, led to a maldistribution of fuel-air mixture be-
tween the individual cylinders, which in turn meant erratic
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composition of the exhaust gases. Thus carburetors are no
longer fitted to vehicles in North America, Japan or Europe,
with new car production exclusively fuel injected, with
electronic engiine management systems. The consistency of en-
gine conditions, and the response obtainable from electronic
engine management systems, makes their application desirable
even without catalytic converters, on the grounds of drive-
ability and emissions.

The air-fuel equivalence ratio depends largely on the fuel
system setting, but is affected by some fuel properties. By
definition, the air-fuel equivalence ratio,) , is equal to:

AN = A
m, L
where:
my is the air mass flow rate, kg/h,
mg is the fuel mass flow rate, kg/h,

L is the stoichemetric air-fuel ratio, kg/kg

The above formula shows that)-, which is a function of mix-
ture, depends on air-fuel stoichiometric ratio L, which is a
property of the fuel. L can be calculated from the formula:

L = 11,51C + 34,55H + 4,31S + 4,320

where C, H, S, and O are respectively the mass share of
carbon, hydrogen, sulfur and oxygen in the fuel.

The hydrocarbon composition of motor gasoline, within rea-
sonable limits, has little effect on the stoichiometric
ratio. For hydrocarbon fuels it is in the order of 14,7 to
14,9. However, this ratic is considerably affected by the
addition of oxygenates. A fuel oxygen content of 1 %(m/m)
reduces it by about 0,2. As alcohols are not recommended
(see 3.3.1), the relationship between ether content and
oxygen content in fuel is shown in figure G.2.

If the setting of the fuel system is adjusted to maintain a
constant value of lambda (by increasing the fuel mass flow
rate, m ), the effect of oxygenates on emiscsions is relativ-
ely smafl. Seme changes result from the fact that in some
engines the addition of oxygenates shifts the lean limit
towards the lean side, and improves the combusticn. However,
if the setting of the fuel system remains unchanged, mixture
enleanment occurs when oxygenates are added. This is shown
in figure G.2. A fuel oxygen ccatent of 1 $(m/m) results in
a mixture enleanment of about 1,4 %. The total impact of
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oxygenates on emissions may be considerable, due to an
interplay between all the factors. However, the role of en-
leanment is dominant. The total effect varies from vehicle
to vehicle and mainly depends on the initial mixture
strength which in turn, is influenced by the level of
emission control.

Figure G.2-Bffect of addition of ethers on air-fuel
equivalence ratio
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In’all vehicles, the effect of enleanment on emissions is
significant until the lean limit is reached (see figure G.1)
and the percentage change is similar for CO and HC for
uncontrolled-, reduced- and low-emission vehicles, although
of course, the absolute change in terms of g/km will reduce
with increasing control. For NO_, there is still some uncer-
tainty. For uncontrolled- and réduced-emission vehicles, NO
tends to increase slightly with enleanment, but for low-em-
ission vehicles, NO_, is broadly unaffected. The general
range of change in Emissions for a fuel with 1 $(m/m) oxygen
content, as a percentage of the emissions from the same
engine on hydrocarbon fuel, is;

b 4

s for CO - from 6 § to 12 % decrease;
s for HC - from 2 ¥ to 5 % decrease;

s for NOx - from 4 § increase to 4 % decrease.
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Because of the lean limit threshold, there is a maximum
oxygen content that should be in marketed fuels supplied to
a vehicle parc essentially designed for hydrocarbon fuels.
This limit may be as low as 2,5 ¥(m/m) oxygen, and even at
this level, a small amount of vehicles adjusted to operate
close to the lean limit may experience driveability prob-
lems, and require re-adjustment.

Density changes can also have an effect on emissions in a
similar manner. Density is related to air-fuel equivalence
ratio by the general formula:

where;
k is a constant;
D is the density, kg/m3.

A range of 100 kg/m3 in density corresponds to about 6 %
change in air-fuel equivalence ratio, if all other factors
affecting A remain constant.

Since increasing densities result in increasing volumetric
specific enerqgy, there is a benefit in fuel economy to the
user from higher densities. This is of the order of 0,7 % to
0,9 % for every 10 kg/m~ increase. The effect on emissions
in vehicles with fuel systems not adjusted to maintain a
constant value of lambda, is that higher densities cause
enrichment and thus an increase in CO and HC emissions, and
a lower density an enleanment and thus a reduction. This
change is relatively small however, being between 1,0 % and
2,5 % fgr CcO, and between 0,5 % and 1,0 % for HC, for every
10 kg/m~ change in density from the vehicle setting target.
For vehicles with fuel systems adjusted to maintain a con-
stant value of lambda, and for low-emission vehicles fitted
with catalytic converters, the effect of fuel density on
emissions is very much lower.

Overall, the major density related factors influencing emis-
sions are;

s the average (weighted) density of each of the motor
gasoline grades in the market, and the deviation of
this value from the value for which vehicle fuel
systems were set;

s the scatter of density values around this average in
each grade (see figure G.3).




Volatility has an impact on emissions, which is particularly
severe under cold weather and hot weather conditions. In
cold weather, inadequate volatility increases engine crank-
ing times, and since the air-fuel mixture is extremely rich,
contributes to high HC emissions. During warm-up, lack of
volatility causes enleannent at the beginning of accel-
eration, and if the vehicle has been set close to the lean
limit, can cause driveability problems due to intermittent
periods of fuel-air mixture being outside the flammable
range. During these periods, HC emissions increase, and
possibly CO emissions also. For vehicles with manual chokes,
the driveability problems may be assuaged by increased choke
perhaps fcr a longer period, but this gives more mixture
enrichment and thus increased HC and CO emissions.

In hot weather, probably of more interest to most of the
countries participating in this Project, it is the maximum
volatility that is critical during the early vehicle oper-
ation. The major problem is vapour lock, caused by excessive
fuel evaporation in the fuel pump and lines, leading to
back-pressure restricting the flow of fuel to the carburetor
or injectors. This either leads to enleanment, and higher HC
emissions and poor driveability, or in extreme cases, to the
engine stopping. In vehicles fitted with carburetors, high
volatility can also lead to boiling of the fuel in the float
chamber, leading to a very rich fuel-air mixture being sup-
plied to the cylinders, and thus a rise in CO and HC emis-
sions. This phenomenon is known as ‘carburetor percolation’.

The control of this maximum volatility is achieved by one of
two measures. In North America, a vapour-liquid ratio (V/L)
temperature is used, whereby a maximum temperature for a
specified V/L, usually 20, is set. The V/L temperature is
either determined, or calculated from a combination of
vapour pressure and distillation characteristics. Outside
North America, the normal control is a vapour lock index
(VLI), which is a function of vapour pressure and the
percentage of fuel evaporated at 70 °C, given by;

VLI = 10VP + 7E70
where;
VP is the vapour pressure, kPa;
E70 is the fuel evaporated at 70 °C, %(V/V).

The latter control is used for the specifications given in
8.2.

The actual effect of fuel volatility on emissions is dif-
ficult to quantify, but figure G.3 gives some test results
on two vehicles moderately sensitive to changes in volatil-
ity.
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Figure G.3-Effect of volatility on HC emissions under hot
veather conditions

35+
£
>
— vehicle A
O 251
oy
-
* B
154 —
T T e
VLI

‘An aspect of the fuel quality affecting emissions is the
susceptibility to deposit formation, particularly on the
intake manifold and valves, and/or the fuel injectors/car-
buretors. The oxidation stability (induction period) test
gives only partial protection to this susceptibility in
modern engines with high under-bonnet temperatures, and
multi-point injectors, and although overall uncontrollecd-,
carburetted engines are more prone to deposits, low-emission
engires are more sensitive to them. Figure G.4 gives an
indication of the effect of deposits on vehicle operation
and performance.

Deposits affect emissions by affecting the mixture strength,
mainly during starting and warm-up, and and in injectors of
course, affecting the flow and atomisation efficiency. The
increase in regulated emissions can be as high as 15 % to
30 % for carburetted engines or, as a percentage, even
higher for low emission vehicles fitted with electronic
engine management systems. Figure G.5 gives some indication
of the increase in emissiones related to intake valve
deposits.
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Figure G.4-Effect of deposits on vehicle operation and performance
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There are a variety of additives available, at different
levels of efficiency, and for different target engine system
deposits. These are effective, and are included in most ‘top
tier’ motor gasolines marketed by the major oil companies.
Various standardised engine test regimes are available for
the assessment of these additives, but there is no require-
ment for their use in any National Standard (see X.10).

G.2.2 2-stroke enaines. The conventional 2-stroke engine has in-
herent defects which lead to poor fuel economy and high em-
issions of HC and white/blue smoke. The main reasons for the
high HC emissions are:

i) high fuel losses in the exhaust, due to the scaveng-
ing of fresh air-fuel mixture;
ii) misfiring in the cylinder;
iii) incomplete combustion of the 2-stroke oil.
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rigure G.S-Emissions versus intake valve deposits

3000 T .

2500 -+

2000 -+ -

1500 -+

Emissions, ml/ cubic metre (ppm)

1000 +

500 T

0 1000 2000 3000 4000 5000 6000
- Engine Speed, revimin

The scavenging occurs when fresh air-fuel mixture is par-
tially mixed with the burnt gases from the previous cycle,
and partially exhausted into the open exhaust ports. During
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idle and low load operation, about 5 £ to 10 § of the fuel
supplied to the cylinder may be lost in this manner, but at
high load, this can rise to above 30 %. In addition tc the
losses, the mixing of air-fuel mixture with the exhaust
gases can, particularly at low load, cause misfiring, which
in turn results in even more unburnt fuel being exhausted.
In some engines, under this combination, over 65 t of the
supplied fuel may be unburnt and exhausted as HC.

The current HC emissions limits in Japan :cognise this
fact, and set generous limits for HC emissions at idle for
small 2-stroke engines (in Japan, the limit is equivalent to
about 50 ¥ of supplied fuel), but this of course, exerts
little control.

The incomplete combustion of the 2-stroke oil may be as high
as 25 ¥ to 50 ¥ of the oil supplied, but still only gener-
ally accounts for 5 ¥ to 10 $ of the total HC emissions.
Both the quality and quantity of 2-stroke oil used, and the
engine operating variables, can have a considerable effect
on these figures. Figure G.6 gives an overview of the con-
tribution of the various factors to HC emissions from
2-stroke engines.

Pigure G.6-2-stroke engine emissions as a Tunction of load
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The function of anti-smoke additives is to firstly complete
the combustion of the 2-stroke oil, and secondly, to reduce
the droplet size of unburnt, or partially burnt, fuel/oil in
the exhaust gases. The actual reduction in HC emissions is
likely to be small, below 10 %, but there is an effect on
the colour, visibility and odour of the smoke. Small drop-
lets, below 0,8 um diameter, appear to be blue in colour,
whereas larger droplets appear white, are more visible to
coventional opacity meters, and are more odorous. Although
unpleasant, the health effects of these emissions are not
yet clarified. Table G.1l gives some data on the effect of
one additive on three engines under different operating
conditions.

Table G.1-Effect of anti-smoke additive on smoke emissions

T~ Operating Relative smoke level, % of neat fuel
conditions |
Vehicle i )
! i 11) 22) 33)
i A (75 cc) 70 55 ’ 50
B (150 cc) 90 ; 45 ; 45
! ' i
. C (175 cc) 70 40 v 40
N i
Notes:

1. Warm-up period, full throttle acceleration in highest
gear.

2. Warmed-up vehicle, full throttle acceleration in highest
gear.

3. Warmed-up vehicle, constant speed, 60 km/h.

G.2.3 Evaporative emissions. Evaporative emissions from the fuel
system, excluding re-filling losses, occur from:

a) running losses which occur when the vehicle is being
driven;

b) hot soak losses which occur after the warmed-up vehicle
has been stopped and its engine switched off;

c) tank diurnal breathing losses.

These emissions can be split into two main sources:

o ——————— e —
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i) fuel system losses, from pumps, lines, and particularly
carburetors

ii) fuel tank losses.

The fuel system losses occur from normal imperfections in
the sealing of fuel systems, but in the case of carburetors,
there are the extra possibilities due to a supply of fuel
being present in the float chamber both during running, and
particularly after engine switch-off. Vehicles fitted with
carburetors with unbalanced float chambers (most 2-stroke
engines) can experience a considerable rise in HC emissions
when excess fuel-air mixture generated by the carburetor is
vented directly to the atmosphere. After engine switch-off,
the fuel in the carburetor is still warm, and partially
evaporates, and in general 5 g to 30 g is lost for each hot
soak period. All fuel system losses are loosely correlated
with the components of VLI, vapour pressure and front-end
volatility, but with different functions for the different
areas of loss. Carburetor hot soak losses are more strongly
correlated with E70, and this is illustrated in figure G.7.

Figure G.7-Carburetor hot soak losses versus volatility
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Tank losses, apart from those that occur during refilling,
occur either from fuel temperature fluctuations due to amb-
ient conditions (diurnal) or engine system operating condit-
ions (hot soak). A rise in fuel temperature increases vapor-
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isation which displaces air-fuel mixture into the atmos-
phere. When the fuel temperature falls, condensation and
contraction of the fuel draws fresh air into the tank for
the cycle to be repeated. Diurnal tank losses correlate most
closely with vapour pressure, and this is illustrated in
fiqure G.8.

Figure G.8-Diurmal tank losses versus volatility
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The composition of the vapours generated will depend on the
light blending components used in the motor gasoline manuf-
acture, and will comprise largely that fraction boiling
below about 60 °C, i.e. with a carbon number of 6 (hexane)
or lower.

Valve seat problems. Engines which have unhardened exhaust

valves and valve seats require a lubricant to prevent wear
on these parts, which can in extreme cases cause engine
failure. Figure G.9 gives an illustration of this.

Recession is wear on the valve seat which increases the con-
tact area between the valve and seat, and therefore reduces
the contact  pressure, and reduces the seal. This is progres-
sive until tappet clearances are taken up and the valve is
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Figure G.9-Valve seat recession
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permanently partially open, allowing gases to escape whilst
combustion is not complete. This leads to a drop in power
and fuel economy, and a rise in HC emissions.

Oorganic lead compounds have very high lubricity properties
(lead compounds were used in many EP lubricants), and a lead
content of somewhere between 30 mgPb/1 and 50 mgPb/L is
sufficient to give seat protection. Unleaded motor gasoline
therefore requires hardened materials for exhaust valves and
valve seats. Some figures illustrating the effect of low
lead levels required to achieve a 1 mm valve seat recession
are given in table G.2, but these can be regarded as illus-
trative only, as there is an effect of engine load and
speed. .
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Table G.2-Valve seat recession as a function of lead content
and distance

Lead content, Distance,
magPb/1 km
less than S 7 500
10 to 13 18 000
50 to 80 above 75 000

Valve seat recession leads to higher HC emissions, and this
is illustrated in figure G.10 for the vehizcle used in table
G.2 running at raised idle speed on motor gasoline with

10 mgPb/1 to 13 mgPb/1l lead content.

Pigure G.10-HC concentration as a function of distance
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Alternatives to lead for the avoidance of valve seat reces-
sion are available, but are generally unacceptable in modern
vehicles fitted with catalytic converters because they con-
tain other elements that interfere, e.g. manganese, phospho-
rus, alkali metals. Environmentally concious consumers in
markets where both leaded and unleaded motor gasolines are
marketed, and who own vehicles unsuited to run on unleaded
motor gasoline, are generally recommended to alternate their
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tank filling to the extent that the average lead level seen
by the engine is kept above 50 mgPb/!, but minimised. This
of course requires both the publicity of prevailing lead
levels in the various motor gasoline grades, and a consist-
ency of this.

G.3 VEHICLES EQUIPPED WITH CI ENGINES

G.3.1 General. The major problem with the assessment of diesel
engine exhaust emissions is the vast range of engine types/
sizes, and the individual cylinder/piston designs. Conclus-
ions for one type (DI) may not be applicable to another
(IDI), but more confusingly, the response of different
engines to changes in fuel quality may not only be different
in magnitude, but are often even different in direction.
This is particularly the case in respect of NO_ emissions.
The following discussion therefore can only be regarded as
an ‘average trend’ indication in respect of many of the
properties discussed, and individual vehicles, driven over
separate test cycles, may well exhibit a different relation-
ship.

G.3.2 Particulate and smoke emissions. The emissions of vehicles
equipped with diesel (CI) engines include, besides the
gasecus components of CO, HC and NO_, particulates (PM) and
smoke. Figure G.11 gives an overvie? of these exhaust
emissions.

Particulate emissions are of particular concern because of

their aspiration potential and chemical constitution, which
combined, is thought to be a severe hazard to health, even

to the extent of being carcinogenic.

Diesel particulates are generally composed of the following
components:

s soot- irreqularly shaped, agglomerated fine carbon part-
icles, usually less than 2 pm in size, formed from the
hydrocarbon fuel in the combustion process under high
temperature conditions in the absence, or insufficiency,
of oxygen,

@ soluble organic fraction (BOF)- unburnt and partially
burnt fuel or lubricant which condenses on the exhaust
walls, form aerosols or absorb soot,

s sulfates- formed during the combustion process mainly from
the sulfur contained in the fuel,

® bonded water.
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Figure G.11-Diesel exhaust gas =chematic
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The same components of the diesel exhaust gas form smoke,
often referred to as ‘visible emission’. The smoke is comp-~
osed of particles, including aerosols, suspended in the en-
gine exhaust stream which obscure, reflect and/or refract
light. The smoke is usually divided into two categories:

s black smoke which mainly consists of soot,

® white/blue smoke mainly composed of liquid fuel and lub-
ricant droplets.

Design features of the diesel engines are the prime factor
in the quantitative emissions of PM and smoke, but fuel
factors do have an effect on the quantity of emissions, but,
more directly, on the quality (composition) of PM. Possibly
the major physical fuel property affecting the PM emissions
ia density, since as for fuel-injected SI engines, this det-




-G20-
ermines the mass delivery rate through volumetric metering.
A simplified illustration of the effect of fuel delivery
rate on emissions is shown in figures G.12, G.13 and G.14.

Pigure G.12-Eagine parameters versus fuel delivery
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Pigure G.13-Bffect of density variation on emissions
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Pigure G.14-Effect of density on smoke emissions
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For smoke, low delivery rates
isibility), in the order of 7
1,5 °B. One point to make for
is that the real density, and

result in low intensity (inv-
HSU to 15 HSU or 0,7 °B to
temperate or colder climates
thus the delivery rate at full

power, increases at lower fuel temperatures, and this is a
major factor contributing to white smoke at cold starts. If,
as is normal, the setting of the injection pump is not ad-
justed to maintain a constant mass delivery rate, increases
in density result in an increase in smoke intensity under
full load conditions, which is likely to increase in rate of
change with increasing density (see fig. G.13). In all
cases, the increase in soot content is far greater than
smoke intensity due to the non-linear relationship between
this property and opacity readings (either HSU or °B).

When the setting of the injection pump 1is not adjusted for
mass flow, the results of emissions tests for PM become
sensitive to the test cycle, particularly the share of full
load of the total cycle time. This is illustrated in figure
G.15 for the ECE and US cycles.

Figure G.15-Particulate decrease as a function of test cycle
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This accounts partially for the different results obtained
particularly-between light duty and medium/heavy-duty ve-
hicles, and between engine models/vehicle masses, since the

share
speed
where
share
fined

of full load is a function of power/mass ratio, not
or engine size alone. For medium/heavy duty engines,
most engine tests are carried out on the bench, the
of individual test modes on full load is strictly de-
(e.g. 17 & in Japanese, and 35 % in ECE 13-mode
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tests), and this results in an increase in fuel density con-
tributing a significant rise ig PM emissions, possibly ex-
ceeding 3 § to 5 % per 10 kg/m™ rise in density. The results
from bench tests do however, have a more tenuous relation-
ship with real conditions because of the power/mass consid-
erations of the final vehicle.

The next most important fuel property affecting PM emissions
is ignition quality, and this also has a contribution to HC
emissions, particularly in light-duty IDI engines. The
ignition quality determines the delay time between injection
and combustion, and thus affects the rate of pressure rise
in the cylinder. The lower the ignition quality (cetane
number), the less time there is available for complete com-
bustion, and the higher the peak temperature obtained. This
results in an increase in pyrolised particles (PM and smoke)
in addition to the unburnt fuel (HC) exhausted. For the most
sensitive vehicles, a decrease of 6 in cetane number can
increase PM and smoke emissions by 45 %. It is difficult to
orthaganolise ignition quality from other fuel properties
when examining a fuel matrix, since it is generally inter-
related with density and volatility, and there are ‘trade-
offs’ to some degree with these, but a trend can be estab-
lished which, over the range 42 to 52 cetane number, gives
an average of about 3 % to 5 % increase in PM and smoke
emissions per cetane number decrease. Another effect of

ignition quality, not covered under the emissions in these
Guidelines, is the noise. Engine noise is almost directly
affected by ignition quality, particularly close to a thres-
hold which is individual for a single engine type, and also
particularly during the start-up and warm-up phases of
engine operation.

Sulfur has a direct relationship with particulate emissions,
although the total sulfates plus SO_ emitted from motor
vehicles is normally only a small pﬁoportion cf total sulfur
emissions in a given environment. Over the whole range of
sulfur contents (0,01 $(m/m) to 1,0 ¥(m/m)] the conversion
of sulfur to sulfates is fairly constant at 1 % to 2 %,
although there is evidence that DI engines tend to have a
slightly higher average conversion rate than IDI engines.
However, as PM emissions have reduced, the percentage of the
particulate comprising sulfate has risen, and this is par-
ticularly true for low-emission vehicles. One of the major
factors contributing to this fall in PM emissions is the
drastic reduction in lubricant usage in diesel engines.
Sulfur content does have an effect on the conversion eff-
iciency of oxidation catalysts, and the corresponding emis-
sion of HC and CO. Figure G.16 gives data on sulfur content
reduction versus conversion efficiency for DI engines.

IR TR T} o W
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Pigure G.16-Effect of sulfur content reduction on conversion
efficiency
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Other fuel properties that have a second-order effect on PM
emissions (more particularly to smoke) are volatility and
viscosity. Front-end volatility has a small effect on white
smoke at start-up due to ‘ignitability’, i.e. sufficient va-
pour present for instant ignition, whereas mid-range and
back-end volatility contribute to black smoke during warmed-
up ‘operation. The effect of back-end volatility on regulated
PM emissions is still inconclusive, and more studies are
currently underway. Engine effects are overwhelming here.
Viscosity is important, perhaps more in terms of a consis-
tent range than an absolute maximum value. The viscosity
interrelates with the fuel pump pressure and injector design
to give a specified droplet size and spray pattern. Changes
in this, affect combustion efficiency and burn-out, and thus
emissions.

G.3.3 Nitrogen oxide emissions. NO_ emissions are naturally higher
from CI engines than from SI"engines of equivalent capacity,
and few fuel properties have any effect on these. The cont-
ribution of fuel nitrogen within small ranges (100 mg/kg to
500 mg/kg) is small, at less than 10 % of total NO_, but
some fuel components such as those from coking, or“even some
from catalytic cracking, can start to be significant cont-
ributors. As mentioned in 3.3.2, excessive use of organic
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nitrate ignition improvers can alsc start to make a contrib-
ution. The only fuel property significantly affecting NO
emissions is ignition quality, and even here the effect Is
relatively small, although fairly consistent across the eng-
ine types. An increase in 3 cetane number may decrease NO
emissions by 20 ¥ to 36 % in critical engines. There is sBme
evidence of an effect of mid-range volatility on NO_ emiss-
ions, but at present it is somewhat inconclusive.

G.3.4 Other gaseous emissjons. CO and HC emissions from diesel
vehicles are low, and are again only affected by ignition
quality amongst the fuel properties. In the case of these
emissions however, the effect is significant, particularly
if the market cetane number is low (below 47 cetane number)
(see G.3.2).

G.3.5 Injector fouling/additives. Injector fouling caused by both
carbonaceous and metallic deposits on the injector tip has
long been a problem with diecel engines. The metallic comp-
onents came from metals dissolved by the relatively aggress-
ive (acid) older diesel fuels attacking Group II metals,
particularly copper, zinc and cadmium, and depositing these
on the injectors. This phenomenon has largely disappeared
from developed markets due to the better metallurgy used in
diesel fuel systems, and the increasing desulfurisation of
diesel fuels which has the side-benefit of also decreasing
acidity.

The incidence of ‘coking’ deposits however has increased,
with higher injector pump pressures, smaller injector
orifices, and higher temperatures at the injectors. The
effect of these deposits has also increased, and they poss-
ibly account for the highest influence on emissions from
diesel vehicles. Table G.3 gives an example of the relative
effect on performance and emissions in an ECE 13-mode test,
between injectors in good condition (100 %) and coked injec-
tors.

Table G.3-BEffect of injector coking on engine performance

Characteristic Value (% relative)
Maximum power 94
Fuel consumption 96
Smokel) 210
HC : 170
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Table G.3-continued

co 170
NOx 97
PM 161

Note 1-Expressed as g soot/n3 exhaust gas at full load.

As for SI engines (see G.2.1), effective additives, largely
detergent-type, are available, and these do also have some
effect on dirty injectors, which may lead to a temporary
increase in emissions, which is probably negligible in prop-
ortion to the overall longer-term beneficial effects.

u ue ope C n_Cl engine emissjons.
Overall, the fuel quality effects of diesel fuel are smal-
ler, less well defined, and far more dependent on engine de-
sign, than those identified for SI engines. The strong int-
errelation of many of the fuel properties makes definitive
statements difficult, and potentially erroneous. The best
example of such a problem is the proposal, very well suppor-
ted in the period 1988 to 1992, that aromatics had a direct
effect on PM emissions. This has now been shown to be a
false conclusion (but we still have legislative limits in
California and Sweden), and aromatics as compounds, have no
effect beyond that which is already predictable from a comb-
ination of density and cetane number (which combined give a
function of ‘aromaticity’), although there may be some cont-
ribution from di- and tri-aromatics on the composition of PM
(and perhaps on quantity if present in high proportions).
Many of the trends shown in table G.4 may not apply to all
individual engines, and for some combinations, results are
in¢onclusive, and/or more work is currently being done in
this area.
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Table G.4-Trends of fuel quality change effects on CI engine
performance and emissions

Fuel modification Max. Fuel | Black | White | HC | CO | NO, | PM
power | cons. | smoke | smoke

Reduce density i to i 10 0 0 0 {o
Reduce T10 0 0 0 i ? 0 0 0
Reduce TS0 0 0 i i? 0 0 0 ?
Reduce T90/95 0 0 1? 0 ? ? 0 ?

Increase cetane number 10 i0 {0 PV Ve lbdl 4o o

Reduce sulfur 0 0 0 0 o 0 0 Iy
Reduce di- and tni- 0 0 ? 0 0 0 ? U
aromatics
Key: i1 - Strong effect
0% or0} - Slight effect
0 - No significant effect

? - Inconclusive, more work needed/underway
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ANNEX X (informative)

Skeleton Standard for motor gasoline

Title. The title of the Standard shall be as unambiguous as
practicable, within the limits of brevity, but should include
the main elements of the content and scope of the Standard.

Foreword. This clause (usually un-numbered, but may be desig-
nated ‘0’) deals with the construction procedure of the Stan-
dard. It details who was involved, what Standard(s) are super-
~eded, and may highlight some radical changes from previous
Standards. It is not part of the Standard.

Introduction. This is an optional clause, normally omitted,
but may be included if there is some discussion items not
included in the Foreword.

8cope. This is the first mandatory clause, and needs to be
unambiguous, brief and comprehensive. A suggested outline is:-
‘This Standard specifies requirements and methods of test for
leaded/unleaded* motor gasoline at the point of custody trans-
fer. It specifies requirements for n* grades of motor gasol-
ine, and it is the responsibility of the user to ensure that
the grade appropriate to his requirements is specified. For
retail sales, it is the responsibility of the seller to ensure
that the requirements for quality and grade identification,
given in this Standard, are in compliance.’

Normative references. This clause defines the referee methods
of test and other reference requirements. A decision is needed
as to whether dated or undated references are to be used, and
the introductory part of this clause should indicate the con-
ditions of whichever is chosen. Altcrnative methodology should
not be incuded here, unless specific reference is made in the
text of the Standard, but should be included in an annex,
which can be normative if alternatives are accepted as tech-
nically idendical, or informative if they are technically
equivalent or worse. It is strongly recommended that the
primary references are selected from annex 2.

Ssampling. For motor gasoline, this clause shall give full det-
ails of the sampling requirements from tanks, pipelines and
from retail dispensing pumps. It shall pay particular atten-
tion to the containars, and the conditions of storage, label-
ling and transport. It may reference other sampling procedures
(specifically those such as ISO 3170 and ISO 3171), but usu-
ally will include local enhancement. Within the body of the
Standard, it is quite usual to reference a normative annex
giving further details.

Grade marking. This shall contain the requirements for the
marking of dispensing pumps, and may in addition include reqg-
uirements for the labelling of tanks, pipelines and bulk veh-
icles (road and rail). As for X.6, the detailed requirements




X.10

X.13

_xz_
may be set out in a normative annex.

Retail dispensing requirements. This shall include require-
ments for dispensing hose marking or colours (it has become
customary to identify unleaded gasoline with green hoses, and
leaded gasoline with red hoses), and most importantly, nozzle
diameters. The recommended nozzle diameters are 23,6 mm max.
for unleaded, and 26,4 mm min. diameter for hoses dispensing
leaded gasoline.

Fiscal requirements. Requirements for fiscal grade identifica-
tion shall be set out in this clause. In particular, it will
contain requirements for specific grade colours and the use of
trace markers.

Additives. The policy on additives, excluding lead compounds,
shall be stated in this clause, and the scope of allowable
and disallowable additives set out. In general, the current
philosophy is to ‘allow’ the use of performance-enhancing
additives (without definition) in National Standards, with
perhaps other bodies ‘endorsing’ specific products or market-
ers. Modern engines certainly obtain benefits from the best
of modern additives.

Quality requirements. This clause, immediately preceding the
specification table(s), gives additional requirements for
either the finished fuel or components. For motor gasoline,
it will normally contain further requirements on the quality
of oxygenates for blending (if used), and requirements for
water tolerance and/or avoidance of water contamination. Some
Standards may include fairly detailed specifications for the
oxygenate qualities as annexes.

The presentation of the specification table(s) is optional,
although it is logical to separate the general requirements
from those that are grade specific. If more than one volatil-
ity grade is required, either geographical or seasonal or
both, it is recommended to separate the volatility require-
ments (vapour pressure, distillation, VLI) into a separate
table, with possibly illustrative figures.

Precision and dispute. Immediately following the specifica-
tion table(s) shall be a clause detailing the basis of as-
sessment for challenge and dispute. It is strongly recom-
mended that this reference is based on ISO 4259, which de-
scribes procedures which relate to the precision of the test
method.

Normative annexes. These annexes, if included, are part of
the Standard, and have the same legal and fiscal status as
the body of the text. They generally contain more detailed
information on, for example, sampling or grade marking, or
secondary specifications for components that are mandatory.
In some cases, seasonal and regional grades are included in
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normative annexes, particularly if they are very complex
(such as in the US), and in many cases, dates for grade
changes, or variations from statements made in the main text
are the subject of normative annexes.

X.14 Informative annexes. These annexes are not part of the Stand-
ard, although their inclusion may be necessary for universal
application of the Standard. They usually consist of ‘trans-
lations’, such as referenced standards given their local or
customary equivalents (with appropriate caveats if not iden-
tical), or conversions from referenced units/methods to
customary. They may also contain extensions to the Foreword
by giving more details of the construction process of the
Standard, and they may contain a bibliography of documents,
not specifically included in the Standard, but considered
useful to the user.




ANNEX Y
Skeleton standard for automotive diesel fuel

Y.1 General. The outline for this Standard should be identical to
that given in annex X for motor gasoline, with only those
changes relating to the different product being made. Only
elements of major change will be detailed in this annex.

Y.2 Bcope. The suggested wording for this clause is:- ‘This
Standard specifies requirements and methods of test for auto-
motive diesel fuel for use in vehicles for on-highway duty, at
the point of custody transfer. This Standard does not apply to
off-highway vehicles, and diesel engines used in other appli-
cations. It is the responsibility of the user to ensure that
this product is appropriate to his requirements, and it is the
responsibility of the seller to ensure that the requirements
for quality and grade identification, given in this Standard,
are in compliance.

Y.3 sampling. This clause shall be a simpler version of that given
in annex X for motor gasoline. It would be satisfactory for
reference to ISO 3170 or 1SO 3171 (or local equivalents) to be
made, with some enhancement for sampling from dispensing
pumps.

Y.4 Grade marking and retail dispensing requirements. A simplified
version of a combined X.7 and X.8 will suffice here. Normal
black hose and the large nozzle diameter may be specified.

Y.5 Quality requirements. It is unlikely that there will be much
detailed requirement in addition to the specification table(s)
here. There may be however, a discussion on alternative low
temperature operability measurements, either here, or more
conveniently, referenced here and included in eithr a norma-
tive or informative annex. Since, in this region, regional/
seasonal grades, if applied, are likely to be within a fairly
narrow temperature range, low temperature operability is the
only property likely to be affected. Only if ambient tem-
peratures fall below -20 °C, will other constraints need to be
considered. These may include a small relaxation in ignition
quality, a relaxation in minimum density, and perhaps a re-
laxation in minimum viscosity (this may require some protec-
tion for lubricity). In this event, treatment of low tem-
peracure properties as a group, should be approached in the
same manner as motor gasoline volatility.

O e
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ANNEBX 2 (normative)

Bibliography of Standards

Petroleum products-Determination of colour.

Petroleum products-Corrosiveness to copper-
Copper strip test.

Petroleum products and lubricants-Determina-
tion of flash point-Pensky-Martens closed cup
method.

Petroleum products-Calculation of viscosity
index from kinematic viscosity.

Petroleum products-Determination of vapour
pressure-Reid method.

Gasoline, kerosine and distillate fuels-
Determination of mercaptan sulfur-Potentio-
metric method.

Petroleum products-Determination of cloud
point.

Petroleum products-Determination of pour
point.

Petroleum products-Transparent and opaque
liquids-Determination of kinematic viscosity
and calculation of dynamic viscosity.

Petroleum liquids-Manual sampling.
Petroleum liquids-Automatic pipeline sampling

Petroleum products-Determination of distil-
lation characteristics.

Crude petroleum and liquid petroleum products
-Laboratory determination of density or
relative density-Hydrometer method.

Petroleum products-Determination of lead
content of gasoline-Iodine monochloride
method.

Petroleum proaucts-Lubricating oil and addit-
ives-Determination of sulfated ash.

Petroleum products-Determination and applic-
ation of precision data in relation to
methods of test.
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Iso

IS0

Iso

IS0

Iso

Iso

4260:1987

4264:1993
5163:1990
5164:1990
5165:1992

6245:1993

6246:1994

6618:1987

7536:1993

8754:1992

10370:1993

12185%)

12205:1994

12937%)

137591)

Petroleum products and hydrocarbons-Determin-
ation of sulfur content-Wickbold combustion
method.

Petroleum products-Distillate fuels-Calcul-
ation of cetane index.

Motor and aviation-type fuels-Determination
of knock characteristics-Motor method.

Motor fuels-Determination of knock character-
istics-Research method.

Diesel fuels-Determination of ignition
quality-Cetane number.

Petroleum products-Determination of ash.

Petroleum products-Determination of the gum
content of distillate fuels-Jet evaporation
method.

Petroleum products and lubricants-Neutralis-
ation number-Colour-indicator titration
method.

Petroleum products-Determination of the
oxidation stability of gasoline-Induction
period method.

Petroleum products-Determination of sulfur
content-Energy-dispersive X-ray fluorescence
method.

Pstroleum products-Determination of carbon
residue (micro method) .

Crude petroleum and petroleum products-Deter-
mination of density-Digital density meter
method.

Petroleum products-Determination of the
oxidation stability of distillate fuels.

Petroleum products-Determination of water-
Coulometric Karl Fischer titration method.

Petroleum products-Determination of alkyl
nitrate in diesel fuels-Spectrometric method.

1) In course of preparation.




EN S8TANDARDS.

EN 116

EN 237

EN 238

EN PQR .

EN XY2Z
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Liquid petroleum products-Determination of
vapour pressure-Wet method.

Diesel and domestic heating fuels-Determin-
ation of cold filter plugging point.

Liquid petroleum products-Determination of
low lead concentrations-Atomic absorption
spectrometric method.

Liquid petroleum products-Determination of
benzene content-Infrared spectrometric
method.

Liquid petroleum products-Determination of
benzene content-Gas chromatographic method.

Liquid petroleum products-Petrol-Determinat-
ion of organic oxygenate compounds and total
oxygen content by gas chromatography.

Petroleum products-Determination of air
saturated vapour pressure (ASVP).

ASTM AND IP STANDARDS.

ASTM D3231

ASTM D3606

ASTM D4046

ASTM D4052/
IP 365

ASTM D4815

ASTM D5191/
IP 394

IP PM-BH

Phosphorus in gasoline.

Benzene and toluene in finished motor and
aviation gasoline by gas chromatography.

Alkyl nitrate in diesel fuels by spectro-
photometry.

Density and relative density of liquids by
digital density meter.

Determination of c, to C, alcohols and MTBE
in gasoline by gas chromjtography.

Determination of air saturated vapour pres-
sure (ASVP)j-Mini method.

Determination of particulate content of gas
oils.
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