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FOREWORD 

This Report is presented in two volumes: 

VOLUME I contains a discussion of the various standards and items 
of legislation, and a summary of the main parameters in 
tabular form. 

VOLUME II is a reference volume containing complete copies of the 
actual standards referred to in Volume I. 
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SUMMARY 

f 

i i 

H 

Background 
Hie quality and composition of petroleum products are usually 

determined mid supervised by the petroleum industry itself in relation to 
the needs of the consumer, lliere is very little government regulation Or 
supervision except for those substances feg lead and sulphur) which cause 
atmospheric pollution. 

1110 Energy Division commissioned AMDEL to assemble as much infomttion 
as possible on legislation, standards and specifications for a range of 
petroleum products to provide a data bank on the petroleum industries 
activites and products. 

Objectives 
Hie aims of this Project were: 
1. To review existing standards for petroleum products, 
2. To determine, where possible, to what extent Australian 

States and other countries have legislation controlling 
the standards of petroleum products. 

3. To assemble Australian industry specifications and/or 
typical analyses on rf company by company basis for a 
specified range of petroleum products. 

Summary of the Invest:!on H o n 
A review of the national standards which apply i n tl- LISA, UK and 

Australia lias been carried out for petrol, LPG and various diesol and fuel 
oils, those, standards specify only a number of essential properties of 
the product and do not attempt to give a complete specification. Hie amount 
of detail given varies from country to country and from one product to the 
next. One of the simplest standards is the Australian one for petro]. Ihis 
defines relatively few properties aiid gives ho composition details at all. 

Hie US and UK standards are reasonably sbnilar for most products. 
Hid Australian standards usually follow along the same lines but generally 
give fewer details. In the case of diesel and fuel oils there is ho 
Australian standard at all. Production is nominally geared to comply with 
the relevant US or UK standard with some minor variations to suit 
Australian climatic conditions. 
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Most of the legislation which could be found relating to specifi-
cations for petroleum products referred to those elements in the fuels 
which can cause atmospheric pollution. This referred mainly to lead, 
but some reference was also made to sulphur in fuel oils* In Europe, 
some countries also have legislation governing octane ratings. The EEC 
issues directives to its member countries on various aspects Of fuel 
specifications. It has set a maximum content for lead in petrol, but 
some of the member countries impose even lower limits within, their own 
boundaries. In Australia, lead levels are controlled by State legis-
lation which varies from State to State. 

All the oil refining companies in Australia were approached with 
a view to obtaining specifications for their products. Pull specifi-
cations were obtained for all Ampol products and for Bass Strait LPG. 
Typical properties for the various products wore supplied by Caltex, but 
other companies declined to give any information, 

Conclusions 
1. In general in the USA, Europe and Australia there are no legislative 

controls on the specifications for petroleum products other than those 
relating to the lead content of petrol. The only other legislation 
found was .in Europe governing tlie octane rating of petrol and the 
sulphur level in automotivediesel oil and some fuel oils. 

2. National standards for specified products arc very similar in the 
USA and the UK. Australian standards arc largely based ori the 
other too. For dicscl and fuel oils no Australian standard has been 
formulated. Instead, the industry follows the relevant overseas 
standards. 

3. Although the oil refining industry may bo considered to bo self-
regulating in many respects, it is essentially regulated by 
the demands of its major customers. Large manufacturers and 
consumers ranging from the car industry to major users of fuel 
oils require constant product quality for satisfactory operation. 
Feed back from such groups probably regulates product quality 
more effectively than government legislation. 
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1. INTRODUCTION 

Hie petroleum refining industry produces a largo range of fuels 
which are essential to the current way of life in industrialised countries, 
The more important, high-'volume products sold, direct to individual 
consumers are petrol, diesel/distillate, liquefied retroleum gas, and 
a range of fuel oils, 

Although these products are of such importance in the community, 
there appears to be very little government legislation to control the ' 
quality and composition of these fuels. Hie most noteable exception to 
this is the recent spate of legislation throughout the world to limit 
the lead content of petrol. Quality control is normally supervised by 
the industry itself. 

In view of this and of the queries often received from some sections 
Of the community, the Department Of Mines and Energy commissioned AMDEL 
to review the existing standards for petroleum fuels production, the extent 
to which those standards are governed by legislation, and industry practice 
in relation to the standards. 

Hie Report is presented in two volumes: 
VOLUME I > contains a discussion of the various standards 

and items of legislation, and a summary of the 
main parameters in tabular form. 

VOLUME II - is a reference volume containing complete copies 
of the actual standards referred to in Volume I. 
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2. PRODUCT REVIEWS 

2.1 Preamble 
When reviewing standards which apply in any industry today, it 

is interesting to consider the general procedure by which these standards 
have been developed. Mien a product such as a petroleum fuel is produced 
by several companies, it quickly becomes evident that it is almost impossible 
to design engines or burners to run efficiently on a fuel which varies signi-
ficantly in quality and composition from one producer to the next. In some 
cases, there are important safety aspects which also have to be considered. 

As a result, certain basic, essential qualities of the fuel are 
standardised by general agreement among producer companies. In some cases 
the Government has even requested, that a certain standard be established. 
This procedure is usually organised by the Standards Association of the 
particular country by calling together senior technical representatives 
o£ all interested parties. The relevant standard then provides the basis 
for the production of a uniform product and the design of equipment which can 
bo operated using the product from any of the producer companies. Thus, 
although the standard itself is not a legal document, it is clearly in 
the interest of each producer to conform to the requirements of the standard. 

Tine Standards Association committee does of course take account of 
existing legislation when formulating a stmidard, and is quick to respond 
to any legislative change,eg Part II of the Australian Standard for Petrol 
for Motor Vojiiclos (AS 1876) was published in 1984 to cover the new 
unloaded petrol which will scon be released onto the Australian market. In 
like manner, when the quality of a fuel is controlled by legislation, the 
regulations usually state that the quality will conform to the requirements 
as set out in the relevant standard, rather than specify another set of 
conditions. In this Way there .is considerable interaction between government 
and industry. 

A standard may also obtain legal status when it is used as the basis 
for & supply contract, or when a company advertises that its products con-
form to a petroleum standard. 

Because petroleum fuels are traded internationally it is convenient, 
and in some cases essential, to have similar standards in oach country. As 
a result, Australian standards arc often based on American (ASlM) and British 
standards, and in some cases, the overseas standard is used directly. Accord-
ingly, standai'ds from those three countries are reviewed in this report. 
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Even though there is an overall desire for standardisation, there 

are two complicating factors in the petroleum industry. Firstly each 
Crude oil has its own peculiar blond of compounds which is reflected, in 
the product mix that can be obtained from a refinery and in the quality 
of some of those products. Secondly, the volatility of petrol is altered 
to suit climatic conditions. As a result, rather different petrols may 
be on sale at any given time in various parts of a country' if average 
prevailing temperatures differ significantly, These two factors do at 
times lead to a lack of uniformity in products on the market. 

2 , 2 P e t r o l 
2.2.1 National Standards 

Hie following standards apply to petrol in the USA, UK and 
Australia. The complete documents are included in. Volume ll of this report. 

AS1M 13 439 (1985) - Automotive gasoline 

BSS 4040 (1P78) - Petrol (gasoline) for motor vehicles 
AS 1S76 - Petrol (gasoline) for motor vehicles 

(1,982) - part l - Leaded petrol 
(1984) - Part 2 - Unleaded petrol 

ASTM D 439 
The ASTM standard recognises the need to produce a wide range of 

petrols and provides for five classes of volatility for each of those 
octane ratings. It then provides a table containing a comprehensive 
set of recommendations for the volatility clasf to bo used in each State 
on a montlpby-month basis. 

Hie specifications for the five classes of petrol arc listed in 
Table 1, while the anti-knock requirements (octane ratings) are listed in. 
Table 3. 

ASTM standards for other petroleum products refer to their use in 
formulating specifications for purchasing Contracts and also make reference 
to government regulations. Hie petrol standard, however, makes no such 
references. This suggests that there arc no government regulations because 
of the complexity of petrol composition and specifications. 

Hie following statement is included in the Standard; 
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"This specification is not a complete definition of gasoline. It 
describes various characteristics of gasoline used in a wide range 
of operating conditions. It does not necessarily include all 
types of gasolines satisfactory for automotive vehicles> nor 
necessarily exclude gasolines that may give unsatisfactory perfor-
mance in certain operating conditions." 

BS 4040 
The British Standard also defines its petrols by a range of dis-

tillation figures, but does not provide for different volatility classes, 
The composition of petrol is left wide open by stating simply that petrol 
shall consist essentially of volatile hydrocarbons together with additives 
as required. It shall not contain any water or any visible suspended 
matter. 

Other criteria for sulphur and load contents, copper corrosion, 
existent gum and oxidation stability arc also stated, and these arc almost 
.identical to those in the American Standard. The specifications are 
listed in Table 2, and the anti-knock requirements are lised in Tabic 3. 
AS 1876 

The Australia)! Standard is similar to BS 4040, but is somewhat 
simpler in that it does not specify any distillation figures. The same 
general statement as used in BS 4040 is used with reference to the com-
position of petrol. The major changes in Part 2 dealing with unleaded 
petrol involve the lowering of the lead and sulphur contents, the virtual 
elimination of phosphorus compounds, and the introduction of MON as well 
as RON values to define anti-knock requirements. Hie specifications and 
anti-knock requirements arc listed in Tables 2 and 3 respectively, 
2.2,2 Legislation 
USA 

As explained in the previous section, there appears to be no 
legislation in the USA dealing with petrol properties. However* there 
are regulations governing the levels of lead and phosphorus in both 
leaded and unleaded petrol. These regulations appear to be promulgated 
by the Environmental Protection Agency (EPA) rather than enacted through 
parliamentary legislation. The limits for lead and phosphorus arc given 
in Table 1, but the EPA intends to reduce the lead limit in leaded 
petrol from 1.1 g/1 to 0.1 g/1 in 1986, 
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The EPA also has the responsibility for approving any new additions 
to petrol, such as fuel extenders or octane boosters, The EPA has to be 
satisfied that the addition has no effect on, automobile parts or performance, 
or on the environment. Accordingly, extensive test programmes are required, 

TABLE 1 : REQUIREMENTS FOR PETROL 
(ASTM D439) 

Sulphur, max 
leaded 

» unleaded 
Oxidation stability, min 

0.15 
0 . 1 0 

0,15 
0.10 

0.15 
0.10 

0.15 
0.10 

Volatility class A B C D E 
Distillation: * 

Temperature °C for 10$ max 70 65 60 55 50 
Temperature °C for S0% min 77 77 77 77 77 
Temperature °C for SOI max 121 118 116 113 110 
Temperature °C for 90% max 190 190 185 185 185 
End point, °C, max 225 225 225 225 225 
Residue max 2 2 2 2 2 

Vapour/Liquid ratio: * 
Test temperature °C 60 56 51 47 41 
V/L, max 20 20 20 20 20 

Reid vapour pressure, kPa, max 62 69 79 93 103 

Lead content, max: 
- loadedj g/1 1.1, 1.1 1.1 1,1 1, 
u unleaded, nig/1 13 13 13: 13 13 

Phosphorus, max, mg/1 1,3 1.3 1,3 1.3 1.: 
Copper Strip corrosion, max -Class 1 >-
Existent gum, mg/100 ml, max s 5 5 5 s 

240 240 240 
0.10 

240 

* At 101.3 kPa 
f Hie intentional addition of lead compounds is not permitted, 
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TABU: 2 : REQUIRB1BNTS FOR PETROL (BS 4040 and AS 1876) 

AS 1876 
BS 4040 Leaded Unleaded 

Distillation: 
Evaporated at 7 0 % % (v/v) min 

max 
ioo°c, % (v/v) min 

max 
lbO°C, <6 

Final boiling point °C 

m m 

Residue, % 
Colour 
Copper corrosion, 3 h at SO 8 C 
Sulphur content} % (m/nl) 
Existent gum, mg/100 ml 
Oxidation stability 
Load content at 15°C 

10 
45 
36 
70 
90 

220 
2 

Class 1 
0.2 
5 

240 
0.05 g/1 min* 
0.40 g/1 max 

(see below) 
Class 1 

0 . 2 max 
4 max 

240 .+ 

Yellow 
Class 1 
0.1 max 
4 max 

240 
13 hut/ 

Phosphorus content, mg/1 1.3 

+ 

It has been found necossary to introduce a minimum limit for 
to protect certain engines from valve scat recession. 

A s permitted by government legislation 

Colour Coding of leaded petrol in Australia: 

content 

RON 
89 
92 
97 

Colour 
Yellow 
Purple 
Red 
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TABLE 3 : PliTROL OCTANE RATINGS 

Grade 

la ASTM D 439 (leaded) 

lb AS'lM D 439 (unleaded) 

2 BS 4040 
5 star 
4 star 
3 star 
2 star 

3a AS 1876 (leaded) 
Premium 

Standard 

3b AS 1876 (unleaded) 

RON MON 

loo min 
97 min 
94 min 
90 min 

97 nominal 
92 nominal 
89 nominal 

86 min 
86 min 
82 min 
80 min 

91 min 
93 max 

82 min 

(RON + MON)/2 

92 min 
89 mill 
87 min 

90 min 
87 min 
85 miii 

4 

t.-j 

o 

r:'i 

r,i 
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For example, in 1979 the EPA granted permission for the use of up to 7% 
me thy1-tor tiary-bu tyl-e ther (MFBE) in gasoline as an octane booster, 
This followed tests on 12 vehicles over 120,000 miles during an 8-month 
period using petrols containing up to 15$ MTBE. 
Europe 

In Europe there is an interesting mixture of industry standards, 
legislation and EEC directives. In fact, it appears that some countries 
enact legislation to give legal status to EEC directives, Hie effect of 
EEC directives is illustrated by the following statements which appear 
in BS 4040. 

"The fuels covered by this standard are suitable for use 
in engines designed to comply with Regulations ECE 15 
Amendments 01 and 02 of tine Economic Commission for 
Europe (ECE) of the United Nations> and with Directives 
70/220/EEC, 74/200/EEG and 77/102/EEC of the European 
Economic Community (EEC), as covered by the Road UK 
Traffic Act 1972 Sec.40(1) and (3) and the totor Vehicle 
(Construction and Use) Regulations 1973, as amended." 

"in view of the agreement reached within the European 
Economic Community in Directive 7S/611/EEC to restrict 
the maximum lead content of all petrol sold within the 
community to 0.40 g/1 from 1 January 1981, provision 
lias boon made to reduce the corresponding limit in this 
standard from that date," 

Table 4 presents a summary of octane ratings and maximum lead 
contents in petrols sold in Europe and shows which, countries rely on 
industry standards and which have legal requirements. All member 
countries of the EEC adhere to the 0.40 g/1 maximum for lead, but it 
is interesting to note that some countries have imposed a more stringent 
lim.it of 0,15 g/1. The lead limits imposed by some other countries are 
listed in Table 5. 
Australia 

There is no Commonwealth legislation in Australia dealing with 
petrol quality. This responsibility has apparently been delegated to 
the individual States, 
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TABLE 4 : LEAD LIMITS AND OCTANE RATINGS OF EUROPEAN PETROL * 

RON MON RON MON J Z l L * after Jan.l> 
1984 

Premium grade 
MON 
(min) 

content 
(g/1 max) (min) 

content 
(min) (g/1 max) 

Austria 
Belgium/ 
Luxemborg 

Denmark + 

France 
West Germany 

Greece 

98.0 
98,0 

98,0 

97.0 
97.4 

+87,0 
•1-88.0 

87.0 

•1-87.0 
87,2 

0,15 
0.40 

88,0 +79.0 
91.0 +81.0 m 

Belgium to be 
reduced to 0,15 

0.40 92,0 81.0 

0,40 
0,15 

90.0 
91.0 

80,0 
82,0 

96,0 0,40 90,0 

0,15 
0.40 

0,15 Premium lead 
level to be 
reduced to 0.15 
g/1 in July 1984 

0.40 
0,15 Govt,discussions 

with respect to 
introduction of 
unleaded gasoline 
by Jan, 1, 1986 

0,4 Lead roduced to 
0,15 g/1 in Attica 
area effective 
June 1, .1983 

Ireland § 97,4 86.5 0.40 90.0 82.0 0.40 
Italy 97.0 87.0 0,40 84.0 •1-80.0 0.40 
Netherlands 98.0 •1-88,0 0.40 91.0 +81,0 0,40 Load Level to Netherlands 

be reduced to 
0,15 g/1 by 
October 1986 

Norway+ 98,0 87,0 0.15 93.0 85.0 0.15 
Spain 96.0 84.0 0.60 90.0 78.0 0.48 Probable re-Spain duction to 0.4 

g/1 following 
EEC entry in 
1985-86. Possible 
increase in prem-
ium to 97 RON un-

Sweden+ 98.0 87.0 0.15 92*0 85.0 0.15 der discussion. 

Switzerland 98.0 88.0 0.15 90.0 81.0 0.15 
UK 97.0 +87.0 0.40 90.0 +81.0 0.40 Load level to be UK reduced to 0.15 

g/1 by Jan. 1, 
1986, 

wwiin. i.w mrtmmmmm* mmw*m*mmm,m + 
* Specification as of Jan. 1 1984. Where specifications are minimum legal 

requirements, industry specifications are typically 0.6 RON (0.8 MON) 
higher to allow for test reproducibility 

+ Typical industry specifications only 
§ Industry specification 
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TABLE 5 : LEAD LIMITS IN SOME 0'HIER COUNTRIES 

Country gPb./ Effective Status Regulating 
litre Date Body 

New Zealand 0.84 

0.4S 

1967 Advisory Petroleum 
Industry 

1985/86 Advisory Dept. of 
(Estimated) Ileal th 

Regulating 
Instrument 

Commercial 
Practice 
Recommen-
dation of 
Clean Air 
Council 

Japan 0.31 July 1971 Advisory Council for Industrial 
Transport Standardis-
Technics and ation Law 
Industrial Japanese 
Structure Industrial 
Council Standard 
(Advisors ( j i s ) , 
to Japanese amended 
Government) July 1970 

0.02 Feb. 1975 Advisory 7 

Republic of 
South Africa 0.836 Current Advisory Representa- SABS 229 

tive Supplier/ (per 
Consumer current 
Technical revision) 
Committee -
with S.African 
Bureau of 
Standards 

Canada 0.77 Jan. 1976 Legal Departjr.cnt Sec.22, Clean of Air Act, 
Environment Canada Gazette 

Pt II, Vol 108 
No. IS, 14/8/74 

NOTE: 
No restrictionsj other than commercial limits apply in Eastern Europe f i n d . 
E.Germany), South America, the Middle East, Africa and Asia. 

SOURCE: Australian Institute of Petroleum 
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As a result, even the limits for load content vary from State to State. 
Hie maximum effectiveness of load alkyl addition-is obtained at an equiva-
lent lead concentration of 0.84 g/1. 'Hie figure was adopted as industry 
practice Australia wide in 1967, and some States still use this figure, 
However, other States have legislated to reduce the lead Content to varying 
degrees as detailed in Table 6. Unloaded petrol was introduced throughout 
Australia in July 1985, but loaded premium grade petrol will be available 
until close to the end of this century, 

Enquiries have been made in all States regarding the existence of 
any legislation dealing with petrol quality. There appears to be no 
legislation other than that dealing with load levels. 
2,2.3 Industry Practice 

In Australia there is no standard specification for petrol, but 
each company has its own set of specifications. These are usually expressed 
in terms of maximum or minimum values <or cach property. The typical 
composition of the petrol is normally well within, the specified limits, 
and hence both the specification and the typical properties arc needed 
to define the product fully. 

The oil companies operate an exchange system for petrol to save 
interstate transport costs. For example, Mobil soils to all other companies 
in South Australia and buys in return a similar amount in Brisbane, Sydney 
and Perth where it has no refinery. This ensures that there is a large 
degree of similarity in the products of all companies but it does not prevent 
cach company adding its own special additives to the petrol. 

The volatility of the petrol is varied throughout the year by produc-
ing three different blends, viz, summer, winter and intermediate, However, 
the variations in volatility are not nearly as important hero as they arc 
in Europe and North America where the winters are much more severe. 

Changes in the RON Value of petrol are governed by a balanco of the 
demands of the motor car industry and the cost of production, not by Government 
regulation. In August 1968j the RON for premium grade petrol rose from 
97 to 98. This consumed a largo amount of extra Crude oil to raise the 
octane rating in this manner, but this was acceptable in 1968. in August 
1979, after rapid increases in oil prices for a number of years, the RON 
was reduced back to 97 to reduce the quantity of oil used. 

The oil companies throughout Australia were contacted and asked for 
their Specifications for petrol and a number of other products. Replies 
were received as follows! 



12 000013 

TABLE 6 : LEAD LIMITS IN AUSTRALIAN STATES' 

ca 

m 

t.si 

fa 
b 
p 

Us 

i: I 

(i .a 

State Date 

Queensland 
NSW 
(Sydney,Wollongong/Newcastle only) 

NSW-Other 

Victoria 

South Australia 

Western Australia 

Tasmania 

Lead, g/1 

0.84 

1/1/75 0.64 
1/1/77 0.45 
1/1/80 0.40 

0.84 

1/10/75 0.60 
1/1/77 0,50 
1/1/79 0.45 
1/1/83 0.30 

1/1/84 C.65 

- 0.84 

1/2/76 0.64 
1/1/77 0.50 
1/1/79 0,45 

Source: Australian Institute of Petroleum 

1 * Unleaded petrol, as specified in AS 1876, Part 2 (1984), was 
introduced throughout Australia on 1 July 1985. However, 
leaded premium grade petrol will remain available until 
approximately the turn of the century. 

b 

ti 

ta 

C3 

a 
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- Ampol Refineries Limited sent full product specifications 

for ever/ product produced in their Brisbane refinery. 
These are reproduced in full in Appendix A. 

- Caltex Oil (Australia) Pty Limited replied on behalf of 
Australian Oil Refining Co Limited and provided typical 
properties only for petrol, automotive dicsol oil and 
fuel oil. These are listed in Appendix B. 

- Mobil Oil Australia Limited declined to provide any 
information from its head office, but distillation 
figures for petrol were supplied from the Adelaide 
office and these are listed in. Appendix G« 

- BP Refinery Pty Limited and Shell Refining (Aust) Pty 
Limited also declined to provide any information. 
The Oil and Gas Division of the BMP Co Limited was 
contacted in relation to LPG only. A full specifi-
cation was provided and is reproduced in Appendix D. 

There is insufficient information in Appendices A, B and C 
to enable a comparison to be made of the petrol quality from different 
companies as there is a mixture of specifications and typical properties. 

2.3 Liquefied Petroleum Gas 

2,3i1 National Standards 
The following standards apply to LPG in the USA, UK and Australia. 

The complete documents are included in Volume II of this report, 
ASTM D1835 (1982) - Liquified Petroleum Gases 
BSS 4250 (1975) - Commercial Butane and Propane 
In Australia, there is no Australian Standard covering these 

substances. However, all equivalent document entitled "Liquefied Petroleum 
Gas Specifications and Test J.fcthods" was produced by the Australian 
Liquefied Petroleum Gas Association (ALPGA) in i962, with the latest revision 
being in 1973. Now that LPG is being used more commonly in motor vehicles, 
the ALPGA and the Australian Institute of Petroleum Limited have issued an 
Interim Specification for Automotive LPG in February 1985. 
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j AS'lM D1835 
The ASIM standard recognises that LPG can have a very wide range of 

compositions depending on whether it is obtained from the processing of 
natural gas and its assocaited gases and liquids, or as a by-product from 
a conventional oil refinery. Standard specifications are given for commercial 
propane, commercial butane, mixtures and special duty propane. Tile last one 

t3 differs from commercial propane only in its propylene and sulphur contents. 
* ' Hie deta.il.ed requirements are listed in Table 7. 
ra. 
I i TABLE 7 : REQUIREMENTS FOR LPG (AS'lM 1835) 
f.3 Commercial 

Propane 
Commercial 

Butane 
Commercial 

PB Mixtures 
Special-Hi ty 

Propane 
p 
tr J Vapor pressure at 100°F 

(37,8°C), max, psig 208 70 - 208 

ra 
h 

kPa 1430 485 - 1430 ra 
h Volatile residue: 

f.C? 
hi 
M 

evaporated temperature, 
95$, max. PF 

-37 36 36 -37 f.C? 
hi 
M 

°C 
or 

-38.3 2.2 2,2 -38.3 

f. v" (-I J butane and heavier, 
max, vol "> 2,5 - - 2.5 

! 
: U : 

t 
i si { J 

pentane and heavier, 
max, vol % 
Propylene content, 
max, vol % 

Residual matter: 

-

2.0 2.0 

5.0 

rj 
residue oil evaporation 
100 ml, max. ml 

0.05 0.05 0.05 0.05 

h J oil stein observation pass pass pass pass 
fa- Relative density (sp.gr.) 

at 60/606F (15.6/15.60C) 
report report report report 

1 i • 
h r ' ••• 

Corrosion, copper, strip, 
max. 

No. 1 No. 1 , No. 1 No. 1 

C3 ' 
Sulfur, grains/100 ft3max 
at 60°F and 14.92 

15 15 15 10 
C3 ' psiti mg/m 3(15.6 aC and 

101 kPa) 
343 343 343 229 

'tl • ' Hydrogen sulfide content 
Moisture content pass 

pass 
pass 

t :s Free water content u none none 



BS 4250 
A summary of the main specifications related to quality in the 

British Standard are listed below: 
1. General Requirements 

Total Sulphur 0.025 (m/m) max, 
Hydrogen sulphur 0.5 ppm (v/v) max. 
Acetylenes 2 moles per cent max. 

2. Requirements for Commercial Butane 
Description: Commercial butane shall be a hydrocarbon mixture 
consisting predominantly of butanes and/or butylencs, It shall 
not contain harmful quantities of toxic or nauseating substances 
and shall be free from mechanically-entrained water, 
Mercaptan sulphur 0,004$ (m/m) max, 
Volatility 95% (v/v) evaporation at 2,2°C 
Vapour pressure 5,86 bar max, at 45°C 
Dienes 10 moles per cent max, 

3. Requirements for Commercial Propane 
Description: Commercial propane shall be a hydrocarbon mixture 
consisting predominantly of propane and/or propylene. It shall 
iiot contain harmful quantities of toxic or nauseating substances 
and shall be free from mechanically-entrained water. 
Mercaptan sulphur 0,005$ (m/m) max. 
Cg hydrocarbons 5.0 moles per cent max, 
Ethylene 1.0 moles per cent max, 
C14 find higher hydro- 10 moles per cent max. 

carbons 
Cg and higher hydro- 2 moles per cent max, 

carbons 
Vapour pressure 17.6 bar max at 45°C 

It can. be seen from tlio above that the compositions of propane and 
butane can vary considerably. The major control is actually the vapour 
pressure which iii effect limits the amount of light hydrocarbons present. 
ALPGA Specifications 

In these specifications, LPG (both commercial and automotive) is 
defined as a material which is comprised predominantly of any of the 
following hydrocarbons' or mixtures of all or any of them - propane, 
propylene, butanes or butylencs. The descriptions of commercial propane 
and butane individually are the same as given in BS 4250. 
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In contrast to the British'Standard, the ALPGA Specifications for 
commercial LPG make little reference to composition with respect to other hydro-
carbons, but concentrate more on such properties as heating value and vapour 
pressure. As a result, there is considerable latitude allowed in the actual 
composition of the product. 

In the automotive LPG specifications, an upper limit of 0.5$ has been 
placed on tile content of butadienes which are believed to be the major source of 
deposits in vehicle fuel systems. There are no other limits on composition, but 
the allowable vapour pressure range in effect limits the proportion of butane 
that can be present. 

The specifications for commercial and automotive LPG are listed in 
Tables 7 and 8 respectively, 
2.3.2 Legislation 

In South Australia, the Regulations under the Dangerous Substances Act 
state that the quality of liquefied petroleum gas shall conform to the requirements 
of the ALPGA Specifications, The Regulations do not attempt to qualify or 
override the ALPGA Specifications in any way. 

No references were found to similar quality control legislation overseas, 
although indices of overseas legislation arc not readily available, There do 
appear to be many regulations which govern the storage of LPG and the quality of the 
cylinders in which it is sold, but those regulations arc not the concern of this 
report. 
2.3.3 Industry Practice 

According to advice received from the South Australian Gas Company (SAGASCO) 
South Australia obtains its supplies of LPG almost entirely from Port Bonython, 
except for the southern-regions (Mount Gambler, Naracoorte, etc) which obtain 
their supplies from Victoria. 

The Port Bonython, LPG contains no unsaturated hydrocarbons. The typical 
composition is as follows; > 98$ propane, 0.5$ butane and 0.4$ ethane, 

Prior to the opening of the installation of Port Bonython, most of the 
LPG came from the PRA Refinery at Port Staiivac and contained 90 - 95$ propane 
with the remainder being butane, ethane and pentane, Supplies from Port Stanvac 
to SAGASCO have been virtually discontinued. 

The Victorian LPG supplied to the South-East comes entirely from Bass 
Strait and its composition is similar to that from Port Bonython. Until a few 
years ago, the Victorian LPG contained a proportion of material from the Shell 
refinery at Corio, Hiis contained a considerable percentage of propylene, and 
the blended material contained about 4$ propylene. This fuel produced soot, when 
burnt and hence was an inferior fuel for motor vehicles. With the increasing 
use of LPG in motor vehicles, this supply from the refinery has been discontinued, 
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Specifications for LPG produced by the Anipol refinery in Brisbane and by 
BIIP from Bass strait were provided by those companies and are reproduced in 
Appendices A and D respectively. 

TABLE 8 • AUSTRALIAN SPECIFICATIONS FOR COMMERCIAL LPG 

Property Propane Butane Mixtures 

Volatile sulphur,, g/m3 0.34 max 0.34 max 0.34 max 
Heating value, MJ/kg 48.8 min 47.7 min 47.7 min 
Vapour pressure 

at 40°C, kPa 1530 max 520 max 1 .530 max 
Volatile residue 

a, °C * -38 max 2 max 2 max 
b, S (v/v) 2.5 max 2 max 2 max 

* a. The temperature at which 
b. The content of heavier hy 

SSI by volume of the product evaporates, 
drocarbons by liquid volume 
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TABLE 9: AUSTRALIAN INTERIM SPECIFICATION FOR AUTOMOTIVE. LPG 

Property Specification Value 
Corrosion, Copper Strip Nos 1 max. 
Dionos, % vol. 0.5 max. 
Dryness: 
(a) if vapour pressure exceeds Pass 1240 kPa gauge at 40°C 
(b) other mixtures No entrfined water 
Motor Octane Number (calculated) 92 min. 
Odour Distinctive, unpleasant but non-

persistent do\m to concentrations 
in air of 1/5 lower limit of 
flamability. 

Olefins, % vol. Report 
Residue on Evaporation, mg/100 mL 2.0 maxi 
Vapour Pressure @ 40°C, kPa gauges 800-1530 
Volatile Residue: 
95% evaporated temp. 0 760 mm llg, °C 2 max. 
Volatile Sulphur: 
Q 15°C, dry'and 101.325 kPa, rng/m3 34 0 max. 

I. i 
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2,4 Automotive Distillate and Fuel Oils 
2.4.1 'National; standards 

'the following standards apply to these products in the USA and UK. 
The complete documents are included in Volume II of this report, 

ASTM D396 (1980) - Fuel oils 
ASTM D975 (1981) - Diesel fuel Oils 
BS 2869 (1983) - Fuel oils for oil engines and burners for 

non-marine use. 

There arc no Australian Standards relating to the quality of these 
products. Australian production essentially follows the specifications 

' : as detailed in the above standards, 
M1 AS'lM D396 

Seven different grades of fuel oil arc specified in this standard. 
A description of each of those oils is listed below: 

No, 1 - A distillate oil intended for vaporising pot-type 
burners and other burners requiring this grade 
of fuel, 

No. 2 - A distillate oil for general purpose heating for use 
in burners not requiring No, 1 fuel oil. 

No, 4 - An oil for burner installations not equipped with 
(light) preheating facilities. 
No. 4 - As for No. 4 light, 
No. 5 - A residual type oil. Preheating may be required 
(light) depending on climate and equipment. 
No. 5 - Preheating may be required for burning and, in cold 
(heavy) dilates, may be required for handling, 
No. 6 - Preheating is required for burning and handling. 

The properties specified for these products are listed in Table 9, 
ASTM D975 

Three grades of diesel fuel are specified as follows: 

a 
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a 

p 
( 

No. 1 - D - A volatile distillate fuel oil for engines 
requiring frequent speed and load changes. 

No. 2 - D * A distillate fuel oil of lower volatility 
for engines in industrial and heavy mobile 

f 3 service. 
i No. 4 - D - A fuel oil for low and medium speed engines. 
Q 
i The properties of these oils are Listed in Table 10. 
•H BS 2869 
i ' i 

The British Standard specific two grades of engine oil and seven 
n classes of burner oil as follows: 
L •"• 

Engine Fuels:. 
Glass A1 - a distillate oil of high quality for use as-

automotive diesel fuel, 
W Class A2 - a general purpose diesel fuel. 

The properties of these oils are listed in Table 11. 
Burner Fuels: 

I''! 

. 1 , 1 

-fl 
n 

n 

u 

a 

4.3 

Class CI] - distillate fuels of the kcrosine typo 
C2 • CI for domestic heating 

C2 for vaporising and atomising burners 
Class D - distillate grade for atomising burners in domestic 

and industrial use. It can be stored and Used at 
normal ambient temperatures. 

Classes E - residual fuels which may require preheating foi" 
to H combustion and handling. 

Properties of these products are listed in Table 12. 
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TABLE 1,1: ASTM SPECIFICATIONS FOR DIESEL FUEL OILS (ASTM D975) 
1-D 2-D A-D' 

Flash point, °C min 
Water and sediment, % (v/v) max 
Carbon residue on 10$ residium, 

% max 
Ash, wt $, max 
Distillation temperatures, °C 

90$ point min 
max 

Viscosity: 
Kinematic, cSt at 40°C 

min 
max 

Saybolt, See. at 38°C 
min 
max 

Sulphur, $ max 
Copper strip corrosion, max 
Cetane No. , min 

38 
0.05 

0.15 
0.01 

288 

1.3 
2.4 

34.4 
0.50 
NO. 3 

40 

52 
0.05 

0.35 
0.01 

282 
338 

1.9 
4.1 

32.6 
40.1 
0.50 
No.3 

40: 

55 
0.50 

0.10 

S.5 
24,0 

45.0 
125,0 

2 , 0 

30 
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TABLE 12: BS SPECIFICATION FOR ENGINE FUELS (BS 

Class 
Viscosity, kinematic at 40°C, cSt 

min 
max 

Cetane number, min 

Carbon residue, Ramsbottom on 10$ residue, 
•6 (m/m) , max. 

Distillation, recovery at 350°C, $ (v/v), min 
Flash Point, closod, Pensky-Martens, "C, min 
Water Content, $ (v/v), max 
Sediment, % (m/m), max 
Ash, $ (m/m), max 
Sulphur content, $ (in/m), max 
Copper corrosion test, max 
Cold filter plugging point 

Summer (March/September inclusive) 
Winter (October/February inclusive) 

°C, max 

A1 

1.50 
5.00 

SO 

A2 

1,50 
5,50 

45 

0,20 0,20 
85.0 85.0 
56.0 56.0 
0,05 0,05 
0,01 0.01 
0,01 0,01 
0,30 0,50 
1 1 

0 0 

-9 -9 
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TABLE 13: BS SPECIFICATIONS FOR BURNER FUELS (BS 2869) 
Class CI C2 D E F G II 

Viscosity, kinematic, cSt 
at 40°C 
min - 1.00 1.50 -

itiax - 2.00 5,50 - - -

at 80°C, max - - - 13,50 55.00 85.0 130.0 
Carbon residue, Ramsbottom 

on 10% residue, % (m/m) 
Max. - 0.2 M 

Distillation 
recovery at 200°C 
•6 (v/v) min 15.0 15.0 - -

recovery at 200°C 
% (v/v) max 60,00 - w -

recovery at 350°C 
1 (v/v) min - - 8S.0 - -

final boiling point, 6C max 280 300 - -

Flash point, closed, Abel 
°C, min 45.0 38.0 - - - j 

Flash point, closed, Pensky 
Martens, °C, min - - 56.0 66.0 66.0 66,0 66.0 

: ater content, % (v/v), max - 0.05 0,5 0.75 1.0 1.0 
Sediment, % (m/m) max - - 0.01 0,15 0,25 0.25 0.25 
Ash, % (m/m) max - * 0.01 0.15 0,15 0.20 0,20 
Sulphur content, % (m/m), max 0.04 0.20 0.50 3/50 3.50 4,00 4,00 
Copper corrosion tost, max No.l No.l No.l «* 

Cold filter plugging point °C Max. 
Summer (March/Sept, inel) - 0 
Winter (Oct./Feb, incl) - -9 - « ^ 

Smoke point, mm, min 35 20 u - ''' i 
Char value, mg/kg, max id 20 
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2.4.2 Legislation 

No rcfcronce has been found either in Australia or overseas to 
legislation which regulates the overall composition and quality of distillate 
and fuel oils, although individual items such as sulphur content are regulated 
in some cases. 

Hie ASTM Standards include the following statement: 
"Notiling in this specification shall preclude observation 
of federal, state or local regulations which may be more 
restrictive." 

The regulations referred to would normally relate either to 
sulphur content or to safety aspects of storage and handling. Some local 
areas may require a higher flash point for Some products for safety reasons 
and 'this will alter the overall product specification, 

In the UK, the sulphur limit is regulated for Class Al, A2 and D 
fuels. Hie limits were set in accordance with the legislative requirements 
of the Council Directive 7S/716/EEC of the European Economic Community on 
.the approximation of the laws of Member States relating to the sulphur 
content of certain liquid fuels as embodied in Statutory Instrument 1976 
No. 1988 Public Health - Hie Motor Fuel (Sulphur Content of Gas Oil) and 
Statutory Instrument 1976 No. 1989 Public Health - The Oil Fuel (Sulphur 
Content of Gas oil), 

This general approach to legislation is similar to that for petrol 
where the major legislative controls apply to those elements which cause 
atmospheric pollution. The overall composition and quality control is 
usually left in the hands of industry. 
2.4.3 Industry Practice 

Iii Australia, distillate and fuel oils arc manufactured to meet, 
in general, the requirements of the ASTM and British Standards. However, 
the products are made for Australian conditions and do not necessarily meet 
the ASTM and British Standard Specifications exactly. The following products 
are manufactured: 

1. Lighting Kerosene - a highly refined straight distillation 
product having excellent burning characteristics. It is 
mostly used in domestic heaters, lamps r.nd refrigera' irs. 
it can be used in some industrial heaters. 

2. Heating Oil - a straight distillation product which is 
clean burning, transparent, free-flowing and liquid at 
very low temperatures. It is used mainly in domestic 
Space-heating appliances and .in small industrial equipment. 
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3. Automotive! Distillate - a product similar to heating oil 

but with a slightly higher viscosity. It is used in 
fully automatic domestic central heating systems and in 
high-speed diesel engines, 

4. Industrial Diesel Fuel - a heavier grade of fuel which is 
free-flowing and does not require prc-heating. It is used 
in commercial heating installations, many industrial and 
metallurgical furnaces, small boiler plants, and slow and 
medium speed diesel engines, 

5. Furnace Fuel - mainly a heavy residual from distillation of 
crude oil. It is manufactured in two grades - high and low 
sulphur —depending on environmental or customer require-
ments. It is used mostly in steam generating plants, large 
industrial furnaces and brick kilns. 

The general properties of these fuels and the overseas standards 
to which they approximate are listed in Table 13, Typical physical pro-
perties of a wide range of petroleum products manufactured in Australia 
are listed in Table 14. 

AS indicated in a previous section, the oil companies throughout 
Australia Were approached for information on their specifications. Full 
specifications of a range of products prqduced by Ampol are reproduced in 
Appendix A, while typical properties for Caltox fuel oil and automotive 
diesel oil are listed in Appendix 15, 
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TABLE 14 : PROPERTIES OP AUSTRALIAN FUEL OILS 

Lighting Moating Automotive Diesel Furnace Fuel 
Kei-Osine Oil Distillate Fuel High S . Low S 

Flash point, °C 4.8 61 min 61 min 61 min 61 min 61 min 
Density, kg/1 0.79 0.82 0.84 0.855 0.98 0.90 
Sulphur, wt % 0.03 0.1 0.4 0.5 3.0 1.0 
Energy:, Mj/kg 46.4 46.0 45.7 45.5 42.9 44.5 

MJ/1 36.7 37.7 38.4 38.9 42,0 40.1 

Equivalent 
Specification 

• ,„„; 

AS'lM D 396 - No. 1 No. 2 No . 4 No. 5 
ASTM D 975 - - No. 2-D No, 4-D -

BS 2869 - - A1 fj D B1 £} D F 

Source : Australian institute Of Petroleum 
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3. CONCLUSIONS 

In general, in the USA, Europe and Australia there arc no legislative 
controls on the specifications for petroleum products other than 
those relating to the lead content of petrol. The only other 
legislation found was in Europe governing the octane rating of 
petrol and the sulphur level in automatic diesel oil and some 
fuel oils. 
National standards for specified products are very similar in the 
USA and the UK. Australian standards arc largely based on the 
other two. For diesel and fuel oils no Australian standard has 
been formulated. Instead, the industry follows the relevant 
overseas standards. 
Although the oil refining .industry may be considered to be sclf-
regulating in many respects, it is essentially regulated by the 
demands of its major customers. Large manufacturers and consumers 
ranging from the car industry to major users of fuel oils require 
constant product quality for satisfactory operation. Feed baek 
from such groups probably regulates product quality more effectively 
than government legislation. 
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APPENDIX A 

AMPOL PRODUCT SPECIFICATIONS 
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PREMIUM GASOLINE 

Method Test Specification 
Visual 
ASTM D130 

ASTM D1298 
ASTM D86 

IP 30 
ASTM D381 
ASlM D626 (7) 

D2699 
[M D525 

AS'lM D323 

AS'lM D2533 

Colour (1) 
Corrosion, Copper Strip, 
3 hrs at 50°C 
Density at 15°C 
Distillation 

Red 
1 Max 

Report 
Summer (2] Interned, (3)Winter (4) 

101 Evaporated, Max°C 60 60 57 
301 Evaporated, Mi.n°C (5) 69 66 63 
50% Evaporated, Mix°C 115 H Q 110 
905 Evaporated, Max°C 180 180 180 
Pinal Boiling Point, Nfc ix°C 228 228 228 
Residue, Volume % Max 2 2 2 

Doctor Tost (6) Negative 
Gum, Existent, mg/1 40 Max 
Lead Content, gPb/1 0.836 Max 
Octane Number, Research 
Oxidation, Stability 
Minutes 

Reid Vapour Pressure, 
kPa (5) Mix 

36:1 V/Lj Temperature, 
°C (5) (9) 

97.0 Min (8) 

240 Min 

65.5 

Report 

1.5 80.0 
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NOTES: 

(1) Red is defined as! at least equivalent oil visual inspection to a 
3.0 mg/1 solution of Mortons Automate Red B in iso octane. 

(2) Summer: for delivery to the respective regions between these dates:-
Brisbane : October 16 to February 29 
North of Brisbane : September 16 to Mitch 31 

(3) Intermediate: for delivery to the respective regions between these 
dated:-

Brisbane : March 1 to April 15 
: September 1 to October 15 

North of Brisbane : April 1 to September IS 
(4) Winter: for delivery to Brisbane only between those dates:-

April ,16 to August 31 
(5) Alternatively these specification points may be waived providing that 

the Critical 36:1 V/L Ratio minimum limits are met for the delivery 
period. However, 305 Evaporated and RVP results are to be recorded. 
The Critical Monthly Values for 36:1 V/L ratio are attached. 

(6) Alternatively, a maximum value of 15 ng/g S Mercaptan Sulphur by 
ASTM D3227 shall apply. 

(7) Alternatively, an X-ray fluorescent test method may be used. 
(8) A volume weighted monthly average of 97.0 mini)num shall apply. No 

individual batch shall be less than 96.8, 
(9) Alternatively the equation 

T, °C 36:1 V/L = 49.3 + 0.454t 3 0 - 0.31 RVP 
may be used. 
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CRITICAL 36:1 V/L LIMITS 9C MINIMUM 

Brisbane Northern Region 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

58. S 
58.5 
56.5 
56.0 
52.0 
51.0 
51.0 
51.0 
55.5 
55.5 
58.0 
58.0 

59.0 
59.0 
59.0 
57.0 
55.0 
55.0 
55.0 
55.0 
57.5 
59.0 
59.0 
59.0 
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a 

a 

a 

0 0 0 0 d a 

Method 
Visual 
ASTM D130 

ASTM D1298 
ASTM D86 

REGULAR GASOLINE 
sssa-wuur*: 
Test Specification 

Colour (1) 
Corrosion, Copper Strip, 
3 hrs at S0°C 
Density at 15°C 
Distillation 

Yellow 
1 to 

Report 
Summer(2) Interned.(3)Winter(4) 

L3 
\ 

105 Evaporated, Mix°C 60 60 57 
305Evaporated, Mi.n°C (5) 69 66 63 

m 505 Evaporated, Mix°C 115 110 110 
\> 905 Evaporated, Max°C 180 180 180 
PJ 
1» 

Final Boiling Point, Max°C 
Residue, Volume 5 Max 

228 
2 

228 
2 

228 
2 

u 
h 

o 

IP 30 
ASTM D381 
ASTM D626 C7) 

Doctor Test (6) 
Gum, Existent, mg/1 

Lead Content, gPb/l 

Negative 
40 Max 
0.836 Max ' < 

Vi ASTM D2699 Octane Number, Research 8a. 0 Min (8] 

i >f AS'lM D525 Oxidation, Stability 
Minutes 240 Min 

\ i 
f ASTM D323 . Reid Vapour Pressure, 

kPa (51 Mix 65.5 72.5 80 
n 

i ? 

ASTM D2533 36:1 V/L, Temperature, 6C (5) (9) Report 

t i Effective Date: 1 October 1984 

C3. 

O 



NOTES: 000042 

( 1 ) d f i n f ? a S ! a t l G a s t equivalent on visual inspection to 1.8 m / X of Williams' Yellow DEA or Waxoline Yellow EDS in i S o octane. g 

(2) Sumner: for delivery to the respective regions between these dates:-
Brisbane : October 16 to February 29 

• North of Brisbane : September 16 to March 31 
(3) Intermediate: for delivery to tile respective regions between these 

Brisbane : March 1 to April 15 
: September 1 to October 15 

North of Brisbane : April 1 to September 15 
(4) Winter: for delivery to Brisbane only between these dates:-

April 16 to August 31 
(5) Alternatively these specification points may be waived providing that 

the. Critical 36:1 V/L Ratio minimum limits are met for the delivery 
period. However, Evaporated and RVP results are to be recorded. 
The Critical Monthly Values for 36:1 V/L ratio are attached. 

(6) Alternatively, a maximum value of 15 ug/g S Msrcaptan Sulphur by 
ASTM D3227 shall apply, 

(7) Alternatively, an X-ray fluorescent test tnethod may be Used, 
(8) A volume weighted monthly average of 89.0 minimum shall apply. No 

individual batch shall be less than 88.8. 
(9) Alternatively the equation 

T, °C 3C 
may be used. 

T, °C 36:1 V/L = 49.3 + 0.454t30 - 0.31 IWP 
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CRITICAL 36:1 V/L LIMITS °C MINIMUM 
Northern Region 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Brisbane 

58.5 
58.5 
56.5 
56/0 
52.0 
51.0 
51,0 
51 „0 
55.5 
55,5 
58.0 
58.0 

59,0 
59.0 
59,0 
57.0 
55.0 
55,0 
55.0 
55.0 
57.5 
59,0 
59,0 
59,0 

ft 
? '4 
I l 
HS 
> * 
h 

f 1 

it! 

o 

a 

13 



00004ii 

Method. 

PRODUCT SPECIFICATION 
PROPANE L.P.G, 

Test Specification 

Calculated from 
Composition 
A.L.P.G.A. 

ASTM D1838 
AS'lM D1657 

'I'M D2713 or 
A.L.P.G.A. 

D216S 

ASTM D2163 
A.L.P.G.A, 
AS'lM D27S4 
ASTM 01267 
ASTM D1S57 

Calorific Value, Gross, MJ/kg 

Corrosion, Copper Strip, 1 hr Q 40°C 
Density @ 15°C 

Dryness 

Methane, Mole 5 
Odorant (2) (3) 
Olefins, i\ble $ 
Residue on Evaporation, nig/1 
Sulphur, Total, ug/g 
Vapour Pressure, kPa 0 4D°C 
95$ Volume Evaporation, "C 

48.8 Min 

1 Max 
Report 

Pass (1) 

0.25 Max 

Report (5) (6) 
20 Max 
185 Max 
1530 Rax 
-38 Max 01) 

NOTES : CI) 

(2) 

(3) 

(4) 

(5) 

(6) 

If ASTM D2713 is used to determine dryness, the product is to 
bo considered dry when the freeze time is greater than 3 minutes 
Odorant shall be Ethyl. Mercaptan, and shall be added in the 
proportion of 12 mg odorant to each litre of liquefied product. 

applicable to supplies to Porta-Gas 
This requirment shall be waived When the butanes and heavier 
content - ASTM D2163 - is less than 2.5 mole 5. 
Suppii.es to Porta Gas shall have a propylene contont - AS'lM 01263 
of less than 40 mole $. 
If total olefins are greater than 20$, endorse the certificate 
that the product is off specification for automotive LPG. 

EFFECTIVE DATE: 1 October 1983 
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Method 
Calculated from 
Composition 
A.L.P.G.A. 

AS'lM D1838 
ASTM D1657 

D2163 

A.L.P.G.A. 
ASTM D2784 
AS'lM D1267 
Visual 

AS'lM D1837 

PRODUCT SPECIFICATION 
BUTANE L.P.G. 

Test Specification 
Calorific Value, Gross, MJ/kg 

Corrosion, Copper Strip, 1 llr 0 40°G 
Density @ 15°C 
Methane, Mole 5 
Odorant (!) 
Residue on Evaporation, mg/1 
Sulphur , To toil , ug/g 
Vapour Pressure, kPa t <10°c 
Water 

95$ Evaporated, Vol tune °c 

47.7 Min 

1 Mix 
Report 
0.25 Max 

20 Max 
140 Max 
520 Mix 
No Entrained 
Free Water 
2 Mix (2) 

NOTES: (1) Odorant shall be Ethyl Mercaptan and shall bo added in the 
proportion of 12 mg odorant to cach litre of liquefied 
product. 

(2) This requirement shall be waived when the pontanes and heavier 
content - ASTM D21G3 - is less than 2.0 mole 

EFFECTIVE DATE: 1st April 1974 

tif 

C3 
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Methocl 

Calculated from 
Composition 
A.L.P.G.A. 

AS1M D1S5S 
ASTM D1657 
ASTM 1)2713 or visual 

A.L.P.G.A. 
AS'lM D2784 
AS'lM D1267 
AS'lM D1837 

PRODUCT SPECIFICATION 
PROPANE/BUTANE L.P.G. 

Test Specification 
Calorific Value, Gross, MJ/kg 47.7 Min 

Corrosion, Copper Strip, 1 Mr @ 40°C 1 Mix 
Density 6 .156C Report 
Dryness Pass (1) 
Odorant (2) (3) 
Residue on Evaporation, iiig/1 20 Max 
Sulphur, Total, ug/g 140 Max 

Vapour Pressure, kPa @ 40°C 35S - 1530 
95?, Volume Evaporated, °C (4) 2 Max 

NOTES: (1) If the vapour pressure j.s greater tlian 1240 kPa the product is 
considered dry when the valve freeze time is greater than 3 
minutes or the product is dry to CoBr tost or both. If the 
vapour pressure is equal to or less than 1240 kPa the product 
is considered dry when there is no visible sign of entrained 
free water. 

(2) Odorant shall be Ethyl Mercaptan and shall be added in the 
proportion of 3 2 mg odorant to cach litre of liquid product. 

(3) Not applicable on pipeline transfers to Porta-Gas. 
(4) This requirement shall bo waived when Pentane and heavier 

ASTM D2163 is 2.0 mole ft or loss. 

EFFECTIVE DATE: 18 November 1978 
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PRODUCT SPECIFICATION 
AUTOMOTIVE DIESEL OIL 

Method Test Specification 

ASTM D974 Acid Number, Strong, mg K0U/g Nil 
ASTM D974 Acid Number, Total, mg KOIJ/g 0.25 Max 
ASTM D482 Asn, $ mass/mass 0,01 Max 
ASTM D524 Carbon Residue, Ramsbottom on 10$ 

bottoms, $ mass/mass 0,2 Max 
ASTM- D976 Cetaiic Index, Calculated 47 Min 
ASTM D2500 Cloud Point, °C S.Qld(6) N.Qld(6) 

Winter (a) -1 Max +2 Max : 

Intermediate (l) +3 Max +4 Max 
Sumner (1) +3 Max. +6 Max 

ASTM D1500 Colour, ASTM 2 Max 
ASTM D130 Corrosion, Copper Strip, 3 Ilrs@100°C 2A Max 
AS'lM D1298 Density at 15°C 0.815 - 0.860 
ASBl D86 Distillation 

90$ Recovered, °C 357 Max 
ASTM 93 Flash Point, PMCC, UC 62 Milt 
ASTM D2274 lnsolubl.es, Accelerated Stability 

mg/1 
Mercaptan Factor 

25 Mix 
80 Mix (2) (3) 

ASTM 27S 5 (5) Sulphur, Total, $ mass/mass 0,5 Max 
ASBl D445 Viscosity, Kinematic mm ?7s at 40 DC 2.04 - 5.64 
ASBl D1796 Water and Sediment, Volume $ 0.05 Max (4) 

NOTES: (1) Winter Grade : For delivery between 1/4 and 31/8 
Intermediate Grade : For delivery between 1/3 and 31/3, and 

between 1/9 and 31/10 
Summer Grade : For delivery between 1/11 and 29/2 

(2) This test not applicable to 100$ straight run material, 
(3) Mercaptan factor is equivalent to total mercaptan sulphur as 

yg/g s (ASTM 1J1323) plus to*, times the Caustic ex tractable mcr-
captans as ii;/g S (Mobil Method No, 524). 

(4) For this 'est, solvent shall be toluene, no demulsifior shall 
be used, and bath temperaturo shall be 49 ± 1°C. 

(5) Alternatively) an X-ray fluorescence test method may be used, 
(6) N, Qld : Port Alma andalL ports north,, 

S. Qld : M l other installations not defined as N, Qld. 

EFFECTIVE DATE: 1 October 3,984 
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Method 

ASTM D974 
AS'lM D974 
AS1M D482 
ASTM 1)524 
ASTM D976 
AS1M D1500 
AS1M D130 
AS'lM D1298 . 
AS'lM D93 
AS'lM 97 

ASTM D2785 (2) 
AS1M 1)445 

PRODUCT SPECIFICATION 
INDUSTRIAL TOLUENE 

Test Specification 

Acid Number, Strong mg KOtt/g 
Acid Niunbor, Total, mg KOli/g 
Ash ?d Miss/Mass 
Carbon Residue, Ramsbottom, 5 Mass/Miss 
Cetane Index, Calculated 
Colour, AS'lM 
Corrosion Copper Strip, 3 Mrs 0 100°C 
Density 0 15°C 
Plash Point, PMCC, °C 
Pour Point, °C Winter (1) 

Summer (2) 
Sulphur, Total, VMass/Mass 
Viscosity, Kinematic mm 2/s @ 40«C 
Water and Sediment, Volume % 

Nil 
0.25 Max 
0.01 Mix 
0.15 Mix 
40 Min 
2.5 - 8.0 
2A Max 
0.816 - 0.876 
66 Mill 
0 Max 
3 Max 
0.5 Max 
2.040 - 7.200 
0.10 flax (3) 

NOTES (1) 

(2) 
(3) 

Winter Grade '. For Delivery between 1 • 4 and IS - 9 
Summer Grade : For Delivery between 16- 9 and 31 - 3 
Alternatively, an X-ray fluorescent test may be used 
For this test, Solvent shall be toluene, no demulsifier 
" " le used, and bath temperature shall be 49 ± 1 C 

EFFECTIVE DATE: October 16, 1979 
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PRODUCT SPECIFICATION 
RAILWAY DIESEL OIL 

Method Test Specification 

Calculated (1) Calorific Value, Gross, MJ/kg 43.5 Mill 
ASTM D976 Cetane Index, calculated SO Min 
ASTM D2500 - Cloud Point, °C -4 Max 
ASTM D1S00 Colour, ASTM 2 Max 
ASTM D1298 Density at 15°C 0.815 - 0.860 
ASTM D86 Distillation 

90S Recovered, C 343 R'iX 
Recovery, Volume % 97.5 Min 

ASTM D93 Flash Point, PMCC, °C 66 Miii 
ASTM D97 Pour Point, °C -9 Max 
ASTM D2785 (2) Sulphur, Total, -6 mass/mass 0.25 Max 
A S M D44S Viscosity, Kinematic, mm 2/s 2.0 - 5.0 
ASTM D 1 7 M Water and Sediment, Volume % 0.1 Max 

NOTESs (1) See Nomograph for values. Hie reference for the nomograph 
is API Data Book, Figure 14A1..1, 

(2) Alternatively, an X-ray fluorescence test method may be used, 

EFFECTIVE DATE: 1 April 1974 
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PRODUCT SPECIFICATION 

INDUSTRIAL FUEL OIL: LOW SULPHUR •GRADE 
Method Test Specification 

ASTM D482 (1) Ash, $ Mass/Miss 0.1 Max 
Calculated (2) Calorific Value, Gross Mj/kg 42.1 Min 
Mobile 1006 (3) Caoinpatibility, Volume $ 0.3 Max 
ASTM D1298 Density G 15°C 0.990 Max 
ASTM D93 Flash Point, PMCC, °C 66 Min 
ASTM D97 Pour Point, Upper, °C 24 Max 
ASTM D473 Sediment by Extraction, $ Mass/Mass 0.15 Max 
X-ray Sulphur, Total, $ Mass/Mass 0.5 Max 
ASTM D445 Viscosity, Kinematic, mm 2/s@ 50°C 80 Max 
ASTM D95 Water by Distillation, Volume $ 0.75 Max 

NOTES: (1) For fuel oils containing waste lubricating oils ash 
according to ASTM D1548 sections 8,1 to 8iS shall be 
determined, A maximum of 0.15$ mass/mass shall apply. 
This specification docs not waiver the ASTM 482 require-
ment. The sulpha ted ash requirement does not apply to 
material supplied to BP and Shell, 

(2) Arnpol nomograph based on API Data: Book figure 14 A1 - 2 
shali be used, 

(3) Compatibility is based on the volume precipitated by a. 
30$ dilution Of fuel oil with a straight run diesel solvent. 
The reading is "as found" not adjusted for dilution. This 
specification is applicable to product supplied to Mobil 
only, 

(4) A 2 ml water trap shall be used with .100 mi of sample, 

EFFECTIVE DATE: 1 August, 1984 
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PRODUCT SPECIFICATION 
INDUSTRIAL 1-UEL OIL 

Method Test Specification 

ASTM D482 (1) Ash, 5 Miss/Mass 0.1 Max 
Calculated (2) Calorific Value, Gross Ml/kg 42.1 Min 
Mobil 1006 (3) Compatibility, Volume 5 0.3 Mix 
AS'lM 1298 Density (3 15 6C 0.990 Max 
AS'lM D93 Flash Point, PMCC, °C 66 Min 
A A Lead, mg/kg 200 Max (1) 
ASTM D97 Pour Point, Upper, °C. IS Mix 
AS'lM D473 Sediment by Extraction, -6 Miss/Miss 0.1S Max 
X-ray Sulphur Total, % Mass/Mass 3.0 Max 
AS'lM D-l 4 5 Viscosity, Kinematic, mm z/s @ 50°C 80 Mix 
ASTM D95 (4) Water by Distillation, Volume 5 0.75 Mix 

N0113Si CI) For fuel oils containing waste lubricating oils ash according to 
ASTM D1548 sections 8.1 to 8.5 shall be determined. The lead 
content of the fuel oil shall bo determined on this ash by AA 
Spectrometry. 

(2) Nomograph based on API Data Book figure 14 A1 - 2 shall be used, 
(3) Compatibility is based on the volume precipitated by a 305 dilution 

of fuel oil with a straight run diesel solvent. The reading is 
"as found" not adjusted for dilution. This specification is 
applicable to product supplied to Mobil only. 

(4) A 2 ml water trap shall be used with 100 ml of sample. 
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PRODUCT SPECIFICATION 
BUNKER FUEL OIL 

Method Test Specification 

AS'lM D482 Ash, 5 mass/mass 0.15 Max 
Mobil 1006 (1) Compatibility, Volume 5 0.3 Max 
ASTM D1298 Density @ 15°C Report 
AS'lM D93 Flash Point, PMCC, °C 66 Min 
ASTM D97 Pour Point, upper,°C Report 
AS'lM D473 Sediment by Extraction, 5 mass/mass 0.15 Max 
X-ray Sulphur, -i mass/mass 3.5 Max 
ASTM D445 Viscosity, Kinematic, mm 2/s 0 50°C 315 Mix 
ASTM D95 (2) Water by Distillation, Volume 5 1.0 Mix 

NOTES: (1) Compatibility is based on the volume precipitated by a 305 
dilution of free oil with a straight run diesel solvent. 
The reading is "as found" not adjusted for dilution. This 
specification is applicable to product supplied to Ktabil only. 

(2) A 2 ml water trap shall be used with 100 ml of sample. 

EFFECTIVE DATE: 16 October, 1979 
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PRODUCT SPECIFICATION 
POWER KEROSINE 

Method Test Specification 

AS'lM D974 Acid Number, Total,mg KOU/g 0.05 Max 
IP 17B Colour Lovibond 1.5 Max 
AS1M D130 Corrosion, Copper Strip, 3 hrs @ 50°C 1 Max 
ASTM D1.298 Density 6 15°C 0.790 - 0.850 
ASTM D86 Distillation - 10% Recovered, 6C 

- 70$ Recovered, °C 
- 94$ Recovered, °C 
- 95$ Recovered, °C 
- Final Boiling Point, 

160 Max (1) 
200 Max 
2.10 Min (1) 
245 Max (1) 

: 275 Max 
IP 170 Flash Point, Abel °C 32 Min 
ASlM D381 Gum, Existent, mg/1 20 M a x 
ASTM D2700 Octane Number, Motor 54.0 Min 
IP 104B Sulphur, Mercaptan, yg/g 20 Max 
ASTM D278S (2) Sulphur, Total $ mass/mass 0.25 Mix 

NOTES; (1) Power kerosine must meet Customs1 requirements on distillation, as specified above and must also pass the following Customs burning tests 
* the oil shall not burn with a bright luminous, not smoky, steady flnme for one hour, when subjected to a burning test in an ore'nary wick lamp in which recognised brands of lighting k cosine burn satisfactorily, -

(Z) Alternatively, an X-ray fluorescence test method may be used, 

EFFECTIVE DATE i 1 October 1983 
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PRODUCT SPECIFICATION 
LIGHTING KEROSINE 

Method Test Specification 

IP 10 Burning Test Satisfactory (1) 
Wick Char yg/g 10 Mix 

I P M Colour, Loviboiid 1 Max 
AS'lM D130 Corrosion, Copper Strip 

2 I Irs 0 100 °C 
1 Mix 

AS'lM D1298 Density @ 15°C Report 
ASTM D86 Distillation, 

201 Recovered, °C 
Final Boiling Point, BC 

200 Mix 
300 Mix 

IP 30 Doctor Test Negative (2) 
IP 170 Flash Point, Abel, bC 38 Min 
ASTM D1322 Smoke Point 24 Min 
AS'lM D2785 (3) Sulphur, Total, Max 1 0.05 Mix 

NOTES-J (1) The result of the burning test shall be considered satisfac cry 
when; 
(a) the flame is not smokys and is no more than 12 mm lower 

in height at the end of the test 
(b) the wick shall have no appreciable hard incrustation 

and (c) the final condition of the chimney shall be clean, with 
no more than a slight cloudy deposit, 

(2) Alternatively, Mcrcaptan Sulphur (IP1048 or AS'lM D3227) 30 yg S/g 
maximum may apply, 

(3) Alternatively, an X-ray fluorescence test method may be used, 

EFFECTIVE DATE: 1 January 1983 
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PRODUCT SPECIFICATION 

AVIATION GASOLINE 100/130 
Method Test Specification 

AS1M D611 
ASTM D611 + ASTM D1298 
Visual 

Additives 
Aniline Point 
Aniline Gravity Product 

jarance 

Report type and 
quantity (1) 
Report 
7500 Min 

Clear, bright and free 
from sediment, suspend-
ed matter, and undissolve 
ed water at temperature 
of delivery. 

Visual Colour Green 
IP 17A Colour l.ovibond (50 mm cell) Blue 1.7 - 2.9 (2) 

Yellow 1.5-2.7 (3) 
ASTM D130 Corrosion, Copper Strip 2 llrs 0 100"C 1 Max 
AS'lM D1298 Density 0 15°C Report 
AS'lM DS6 Distillation - 10% Evaporated, 

- 40$ Evaporated, 
- 50$ Evaporated, 
- 90$ Evaporated, 
- F.B.P. , 
- 10$ Evap.+50$ Ih 
- Residue, Vol $ 
- Loss, Vol $ 

•C 
°C 
*c 
° c BC m p , , °C 

75 Max 
75 Min 
105 Max 
135 Max 
170 Max 
135 Min 
1.5 Max 
1.5 Max 

IP 16 Freezing Point, °C '60 Max 
AS'lM D1298 Gravity, "API Report 
ASTM D381 Gum, Ibdstant, mg/1 30 Max 
AS'lM D2700 Knock Value 

Motor Octane Number 
Octane Number, Lean 

99 Min 
100 Min 

AS'lM D3341 Lead, gPb/1 (5) 0.841 Max 
AS'lM D909 Performance Number, Rich 130 Min 
AS'lM D2785 Sulphur, Total, $ Mass 0.05 Max 
ASTM D323 Vapour Pressure, Reid, kPa (6) 38 - 48.25 
ASTM Di094 Water Reaction 

Volume Change, ml 
Interface Rating 
Separation 

2 Max 
2 Mix 
2 M a x 

NOTES: (1) 

(2) 
C3) 

C 4 ) 
(5) 
(6) 

EFHiCTIVE DATE: 

Anti Oxidant shall be: N, N*-disccondary-butyl-para-phcnylenediamine 
and shall be added at the rate of 19,1 to 24.0 mg/1 of Avgas. 
Blue dye shall be 1,4 dialkylaminoartthraquinone and shall be added at 
tiie rate of 0.713 to 1.242 mg/1 of Avgas. 
Yellow dye shall be p-diethylamiiioazobenzone and shall be added at the 
rate of 0.900 to 1,852 mg/1 of Avgas. 
ASTM D86 Group 2 distillation shall apply, 
Alternatively an X-ray Fluorescent Method may be used, 
ASTM 0323 Para 16 conditions shall apply. 

10 November 1979 
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PRODUCT SPECIFICATION 
AVIATION TURBINE FUEL 

Method Test Specification 

IP 273 

ASTM D611 
AS'lM D1298 
ASTM D611 f, ASIM D1298 
Visual 

AS'lM 131319 
ASTM 0512 
IP 17B 
AS'lM D130 
IP 227 
ASTM D1298 

D86 

IP 30 
IP 170 
IP 16 
AS'lM D381 
ASTM D1840 
ASTM D1319 
ASTM D1322 
Atomic Absorption 
IP 204 
ASTM D2785 
ASTM D3241 

ASTM DI45 
ASTM D1094 

ASTM 1)2550 

Acidity, Total; mg KOU/g 
Addivi tivos 
Aniline Point, °F 
API 0 

Aniline Gravity Product 
Appearance 

Aromatics, Vol ft 
Chloride, mg/1 NaCl 
Colour Lovibond 
Corrosion, Copper Strip,2Mrs® 100°C 
Corrosion,Silver Strip, 4llrs S S0°C 
Density 0 15"C 
Distillation (3) 

Initial Boiling Point 
10% Recovered, °c 
20ft Recovered, °c 
SOS Recovered, "C 
90v Recovered, °C 
Final Boiling Point:, °C 
Residue, Vol ft 
Loss, Vol ft 

Doctor Tost 
Flash Point, Abel, "C 
Freezing Point, °C 
Gum Existant, mg/1 
Naphthalenes, Vol ft 
Olefins, Vol ft 
Smoke Point 
Sodium mg/1 Na 
Sulphur, Merc'aptan, toss ft 
Sulphur, Total, Mass ft 
Thermal Stability, JFTOT 

Filter AP,mm llg 

0.012 Mix 
Nil (.1) 
Report 
Report 
5250 Min 

Clear, Bright and Free from 
Sediment, suspended Matter 
and Undissolved water at 
temperature of delivery 

20 Mix 
0.1S Max 
4 max 
1 Max 
1 Mix 
0.775 to 0. 

Report 
204 Mix 
200 Mix 

:*t 

(2) 

Visual Deposit Rating ASTM Code No. 3 Max 
r ^ . i I N ^ m - i t i 1 - n u t i n •« I....... 

300 Mix 
1.5 Mix 
1.5 Mix 
Negative (4) 
38 Mill 
-50 Mix 
70 Mix, 
3.0 Mix (5) 
5 Mix 
20 Min (S) 
0.0S Mix (2) 
0.001 Mix (4) 
0.20 Mix 

25 Mix 
No "Peacock" 
Report 

Visual Code Rating 
Spun Deposit Rating 
Spot Deposit Rating 

Viscosity, Kinematic, mm 2/s f -20°C 8 Mix (7) 
Water Reaction 

Interface Rating lb Max 
Separation Rating z Mix 

Water Separometer Index, Nbdifed 135 Min 

CC) 
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cont.,. 

NOTES: (1) The product shall contain no additives, Mineral acid contamination 
shall be tested according to ASTM D974, 

(2) Chloride results greater than 0.15 mg/1 NaCl or Sodium results 
greater than 0,05 mg/1 Na shall be notified to DQA Queensland 
Field Office, 

(3) Group 4 conditions with a bath temperature 0 - 4°C shall apply, 
(4) Either Doctor Test Negative or Sulphur Mercaptan 0.003 S Mass % 

maximum shall apply. For Release to DEF (AUST) 5208, Sulphur 
Mcrcaptan above 0,001 S Mass $ requires that Production Permit 
QFO 80/1 be cited, 

(5) Naphthalene Vol•% of 3,0 max required for QTA release if smoke 
point is between 20 and 24 inclusive. For DEF (AUST) 5208 a 
smoke point of 19 is satisfactory and no correction, for pressure 
is required. 

(6) Abnormal colour requires re testing at 270°C for DBF (AUST) 5208 
release. 

(7) Amendment to DEF (AUST) 5208 allows a -20°C Viscosity of 8 Max 
as an alternative to Viscosity at - 3 4 , 4 % authorization refer 
to telex QC 060/DQA, 5 June 198Q. 

(8) Copper Content is not required with the present Ampol Refinery 
processes. 

(9) DEF (AUST) 5203 or QTA :LK/80 specification or both shall be used for release, 

EFFECTIVE DATE: 1 August 1980. 
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PRODUCT SPECIFICATION 
LIGHT STRAIGHT RUN NAPHTHA 

Method Test Specification 

ASTM 1)1298 Density 0 15°C Report 
ASTM D86 Distillation 

95ft Evaporated, °C 90 Max 
ASTM D323 Reid Vapour Pressure, kPa 6 9 - 1 0 4 
AS'lM D27SS Sulphur, Total, yg/g 30 Mix 

EFFECTIVE DATE 5 1 April 1974 
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PRODUCT SPECIFICATION 
INDUSTRIAL TOLUENE 

Method Test Specification 

ASTM D847 Acidity 0.334 mg MaCil/1 Max 
ASTM D611 Aniline Point, Mixed "C 12 Max 
Visual Appearance Pass (1) 
ASTM D848 Colour , Acid Wash 4 Mix 
IP 17A Colour, Lovibond, 457 mm cell Red 0.2 Max 

Yellow 2.0 Max 
Blue 0.0 Mix 
Brightness 0.2 Mix 

AS'lM D130 Corrosion, Copper Strip 
30 Minutes @ 100°C 2 Mix 

AS'lM D850 Distillation Range, °C 2° Mix to dry point, 
including .110.6 (2) 

ASTM D1298 Density @ 15°C Report 
ASTM D1296 Odour Saleable 

NOTE: (1) Clear arid bright at room temperature 
(2) For Sale to Shell 1 6 C Max. including 110.6 

EFFECTIVE DATE: 1 January 1985 
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Method 
ASTM D974 
ASIM D611 
Visual 
IP 17A 

AS'lM D130 
AS1M D1298 
AS'lM D86 

IP 170 
AS1M D1296 
Aust.Std.K-8.1 
K8.2 appendix 

AS1M D1353 

PRODUCT SPECIFICATION 
TURPENTINE 

Tost 

and 
H 

Acid Number, Strong 
Aniline Point, °C 
Appearance 
Colour, Lovibond, 457 mm cell 

Corrosion,Copper Strip, 31 Ir @ 50°C 
Density t> 1S°C 
Distillation. - IBP 6q 

- 10% Evaporated, °C 
- S0°i Evaporated, °c 
" 9 5 5 Evaporated, °c 
- F.B.P. °C 

Flash Point, Abel, "C 
Odour 
Phenol, pg/g 

Residue on Evaporation, mg/1 

Specification 
Nil 
20 - 25 
Pass (1) 
C.O Red + 3 . 0 Yellow 
+ 0.0 Blue + 0.0 
Brightness Max 
1 Max 
Report 
145 - 155 
150 - 160 
160 - 170 
180 «- 190 
200 Max 
32 
Saleable 
300 Max 

200 Max 

NOTE; (1) Cl,»ar, bright and free from sediment, suspended matter, 
and undissolved water at temperature of delivery. 

EFFECTIVE DATE! 13 December 1974 
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PRODUCT SPECIFICATION 

WHITE SPIRIT 
Method Test Specification. 

AS'lM D974 
A S ™ D611 
Visual 
IP 17A 

ASTM D.1.298 
A £ m D86 

IP 170 
ASTM D1296 
AustiStcl.KS.l and 
K8.2 Appendix H 

Acid Number, Strong 
Aniline Point, °C 
Appearance 
Colour, Loviboncl, 457 utm cell 

Corrosion, Copper Strip 31 lr 0 50°C 
Density Q 15°C 
Distillation - IBP °C 

- 10% Evaporated °C 
- SOI Evaporated °C 
- 95% Evaporated °C 
F.B.P. °C 

Flash Point, Abel, °C 

Phenol, yg/g 

Nil 
SO - 56 
Pass (1) 
0,0 Red + 3.0 Yellow 
+ 0.0 Blue + 0.0 
Brightness Mix 
1 Mix 

145 - 155 
150 - 160 
160 - 170 
180 - 190 
200 Mix 
32 Min 
Saleable 
300 Mix 

NOTE: (1) Cxear, bright, and free from sediment, suspended matter, and 
undissolved water at temperature of delivery. 

EFFECTIVE DATE: 13 December 1974 
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PRODUCT SPECIFICATION 

SOLVENT 143 
Method 

ASlTvl D611 
Visual 
ASTM D2600 
IP 17A 

AS'lM D130 
A S M D1298 
ASTM D86 

ASTM D1296 
Aust.Std.KS.l and 
K8.2 Appendix II 

Test Specification 

Aniline Point, °C 
Appearance 
Benzene, $ Volume 
Colour, Lovibond, Max 457 mm cell 

Corrosion, Copper Strip 3 hr G 50°C 
Density 0 15°C 
Distillation - IBP °C 

10$ Evaporated, °C 
50$ Evaporated, °C 
90$ Evaporated, °C 
E.P. 

Odour 
Phenols, pg/g 

57 Max 
Pass (1) 
1.0 Mix 
0.2 Red + 2.0 Yellow 
+ 0.0 Blue + 0.2 
Brightness 
1A Ma x 
Report 
51 Min 
71 - 79 
90 » 98 

113 « 121 
IIS Mix (2) 
Saleable 
300 Mix 

NOTE: CI) Clear, bright, and free from sediment, suspended matter a 
undissolved water at temperature of delivery.-

(2) Dry point. 
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APPENDIX 13 
CALTEX TYPICAL PROPERTIES 
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APPENDIX B 

CAl/ffiX TYPICAL PROPERTIES 

PETROL SYDNEY ADELAIDE 
Ninety Two Super "StcT Super 

Distribution O.N. 
Roid Vapour Press (Seasonal) 
10$ ROC. 
50$ 
90$ 
EP 
S Total $ Mass 
S Mercaptan mg/kg 

Not normally conducted 
Not determined in lieu of F.V.I. 

46 
92 

160 
204 

0.015 
4 

47 
95 

160 
205 

0.015 
5 

50 
84 

145 
175 

48 
95 

145 
185 

0.0005 0.0005 

Automotive Diesel Oil 

Cetane Index 
Plash Pt 
Cloud Pt. Ap 15 to Sep 15 

Sep 16 to Ap 14 
50$ Rec. 
90$ ROC 
Vis. cS 0 40'C 
Density 0 115UC 
Sulphur $ Miss 

47 85 
-1 +4 

315 
2,5 
0.846 
0,25 

53 
105 
+4 

290 
. M 
3,5 

850 
0.10 

Fuel Oil 
Density kg/1 
Flash Point 
Pour Pt. 
Viscosity cS 0 50 C 
Sulphur $ Mass 

0.96 
95. 
12 
20 to ISO 
2.2 

0.94 
10 
60 3.0 
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APPENDIX C 

MOBIL DISTILLATION PROPERTIES 

Premium Petrol (RON 97) 
Summer Winter 

10ft Evaporation 65°C 60°C 
SOft Evaporation 115°C 112°C 
90ft Evaporation 183° C 18 0 6C 
Final Boiling point 225°C ~ 225°C 
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APPENDIX D 
BMP LPG SPECIFICATIONS 
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APPENDIX D 
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BHP LPG SPECIFICATIONS 

Commercial Propane 
Ethane mol ft 
Propane mol ft 
Butane mol ft 
CS + mol ft 
Total Sulphur ppm (by 
Water Content 

Vapour Pressure KPA Gauge 
at 40 Deg°C 

Specification 
2.5 maximum 

95 minimum 
3 maximum 
0.2 maximum 

80 maximum 
Pass NGPA Dewpoirit 
method test 

1530 

Typical Analysis 
1.7 
1.2 

< 0.1 
10, 
Dry 
1340 

Corrosive 
Compound Copper strip No. 1 Pass 

Commercial Butane 
Ethane 
Propane 
Butane 
C5 + 
Total Sulphur 
Water Content 

mol ft 
mol ft 
mol ft 
moi ft 
ppm 

Corrosive 
Compounds 

4 maximum 
95 minimum 
3 maximum 

80 maximum 
No free water by 
visual inspection 

Vapour KPA Gauge at 40 Deg°C 520 

Copper strip No. 1 

1.4 
97.0 
1.6 

25. 
Pass 

360 

Pass 

Other general properties include: (i) < 0.1 molft olefins in both propane 
and butane (ii) residues on evaporation for propane 0,5 - 1.0 mc/100 ml 
and ( i n ) isoi normal ratio of 0.7 - 0,8 for butane. 
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SOUTH AUSTRALIAN DEPARTMENT OF MINES AND ENERGY 
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VOLUME II 

By 
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CONTCN'IS 

PETROL STANDARDS 

AS'lM D 439 (1983) -
BS 4040 (1978) 
AS 1876 

(1982) -
(1984) -

LPG STANDARDS 

ASTM D1835 (1982) -
BS 4250 (1975) 
ALPGA (1973) 

ALPCA and AIP (1985)-

Automative gasoline 
Petrol (gasoline) for motor vehicles 
Petrol (gasoline) for motor vehicles 
Part 1 - Leaded petrol 
Part I - Unleaded petrol 

Liquefied Petroleum Gases 
Commercial butane and propane 
Liquefied petroleum gas 
Specifications and test methods 
interim specification for automotive LPG 

AUTOMOTIVE DISTILLATE AND FUEL OIL STANDARDS 

ASWi D 396 (1980) 
AS'lM D 975 (1981) -
BS 2869 (1983) 

M P TeChdata sheet IS -

Fuel oils 
Diesel fuel oils 
Fuel oils for oil engines and burners for 
non-marine use. 
Automotive diesel fuel storage and handling 



0 0 0 0 9 ' i 
FOREWORD 

This Report is presented in two volumes: 

VOLUME I contains a discussion of the various standards and items 
of legislation, and a summary of the main parameters in 
tabular form. 

VOLUME II is a reference volume containing complete copies of the 
actual standards referred to in Volume I, 
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Designation: D 439 - 83 Ah American Nstiwinl SUrxliircJ 

ij, 
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Standard Specification for 
AUTOMOTIVE GASOLINE' 

ihtiUiuUrd is issued Uijdcr (he fixed designation b4Mi the number Immediately following the desT£rialitih Indicates the \til6f original adoption at, in (he case ill- revision, (lie year of liisi revision, A number in pafemhescsindieates the year of lasl -eipprowal. A stipcrswipl cpsilon (c) indicates flii editorial cliah|jc since (lid last revision or reapproval. 
nu ipttijicatioH has km efprmd fit me by agmeiet of ike tiipminmii«/ Oifma mil/ fit listing« ike -Deli Mex tf fyrtj/W//«ij und Sldmhtils, 

m 

1. Sropc 
1.1 This specification is I'or guidance in es-

tablishing the required properlies of ailtomo' 
live gasolines for ground vehicles, 

1.2 This specification is not a complete def-
inition of gasoline, It describes Various charac-
lerislics or gasolines Used in a wide range of 
operating conditions, It does not necessarily 
uicludc all types of gasolines salisfactory for 
automotive vehicles, nor necessarily exclude 
gasolines that may give unsatisfactory perform-
ince in certain equipment or under certain 
operating conditions, 

2, Applicalilc Documents 
2.1 ASTM SUintlartk: 
D86 Method for Distillation of Petroleum 

Products2 

DUO Test Method for Detection of Copper 
Corrosion from Petroleum Products by the 
Copper Strip Tarnish Test2 

15.123 Test Method for Vapor Pressure of Pe-
troleum Products (Reid Method)2 

D381 Test Method for Existent Gum in Fuels 
by Jet Evaporation4 

U525 test Method for Oxidation Stability of 
Gasoline (Induction Period Method)3 

"1266 Test Method for Sulfur in Petroleum 
Products (Lamp Method)3 

152533 Test Method for Vapor-Liquid Ratio 
of Gasoline1 

02547 Test Method far Lead in Gasoline 
Volumetric Chromate Metlfod* 

1)2551 Test Mciliod for Vapor Pressure of 
Petroleum Products (Micromcthod)* 

05599 Tesi Metliotf for Lc.id in Gasoline by 
M a y Spectrometry5 

D2622 Test Method for Sulfur in Petroleum' 
Products (X-Ray Speclroeraphic Method)1 

D 2699 Test Method for Knock Characteristics 
of Motor Fuels by the Research Method4 

D 2700 Test Method for Knock Characteristics 
of Motor and Aviation Fuels by tlic Motor 
Meli/Xl4 

D2885 Tesi Method for Research and Motor 
Method Octane Killings Using OivLine 
Analyzers'1 

D.3II6 Test Method for Trace Amounts of 
Lead in Gasoline* 

D3229 Test Method for Low Levels of Lead 
in Gasoline by X-Ray Spectrometry' 

D 3231 Test Method for Phosphorous in 
Gasoline' 

D32.17 Test Method for Lead in Gasoline by 
Atomic Absorption Spectrometry* 

D 3341 Test Method for Lead in Gasoline-^ 
Iodine Motiochloridc Method5 

3. General 
3.1 This specification provides for an auto-

matic variation by the seller to meet the re-
quirements of seasonal changes iii tcinperatvire, 
depending Upon the season and the locality in 
which the pfodnci is to be used. This is done 
by providing five volatility classes and differ-

1 Tills specification Is under lite jurisdiction of ASTM Com* 
riiiilee D-2 on Petroleum Products and Lubricants and is the 
cilrcd rcsponSlblliiy of Subcommittee D02.0A On Gasoline. 

Cunenl edition approved Oct, 28, 1983, Published January 
1984, Originally published as b439-37T. Last previous tdl. 
lion D 439 - 82a, ' Annual Book of ASTM Shmdauh, Vol 05.01. 'Mnilitl Blink of ASM Sliimlartis, Vol 05.02, 4 AnhualiliHik Of ASTM Standards, Vol 05.04, 1 Annual Bi»k of ASTM Smndatdi, Vol 05.0.1. 
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cntialtng the use of Ihesc classes according to 
the months of the year and the geographical 
location ih the United States. The specification 
further categories gasoline Into six levels, three 
antiknock- index levels each for leaded and 
unleaded gasolines. 

3.2 This specification represents a descrip-
tion of gasolines as of the date of publication, 
The specification is under continuous review, 
which may result in revisions based On changes 
iri gasoline or automotive requirements, Or 
both, All Users of this Standard, therefore, 
should refer to the latest edition. 

No I ii~- If there is any doubt us (o'lhe latest edition 
of Specification 13 4.19, the user should contact ASTM 
Headquarters, 

4 . D e t a i l e d R e q u i r e m e n t s 
4.1 The five volatility classes of gasoline 

shall conform to the requirements prescribed in 
Table I, 

4.2 The seasonal and geographical distribu-
tion of the five classes shall conform to the 
schedule in Table 2. 

4.3 Antiknock index levels. -Wined as the 
average Of the Research octane number (RON) 
and Motor octane number (MON), and their 
application arc set forth in Table 3, 

5. Workmanship 
5,1 The finished gasoline shall be visually 

free of undissolved water, sediment, and stis* 
pended matter and shall be clear and bright at 
the ambient temperature or 2i°C (70°F). 
Whichever is higlifc . 

(5. Iiasis for Purchase 
6.1 The purchasing agency shall: 
6.1.1 Stale* (he antiknock index as agreed 

upon Willi (lie seller (Table 3). 
6.1.2 Indicate the season and locality in 

which (he fuel is to be used, and, 
6.1.3 Indicate the lead level required (Table 

!). 

7, Test Methods 
7.1 The requirements enumerated iiv this 

specification shall be determined in accordahcc 

with the following ASTM methods; 
7.1.1 PisllUaiiot) - Method D 86. 
7.1.2 l̂ j/jor- Liquid Ratio — M e t h o d 

D 2533. 
7.1.3 i 'mmr /Vt'.v.v»ft'—Test Method D 323, or 

Test Method D 2551, 7.1.4 Komi fell Method Octane Ntintber— 
Test Method D;.fi9<; or Test Method D2885, 7.1.5 Motor Method Oettitw Number-^T&\ 
Method D 2700 or Test Method D2885. 

7.1.6 Cf)m«7(W-~'Tdst Method 0130, 3 h at 
.,0T(I22'I-*). 7.1.7 Existent (htm—Test Method 0381, 

7.1.8 SWltr-'Test Method D 1266 or Test 
Method D 2622, 

7.1.9 Lead—Test Method D2547, Test 
Method D 2599. or Test Method D334I, l-'or 
lead levels below 0.03 g/L (0,1 g/gal) use Test 
Method 0 31! 6, Test Method D 3229, or Test 
Method D 3237. 

7.1.10 Oxidation Stability—Test Method 
D525. 

8, Precision 
8.1 The following criteria should be used to 

judge the acceptability of results (95 % eohli-
dencc): 

8.1.1 Keiwuitihiliiy—DiUa to determine ae-
eeptablc limits for duplicate results obtained bj 
the same operator have not been developed, 

8.1.2 Ki'l)roditelhilil,\*^-'fhti results submitted 
by each of two laboratories should not be, consid-
ered suspect unless their difference is greater thai) 
the limits shown In the following table: 

A\etti(|C Octane Utiill (Made 
Number (lt+M)/2 Nuitilwf 

85 0.7 
fit 0.1 
K9 0.6 ') I 0.6 
9 J <U-
M 0.6 
<)1 0.7 

8.2 The reproducibility limits in 8.1,2 were 
calculated from Research and Motor octane 
number results obtained by 15 10 25 member 
laboratories of the National Exchange Group 
(NRG) Of Research arid Development Division 
I, ASTM Committee D-2, participating in co-
operative testing programs during Ihc period 
1966 through 1976. 

208 
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TABLE I DfUllod Mt(|ulrcinents for <7«so!inf 

Gasoline Vol-«lili(y, CiasS 
Distillation Tcmpcralutci, fF), a I I'cttcnt EVaprtralcd' 

50 Id nlax 
-imr 
65 (149) 
60 (HO) 
55 (131) 
50(122) 

min 
~n(i?6T 

77 (170) 
77 (170) 
77 (170) 
77 (170) 

rriax 
121(250) 
118(245) 
116(240) 
113(235) 
110(230) 

90 max 

" m U M T 
190 (374) 
185 (365) 
185 (365) 
185 (36$) 

End I'olnl, 
nia* 

"225 (437) 
225 (437) 
225(437) 
225(437) 
225(437) 

Dist. 
Res-

Vapor/Liijiild Ralio'1 

idue, tesi Tehi-
% peralurc, 17'., max max "C (°F) 
2 60(140) 20 
2 56 (133) 20 
2 51(124) 20 
2 47(116) 20 
2 41 (105) 20 

'tiiKolifiif Iteid Vnjxif 
Vnlaiilitj, i'resjufe, M'a 

t law (psi), max 

Lead Content, g/L (Ij/isal), ma* 
Lead l.eiel 

Unleaded' Uaded 

A I) C 
D U 

62 (9.0) 
69(10.0) 
79(11.5) 
93(13.5) 

103(15.0) 

0.013 (0,05) 
6.013 (0.05) 
0,013(0.05) 
0.013 (0.05) 
0.013 (0.05J 

I.I (4.2) 
M (4.2) 
1,1(4.2) 
1.1 (4.2) 1.1(4.2) 

Copper Strip oif. fosiflil, hills 

Wo. I 
No. I 
No. I 
No, I 
No, [ 

Lxisicnt 
Outii, 

ttii!/l(XI 
till., mux 

«uir,ir in i» u,«e Oxidation Ai1ii< „ I ', ' x Slahiiits, lawcfelfl. 
mi„ (lol Un-leaded 

0.10 0,10 0.10 0.10 0.10 

Leaded 

0.15 
0.15. 
0,15 0.15 
0.15 

240 
240 
240 
240 
240 

Mi Kll..UfM pressure(760 mm lie).' 
1WentlonaJ,«iion ofleud compounds Is nol pcrmillcd. Curreni KPA prohiulealions fall tor 0.013 i of lead Per liire ((105 

J-,] , ind « »f Phosphorus per Hire 10.005 Dillon) maximum. by T«( Methad 6 3 2 J I S Jufy1. 
' Siv tabic .1, 

n 

s •:! 

n 

n 

a 
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n 
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fable 1 Schedule (if Seasonal and 'OeiiKraphlcaV ViilaltlSly Classes 
This schedule. subjectIH ait'cemcnt between purchaser and seller, represents the time arid place of the fuel. Shipments intended fix 
future use iftav amieipalc this schedule, 
\Vh*rt alternative classes ate permitted, the upturn shall he exercised by the seller, 

Slate 
Alabama 
Alaska E II I; E E/D I) D D D/E E E E ? , D D/C C/ii B It/A A A A A A/n ll/C C/0 
AIUSS M> D D / C C C C/B I) I. B/C OO D D/E 

E/D D D D/C C C/B II 4 B B/C C/D D/E 
B I) B/C C/D D <jh,Hh Cii.nl D D b/C C C/B I) II ti ti "/<- w/u u 

a C . S r n D/C C II B B/A A A A A A/b B/C C/D Southeast 
Interior 

Colorado 
Connecticut 
Delaware 
District or Columbia 
Florida 

hi wii'I" c C ^ • c c c'" c c l c c c T.?f." « R*ll h IVC C/ll II B II B B/C C/D' D/B Idaho 
Illinois. 

H latitude 
S 40' Latitude 

Indian,i 
Iowa 
tf-lnUi ti E/D VI (. l / l i ti I » i' " 
K nH ky E-D D D/C C C C C C . C/D D/E E 
?SS& 11 n D/C C C C C'/B 0 B/C C C/D p t.oiiisiiin 
Malilii 
Maryland 
Massachusetts 
Michigan 
Miiilicsot.1 

North bakoia Oliid 
Oklahoma 

Jan. Feb̂  March April May JuiiC July 
D D " D/C* C c C C/B E E E E E/D 13 D D D/C c/ii B B/A A A E/D D D/C e C C/B B 
E/D D b b/c c C/B It D D D/C c C/B B II D D/C C/il B B/A A B A E/D E b b D/C C/B A B B E/D E E/D D/C* c C/B fl ll/A E li E/D 1) D/C C c 1; E E/D 1) D/C C c E E,l> D D/C C c c i) D D/C c c c c D D D/C c c c C/ll C C C' c c c c ri E/D D D/C C/B II B 
E E l./D D D/C c C E E E/D D/C C c C/B E E E/D D D/C c C E E E/D D/C c C/ll ll/C E E/D D/C C C/B II B E E D b D/C C c C D D D/C C c c C/B E E E/D D D/C c c R E F E'b D D/C c c R E li E/D D D/C c •c E E t;D D D/C c c E F. 1. D D D/C V c D D D/C C c c C/B E ED D D/C c C/B 1.1 E E E/b D/C C/B 11 11 E E 6/b D/C C/ll I! 11 
E E D D D/C (7B 1) II D D C C'B B B/A A A E 1- E;D D D/C c C li t; E/b D D/C c C 
E'D H D/C c/n It/A A A D E D,C Ci'll 11 B/A A A D E E E/D D D/C C C E/b D D D/C C C C/B E e E/D D D/C C/B 11 E E ED D D/C c C E/b D D/C C C/B u B 
E E-D t) D IVC C/B B E E/b b U D/C e C E E E/D D D/C t: c E E E/b I) D/C c c D D b D/C C c C/B E E E/D D/C c/fi 1) B E/b D D D/C t • e C/B 

Ocl. Nov, Dec. 
B/C C C/D D 

II fi B/C C/D D/E A/II B B/C C/D D/E 
C C/D D D/E E 
C C" C/D D/E E 
C C C/D D/E E 
C C C C/D D 
B B/C C C/D D 

C C C/D D/l; E 
ll/C C C/D I) D/E 
C C C/D D/E E 
C C C/D D/E E 
li II B/C C/D D/E 

C C/D D D/E E 
C C C/D D/E E 
C C/D D D/E E 
C C/D D D/li E 
C C C/D D/E E 

B/C C C/D D Mississippi D D D/C C C C v /u ii »A <. . w u ' 
m I k o T E li'D D D/C C C/B II B B/C C/D D D/t 
Mnhlml E E E/D D/C C/II II U B B/C C/D D/E E 
Nebraska r: r t v t " t v » 11 11 B " " / C C / D D y t 

Nevada 
N 38" Uliimlc 
Sid 'Ut l ludi 

Hew Hampshire 
Nesv Jersey 
S CNW ; iamude E.'D H D/C C/H B/A A A A/il B B/C C/D I) 

<; 't ide D 15. C C.ll t) B/A A A A A/B B/C C/D D 
McVvmk E E E/D D D/C C C C C/D D D/E E 
Nohii Carolina F,b D b D/C C C C/B B B/C C/D D , till 

U B B/C C.D D/E 
A A A/B B/C C/0 
C C/D D D/E E 
C C/D D D/E E 

H B/C C/D D/E E 
C C C/D D-E E 
II n »/C C/D D/t 

^ • L o n g i t u d e E E/D D D D/C C/B B B B/C C/D D D/t 
W 121" Lonisitudc E E/D b D D/C C C C C U D D/E r. 

s S s b I S 8 8 5 K c c ? 8 8 s » 
S ' S - i s ® f/. s " K « !"> h 

Tennessee n D D/C C C C/B B . B/C C/D . . D — S i i -

0 0 0 t ) * ? o 
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TAB 1.8 2 Concluded 

State Jan. Feb, March April May June July Aug; Sept. Ocl. Nov, Dec. 

Tcsx: 
E 99 Longitude 
W 99' Longitude 

Utah 
Vermont 
Virginia 

D 
D 
E 

D 
D/C 
E/D 

D/C 
C/B 
h 

C 
it 
D/C 

C 
B/A 
C/B 

C/Il 
A 
II 

it 
A 
il/A 

B 
A 
A/ll 

It 
A/B 
11 

Il/C 
B/C 
B/C 

C/D 
C/D 
C/D 

D 
D 
D/E 

Tcsx: 
E 99 Longitude 
W 99' Longitude 

Utah 
Vermont 
Virginia 

E 
E 

1: 
E/D 

E/D 
D 

D 
D/C 

D/C 
C 

C c C 
C 

C 
C 

C/D C D 
C/D 

b/ l i 
D/E 

V, 
E 

Washington: , 
F. 122° Longitude 
W 1224 Longitude 

West Vi'glnia 
Wisconsin 
Wyoitiing, 

li 
E 
E 
li 
li 

li 
E 
E 
E 
ii 

E/D 
E/D 
E,'D 
E/D 
E/D , 

D 
D 
D 
D 
D/C 

D/C 
D/C 
D/C 
D/C 
C/H 

•C/B 
C c c 
It 

B 
C 
C 
C 
11 

B 
C 
C 
•c 
B 

ll/C e 
c e 
I I 

C/D 
C/D 
C/D 
C/D 
B/C 

l)/E 
b / E 
D/E 
D/ii 
C/D 

E 
E 
E 
E 
D/ii 

"[Mails or Stale unitiaioluMCiiiuivisionpytHuniy aa HIUIU11V.-U. . . . . ,1 „• 
California, North Coasl - Al'arneiia.Contra G.sia, Del None, lluniboll. Lake, Marm, Mendocino, Monterey, Napa. San 

Benito, San Francisco, San Mated, Sahla Clara, Sania Cru/, Solano, Sonoma. Trimly 
Cilifornia, Interior— Lassen, Modoc, Plumas, Sierra, Siskiyou, Alpine, Amador, Itullc, Calaveras, Colusa, El Dorado, 

Fresno Glenn, Kern (cxccpl lliat poriion lying easl nrilie Los Angeles County Aqucdui.1). Kings, Madera. Mariposa, 
Merced, Placer, Sacramento, Sail Joat|llln, Shasta. Slanisliius, Sillier, Tehama, Tulare, Tuolumne, Yolo, Yuba, Nevada 

Cilifornia, South Coasl - Orange. San Diego, San Luis Obispo. Simla Barbara, Veniurii. Los Angeles (cxccpl llial potliun 
north of the San Gabriel Mountain range and easl of Hie Los Aiigeles Coutily Aqucduel) . 

Cilifornia,Southcasi-lnipetial,Riverside, San Bernardino, 1.0S Angeles (that portion north or the San Gabriel Mountain 
tange and easl or the l.os Angeles County Aqueduct), Mono. Inyo, Kern (ih.il portion lying cast or the Los Angeles 
County Aqueduct) 

TABLE 3 Gasoline Antiknock Indexes ami Their Application 
Leaded Gasoline (tor vehicles which can oî muM use leaded gasoline) 

Aiiilknock Index . . . . 
(RON + MON)/2, Application mm'"' __ , _ .... ... " * " Meets antikiHKk iequircmenis of most IMJI MM iatet «mM "hides that nut use leaded gasoline and pre-l')7i vehiclesulth>o« antiknock requirertienu, 

89 Meets antiknock requiiemenls offlwsl WO and print-model u-hidcs thai were designed to[Operate on leaded gasoline, and wi ami lawr model vehievvthat can uw leaded gasoline and have high antiknock fequircmcms 
11 Suitable iv«r most ve1iiti«a ^ , — „ -

Unleaded Ciasulme (tor \ eludes which can or must use unleaded gasoline) 

tMiknock Index (RON Application 
+_M0N)/2.hiitf4' .. ... 

"U "m vehicles sviiliTow antiknock requirements, 
87" Meets antiknock requirements or motl 1971 and later model Vehicle* 

$0 l-'Br most 1971 Mi later model Vehicles With high antiknock tequiKHIetUS, 
"^Reductions for alliiude arc allowed in accordance with Fig. I or Specification D 439 

' la addition, Motor octane number must not be less than 82.0. 
' Reductions for seasonal variations itie allowed in accordance with Pig. 2. 
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, Kit!. I AMtiknMk llide* Heduellons fur Altitude, v i ' Antiknock hide* Reductions h> Altllude Atea I !• Awn l.ew than m' 01 Greater 
I 0.1 0.5 II 1.5 IS I i III 41 : 1.5 

I - 1 IV 3.0 3.0 i. I V 4 5 3.0 Reduction* Abo apply lo Motor oclanc number require*' 
i , ment Tor gasolines With an anlikftuck imles. or 87 Ui Wt.V. ' ' futfiht IJ'A firotiitilgatiotis fat unleaded gasoline also rtg-| tilate the Research Octane altitude adjuSlrrtehl. 'SW AhnC* * " A lii for details. 
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(1 
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Foreword 
The first edition of this,British Standard, published in 1967, 
was prepared by a representative committee under the 
authority of the Petroleum Standards Committee in 
response to a request from the Consumer Council for a 
standard grading nomenclature) to cover grades of petrol'' 
available to the public as motor fuel in the United 
Kingdom. The grading system adopted was based on the 
research octane number (PON). 
The first revision of the standard, published in 1971, 
incorporated a revision of the method for determination 
of RON and gave a fuller treatment of the interpretation 
of a single RON test result, Pour amendments published 
during the period 1971 to 1976 provided for a progres-
sive reduction in the limiting requirements for lead 
content, 
In this revision, the grading system based on RON is 
retained to conform to accepted International practice, 
However, as RON does not: adequately represent anti-
knock performance, it has been deckled to introd'.ce 
additional grading requirements In terms of motor 
octane number (MON). 
Four grades of petrol, each with a range of octane 
numbers, are covered by this standard, they are 
Identified by a star system In which the top grade has 
five stars and the other grades have four, three and 
two stars respectively. 
The fuels covered by this standard are suitable for use 
in engines designed to comply with Regulations ECE 1 & 
Amendments 01 and 02 of the Economic Commission 
for Europe (ECE) of the United Nations, and with 
Directives 70/220/EEC, 74/290EEC and 77/102/EGC 
of the European Economic Community (EEC), as 
covered by the Road UK traffic Act 1972 Sec. 40 (1) 
a n d (3) a n d the Motor Vehicle (Construction and Use) 
Regulations 1973, as amended. 
UK regulations applicable to petrol ungined vehicles are 
subject to continual review and change in the light of 
limits set for air quality necessary to protect the environ-
ment. the information given in the preceding paragraph, 
although correct at the time of publication, may therefore 
become outdated by events; users of the standaicl ore 
urged to check the appropriate Road traffic Act (Construc-
tion and Use) Regulations and other UK legislation applic-
able at the time of use. 
Since the publication of the first revisich and its Sub-
sequent amendments, a major review Of the standard has 
led to the incorporation of the following changes in the 
present revision* 

(a) Introduction of a requirement for MON minima for 
all grades of petrol. 
(b) Revision of the method for expressing distillation 

' limits in line with current international practice. 
(c) Introduction of mlhlmum limits for evaporation at 
70 °C and at 100 °C as part of the specification of 
volatility. 
(d) Updating of the precision values for RON and 
introduction of precision values for MON. 
(d) Revision of the limit for existent gum, m accordance 
with current practice, 

•The term 'petrol' is used in sins finiiSh Standard as bmng that most 
tilieirifitivct. 
tC0-0pcralivfi Pucl Research Committee, 

•(f) Introduction of a new clause on sampling from 
petrol pumps and revision of the clause on sampling 
from storage tanks in the light of experience in the 
use of the standard, 
(g) Introduction of a minimum limit for lead content, 
(li) Changes in the test methods for Several of the 
requirements resulting from improvements in 'h* 
relevant national and international standard it,. thr>ds. 

In view of the agreement reached within the European 
Economic Community in Directive 78/611/EEC to restrict 
the maximum lead content of all petrol sold within the 
Community to 0.40 g/l from 1 January 1381, provision has 
been made to reduce the corresponding limit in this 
standard from that date, 
It has been found necessary to introduce a minimum limit 
for lead content in order to protect certain engines from 
valve seat recession. It is stressed, however, that the intro-
duction of this minimum limit for lead content does not 
imply that the anti-knock quality (as indicated by the 
minimum RON and MON values) specified in this stan-
dard can necessarily be maintained at load contents below 
the maximum allowable lead content. Owing to the con-
siderable uncertainties surrounding future environmental 
controls, particularly with regard to load content, 
attention is drawn to the fact that any further reduction in 
this maximum limit would necessitate a complete review 
and possible revision of the standard 
the main purpose of this standard is to provide an Indi-
cation to the retail buyer of the relative anti-knock 
qualities of petrols on the market, as defined by RON 
and MON values. It also defines limiting requirements 
foe other essential properties, the quality of marketed 
petrol may be expected to vary within the limits 
specified for these properties according to the way in which 
various aspects of performance, notably road anti-knock 
performance and volatility, are controlled by each manu-
facturer or modified for seasonal requirements, Further-
more, both the RON and MON values can vary over a 
range within each star grade designation, the motorist 
should bo guided by the motor vehicle manufacturers' 
recommendations on the minimum Star grading for petrol 
for the ear concerned. 
To allow time for producers to ensure that the quality of 
petrol at point of sale is in conformity, the standard is 
effective from 1 February 197Si (but see also 5.2). 
Note on testing 
In the laboratory testing of petrols against the require-
ments of clause 5 of this British Standard, it is neces-
sary to use equipment and procedures exactly as lald̂  
down in the appropriate test methods, In particular, it 
IS essential to use properly inspected and maintained 
Standard CFRt engines for the determination of both 
RON and MON. A useful guide to the satisfactory 
operation and test precision of a CFR "riglne bail be 
obtained by including It lii the Engine Test Correl-
ation programme of the Institute of Petroleum, 
Details of this programme are available from the 
Institute of Petioleum or the British Standards 
Institution, 

generally usfctf by motorists in the UK, 'gasolinn' and 'fnbtor spirit1 nrd 
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British Standard Specification for 

Petrol (gasoline) for 
motor vehicles 

1. Scope 
This 'British Standard specifies rctjulrerrtents for four grades 
of petrol that cover the current range of quality retailed in 
the United Kingdom for use in petrol engine vehicles. 

2. References 
the titles of tlu< standards publications referred to in this 
standard are listed on the inside back cover, 

3. Sampling 
3.1 Sampling from storage tanks. for the purposes of this 
British Standard, all sampling shall be carried out in accor-
dance with the relevant sections of BS 3105 : Part 1, and 
additionally as detailed in 3,2, 
3.2 Sampling from petrol pumps 
3.2.1 Sampling cans, Standard metric sampling cans are 
of B litres and 1 litre capacity, Their construction shall 
comply with the appropriate safely requirements for cans 
that are to hold highly flammable material. 
3.2.2 Preparation of cans, A stock of cans shall be kept 
solely for the purpose of taking petrol samples, N 
cans shall be rinsed with petrol before being used to re-
move any residual traces of oil left during manufacturing 

operations and then allowed to dry. Before use, all cans 
shall be checked to ensure they are sound and free from 
leaks. A petroleum-resistant sealing washer in good con-
dition shall bo in position in the cap, 
3,2,3 Procedure, From the pump novate, B litres of 
petrol shall be carefully drawn into a cool 5 litres can 
using a clean dry funnel. Immediately afterwards, this 
sample shall be carefully decanted into the requisite 
number of I litre cans, using a funnel, filling the cans 
to within 18 mm of the brim, If more than 5 litres 
are needed, the operation should bo repeated immedi-
ately and before the punip has boon used for any other 
purpose, the screw caps shall be fully lightened and 
the earns checked to ensure that there are no leaks. 
A quantity of 1 litre Is sufficient for the determination of 
octane numbers and certain other tests, but It is advisable 
to provide each laboratory with 2 litres of sample in case 
further work Is needed; it is essential that these 2 litres be 
of identical material, 
the sampling procedure shall not be carried out in direct 
sunlight, if at all possible. 
3,2/i Storage, labelling and transport. Samples should be 
kept in a cool place although it ts not necessary to keep 
them refrigerated, if ,left in direct sunlight there is n danger 

Table 1, General requirements for nil grades of petrol 

.Property Limit Tost method .Property 

Mlh. Max, 
bs 
roforonco 

Technically 
iitjulvdlcnt to 

Water and suspended matter . . . . None ... 
visible 

Distillation 
Distillate evaporated at 70 6C, % (v/v) 10 46 
Distillate evaporated at 100 "c, % (v/v) 3d 70 
Distillate evaporated at 180 ®C, % {v/v) 90 •4349* IP 123/78 
Final boiling point, "C - 220 
Residue, % [v/v) 

Capper corrosion, d h at 50 SG class 1 4351* IP 154/78 
Sulphur content, % (m/m) « 0,2 4350 IP 107/73 
Existent gUm (solvent washed), mg/100 ml - 5 4348 IP 131/77 
Oxidation stability, min. 240 » 4347 IP 40/74 
Lend content, g/1 (see also 5,2) 0.05 0,45 5657 AStM D3341-74 

•Rrns ion in course ol preparation. Pending publication ot the British Standard iho technically ctiwvalGitt method quoted should loo used 

1 
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that the carts will 'balloon'. 
Where appropriate, samples should he sealed aiiil.iimrkucl 
in compliance with local requirements. 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, If the sample lins to bo sunt to tlio laboratory by public 
transport It will bo necessary to comply with the general regul-
ations covering (ransporiion of flammable materials and Willi tlin 
requirements ol the transport authority concerned, Information 
on the appropriate procedures and type ol packaging roiiuirad 
should be obtained from the transport authority involved. 

4. Composition 
the petrol shall consist essentially of volatile hydrocarbons 
together with additives as required, 

5. Requirements 
5,1. General requirements. When tested in accordance witli 
the methods indicated in table 1 the petrol shall comply 
with the limiting requirements specified. 

5,2 Future reduction of limit for maximum lead content, 
With effect from 1,January 1961 the maximum limit for 
lead content given in table 1 shall be reduced from 0,45 g/l 
to 0,40 g/1. 
!5.3 Anti-knock requirements, When determined by the 
methods referred to in BS 2638 and BS 2637, the anti-
knock values of the petrol, expressed as both RON and 
MON respectively, shall be not less tiian the minimum 
values given in table 2 for the grade concerned. (See note 
on testing in foreword.) 
the interpretation of single RON and MON uwt results 
by BS 4306 is described in 6,4. 
NOTE. The details of procedure and wjuipment for the determination 
of RON and M0N ate given in ASTM b2699-7S : IP 237/69 and 
ASTM D2700-75 : IP 236/69" rnsnactively, to which Hie correspond-
ing British Standards above refer. 

Table 2. Anti-knock values for all grades of petrol 

5.5 Reproducibility of RON and MON, 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 between two such single and Indepen-
dent results that would bo 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 95 % probability 
level.) 
Extensive data obtained from consumer and producer 
laboratories over a number of years for many samples of 
conventional petrols have shown that the reproducibility 
of fuel ratings between laboratories varies with octane 
number level. The reproducibility of the test methods at 
intervals of 1 RON and 1 MON over the range required 
by this British Standard are given in tables 3 and 4. 

Gradn designation RON MON 

5 star 100,0 mm, 86.0 min, 
4 star 97.0 min. 86.0 min. 
3 star 94.0 min. 82.0 min 
2 star 90,0 min. 80.0 min. 

5.4 Interpretation of single RON and MON tost results: 
testing margin at the recipient. A recipient wlio has no 
other source of infoimation on the true value of a 
characteristic than H single result should consider that 
the product fails the specification limit, with 95 K 
confidence, only if the result X is such that: 

0,84/? 
v 2 

X<A-

whare 

Table 3. Reproducibility of RON test method 

RON Reproducibility, ff 

90 0.7 
ft 7 y I 

92 
U •/ 
0,7 

93 0.6 
94 0,6 
95 0.6 
96 0.6 
97 0.6 
98 0.7 
99 0.7 

100 0,7' 

NOTE. Tabfe 3 lias been calculated from the repioducibility data 
published in ASTM D2699-7S ; IP 2.WG9, Section 14.1.2. 

Table 4. Reproducibility of MON tost method 

MON 

80 
81 
82 
83 
84 
85 
86 

Reproducibility, n 

1.2 
1.2 
1.2 
1,1 

1,1 
1.1 
1,1 

/? is the reproducibility of the test method (see G.5) 
A is the minimum RON or MON lor the grade. 

NOTE, Table A Iras been calculated from the reproducibility date published in ASTM 02700-75 ; IP 236/69, Section 14.1.2. 
5.6 Disputes. In cases of dispute the procedure detailed 
in BS 4306 shall bs employed 

6, Marking and labelling 
6.1 Specification of stars. The grade designations used Trt 
connection with this British Standard shall bo of the 

'Copies of these methods at? avJiMliic lor inference irt ihq Unary ol the British Standards Institution, Tlic methods ate published ih the •ASTM Annual Book el Stand,1rtls', Port 47 'Trst methods for rating motor, diesel, aviation fuels'and may bn purchased m the UK from •lip Institute of Petroleum, G1 Ni'W Cavendish Strool, London WlM 8AH or ordered through Ihn Sains Department, British Staftdaids Institution, 
2 
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general form shown in figures 1,2 find 3. It is iccommundud 
that each star bo not loss than 40 mm and not more than 
80 mm in diameter (point to point) and Hint the colour used 
for the design and lettering should be in clear contrast to the 
background colour. 
6.2 Marking of pumps and containers, the following 
information shall be marked on each dispensing pump or 
container used for delivering petrol complying with the 
requirements of this British Standard into the consuming 
vehicle. 

(a) the name or mark of the supplier or the vendor of 
the patrol, 
(b) The appropriate number of SUMS, in accordance with 
6,1, lor the grade of petrol delivered, each slat to incor-
porate the number of this British Standard, i.e. BS 4040, 

NOTE. For the tnuikinn of blnndimt pumps, sne 7,2, 

6.3 Associated documentation. In documents telating to 
the salri or delivery of petrol complying with the require-

: ments of this British Standard, the grade designation in 
accordance with 6.2(b) may be expressed in writing, 
e.g. '4 star' or 'four star', but this form shall not be used 
on a pump or container. 

0 0 0 G 8 * 
7. Blending pumps 
7.1 General. For the purposes of this Btilish Standard, a 
blending pump is a device in which two petrols of different 
grade designation are combined, by a means which is either 
preset or under the control of the pump operator, into one, 
two or more blends for delivery into the consuming vehicle. 
7.2 Marking, When any grade designations In accordance 
with 5.3 are used on a blending pump the following shall 
apply. 

(a) Each such designation shall bo clearly associated 
with the particular blend or blonds to which it refers. 
(b) the petrol supplied to the consuming vehicle in 
associatioti with such designation shall comply in all 
respects with the requirements of this British Standard 
Tor the grade in question. 
(c) the provisions of 6,1 shall apply, except that the 
minimum diameter (point to point) of each star dis-
played on the pump may bo reduced to 15 mm. 
(d) In the ease of additional stars Indicating the setting 
of the selector control for delivery of a particular 
blend, the minimum diameter (point to point) of each 
such additional star may ba reduced to 10 nvm, provided 
that stars complying with the requirements in (b) and 
(c) above are displayed on the pump, 

D 

4040 

Figure 1. Gtntle clissiflntitidns tor patrols (2 star aiiil 3 star) 
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Standard publications referred to 
as 2637 Motor and aviation type fuels - Determination ol knock characteristics - Motor method I ISO 5163] 
BS 2638 Motor and aviation typo fuels - Determination of knock characteristics - Research method (ISO 61641 
BS 3195 Methods for sampling petroleum products 

Part 1 Liquid hydrocarbons - Manual sampling [ISO 3170] ._,..,. 
ESS 4306 Recommendations for the application of precision data to specifications for petroleum products 
BS 4347 Method for determination of oxidation stability of gasbline (induction period method) 
BS 4348 Method for determination of existent gum In fuels by jet evaporation (EN 5] 
BS 4349* M e t h o d for distillation of petroleum products .... . .,,„. /, ». m.ihwH 
BS 4350 Methbd for the determination of sulphur In petroleum products and liquefied petroleum (LP) gases (lamp method) 
BS 4351 • Method for determination of cbpper corrosion by petroleum products 
BS 5657 Petroleum products - Gasbline - Determination of lead content - Iodine monochlorlde methbd I luO 3830] 

•Revisions In ebursa ot priipsr&iibH 
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this British Standard, having bean prepared under the direction bl 
the Petroleum Standards Committee, Was published under the 
authority ol the Executive Board on 29 September 1978 and is 
effective from 1 February 1979 (see foreword), 
©British Standards Institution, 1978 
First published March 1967 
First revision March 1971 
Second revision September 1978 
ISBN 0 580 10408 7 

Copyright 
Users ol British standards are reminded that copyright subsists Ih 
all BSI publications, No part Of this publication may be reproduced 
In any form without the prior permission In writing of BSI. 
this does not preclude the free use, lil the course of implementing 
the standard, of necessary details such as symbols and size, type or 

grade designations, Enquiries should be addressed lo the 
Publications Manager, 101 Pentonville Road, London N1 9N0 
(Telephone 01-837 8801; Telex 23218). 

Contract requirements 
Attention is drawn to the fact that this British Standard does not 
purport to include all the necessary provisions of a contract. 

Revision of British Standards 
British Standards are revised, When necessary, by the Issue either 
of amendment slijls or Of revised editions, It is important that 
Users of British Standards should Iscortain that they are In 
possession of the latost amendments or editions, 

The following BSI references relate to the work Oh this standard: 
Committee reference PTC/ll Draft for comment 77/54449DC 

Cooperating organizations 

The Petroleum Standards Committee, under whoso direction this 
British Standard was prepared, consists of representatives from the 
following Government departments and scientific and industrial 
organizations: 

Chemical Industries Association 
British Lubricants Fedorotion Limited 
British National Oil CorpbtatiOri 
Department of Industry-National Engineering Laboratory 
Hydrocarbon solvents Association 

•Institute of Petroleum 
London Transport Executive 
Ministry of Dc'ence 

'Society of Motor Manufacturers arid Traders Limited 

The organizations marked with ah asterisk in the above list, together 
with the following, were directly represented on the committee 
entrusted with the preparation of this British Standard: 

Automobile Association 
Consumers Association 
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PREFACE 
This standard Was prepared by the Association's Committee on Pctroi for Motor 
Vehicles under the direction of the Consumer Standards Advisory Committee, This 
*o ' P i 1 ^ r t 0 ^ r i s i l t U t e ( s , P a r t 1 ° f ' h e standard for petrol and as such supersedes 
AS 1876—1976, Pctrbl for Motor Vehicles. Tins standard not Only takes account of 
the various grades of leaded petrol that arc Currently available to the Consumer, but 
also specifically refers to/leaded' petrol, since it has been proposed that 'unleaded' 
pctro should become available in 1985, As .1 consequence the standard for Unleaded 
pctroi, which is in the course of preparation, will form Part 2 of AS 1876 
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STANDARDS ASSOCIATION OF AUSTRALIA 

Australian Standard 
for 

PETROL (GASOLINE) FOR MOTOR VEHICLES 

PART 1—LEADED PETROL 

FOREWORD 

This standard, which constitutes Part I of the standard for petrol, relates to leaded 
petrol, 

Although this standard specifics requirements for some of the more important 
properties of leaded petrol (also known as gasoline or motor spirit), it should be noted 
that it does not deal with all the essential properties necessary to ensure a quality 
product, Notably, properties such as distillation range and vapour pressure have been 
omitted because of the wide range of climatic conditions encountered across Australia 
and the necessity of varying these properties according to season and location. Essen-
tially then, this standard is concerned with the performance of leaded petrol in terms ol 
its anti-knock value. 

In addition, the Standard provides a colour coding system for the three commonly 
available grades of leaded petrol, as well as requiring that the RON (Research Octane 
Number) of cach grade of leaded petrol be displayed on the dispensing pump or any 
container of leaded petrol intended for public sale. 

The requirement for the addition of an identifying agent to petrol has not been 
specified as the committee believes that this is unnecessary for the following reasons: 

(a) The cost differential between 97 octane and 89 octane fuel is now so small as to 
make the deliberate adulteration of 97 octane fuel unattractive. 

(b) in practice it has been exceedingly difficult to obtain and uscasuitablcidentifying 
agent. 

(c) Tests can be readily carried oUi in aiiy laboratory Certified by NATA to carry out 
octane determinations if doubts arise concerning the Research Octane Number 
of a particular sample of leaded petrol, 

The committee considered tile possibility of including a more convenient, but not 
necessarily chcapcr, method ofdcterniiningoctane Values: however,suilflblcallcrnativc 
methods were not available, 

Although the tests specified in this standard can b • readily carried out, it is stressed 
that Where the laboratory tests arc being performed, it is essential that (he equipment 
and procedures are cxactly as laid down in the appropriate test method. In particular, 
for the determination of the Research Octane Number it is essential that a properly 
inspected and maintained standard CFR (Coordinating Fuel Research Committee) 
engine be used. The satisfactory operation and test precision Of Cl-R engines in 
Australia is ensured by the engine test correlation program of the National Association 
of Testing Authorities (NATA). 
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SPECIF ICATION 

BS 4306 

.-a _ 
1 SCOPE . This standard specifies requirements 
(or three grades of'leaded petrol. 

E 9 J 8 In Austrolla, the most common term for motor fuel is 
., petrol, Alternative terms arc 'gasoline' and 'motor spirit' 

2 A P P L I C A T I O N . This standard applies to 
leaded petrol for use in motor vehicles powered by 
Spark-Ignition internal-combustion engines, 

} ( A V G A S ) t a n d a r d d 0 i : S ' i p p l y 10 a v i a , i o ' 1 Petrols 
3 R E F E R E N C E D D O C U M E N T S , The following 

( documents are referred to in this standard: 
B s 3 1 9 5 Methods for Sampling 

Petroleum Products 
Part I—Liquid Hydrocar-

bons: Manual 
Sampling 

Recommendations for the 
Application of Precision 
Data to Specifications for 
Petroleum Products 

A S T M D 130—'IP 154 Method for Detection of 
Copper Corrosion from 
Petroleum Products by the 
Copper Strip Tarnish Test 
( BS 4351 is technically ident-
ical) 

A S T M D 270 Method Of Sampling Petrol-
eum and Petroleum Products 

A S T M D 381—IP 131 Test Method for Existent 
GUm in Fuels by Jet Evapor-
ation (US 4348 is technically 
identical) 

A S T M D 525-1P 40 Test Method for Oxidation 
Stability of Gasoline (Induc-
tion Period Method) (BS 4347 
is technically identical) 

A S T M D 1266—IP 107 Test Method Tor Sulfur In 
Petroleum Products (Lamp 
Method) (bS 4350 is technic-
ally identical) 

A S T M D 2699—IP 237 Test Method for Knock 
Characteristics of Motor 
Fuels by the Research Method. 

D 334.1 or Test Method for Lead in 
" 2 7 0 Gasoline—Iodine Mono-

chloride Method 
4 DEF IN IT IONS , fyr the purpose of (his stand* 
ard, the following definitions apply: 

AfiVVZ/Mu—chemteaI substances added to pctroi 
usually in small quantifies, to impart desirable 
properties to, or prevent deterioration of, the 
pctroi, 

/T-WcrtaVr.?—oxygenates that may be added to petrol 
as part of a petrol conservation scheme. 

5 . COMPOSIT ION. Leaded petrol shall consist 
essentially of volatile hydrocarbons and shall not 
include water or suspended matter which is visible to a 
person with normal vision. 
^ Leaded petrol may contain additives and/or 

extenders. ' 

<5 R E Q U I R E M E N T S , 
6.1 General. All grades of leaded petrol shall 

have properties that comply with thelimitsspccificd in 
Jable I, when tested in accordance with the methods 
indicated therein, 

In the event of dispute as to the appropriate value 
any of the properties listed in Table I, the relevant 

procedures specified in BS 4306 shall be Used to inter-
pret the laboratory results, 

NOTE: Appendix A describes the relevant methods lo be Used to 
oblatn a representative sample of leaded petrol, 
6.2 Nominal Research Octane Numbers. Whcti 

determined in accordance with A S T M D 2699—IP 
237, the grade, i.e. the anti-knock value, expressed as 
the nominal Research Octane Number (RON), of 
leaded pctroi sliali be one of the following: 

(a) 89; 
(b) 92; or 
(e) 97, 

In the event of dispute as to the appropriate RON 
value, the relevant procedures specified in BS 4306 
shall be Used to interpret the laboratory results, 

NOTES: 
1. Appendix A describes the relevant methods to be used to 

obtain a representative sample or leaded petrol, 
2. Where the RON value from a single determination is /m than 

lie nominal (I.e. marked or claimed) RON value, then the 
method of Appendix I) is lo be used to dccidc, with 95 percent 
confidence, whether lite mw RON value or the leaded pctroi i 
less than Its claimed or marked RON Value, 
For the definition at mic RON value, Sec the Note to Para-
graph 01 of Appendix II, 

6.3 Colour Coding, Each grade oi leaded petrol 
shall be coloured as specified in Table 2, to a hue and 
depth which is similar to the corresponding reference 
colour solution specified in Appendix C. 

7 M A R K I N G , The following information shall be 
marked on each dispensing pump and each container 
or leaded petrol intended for sale to the public: 

(a) The brand name or trademark of the leaded 
petrol, 

(b) The nominal RON value of the leaded pctroi, 

COPYRIGHT 
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TABLE i 
GENERAL REQUIREMENTS FOR ALL GRADES OF LEADED PETROL FOR 

MOTOR VEHICLES 

Properly Limit Test method 

Copper corrosion—3 h at 50°C 
Sulphur content—% by mass 
Existent gum—mg/100 mL 
Oxidation, stability—min. 
Uad content-g/L at i5°C 

Class 1 maximum 
0.2 maximum 
4 maximum 
240 minimum 
As permitted by 
Government 
legislation 

ASTM D 130—IP 154 
ASTM D 1266-1P 107 
ASTM D 381-IP 131 
ASTM D 525—IP 40 
ASTM D 3341 or IP 270 

a 

TABLE 2 

COLOUR OF THE VARIOUS GRADES OF 
L E A D E D PETROL 

Nominal HON value COIOUr 

K9 Yellow 
92 
97 Red 

nw i po; 
|, Great precision In colour matching Is not required as the 

colour has no effect on lite performance of (he pclrol. The 
petrol Is coloured simply to aid idlehtincatlftti by the consumer. 

5, It Is anticipated that from time to lime the above colourcodjns 
svstctn will require amendment tis different grades of leaded 
(ictrol become available of existing trades are withdrawn. 

.1. The term 'Hue', as used Iti Clause f J , refers to the colour 
whereas Ihe tcrrri 'depth' refers to the colour Intensity, 

n 

t ! 

.1 .3 
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r) 
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A P P E N D I X A 

SAMPLING 
A I SCOPE . This Appendix sets out methods for obtaining a representative sample 
of petrol for analysis. j 

A2 A P P A R A T U S . 
A2.I Apparatus fdr Obtaining a Sample froth Other Than a Petrol Pump. The i 

apparatus for obtaining a representative sample from a fixed tank, railcar, road 
vehicle, ship, barge, drum, can or from petrol that is pumped through a pipeline, shall 
be in accordance With the relevant sections of BS 3195, Part I. 

!' i l r l 1 ,s ' H ^ i ' l ' ^ ^ H " " ^ ! " 1 ^responding methods In ll151 published by the 
Institute of petroleum, and AS-I'M D 270 published by the American Society for Testing and Materials, 
A2,2 Apparatus for Obtaining a Sample from a Petrol Pump, The apparatus for 

obtaining a representative sample from a petrol pump shall be as follows; 
(a) A slock of cans which are kept solely for the purpose of obtaining petrol samples, J 

1 lie cans shall be of 5 Land I L capacity which comply with the appropriate „ ^ 
safety requirements for cans intended to hold highly flammable material. Each 
can shall have a pctrolcunwesisiant scaling washer positioned in its cap, 

(b) A clean, dry, metal funnel. 
NOTE: A metal funnel has been specified in Paragraph A2.2(b) because some plasiics runnels are 
prone lo static charge which could cause an explosion when taking a sample or pefrol, 

A3 P R O C E D U R E . 
A3.i Procedure for Obtaining a Sample from Other Than a Petrol Pump. The I 

procedure for obtaining a representative sample from a fixed tank, railcar, road 
vehicle, ship, barge, drum, can or from petrol that is pumped through a pipeline, shall 
be in accordancc with the relevant sections of 13S 3195, Part I, 

A3.2 Procedure for Obtaining a Sample from a Petrol Pump. Where practicable, 
ensure that the sampling procedure is not carried out in direct sunlight, The procedure 
shall be as follows: 

(a) Before using any can for sampling, the can shall be checked to ensure that it is 
sound and free from leaks, Further, just before the sample is taken, each new 
can shall be rinsed with a small quantity of/,he petrol to be sampled, to remove 
any residual oil left during the manufacture or the can, 

(b) Using the cicaii, dry, metal funnel, carefully draw 5 L of petrol into a cool 5 L can 
from the petrol ptimp. Where it is desirable to have more than a 5 L sample, the 
above operation should be repeated immediately and before the pump iias been 
used for any other purpose. 

(c) immediately after drawing the petrol from the punip, using the funnel, dccant 
the 5 Lsample or samples into the requisite number of I Leans,ensuring that the 
caiis arc filled approximately 15 nrm from the brim, 

(d) Tighten the screw caps fully and check to ensure thai there are no leaks. 
(e) If the cans have to be stoied before the sample is analysed, ensure that they are 

stored in a cool, well ventilated, place. Do not refrigerate. !{ 
NOTES: 
I. Where practicable, the sample and stooge of the sample should not be in direct sunlight because not 

only Is there an increased possibility of losing the volatile components of the sample, but also the 
hazard Of lire or explosion is increaiid, ' 

i. Although a I L can of sample Is sufficient for the determination of the RON and certain other tcils. It 
is advisable to provide each laboratory wiih iwj i Leans of sample In ease further work Is needed. 

COPYRIGHT 
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APPENDIX B 
INTERPRETATION OF S INGLE RON DETERMINATION 

B I SCOPE , This Appendix sets out a statistical method for deciding, from a single 
RON determination, with 95 percent confidence, whether the true RON Value of a 
sample of leaded pctroi is less than its nominal (i.e. marked or claimed) RON value, 

NOTES: 
1, The true RON value is the rntoi RON value of an Infinite number of tests carried out oh a represent-

ative sample taken from the leaded petrol which is being examined, 
2, If it is desired to establish the true RON Value with greater precision, a greater number of RON deter-

minations would be necessary and the results are to be assessed in accordance with BS 4306, 
B2 A P P L I C A T I O N . This statistical procedure applies only WherethesirtgledctCr-
mined RON value of the sample is less than the nominal (i.e. marked or claimed) RON 
value. 

B3 P R I N C I P L E . Where the single determined RON Value is less than the nominal 
(i.e. marked or claimed) RON value, a statistical relationship is used to ascertain, with 
95 percent confidence, whether the trite RON value, which remains Unknown, of the 
leaded petrol is less than its nominal RON Value, 

B4 S A M P L I N G , A representative sample of the petrol shall be obtained in accord-
ance with Appendix A. 

NOTE: If It is desired to established the true RON Value With greater precision, the number of Samples 
would have to'be substantially increased, 

B5 P R O C E D U R E . The procedure shall be as follows: 
(a) Using the test method described in A S T M D 2699—1P 237, determine the RON 

value of the representative sample of petrol. 
(b) Then, using the result of the single R O N determination, calculate whether— 

0.84 A' 
T f T 

Which may be rounded off to— 
A ' < A - 0.6/? 

where 
A' = thc RON value of the sample as determined in accordance with 

A S T M D 2699—IP 237 
A = the nominal (i.e, marked or claimed) RON value of the sample 
R - the reproducibility relative to the nominal R O N value (sec Table B I ) , 

A' < A -

T A B L E HI 
S T A T I S T I C A L D A T A FOR C U R R E N T G R A D E O F L E A D E D P E T R O L 

Nominal It ON Value A 
Reproducibility 

R 
0.84W 
7 T 

j (1.84/? 

89 0.74 0.4 88.6 
92 0,66 0.4 91.6 
ft 0.64 0.4 96.6 

NOTES: 
1, Reproducibility, as referred td above, is u quantitative expression of the random error associated with 

operators working in different laboratories, each obtalningSlngle results on u portion ofthciatnc sample, 
It is defined as that difference between two such Jnglc nnd Independent results which would be exceeded 
in the long run in only one case in twenty in the normal and correct operailon of the test method, (This Is 
known as the 95 percent probability level.) 

2, Extensive data from consumer and producer laboratories over a number of years for many samples Of 
conventional petrols have Shown that the reproducibility of fuel ratings between laboratories varies With 
octane number ievel, The reproducibility of the test method as Specified in Table III,lias been Calculated 
from information contained In ASTM D 2699—IP 237. 

B6 INTE i l i -RFTAT ION From the calculation specified in Paragraph B5 (b), i f ~ 

v 2 
then it may be assumed, with 95 percent confidence, that the true R O N value is /esi 
than the nominal R O N value, 

COPYRIGHT 
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A P P E N D I X C 

(3 COLOURANTS FOR LEADED PETROL 

C l SCOPE . This Appendix describes coloured reference solutions which are to 
be Used for Comparison with the appropriate grade of leaded petrol in terms of its hue, 
i.e. colour, and depth, i.e. colour intensity, 

r 
C2 P R I N C I P L E . For ease ol'identification, each grade of leaded petrol is coloured 
Using any suitable dyestiiff to a hue and depth that is Similar to the hue and depth of the 

Q appropriate coloured reference solution. 
f C3 C O L O U R E D R E F E R E N C E SOLUT IONS . 

C3.I Yellow. The yellow reference solution shall be a homogeneous solution 
f J comprising 1,8 mg of a commercial yellow dye, which is essentially dieihylammo 
j t axoben/.ene, per litre of primary reference fuel grade /.w-octane, 

NO IT'S; 
1. .Suitable cfinimc'rcial yelknv dyes are -

£ •Williams Yellow DHA; or 
} I Waxolinc, Yellow EDS. 

2. Clause 6,3 requires that leaded (ictml. having a nominal R.ON value of 89, should have a similar hue 
and depth lo that of the yellow reference solution, 

C3.2 Purple, The purple reference solution shall be a homogeneous solution 
f i comprising 6 mg of a commercial purple dye, which is essentially 40 percent by volume 

of an anthraquinonc dye, per litre of primary reference fuel grade /.w-octanc. 
NOTRS: 

| f I. A suitable commercial purple dye t's -
I j Morions Automate I'urplc RS. 

2, Clause 6.3 requires that leaded petrol, having a nominal RON value of 92, should hiivea similar hue 
and depth to that or the purple reference solution. 

C3.3 Red. The red reference solution shall be a homogeneous solution compris* 
ing 3 mg of a commercial red dye, which is essentially 70 percent by volume ofanalkyl 
derivative or azobcnzcnc-4-azo'2-naphthoi, per litre of primary refercncc fuel grade 
/'.w-octane. 

NOTES; 
1. A suitable commercial red dye is -

Motions Oil Red I) Liquid. 
2. Clause 6,3 requires that loaded petrol, having a nominal RON value of W, should have a similar hue 

and depth to that of the red reference solution. 

II 1.3 
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PREFACE 

This standard was prepared by the Association's Committee on Petrol for Motor 
Vehicles under the direction of the Consumer Standards Advisory Committee. This 
standard is Part 2 of AS 1876 and relates to unleaded petrol which is to be available 
throughout Australia, by 1 July 1985. 1 

The other pan of this standard is as follows: 
AS 1876 Petrol (Gasoline) for Motor Vehicles 

Part I—Leaded Petrol 
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STANDARDS ASSOCIATION OF AUSTRALIA 

Australian Standard 
for 

PETROL (GASOLINE) FOR MOTOR VEHICLES 

PART 2—UNLEADED PETROL 

FOREWORD 

from the relevant Regit atofy Authority to release such petrol for sale to the public in 
this regard, it is generally accepted that, provided that the need to use crudes of h'ich 
sulphur concentrations is not excessive, the Regulatory Authorities may t empora l 
extend the maximum concentration of sulphur in Unleaded petrol to 0.15 percent 
(by mass). 
In reference to the antiknock requirements, since the MON (Motor Octane Number) 
represents relatively severe conditions of engine operation while the RON (Research 
Octane Number) represents relatively mild conditions of engine operation, it is 
generally beneved that the\ avenge of the MON and RON Values, which is expressed 
as the Antiknock Index (AKI), most closely correlates with typical road performance 
of an engine, because under normal Use, the engine of a motor vehicle operates under 
various degrees of seventy. Because of this, in Some countries (e.g. the USA and 
Canada) the antiknock requirements arc expressed in terms of a minimum MON and 
minimum AK I only. However, for Australia, although a minimum AK I of 86 5 was 
considered appropriate, in order to maintain consistency with the requirements of 
the Regulatory Authorities (e.g. NSW Clean Air Act), it was decided Uia?™c anti-
Knock requirements should be limited to the expression of the MON and RON 
values only, for ftt least this edition of the standard. 
With respect to the test procedures, although the tests specified in this standard can 
be read.lv carried out, it is stressed that where the laboratory tests arc being performed, 
it is essential that the equipment and procedures arc exactly as laid downin theapprop-
riate test method. In particular, for the determination of the MON and the RON it is 
essential that the appropriate Coordinating Fuci Research Committee (CFR) eiinines 
that arc used are properly inspected and maintained. The satisfactory operation and 
test precision of CFR engines i;i Australia is ensured by the engine test correlation 
program of the National Association of Testing Authorities (NATA), 

G O O Q O o 
AS* 1876.2—l')8-l 

This standard, which constitutes Part 2 of the standard for petrol, relates to unleaded 
petrol, Leaded petrol is specified in AS 1876, Part I. umeaucci 
Although this standard specifies requirements for some of the more important pro-
thJ 'if ( n l ° i : n o W n ff.easolinc or motor spirit), it should be noted 
thai it does no deal with all the essential properties necessary to ensure a quality 
product. Notably .properties such as distillation range and vapoir pressure have been 
omitted because of the wide range of climatic conditions encountered across Australia 
and the necessity of varying these properties according to season and location. 
Lssentially then, this standard is concerned with the performance of unleaded pctroi 
in terms o( its anti-knock value. 1 

This standard requires that unleaded pctroi be coloured. Green, colourless and yellow 
were considered; however since green is currently used for AVGAS, green Was con-
sidered inappropriate because both petrol and AVGAS may be stored together (e r 
in rural areas) which could lead to disastrous results if for instance, unleaded pctroi 
was used in a light aircraft. Colourless Was also rejected because depend,V on the 
u-nnM /, i,rtu!,c U S?d 10 r i , V l c C l h 7 n l c ! ! d c d » * possible that the product 
would naturally be coloured ye low and as such would not comply with the co ourless 
requirement, l-uilhcr as it is intended that leaded petrol with a nominal Research 
Octane Number (RON) value of 89, which is currently coloured yellow"be phaVed S 
at the same time as unleaded pctiol is introduced, it was believed that yellow should 
be retained for the unleaded petrol, 
As will be observed from Table I, the standard requires that the sulphurconlcnt ofthc 
I 1 ! l i l P C r ° n ? 1 tcxc?cu i0 ' p c r , L ? 1 ( b y m a s s ) ' A l t h m i8' ' U is currently possible to produce unleaded pctro with sulphur concentrations below this maximum it is 

recognized that occasionally there will be insufficient low sulphur crude available 
to produce such petrol. Accordingly, in order to maintain (he supply of unleaded 
pctroi, crudes of h Ohcr Stl n inr mnmifratmnc >.,111 („ 1 .4 !_'* • . 
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SPECIFICATION 

1 SCOPE . This standard Specifies requirements 
for unleaded petrol. 

NOTE: In Australia, the most common term for motor fuel is 
'petrol1, Alternative terms arc 'gasoline' and 'motor spirit'. 

2 A P P L I C A T I O N , This standard applies to 
Unleaded petrol for use in motor vehicles powered by 
spark-ignition internal-Combustion engines. 
This standard does NOT apply to aviation petrols 
(AVGAS) . 

3 R E F E R E N C E D D O C U M E N T S . The following 
documents arc referred to in this standard; 
B S 3195 Methods for Sampling Petrol-

eum Products 
Part I—Liquid Hydrocarbons: 

Manual Sampling 
BS 4306 Method for Determination 

and Application of Precision 
Data in Relation to Methods 
of Test for Petroleum Products 

A S T M D 130-1P 154 Method for Detection of 
Copper Corrosion from 
Petroleum Products by the 
Copper Strip Tarnish Test 
( B S 4351 is technically 
identical) 

A S T M D 381-IP 131 Test Method for Existent 
Gum in Fuels by Jet Evapora-
tion (BS 4348 is technically 
identical) 

A S T M D 525-1P 40 Test Method for Oxidation 
Stability of Gasoline (Induc-
tion Period Method) (BS 4347 
is technically identical) 

A S T M D 1266-1P 107 Test Method for Sulfur in 
Petroleum Products (Lamp 
Method) (BS 2000: Part 107 
is technically identical) 

A S T M D 2622 Sulfur in Petroleum Products 
( X « r a y Spec t rog r aph i c 
Method) 

A S T M D 2699-1P 237 Test Method for Knock 
Characteristics of Motor 
Fuels by the Research Method 

A S T M D 2700-1P 236 Test Method for Knock 
Characteristics of Motor and 
Aviation Fuels by the Motor 
Method 

A S T M D 2785 Test Method for Trace 
Quantities of Total Sulfur 
(Wickbold and Bookman 
Combustion Apparatus) 

A S T M D 3116 Test Method for Trace 
Amounts of Lead in Gasoline 

A S T M D 3231 Test Method for Phosphorus 
irl Gasoline 

A S T M t> 3237 Test Method for Lead in 
Gasoline by Atomic Absorp» 
tion Spectrometry 

A S T M D 4057 Manual Sampling of Petrol* 
cum and Petroleum Products 

A S T M D 4177 Automatic Sampl ing of 
Petroleum and Petroleum 
Products 

IP 51 Sampling Petroleum and 
Products—-Liquids, Semi-
Solids and Solids 

I P 336 Sulphur in Petroleum Pro-
ducts by Energy-Dispersive 
X-ray Fluorescence (Non-
Dispersive X-ray Fluores-
cence) 

4 D E F I N I T I O N S . For the purpose of this 
standard, the following definitions apply: 
4.1 Additive—chemical substances added to petrol 
usually in small quantities, to impart desirable pro-
perties to, or prevent deterioration of, the -
4,2 Extenders—oxygenates that may be added to 
petrol as part of a petrol conservation scheme, 

5 COMPOSIT ION. Unleaded petrol ~ 
(a) shall consist essentially of volatile hydrocarbons; 
(b) shall not contain any phosphorus or compounds 

of phosphorus which have been added to the 

(c) shall not contain any water or suspended matter 
which is visible, without any aids, to a person 
with normal vision; and 

(d) may contain additives and/or extenders. 

NOTI2S: 
1. As may be observed from Table I, a maximum concentration 

for phosphorus is specified, However, the requirement of 
Clause 5(b) is Intended to indicate that although naturally 
occurring phosphorus and its compounds are acceptable (up 
to the limn specified in Table I), deliberate additions of 
such chemicals are not acceptable In unleaded petrol. 

2. Although Clause 5(d) permits Ihe use of additives and/or 
extenders in unleaded pclrol, the toxic nature of Such com-
pounds should be taken into consideration. Where additives 
und/or extenders arc used, the concentration of these com-
pounds should he such that they are not more Injurious to 
nenlllt than the volatile hydrocarbons specified ln Clause 5(a), 

6 R E Q U I R E M E N T S , 
6.1 General. Unleaded petrol shall have propel ties 
that conform to the limits specified in Table I, when 
tested by the methods indicated therein. 
In the event of dispute as to the appropriate value of 
any of the properties listed in Table I, the relevant 
procedures specified in US 4306 shall be UScd to 
interpret the laboratory results. 

NOTE: Appendix A describes the relevant procedures to be used 
to obtain a representative sample of Unleaded petrol, 

6.2 Antiknock requirement*;, The antiknock 
properties for unleaded petrol shall conform to the 
limits specified in Table 2, when tested by the methods 
indicated therein, 
in the event of a dispute as to the appropriate octane 
number, the relevant procedures Specified in 15S 4306 
shall be used lo interpret the laboratory results. 

•NOTES: 
I, See the comments about antiknock requirements in the 

Foreword. 
1 Appendix A describes the relevant procedures 10 be used to 

obtain a representative sample of unleaded petrol. 
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6.3 Colour coding. Unleaded petrol shall be 
coloured yellow to a depth (i.e. colour intensity) that 
is similar to a homogeneous solution comprising 
4,5 mg of a commercial yellow dye, which is an 
alkylated di-azo dye, plus 0.6 mg of a commercial 
red dye, Which is essentially 70 percent by volume of 
an alkyl derivative Of az0benzcne-4-azo-2-naphthol, 
per litre of a solvent consisting of 70 percent Primary 
Reference Fuel Grade n-heptanc and 30 percent 
Reagent Grade toluene, 

NOTES! 
1, See tlic comments about colour in ihe Foreword. 
2, A suitable commercial yellow dye is Morton's Automate 

Yellow 8, 
A suitable Commercial red dye is Morton's Automate Red B, 

A S 1876.2—1984 

1 Red dye in the colour reference solution is necessary in Order 
to allow realistic colour matching with commercial luels 
which often contain natural red coloration in blending 
components, 

7 MARK ING . The following information shall 
be marked on each dispensing pump and cach con-
tainer of unleaded petrol intended for sale to the public: 
(a) The brand name or trademark of the unleaded 

petrol. 
(b) The Words ' UNLEADED PETROL' . 

NOTE; Manufacturers who plaCc the number of this Australian 
standard on petrol dispensing pumpS and containers, on packag-
ing or on literature related to unleaded petrol Should ensure that 
the product is manufactured to comply with this standard. 

TABLE I 
GENERAL R E Q U I R E M E N T S FOR U N L E A D E D 

P E T R O L FOR MOTOR VEH ICLES 

Property Limit Test method 

Lead content-
ing/L at 15°C 
Phosphorus content— 
mg/L 
Sulphur content— 
% by mass 

Copper corrosion— 
3 h at 50°C 
Existent gum-mg/L 
Oxidation, Stability— 
min 

13 maximum 

1.3 maximum 

0.10 maximum 
(see Foreword) 

Class 1 maximum 

40 maximum 
240 minimum 

A S T M D 3116 or 
A S T M D 3237 
ASTM D 3231 

A S T M D 1266-11' 107 
A S T M D 2785 
A S T M D 2622 Or 
IP 336 
A S T M D l 30-11'154 

ASTM D 381-IP 131 
A S T M D 525-1P 40 

T A B L E 2 
ANTIKNOCK R E Q U I R E M E N T S 

I'roptrly Limit Test method 

Motor octane 
number (MON) 

82 minimum ASTM D 2700-11'236 

Research octane 
number (RON) 

91 minimum 
93 maximum 

ASTM D 2699-11'237 

COt'YftlGHT 
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A P P E N D I X A 

SAMPLING 

A1 SCOPE . This Appendix sets out procedures for obtaining a representative 
sample of pctroi for analysis. 

A2 A P P A R A T U S . 
A2.1 Apparatus for obtaining a sample from other than a petrol pump, The 
apparatus for obtaining a representative sample from a fixed tank, railcar, road 
vehicle, ship, barge, drum, can or from petrol that is pumped through a pipeline, shall 
be in accordance with the relevant sections of BS 3195, Part i. 

NOTE: IIS 3195, Part I Is technically identical with the corresponding methods in ASTM D 405? and 
ASTM 04177 published by the American Society for Testing and Materials and II '51 published by the 
Institute of Petroleum. 

A2.2 Apparatus for obtaining a Sample from a petrol pump. The apparatus for 
obtaining a representative sample from a petrol pump shall be as follows: 
(a) A stock of cans which are kept solely for the purpose of obtaining petrol samples. 

The cans shall be of 5 L and 1 L capacity which comply with the appropriate safety 
requiremcnts for cans intended to hold highly flammable material, Eachcanshall 
have a petroleum-resistant sealing washer positioned In its cap, 

(b) A clean, dry, metal funnel. 
NOTE: A metal funnel has been specif. ,, m Paragraph A2,2(b) because some plastics funnels are prone 
to static charge which could cause an - ision when taking a sample of petrol, 

A3 P R O C E D U R E . 
A3.1 Procedure for obtaining a sample from other than a petrol pump, The 
procedure for obtaining a representative sample from a fixed tank, railcar, road 
vehicle, ship, barge, drum, can or from petrol that is pumped through a pipeline,shall 
be in accordance with the relevant sections of US 3195, Part I, 

NOTE; See Note in Paragraph A2.1, 

A3,2 Procedure for obtaining a sample from a petrol pump, Where practicable, 
ensure that the sampling procedure is not carried out in direct sunlight. The procedure 
shall be as follows; 
(a) Before using any can for sampling, the can shall be cheeked to ensure thai it is 

Sound and free from leaks. Further, just before the sample is taken, each new can 
shall be rinsed with a small quantity of the petrol to be sampled, to remove any 
residual oil left during its manufacture, 

(b) Using the clean, dry, metal runnel, carefully drawS L of petrol into it cool 5 Lean 
from the pctroi pump. Where it is desirable lo have more than a 5 L sample, the 
above operation should be repeated, immediately and before the pump has been 
used for any •other purpose. 

(c) Immediately after drawing the petrol from the pump, using the funnel, decant 
the 5 L sample or samples into the requisite number of I L Cans, ensuring that 
the cans are filled approximately 25 mm from the brim. 

(d) Tighten the screSV caps fully and check to ensure that there ore no leaks. 
(e) If the cans have to be stored before the sample Is analysed, ensure that they are 

stored in a cool, wcll'ventilated place. Do not refrigerate, 
NOTES: 
1. Where practicable, sampling and storage of the sample should not be in direct sunlight because not 

only there an Increased possibility rf losing the volatile components of the Sample, but also the 
hazard of nre or explosion Is increased. 

2. Although two I Leans of Sample arc sufficient for the determination of octane numbers And Certain 
other iesis, if is advisable lo provide each laboratory with four I Leans of Sample In cnSi! repeated 
testing Is heeded. If octane humbirs are not requited, one I L Can of sample Is adequate for the lests in 
Table I. 

COPYRIGHT 
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^ Designation: D 1835 - 82 An Amoilean Nnliohnl SliWWatil 

Standard Specification for 
L IQUEF IED P E T R O L E U M (LP) G A S E S 1 

This Standard Is Issued under ihe Axed designation 01835, tlic number immediately following the designation, indicates tlic 
v e i l OfoHeinsUdrintioaflr, 111 the cn$e of rcvisltiti, Ihe year ol'last revision. A number ill parentheses indicates (lie year orinst 
rtippioval A superscript epsilnn (t) indicates an editorial change Since the last revision or riiapproval. 

I, Scope 
LI This specification covers those prod-

ucts commonly referred io as liquefied petro-
leum gases, 

I,.2 This specification is applicable to prod-
ucts intended for use as domestic, commer-
cial, industrial, and engine fuels, 

I,i This specification Is foruse Irt formulat-
ing specifications for required properties of 
liquefied petroleum gases at the time of deliv-
er) in bulk, 

Applicable Documents 

M .i.stA/ Siml<ml,v 
I) 1265 Method of fmmpling Liquefied Petro-

leum (LP) Oases' 
DI267 Test Meliiod Tor Vapor 1'ressUrc of 

Liquefied Petroleum (LP) Gnr.es (L.P-Gas 
Method)' 

I)1657 Test Method far Density or Relative 
Density of Light Hydrocarbons bj Pressure 
llvdrometcr3 

I) 1837 Test Method for Volatility of Liquefied 
Petroleum (LP) Oases' 

I) 1838 Test Method Tor Copper Strip Corro-
sion by Liquefied Petroleum (LP) Gases1 

1)2158 Test Method for Residues in Liquefied 
Petroleum (LP) Oases' 

02163 Method of Analysis of Liquefied Petro-
leum (LP) GascS and Propcne Concentrates 
by Gas Chromatography3 y 

152420 Test Method Tor Hydrogen Sulfide iti 
Liquefied Petroleum (LP) Gases (Lead Ace-
late Method)1 

t)2598 Method for Calculation of Certain 
Physical Projicrtics of Liquefied Petroleum 
I LI') Gases from Compositional Analysis' 

" J ' l l Test Method for Dryness of Propane 
iValvc Freeze Method) 

Test Method for Sulfur in Liquefied 

Petroleum Gases (Oxy-I -lydrogen fturtier or 
Lamp)1 

2.2 Other Documents: 
CPA Publication 2140' 

3. Types 
3.1 Pour basic types of liquefied petroleum 

gases are provided to cover the common use 
applications, as follows: 

3.1.1 Coiniiwrcltil Propane—A hydrocar-
bon product for use where high volatility Is 
required, 

3.1.2 Commericttl Humm—A hydrocar-
bon product for use where low volatility is 
required, 

3.1.3 Commercial I'll Mixtures—Mixtures 
of propane and butane for use where interme-
diate volatility is required, 

3.1.4 Spcclnl-Dltly Propane— A high-qual-
ity product composed chiefly of propane, 
which exhibits superior antiknock character-
istics when Used as an internal combustion 
engine fuel, 

4. Detail R e q u i r e m e n t s 

4,1 The four types of liquefied petroleum 
gases shall conform to the requirements pre-
scribed In Table I, 
5. Sampling 

5.1 Proper sampling of liquefied petroleum 
gases is extremely Important if the tests arc 
to be significant. All samples shall be ob-
tained in accordance with Method t) 1265. 

' this specification Is under the jurivlicllon of ASTM Com-
mittee 13-5 on Petroleum Products and Lubricants. 

Current (.'dilibrt approved Aus. 27. 1982. Published January 
1183, brif.inally published as 13 1835 » fil T U'.l previous -edition 01 US« 16 (1981 J. , ' 

'AMud Ihkik of ASTM Suindardi, Vol 05.(11 
'Annual /toot- of ASTM Slumlords. Vol 05 01, 
4 Available from Gas Processors Assn, IJI2 MrSt Plate, 

T' .Okt.l 741DX 
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TAlil.K I Detail UcquircrnciKS fur Liquefied Petroleum (Justs 
Product Designation 

Vapor pressure at I003f: t31.8T), max, psig 
kl'a 

Volatile residue; 
cvapurated temperature, 95 '*, max, T-' 
6C 
or 
btllanc and heavier, max, volr; 
pentane and heavier, was. vol "5 

Propylene content, max, n<l'! 
Residual mailer: 

residue on evaporation 100 ml, ina.vnit 
oil stain observation 

Relative density [specific gravity) at 60/ 
60°l! (15.6/15.6°C) 

Corrosion, copper, strip, max 
Sulfur, grairis/IOOft' max at 60"i>imd 14,92 

psia iiig/m1(i5.(i0Caiid 101 kl'ai 
H ydrogen sulfide content 
Moisture content 
l:ree walef content 

Commercial 
Propane 

208 
1430 

Commercial Commercial 

-37 
-38.3 

2.5 

0.05 
pass" 

NO. I 
15 
343 

pass 

ASTM Ten 
Methods 

Butane I'D Mixtures Propane'1 (see 
Section 2i 

70 Ti " " 208 D 1267 or 
48? I430 D 2598'' 

56 36 -37 
12 V -3K.3 D I837 

2.5 l) 2163 
2.0 20 ... D2163 

5,0 D2I63 

0.05 0.05 0.05 t) 2158 
pass" pass" pass" D 2158 
I-

pass" 
t) 1657 or 
1) 2598 

No. 1 
15 

No. 1 No I D 1838 No. 1 
15 15 IO 
343 343 229 13 2784 

» pass'' 
pass 

O 2420 . •. pass'' 
pass D 2713 

none" none" 

! -j 

* Equivalent to Propane Ht>>5 of OCA I»ubllcatlon2l40. 
"The permissible vapor pressures of praducis classified as Pi! mtxiutcs must not exceed MO psig (1380 kPa) anJ 

additionally must not exceed thai calculated from the following relationship between the observed vapor pressure and tfie 
observed specific gravity; 

Vapor pressure, ma* * I llrt - 1880 (sp gr 60/60^1or 116) - 1880 (density at 15'C) 
A Specific mixture shall be designated by the vapm pressure ai 100'P in pounds per square inch gage. To comply «itk it* 
desif nation, ilie vapor pressure of the mixture shall be within +0 lo -10 psl of the vapor pressure specified. 

• In ease of dispute about tlie vapor pressure of a product, the value actually determined by test method u m i sw« 
prevail aver the value calculated by b 2598. „ . „ n . , „ . , «!,„• 

"An acceptable produd shall not yield a persistent oil litigivhen 0,3 ml of solvent residue mixture is added tu a nitei 
paper, id 0.1-ml increments and examined in daylight after 2 nun as described in Method D 2158. 

Alihouflh not a specific requirement, the specific gravity must be determined for other purposes and should be repotiM 
Additionally, the specific gra vityorfB mixture is needed to establish the pctttilssiWewaxtuuini vapor preisurr; (see. Footiwir 

' An acceptable product shall not show a distinct coloration. 
"The ptiMiwt or absence of water shall be determined by visual inspection of the samples on winch the gravity i» 

lieierimned, 

| ; 
i ! 

t •} 

A P P K N M X 

XI . SIONIFICANCI! OF ASTM SPECIFICATIONS FOR UQUBFIBD I 'KtMM.BU'M (LP) CASKS 

XI.\ General dtlcllon, and W) as petrochemical raw materials. 
The nature otitic needs dictates the required com-
position characteristics in these various iippii"* 
lions, Since the last three uses of those listed are in 
the category of specialty applications wiich w 
volve special requirements, they arc excluded froitl 
Consideration In the Specifications. 

XI. 1,3 Irt substance, the ASTM Specifications 
fof Liquefied Petroleum Gases arc designed to 
properly define acceptable products for domestic, 
commcrc'.d. mtl industrial uses. Irt many cases it 
will be h-1 d tfisl products meeting the specifica-
tions Will also be usable iH a p p l i c a t i o n s other than 
the or.es for which they were designed. The follow; 
ing may be accepted ftS a general guide iri the more 

XU . I Liquefied petroleum gas plodtlcls are 
composed Of those readily liqllctiable hydrocarbon 
compounds which are produced in the course of 
processing natural gas and also In the coune of the 
conventional refilling of crude Oil. The composition 
Of liquefied gases ean Vary Widely depending Upon 
the source and the nature of ihe treatment to which 
the products have been subjected, 

XI,1.2 There arc many uses for liquefied petro-
leum gases. Important uses arc, (/) as domestic, 
commercial, and industrial fuels, (2) as a carbon 
source material in metal treating operations, (.J) as 
refinery raw materials for synthetic gasoline pro-
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common use applications or the three types or 
fuels: 

XI.1.3.1 Commercial Propane—This fuel type 
Is the One preferred for domestic, commercial, ilhd 
industrial Use, particularly in geographical areas 
and in seasons where low ambienl temperatures 
are common, and where uniformity of fuel is an 
important consideration, 

XI.1.3,2 Commercial I'll Mixture*—'This fuel 
type, sincc it covcrs a broad range of mixtures, 
permits Ihe tailoring of fuels to specific needs. Tlic 
various mixtures find application as domestic, com-
mercial, and industrial fuel in areas and al limes 
when low ambient temperature conditions are less 
frequently encountered, 

XI.1,3,3 Commercial lluiane—This fuel type 
finds limited application us a domestic fuel in areas 
of warmer climates. It is similarly Used In industrial 
applications where problems of fuel vaporization 
arc not present. 

XI.I.3.4 Special-Duty Propane—This fuel type 
is a special liquefied petroleum gas product tailored 
to mccl the restrictive needs of internal combustion 
engines operating under moderate to high engine 
severity^ Ftlcl products of litis type will be less 
variable in composition and combustion character-
istics than the other products covered by Ihls speci-
fication. 
XI,2 S'lgnlflenncc 

Xl.2,1 Since commercial liquefied petroleum 
gases are essentially either single component prod-
ucts, depending upon fuel type, it fallows that ail of 
the Important behavior characteristics of such prod-
ucts can be defined and Controlled by a relatively 
few simple measurements. The specification tests 
uhich are provided achieve the desired result, The 
significance of the various tests as lliey may apply 
to consumer problems Is summarized here, 

X 1.2.1.1 Vapor Pressure, Volatility, ami Grav-
ity: 

Xl.2,1,1,1 Vapor Pressure is nil Indirect meas-
ure of the most extreme low-tempcrnturc condi-
tions under which initial vaporization can be ex« 
pected |o tnl;c place. It can be considered ns it 
Semiquaiifiliiiive measure of the amount of the 
most volatile material present in the product, it 
may also be used ns a means for predicting tlic 
maximum pressures which may be experienced at 
fuel tank temperatures. Vapor pressure becomes 
more significant When If Is relafcd to volatility. 

XI.2.1,1,2 Volatility, expressed In terms Of the 
95 % evaporated temperature of the product, Is a 
measure of the amount of least volatile fuel compo-
nent present in the product, Coupled with a vapor 
pressure limit, It serves 10 assure cSsenlially single-
component products In the cases of commercial 
propane and commercial butane fuel types, When 
volatility Is coupled with a vapor pressure limit 
*nicn has been rclntid to gravity, as in Uncase of 
'?(commercial I'fi-mlxturc type of fuels, Ihe com-
bination Serves to assure essentially two component 
mixtures for such fuels, When coupled with f. 
Proper vapor pressure liriill, litis measurement 

D 1835 

serves lo assure that special-duty propane products 
will be composed chiefly of propane and propylene 
and that propane will lie the major constituent. 

X I .2 . I . I .3 Griivliy, by itself, has little signifi-
cance, It becomes of vajue only when related to 
vapor pressure and volatility, since gravity is of 
importance In meeting transportation ahd Sloriige 
requirements it is always determined for all lique-
fied petroleum gas products, 

XI.2,1,2 Other Product Characteristics—While 
ihe vaporization and combustion characteristics of 
commercial liquefied rhs products arc completely 
defined for the normal use applications by vapoi 
pressure, volatility, and gravity, as given In 
Xl.2,1.1, there arc other items which either alTecl 
or rnighl affect ihe results obtained in some specific 
Use applications, l-'or that reason, limits arc speci-
fied for residue content, copper corrosion, sulfur 
content, moisture content, and free water content 
to provide assurance of product dependability un-
der Ihe more extreme conditions of use, 

X1,2,1,2,1 Residue (End Paint Index) is a meas-
ure of the concentration of eombusilble hydrocar-
bon materials present In the product which are 
substantially less volatile than ihe liquefied petro-
leum gas hydrocarbons, Control over residue con-
tent is of considerable importance ir, use applica-
lions where (lie fuel Is used in liquid Ifccd systems. 
In such cases, failure lo limit the permissible con-
centration of residue materials may rcjull In I run-
blcsomc deposits, II Is also or importance where 
the fuel vapors are withdrawn from the top of Ihe 
storage container. In such applications, regulating 
equipment lends lo become fouled up If excessive 
amounts or residue are preseni In the field. 

X 1.2.1,2.2 Copper Corrosion limits lire for the 
purpose of providing assurance that difficulties will 
not be experienced in the deterioration of the cop-
per and copper-alloy fittings and connections 
which are commonly Used In many types of utiliza-
tion, storage, and transportation equipment, The 
further provision that special-duty propane prod-
ucts shall not contain dclcclable amounts of hydro-
gen sulfide is an added safeguard Included for the 
same purpose, 

XI,2,1.2.3 Sulfur Content limits are provided 
primarily for the purpose of more completely defitt* 
ing liquefied petroleum gas products sincc these 
products arc inherently much lower in sulfur con-
tent tlinn other petroleum-derived fuels, In the nor-
mal fuel use applications for liquefied petroleum 
gas, sulfur content Is considered to be of limited 
significance if the other product characteristics are 
within the specified limits, 

X I 2,1,2.4 Moisture Content Is a measure or the 
approximate percentage saturation of the product 
with water. This measurement is a requirement 
only on the commercial and special duty propane 
types of liquefied petroleum gas. 'I he purpose of 
moisture content c.mtro! is to provide assurance 
that pressure reducing regulators and Similar equip-
ment will operate ctinslstenily without troublesome 
rrecze-tii's ciUIScd by the disiillalion of dissolved 
water from Hit product, 
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X 1,2.1,2,5 Free Water Content is of importance 
only on the commercial PB-m|xturos and commer-
cial buiane type products. These two types of prod' 
ucts arc normally used Under ambient conditions 

D 1835 

Which arc mild and, as a conscqUencc if* ^ 
requirement is vigilance to assure that n'o [ L ? 
ter is present, 

a^sss^tsssshtstB 
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Foreword 
Tills British Standard was first published in 1968, under the authority of the Petroleum Industry Standards 
Committee, in response to n request by the Ministry of Defence lor a specification covering commercial butane 
and commercial propane, This revision, superseding BS 4250; 1968, was initiated when it was found that 
difficulties were being ovperienced by producers in meeting the requirements for hydrogen sulphide content! n 
new method of test has been introduced that can be carried out more quickly and is better suited to the hydrogen 
sulphide concentrations round In practice, Since publication of the 1968 edition n method for the determination 
of total sulphur using the Wiekbold combustion apparatus has been published in BS 3156 'Methods of analysis for 
fuel gases' Part 5 'Techniques for high pressure gases', and a method for meruaptan sulphur has been published In 
BS 4386 "Determination of mercapum sulphur content of light hydrocarbon products (silver nitrate method)' 
Identical with the method published by the institute or Petroleum as IP 104/53, which was specified in the 
previous edition, A method for sampling petroleum gases has not yet been published as a dritlsh Standard and 
pending the publication of a British Standard reference should be made to the latest edition of IP I SI 'Sampling 
petroleum gases,, including liquefied petroleum gases'. Details of the methods for the determination, of hydrogen 
sulphide, of volatility and of odour are given in appendices A, ii and C respectively, 

A method for The -determination of oil residues In bulk supplies of liquefied petroleum (UP) gases has been 
developed by the American Society for Testing and Materials (ASTM) and published as Method D 2158-65 'Test 
for residues in liquefied petroleum (LP) gases'. 1% guidance, It Is suggested thai bulk supplies of commercial 
butane und'propane should meet the following limits when tested by this method: 

R Number (residue number) 10 max. 
0 Number (oil number) 33 mux, 

Limits have not been included in this British Standard as part or the general requirements because the acceptable 
•values can vary with the application and should be agreed between.the purchaser and the supplier. 

To overcome the effeels or Ihe small amount of dissolved water in propane It Is the practice to dry commercial 
propane or to add tip to one part of methanol to 800 parts or liquid propane by volume, so as l o Inhibit ice and 
hydrate formation. A method for checking for Ice and hydrate formation In propane has been published by the 
ASTM as Method D 2713-70'Test for dryness of propane (valve freeze method)1. It has not been considered 
necessary to include this test in this British Standard but it may be specified by agreement between the purchaser 
and the supplier, 

For general guidance, details of certain physical properties ofTow«boiliug hydrocarbons and related compounds 
have been included In appendix D, but the values stilted do not form part oft he specification. In this edition the 
tables have been revised to take account or recently'published Information and lo give the data in units consistent 
with the International System of units (SI). Test gases to caver the combustion •characteristics of commercial 
butane and propane (3rd family gases) are described In BS 4947 "Pest gases for gas appliances'. 
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2. References 

The lilies oMJritish Standards reared to in this standard arc listed on the inside back cover. 

3, General requirements 

AS. A " S a m P l C S S , , a" bC ( a b n 111 , i q i l i d «>"«» 111 with the appropriate method described l„ 

ilie - — , 0.02 * („,/„„,, clclcnninecl 1)y 

by mass as follows, " U n i m ' U , e S u l p l u , f c 0 , U e i , f sI,il11 be calculated as a percentage 
(a) Gravimetric finish 

Sulphur content of gas, (m/m) * P'7'1 * 
where 

m, 

is (he inass of gas burnt (g): 
m7 is the mass of bariiiin sulphate fg), 

S.OIfi x 10 -1 x !•' 
Hi, 

(b) A'cphelnawtric finish 

Sulphur content of gas.(ni/m) = 

where 
w, Is the mass of gas burnt (g); 
P Is the volume OI'0.0025M barium chloride solution used (ml) 

3.3 Hydrogen sulphide. The hydrogen sulphide content shall be not greater flnn 0 <5 H „ m t V M rn 7. / w 
gas volume When determined by the method described in mn-hrtUr r , 1 1 ' ( 0 , 7 5 m f i / m ° r 

hydrogen sulphide in any part of a tJfstribuHon ! / . * f ' ' " 1 1 1 c n s l l r c s l l w t ^ncc»tn,iion of 
factor between liquid and gas of 1 V 8 r C a t ° r t l , an Z S p'P',rt' 0 b f l s o d a MHbullon 

- ^ J S ^ r ' C0 ' l l Cn t 0r ' ' ICC,ylCnCS S , , a" 1,01 CXeeCd 2 m ° , C S " " ^ " * - chromatography 

j a * * r M „U1 ,„ nccofdanw witll t„c 
+A J-ut-t.tii'ifi c».irt.t-.i-,i /t w^i^ it, , , ., " I (JLiroiciim ytses, Ihcliiuln^ lit]tm[totf petroleum pases'. 

published so that ICN 41 will supersede I s 3 amendment 10 this standard will be 
products, Wickhold oxj-hydro/cr, method' is i^l,nleilty%uKlcn[P ""S , L ' , ) l " , o m c , U ; T 'Sul̂ H.r In petroleum 

1 
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3,5 Containers and markings, The cuniaincrs in which the commercial butane or propane is supplied shall comply 
vith the appropriate regulations or specifications relating to materials, construction and marking. The requirements 
for non-refillablc containers are described in BS 3690:1'.irl i and refutable containers In IiS 5045 •Part 2+, 

It is strongly recommended iliat each consignment of commeicial butane or propane complying with the 
reciuiremcnts of this British .Standard should be identified as such by the use of the British Standard number, I e 
BS 4250, on, for instance, one or more of the following, 

Co J The original order, quotation or similar document relating to the consignment. 
(h) An advice note or similar document accompanying the consignment, 
(c) The cylinder or other container in which the material is supplied, or a label a t t a c h e d thereto, 

3.6- Pilling ratios. The maximum tilling ratios for the containers in which commercial butane or propane is supplied 
sluil) comply with the requirements of US 1736*. 

4. Requirements specific to commercial butane 

4.1 Description, Commercial butane shall bo « hydrocarbon mixture consisting predominantly of butanes and/or 
luitylenes. t shall not contain harmful quantities of toxic or nauseating substances and shall be free from 
mechanically-entrained water. 

4.2 Mercaptan sulphur. The content of mercaptim sulphur (after steuchlng] shall not exceed 0.004 'Hm/mX as 
determined by method A described in I i S 43K61. 
4.3 Volatility, 95 :M I'/l-') of the material shall evaporate at a temperature of 2.2 °C (36 or below; this 
temperature Is referred lo a reference barometric pressure of 1013,25 mbar§ (760 mmlfg), when tested by the 
procedure described In appendix 1). ' , y 

4.4 Vapour pressure. The vapour pressure at 45 °C shall be not greater than a gauge pressure of 5,86 barll when 
determined by the method described in IiS 3.124 C . 

Additionally, lor the portable container trade only, the vapour pressure at 45 °C shall be not less than a gauge 
pressure of 4,SS bur when determined by the method described in BS 3324i:. 
4.5 Dienes, The total content of dlenes shall not exceed 10 moles per cent, as determined by gas chromatography 
or mass spectrometry. 1 J 

4.6 Odour. The odour of the gas shall be distinctive, unpleasant and non-persistent, and shall indicate the presence 
ol gas down to concentrations in air of 2 0 o f the lower limit of fiaminubility when tested by the method 
described lu appendix C. The lower Jlmlt of flammability for commercial butane may be taken as 1,9 «t f i ' /n 
ill air. ' 

(5, Requirements specific to commercial propane 

5.1 Description. Commercial propane shall he a hydrocarbon mixture consisting predominantly of propane and/or 
propylene. It shall not contain harmful quantities of toxic oi nauseating substances and shall be free from 
iiiechauically.entfained wjier (see foreword, third (..inrgrnph), 
5.2 Mcreaptdii sulphur. The content of mercapian sulphur (after .stenciling) shall not excecd 0.005 ';! (w//nh as 
determined by method A described In BS438b:j.\ ' 
5.3 C2 hydrocarbons. The total content of C, hydrocarbons shall not exceed 5.0 moles per cent, as determined 
by gas chromatography, mass spectrometry or infra-red spectrometry. 
5.4 Ethylene. The total content of ethylene shall not exceed 1.0 moles p e r cent, as determined by gas chromatography, 
mass spectrometry or infra-red spectrometry. • 

I ' J ^ / l ' r , 1 ! , " n I J n < h l ' l '^p c c / i , r i c ' , ' i o '1 [ ? f P J S cVliiulcrs appropriate for use will, eoniliiercl.il butane and propane Is bused on Ihe 
Report of the Home orfiec Cas Cylinders ..ml Containers Committee, a further Part is in liie course of preparation 
t In cotiisc of revision on the basis of the Report of the Home Office Gas Cylinders and Containers Committee 
$ 11$ >1386 Is technically identical with ll» 104. 
fi 1: mbar» 10* N/m' *iU fcp.i. 
» I bar - 1(1' N/Hl1 » IflO kl'.!, 
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5.5 C4 and higher hydrocarbons. The total content or C4 and higher hydrocarbons shall not exceed 10 moles per cent, 
as determined by gas chromatography, mass spectrometry or infra-red spectrometry. 
NOTE. Guidance on methods for live determination using gas chromatography may be obtained from US 3156 : Part 4 and 
ASTM D 216340s IP 264/72 'Analysis of liquefied petroleum (LP) gases and propylene concentrates by gas cliromalugMphy', 

5.6 C5 and higher hydrocarbons. The total content ofCj and higher hydrocarbons shall not exceed 2 moles per 
cent, as determined by gas chromatography or mass spectrometry (see note and foreword, second paragraph), 
NOTE, This requirement ensures ait adequate volatility for commercial propane and no separate requirement for volatility has been 
specified, IT desired the method described In Appendix li may be used and limits agreed between the purchaser and the supplier. 

5.7 Vapour pressure. The vapour pressure at 45 °C shall be not greater than a gauge pressure o( 17,6 bar* when 
determined by the method described in US 3324f, 
5.8 Odour. The odour of the gas shall be distinctive, unpleasant and non-persistent, and shall indicate the presence 
or gas down to concentrations in air of 20 of the lower lijiiit of flamniability when tested by the method 
described in appendix C. The lower limit of flammabiilly for commercial propane may bo taken as 2.4 ',! (V/V) 
in air, 

* 1 bar a 10* N/m 1 « iOOki'a. 
f l)S 3324 : 1961 Is technically icifntic.it Willi IP 16I/S9 Ti a l.uropeati Standard is m uuirse c>r preparation Hut will tie technically 
equivalent td IP 161/75 nhJwillbe published a».i revision of fiS33S4, 
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Appendix A 

Method for determination of hydrogen sulphide in liquefied petroleum (LP) gases 

A.l Introduction, 'litis appendix describes a method for the determination of hydrogen sulphide in LP gases, The 
concentrations determined are in the range 0.5 p.p.m, (VjV) to 4 p.p.m, {I'/F) (0.75 nig/m3 to 6 mg/nr'). 

A.2 Summary of method. The method is based on that described in "Methods lor the detection of toxic substances 
in air', Dnoklel.No. I., "Hydrogen sulphide', published by IIMSO, l% ( ) . A measured volume of vapori/cd gas is 
passed through a prepared paper and the stain obtained is compared with standard shins. 

A.3 Apparatus, 1 he stainless steel used for the apparatus shall be a suitalV: austenitic stainless steel. The following 
apparatus is required. 
A,11 Jntl ml stainless steel hnntb twins I ;,rul 2). 
A.3,2 Stainless sled pressure coupling* 

A.3.3 Water hath maintained at 40 "C. 
A,3,4 Tubes and valves, sampling lines, a coil of 2 m x 3 mm o.d. tube, a 3-way stopcock and a needle valve for 
How control in stainless stud. 
A,3.5 Test paper holder as shown in figure 1, , 
A,3.6 Water manometer. 

A,3.7 Wet gas meter preferably passing 0,25 litre of gas per revolution. , 
A.3.K HeJ'erenee stains (see note 3). 
NO 11 I. It K recommended that, where possible. this test should be carried out an I.I'pa1! urawn, as liquid, direct from the 
container rather (halt collected In a bomb; this procedure avoid-, errors that may arise Irom the tendency of stainless steel to 
absorb hydrogen Milpltide, 
NOTI; 2. Ihe bomb described in IP Standards lor Petroleum and its Products Part IV, Methods tor Sampling II' 18.1/62, Issuitable. 
NO 11 3, A suitable set of reference stains is profiled in 'Methods lor the detection of tosic substances in air', Booklet No. 1, 
'lljilritecn sulphide'. publ.Hhcd by tier M.ijesiy\ Stationery Ollice, l'/(>'.i •rhese stains arc produced for use with 125 ml or test 
sample ;md when used In connection ulili the present procedure should be interpreted as equivalent lo 0,5,1,2 and 4 p.p.m. 
t i y i ' l (11.75,1.5, 3 and 6 mp.-tii®). 

Il slnuilJ be nokd Unit these stains ilmuld 1-e protected (mm exposure to light when not being used. 

A.4 Reagents, lead acetate test papers, are required and should be prepated from reagents of recognized analytical 
quality and water complying with the requirements of US 3<>7X, qs follows, 

Dissolve lOg of lead acetate, {CH,CaO)2 i'b.3lt30, in 90 ml of water. Add $ ml of acetic acid, glacial (IVmoI'l l , 
mid 10 ml of glycerol to the solution'and mix well. Prepare this solution freshly for each batch of test papers. 

Immerse strips of chromatographic paper!', 20 mm wide and about 100 mm long, vertically In tills solution, 
contained in a 100 ml measuring cylinder, for I min, Withdraw the strips from the liquid, allow the excess liquid 
f drain off, suspend them vertically and allow them to dry as completely as possible at room temperature In an 
atmosphere free from II5 S. When dry, cut off and discard the top and bottom 2$ mm of the treated strips to leave 
the test papers (see note). 

Store the test papers In a stoppered, wide necked, dark bottle to protect them from air and light. Use the test 
papers within 14 days of preparation. 
Nf)11, 'i here should be no stain visible on a test paper before use. l i has been found tli.il some lead acetate papers pun', ised In 
bulk may be satisfaitory jf'cut to si?o [20 mm x M.I mm) and damped with a line spray of water. 

A,5 Procedure, Assemble the apparatus as shown in figure 2 (but sec note I of A,3) with the coil and needle valve 
immersed ill the water bath at 40"('. f-'il the test paper centrally between the gaskets of the test paper holder and 
screw the holder linger light. Close the needle valve tightly and open the lower valve on the sample bomb. Take 
the reading on the wet gas meter and open the needle valve and adjust it to give a flow rale of vaporized gas of 
125 ml/tnin. 

When the wet gas meter indicates that 1250 ml of gas has passed through the system, turn the 3-way stopcock 
to the vent portion and close the lower valve on the sample bomb. Remove the test paper from the holder and 
immediately compare the stain on it with the reference stains (see note 3 of A.3). 

*A tiwp nt'tlng «r the (Miket vt SUifaete t* pe l* suitable, 
fWltaimin Nu. 3 MMlosaitaMe, 
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Appendix B 

Method of test for Volatility of liquefied petroleum (LP) gases (Based on ASTM Method D1837-64*) 

11.1 Introduction,This appendix describes a method for the approximate determination of the amount of higher 
boiling constituents present in the various types of LI' gases. The test results, when properly related to the observed 
vapour pressures and densities of LI' gases, may be used to indicate the approximate concentration of butane in 
the propane-type LP gases, and of pentanes in the propane-butane mixtures and butane-type U' gases. The 
presence of hydrocarbons less volatile Hum those of which the LI'gas is primarily composed Is indicated by the 
temperature of the (J5 <% ( V j V ) evaporated point. 

11.2 Summary of method. The LP gas is refrigerated by means of a cooling coil and 100 ml of the liquid is collects: 
in a weathering tube. The liquid is allowed to weather tinder specified conditions and the temperature is observed 
when <)5 % ( V j V ) has evaporated, t'orrccllon is made for deviations of barometric pressure from the reference value 
of 101125 mbarf (760 mmllg). 

I5,.1 Apparatus, The following apparatus is required 
fi,3,l Weathering lube. This shall be a centrifuge tube, cone-shaped, conforming to Ihe dimensions given in figure 3 
and made of thoroughly annealed heat-resistant glasst The shape of the lower tip of the tube is especially important. 
The taper shall be uniform and the bottom shall be rounded as shown in figure 3. The graduation tolerances are 
given in tabic i. 
11,3.2 'fttbe support. Means shall be provided lor supporting the weathering tube by its neck in a vertical position. 
0,3,3 Water bath. (Only required for tests on butane and propane-butane mixtures.) This shall be a shallow 
container filled with clean water having the temperature maintained between 15 °C and 20 °C and a depth of 40 mm. 

table 1, Weathering tube graduation tolerances 

Kaitim 
ml 

0.0 to O.I 
0.1 to 0,3 
0.3 to 0.5 

0.5 to 1.0 
1.0 to 2.0 
2.0 to 3.0 
3.0 to 5,0 

5.0 lo iO.O 
10.0 to 25,0 
25.0 lo 100.0 

Scale division l imit of error 

ml 

0.05 
0.05 
0,05 

0,1 
0.1 
0.2 
0.5 

ml 

+0.02 
+0.03 
4 0,05 

+0.05 
id, io 
10.10 
10.20 

1,0 40.5 
5.0 ±1.0 

25.0 A 1,0 

* Reproduced with amendments from ihe American Sdcfety for Testing and Materials llouk of Standards 197.1, Part 18, whose 
courtesy is hereby acknowledged; the amendment* provide for the metrication of the method and arc based on the correspondm* 
document approved by ttorkin; Group 19, Methods of test lor petroleum pruduas, of the I uropean Committee lor 
Standardl/jfiofl (CI Nl. 

* 1 r n t u r a 1 0 ' N ' / m 1 - Or 1 k l \ i 

t Horosilicale glass l u s bctn loimd Miislattory lor'"lis purpose. 
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lUATitcrmomeU'r. ASTM armoured weathering test thermometer having a range of 55 ° F to 'MO ° F 
M S C to +4.5 C) and complying with the requirements given in B.7 shall be used. Until suitable thermometers 
calibrated 111 Celsius degrees are available the corresponding Fahrenheit thermometer may be used. 
0,3,5 Sample prccoolinu equipment 

IS,3,5.1 Cooling vessel. Any suitable wide-inoullied glass or metal container, or Dewar flask of at least 65 mm 
inside diameter and 290 mm deep, may lie used. 
B.3.5,2 Cooling coil. Approximately 6 in of ft mm outside diameter rt: copper tubing (see BS 2871 : Part 2) is 
required, wound around a hollow mandrel of al least 53 mm outside diameter, with adjacent turns touching. Run 
Ihe lower end of the tube up through the centre or the mandrel before winding so that the finished coil will lit 
snugly inside the cooling vessel. When assembled, the (up of the coil shall be al least 25 mm below the lop of the 
vessel and the open ends of the coll shall bo not more Hum 100 mm above it. Connect the downstream end of the 
coil to a needle valve having an outlet connection mil more than 75 mm long (see figure 4). 
H.3.5.3 Prccoolant. The preeoolanl may he 1.1' gas I'rtnn the same .container from which the sample is to be taken 
but special care should be taken lo avoid possible ignition of the vapour. For increased safely a non-flammable 
precoolanl may be used, which should be a relrigerai.l having a boiling point lower than the Initial boiling point 
of the sample. 
Ii.4 Procedure 

B.4.I Calibration of tube [or 5 V f l ' / V ) tvshhte level. Ik-lore carrying out the test Introduce the armoured 
thermometer as far into the centrifuge lube as it will go but al the bottom leave a 1 mm clearance between the 
armour and the tube wall; position the bottom of the thermometer bulb at least 21 mm from the bottom of the 
inside of the tube. Pipette 5 ml of water into the tube and observe the water level. The 5 tf ( V/V) residue readings 
are to be taken at lliis same level with the armoured thermometer in the same position as during this calibration 

rnipty and dry ihe tube before proceeding with the test, 

11.4.2 Obtaining,/ /«/ pur Hon. Fill (he cooling vessel with the precoolaii t so as to cover the cooling coil. Attach 
tite inlet ol the cooling coil to the source from'which the test portion is to be token with a short connecting pipe 
of 6 mm outside diameter or larger, having a draw-off valve large enough la prevent vaporization of the material 
due to the drop in pressure across the valve seat. Purge the line and cooling coil'by opening both the draw-off valve 
and the needle valve, on Ihe.downstream end of the cooling coil. Fill the weathering tube with the liquid flowing 
through the cooling coil, l-mpty this first poi Hon. then add one or two grains of charcoal and refill the weathering 
tube to Ihe 100 ml mark with fresh liquid from the cooling coll. "Carefully insert the prccoolcd armoured 
theinmmeier Into the centrifuge tube in (he same position us in Ii.4.1. Centre the armoured thermometer in the 
lube by means of a slotted cork. Do not .remove the armour from the thermometer during the lest, 
11.4.3 li'eulitvrinM butane mni propane-butane tnlmtvs. If ihe temperature of the test portion is below P °C 
allow it to weather In the atmosphere until the temperature has reached 12 °C. Then place the weathering tube 
with the armoured thermometer still in place, in the water bath In a vertical position, submerging it to the 1,5 mf 
mark and allow the contents lo weather. When the liquid level reaches the graduation corresponding to 5 ( I '/D 
residue as determined according to B.4.1 , toad the thermometer, maintaining Its position In the weathering tube. 
t)A4 Weathei wpropane. Allow the test portion to weather in the atmosphere, taking care to disturb the frost on 
(lie lube us .idle as possible. An acetone or alcohol *wab may he used to remove sufficient frost to permit reading 
of the temperature. When the liquid level reaches the graduation corresponding to 5 % (V/V) residue as determined 
according to B.4,1, read the thermometer, maintaining Its position In the weathering tube. 

is.4.5 Determination of ice point. After making the final temperature reading, remove the armoured thermometer 
fjrom the weathering tube and place It up to the immersion line in a bath of finely crushed Ice. Record the reading 
ol the thermometer when a constant reading is obtained, If ihe thermometer reading differs from 0 0 °C by ±0 5 °C 
or less correct the final tesi reading by the. corresponding amount, If the thermometer reading differs from 0.0 eC by 
more than ±0.5 C the thermometer should be discarded and the weathering, test repeated fsec note) 

ffiiftSKffl P ° ! ,h t » » l » M f e in 'he niermiry-tlialliam thread, 
tins can ut, unreuet i by Warming the tfierimimeier gently n a warm water bath to drive lire break unwanl info ilu? i«vtvtmi„« 
m n . | / ; "r "Moin ihe 1,'"uM i,l(« a wMtauww ilireiul. A owreading/ ti e lU 
2mis< j t l i i i f t f f i m S 0 ! l i T * ! , h c e * p a M f o n c l r a m t o - T o m m « l f « w U r o m e t e r to warm 50 tu.1t the liquid enters the chamber and then tup the thermometer as previously instructed. 

B.5 Interpretation of results 

« B V X n ^ ^ J r f ' f C ? t 8 ? l l M ? 5 / ( ! 7 n f5* f m i residue) obtained in 1U.S of U-'M ior the error at the point as described in U.4.S to give the corrected temperature. 



ooon 



OOOllo 
BS 4250 :1975 

B.5.2 Adjust Ik- collected tcmpurultire (from li,5.1) for the effect or Ihe deviation in atmospheric pressure from 
the reference atmospheric pressure of 101.US mbar* (760 mmllg) as described In B,5,3.or fi.5.4. 
11,5.3 In the weathering test lor propane, add 0.30 °C (0.55 T ) lo Hie corrected temperature for each 13.33 mbar 
(10 mmllg) lhat the test is conducted below 1013.25 mbar, or subtract 0.30 °C(0.55 °F ) from the corrected 
temperature for each 13.33 mbar (hat the lest is conducted above 1013.25 mbar. 
B.5.4 In the weathering lest for butane and propane-butane mixtures, add O.-tO Ĉ (0.7 °F ) lo Ihe corrected 
temperature lor each 13,33 mbar that the test Is conducted below 1013.25 mbar, or subtract 0.40 (0.7 
from the corrected temperature for each 13.33 mbar that the test Is conducted above 1013.25 mbar. 

B.6 Precision, The precision of the method, as obtained by statistical examination of intcrlaboraloiy test results, 
!'• as follows. 

(a) Ih'imitohillty. The difference between successive lest results, obtained by the same operator with the same 
apparatus tinder constant operating conditions on identical lest material, would in the long run, In the normal 
and correct operation of the test method, exceed the following value only in one case in twenty: 

laF(0.5°C*j 
(b) Ht'tmnhu'lliiliiy. The difference between two single and independent results, obtained by different operators 
working in different laboratories on ideiilicai lest material, would in the long run, in the normal and correct 
operation of the test method, exceed (lie following values only in one case in twenty; 

1.7 °F( I .O X') in weathering test for butane and propane-butane mixtures 
2.3 °l''( 1,3 " O in weathering lest for propane 

ft,7 Specification for armoured test thermometer. The thermometer shall be suitable far assembly in a 310 mm 
non-sparking ireial armour with open face, 

- 55 ° F to '1-40 "F (- 48 6C lo +4 °C) (see note H 
Thermometric liquid A suitable mercury-thallium alloy 
Stem form Round or lens-front 
Immersion 35 mm (see nolo 2) 
Subdivisions 0.5 "I'(0.2 cC) 
Long lines at each 1 °F(0,5 I ,C) 
Numbered at each S P F ( 2 ° C ) 
Scale error, max, 0.4 "F (0.2 °C) 
F.xpatisiou chamber Elongated type, to permit heating to 150 ° F (66 aCj 
Total length m to 305 mm 
Stem diameter 6.5 to 8.0 mm 
Bulb length 15 to 20 mm 
Bulb diameter 6 to 7 mm 
Distance from bottom of bulb to line 

at 55°F ( 48 °C) 50 lo 75 mm 
Distance from bottom of bulb to line 

at + 40 ° F (+4 °C) 244 to 265 mm 
Top finish Glass button 
The thermometer shall be calibrated for an average temperature of 10 ° F ( 25 °C) for the emergent 

mercury-thallium column. 
JJOTK-I. The only suitable type of thermometer available commercially is the ASTM Armoured Weathering Tost Themwmeter 
991-641, which K calibrated in Fahrenheit degrees; the equivalent values In Celsius degrees am riven to oncourartc the production 
of equivalent Celsius thermometers. 
NOTE 2, It Is essential that the immersion line be visible in the case opening after assembly and that the immersion be measured 
irow the bottom of the bulb. 

* I mbar * It)1 M/m* » (U kl-a. 

W 
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Appendix C 

Method of test for odour of liquefied petroleum (LP) gases* 

C,l Introduction, this appendix describes a method for assessing the odour of commercial LI' gases which have 
either an odour due to Ihe presence of unsaturated hydrocarbons or an odour Imparted by the addition ofodorants. 

C,2 Outline of method, The LP gas is vaporized and diluted with purified air so that the mixture contains the gas 
at a concentration of 20% of the lower limit or its Ilammabilityt In air. The odour of the gaseous mixture is 
assessed by at least three observers. 

C.3 Apparatus, The apparatus is shown diagrammatically in figure 5 and consists of the following parts. 
C.3,1 Air purifying column: a drying lower of approximately 200 ml capacity. 
C.3.2 Flowmeter, such as one operating on lite floating element principle, for aii; range 5 1/min to IS I/mln. 
C.3,.1 Flowmeter, such as one operating on the floating element principle, for LP gas; range 5 ml/min lo 150 ml/min, 
C.3.4 Gas mixing bulb, 30 mm diameter with a jet 4 mm diameter. 
C.3.5 Glass funnel, diameter 75 mm, 

C.4 Material. Activated charcoal L I 8 mm to 1.70 mm (10 mesh to 14 mesh) for purifying the air stream. 

C.S Procedure. Pass air through the air purifier at the specified rate as measured by the air flowmeter. The air rate 
for propane shall be 8,51/min and that for butane shall be 10,51/min. 

Place the nose Inside the rim of the funnel and inhale gently; check that the alt Is odourless, 
Then pass the stenched gas through the gas flowmeter at a rate of 40 ml/min. The odour or the LP gas-air mixture 

shall be assessed by at least three observers. 

C,6 Reporting of results. If the odour is judged to be distinctive and unpleasant by all the observers, the batch, 
which the sample represents, shall be reported as complying with the requirements for odour. 

Air 
purifier^ 
column 

Slencled gas 

Figure 5. Apparatus for assessing odour of LP gases 
* Alternatively, by agreement between ihe purchaser artil the vendor, the method and apparatus described in the (>as Council's 

Research Communication CJC 59, ' i he odour and oJorization of gas', may be used, 
f 'Hie lower limits of flaminability In air lor butane and propane may be taken as: 

butane 1 . 9 % ( l * / h 
propane 2.4 ft ( I ' / H 

14 
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Appendix D 

Physical properties of low-boiling hydrocarbons and related compounds 
NO'l'i:, The values in tublos 1 und 3 have been mainly derived train Ihe dsila in 'OaUiril'ie values mid specific puvillcsr Calculation 
trout cniu|Hisition' by j Wrobel iitul I' Wright, Uritish liai Corporation, August 1973. 

Table 2. Boiling points arid densities 

(las Relative Hailing Compressibility Density* in 15 "C, I atmf.dry 
molecular iv/1!til uf molecular JmJiIM til i »tc iur tii mass 1 atm 15 "t\ ideal gas Heal gas 
rmnthHilir f nlui 

Heal gas 
ui'UiLwu id. i a i in * weight) "C dry Itt'liilive Relative kg/m1 

to a Ir15 1 to air a 1 
kg/m1 

(see note I) (sec notes 2 (see note 5) 
and 

niethano 16,043 161.5 0.9981 0.5537 0,5548 0.6798 
ethane 30,070 88.6 0.9915 1.0378 1.0467 1.2828 
propane 44.097 - 42.1 0.9819 1.5219 1.5500 1,8994 
butane 58.124 - 0,5 0.9659 2,0060 2.0768 2.5451 
isoluitaue 58.124 1! .7 0.9701 2.0060 2.0678 2.5340 
pen time 72.151 36.1 0.9435 2.4901 2.6392 
isopentane 72.151 27.9 0.9482 2.4901 2.6261 3.2184 
neopentiinc 72.151 9,5 0.958 2.4901 2.5993 3.1853 

ethylene 28.054 -103.7 0.9939 0.9682 0.9741 1.1938 
propene 42,081 • 47.7 0.9838 1.4523 1.4762 1,8090 
btiH-ene 5(1.108 • 6.3 0.9692 1.9364 1.9979 2.4483 
(7sbut-2-ciic Sfr.108 3.7 0.9651 1.9364 2.0064 2.4590 
//mvbiit-2-euc 56.108 0.9 0.9652 1,9364 2,0062 2.4585 
Isobutcno 56.108 - 0.9 0.9685 1.9364 1.9994 2.4503 

buttt-l,2-dlene 54.0').! 10.9 0.97 (see 1.8668 1.9245 2.3583 
buta-M-dienc 54.002 - 4.4 0,975 note 4) 1.8668 1.9147 

carbon mi nudde 28.011 191.5 (1,9995 0.9667 0.9672 1.1852 
carbon dioxide 44.010 - 78.5 0.9943 1.5188 1.5275 1.8718 
hydrogen 2.016 252.7 1.0006 0,0696 0.0696 0,0853 
nitrogen 28.013 195.8 0,9997 0,9668 0.9671 1.1851 
oxygen 31.998 -183,0 0.9992 1.1043 1.1052 1.3543 
air 28.964 194.3 0.9996 0.9996 1.0000 1.2254 

* The densities of (he hydrocarbons given In this table ate provided only for use in gas analysis calculations, 
t I atm s 10I3.S5 tnbar« 101.335 k|\i, 
NOTE t. Calculated from relative atomic masses ctsnfonning to C u *> 11 
NOTE 2. Values taken from AN Project 44 Data Mm Points ofliydmatbons, Tables la (19521,8a (1954), and I la (1952). 
NOTE 3. II ANNA, W S and MATTfcSON, K. I'hjdilcal const,nits of low boiling; hydrocarbons aftd miscellaneous compounds. 
Oil (hiI 1947: 45(36), 51. 
NOTE 4, Piiyml Coitmits of Mydtombons C, la qe, ASTM Special Technical Publication for. 103A. 
NOTt>5, Calculated from idea! w densities using the cuitvtnesslbility factors, 

IB 
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Table 3, Heats of combustion (gas phase) 

Hydrocarbon Heat of combustion at constant pressure relate to standard * " " " • ' — — -
reference conditions of IS "C, 1 aim*, dry 

Gross Net (sec note 1) 

kJ/mol MJ/kg Ideal 

fij/i»3 

Real 

M.t/ms 

kJ/mol MJ/kg Ideal 
«as 

Ueal 

M.t/ins 

methane 
ethane 
propane 
Initane 
Isohutane 
pentane 
isopentane 
neopentanc 

S9 1.6 
1 S t i l l 
2221.1 
2879.9 
2871,4 
3538.7 
3531,4 
3516,9 

55,578 
51.950 
50.36S 
49,547 
49.401 
49,046 
48.944 
48,743 

37.71 
66.07 
93.94 

121.80 
121.44 
149,66 
149.36 
148.74 

37.78 
66.64 • 
95.67 

126.10 
125.18 
158.62 
157.52 
155.26 . 

802.8 
1428.9 
2043.5 
2657.9 
2649.4 
3272,3 
3265.0 
3250.5 

50.043 
47.520 
46.341 
45.728 
45.582 
45.354 
45.252 
45.051 

33,95 
60.43 
86.43 

112.41 
112.05 
138.39 
138,09 
137.47 

34.02 
60.05 
88.02 

116.38 
115.50 
146,68 
145.64 
143,50 

ethylene 
propene 
bnt-l-eiie 
c/sbtit-2-ene 
/>tf/f,vbul-2-ene 
isobutcne 

1412.1 
2059.2 
2718,7 
2711.7 
2708.5 
2701.3 

50.335 
48,934 
48,454 
48.33 
48.273 
48,145 

59.72 
87.09 

114.98 
114.69 
114.55 
114.25 

60.09 
88.52 

118.63 
118.84 
118.68 
117.97 

1323.3 
1926.0 
2541.1 
2534.1 
2530.9 
2523.7 

47.170 
45.769 
45.289 
45.165 
45,108 
44,980 

55.06 
81.46 

107.47 
107.18 
107,04 
106.74 

56.31 
82.79 

I J 0.88. 
111,06 
110.00 
110.21 

buta-l,2>tlicne 
liuta.|,3-cllcne 

2595.9 
2543.9 

47.990 
47.028 

109.79 
107,59 

113.18 
110,34 

2462,7 
2410.7 

45,528 
44.566 

104.16 
101.96 

107.37 
J 04.56 

* I aim « 1013,25 mbar - 101.325 kl'j. 
"CCn M,C'"'llCd I,0m " " ^ m p o n d l n ^ o s ^ l u e , a f t , ft,bw, heator vaporisation 

N O T E 2. Typlenl wean Wobbe numbers for commercial butane ami propane are as follows-
commercial butane 85,8 MJ/m s C15 " ( M atm, dry), 
commercial propane 77.5 ,V|j/m> (15 "C, 1 atrn, dry), 

Table 4. Vapour pressure of commercial propane and butane 

Temperature 
• c 

Maximum developed saturation vapour pressure (gauge), bar* Temperature 
• c Commercial propane Commercial butane 

42,5 16.8 5.51 
45 17,6 5,86 
47,5 18.7 6.27 
50 19,8 6.69 
52,5 20.9 7.03 
55 22,1 7,52. . 
57 .5 23 4' 8.00 
60 .24.6: 8.55 
62.5 25.9 9.10 
65 27.3 9.58 
67.5 28.6 10.20 
70 30 .0 10.89 

* t bar -- 10s N/mJ « 100 klM; 1 bar = I4.sn ibi/in5 

16 
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P R E F A C E 

These specifications arc intended to apply to finished products for 
sale as domestic, commercial or industrial fuels. 

They were prepared by the L.P. Gas Specification Committee of the 
Australian Liquefied Petroleum Gas Association, with the assistance 
of its Technical Sub-Committee. The latter advised on complex 
technical points, and carried out considerable laboratory inVestig-
ation thereon. 

The Specifications substantially follow those of the Natural Gas 
Processors Association in U.S.A. and the American Society for 
Testing and Materials, but have been modified to suit Australian 
conditions « 

A guiding principle has been protection of the general public in 
terms of Safety and quality. 

It is recommended that Statutory Authorities who might use these 
Specifications as a guide for Regulations, should providefor 
exceptions where a supplier and P. user- might mutually desire 
variation therefrom for a specific use. 

Where it its felt that explanations will be helpful j those art 
provided in the. appended explanatory notes. 

Those Specifications artd Test Methods were first issued oh 
November 15, 1962. Subsequent revisions arc dated February 21, 19&'i. 
February 3, 1970 and September 11, 1973 (first metric edition). 

tasued 11/9/73 
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I . DEFINITION OK LIQUEFIED PETROLEUM GAS 

The term "Liquefied Petroleum Gas" shall mean a material which is 
composed predominantly of any of the following hydrocarbons of 
mixtures of all or any of them - propane (C^Hg), propylene (C^Hg), 
butanes (C^H10), or butylenes (c/fHgh 

II. SPECIFICATIONS FOR LIQUEFIED PETROLEUM .GAS. 

All liquefied petroleum gas within the scope of these specifications 
shall conform with the following General. Specification, and shall 
further conform with the Specification for Commercial Propane, 
Commercial butane or Butane-Propane mixtures, whichever is applic-
able. 

H I . GENERAL SPECIFICATION 

Residue on Complete Evaporation 

The residue shall not be more than 2 milligrams per 100 millilitros 
as determined by the tost described in -Appendix J to this specific-
ation* 

Volatile Sulphur 

The odourised gas, or if odourasing is not required, then the 
unodourised gas, shall not contain volatile .sulphur in excess of 
0<3 ' I grams per cubic metre nt 1 5 ° C , 1 0 1 - 3 3 5 kilapascnls and dry, 
as determined by ASTM Method D 2 ? 8 ' I - 7 0 . 

Corrosive Compounds 

The product shall bo free of corrosive compounds as determined by 
ASTM Method D1838-G4. 

Odour Level 

The gas shall have aii odour throughout its vapourisation from the 
liquid State, which is distinct, unpleasant and non-persistent, and 
of ah intensity which indicates the presence of gas down to i/5th 
of the lower flammability limit. Tho odour intensity shall be 
determined by using equipment of the type in which a stream of^the 
gas is mixed with pure air, and the proportion of the gas to air i« 
determined at threshold odour level* Odourisotion shall not be 
required whenever it would be harmful in tho further processing of 

Revised 11/9/73 
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the qas> or would interfere seriously with a specific industrial 
use.' Any Odourant added shall be a material proved m practice 
to be suitable for odourisation of liquefied petroleum flnS, 
(Ndte - Appendix Note 1.) 

'Toxicity 

The gas shall hot contain- any component in such concentration as 
P t e render it toxic to humans when used for any rational purpose. 

£•3 iVj SPECIFICATION FOR COMMERCIAL PROPANE 
h ' " ' ' 

Definition 

Commercial Propane shall be a hydrocarbon product composed P ™ ^ 
inantly of propane and/or propylene as determined by ASTM Method 
D21&3-VO - TP Method 264/72; and shall conform with the followed 
specification in addition to the General Specification laid down 
above. 

! i lieatlivti Value 
! ' The gro.,s heating Value of the vaporised P - o J u c t s h a l l n o t b a less 
j ; than /i«.8 mogajoulos per kilogram measured at 1;. C and 101.JO 
j i kj. 1 opaBcalSi 

The method test shall Da based mi gas chromatography as specified 
; by IP Method aMi/72 and A.S.T.M. 2163:70. For calculation of 
1 ! heating /aiuo the heating values of the individual components shalJ 

U t a w L from Appendix 3- The valu,s for i-iiv HUa components 
shall be inu.1t J plied with their respective volume fraction. The sum 
of he component heating values shall be divided by a factor of 
1 000i to give the heating value at 15°Ct J01.3&5 kilopnscnls and 

H o specification (Note k Appendix a). To convert to heating 
j. value per unit weight, calculation shall he made from the analysis 

using the denfity values given in Appendix 3-

^ _ Vapour Pressure 
r(,o vapoui pressure at '.n"r «« determined by ASTM Method DlBC>7-b7 

i or IP Mo thud l(>i-7'J aha 1 I mil oivoetl 1<5 50 kilopascals gauge 
• l.iJ pressure t 

f Voiat J le RaaiUue, 
M The temperature at which 95% by volume of the product has evaporated 

Revised 11/9/73 
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shall be - 38°C or lower wheh corrected•to a barometric pressure 
of 760 millimetres of mercury, as determined by ASTM Method 
Di837~6'i. 

A1to m a t e 1 y the content of butane and heavier hydrocarbons shall 
not exceed 2-5% liquid volume as determined by ASTM Method 
02163-70 or IP Method 264/72. 

Dryness 

The product shall be dry ay determined by either of the . G. P. A. 
Commercial Propane Dryness Tests as laid down in X.G.P.A. 
Publication 21 'i0*-70. Either the Cobalt Bromide or the Dew Point 
method or both shall be used and if thf product con-forms with one 
of tluiso tests it shall b(J considered dry. 

V. SPECIFICATION, FOR COMMERCIAL 13UTAKE 

Defi 11 i. 1 ioli , 

.Commercial Butane shall be a;hydrocarbon product composed predom-
inantly of butanes and/or buiylenos as determined by ASTM Method 
Da 163-70 or IP Method £(>V72 and shall conform with the following 
specificat ions in addition to the General 'speed Mcatioii laid dowti 
above. 

Heating Value 

the gross heating- value of the vaporised product shall not be less 
than h~i7 magajoules per kilogram measured at IS^C and 101*325 
kilopascals. 

Tho method of tost shall be based 011 gas chromatography as specified 
by I.P S 6 V 7 2 or ASTM 2163-70. For calculation of heating value the 
Imating values Of the individual components shall be taken from 
Appendix 3* The values for individual components shall bo multi-
plied with their respective volume fraction. The sum of the 
component heating Values sluii.1 bo divided by a factor of 1*0177 to 
give the heating value at 15°C, 101*325 kilopascals and saturated 
with water. To convert to heating value per unit weight, calculat-
ion shall bo inade from the analysis using the density values given 
in Appendix 3. 

Revised 11/9/73 
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Vapotit Pressure 

The vapour pressuio at h()°C as dotcrmined by ASTM Method fl2l6?^67 
or IP Method l6l/'?'} shall not exceed 520 kiiopascals gauge pressure. 

Volatile Res 1 duo 

the temperature at which 95% by volume of the product has evapor-
ated shn.ll be a°C or lower wlvon corrected to n barometric pressure 
of 7(iO in j. 11 ime Li'es of mercury, as dt? f e rmJ nod hy. ASTM Method , 
Dl 837-^-' -

Alternately the content:; of pen t nnt' and heavier hydrocarbolis shall 
not exceed 2.Oft- liquid volume as determined by ASTM Method D2.tG3ii7° 
or IP Method 2CW1/72. 

Dryness 

Thn product slia.ll not contain free entrained water as revealed by 
f 1< vtsua! ih8pect lotn 
f ! . ' ' _ ' • ' • 

, , VI. SPEC I FiCATl'ON FOR MiTAN'li -PROPANE MIXTURES 
I | « — — . _ _ _ , 

De f i 111 11.011 

' Butane-Propane mJ stiiru." .shall bn hydror arhon products composed 
l! predominantly uf mixtures nl' 1nil.itir>* and/ar butylenue with propane 

and/or propylene, ns dni.erwl ned by ASTM Method D21(>3-70 or IP 
i Method 26' '"2 and shall conform with the following specifications 
;; in addition to tin: General Spr-i-If j cation laid down above. 

f Heating Value 

' ' The gross heating value of tho vaporised product, shall not be less 
than '17.7 mega joules per kilogram measured at 13 C and 101.325 

; ; kiiopascals« 
i' "I 

Tho method of test; shall be bused on gas chromatography as specified 
1 by IP 26/|/72 or ASTM 21G3-70. For calctilfitic . of heating Value the 

heating values oi the .individual components shall be taken from 
Appendix 3. Tho values for individual components shall be multiplied 
with their respective volume fraction. The sum of (.lie component 
heating values shall be divided by a factor of 1.0177 to give the 
heating value at 15°C, 101.325 kiiopascals and saturated with water. 

Revised 11/9/73 
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f To convert to heating value per unit weight, calculation shalJ b<* 
made from tho analysis using the density values given in Appendix 

^ Vapour Pros s u m 

Butane-Propano mixtures shall be designated both as to their 
{'3 maximum and minimum vapour pressure at 40°c in kilopascals gauge 
| i pressure as determined by ASTM Method D1267-67 or IP Method 161/73 5 

and it is also required that such maximum vapour pressure shall not 
p exceed 15.30 kilopascals gauge pressure, ^ 

^ Volatile , Raslduo 

M The temperature a.t wlileh 05% by voJurn* of the product has evapor-
H. a ted shall bi> S°C or lower when corrected to a barometric pressure 

of 760 millimetres of mercury, as determined by ASfM Method D1837-64, 
.13 . 
| ti . Alternately., the content of pen in tie and heavier hydrocarbons shall 

not exceed a*0?o liquid volume as determined by ASTM Method D2-J63-70 
or IP Method 2ti4/72, f 1 h 

t.i 

• 

"• f 3 

r« 

tea 
ft 
& G3' 

/Drynass. 

If the vapour pressure at 'iO°C exceeds 1 li'iO kilopascals gauge 
pressure the product shall be dry as determined by either of the 
N.G.P.A. Commercial Propane Dryness Tests as laid down in N.G.P.A. 
Publication £!i'iO-70. Either the Cobalt l3romi.de or tho Dew Point 
method or both shall be used and if the product conforms with one 
of these tests it. shall be considered dry, If the vapour pressure 
at i|0°C is equal 10 or less than -1240 kilopascals gauge pressure, 
the product shall bo free of entrained water by visual inspection* 

Revised 11/9/73 
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APPENDIX 1 

Method of Test for Residue in Liquefied Petroleum Gases on 
Pompleto Vaporisation 

Scope 

Tins method of test is intended for the determination of the 
residue when L.P. gas is evaporated to dryness. 

Apparatus 

(1) Evaporation A s s r> in b 1 y 
The evaporation assembly shall bo as 
shown in Figure 1( and shal.. contain 
the following items of equipments 

(a) Contact Column; The contact 
column shall be of glass tubing 
38 mm in diameter and 762 mm in 
lengthj filled % full with 6 mm 
(approx'i ) Raschig rings. It 
shall be connected to the flask 
and to the rest of the system by 
ground-glass joints. 

(b) Flask! The flask shal 1 be a 
1-litre round-bottomed flask of 
heat-resisting glass. 

(e) Steam Cotli The steam coil shall 
be arranged to boil tho contents 
of the flask. 

(2 ) Sample Container 
The sample container hereafter referred 
to as the container -shall, be 3 litres 
approximate capacity meeting all the 
requirements of the Standards Association 
of Australia for steel cylinders for 
L.P. gas. Provision shall be made for 
Opening and inspection of the inside of 
the container which shall, bo fitted with 
Valves at both ends, a tube extending to 
the bottom and a dip leg to provide a 
minimum of 20 per cent outage* 

(3 ) Evaporating Dish 
The evaporating dish shall be art anti-
ereepihjj beaker* 

GROUND 
GLASS > 
joints 

CONTACT 

COLUMN 

S T E M G 

CONTROL R ~ 

VALV6 

— 0 mm 
R A S C H I G 
RINGS 

•*—FLASK 

STEAM COIL 

FiGURE 

Revised 11/9/73 
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APPENDIX 1 

Solvent 

Tlit? solvent shall bo oithor ehomi ca 3 I y pure carbon letrachlori de 
or chemically pure chloroform. 

Spo t, Samp Ion 

(1) In all sampling and f i-£i M K Tf I T L IUJJ operations it is i mperat ivo 
that extreme precautions bo taken to avoid open flames or 
static electrical discharges that might cause fires, 

(2) Before use t.lio con t a. i lie r shall opened and inspected | and 
when necessary tho inside shall be scoured to remove any 
foreign matter nr hfuLo. The container shall be assembled 
olid tested .for. leaks and, if no leaks are found* it shall be 
rinsed w;'i alcohol and dried1 in an oven. 

(31 At the source of sample. tho container shall be attached to 
tho main supply in such a manner that 1 he sample w.t 11 be taken 
from, the liquid contents of the original vessel« The valves 
at both ends of 1 he container shall lie opened ^nd it shall lie 
flushed with the sample until It. is cold and the liquid sample 
emerges from the dip Inn* All valves elmil lie closed and the 
••ontainor shall be di «!• annec tod from the sutiiLft of supplyt 

lh) With the container in an iipH.ihf position, the vn I ve attached 
to the dip leg sliaJ .1 be opened f* lowly anil Khali remain open 
until liquid ceases to r»Mifr»je< Tho valve shall be closed and 
the protective covers shall be placed in position* 

Composite Samples 

(1) If it be desired to take a sample representative of L..P* gas 
flowing for on extended period, tho container shall bo cleaned 
as usual, tested for leaks, filled with brine, arid both Valves 
shall be closed, 

(2) At the sampling point, the connecting line shall be purged 
with the liquid sample. The container shall be connected to 
the source of sample, making the connection to the dip log of 
the container. (This is the reverse of the usual, procedure). 
The valves on the sample source and the dip leg shall be opened 

"issued 15/11/62 
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but the valvo on the discharge em) of the container • shall 
remain r.losed. 

(3) Periodically the valve attached to the tube running to the 
bottom of the container shall be opened and a measured amount 
of brine shall be. run out. The valve shall, ba closed and the 
procedure shall he: repeated n l ^ot intervals of time through-
out 1 Ho sampling period. t. M: 11 0 < hat hy carrying out this 
procedure, the pressure in-sidu the simple container w.i 1J he 
kept equal 1.0 thu I of 1 ho main sample source and the container 
will receive the liquid sample. The L.P, gas will, rise to the 
top of the container, thereby displacing a corresponding 
ninouht of brine through the t ubo which reaches t.n the bottom). 

(4) At the concJ usion of the samp linn period fil 1 valves shall be 
closed and the container shall be disconnected; The container 
shall he shaken thoroughly find then allowed to stand for a 
short period to settle I he cuiitiini.-i Tho valve: attached to 
t ho tithe e x •( f>iii r: i lo rho hot t ma 01' tho emit n in or Îni 11 bo 
opened and the brine shall hi-- hied of I .so i'«u <is possible; 

(5) When the liquefied sample oinorgo,!? I .rum the oponitwi the valve 
.-.hall be closed. The valv>' attached to 1 ho dip lun shall ho 
opened and allowed to remain open until no more liquid in 
tli sell urge rli The valve shall. then bo closed* 

Proce* lure 

Id) Tho apparatus shall he sei up in ., sheltered place outside the 
laboratory. A portion 0 f < he liquid *»mpl c shnl I- bo purged 
through the valve attached to (ho tube ox tending to a metal 
coil which shall be iminerued in an acetone bath. The bath 
shall be chilled by any convenient means such as the addition 
of solid carbon dioxide "ice" until the temperature of the 
liquid is not higher than inirtus 62°C. 

It is imperati ve that this test be conducted in ah isolated 
place outside the. main laboratory building because of the 
extreme fire and explosion hazard should tho glass flask con-
taining the: sample break during the test. Wherever the appar-
atus is assembled provision shall be. made for the safe disposal 
of the vapours. 

Revised 11/9/73 
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APPENDIX 1. 

(2) When tho temperature or the hath .is below minus 62 C tho 
1-litre round-bottomed flask shall, bo .immersed therein and 
allowed lo come to the temperature of the bath. The flask 
shall be removed, wiped free of any liquid adhering to the 
outside, mounted In a cork ring on a trip scale, and shall bo 
weighed to ihe nearest 0.1 gram. This weight shall be recor-
ded'. The liquid sample shall be admitted into the cold 11 ask 
until it is about two third* full. The flask shall, be weighed 
aqain and the. difference in weight shall ho recorded as tho 
weight of tho sample taken for testinq. The flask shall be 
attached to the contact coLurnn as shown in Figure 1. All the 
operations in the foregoing paragraph shall be conducted 
without delay. 

(3) Si cam S h a l l be admitted to the steam coil so that the liquid 
in the flask is just simmering. Thes- conditions shall be 
maintained until the inside of the flask is practically dry. 
This operation should ivquiro approximately one to two hours. 

(/>) Wh-n the inside of the tlask is practically dry the steam 
iimplv shall be shut ofl. »he lop of the contact column shall 
be opened, and about 75 ml. of thi: solvent shall bo poured in 
and allowed to drain into the flajk. 

The column shaLl he. removal irom the flask, the bottom of the 
i-olumn shall be closed, and an additional 50 ml. of the solvent 
*hatl be added to the <olumn. Tho inside of the column shall 
be rinsed thoroughly with this liquid, which shall then be 
added to tho flask* 

( 5 l Tin- c o m b i n e d solvent washings shall be filtered into a tared 
anti-creepittq beaker which shall be placed on a steam bath 
until tho solvent has evaporated. When evaporation is com-
plcte the beaker shall be removed, and the outside wiped with 
a clean dry cloth. The beaker shall then be dried in an air 
oven for exactly 5 riiinute* at 10<5°C, cooled in a desiccator 
and r e - w e i g h e d , the. increase in weight of the beaker shall 
foe noted and recorded* 

Calctilat ion 
(1) The weight of the sample shall be converted to the correspond-

ing volume by dividing by the specific gravity of the liquid* 

issued 15/11/62 
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APPENDIX ,1 

(2) The amount of residue in the sample shall be computed by means 
Of the equation! 

ft =
 W 1 0 0 

S 

where 
W a Weight of the residue ill milligrams 
S » Volume of sample in millilitres, as detex-mined in 

the preceding paragraph 
il = Residue in mg: per 100 ml. of liquid sample. 

Report 

The residue shall be reported as ",..,• mg. residue per 100 ml". 

Snr,?ty Procautions. 

(1) As stated previously, this test must not be conducted in any 
room where other technicians are working, or in any area where 
smoking or open flames of any kind are permitted. 

(2) During the test the sample shall bo heated at such a rate 
that tho 1i qui d in the glass flask will be just simmering. 

Issued 15/11/62 
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APPENDIX 2 

NOTE 1 
Due to the possibility of olfactory fatigue, over odourisation is 
,mdesirabie. Should the product, prior to odourjsaUon, have a. 
disunctive Odour sufficient to comply with the odour level clause, 
then odourisiHQ agent should not U added. 

issued 15/11/62 

NOTE, 2 
it U noted that 0.6% methane in commercial propane could result 
in I n X b U i t y of certain appliance, adjusted for utilising current 

6 ; t and'supplied from bottles under low temperature conditions. 
For presently available liquefied petroleum gases, the vapour press-
£ 1 specification would exclude the possibility of there being 0*6* 
o l more ethane in the liquid. However, in the uni k« y J « « , i b x y 
of alternative production methods being available which will result 
in the product containing 0.6% or more methane and complying with 
the specification in all respects, it will be necessary to cons.de. 
the imposition of a limUing concentration for methane. 

Issued i; /il/t'i 

NOTE 3 

Refer Explanatory Note 10 (a). 

NOTE k 

Revised 3/2/70 

to obtain true heating values, it would be necessary to determine 
separately and correct for, the water content of the sample, since 
the heating Values in Appendix 3 are for completely dry gases. In 
order to avoid this additional and troublesome test, the following 
approximations have been adopted. 

(a) For Commercial Propane, • 
It is assumed that the sample contains the maximum quantity of 
water permitted by the dryness test, which leads to the specific 
factor of 1.000/4 for converting the h e a t i n g value obta ned i 
using values given iH Appendix 3» Thus to the extent that the 
sample Contains less than the permissible Content of water, the 
heating value will be understated. 
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A P P E N D I X 2 

For Commercial Butane nntl 13ut.-ino-Prop.niH) Mixtures -

Due to lack of data on the maximum water content of these 
gases, it is assumed for the purposes of those specifications 
that the gas phase is saturated with water. Hence the factor 
1.0177 is used to convert the heating value, calculated from 
the values given in Appendix 3. to a saturated basis. Thus 
to the extent that the sample contains loss than the satur-
ated content of water, the heating value will be. understated. 

Revised 11/9/73 
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APPENDIX, 3 

Heating.Value Density 
MJ / M^ Dry Kg in / M'3 Dry 

15°C, 101.325 kPa 15°G, 101.325 kPa 
REAL GAS REAL GAS 

Methane 37.76 0.680 

Ethane 66.59 •1.282 

Propane 95.69 1.899 

n-Butane 125.97 2.543 

iso-Butane 125-14 2.534 

n-Pontane 158.62 3.23't 

iso-Pentane 157.49 3.21.8 

neo-Pentane 156.68 3.212 

Ethane 60.05 •1.194 

Propone 88.54 1.809 

1-Butene 118.63 2.448 

2-Butene (cis) 118.26 2.446 

2-Butene (trans) 118.08 2.446 

iso-Butene 117.82 2.446 

Water Vapour 0.787 

(ftkfer fcxpianatery Mote 7 for deviation of those data) 

Revised 11/9/73 
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EXPLANATORY NOTES 

(issued 15/11/63, revised 3/2/70, H/9/73) 

(1) Definition of Liquefied Petroleum Gas 

This was originally worded so as to be substantially uniform with 
that in the then draft S»A.A* Code for "The Storage and Handling 
of Liquefied Petroleum Gases", subsequently approved as AS CB20-1965. 

(2) format of Detailed Specif j. eat ion 

This Was based when issued in 1962 on the Victorian Regulations 
rather than NiG.P.A. in having a general specification preceding 
supplementary specifications for each of the three grades* However, 
layout was somewhat changed from the Victorian to more clearly 
separate each of these. 

Provision was made for 3 types of Liquefied Petroleum Gas corres-
ponding with those in the. Victorian Regulations and the N.G»P*A. 
Specifications at the time of original issue* 

(3) Residue on Complete ...Evaporation 

this appeared in the Victorian Regulations but not in N»G*f>*A* or 
Western Australian Regulations when originally issued. 

Some doubts were held by various members of the 1962 Committee oni 

(a) the need for any limit at all, 

(b) on the suitability of the method of tost in tho Victorian 
Regulations, and 

(c) as to what is a reasonable iimi t. 

It was finally agreed with some reservations that a limit should be 
specified, to minimise deposits in vapourisors. Laboratory invest-
igations of methods of test showed that if a iow level such as 
specified in Victoria were retained then the Victorian method of 
test would have to be used, since the only available alternative, 
the proposed now ASTM Method which later became D£j 150, was not 
sufficiently sensitive* It was decided to recommend tl.e same limit 

111 Victoria and the same method of test, although some members 
felt that this limit is unnecessarily low. 
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(4) M . - n n p f . a n sulphur and__Odour Level. 
, . . . , + h „ m P G . A . S p e c i f i c a t i o n s <, n o r e f e r e n c e i s m a d e t o 
U ) i l l l t Z a n d t h i s c o n s t i t u t e s a d i f f e r e n c e f r o m s o m e 

S t a t e R e g u l a t i o n s . 

... t h i s a s q u o t e d f r o m t h e m i n u t e s o f t h e T e c h n i c a l 

T h f T t t f e w h i i h i n v e s t i g a t e d t h i s m a t t e r * " r e f e r e n c e t o 

r i S u f ^ e e n ^ a t i ^ r ' ^ e r c a p t a n s s h o u l d h e d e l e t e d a s t h e 

o n l y r e a s o n f o r t h i s i s t o a v o i d o v o r - s t e n c i u n g • M o r c a p t a n s 

m a y n o t fae t h e o n l y o d o u r a n t . " 

W h i l e e l i m i n a t i n g t h i s r e q u i r e m e n t , ihe 1<)6* Committ.ee» d e c i d e d 

t o i n c l u d e a c a u t i o n a r y n o l o o n o v e r - o d o u r i s a t l o n . ( S e e 

A p p e n d i x 2 Note :U. 
(b) D e r i v a t i o n s o f t h e n o u n .'odour" r a t h e r t h a n " s t e n c h " a r e u s e d 

t h r o u g h o u t f o r u n i f o r m i t y ' 

t h e s e S p e c i f i c a t i o n s t h e c l a u s e h a s b e e n w i d e n e d - a s t o 

e m b r a c e d i s c h a r g e C r o m o t h e r p r e s s u r e ; * y s . e m s s u c h a s t a n a n d 

n i n e l i l i e s , a n d i n a d d i t i o n t o c o v e r l i q u i d s p i l l s w h i c h t u . g t 

K K i ^ ' u l d o r a t m o s p h e r i c p r e s s u r e d u e ( o s e l f - r e f r i g e r a t i o n . 

< d ) R e f e r e n c e t,, " f l a m m a b l e l i m i t " r a t h e r t h a n 

j - u s e d t o c o n f o r m w i t h t h e p r a c t i c e o f t h e S . A . A . C o m i t t e c 

m / i l c o v e r i n g s t a n d a r d s f o r t h e S t o r a g e a n d H a n d l i n g o f 

L i q u e f i e d P e t r o l e u m C 
tiOh 

( 1 ) T o x i c i t y 

T h e w o r d i n g u s e d i n t h e V i c t o r i a n R e g u l a t i o n s i n ^ l ^ ^ ^ l o n 

b v e l i m i n a t i n g r e f e r e n c e t o s p e c i f i c u s e s , a n d a l s o i t s Q P P i " * t l t m 

h'a. b e e n l i m i t e d t o t o x i c i t y b y o l i m L n - t x « « r o l T o r e n c to .»afal>; 
T h i s l a t t e r t e r m w a s c o n s i d e r e d t o o b i o a t l , a n o i m c l - w . 
c o n t e x t b e y o n d t h e m a t t e r o f t o x i c i t y . 

( G ) D e f i n i t i o n s 

Reference to the Mercury Freeze T e s t was replaced 
inti Test in line with N.G.P.A.- practice at the time of oi igitlal. 
issue! in the 1970 revisions, composition by gas ^ro-atoBraphy 
was adopted in line with revised N.G.P.A* practice foi all grades. 

(7) Heating Value - (all. grades) 
This does not appear in N.G.P.A* or ether familiar overseas specif-
ications but is usual in Government Regulations. There was fairly 
general doubt as to whether tho inclusion of limits for Heating 
Value is necessary because of tho controls on composition built 
into the specifications. It was finally agreed by the 1 
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Committee that the inclusion of limits would facilitate Government 
acceptance having regard to the tradition of regulating the Heating 
Value of towns gas arising from its susceptibility to variation. 

The original Committee decided to adopt the Victorian rather than 
Western Australian basis, i «o. Gross Calori fic Value after vapor-
isation. However, while the Victorian limit of 21,000 B.'f.U./lb 
was satisfactory for Commercial -Propane, it was too high for Com-
mercial Butane or Butane-Propane mixtures which might contain a 
substantial content of butylenos. Therefore for the latter grades 
a .limit of 20,500 B.T.t'./lb was adopted which is in line with the 
value for pure butyl ones. 

in the-1973 metrication revision*, the previous term "Calorific 
Value11 was changed to "Keating Value", and the units were converted 
from British Thermal Units- per pound avoirdupois at (iO°F and 30 
inches of mercury to mega joules per id Ingram nt ij>°C and •ioi.33'5 
kiiopascals. 

Opportunity was also taken to use more receni basic data for 
individual hydrocarbons than those or i.<| i no 1 1 y obtained from B.S. 
3156! 1959* The new data are incorporated in the revision of 
Appendix 3 dated 11/9/73, Hieir derivation being summarised as 
follows! 

References 

1. Physical Constants of Hydrocarbons Cj. to ClU 
A.S.T.M. Special Technical Publication No. 10?A 

2. British Standard 3501 Part 1.1 1959 
Conversion Factors & Tables 

3. Selected Values of Properties of Hydrocarbons 
National. Bureau of Standards C 461 

Facts ! 
1 B.T.U. =• 1055*06 Joule (ref 2. P*3&) 
1 ft-J = 0.0283168 M3 (ref 2. P.33) 
Heat of Combustion - lie - (ref 1* P.30) 
Compressibility Factor - Z - (ref 1. P.30) 
Molar Volume = &2»'tl/t0 Litre Atriios/Mole at 0°C (ref. 3) 
Molecular Weight (ref 1. P.3O) 

Assumption 1 
Compressibility Factor 2 60°F -- Z 15°C 
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Heating Value. Calculation i 

MJ/M , Dry 
15°C. 101.325 kPa 
Real Gas 

Density, Calculation; 

Kgm / M 3, Dry 

15°Cj IOI.325 kPa 
Real Gas 

He x 2 x- -1055.06 x 519-67 x 10 
0.0283168 x 518.6? 

He jc 2 X 0.037331 

Molecular Weight x, ayj. 16 
22 . x 2 x 288. 16 

Molecular Wftigl.it 
2 

-6 

X 0.042293 

Vapour Pressure (all grades - maxima) 

The 1962 Committee adopted the N.Q.P.A, practice of specifying 
maximum vapour pressure at ioo°P rather than :|30°P as in Victorian 
Regulations and 4 * ° C Cli3°F) as . i n Western Australia! n l l t 
two advantages in operating at I00°P! wer e 

(a) The N.G.P.A, and ASTM vapour pressure bombs were designed 
specifically for use at 100°F and may have become hydrostatic 
at higher temperaturess ' ' ' 

(b) This has been the normal, temperature for vapour pressure 
temperature control baths in the Petroleum Industry and since 
this test J S required on various products besides L.P.G. 
there was a substantial element of convenience involved. 

In metricatihg this part of the specifications in 1973. the Commit-
tee Wished to maintain a test temperature close to 1006F but which 
would bo a simple number, and Cor this reason hO°C (L04°tT-) W£,s 
selected. Converted pressures were rounded off to the nearest 
10 kiiopascals to preserve the simple round numbers in p.s.j.q. 
which characterised the original specifications. It is estimated 
Jnnor , m ° J r i C l i W l t S U ™ * * the previous ones in p.s.i. at 
100<-F by only a small fraction of i p.s.i. 

(9) _95% Boiling Point and Volatile Residue 

Tbe 1962 Committee adopted tho revised N.G.P.A. practice of using a 
-mperature of -37°P max. for Commercial Propane at standard press-
ure in place of the old Mercury Freesic Test. 
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The revisions of February 3, 1970 added compositional alternatives 
in line with ASTM and N.G.P.A. specifications, and also adopted the 
t e r m "Volatile Residue" in place of "9-596 Boiling Point". 

In mextricating the temperature limits for the 95'/t> boiling point 
for the 1973 revisions, the Committee rounded the temperatures to 
the nearest 1°C in the long term interests of simplicity. 

(10) Dryness 

(a) Commercial Propane 

the use of Cobalt Bromide and Dew Point tests was followed fay 
tlie 1962 Committer- with reservations due to evidence of some 
lack of correlation between the two methods and doubt as to 
how effectively the tests relate to field performance. 

The Committee has reviewed the possible use of the Valve 
Freeze Method, now ASTM 02713- but has no plans for its intro-
duction at the time of the. September 1 1, 1973 rovi«i ons. 

( b) Commercial Butane. 

This requires only freedom from entrained water but the word" 
ing adopted in 1902 was substantially identical with that of 
N.G.P.A. rather than thai, of the Victorian Regulations which 
required the sample to bo observed in a Dowar flask* 

Tlie Committee was not aware of any advantage in using a Do war 
flask, whereas a disadvantage has been observed through it 
permitting tlie sample to refrigerate (due to evaporation) 
thereby freezing any moisture and making it hard to see. 

(c) Bu t ahe-Pr op alio Ml x t u r Os 

The 1962 Committee felt that there was some gain in safety if 
the Victorian Regulations were followed in requiring the 
product to bo treated as for Commercial Propane above a certain 
vapour pressure, rather than as for Commercial Butane at all 
Vapour pressures which is the N.G.P.A. practice. 

Tho dividing line was drawn at l?0 p.s.i.g. at 100°F which in 
round figures was equivalent to that in the Victorian Regulat-
i o n s ( i . e . 250 at 1300'?). 
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(11) Designation - Propane-Butane Mixtures 

At the time of the original, issue both N.G.PiAi and the Victorian 
Regulations required the maximum vapour pressure to ho designated 
and limited the minimum vapour pressure to p.s. i b e l o w this* 

Western Australia did not require designation hut limited vapour 
pressure to 115 p » i »g * maximum at 45 C which is npprosfima tal y 
93 p.s.i.g. at 100 K. and in addition pi need controls on eoniposit-
ion which would have a hearing on vapour proMSure. 

• The•1962 Committee considered control of the range of vapour 
pressure more practical than introduction of compositional analysis 
at that time and therefore followed tho Wii.P.A. and Vie. torj.au ap-
proach* However, the narrow range used in those specifications 
could not bo reconciled villi the qualify of the gas in general use 
in Western Australia where a range nearer to 20 p.s.i. would have 
been needed to accord with osi nb! i shed prrn-fi.ee, In addition and 
apart from the West Australia position, there, could be important-
instances i-idustr.ial.ly where a narrow range such as ~ p. s. j.. would 
be unnecessary and more costly* 

The Committee accepted the principle thai the main requirement is 
that botli the maximum vapour pressure, and i:ie range of variation 
should be made known by suppliers to those concerned* It. was agreed 
that ihe established practice of designating maximum vapour pressure 
he followed. It was also derided thai the range of variation should 
be designated by the supplier rather than laid down in this specif-
ication, although one view leaned towards specifying a range. The 
agreed approach in effoi.t leaves the buyer free to choose for him-
self a product of suitable vapour pressure range, and ensures that 
tho relevant information is always available to him. 

It was agreed that a satisfactory way to implement the foregoing was 
to require designation of both maximum and minimum vapour pressure; 
and for convenience a clause to this effect, was consolidated With 
the clause limiting vapour pressure to 2.10 p.s.i.g. at 100°P. 

(12) Composition 

The position confronting the original Committee in 1962 was that 
S.G.P.A* did not have specific composition requirements* However, 
in Victoria and Western Australia, tho Regulations stated that no 
methane shall be present, and in Western Australia there was a limit 
on c hydrocarbons, Tho Council of the Australian Liquefied 
Petroleum Gas Association was particularly anxious to resolve tho 
methane question as the Victorian requirement of no methane could 
not bo met in commercial pracxice. This arises from the fact that 
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sortie methane will always be present and the sensitivity of the 
method of analysis determines whether the laboratory result is 
nil or a positive amount? Gases which would have shown nil with 
equipment available when tlie Regulations were framed will no longer 
pass with modern equipment. The position therefore required either 
a positive limit to be imposed or elimination of reference to 
me thane« 

There Was in fact a division of feeling originally as to whether 
any limit on methane Was necessary; tho question at issue being 
whether it could cause significant burner instability with poss-
ible hazards, after connecting a new supply of gas; and if so 
would not the vapour pressure .limit prevent, excessive amounts of 
methane being present, 

A further matter for conccrni was the lack of standard methods of 
analysis in 1962 and the elaborate and costly nature of equipment 
for determining composition* This was at that time a serious ob-
jection to Specifying limits on C a, Cj and higher hydrocarbons by 
analysis as against the familiar physical tests used by NiG.-P*Aj 
for example * 

These problems were the subject of investigation by the Technical 
Sub^dommittee which carried out considerable test* work* This is 
available in report form* 

The Subs-Committee's findings resulted in -a decision to eliminate 
methane controls entirely since there appeared little likelihood 
of the small area of potential operating ha?,ard being encountered* 
However the fact of its existence was recognised for future refer* 
ence in Note 2 of Appendix; 2« 

(13) Hydrogen Sulphide; 

At the time of original issue in 1962 both the Victorian and 
Western Australian Regulations imposed specific, controls on this. 
Laboratory work carried out by the Technical Sub-Committee showed 
that the Corrosive Compounds (Copper Strip) Test adequately cont-
rols this. Copper strip Tests on liquid L.P.G. were found by the 
investigating laboratory, to be more effective than the methods of 
testing the vapourised gas for HbS. 

There Were also some contentious aspects in regard to tho manner of 
carrying out tho tost although those might have been resolved. It 
was generally believed that the two States in question followed coal 
gas practice in adding the il2S test and in doing so probably did not 
allow for the fact that the protection of the copper strip test is 
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not available in towns gas testing. It was decided to follow 
NVG.P.A. practice thereby eliminating an unnecessary tost. 

(i4) Miscellaneous Impurities 
The Victorian Regulations in 1962 bad a general requirement that 
t P.G. must not contain impuri.1i.es, the nature of which was not 
specified. This was not. followed in the ALPGA specifications 
because modern hiqh sensitivity analytical methods may demonstrate 
minuto amounts of entirely harmless impurities. It was considered 
that if anv likely impuritv has to be guarded against it should bo 
specified." Otherwise the public has tho protection of the clauses 
relating to toxicity, vapour pressure, corrosiveness, and tho cal-
orific value which are the things most likely to be affected by 
unspecified impurities« 

(15) Volatile Sulphur 

Tim 1973 revision of this clause was primarily directed at metric-
ation, including the adoption of metric standard conditions for 
measuring volume. All conversion factors used in metrication were 
obtained from the joint gas industry publication "Metric Units and 
Conversion Factors for use in the Australian Gas Industry". 

Opporfunitv was taken to update tho ASTM method to test motlioc^ 
112784 from' Dl 266 which is not. applicable to L.P.fi. TP. 107 which 
is similar to 1)1266 was deleted. 
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Summary of Revisions September i 1, 1973, 

Page• Subject 
General Metrication 

3, 4 
5 

Committees 
Volatile Sulphui 

6 , 7 , 8 Definition 
6, 7, 8 Heating Value 

6, 8, 9 Vapour Pressure 
7, 8, 9 Volatile Residue 

10 

12 
15* 16 
17 
19 

19 
2 0 , 21 

21 

22 
22 

NGPA Publication 2140 
Dryness 
NGPA Publication 2l40 
1 (a), 2, Fig. 1 
2 

Procedure (l) 
Note h 
Appendix 3 
Item 4 

Heating Value 
Heating Value 

Vapour Pressure 

Volatile Residue 
Dryness - Commercial 
Propane* 

Page numbers refer to this 
to previous Edition* 

Nature of Revision 
Metric (SI) units introduced 
throughout. 
Updated. 
Metric units introduced and test 
updated.. 
Methods of test updated. 
Name changed from Calorific Value. 
Metric units introduced with appr-
opriate editorial changes.. 
New correction factor provided for 
Propane, and introduced for first 
time for other grades. 
Metric units introduced. 
Metric units introduced. 
Obsolete IP Method 169/611 replaced 
by 264/72. 
ASTM Method updated. 
Date change to 1970 edition. 
Metric units introduced. 
Date change to 1970 edition. 
Metric units introduced* 
Reference to Interstate Commerce 
Commission deleted as no longer 
needed. 
-80°F changed to G2°C 
Complete revision with metrication. 
Complete revision with metrication. 
Heading changed to "Mercaptan 
Sulphur and Odour Level". Volatile 
Sulphur is subject of a new iiote 
No •••IS page 25. 
Previously "Calorific Vaiue". 
Adds explanation of 1973 changes 
in Specificatioiis and Appendix 3* 
Adds explanation of changes due to 
metrication» 
Adds note on metrication* 
The note concerning the Valve Freeze 
Method is updated. 

Edition and may not Correspond 
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PREFACE 

This speci f ica t ion is issued jointly by: 

Australian Liquefied Petroleum Gas Association (ALPGA) 
Australian Institute of Petroleum Limited (AIP). 

This specification is intended to apply to liquetied 
petroleum gas mixtures (LPG) marketed as fuel for vehicle 
engines designed or converted to run on LPG, It is based on 1 the results of vehicle testwork carried out in Australia and 

•I overseas a s detailed in the publication "Notes on ALPGA/AIP 
Specif'cation for Automotive LPG", available fr-n the AIP. 

the term LPG shall mean a material which is composed 
predominantly of any of the following hydrocarbons, or 
mixtures of all or any of them - propane, propylene, butanes 
and butylenes 

f'i 
LI 



00015a. 
SPEniEXCATlON FOR AUTOMOTIVE LPG 

PROPERTY SPECIFICATION VALUE* METHOD OF TEST 

Corrosion, Copper Strip No, 1 max, ASTM D183 8 

Dienes, % vol, 0.5 max, (1) ISO 7941 (D2163) 

Dryness: 
a) if vapour pressure 

exceeds 124 0 kPa 
gauge at 4 0 O C 

b) other mixtures 

Pass (2) 

No entrained water 

GPA 2140 or D2713 

Visual 

Motor Octane Number 
(calculated) 

9 2 min, (3) ASTM D2598 

Odour Distinctive, 
unpleasant but non--
persistent down to 
Concentrations in 
air of 1/5 lower 
limit of 
f1amabili ty, 

Olefins/ % vol. Report (4) ASTM D2163 

Residue on Evaporation? 
tug/100 tnL 

2,0 max, (S) Vic, Gas Act 
(App. 1) 

Vapcur Pressure g 40°C, 
kPa gauge 

800-1530 (6) ASTM D1267 

Volatile Residue: 
95% evaporated temp. @ 
7 60 mm Hg, °C 

2 max, (7) ASTM D1.83 7 

Volatile Sulphur: 
0 15°C, dry and 101.325 
KPa, mg/m 1 

34 0 max, ASTM D2784 

* bracketed figures refer to Notes 

NOTES: 

1. Butadienes are believed to be the major source of fuei 
system deposits. 

2. in ^ases of dispute, method GPM 2140 (dew point) should 
be used. 

3. ASTM D2i398 does not list a MON blend value for 
butylenes. The value to be used in calculations is 
82.0. 
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NOTES; (continued) 

4. Olefins are lower octane components of LPG and are 
limited by the motor octane number specification. 

5. The limit on residue is set to control fuel system 
deposits. Various test methods aire available but 
testwork by the ALPGA has shown that the method 
specified in the Victorian Gas Act is the most 
sensitive. 

6. Vapour pressure primarily influences cold starting 
ability. The value must be appropriate for the ambient 
conditions of use of the fuel. 

7. The v?lue of 2°C max. limits pentanes and heavier 
hydrocarbons to approximately 2% vol. max 
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NOTES ON ALPGA/AIP SPECIFICATION FOR AUTOMOTIVE LPG 
The ALPGA/AIP interim Specification for Automotive LPG was 
arrived at by considering research work and experience from 
both Australia and overseas. These notes briefly summarise 
the basis of each specification point, 

1• Corrosion Copper Strip 

The specification of No, 1 max, (D183S) is equivalent to 
that of gasoline. 

2. Dienes 

The specification of 0.5% vol. max, is identical to that 
in the proposed ISO specification (Reference l), and 
draft British Standard BS4250 (Reference 2). A limit is 
required because as reported in the minutes of ISO 

If Working Group 8 (Reference 3): "A number of countries 
report that minute concentrations or butadienes in 

t i LP-Gas will cause severe fouling and plugging of 
vaporiser equipment in automotive fuel applications". 

' Two test conditions are listed, 
{ Test a) applies to LPG thai is high in C3 and contains 
1 ' relatively little C<i . A visual. est is impractical on 

such material because of the very high rate of 
vaporisation at room temperature and pressure. Dew 

j point is I:ho most appropriate test for such fuels, The 
valve freeze method (D2713) is a satisfactory field test 
but dew point should be used in cases of dispute. 

•' 1 Test b) applies to LPG that contains significant 
quantities of C4 ' s. Such fuels can be readily viewed at 
ambient conditions and the presence of water is visually 

!1 obvious* 

, A , Mo tor Oct a n a N u m be r. 
? ' This number is defined to ensure adequate anti-knock 

characteristics of the fuel, Motor octane number (MON) 
is more ciitical than research octane number (RON) 

M because of the higher mixture temperatures which occur 
with LPG in comparison with petrol. Engine performance 
under these conditions correlates better with MON. 
Also/ because of the high sensitivity (difference 
between RON and MON), of LPG components, if MON is 
adequately defined RON will also be adequate, 

t ̂  

The specification vaiue of 92 min. was based largely on 
extensive testinq b y the British oil and motor 
industries (Reference 4) and similar work by European 
oil companies, This work showed that for an equivalent 
margin of anti-knock protection, the MON for LPG should 

1 89 
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be 2 to A numbers higher than that for petrol-
Australian premium grade petrols have MONMs typically in 

f 3 the range 86-89 . 

The octane definition also imposes limits on the 
F7j chemical composition of LPG. In particular it limits 
I olefin content as olefins are relatively low in octane. 

ra 5. Odour 

t 

i. i 

1 An odourant is required to give a warning of leaks. 

!:••! 6. Olefins 
f ' 

This specification property generated the greatest 
;i debate in the preparation of the interim specification. 

Concerns have been expressed over the potential for 
olefins to cause either fuel system deposits, component 
deterioration or engine knock. The problem of knock is 
covered by the definition of motor octane number (see 
discussion under 4. previously). 

Field problems with deposits and embrittlement of 
components have been experienced at times with LPG, both 
locally and overseas. In order to assess the 
contribution of olefins to this problem it was 
originally planned to conduct experiments using a 
vapouriser test rig. 

However research in Europe in the past few years has 
Shown conclusively that olefins are not the cause of 
such problems. The main causes are the presence Of 
dienes (particularly butadiene) and of compressor Oils 
(carryover from gas compression equipment). This 
conclusion is reflected both in the ISO specification 
and the draft British Standard, neither of which impose 
a iimit on olefins. 

Based on the above, the decision was made to requite 
t h a t olefins be reported but that no specific limit be 
set. This allows users to be aware of the olefin 
content of the fuel they are purchasing. The problem 
areas identified in the European research regarding 
dienes and oil residues are covered in this 
specification by the limits on dierids (see 
previously) and residue on evaporation (see 7. 
following). 

7. Residue on Evaporation 

This property is s p e c i f i e d to limit the presence of low 
volatile impurities such as the compressor oil mentioned 
in 6. above. 

There is a problem in defining a ttest method at the low 
! level of residue required. The only widely used method 
1-5 is ASTM D2158 but this has very poor repeatability and 

reproducibility (Reference 3). 

i:3 

. I 

13 



0 0 0 1 
Page 3 

S L i ? * muethQ-du a v a i l a b l ® was considered to be that 
A L P G A a n d incorporated into the 

Victorian Gas Act. Work was done by one Australian oil 
m r ^ M l f 6 ^ 5 ) t 0 a s s e s s t:he r e p r o d^ucib ility of 
mg/lOO rnL ^ ^ £ ° U n d t 0 b e t h e o rder of 0 3 

considerat^on*2 ^ ,°f ? e p o s i t w a s ^ o i f i e d after 
valu? aF \ n international specifications. The 
st^rtarS A ' 0 m g / 1 0 ° ,nL -nax- compares with the ISO standard of approx. 2.8 rng/100 rtiL max. (actual1v specified as 50 mg/kg) and is much lower than the comrnw 
p'r C 1/oo C a n °n ,USin9 W ° f a b 0 U t 28 tncj/ 100 mL (0?0 5 mL 

L e c a t , O P T 1 6 ' ' A conservative approach Was 
oil residues " d p r o b l e m s £ f o m compressor 

Vapour P r e s s u r e 

/ s specified to control both engine ™ v n o n V yr variation in LPG composition, to avoid 
riirfnrnnt , , • e n g i n e r e t U n i n 9 between fuels from different suppliers. 

Associates) were commissioned to 
Y . &tartability at low temperatures. Their 

conclusions (Reference 6 ) for blends of propane/butane 
are summarised below. ' . U U L d n t -

Ambient Temper a ture Max. Butane for St-aH-ahi i i t-u 

~ 1 0 ° c 10% vol. 
V 70 
+ 1 0 a.0. 

Based on this work and experience in those European 
countries where large blend composition variations occur 
(eg. Holland and Italy), the decision was made to limit 
butane content to 60%. This allows starfcdbility down to 
about <-2 °C, satisfactory for the Australian climate, and 
avoids any need for retuning for driveabiiity on 
switching between blends at the two extremes of the 
specification. 

Volatile Residue 
This property is Specified to limit the amount of C5 and 
higher hydrocarbons to approximately vol. maximum. 
This is in line with the ISO and draft British standards. 
Volatile Sulphur 
This property is limited to control corrosivity of the 
fuel and its combustion products. The value chosen is 
in line With overseas standards and experience with 
petrol. 
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Standard Specification for 
FUEL OILS1 

This Standard is Is.,lied under the food designation D M , llie number iimnedMely following |k« designation Utdicaies lite 
P "Visum, Ihe year of t«M revision. A number ill parentheses indicates th« y w o f last 

2? SmMs* '"'M h>' "/""> "J »e/m w Mil fit krnii In Ihv Dull In,lex of SpniJIt,ilium 

I, Scope 
1.1 This specification (Note I) covers grades 

of fuci oil intended for tisc in various types of 
(ucl-oil*burning equipment under various di» 
-liitie and operating conditions, 

Norn I—i :or information on the significance of 
the terminology and test methods used' ill this speci-
fication, see the Appehdix, 

1.2 This specification is for the use or pur-
chasing agencies in formulating, specifications 
to be included in contracts for purchases of fuel 
oils and for the guidance of consumers' Of fuel 
oils in the selection or the grades most suitable 
for tlielr needs. 

Noil-: 2- Nothing in this specification, shall pre-
side observance of federal, state, or local regulations 
«hich, (nay be more restrictive, 

1.3 The values stated in S I units arc lo be 
regarded as standard. The values staled in inch-
pound units arc for information only, 

Applicable Documents 

2-1 ASTM Slant/auk; 
13 56 Test Method Tor Mnsli Point by Tag 

Closed Tester5 

Method far Distillation or Petroleum 
Products3 

DWTes I Methods Tor Rash Point by Pensky-
Martehs Closed Tester3 

13 9S Test Method for Water In Petroleum 
Products and Bituminous Materials by 
Distillation3 

097 Test Methods lor Pour Point of Petro-
leum Oil's3 

13129 Test Method for Sulfur in Petroleum 
Products (General Bomb Method)3 

I ) 130 'lest Method for Detection of Copper 
Corrosion from Petroleum Products by the 
Copper Strip Tarnish Test3 

D287 Test Method for A P I Gravity of Crude 
Petroleum and Petroleum Products (Hy-
drometer Method)3 

D M 5 Test Method for Kinematic Viscosity 
of Transparent and Opaque Liquids (and 
the Calculation or Dynamic viscosity)3 

D<173 Test Method lor Sediment in Crude 
Oils and Fuel Oils by liKtraciioii3 

D482 Test Method foe Ash from Petroleum 
Products3 

D 524 Test Method lor Kamsboltom Carbon 
Residue of Petroleum Products3 

D 1266 Test Method for Sulfur in Petroleum 
Products ( Lamp Method)3 

D 1552 Test Method for Sulfur in Petroleum 
Products (I li^b-TcmperatUre Method)3 

D 1659 lest Method for Maximum l-'luidity 
Temperature or Residual Intel Oil3 

D 1790 Test Method for Water and Sediment 
in Fuel Oils by Centrifuge Method (Labo-
ratory Procedure)1 

D 2622 Test Method for Sulfur in Petroleum 
Products (X-Ray Spcetrogrnphlc Method)' 

0 3245 Test Method far Pumpability ol' In-
dustrial Fuel Oils4 

' this spAificiitlBfi li under the jurisdiction nt ASTM Com-mit iw t)-2 an Petroleum Products and 'Lubricants. Current edition approved Aug. M, 1980. Published Octoter IMO. Originally published as b }% - .14 T. List hfevious tdi. Hon 0396**9. 
'Annual hwk iilASISI Simuktiit, Vol 05.01. Discontinued. See JWAnmlbftikbFiliiTMSitiHtliitttt. Vol 05.01 
'Annual Ihmk of ASTM Smnilarils, Vol 05.02, 
'Annuall)tx>k nf ISTMSiamlurils, Vol 05.03. 

SO J 
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3. (.'ciiL'iul Requirements 
X I t h e grades of fuel oil specified herein 

shall he homogeneous hydrocarbon oils, free 
from inOrgiiriie add. and free from excessive 
amoiinlsofsolid of fibrous foreign matter likely 
10 make frequent cleaning of suitable strainers 
necessary, 

3.2 All grades containing residual compo-
nents shall remain uniform in normal storage 
itnd not separate by gravity into light and heavy 
011 components outside the viscosity limits for 
(he grade, 

4. Detailed Requirements 

4,1 The various grades of fuel oil shall con-
form to the limiting requirements shown in 
Table I. 

4.1 Modifications of limiting requirements 
to meet special operating conditions agreed 
upon between the purchaser, the seller, and the 
supplied shall fall within limits specified for 
each grade, except as stated In supplementary 
footnotes for Table I. 

5. test Methods 
5.1 The requirements enumerated in this 

specification shall determined in accordance 
with the following A S T M methods/' except as 
way be required under S. I . I . 

5,1.1 Flush Nint--Method D93 , excepi 
where other methods are prescribed by law for 
the determination of minimum Hash point. Fo r 
Grades No, I and No. 2. Method D 56, may be 
used as an alternative with the same limits, 
provided the Hash point is below I W C 

(I750l'*) and the viscosity is below 5.8 cSl (41 
S U S ) at 3X"C ( l iX)0 ! ' ) , This method will'give 
slightly lower values. In cases of dispute, 
Method D 93 shall be Used as tlie referee 
method. 

5.1.2 I'tiur Point -Method D 97, Alternative 
test methods that indicate flow point properties 
may be used for iow sulfur residual fuels by 
agreement between purchaser and supplier. 

5.1.3 Water find Sediment -T l i e water and 
sediment in Grades Nos, 1,2,'), and 5 shall be 
determined in accordance with Method D 17% 
and tirade No. 6 by Method I ) 95, and Method 
I ) '<73. 
5.1.4 Cathon Residue Method D 524, 
5.1.5 Ash Method D 482, 
5.1.6 Distillation -Distil lation of Grade No, 

I and No. 2 oils shail be determined in accord* 
anee with Method D 86, 

5.1.7 l%co.\liy-Viscosity shall be deter-
mined .in accordance with Method D 445. 

5.1.8 OVfliV/i'-Method D2B7. 
5.1,') C o m m o n - M e t h o d D 130,3 h test at 

50 °C ( I22 ° l : ) . 
5,1.10 Sulfur- The sulfur content of tiny 

grade may be determined by ,-tnv of the follow-
ing methods; Method D 129, Method D 1551 
or Method D 2622, In addition, the sulfur of 
Grade No. I may be determined by Method 
D 1266. 

*' For intoniaiuw on ihe precision of the ASTM methods 
of (est tor ftid oils refer lo "An Evaluation of Methods tor UeietMiMimrt of Sulftit IN f-'uel Oils" by A. ft. Crawford, 
lisso Mathematics -St Sysiews lite and 0. V. iiyroff. (jsw. 
Research and liiigihMhfij Co.. 1969. this document is avail-
able from Ihe Publications Section, American K'lroleum 
Institute, 21011,. St., N.W„ Washington, PC. 31X137. 

202 
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Q O O I G J L 

r..) 
A P P E N D I X 

X I . S IGN I F ICANCE OF A S T M S P E C I F I C A T I O N FOR ftJKL. Ol I .S 

n 

n 

f.3 
t! 

i 

P ! 

t 

XI.I Scopc 
XI.1.1 ASTM Specification 1)396 divides fuel 

wis into grades based u port the .tyMs of burners for 
•»hich they are suitable, Il places limiting values on 
«vcral of the properties of the oils iti each grade, The 
properties selected for limitation are those that are 
be!ie'.cd to be of the greatest Significance in deter-
mimhg the performance Characteristics of the oils lit 
ihe types Of burners in which they are most com-
monly used, 

X 1,2 Classes 
Xl.2.1 Because of the methods employed In their 

ptoduciion, fuel iVils fall into two broad classifica-
tions: distillates and residuals, The distillates consist 
of overhead Or distilled fractions. The residual arc 
bottoms remaining from the distillation, of biends of 
these bottoms With distillates, In Specification D 39ft, 
Citada No. I arid No, 2 are distillates and the grades 
ten No, 4 to No, 6 are usually residual, although 
H'tiic heavy distillates iiiay be sold as Grade No, 4, 

VU Grades 
XI,1.1 Grade Ho. I is a light distillate intended for 

we in burners of the Vaporizing type in which the oil 
a converted to a vapor by contact Willi a heated 
surface or by radladon, High volatility Is necessary 
•o ensure that evaporation proceeds with a minimum 
illesiduc, 

XI,3.2 Gnule Ho, 2 is a heavier distillate than 
(tide No, I. it is intended for use in atomizing type 
Vncrs which spray the oil into a combustion cliam-

Mtere the tiny droplets burn while In suspension. 
This grade or oil is used In most domestic burners 
"to in many medium Capacity commercial-industrial 
Miners where Its ease of handling and ready availa-
^Sometimes Justify its higher cost over llif. resld-

M 1.3 Grade Ho. 4 (Light) l i usually a light resid-
but it sometimes Is a heavy distillate, Il Is intended 

-i use both in pressure-ntomMng commercial-in-
•Jitnat burners not requiring higher cost itMillales 
•M in burners equipped to atomize .-'Is of higher 
•tvccrtity. Its permissible viscosity range allows it to 

rurnped and atomized at relatively low storage M̂latUiej, 
-si-14 Gradi Ho. 4 Is usually a light tcsidual, but 

' wmeiimes is a heavy distillate. It Is intended for 
"i burners equipped with devicci that atomize 
° r nighef viscosity than domeslic burners ean 

Its permissible Viscosity tange allows il to be 
- "iped and atomized at relatively low siorage tern-
"""res. Thus, in all but extremely cold Weather it 
^ ' t s h o preheating for handling. 

XI,3,5 Grade Ho, S (Light) is residual fuel of 
Intermediate viscosity for burners capable or han-
dling fuel more viscous than grade No. 4 without 
preheating. Preheating may be necessary in some 
types of equipment for burning and irt Colder climates 
for handling. 

X1.3.6 Grade Ho. S (Heavy) is a residual fuel more 
viscous than Grade No. 5 (light) and is intended for 
use In similar service, preheating may be necessary 
in some types of equipment for burning and in colder 
climates for handling. 

XI.3.7 Gradi No. 6, sometimes referred to as 
"BUIIWT ' " " is a high-viscosity oil used mostly in 
commt.-'Si and Industrial heating. It requires pre-
heating tit he storage tank to permit pumping, and 
additional preheating at the burner to permit atom-
izing, The extra equipment and maintenance re-
quired to handle this fuel usually preclude its Use in 
small installations. 

X 1,3,8 Residual fuel oil supplied to meet regula-
tions requiring low sulfur content may differ from 
the grade previously supplied. It may IK lower in 
viscosity (and fall into a different grade number), If 
il must be fluid al a given temperature, Method D 97 
may not accurately relied the pour point which can 
be expected after a period of storage, It Is suggested 
that the purchaser and supplier discuss the proper 
handling and operating techniques for a given low-
sulfiir residual fuel oil in the installation where it is 
to be used, 

X.1.4 Significance of Test Methods 
XJ .4,1 The significance or the properties of fuel 

oil on which limitation* are placed by the specifica-
tion is as follows; 

XI,4,l . i Flash Point-* The flush point of a fuel oil 
is an indication or the maximum temperature at 
which It can lie stored and handled without serious 
fire hazard. The minimum permissible dash point is 
usually regulated by fedcr.il, state, or hnmicipal laws 
and is based on accepted practice in handling and 
use. 

XI,4.1.2 I'ottr /Wnf'-The poUr point is an Indi* 
cation of the lowest temperature at which a lUel oil 
can be stored and still be capable of llowing under 
very low forces, The pour point is prescribed in 
accordance wllh the conditions or storage And use, 
Higher pOtlr point fuels are permissible where heated 
storage and adequate piping facilities ate provided. 
An increase in pour point may occur when residual 
fuel oils are subjected to cyclic temperature variations 
that may occur in the COURT nf siorage or when the 
fuel l i preheated and returned to storage tanks. To 
predict these properties, tcit methods such as British 
Admiralty Method VI I , Method D3245-IP 230/69 
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D 396 
or Method b 1659, miiy be required, 

XI.4,1.3 Wilier and .Vrt/mii'n/—Appreciable 
amounts of Water and Sediment in 11 fuel Oil tend to 
cause fouling of facilities for handling it, and to give 
trouble in burner mechanisms, Sediment may accu-
mulate in storage tanks and on filter screens or burner 
parts, rcsulling in obstruction to How of oil from Ihe 
tank to the burner. Water in distillate fuels may cause 
corrosion of tanks and equipment and it may cause 
emulsions in residual fuels. 

X M . M Carbon Residue- The carbon residue of 
a fuel is a measure of the carbonaceous material left 
after all the Volatile components are Valorized in 
the absence or air. II is a rough approximation of the 
tendency of o fuel lo form deposits in vaporizing 
burners, such as pot-type and sleeve-type burners, 
where the fuel is vaporized in an iiir-de'fieient atmo-
sphere. 

To obtain mensurable values of carbon residue in 
the lighter distillate foei oils, It Is necessary to distill 
the oil lo remove 90 % oTit in accordance With ASTM 
Method U 86, Test for Distillation or Petroleum 
Products,3 and then determine the earbOii residue 
concentrated in the remaining 10% bottoms, 

XI.4,1,5 /laA—The amount or ash is the quantity 
or noncombjstible material In an oil, Excessive 
amounts may indicate the presence or materials that 
causc high Wear ol" burner pumps and valves, arid 
contribute lo deposits on boiler healing surfaces. 

X 1,4.1.6 Dlslillalioii—The distillation test shows 
the volatility or a Kiel and the ease with which it can 
be vapori/.ed. The test Is or greater significance for 
oils lhal are to be burned in vaporizing type burners 
than for the atomizing type. I'or example, the maxi-
mum 10% and 90'to distilled temperatures are spec-
ified for grade No, I fuel. The Untiling 10% value 
assures easy starting in vaporising type burners arid 
the 90 % limit excludes heavier fractions that Would 
be difficult to vaporize. 

The limits specified for grade No, 2 healing oil 
define a product that is acceptable for burners Of the 
atomizing type in household heating installations. 
Distillation limits are not specified for fuel oils of 
grades Nos. 4, 5, and 6. 

X 1.4.1,7 Viscosity Limits for Grades Nos, I and 
The viscosity Of an oil is a measure of its resistance 

to now. In fuel oil it is highly significant since it 
indicates both the relative ease with which the oil will 
flow or may be pumped, and the ease Of atOmlzatiOh. 

Viscosity limits for No. I and No. 2 grades«are 
specified to help maintain uniform fuel lloW in ap-
pliances with gravity flow, arid to provide satisfactory 
atomization and constant flow rate through the small 
nozzles or household burners, l-'or Ihe heavier grades 
ofindtistrial atid bunker fuel oils, viscosity Is of major 
importance, so that adequate preheating facilities can 
be provided to permit them to be pumped to the 
burner and to provide good atomization. However, it 
is equally important that the maximum viscosity 
under the existing conditions be such that the oilcan 
be pumped satisfactorily from the storage lank to tb:<f 
prchcater, 

XL4.L8 Gravity—Gravity alone is or little slgnif* 
icanee as an indication or the burning characteristics 
of fuel oil. However, when used in conjunction with 
other properties, it is of value In welghl-volume rc« 
laiiohshipsand in calculating the heating value of an 
oil. 

XI,4,1,9 Corrosion**-The corrosion' test serves to 
indicate the presence or absence of materials that 
might corrode copper, brass, and bronze components 
of ihe fuel system, This properly Is specified only for 
No^ I distillate fuel, ' 

Xl.4.1.10 Limited sulfur content of fuel oil may 
be required for special uses Sri connection With heat 
treatment, nonretrous metal, glass, and eernrnic fur-
naces or lo meet federal, slate or local legislation or 
regulations, 

'«*«««m*>» tftpeeilHgih* Mhduyofmypmt Hghn ,imted M 
of any such patent rights, and iht risk of infrlnftmitl of mh rights, are entirely their m responsibility. ' 

7Tils Standard I, subject to revision al any III,,r bv the responsible technical con.mill,r and nmsl be reviewed every live years 

makeyour views known to Ihe ASTM Committee on Siandards, 1916 Rate St., Philadelphia, I'll. 19103. 



Designat ion! D 975 - 8 1 " An Afiiohcnn Nntlcnnl Standard 

Standard Specification for 
DIESEL FUEL OILS1 

IMittiMUrd Is Issued under ihe fixed designation 0 975; the Mimtier immediately following Ihe designation indicates the 
nil Of original adflptton or,in the Case of revision, ihe year of last revision, A number In parentheses indicates Ihe year dflast 
approval. A superscript epsilon (<) indicates ah editorial change Since (lie last revision or rcapprbva], 

S'»HMJ«W Section 2 was editorially added and subsequent sections renumbered; also Figs, XiM through XJ. I2 were 
slilonilly ebangtu in May 

I, Scope 
1.1 This specification covcrs three grades o f 

JieSel ftlel oils suitable for Various types of 
diesei engines, 

1.2 This specification, unless otherwise pro* 
Aided by agreement between the purchaser arid 
:h{ supplier, prescribes the required properties 
tf diesel fuels at the time arid plafic of delivery. 

Sbrr I—Nothing in this specification shall pre 
.jilt observance of federal, slate, or local regulations 
thifh may be more restrictive, 

1.3 The values stated in S I units are to be 
•(tardea us the standard, The values stated Ln 
.nch'pound units are for information only. 

!, Applicable Documents 
M ASTM Standards-. 
056 Test for Flash Point by Tag Closed 

Tester5 

1)86 Method for Distillation of Petroleum 
Product!,2 

1)93 Tests for Flash Point by Pcnsky-Martehs 
Closed Tester'1 

0129 Test for Sulfur in Petroleum Products 
(General Bomb Method)5 

I) 130 Detection of Copper Corrosion from 
Petroleum Products by the Copper Strip 
Tarnish Test6 

0445 Test for Kincmatid Viscqjily of Tra i i^ 
parent and Opaque Liquids (and the Cal-
culation of Dynamic Viscosity)' 

D482 Test for Ash from Petroleum Products6 

0 324 Test for Unmsbottom Carbon Residue 
of Petroleum Products6 

1)613 Test for Ignition Quality ofDicsel Fuels 

by the Cetane .Method' 
D976 Calculated Cetane Index of Distillate 

Fuels' 
D 1500 Test for A S T M Color of Petroleum 

Products (AS I 'M Color Scale)5 

D 1796 Test for Water and Sediment in Crude 
Oils and Fuel Oils by Centrifuge" 

D 2)61 Conversion of Kinematic Viscosity to 
Saybolt Universal Viscosity or to Saybolt 
Furol Viscosity" 

D 2274 Test for Oxidation Stability or Distil-
late Fuel Oil (Accelerated Method) ' 

D 2276 Test for Particulate Contaminant in 
Aviation Turbine Fuels" 

D 2500 Test for Cloud Point or Petroleum 
Oils" 

D 2880 Specification for Gas Turbine Fuel 
Oils" 

D 3 1 I 7 Test for Wax Appearance Point of 
Distillate Fuels'" 

D 4057 Practice Tor Manual Sampling of Pe-
troleum and Petroleum Products10 

3. Kcquirctilents 
3,1 The grades of diesel fuel oils herein spec 

1 this specification is under the jurisdiction of ASTM Corn-
itnttM CM «ft Petroleum products and Lubricants, 

Currehi edition approved Aug: 28,1981 Published Octobcr 
1581. OripJnally published as D97S-4IT, Last previous edi-
tion D 975-78. 

1 Annual llmk of ASTM Standaldi, Vols 05.01 and 06.03, 
1 Annual Book of ASTM Standards Vols 05.01, 06.01, and 

06.03, 
1 Annual tlook of ASTM Standards. Vols 0101 and 10.03. 
' Antlual Book of ASTM Sliitidf'.j Vol 05.01, 
' Annual llmk or ASTM Stand •, Vol 05.04. 
* Annual Rook of ASTM Stan*.,m.t, Vot 05.02. 
• Annual nook of AST M Standards, Vols 05.02 and 10.03. 
10 Annual /look of ASTM Standards. Vol 05.03. 
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ificd shall be hydrocarbon oils conforming to 
the detailed requirements Shown in Table 1. 

4. Test Methods 
4.1 The requirements enumerated in this 

specification shall be determined in accordancc 
with the following methods; 

4.1.1 Flash Point— Method D 93, except 
where other methods arc prescribed by law. 
For Grades No. 1-D and No. 2-D, Method 
D 56, may be Used as an alternate with the 
same limits, provided the flash point is below 
79°C (175°F) and the viscosity is below 5,5 eSt 
(of m m V s ) " at 4 0 ° C ( I 0 4 ° F ) . This method will 
give slightly lower values, In eases of dispute, 
Method D 93 shall be used as the referee 
method. 

4.1.2 Cloud Point— Method D 2500. Method 

D 975 

D 3117 may also be used since the uyo 
closely related, In Case of dispute Methcc 
D 2500 shall be the referee method, 
4.1.3 Water and Sediment—Method D 
4.1.4 Carbon Residue-^Meihod D 524, 
4.1.5 Ask—Method D 482, 
4.1.6 Distillation of No. 1-D and No, H 

Fuel Oils—Method D 86. 
4.1.7 Viscosity-'Method D445 or by ctit. 

version in accordance with Method D 2101 
4.1.8 Sulfur—Method D 129. 
4.1.9 Co/vuswi—Method D 130, 3 h lesu 

50°C, 
4.1.10 Cctanc Mwi ic r—Method D 613. 

" One ccnlisloVcs (|cSi) ecjUaU oiii millimetre iqiu-t, 
pet wcond (I mmVs): therefore,• ihe two UhltS ire Uif 
changeable. 

b 

f? 
i i 

l i 

i 't 

h 

n 

n 

LI 450 

CV 



# D 975 

igtlS'g 
® K O M •B gJ E i 

a * e> '*g 5 ti 
i s : a •o ,E S. «.a -a. « y Tj 

4 I 

'5 1 

P t * ? ie >• . fr.s P s • 2 j; s ' tf '4. 
5" 3 E ri o o m 
C u j. v *r *> J'* 5, a M * a a i g'-S s | '3 B 3 m i n i ^ 
u m i U Gs s «s§adli 

IllsalXii I k s 11|| H 

j J l J J ^ I I 
g i i>2 K H | u S 85 H g 8 g.g;aS 
l l l l i l l 
T| lli ||11 
-8«t 2 a J s § 

rl E 
N « ,3'a g- « M 
I M I J S 

451 



# D 975 

A P P E N D I X E S 

X L S IGN IF ICANCE OF A S T M S P E C I F I C A T I O N F O R D I E S E L F U E L O I L S 

X I . l Introduction 
X I . 1,1 The properties of commercial fuel oils de-

pend on the refining practices employed and the 
nature of th<; crude oils from which they are pro-
duced. Distillate fuel oils, for example, may be pro-
duced within the boiling range of 150 and 400°C 
(300 and 755°C) having many possible combinations 
Of Various properties such as volatility, ignition qual-
ity, viscosity, and other characteristics. 

X 1,2 tirades 
X1,2,1 Specification D 975 is intended as a state-

ment or permissible limits of significant fuel proper-
ties used for specifying the wide variety of commer-
cially available dieSel fUel oils, Limiting values of 
significant properties arc prescribed for ihree grades 
of diesel Tuel oils, These grades and Iheir general 
applicability for use In diesel engines are broadly 
indicated as follows: 

XI,2,2 Grade No, I'D—Grade No, 1-D comprises 
the Class Of volatile ruel oils from kerosine lo the 
Intermediate distillates, Fuels within this grade are 
applicable for use in high-speed engines in services 
involving rrequent and relatively wide variations In 
loads and speeds, and also for use in cases where 
abnormally low fuel temperatures are encountered, 

XI,2.3 Grade Nil, 2-0—Grade No. 2-D Includes 
the class bf distillate gas oils oriower 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, 

Xl.2.4 Grade No. Grade No. -t-D covers the 
Class Of more Viscous distillates and blends of these 
distillates with residual ruel oils, These fuels are 
applicable for use in low- and medium-speed engines 
employed in services Involving sustained loads at 
substantially constant speed, 

XI ,3 Selection of Particular Grade 
X 1,3.1 The selection of a particular diesel fuel oil 

from one of these three ASTM grades for use in a 
given engine requires Consideration bf the following 
factors! 

X1,3.1,1 Fuel price and availability, 
Xi.3,1,2 Maintenance considerations, 
X 1.3,1,3 Engine size and design, 
Xl.3.1.4 Speed and load ranges, 
XI,3.1.5 Frequency or speed and load changes, 

and 
Xl.3.1,6 Atmospheric conditions. 
Some or these factors may influence the required 

fuel properties outlined as follows: 

XI. ' I CetHiie Number 
XI.4,1 Cetane number is a measure of lite igmliot 

quality or the fuel nnd influences combustion rough 
ness, The cciune number requirements depend on 
engine design, size, nature of speed and load Vitni 
lions, and on starting and atmospheric conditions 
Increase In cetane number over values actually t(, 
quired docs not materially Improve engine perform, 
ance. Accordingly, the celane number spccifitd 
should be as low as possible to assure maximum hit; 
availability, 

X L 5 Distillation 
X 1.5.1 The ruel volatility requirements depend w, 

engine design, size, nature or speed and load Vanl' 
tlons, and on starling and almoSphcric condition! 
For engines in services involving rapidly fluctuating 
loads and speeds as in bus and truck operation, the 
more volatile fuels may provide best pcrforraanci 
particularly with respect to smoke and odor, !lo«, 
ever, best fuel economy is generally obtained f i« 
the heavier types tif fuels because of their higher hut 
content, 

XI .6 Viscosity 
Xl.6,1 For some engines it Is advantageous Ii" 

Specify a minimum viscosity because or power lo* 
due to injection pump and injector leaknge. WiU' 
mum viscosity, on the other band, is limited b; 
'Considerations involved In engine design and sitf 
and the'characteristics of the injection system. 

XI,7 Carbon Residue 
XI.7,1 Carbon residue gives a measure of the 

carbon depositing tendencies of a fuel oil *htr, 
heated lit a bulb under prescribed conditions. While 
hot directly correlating with engine deposits, Ihis 
property is considered an approximation, 

X1.8 Sulfur 
X1.8.1 The effect of sulrur content on engine wuf 

and deposits appear lo vary Considerably In Impor 
lance and depends largely on operating conditions 
In order lo assure maximum avoilability of fuels, tK 
permissible sulfur content Should be specified as hlu 
as practicable, consistent with maintenance consid-
erations, 

X L S Flash Point 
XI,9.1 The flash point as specified is not dlittth 

related to engine performance. It Is, however,« 
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importance in connection With legal requirements 
tfdSftfety precautions involved in fuel handling and 
ttorage, and is normally specified lo meet insurance 
jhd regulations, 

J;|,10 CioUd Point 

XI 16,1 Cloud point is Of importance in thai it 
defines the temperature at Which a cloud Or hale of 
•lit crystals appears in the oil under prescribed test 
conditions which generally relates lo the temperature 
,1 which wax crystals begin to precipitate from the 

in Use, 

X I . 11 Ash 
X I , 11.1 Ash-formlng materials may be present In 

fuel oil in two forms: (/) abrasive solids, and ( ? ) 
soluble metallic SoapS. Abrasive solids contribute to 
Injector, fuel pump, piston and ring wear, and also to 
engine deposits, Soluble metallic soaps have little 
effect on wear but may contribute to engine deposits. 

X I .12 Copper Strip Corrosion 
X I . 12.1 t h i s lest serves as a measure of possible 

difficulties with copper and brass or bronze parts of 
the. fuel system. 

t i TENTH PERCENTILE MINIMUM AMBIENT TEMPERATURES FOR THE UNLTEL) 
' • STATES (EXCEPT HAWAII) 

Xl.l Introduction 

X2.I.I The tenth percentile minimum, ambient 
irmperatUreS shown on the following maps (l-igs, 
X21 through X2.I2) were derived fiom an analysis 
if historical hourly temperature readings recorded 
,wer a period of 15 lo 21 years from 345 weather 
unions In the United Slates, This study was con-
ducted by the U.S. Army Mobility Equipment R e 
Kirch and Development Center ( U S A M E R D C ) , 
Coiling and Chemical Laboratory, Aberdeen i'rciv-
iM Ground, Md. 21005. The tenth percentile mini' 
Itiuni ambient temperature is defined as the lowest 
temperature Which will occur 90 % of the time. In 
cither words, there is only a 10 % expectation that ihe 
tntnimUnt dally temperature will be lower lhan the 
tenth percentile.minimum temperature, 

X2.I 2 It is recommended that these data be used 
M estimate the temperature lo be used in specifying 
M' temperature operabillty requirements. In estab-
lishing those low-temperature operabillty require-
ments Consideration should be given to fuel sysleln 
design, normal equipment protection for cold 
teaiher operation, type of operation, use of nuidity 
itn|itover additives, area in which the fuel Will be 
used and any unusual weather or operating condi-
tions, or a combination thereof, which may make low 
temperature Operabillty more or less severe lhan 
r.stmJl, 

X2.2 Maps 
X2.2.I The maps in ihe following figures were 

derived from C C L Report No. 316, " A Predictive 
Study for Defining LimilingTcmperatures and Their 

Application in Petroleum Product Specifications," by 
John 1'. Doner. This report was published by Ihe U, 
S. Army Mobility Equipment Research and Devel-
opment Center ( U S A M E R D C ) , Coating and Chem-
ical Laboratory, and It Is available from the National 
Technical information Service, Springfield, Va, 
22151, by requesting Publication No, A D 7 5 M 2 0 . 

X2.2.2 Where states arc divided the divisions arc 
noted on the maps Willi the exception of California 
whleh IS divided by counties as follows: 
California, North Coast—Alameda, Contra Costa, 

Del Norte, l lumboll , Lake, Marilt, Mendocino, 
Monterey, Napa, San fienilo, San Francisco, San 
Mateo, Santa Clara, Santa Cruz, Solano, Sonoma, 
Trinity. 

California, Interior—-Lassen, Modoc, Plumas, Sierra, 
Siskiyou, Alpine, Amador, Hutic, Calaveras, Col-
usa, El Dorado, Fresno, Glenn, Kern (except dial 
portion lying east of (lie Los Angeles County Aq-
ueduct), Kings, Madera, Mariposa, Merced, Placer, 
Sacramento, San Joaquin, Shasta, Sianislatis, Sui-
ter, Tehama, Tulare, Tuolumne, Yolo, Yuba, Ne« 
vnda, 

California, South Coasl—Orange, San Diego, San 
Luis Obispo, Santa liatbara, Ventura, Los Angeles 
(except thai porilon north of the San Gabriel 
Mountain range and east of the Los Angeles 
County Aqueduct). 

California,Southeast—imperial, Riverside, San tier-
nardinl, 1.0S Angeles (that portion north of the San 
Gabriel Mountain range and easl of Ihe Los An-
geles County Aqueduct). Mono, Inyo, Kern (thut 
portion lying cast of the Los Angeles County Aq-
ueduct). 

X3. L O N G - T E R M S i O R A G E O F D I S T I L L A T E F U E L S 

X3.I Scope 

X3.1.1 This appendix provides guidance fer con' 
lutners of distillate fuels who may wish Id '.ore 

X 3 . L 2 Normally produced Tuels have adequate 
Stabiliiy properties to Withstand normal itorage with-

it the formation t " out 

quantities of fuels for extended periods. Fuel i con-
uimng residual components are excluded, Ctiuis-
lently successful long-ierm fuel storage requires at-
tention to fuel selection, storage conditions, and mon-
itoring of properties prior to and during storage, 

uui nit iui iiiii,i,/,i Of troublesome amounts of insol-
uble degradation products, Fuels that are lo be stored 
for prolonged periods should be selected lo avoid 
formation orscdimenLS, which can overload filters or 
plug combustor nozzles or injectors. Selection of 
these fuels should result from supplier-user discus-
sions. 
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X3.I.3 These suggested practices are general in 

nature and should not be considered substitutes Tor 
atiy requirements imposed by the warranty of (he 
distillate fuel equipment manufacturer or by federal, 
state, or local government regulations. Although they 
cannot replace a knowledge of local conditions or̂ a 
good engineering and scientific judgment, these stig* 
gested practices do provide guidance in developing 
an Individual fuel management system for the distil-
late fuel user, They include suggestions in the oper-
ation and maintenance of existing fuel storage and 
handling facilities and for identifying where, when, 
and how ruel quality should be monitored, 

X3.2 Definitions 
X3.2.I lang-liriu slofufio— storage of , fuel for 

longer then 12 months alkr 11 is received by the user, 
X.i.2,2 h u l k M " fuel in the storage facility. 
X3.2.3 tomustofflieMve] entering the combus-

tion '/.one or the burner or engine after nitration or 
Other treatment of bulk fUel. 

X3.2.4 fuel coiiliiutMunls—foreign materials that 
make fuel less suitable or unsuitable for the intended 
.tie, Fuel contaminants Include materials introduced 
subsequent to the manufacture of fuel and fuel deg-
radation products, 

X3.2.5 fuel'ileghidmlon firoducls— those materials 
which are formed In fuel during extended storage. 
Insoluble degradation products may combine with 
other fuel contaminants to reinforce deleterious ef» 
fects. Soluble degradation products (soluble gums) 
are less Volatile than fuel and may carbonize to fortn 
in fuels due to complex Interactions and oxidation of 
small amounts of oleilnle. sulfufous. oxygenated, and 
nitrogenous compounds present in fuels, The for-
mation or degradation products may be catalyzed by 
dissolved tnetals, especially copper salts. 

X3,3 Ftlcl selection 
X.I,3.1 Certain distilled refinery products arc gen-

erally more suitable for long-term storage than oth-
er*. The stability properties or distillates are highly 
dependent on the crude oil sources, severity of proc-
essing, and whether additional refinery treatment has 
been carried out, 

X3.3.2 The composition and stability properties 
of distillate fiiels produced al specific refineries inay 
be diflcrent. Any Special requirements or the user, 
such as long-term siorage. should be discussed with 
the supplier, 

X3.3.3 Blends or fiiels from various sources may 
interact to give stability properties worse than ex-
pected based on the characteristics of the Individual 
fuels. 
X3,4 Fuel Additives 

X3.4,i Available fuel additives can improve the 
suitability of marginal fuels for long-term siorage but 
may be unsuccessful for fuels with markedly poor 
stability properties, Most additives should be added 
al Ihe refinery or during the early weeks of stoini e to 
obtain maximum benefits, 

X3.4.2 hiocldes or bioslats destroy or inhibit tltc 
growth of fungi and bacteria which car, grow al fuel-

D 975 

water interfaces to give high particulate concenin 
tions in the fuel. Available biocides are soluble,« 
both the fuel and Water or in the water phase onlj 

X3.5 Tests for Fuel Quality 
X3.5.1 Al the time of manufacture, the s ta , 

stability of fuel may be estimated by Method D 22"'f 
However, correlation of this test with actual stout,, 
Stability may vary significantly, depending updivfiw 
conditions and fuel composition, 

X3.5.2 Performance criteria for accelerated stak 
ity tests that assure satisfactory long-term sturaju,-
fuels have not been established, 

X3.fi Fuel Monitoring 
X3.6.I A plan for monitoring the quality of 

fuel during prolonged storage is an integral part ft, 
successful program. A plan to replace aged fuehr,! 
fresh product at established Intervals is also desiraKt 

X3.6.2 Stored fuel should be periodically saitf*. 
and its quality nsscsscd. Method t>270, provides ju; 
ance for sampling. Fuel contaminants and degrade.-
products will usually settle to the bottom of tt quiche 
lank. A "bottom" or "Clearance" sample, as defined' 
Practice D 4057, should be included in the evaluati,« 
along with ati "All Level" sample. 

X3.6.3 The quantity of insoluble fuel contaft 
nants present in ruel can be determined using Metlw 
1) 2276, Procedure A. 

X3.6.4 Other quality tests like fuel color (Mctlw 
D 1500) and stability tests (Method D 2274) site 
storage may have value. Correlations or these it* 
with ruel suitability are tenuous, 

X3.7 Fuel Storage Conditions 
X3.7.I Contamination levels In fuel can be if' 

dttced by storage in tanks kept free or water, ir,> 
tankage should have provisions for Waicr draining or 
a scheduled basis, Water promotes corrosion, «r.< 
microbiological growth may occur at a fucl-wjic 
Interface. Underground storage is preferred lo a\i« 
temperalilre extremes; above-ground storage Hub 
should be sheltered or painted With reflective pain'. 
High siorage temperatures accelerate fuel dcgtadi 
lion. Fixed roor tanks should be kept fiill to to' 
oxygen supply and lank breathing, 

X3.7.2 Clipper and copper-containing allc)' 
should be avoided, Copper may promote ruel d({' 
radatlon and may produce mcrcaptlde ge|s, to' 
coalings may read wiiii water or ofgnr.ic acids la t" 
fuel to rorm gels which rapidly plug filters, 

X3.7.3 Appendix X3 of Specification D 2880, die 
cusSed fuel contaminants aS rt general topic. 

X3.8 Use of Degraded Fuels 
X3.8.1 Fuels that have undergone mild-to-mbl' 

crate degradation may often be consumed in a 
mat way, depending on the fuel system requiremtnU 
Filters and oiher cleanup equipment may tequiN 
special attention and increased maintenance. Burnet 
nozzle br injector fouling may occur more rapidly ( 

X3.8.2 Fuels containing very large quantities • 
fuel degradation products arid other contaminants^ 
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,itb runaway microbiological growth require special 
iilcniion. Consultation with experts In tiiis area is 
joiiable, it may be possible to drain the sediment or 

arid Use It with the precautions described in X3.8.I, 
HoWeVer, Very high Soluble gUm levels Or corrosion 
products from microbiological contamination may 
Cause Severe operational problems. 

FIG, SU.1 October—tdtii Pttccrttllc Minimum tcmjwriitHrcs 

t'lC. X2,2 Nuicmlicr—'IO1I11'rrcf utile Minimum Temperatures 
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Pore word 
t h i s British Standard has been prepared under the direction 
of the Petroleum Standards Committee. 
A British S tandard B S 209 'Fuels for oil engines' was first 
published in 1024 and B S 742 'Oil fuels for burners' first 
appeared in 1937. Both these standards were subsequently 
revised and later combined, in 1957, into B S 2869 'Oil fuels", 
A major revision of this standard took place In 1967 when 
the title Was changed to 'Specif ication for petroleum fuels 
for oil engines and burners', t h e r e was a partial revision in 
1970 to Include a new class of fuel ( C I ) for flueless domestic 
appliances at the request of the Home Office and subsequent 
substantive amendments were published, t h e present 
revision has been undertaken to incorporate these 
amendments and bring the standard up to date in further 
respects, It supersedes B S 28(59 ; 1970 which is now 
withdrawn. 

t h e Institute of Petroleum ( IP ) Codes place classes A and D 
fuels for inland use in their class I I I , wi th a min imum flash 
point ef: 5G ° C and this limit has been adopted In this 
revision, 

A separate Br i t ish Standard, B S M A 100, for fuel oils for 
marine application and for marine engines for inland use 
has been prepared, based on discussions with in tlie Inter-
nat ionr l Organization for Standardization ( I SO ) and 
therefore classes B l and B 2 have been deleted from this 
revision and arc now specified as classes M2 and M 3 
respectively in B S M A 100 to which reference should be 
made for fuels for marine engines, even If used for Inland 
applications. A l l references to marir.e applications have also 
been deleted, 
t h o determination of cold filter plugging point has been 
substituted for tho determination of c l o u i point for 
defining the l o w temperature characteristics of classes A 1 , 
A 2 and D fuels, t h e new method is considered to provide a 
more realistic criterion in relation to use, 

t h e desirability of Including some specification to cover 
lubricity of classes A 1 and A 2 fuels has been raised during 
tho preparation of this specification. However, in the 
absence of any established method to determine lubricity 
of these fuels reliably, this property cannot bo included as a 
requirement. 

I t Is recognized that there are some applications where, 
fo r technical or other reasons, limits different from those ih 

this standard or additional requirements may be necessary, 
t h i s standard does not cover such special applications, 
which are matters for arrangement between the purchaser 
and tho vendor. 

t h e issue of an E E C Directive* relating to the sulphur 
content of gas oil necessitated, in 1977, amendments to the 
requirements fo r certain of the classes of fuel covered by 
the scope of this standard, t h e Directive refers to two types 
of gas oil, designated A and B, wh i ch are differentiated 
according to the intended areas of use. these designations 
are not equivalent to, and should no t be confused w i th , 
the designations assigned to classes of fuel in this s'.andard, 
which are differentiated on the basis of the limiting require-
ments given in table 1. Fuels comply ing w i th classes A l , A 2 
and D of this standard, however, cou ld be subject t o the 
provisions of this E E C Directive. 
It wil l be noted that in the last 10 years more amendments 
to this standard have been needed than in any similar 
period previously, t h i s was a consequence not only of more 
exacting requirements of fuel-using equipment and 
environmental legislation but also of a radically changed 
pattern of product demand, One or more of these factors Is 
likely to require further changes to the standard before the 
next major revision, these will only be made if acceptable 
to all tho various interests and organisations represented on 
tho committee responsible for the standard and after the 
opportunity for public comment. Nevertheless, suppliers 
and users of oil fuels should be aware that changes may be 
needed to quality requirements and that these may be 
dictated primari ly by the need to ensure adequate supply 
levels. 

t h e specifications given in this Brit ish Standard require the 
use of test methods standardized by the Institute of 
Petroleum ( I P ) arid the cooperation of this organization is 
gratefully acknowledged, B y arrangement with the I P , 
many of these test methods have been issued as Br it ish 
Standards and cross-references between the British 
Standards and IP methods have boon included, Most of 
these methods are published as Parts of B S 2000 and their 
Part numbers are identical with their IP Method numbers, 
those methods are to bo used for referee purposes bu t the 
use of other methods for routine purposes is not precluded. 
Compliance w i th a Brit ish Standard does not of itself 
confer immuni ty from legal obligations. 

'Council Directive (7S/71G/6GC ol the Eudpcon fc'conornic Community) on tlio Approximation o( thfc laws of Mgmbor States relating to 
the sulphur content ol certain liquiti 'ucl> 
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British Standard Specification for 

Fuel oils for oil engines and burners 
for non-marine use 

1, Scope 
This Brit ish Standard specifics properties for.various classes 
of petroleum fuels for both oil engines and burners for non-
marine use. The standard does not preclude the lawful use 
of one class ot fuel In an appliance designed for use w i th a 
fuel of another class, except that it is strongly recommended 
that only class C I burner fuel should be used in flueless 
domestic appliances, but points out the advisability of tests 
or consultation wttl i the equipment manufacturer when 
fuel is to bo used for a purpose other than that for which it 
is classified in the standard. 
While this standard applies to petroleum fuels, it is 
recognized that there is currently growing interest in the 
possibility of deriving alternative fuels, e.g. from coal, 
When assessing the suitability of such alternative fuels, 
the standard may be used only as a general guide, since 
many of the criteria listed are of an empirical nature; their 
relevance to fuels of other than petroleum origin may 
therefore be questionable, F.or example, the equations 
referred t o in C,2 and given in C ,S are unlikely to be valid 
for non-petroleum fuels. 

Appendices A, B and C have been included for information 
only , 
NOf E. The titles of thfe publications referred to fn this standard are 
listed On the Inside back cover. 

2. Sampling 
2.1 Sampl ing from storngc tanks. For the purposes of this 
British Standard, all sampling shall be carried Out In 
accordance wi th the relevant sections of B S 3195 : Part 1 
and additionally as detailed in 2,2, 
NOTE, The rriisthod described ln 2,2 is designed for sampling: the 
bulk ot the fuel being fed to the offtake point. Tho examination ot 
equipment (e.g, purnpii to detect foully operation may require the 
uso ot different techniques, 
2.2 Sampl ing from fuel linos 

2.2.1 Sampling cans. Sampl ing cans shall be of G L capacity, 
NOTE. Attention Is dri>wrt to the fact that sampling cans will need 
to comply with the statutory safety requirements (or the classified* 
tion, packaging and labelling of dangerous substances, ot present in 
course ot preparation, 
2.2.2 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 they are sound and free 
from leaks. A fuel-resistant sealing washei in good condition 
shall be in position In the cap, 
2.2.3 Procedure. F r o m the offtake point, 5 L of the fuel to 
be tested shall be carofully drawn into a 5 I can using a 
clean d r y funnel. The screw cap shall bo fully tightened and 

the.can checked to ensure that there are no leaks, 
NOTE. If more than 5 L are needed, (lid operation should be 
repeated Immediately and before the pump has bean used for any 
other purpose. 
2.2.4 Labelling and transport. Ful l and legible information 
relating to the source of the sample shall be attached to the 
can in such a manner that it w i l l not easily become 
detached subsequently, 
NOTE 1. if required, tha sample may ba sealed and labelled to 
maintain its legal Integrity, 
NOTE 2, If tho sample has to be sent to the laboratory by public 
transport, it will be necessary to comply with the general regulations 
covering transportation of flammable materials, where appropriate, 
and with the requirements of the transport authority concerned. 
Information on the appropriate procedures and type of packaging 
required should be obtained from the transport authority Involved. 

3, Composition, properties arid use of fuels 
NOTE. Fieeommendations relating to the application and use of 
tlvtse fuels are given in appendix A, 
3.1 The fuels shall be hyd .ocarbon oils derived f rom 
petroleum. This does not preclude the incorporat ion of 
small amounts of additives intended to improve some 
aspects of performance. T h e fuels shall be free f rom 
inorganic acid and f rom quantities of grit, fibrous material 
and ether foreign matter l ikely to interfere w i th the 
operation of normal equipment, 
NOTE 1. MM Customs and Excise require the statutory addition ot 
prescribed dyes and/or markers to fuels usnd torcertain purposes 
and also stipulate requirements in respect of other specification 
points.These additional requirements are not detailed hare but do 
not toMliet with the specification given below. 
NOTE 2. The fuels may be dyed for the purposes of brand 
identification. 
3.2 The petroleum fuels shall comply w i th the l imiting 
requirements set out in tables 1 and 2 when tested by the 
methods Indicated therein, 
3.3 On visual inspection at ambient temperature, fuel oils 
comply ing with classes 01 and C2 shall be clear, bright and 
free from solid matter and undissolved water , 

4, Precision atid interpretation of test Malts 
Most of the methods of test specified in tables 1 and 2 
contain a statement of the precision, I.e. repeatability and 
reproducibi l i ty, to be expected from them but in eases of 
dispute the procedure described in I S 4306, which uses 
precision data in the interpretation of test results, shall be 
used. 

1 
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5. Marking and labelling 
5.1 Class C 1 burner fuel 

5,1,1 Symbol, The symbol for class C1 burner fuel shall be 
of the general form and proportions shown in figure 1, 
Its breadth shall not be less than 100 m m and its height 
shall not be less than 120 m m . Addit ional lettering or 
symbols shall neither be included with in tho outer rectangle 
nor closely associated w i t h its perimeter, A space of not less 
than 10 m m shall be left between the perimeter of the 
symbol and any brand name or trade mark. The colour used 
for the design and lettering shall be in clear contrast to the 
background colour, 

Figure 1. S ymbo l for class C1 burner fuel (reduced size) 

5.1.2 Marking of pumps and containers, The fol lowing 
informat ion shall bo marked on each dispensing pump or 
container used for delivering class C1 burner fuel to the 
customer; 

(a) the vendor's name or mark; 

(b) the symbol for class C l burner fuel (see figure 1). 
Tho wording ' B S 2800 : Class C1' or ' B S 2869 : C1' shall 
not be used on pumps or containers unless the wording 
forms part of or Is accompanied by the symbol (see fe.1.1). 

5.1.3 Associated documents, If the symbol is used In 
documents relating to the sale and delivery of class C l 
burner fuel or in advertising material, I l shall retain tho 
general form and proportions shown In figure 1, 
NOTE 1. The breadth and height of the symbol may be decreased 
tor usoin documents, provided that the symbol remains recognizable 
and tho lettering Is legible, 

Addit ional lettering or symbols shall neither be included 
wi th in tlie outside rectangle nor closely associated wi th its 
perimeter. A space of not loss than 5 mm or one-tenth of 
the breadth of the symbol, whichever Is the greater, shall be 
left between the perimeter of the symbol and any brand 
name or trade mark. 
N o t e 2. The wording 'BS 2869 : class C1' or 'BS 2869 ; C l ' may 
be used in documents reluting to tho solo and delivery of class C l 
burner fuel without the symbol. 
5.2 Class C2 burner fuel. Products supplied as comply ing 
w i t h class C2 of-this standard shall not be described as 
'paraffin' or 'paraffin oi l ' in association wi th any reference 
to this standard. 
NOTE. It is recommended that this fuel should be described as 
'kerosine' in association with references to this standard. 
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Table 1, Properties of engine fuels 

Property Class A1 Class A2 Tost method Property Class A1 Class A2 

British 
Standard 

Technically equivalent 
institute of 
Petroleum standard 

Viscosity, kinematic at 40 °C , cSt* 
min. 
max, 

1 ,B0 
5.00 

1,50 
5,50 

BS 2000 ! 
Part 71 

IP 71 

Cetane number, min. 50 
(see ic,21 

45 BS 5580t t 

Carbon residue, Ramsbottom on 10% residue, 
% Imlm), max. 0,20 0,20 BS 4451 IP 14/65 

Distillation, recovery at 350 °C , % (V/V), r.,'0. 85.0 85,0 BS 2000 : 
Part 123 

IP 123 

Flash point, closed, Pensky-,Martens, °C , min. 56.0 50.0 BS 2000 : 
Part 34 

IP 34 

Water content, % t V/V), max. 0.05 0,05 BS 4385 IP 74782 

Sediment, % Iro/m), max, 0,01 0.01 BS 4382 f 

Ash, % Im/m), max. 0,01 0,01 BS 4450 
(EN 7) 

-

Sulphur content, % (mfrn), max, 0.30§ 0.505 BS 5379 
(EN41) 

Copper corrosion test, max, 1 1 BS 2000 : 
Part 15411 

IP 154 

Cold filter plugging point (see G,4),*C, max, 
Summer (March/Sept, inclusive! 

Winter (October/Fob. inclusive) 

0 

-s 
0 

-9 

BS 6188 
(EN 116) 

IP 309/80 

' t c'St a 1 mm'/s, 
t B S 5680 is Identical with ISO 51615.1977 and makes reference to Method ASTM bd13-<35. Revisions of BS 556o i 1977 and ISO 5165-
1977 are in course of preparation and will make ie!»rCnca to the edition of ASTM 0613 : IP 41 current al tho time ot publication of the 
revision of ISO S188, Pending the publication of these revisions, tests for this requirement should be made using the method ASTM t)Bf3. 
8 2 : IP 41/82. 
•I IP 53/82 superseded IP 53/70, which Was technically equivalent to BS 4382,1P 53/70 only specified the exoression Of sediment as 
percentage by mass while I P 53/82 specifies expression of sediment as oltlwr percentage by mass Or percentage by volume but IS Otherwise 
stlHtdehhlcally equivalent, 
SThlS limit IS set In accordance With the legislative requirements for gas-oil of the 'Counfcll directive (75/716/t:EC of the European 
Economic community) on the approximation of the laws of Member States relating to the sulphur content of certain liquid fuels'as 
embodied In Statutory Instrument 1S76 No. 1988 Public Health - Tho Motor Fuel (Sulphur Content ot Gas Oil) Regulations 1976 and 
Statutory Instrument i <76 No. 1989 Public Health - The Oil Fuel (Sulphur Content ol Gas Oil) Regulation 1976. 
HThe conditions of toward to be as recommended for fuel oils In 7,1,1 of B S2000 : Part 16411682, test temperature to be 50 
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Table 2, Properties of burner fuels 

Property Class C l Class C2 Class D Class E Class F Class G class H tost method 

British 
Standard 

Technically 
equivalent 
instituir, of 
Petroleum 
standard 

Viscosity, kinematic 
at 40 "C, cSt* 
min. 
max. Mb 

1.00 
2,00 

1.50 
5.50 

- - - BS 2000 : 
Part 71 

IP 71 

Viscosity, kinematic 
at 80 °C , cS t ' .max, - - - 13.BO 

(see 
c.1) 

38,00 
(see 
C,1) 

86.0 
(see 
C. I ) 

130.0 
(see 
C.1I 

BS 2000 : 
Part 71 

IP 71 

Carbon residue, Ramsbottorti 
on 10% residue, % (m/m), 
triax. 0.2 BS 4451 IP 14/66 

Distillation 
recovery at 200 °C , 
% |t//l/),min, 
recovery at 200 °C , 
% (VIV), max, 
recovery at 350 °C , 
% iVIV),m\)\. 
final boiling point, "'C, max. 

1S.0 

60.0 

280 

15,0 

300 
85.0 

- ; - -

BS 2000 : 
Part 123 

IP 123 

Plash point, clostid, Abel, 
"C.mtn. 43.0 38.0 _ - - -

BS 2000; 
Port 170 

IP 170 

Plash point, closed, Pensky-
Martens, °C , min. - „ 56,0 66.0 66.0 66,0 66,0 

BS 2000 : 
Part 34 

IP 34 

Water content, % WIV), max. Sen 3.3 See 3.3 0,05 0,5 0.76 1,0 1,0 BS 4385 IP 74/82 

Sediment, % (hilift), mux. Sea 3.3 See 3,3 0.01 0.15 0,25 0,28 0.25 BS 4382 t 

Ash, 55 (rtf//M), tfiax. - - 0.01 0,18 0.15 0.20 0.20 BS 4450 „ 
Sulphur content, % Mm], max, 0,04 0,20 

0.50t 

3,60 3.80 4.06 4.00 

BS 2000: 
Part 107 
BS 537C 
( EN 41) 
BS 2000 : 
Part 81 

IP 107 

IP 61 

Copper corrosion test, max. 1 1 1 — - BS 2000 ; 
Part 164§ 

IP 154 

Cold filter plugging point, 
°C , max. 
Summer (March/Sept, 
inclusive) 
Winter (Octobor/Keb, 
Inclusive) 

- - 0 

- - - 0S6188 
(CN 116) 

IP 309/80 

Smoke point, mm, rnin, 35 20 - - - i. BS 2000! 
Part 67 

IP 57 

Char value, mg/kg, max, 10 20 - - «- B S 2 0 0 0 ! 
Part 10 

IP 10 

•1 est « I mrn'/s, 
t i p 53/82 superseded IP 53/7U whlfch was technically equlv.ilr.nt to BS 4382, IP 53/70 Only specified tho expression of sediment as 
percentage by mass while IP 63/82 specifies expression of sediment os either percentage by mass or percentage by volume but is otherwise 
Mill technically equivalent, 
tThis limit Is set In accordance with tli6 legislative requirements for gas-oil of the 'Council Directive (75/716/EEC of tho European 
Economic Community) On the approximation ol the laws ol the Member States relating to tho sulphur content of certain liquid fubls' as 
embodied In Statutory Instrument 1976 No. 1988 
SThe conditions of test are to be as recommended for Kiel oils in 7.1.1 bl BS 2000 : Pait 154 ; 1982, lest temperature to bb EO'-'C. 
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Appendix A 

Fuel types and applications 
A , 1 General. The fuel used in an appliance should be as 
recommended by the equipment manufacturer. However, 
it is recognized that many types of oil-consuming appliances 
which normally use a particular class of fuel can, In certain 
circumstances, consume.quite satisfactorily a fuel falling 
with in ihe limits of another class. A typical case is the 
widespread use of burner fuels for tho larger oil engines. 
If a fuel is to be used for a purpose other than that for 
which it is classified In this standard, the user should satisfy 
himself by test or consultation w i th the equipment 
manufacturer that it can be used satisfactorily in his 
appliance, 
A .2 Engine fuels 

\ .2.1 t h e two classes of fuel specified in table 1 are 
marketed specifically as oil engine fuels. Class A l is of higher 
quality and is intended primarily as an automotive diesel 
fuel, whilst class A 2 is intended as a genn-al purpose diesel 
fuel. Classes A 1 and A 2 are distillate gr ides and are so 
specified as to prevent the inclusion 01 residuum. 
A.2.2 Tho spec i f i c v>ns for classes A', and A 2 include 
limits for cold filter plugging point chosen to cover seasonal 
requirements in the U K (see C,4) . 
A.2,3 ignition quality is specified in terms of cetane 
number but the calculated cetane index Is referred to as an 
alternative for routine purposes wi th fuels not containing 
ignition Improver additives (see C,2), 
A,2,4 The gross and net specific energy of engine fuels may 
be calculated f rom equations given In c ,5 . 
A .3 Burner fuels 

A,3,1 Of tho seven classes of fuel for oil burners specified 
in table 2, classes C I and C2 cover distillate fuels of the 
kerosine type ; class C1 being for fiueless domestic heating 
appliances and class C2 for vaporizing and atomizing 
burners, mainly used for domestic heating In appliances 
connected to flues. Class D is a distillate grade for atomizing 
burners in domestic and Industrial use and Us specification 
includes a cold filter plugging point limit wh i ch Indicates 
that it can be stored and used at normal ambient 
temperatures (see C,4) , Classes C1 and C2 can be stored and 
used at any ambient temperature likely ta be encountered 
in the U K . 
A .3 .2 Classes E to H are residual or blended fuels and 
normally require preheating before combustion. The stan-
dard temperature for tho determination of the viscosity of 
these fuels is 80 ° C which ensures more consistent test 
results. 

A,3.3 The gross and net specific energies of burner fuels 
may be calculated from equations given in C.B. 
A.3.4 Burner fuels of classes E to G are used in certain 
types of oil engines. They are not sold, however, With any 
guarantee of suitability for this purpose and intending users 
should satisfy themselves by test or consultation with the 
engine manufacturer that any particular fuel wi l l be suitable 
for their equipment, e.g. attention may need to bo paid to 
the proportion of ash-forming constituents present. 

0 0 0 1 8 1 
Appendix B 

Storage and handling 
B . I Fuels of classes A I, A 2 and D. Guidance On the cold 
weather use of these fuels is given in B S 6380, Exposure of 
these fuels to temperatures significantly be low - 9 ° C for 
long periods may cause restriction to flow, Problems may 
also be experienced if summer grade material w i th a higher 
cold filter plugging point (see C,4) is still present lii 
significant amounts in the fuel used during the winter 
period, Where continuity of operation is essential and/or 
in locations known to suffer severe cold spells, It Is 
advisable to take adequate precautions beforehand. 

Fo r Installations in which class D fuels are In use, lagging 
the storage tank and associated pipework and fittings is 
useful, In addition, It may be necessary to install heating 
equipment to provide a min imum storage and handling 
temperature between 0 ° C and 5 6 C in accordance w i th 
B S 5410 : Parts 1 , 2 and 3, 

In storage installations and vehicles using classes A l and A 2 
fuels, precautions are also necessary. The Br i t ish Technical 
Council of the Motor and Petroleum Industries* has also 
made suitable recommendations for fuel storage systems, 
the design and service of low pressure fuel systems of 
vehicles, and recommendations for low temperature 
operation of diesel vehicles* Including remedial measures In 
eases of fuel starvation by wax, 
B .2 Fuels of classes E , F , G and H, Fuels of classes E to H 
require storage and handling plant equipped w i th heating 
facilities. The minimum temperatures wh i ch may be 
expected to give satisfactory results with all fuels of the 
given class are given in table 3. 
Users should satisfy themselves that their storage and 
handling plant is adequately equipped to maintain the fuel 
at, or just above, the appropriate temperature given in the 
table. Heating facilities should be designed in accordance 
wi th B S 799 : Parts 4 and 5 and B S 6410 : Parts 2 and 3. 

Table 3, Minimum storage and handling 
temperatures for burner fuels of classes 
E, F, G Ohd H 

Class 
ol fuel 

Minimum 
temperature 
for storage 

Minimum tomperntuis for 
outflow from storiqr 
and for handling 

" c 

E 10 10 
F 25 30 
G 4 0 50 
H 4 S 55 

While the min imum temperatures quoted in table 3 ensure 
satisfactory results with all fuels of a given class, It is we l l 
known that many fuels wil l f low satisfactorily at lower 
temperatures. In the interests of energy conservation, 
consumers may wish to determine the min imum temperature 
for satisfactory flow of the fuel. The pumpabi l i ty test 
method for industrial fuel oils ( B S 2000 ; Tart 230, identical 
with IP 230) can be used in such cases as a guide to the 
minimum safe storage and handling temperatures of fuel 
oils. If working below the min imum temperature shown 
above, it may bo necessary to test each delivery of fuel oil, 
particularly if fuels are roCoivef from more than One source. 

* 'Diesel Fuel Systems lor Low Temperature Operations', August 10?9, available rrorn the British Technical Council ol the Motor anrl 
Petroleum Industries, Sncrctariat Ohiccs, MlRA, Wathivg Strer-t, Nuneaton, Warwickshire. 

5 



- 1 • : — : : — " ™ " • — TI 
/ / 

B S 2869 i 1983 I q 
.1 O 

! J 

i ' 

n 

} s 
! "I 

A p p e n d i x C 

Notes o n propert ies 

C,1 Viscosity/temperature relationship. The four lines 
drawn on the chart in figure 2 show average viscosity/ 
temperature relationships for fuels of classes E to H at the 
maximum viscosity specified in this standard. The approxi-
mate viscosity/temperature relationship far any petroleum 
oil fuel within these classes, lor which the viscosity at one 
temperature is known, can be determined by drawing 
through the known viscosity/temperature intersection a line 
parallel to those shown, Prom this line can be read the 
approximate temperature required for any desired viscosity, 
e.0, that specified by b u r n e r makers for proper atomization. 
In the regions indicated by broken lines on the graph, 
the viscosity/temperature relationship cannot be adequately 
defined for all fuels, Guidance on viscosities at low 
temperatures should be sought from the fuel oil supplier, 
c .2 Cetane index. The calculated cetane Index is approxi-
mately equivalent to the determined cetane number for 
fuels that do not contain additives to improve the Ignition 
quality, This Index may be used as an alternative to cetane 
number for quality control purposes, 
The equation for the calculated cetane index is given in 
BS 2000 : Part 218 (identical with IP 218), but for easy 
reference B S 2000 : Part 218 includes a nomograph 
(see A.2.3). 

C.3 Density. Density, whilst it may be controlled during 
production, is not specified. It Is necessary to know the 
density for converting bulk volume to masf„ as well as for 
calculating the cetane index (see C.S) and specific energy 
(see c ,5) , Density may be quoted by the oil supplier or 
otherwise may be determined by the methods described In 
BS 4714 or BS 5093, which are technically, equivalent to 
IP 160 and IP 190,respectively. 
C.4 Cold filter plugging point. Cold filter plugging point 
has now been adopted as a standard test method in many 
European countries as it represents the most realistic 
method of assessing the tow temperature flow properties Of 
gas oils such as classes A l , A2 and D in this standard, 
The winter limit of - S 6 C in this standard was specified 
following consideration of hourly, 4 hourly and 8 hourly 
temperature data recorded over the 30 years 1949 to 1978 

at a pair of Meteorological Office Stations among those 
consistently reporting the coldest extremes of air 
temperature for a populous area in the United Kingdom, 
The two stations considered were located close to each 
Other and by combining their records one continuous sot of 
data for 30 years was obtafned. A t these sites temperatures 
o f - 8 ° C and below were found to Occur for periods of 4 h 
duration or longer eh only 16 occasions and for periods of 
8 h duration or longer on only 7 occasions during the entire 
30 year period. This was considered to be an acceptable 
degree of risk, being frequencies of 1 in 300 and 1 in 6B0 
respectively for the 5 months during which the winter 
grade is specified. 
Whilst there is no fixed relationship between the cloud 
point and cold filter plugging point of a fuel, the differential 
will rarely exceed 13 "C , 
C 5 Specific energy, Specific energy (calorific value) is not 
controlled in the manufacture of fuel except In a secondary 
manner by the specification of other properties. Gross 
specific energy at constant volume (Q f l v ) can be determined 
by the method described in B S 2000 : Part 12 (technically 
equivalent to IP 12) which Includes the method for 
obtaining the net specific energy at constant pressure ( a n p ) . 
Specific energy (in MJ/kg) can be calculated with a degree 
of accuracy acceptable for normal purposes from the 
densitv of a fuel, applying corrections for any sulphur, 
water and incombustibles (ash) that may be present as 
follows; 

dgv«(61,9ie- 8,792/)*|(1~ + y + + 9.420s 
Q n p - (40,423- 8(702p 1 + 3.170 p W - (x + K + « » + 

+ 9.420s - 2.449* 
where 

p is the density at 15 ° C ( g / m L ) ; , 

x is the proportion by mass of water (% divided by 100 ; 
y is the proportion by mass of ash (% divided by 100); 
s is the proportion by mass of sulphur { % divided 
by 100). 

Por rapid estimation, valuer, maybe read from figures 3 and 
4 which have been derived from the above equations. 
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MtJTE, t o Correct for ash 6hd water subtract O,OlO0tf (!4 nsh + % water) from gross specific enfergy at Constant volume (0,jv) reed from 
tlilt graph. 

Figure 3. Gross specific energy at constant volume ( 0 , J , in MJ/kg, of fuel oils for nort-rharitie Use 
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NOTE. To correct tor ash and water Subtract O.OiO„p ash + % water) from net specific energy at constant pressure ( 0 n p | read from 
this graph. 

Figure 4. Net specific energy at Constant pressure ( 0 „p j , in M J / k g , of fuel oiis for hoh-marfnb Use 
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To obtain satisfactory performance from diesel engines, operators need to know 
how to handle the fuel (to make sure it remains in good condition, free from dirt; 
and water contamination) and how to avoid problems from solidified wax if the fuel 
is cooled below critical temperatures. 

How to net 
fill' bast 
results from 
diesel fuel 

High-speed diesel engines, us used In tractors, trucks and motor 
curs, operate on automotive diesel fuel CALIF) which is also knosvn 
as automotive distillate, automotive diesel oil CADO) or diesel dis-
tillate its well as by several proprietary brand names, such as Dieso-
line and Diesoleum. For clarity, the single term diesel fuel Is used 
In this publication to cover all these. 

Diesel fuel is manufactured to specifications that ensure trouble-
free use in most applications, most of the time. For many years, 
user problems Were few. Production quality in Australia had been 
well within specification limits, allowing a range of tolerance, 
Recently, however, production quality litis more nearly approached 
Ihe specification limits, so there is more likelihood oT problems 
arising in marginal or exceptional applications. 

Tho changes have been made because the use of diesel fuel is 
growing more rapidly than that of other fuels; it is in the national 
interest, as well as being Government policy, to extract as nulch 
fuel as possible from the waxy, indigenous Uass Strait crude oil, 
For these reasons, there Is unlikely to be tiny significant further 
chaise in fuel quality, and users should minimise operational prob-
lems by adopting recommendations set out in this data sheet. 

Australian institute 
of Petroleum Ltd 
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Store fuel properly 
avoid galvanised Slow fuel In bare steel tanks or containers 

iron ami copper, 
Where possible; protect the siorage ' ink from (he sun In summer. 
Drain sediment and condensed water from tanks before each 
delivery and especially at onsot of winter. 
Diesel fuel should last at least 1.2 months, but turn stock over by 
almost emptying before refilling, 
Don't entry over summer grade fuel for use In winter. 

Look after drums 
l o oxcl de moisture, store drums off the ground and on their 
sides, with bungs at 3 ami 9 o'clock positions, 
Keep drums In the shade where possible. 
Use tliem lit rotation - first in, first out. 
Minimise carry-over of summer grade fuel for use In winter 

Some tractor tips 
6 Drain sediment from running tank regularly, 

Refill tank after use, to exclude moisture. 
• Service the fuel filter elements regularly, 
• Change to winter grade eninkease oil before winter, 

Colcj weather operating procedures 
• Winterise machines prior to onset of cold weather, 
0 Protect equipment from the elements overnight, 
• Insulate fuel lines, filter and tunning lank, 
• In the event of fuel starvation by waxing* 

« Remove or change the filter element 
' • Warm the fuel system to dissolve wax and melt lee 
" V.f i f ? m . , t > 0 J c c n t t 0 5 0 ' i e r c u n t In l ine o'l mixed Into diesel fuel to reduce wax 

0 feast ami snow conditions, check dipstick. If lubricating oli 
Is frozen, don't start! • 



Fuel storage 

Diesel fuel tanks may lie 
installed above ground, on the 
ground, or underground, 

Abovcgrouttd tanks are rela-
tively chcrip to install, aw easily 
moved, and allow gravity flow 
when fuelling vehicles, but they 
are exposed lo the not „im which 
can reduce the life of the fuel 
by degradation, 

On-tlte-ground tanks on low 
supports are the cheapest to 
install, but tcqtilte .pumps for 
fuelling vehicles,, and the fuel Is 
subject to the heal of the sun 
unless cover is provided, 

Underground tanks are the 
most expensive to Install and also 
require pumps for fuelling vehi-
cles, but the fuel Is kept at an 
even temperature and will last 
for longer petlods without de-
lerioratlne. However, removal or 
water and sediment Is more 
difficult. „ „ , 

For safety reasons, diesel. 
fuel tanks should be located at 
least 7.5 metres from buildings 
Tof atovegrouitd or att-tlie^found 
tanks and at least 3 metres 
from buildings In the case of 
underground tanks. 

Abovcftouml tanks should 
have IS mm to iO mm dram 
cocks or valves at their lowest 
noints lo allow drainage of scdi-
nioilt and water. These arc pre-
ferable to drain plugs which 
allow no control of (low, and are 

risky to use with the tank full. 
The main ruel ou l lu should be 
fitted with a valve, filter, pump 

(ir .required), hose and a trigger 
nozzle, while the entry to the 
outlet pipe should be SO mm 
above the bottom of lite tank to 
avoid picking up water or sedi-
ment, , , , . 

Underground tanks should 
have a hand pump permanently 
connected to a drainage sump, 

Materials of 
construction 

Tanks and dtums should bo 
filled to leave sufficient ullage 
(at tost 3 per cent or total 
volume) to allow for fuel ex-
pansion with, a rise in tempera-
ture, All tanks should be vented 
to the atmosphere and to pre-
vent pressure buildup and. to 
allow ait to enter as fuel Is with* 

Schematic bf 
comet sct'ttl> 
for delivery 
of diesel fuel 
from storage 
Into fuel tank 
supplying an 
engine-

iiiiiy 

• ^ 

drawn, ttrums are sealed, and 
arc strong enough to withstand 
the pressure, provided there Is 3 
per cent ullage, Plain steel con-
tainers provide the usual method 
of storing fuel (whether in drums, 
vehicle running, tanks or bulk 
storage). , , 

Galvanised steel drums or 
tanks are NOT recommended for 
storage because the zinc causes 
product oxidation and gum for 
mation which can block filters 
and injectors. The galvanising 
releases a tine powder of zinc 
oxide which can pass through 
filters: to form deposits in the 
induction and combustion systems 
of piston engines, It can also 
cause unpleasant odours from 
small quantities of sulpluit coin-
pounds in lite fuel, 

Copper should NOT be used 
for storing ftiel as it promotes 
catalytic action to form depo-
sits of gum, If copper tanks are 
used, fltey should be treated In-
ternally with im oil-resistant coat-
Ing, and copper fuel lines should 
be tinned, Steel lines arc pre-
ferable for perhaps nylon m 
cases where no fire hazard exists). 

Plastic containers should NOT 
be used for Storing petroleum 
products unless they aro speci-
fically Intended for tho purpose. 
Plastics can deteriorate at even 
moderate temperatures, Increasing 
the danger of leakage or spillage. 
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Although lubricating oils ate 
often sold in acceptable plastic 
containers, other petroleum pro-
ducts can penetrate unsuitable 
plastics or weep through cracks 
or screw lops. Ultraviolet light 
from the sun accelerates cracking 
of most plasties. 

Concrete tanks may be used 
for fuel storage, particularly If the 
cuiicrete is dense and the tanks 
are well constructed, but the 
concrete may be slightly porous, 
allowing seepage at construction 
joints, fine powder may be pro-
duced from the surface of the 
concrete, eausllig tllter blockage 
or deposits. However, concrete Is 
it feasible storage tank material, 

Drum storage 
Care shmiW be used, In 

storing and handling drums, to 
keep but tllrt and moisture, 
Store under cover where possible, 
it Is best to keep drums at a 

.uniAMtn temperature as variations 
in temperature can draw mois-
ture into tho drums. 

Drums, If stated outside, 
should be off the ground and on 
their sides with bungs at both 3 
and 9 o'clock positions, If the 
drums cannot be laid on their 
sides, till them slightly and. 
tutu the dtum so .that the bungs 
are away from any water which 
collects. Keep bungs tight, Plas-
tic covers over drums can assist. 
Cover the funnels to keep out 
ditt, or store them upside.down. 
Draws of fuel should he used III 
rotation first lit, first out. 

Use of drums 

Tilt to avekl 
water collecting 
and eiiterlnti 
drum, or pre* 
fambly store 
under cover 

Storage life 
The nominal storage life of 

diesel fuel may bo taken as 12 
months,, which normally allows an 
adequate safety margin before 
deterioration. 

There ate many factors which 
affect the storage life of fuel. 
The preferred method of storage 
is In steel drums lit cool or shaded 
conditions, or hi underground 
steel tanks, Stock should fee 
turned over progressively so it Is 
never older than 12 months. If 
only one tank is used, It should 
be nearly emptied! before tcllll-
Ing, Mixing old degraded fuel 
with fresh fuel can accelerate 
deterioration and shorten the life 
of tlie new fuel, 

Slightly different grades of 

Correct method 
for slot-Inn drums 
mi their sides. 
A 'ale the position of 
bunas at the 3 and ') 
o'clock liosiiloits. 

Correct arrangement 
for a diesel fuel drum 
front which fuel is 
lo be extracted, Tlie 
bunj;S are al the 3 altcl 
9 o'clock positions, 
and the drum Is 
tilled to h>.ep any 
water away from 
bungs. 

diesel fuel are manufactured by 
refineries at different times of the 
year to cater for seasonal tem-
perature variations, IT cold-flow 
properties are important, cute 
should be taken not to mix 
summer grade with winter grade 
fuel, 

Shading from dlreet sunlight 
can reduce gum and varnish* 
forming tendencies in an above-
ground tank or in drums,, This 
will also minimise "breathing" 
and help to keep moisture rrom 
condensing in the lank, l;uei 
way contain a gum Inhibitor 
added by the refiner lo retard 
the formation of gum and var-
nish, However, it may still, be 
affected eventually by oxidation 
and gum deposits will develop 
which will upset fuel systems and 
engines, 

Colour at the time of manu-
facture is not necessarily a guide 
lo diesel fuel quality, However, 
many petroleum products undergo 
colour change in ati open con-
tainer, particularly If exposed to 
the ultraviolet rays of sunlight, 

Use of degraded fuels 
When fuel has become signi-

ficantly off-colour, or develops an 
unpleasant odour or sludge depo-
sits during long-term storage, it 
should not normally bo used for 
Internal combustion engines unless 
It has been prc-filtercd through a 
nominal 3 micron filler, 

l'ttels which have undergone 
mild to moderate degradation 
may often be, used In a normal 
way, depending on the fuel sys-
tem sensitivity, filters and other 
clean-up equipment may require 
special attention and increased 
maintenance, Injector fouling may 
occur more rapidly than normal, 

l'ttels containing very large 
quantities of fuel degradation pro-
ducts or other contaminants, or 
which have runaway microbiolo-
gical growth, require special 
attention. Consultation with the 
suppliers Is desirable. It may be 
posslble to drain and discard the 
sediment, or draw, off most of 
the fuel above the sediment layer 
and use it with care. However, 
very high levels of soluble gum 
or corrosion products from micro-
biological contamination may 
cause severe operational problems, 

Maintaining 
fuel quality 

These days, because of rising 
prices or product shortages, larger 
stocks of diesel fuel, ate often 
held by users, Proper manage-
ment of these stocks Is vital ir 
product life and quality are not 
to be itffceted adversely, 

While diesel fuel should re-
main In good condition for al 
least 12 months, il Is afrcctcd by 
storage conditions such as high 
temperature and lite presence of 
water or sludge, Ultimately ruel 
can become orf-colout, develop 
an unpleasant odottr, or deposit 
sludge at the bottom of the tank. 
Tanks "breathe" Willi tempera-



lure changes, and air is drawn in 
When product is removed, Wlten 
moist air above the fuel is chilled, 
as on cold nights, dew is formed 
within the tanks and collects ln 
the tank bottom, t h e water/ 
fuel Interface Is a fertile site for 
bacteria which can give rise lo 
sludge formation or sulphurous 
smells. 

Dirt and wafer 
All fuels must be kept free of 

dirt and water, but this is espe-
cially Important with diesel fuel 
bccause the injection system oti a. 
diesel engine is manufactured with 
minute clearances, Very tine 
dirt particles soon ruin compo-
iienIs and load lo expensive re-
pairs. Water, even in extremely 
small amounts, causes corrosion of 
the highly-polished surfaces of fticl 
pumps and Injector nobles, Diesel 
operation manuals emphasise the 
Importance of clean fuel. 

Water In dlesfll fuel settles out 
relatively slowly, fo r tilts reason, 
allow 24 hours for witter and dirt 
to settle to the bottom of the 
storage; tank after it has been 
refilled. Use of two storage tanks 
allows the contents of one to 
settle while, the other is 111 use, 
I f there Is only one storage lank, 
fill running tanks before disturb-
ing the storage tank with a new 
fuel delivery, 

Allow drums to settle before 
pumping from them, 

Draining tlic tanks 
Regular drainage of condensed 

water and sediment from the tank 
bottom is essential. Tills should 
be done several times a year, pre-
ferably just before the tank is 
refilled, Tho tank should be 
drained in autumn to make 
wav for winter-grade fuels, or 
when it lias been sitting unused 
for some time. 

Internal deposits are out ol 
sight and very often out of mind. 
Inspections of fatili storage tanks 

Drain sediment, water 
and fuel mixture 
from tbnk 

it Is essential that sediment he drained 
front diesel fuel storage tanks, along 
with any accumulated mixture of 
water and fuel, 

Sediment, water 
ami tual 

3-

show that often they are noli 
drained of condensation and de-
gradation products, and these 
Inevitably accumulate, With longer 
storage periods, it is essential 
to make a special effort to drain 
off this contaminated material, 
whlclt accelerates the degradation 
of fresh fuel and upsets diesei 
operation by filler bloekagt or 
damage to Injectors, 

Additives may be Introduced 
by termers to prolong fuel's 
storage life and minimise de-
posits. Despite the Improvement, 
the need for regular drainage of 
moisture and sediment remains. 

Sometimes it is necessary to 
flush out ilte tank to remove 
accumulated sediment and water, 
and the contaminated fuel may be 
kept in a container for 24 hours 
lo allow dirt and w to settle. 
If It settles ade(t,.„tely, the 
clean portion of the fuel can be 
returned carefully to the clean 
storage tank. 

Running tanks on tractors and 
other vehicles such as trucks 
should be drained several times 
a year by means or the drain 
pluft, followed by flushing out 
with dean fuel. 

Similarly, the ruel storage tanks 
of fishing boats and other marine 

vessels should be cleaned of water 
and sediment at regular intervals. 
The entire contents of the tank 
should be drained or pumped out 
and a small charge of clean fuel 
ttsed lo Hush out any panicles 
and condensation products left in 
Hie tank, 

ln the past, the need for re-
gular drainage has not been suffi-
ciently emphasised, ami users are 
unaware of lite need to drain 
tanks on a regular basis, follow-
ing these recommendations 
would help to ensure trouble-
free service with diesel engines 
ahtl fuel. 

Characteristics at 
low temperatures 

Diesel fuels are complex mix-
tures or many components, in-
cluding traces of wax, (See next 
section, Cold Weather Operations,) 
At very low temperatures, small 
wax crystals will start to form 
In the oil. 'I hey can coagulate 
and eventually block fine Ut-
ters, obstructing fuel flow. 

The temperature at which wax 
crystals start to he visible In 
cooling diesel fuel is termed the 
cloud point, If tho fuel Is fur-

ther cooled, more waxes come 
out of solution and form a struc-
ture which ultimately makes the 
fuel unpourable, The lowest tem-
perature at which tlic fuel re-
mains potirablc (In a standard 
laboratory test) Is known as the 
pour point. 

Neither of these temperatures 
gives a precise Indication of the 
operational limits of diesel fuel. 
In most instances, the cloud 
point test gives too pessimistic 
an indication of the lowest tem-
perature tit which a fuel can 
perform satisfactorily, while the 
pour point gives an overly opti-
mistic- estimate, Hut cloud point 
is the safer Indicator, 

Slimmer and 
Winter grades 

Seasonal grades o f diesel fuel 
am distributed al appropriate 
limes during tlte year. These are 
summer ami winter grades, and, 
sometimes, an Intermediate grade, 
The winter grade cloud point In 
southern and eastern Australia Is 
normally around -1 C or C, 
while that for summer grade is 
around S ° C . These depend oil the 
supplier, the refinery, the crude 
oil uiul the geographic location. 
The pour point Is usually aoout 
3 ° to S°C tower than the cloud 
point, 

As the summer grade has. a 
higher cloud point (the temper,t» 
ttite at which wax precipitation 
starts to occur) than the winter 
g.-itle, problems can occur when 
stacks of summer grade held by 
users are used hi winter months. 
The new seasonal grades take 
some time to work through the 
storage and distribution system. 
Winter grades are normally Intro-
duced a few months prior lo the 
start of Winter so they are avail-
able in the field at the right 
time, 

Users storing fuel over a period 
may h-ve a blend of grades, dc-
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pending on when they were put* 
chased, and mixtures of summer, 
winter and intermediate grades 
commonly occur. Awareness of 
seasonal grades is necessary for 
those operating In colder regions, 
Grade differentation by colouring 
has been suggested but is imprac* 
ticable because the colour o r new 
fuel varies from cleat to dark 
brown and it is not possible to 
obtain a uniform product colour 
by dyeing. 

Users with potentially cold 
operating conditions must be con-
scious of the time of year that 
fuei is delivered, and the result-
ing seasonal' grade, They should 
also cheek With their supplier. 

Cold weather 
operation 

Bass Strait crude oil differs 
from Middle liast etudes in that 
it contains a high proportion of 
wax which, because of its charac-
teristics, cannot effectively be 
neutralised by additives, Wax Is 
an excellent component for com-
bustion quality, but when the 
temperature is too low it can 
solidify, blocking lines and filters. 

In Australia, although winter 
temperatures In the colder regions 
are generally not as severe as In 
many other parts of the world, 
some problems can arise from 
low-teiiiperature thickening of 
diesel fuels due lo wax formation. 
Precautions should be taken by 
diesel equipment operators to 
prevent fuel in storage tanks and 
in engine ftiel systems rrom 
railing below the critical tem-
perature, 

If practicable, vehicles should 
lie garaged overnight; otherwise 
they should be so parked as to 
minimise frost, If possible, cover 
the engine and fuel system with 
a tarpaulin hut do not forget to 
remove it before start-up. Wa(et« 
proof lagging of exposed tanks 
and lines would be helpful. 

Ideaiiy, storage tanks should be 
underground if low tempctatute 
conditions ate common, I'ipewotk 
should be insulated and Installed 
without sharp bends or con-
strictions to flow. 

Ice formation 
free water In fuel can freeze 

and lee crystals can plug fuel 
filters, causing fuei starvation, 
Care should be taken to keep 
fuel storage tanks free of water 
by regular drain checks, 

1'tce water in vehicle fuel 
tanks can come from storage 
tanks, from condensation or from 
dissolved water, Condensation oc-
curs when the alt In the fuel tank 
cools down during a shutdown 
period; this can be avoided by 
topplng-off fuel tanks before 
shutdown to reduce tho volume 
of the air space above the fuel, 
If free water in fuel is a petsis* 
tent problem even In warm 
weather, consideration might be 
given to installing a fuel/water 
separator. 

Equipment 
preparation 

It Is a wise precaution to 
"winterise" tractors and other 
dlesel-poweted equipment before 
winter starts. Operators should 
follow the maintoti«nce recom-
mendations from the equipment 
manufacturer, making sure to use 
the correct crankease oil and 
cooling system anil-freeze. Vuel 
filters should be serviced regu-
larly in accordance with equip* 
incut manufacturer's Instructions. 
It Is essential to make a special 
eft'ort lo drain away tank bottom 
accumulations. 

Without Inhibitors, water will 
rust, corrode ami leave deposits 
lit the engine. Without an anti-
freeze solution, il will freeze at 
D C. Tlie safest rule Is to add 
inhibitors lo the radiator water 
even In summer lo prevent rust, 

corrosion and deposits. Most 
antifreeze solutions have these 
inhibitors, while, for summer 
operation, various inhibitor com-
pounds or conditioners are avail-
able. 

Crankease lubrication 
Lubricants for diesel engines 

do not in themselves have a wax 
content ptoblcm and those re-
commended by the engine manu-
facturer lot winter operation will 
perform well in any degree of 
cold likely to be encountered, 
However, problems can arise If 
crankease lubricants ate exces-
sively contaminated by diesel fuel 
containing wax, through a process 
known as fuel dilution, Some tin-
burned fuel will pass the piston 
rings during normal operation, 
and If tho cylinder and tings are 
in poor condition, lite amount of 
this dilution Increases, Dribbling 
Injectors or excessive fuelling will 
Increase the amount of fuel 
passing tho tings. 

The wax transferred with the 
fuel can reduce the ability of the 
eraitkcitse lubricant to flow during 
a cold start-up and damage can 
occur In the short but critical 
warm-up period In an engine 
starved of normal lubrication. 

To minimise dilution of eiank-
ease oil, the following steps 
should be taken: 
• Change the engine oil at 

Intervals recommended for the 
prevailing conditions, and more 
frequently in Ihe case of 
old equipment 111 poor con* 
dltlott. 

• Change the engine oil at the 
onset of winter, using the win* 
let grade recommended by Ihe 
engine manufacturer, 

• Avoid prolonged idling which 
ghes poorer fuel coiiuimptloh 
and aggtavatej the problem, 

• Maintain fuel systems by fol-
lowing the manufacturer's re-
commendations. Check the 
condition of fuel injectors and 

pump and any restriction 10 
the ait niter, such us u dirty 
clement. 

Special note on 
crankcase 
lubrication 

Always examine the crankease 
oil (It/) Stick BEFOMSTAIiTlNG. 
if the oil Is NOT in a fluid condi-
tion, TUB BNG1NH SHOULD 
NOT m STAKTiW until the 
condition has been rectified. 
Failure to do this Caii bring 
disaster. 

Filet additives 

There are various fuel addi-
tives designed to reduce the pour 
point, They ate commonly re-
ferred to us pour point depres-
sant additives, cold flow impro-
ver additives, I IW crystal modi-
fiers, or fluidity improver addi-
tives, These additives do not re-
duce the cloud point, but they 
can reduce the pour point of 
some fuels, Unfortunately, none 
of the existing additives tire 
effective In diesel fuels made 
from Bass Strait etude oil, Nor-
mally, as ruel cools slowly, tiie 
wax forms latge crystals, but 
the pout point depressant addi-
tives where effective, limit crys-
tal growth, These smaller crys-
tals allow pumping or llie fuel 
at lower temperatures In noli-
filleted systems, but they may 
still block the normal rine fuel 
tllters, 

Thus pout point depressants 
are not really effective In re* 
tluclng wax crystal size suffi-
ciently for them to pass through 
diesel ruel ('liters, Work Is con-
tinuing on trying to develop 
additives which might achieve 
sufficient crystal size reduction to 
reduce filter blocking, but success 
Is by no means assured, particu-
larly with Bass Strait fuels. 
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Healing oil blending chart 
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B l e n d i n g wi th 
h e a l i n g oil 

In areas or low amblont tem-
peratures with frost or snow 
conditions, wax separation from 
diesel fuel may clog (liters, re-
sulting ln fuel starvation, Heating 
oil has a much lower wax con-
tent than normal distillate, and 
low-temperature operating prob-
lems may bo significantly reduccd 
by tlic addition of heating oil to 
diesel fuel where permitted by the 
engine manufacturer, The cloud 
point of heating oil Is around 
-25°C, A small cost penalty of 
several cents per litre may be 
Involved, 

An: effective solution is to 
blend 25 per cent to SO per 
cent of heating oil with diesel 
fuel (/,e, 1(3 to .til mixtures) 
which can depress the cloud point 
(when wax starts to form) by 
approximately 2,5°C to 5°C 
respectively. The attached graph 
Indicates the quantity of heating 
oil required per 100 litres of 
typical diesel fuel to reduce 
the cloud point by a desired 
amount, (On tlic graph, 22 
litres of heating oil added to 100 
litres of diesel fuel will reduce 
the cloud point by 2aC.) 

This retains normal standards 
for viscosity, boiling range and 
cetane number and should not 
affect engine warranties, (Cetane 
number Is .the diesel fuel equiva-
lent of oclane number for petrol,) 
Heating oil Itself is a very good 
diesel fuel, It has a cetane number 
equivalent lo that of diesel fuel 
and Will present no combustion 
problem, Its effect oil overall 
fuel quality Is confined to cloud 
and pour points, viscosity and 
boiling range, 

If too much heating oil is 
added, the viscosity of the fuel Is 
greatly reduced, leading to pos-
sible fuel pump and Injector wear 
through reduced luhricatlve pro-
perties when in,ed for extended 

periods. In very cold weather 
this is an unlikely occurrence, 
but It is the reason why no more 
than tt 50:50 mixture of Heating 
oil. and diesel fuel should be 
used, 

In summary, there is no tech-
nical objection lo mixing up to 
SO per cent ol' heating oil With 
ordinary diesel fuel, although 25 
per cent normally should be 
sufficient. Such n fuel will operate 
a diesel engine as satisfactorily 
as sttalglit diesel fuel, and nor-
mally will meet all the require-
ments Of diesel engine manufac-
turers. If III doubt, check with the 
manufacturer's agent, 

H may be possible to fit a 
small auxiliary tank In whicli a 
blend of tip to 50 per cent of 
heating oil With these! fuel Is 
stored. Switching from tho main 
fuel tank to the auxiliary ftiel 
tank five minutes before engine 
shutdown Will prime the fuel 
system with this Fuel and assist 
with cold engine start-up, Return 
lines and Valving would have lo 
be provided to return to the 
auxiliary or main tank, 

Nole that lighting kerosinc 
slwuhl NOT be used in lieu ot 
heating oil because its lower 
Hash point may create hazards In 
systems designed for high (lash 

point products, and it may also 
reduce the viscosity uiiacceptably. 
Petrol should NBVtttt be blended 
with diesel fuel, i'etrol blending 
creates a serious safety problem 
because of petrol's very low flash 
point, Petrol also reduces the 
viscosity of the fuel dramati-
cally and can lead to fuel system 
damage due to Insufficient lubri-
cation. i'etrol does not redticc 
cloud and pout points signifi-
cantly and therefore Is not all 
effective blending agent. 

Guide on excise 
duty on healing oil 
NOTES The llureau of Customs, 
Canberra, has advised that 
heating oil, when mixed with 
diesel fuel, becomes an 
excisable fuel which 
should be obtained hi the 
blended state from oil 
company suppliers. 

See next page 
for Information 
oli emergency 
procedures for 
cold start-up 
aitd other 
information 
about operation 
in very Cold 
wedtlter:-
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Emergency procedures 
for cold start-Up 

> Check dipstick. II' the If' rl-
eating oil Is frozen, do not 
attempt to start engine. 

" If fuel starvation occurs, the 
following actions should be 
tried to re-establish fuel flow; 
(a) Ensure that ice is not 

the cause, 
(b) Remove filter elements 

and clear fuei lines, Often 
this Is all the corrective 
action necessary, 

(c) if possible, slart the en-
gine and tun until warm. 
There will then be suffi-
cient heat to prevent fur" 
titer blockage and new 
filter elements should 
then be installed, Idling 
with the cooling air How 
restricted can be benefi-
cial. 

(d) If these methods do not 
succeed, remove filter 
elements and pour hot 

water over the filter body 
and pipe work, taking care 
not to got water into the 
fuei system. Heat sources 
such as a steam cleaner 
or a hot air blowor may 
boused, 

(e) If another vehicle Is avail-
able with its engine run-
ning, a heat-resistant hose 
can be used to dlicct ex-
haust gases on to the 
blocked lines, taking care 
that the operator does 
not Inhale exhaust fumes. 

CO NliWH light fires under 
vehicle' tanks, (People 
have tried it • disas-
trously,) 

(g) Where practicable, refill 
the fuel system (after 
drainage) with thecotrcet 
seasonal grade of ft"' ir 
ti beating oll/tllesel met 
blend, 

Heating 
equipment 
If diesel equipment is fro 

quently used at low air tempera-
tures, a number of techniques 
can be used to prevent wax from 
forming, These include provision 
for heated fuel tanks, Insulated 
lines, Itea'ed filters or other 
devices to ̂ cep fuel warm, These 
systems may not be cost-effec-
tive in temperate Australian cli-
mates where they mttj be needed 
only a few days of the year, 

It is difficult to correlate 
Australian conditions with those 
of the USA because of milder 
conditions here. While engine 
block, sump and fuel heaters are 
available from USA sources, they 
are relatively expensive, Further-
more, they ate usually designed 
for a 110 volt electricity supply. 
Historically, they have not been 
used ill Australia except, perhaps, 
in the high snow country, 
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Preparation for 
severely cold 
conditions 

The most effective Way to 
overcome fuel problems brought 
on by severely cold weather Is 
to use special techniques or 
equipment available (from over-
seas sources if necessary), It 
Includes lite use of one, or a 
combination, of the following t 
> F u e l Filters, Blockage of fuel 
filters by wax at or below the 
cloud point or tlie fuel may be 
minimised by moving exter-
nally mounted ruel filters Into 
the engine compartment or by 
the Installation of heated 
ruel fillers, ; T''ucl IJnes, Blockage of fuel 
lines may be minimised by 
Insulating fuel lines or by Hie 
Installation ol'fuel line heaters, 
F u e l Tanks, Some Truck fuel 
systems have their htilial fil< 
(ration stages which are easily 
blocked by wax crystals, hi 
tho ruel tank, This problem 
may be minimised by fuel 
tank Insulation or the use of 
fuel tank heaters. 
I ' T t e f Heaters, Installation of a 
fuel heater at some point In 
the fuel system will raise the 
average tempefatutc of the 
fuel at all subsequent points, 
Various oil-board types have 
been developed: electrical, ex-
haust gas, engine-coolant uiul 
return, fuel mixer systems, 
External fuel healets, attached 
to the ruel system during shut-
down periods, have also been 
used successfully where tem-
peratures are severe. Any fuel 
heating device should have 
controls, preferably aulomatlc, 
permitting If to be turned 
off in warm weather, and 
some means of thermostatic 
control fa prevent ruel from 
overheating, • 
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