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Standard Specification for

Automotive Spark-Ignition Engine Fuel 1!

This standard is issued under the fixed designation D 4814; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope regulations, and waivers. Refer to Appendix X3 for discussions
1.1 This specification covers the establishment of require®f EPA rules relating to fuel volatility, lead and phosphorous
ments of automotive fuels for ground vehicles equipped witheontents, deposit control additive certification, and use of
spark-ignition engines. oxygenates in blends with unleaded gasoline. Contact the EPA
1.2 This specification describes various characteristics of°r the latest versions of the rules and additional requirements.
automotive fuels for use over a wide range of operating 14 Thls specification does not ad_dress th_e emission char-
conditions. It provides for a variation of the volatility and water acteristics of reformulated spark-ignition engine fuel. Refor-
tolerance of automotive fuel in accordance with seasondhulated spark-ignition engine fuel is required in some areas to
climatic changes at the locality where the fuel is used. For théoWer emissions from automotive vehicles, and its character-
period May 1 through September 15, the maximum vapofStics are _descrlbgd in the research report on reformulated
pressure limits issued by the U.S. Environmental ProtectiogPark-ignition engine fuél.However, in addition to the legal
Agency (EPA) are specified for each geographical area excepgduirements found in this research report, reformulate_d spark-
Alaska and Hawaii. Variation of the antiknock index with ignition engine fuel should meet the performance requirements
seasonal climatic changes and altitude is discussed in AppendiRund in this specification. o _
X1. This specification neither necessarily includes all types of 1.5 This specification represents a description of automotive
fuels that are satisfactory for automotive vehicles, nor necegu@l as of the date of publication. The specification is under
sarily excludes fuels that can perform unsatisfactorily undefontinuous review, which can result in revisions based on
certain operating conditions or in certain equipment. Thechanges in fuel, automotive requirements, or test methods, or a

shown in Appendix X1. should refer to the latest edition.

1.3 The spark-ignition engine fuels covered in this specifi- Nore 1—If there is any doubt as to the latest edition of Specification

cation are gasoline and its blends with oxygenates, such a&s4814, contact ASTM International Headquarters.

alcohols a_nd ethers. This specmcatpn does not apply to fuels | g Tests applicable to gasoline are not necessarily appli-
that contain an oxygenate as the primary component, such @gpe 1o its blends with oxygenates. Consequently, the type of
Fuel Methanol (M85). The concentrations and types of 0Xy,e| ynder consideration must first be identified in order to
genates are not specifically limited in this specification. How-gg ot applicable tests. Test Method D 4815 provides a proce-
ever, depending on oxygenate type, as oxygenate CONtefje for determining oxygenate concentration in mass percent.
increases above some threshold level, the likelihood for vehiclgogt Method D 4815 also includes procedures for calculating
problems also increases. The composition of both unleaded ang, <5 oxygen content and oxygenate concentration in volume
leaded fuel is limited by economic, legal, and technicalyq cent. Appendix X4 provides a procedure for calculating the
consideration, but their properties, including volatility, are - oxygen content of a fuel using measured oxygenate type,

defined by thi_s spe(;ification. In addition, the composition Of_oxygenate concentration in volume percent, and measured
unleaded fuel is subject to the rules, regulations, and Clean A@ensity or relative density of the fuel.

Act waivers of the U.S. Environmental Protection Agency 1 7 The following applies to all specified limits in this
(EPA). With regard to fuel properties, including volatility, this gi5nqard: For purposes of determining conformance with these
specification can be more or less restrictive than the EPA rulegyqifications, an observed value or a calculated value shall be
rounded “to the nearest unit” in the right-most significant digit
' This specification is under the jurisdiction of ASTM Committee D02 on used in expressing the specification limit, in accordance with

Petroleum Products and Lubricants and is the direct responsibility of Subcommittee
D02.A0 on Gasoline and Oxygenated Fuels. -

Current edition approved Nov. 1, 2003. Published December 2003. Originally 2 Supporting data have been filed at ASTM International Headquarters and may
approved in 1988. Last previous edition approved in 2002 as D 4814-03. be obtained by requesting Research Report RR:D02-1347.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



Ay D 4814

—03a

TABLE 1 Vapor Pressure and Distillation Class Requirements

otillati o (0 0 B iatillati
Vapor Distillation Temperatures, °C (°F), at % Evaporated. max Dlstll_latlon Driveability Index,©
Vapor Pressure/ A o Residue, o 7o
Distillation Class Pressure, ; 9 50 volume % 9 i volume % max, cCh
max, kPa (psi) 10 volume %, max - 90 volume %, max End Point, max ' Derived? &
min max max
AA 54(7.8) 70.(158.) 77.(170.) 121.(250.) 190.(374.) 225.(437.) 2. 597. (1250.)
A 62(9.0) 70.(158.) 77.(170.) 121.(250.) 190.(374.) 225.(437.) 2. 597. (1250.)
B 69(10.0) 65.(149.) 77.(170.) 118.(245.) 190.(374.) 225.(437.) 2. 591. (1240.)
C 79(11.5) 60.(140.) 77.(170.) 116.(240.) 185.(365.) 225.(437.) 2. 586. (1230.)
D 93(13.5) 55.(131.) 66.(150.) 113.(235.) 185.(365.) 225.(437.) 2. 580. (1220.)
E 103(15.0) 50.(122.) 66.(150.) 110.(230.) 185.(365.) 225.(437.) 2. 569. (1200.)

A Consult EPA for approved test methods for compliance with EPA vapor pressure regulations.

B At 101.3 kPa pressure (760 mm Hg).

€ Driveability Index (DI) = 1.5 T;o + 3.0 Tso + 1.0 Tgo, Where T, = distillation temperature, °C (°F), at 10 % evaporated, T s, = distillation temperature, °C (°F), at 50 %

evaporated, and Tgq = distillation temperature, °C (°F), at 90 % evaporated.

P The DI specification limits are applicable at the refinery or import facility as defined by 40 CFR Part 80.2 and are not subject to correction for precision of the test

method.
E Since DI is an index and has no units, the standard temperature conversion from U.S
to make the conversion: Dl.. = (Dl.-—176)/1.8

the rounding method of Practice E 29. The use of a trailing
decimal point in a limit indicates that the digit preceding the
decimal point is a significant digit.

1.8 The values stated in Sl units are the standard, except
when other units are specified by federal regulation. Values
given in parentheses are provided for information only.

Note 2—Many of the values shown in Table 1 were originally
developed using U.S. customary units and were subsequently soft-
converted to Sl values. As a result, conversion of the Sl values will
sometimes differ slightly from the U.S. customary values shown because
of round-off. In some cases, federal regulations specify non-Sl units.

1.9 The following safety hazard caveat pertains only to the
test method portion, Annex Al of this specificatiohhis
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards?

D 86 Test Method for Distillation of Petroleum Products at
Atmospheric Pressure

D 130 Test Method for Detection of Copper Corrosion from
Petroleum Products by the Copper Strip Tarnish Test

D 287 Test Method for API Gravity of Crude Petroleum and
Petroleum Products (Hydrometer Method)

D 381 Test Method for Gum Content in Fuels by Jet
Evaporation

D 439 Specification for Automotive Gasolthe

D 525 Test Method for Oxidation Stability of Gasoline
(Induction Period Method)

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

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org.Afotual Book of ASTM
Standards/olume information, refer to the standard’s Document Summary page on
the ASTM website.

4 Withdrawn.

. customary to Sl units is not appropriate. The following equation is to be used

D 1298 Test Method for Density, Relative Density (Specific
Gravity), or API Gravity of Crude Petroleum and Liquid
Petroleum Products by Hydrometer Method

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

D 2622 Test Method for Sulfur in Petroleum Products by
Wavelength Dispersive X-Ray Fluorescence Spectrometry

D 2699 Test Method for Research Octane Number of
Spark-Ignition Engine Fuel

D 2700 Test Method for Motor Octane Number of Spark-
Ignition Engine Fuel

D 2885 Test Method for Research and Motor Method Oc-
tane Ratings Using On-Line Analyzers

D 3120 Test Method for Trace Quantities of Sulfur in Light
Liquid Petroleum Hydrocarbons by Oxidative Microcou-
lometry

D 3231 Test Method for Phosphorus in Gasoline

D 3237 Test Method for Lead in Gasoline by Atomic
Absorption Spectrometry

D 3341 Test Method for Lead in Gasoline—lodine
Monochloride Method

D 4052 Test Method for Density and Relative Density of
Liquids by Digital Density Meter

D 4815 Test Method for Determination of MTBE, ETBE,
TAME, DIPE, tertiary—Amyl Alcohol and ¢to C, Alco-
hols in Gasoline by Gas Chromatography

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

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

D 5188 Test Method for Vapor-Liquid Ratio Temperature
Determination of Fuels (Evacuated Chamber Method)

D 5190 Test Method for Vapor Pressure of Petroleum Prod-
ucts (Automatic Method)

D 5191 Test Method for Vapor Pressure of Petroleum Prod-
ucts (Mini Method)

D 5453 Test Method for the Determination of Total Sulfur
in Light Hydrocarbons, Motor Fuels, and Oils by Ultra-
violet Fluorescence

D 5482 Test Method for Vapor Pressure of Petroleum Prod-
ucts (Mini Method-Atmospheric)
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TABLE 2 Detailed Requirements for all Volatility Classes

Lead Content, max, g/L (g/U.S. gal)® Copper Strip Solvent-washed Sulfur, max, mass % Oxidation Stability, Water
Corrosion, Gum Content, Minimum, |
Unleaded Leaded max mg/100 mL, max Unleaded Leaded minutes Tolerance
0.013(0.05) 1.1(4.2) No. 1 5 0.10 0.15 240. c

A See Appendix X1 for information on Antiknock Index.

B See Appendix X3 for U.S. EPA maximum limits for lead and phosphorus contents in unleaded gasoline (X3.2.1) and maximum average lead limits for leaded gasoline
(X3.2.2).

€ Water tolerance limits in terms of maximum temperature for phase separation are given in Table 13.

D 5500 Test Method for Vehicle Evaluation of Unleaded 3.1.7 refinery, n—a plant at which gasoline or diesel fuel is
Automotive Spark-Ignition Engine Fuel for Intake Valve produced.

Deposit Formation 3.1.7.1 Discussior—This definition is from CFR 40 Part

D 5598 Test Method for Evaluating Unleaded Automotive80.2. In the federal definition, a plant not only covers the
Spark-Ignition Engine Fuel for Electronic Port Fuel Injec- conventional refinery, but also covers oxygenate blending and
tor Fouling other facilities where gasoline is produced.

D 5599 Test Method for Determination of Oxygenates in 3.2 Applicability—To determine when a fuel contains a
Gasoline by Gas Chromatography and Oxygen Selectiveubstantial amount of an oxygenate, a gasoline-oxygenate
Flame lonization Detection blend is defined as a fuel that contains more than 0.35 mass %

D 5845 Test Method for Determination of MTBE, ETBE, oxygen, or more than 0.15 mass % oxygen if methanol is the
TAME, DIPE, Methanol, Ethanol, andert-Butanol in  only oxygenate. The definitions in this section do not apply to
Gasoline by Infrared Spectroscopy fuels that contain an oxygenate as the primary component; for

D 6422 Test Method for Water Tolerance (Phase Separsexample, fuel methanol (M85).
tion) of Gasoline-Alcohol Blends

. . . . . . N 3—The criteria in 3.2 were selected with consideration given to
D 6469 Guide for Microbial Contamination in Fuels and ore 9

current oxygenate levels in the marketplace, state labeling practices, and

Fuel Sy5t§m3 _ o S consistency with federal legislation and regulations.
E 29 Practice for Using Significant Digits in Test Data t0  Nore 4—Refer to Test Method D 4815 to calculate the mass oxygen
Determine Conformance with Specifications content of a fuel using oxygenate concentration in mass %. Refer to
2.2 Government Standard: Appendix X4 to calculate mass oxygen content of a fuel using oxygenate
CFR 40 Code of Federal Regulatiéns concentration in volume %.

2.3 Other Standard: deri ¢ .
CCR Title 17, §60100-§60114 California Code of Regula-+ ©Ordering Information

tions 4.1 The purchasing agency shall:
4.1.1 State the antiknock index as agreed upon with the
3. Terminology seller,
3.1 Definitions: 4.1.2 Indicate the season and locality in which the fuel is to

3.1.1 antiknock index n—the arithmetic average of the be used,
Research octane number (RON) and Motor octane number 4.1.3 Indicate the lead level required (Table 2), and
(MON), that is, (RON + MON)/2. 4.1.4 State the concentration and types of oxygenates
3.1.2 gasoling n—a volatile mixture of liquid hydrocar- present as agreed upon with the seller.
bons, generally containing small amounts of additives, suitable
for use as a fuel in spark-ignition, internal combustion engines5. Performance Requirements
3.1.3 gasoline-alcohol blendv—a fuel consisting primarily 51 Some requirements and test methods applicable to
of gasoline along with a substantial amount (more than 0.33ytomotive spark-ignition engine fuel depend on whether the
mass % oxygen, or more than 0.15 mass % oxygen if methan@lie| js a gasoline, or a gasoline-oxygenate blend. Test Method
is the only oxygenate) of one or more alcohols. D 4815, a gas chromatographic test method, is the recom-
3.1.4 gasoline-ether blench—a fuel consisting primarily of  mended procedure to detect the types and amounts of oxygen-
gaSOIine along with a substantial amount (more than 0.35 maﬁes_ Once the type of fuel is known, the appropriate require_
% oxygen) of one or more ethers. ments and test methods can be identified by reference to Table
3.1.5 gasoline-oxygenate blend—a fuel consisting prima- 1 and Table 3 and Section 7.
rily of gasoline along with a substantial amount (more than 5.2 \platility of fuels is varied for seasonal climatic changes
0.35 mass % oxygen, or more than 0.15 mass % oxygen @nd conformance to U.S. EPA volatility regulations by provid-
methanol is the only oxygenate) of one or more oxygenates.ing six vapor pressure/distillation classes and six vapor lock
3.1.6 oxygenaten—an oxygen-containing, ashless, organic protection classes for fuel. Volatility of fuel is specified by an
compound, such as an alcohol or ether, which can be used agfphanumeric designation that uses a letter from Table 1 and a
fuel or fuel supplement. number from Table 3.
5.2.1 The seasonal and geographic distribution of the com-
° Available from U.S. Government Printing Office, Superintendent of Docu- bined vapor pressure/dls'uIlatlon-vapor lock cIasses. is shownin
ments, 732 N. Capitol St., NW, Mail Stop: SDE, Washington, DC 20401. Table 4. Tables 5-7 show the federal ozone nonattainment areas
® Available from Barclays, 50 California Street, San Francisco, CA 94111.  at several vapor lock protection levels that require reduced
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TABLE 3 Vapor Lock Protection Class Requirements
Vapor/Liquid Ratio (V/L)*&

Vapor Lock
Protection Class Test Temperature, VIL, max
°C (°F)
1 60.(140.) 20
2 56.(133.) 20
3 51.(124.) 20
4 47.(116)) 20
5 41.(105.) 20
6 35.(95.) 20

A At 101.3 kPa pressure (760 mm Hg).

B The mercury confining fluid procedure of Test Method D 2533 shall be used for
gasoline-oxygenate blends. Either glycerin or mercury confining fluid may be used
for gasoline. Test Method D 5188 may be used for all fuels. The procedure for
estimating temperature-V/L (see Appendix X2) may only be used for gasoline.

vapor pressure in the summertime. Tables 8-11 show at sevenalethods and appropriate limits are still under development.
vapor lock protection levels the areas that require federalWhen these have been developed they will be included in this
reformulated spark-ignition engine fuel in the summertime.specification. Water tolerance is specified in Table 13.

Table 12 shows the areas with restrictive local vapor pressure 5.6 Depending on oxygenate type and concentration in the
limits that have been approved under the EPA state implemerbiend, vehicle driveability with gasoline-oxygenate blends can

tation plan (SIP). differ significantly from that with gasolines having similar
5.2.2 The EPA vapor pressure regulations can cause thglatility characteristics.

distillation of the fuel to be less volatile, which for some g 7 \water Tolerance
vehicles, results in a worse warm-up driveability performance.

5.2.3 Driveability Index (DI) is intended to provide control
of distillation parameters that influence cold start and warm-u
driveability. It is a function of the 10 %, 50 %, and 90 %
evaporated distillation temperatures measured by Test Meth
D 86.

5.7.1 The term water tolerance is used to indicate the ability
of a gasoline-oxygenate blend to dissolve water without phase
F%eparation. This may not be a problem with gasoline-ether
blends, but it is of primary concern for alcohol-containing

ends, as blends of gasoline with low-molecular weight

s 0
5.2.4 Test Method D 2533 contains procedures for measuaIcohoIs generally will dissolve about 0.1 to 0.7 mass % of

. . . Water under normal conditions, depending on the nature and
ing temperafturé4/L of both gasoline and gasolme-oxygenatgamoum of the alcohol(s) used, the specific hydrocarbons

blends. For gasoline-oxygenate bl_ends, _th? procedure requ_'rﬁ?esent, and the temperature of the blend. When blends are
that mercur_y_be use_d as the confining fluid m_place of glyCe”nexposed to a greater amount of water than they can dissolve,
S|t5hfé8cpnf|n|ng|; fluid may behuzefd fodr gaso."f?e- Test Mffth‘.)d hey separate into an alcohol-rich aqueous phase, the volume of
60 IS an aterna‘gve method for gterrzmnlgg vaporr; I?ju'fwhich can be significantly greater than that of the additional
ratio temperatures by an evacuated chamber metho ater, and an alcohol-poor hydrocarbon phase. As the aqueous

g_asol;ne-sl)_xy?e'\r}laﬁ tgegdzségzs .WetlL as gfasolme. ,:L' gas_lefh ase can be highly corrosive to many metals and the engine
ISpute, Test Metho IS the referee method. annot operate on it, such separation is very undesirable.

method for estimating temperatuvgt. (see Appendix X2) is Blends containing low-molecular weight alcohols are generally

only applicable for gasoline. h . i
) : . . . ygroscopic and can eventually absorb enough moisture from
5.3 Antiknock index (AKl) Is very Important to engine  ,mpient air to cause separation. The problem of phase separa-
performance. The matching of engine octane requirement on can usually be avoided if the fuels are sufficiently

fuel octane level (.AKI)_ IS critical 1o the dura_blllty an_d water-free initially and care is taken during distribution to
p_erformancg:-_ of engines, this cannot_be acc_omphshed W't_h Brevent contact with water. To help ensure this, gasoline-
smg_le specified minimum level O.f antlkn_ock index. Appendix alcohol blends shall be tested at the lowest temperatures to
X1 includes a discussion of antiknock indexes of fuels cur- ?ich they can be subjected, dependent on the time and place

w
rently marketed and relates these levels to the octane needs& intended use. as indicated in Table 13. The values in Table
hﬁ% are the 10th percentile 6-h minimum temperatures, with

;ﬁ::thf altitude and weather on vehicle antiknock requir®-each reading specifically defined as the highest temperature of

. . . the six coldest consecutive hourly temperature readings of a
5.4 Additional fuel requirements are shown in Table 2. ,, day. For April through September (and occasionally

5'5 dTheprr?pertig]s of ngasolinel'- oxygenate blent?s ng.tqiﬁiictober, and year-round for Hawaii), Table 13 specifies a
considerably from those ot gasoline. Lonsequentl, asaitiongy,; i, m phase separation temperature of 10°C (50°F), even

requ?rements are needed for gasoline-oxyg_er_lz_ite b!ends. T_heﬁﬁ%ugh the 10th percentile 6-h minimum temperature can be
requirements involve evaluation of compatibility with plastic

higher. Use of this temperature limit also reduces the risk of

and eIastomenc_ materials in fuel systems, corrosion of metaIss.“eparation of the fuel in storage tanks where temperatures may
and especially in the case of gasoline-alcohol blends, watql."|ower than ambient

tolerance. Requirements for metal corrosion (other than cop-
per) and material compatibility are not given because test Norte 5—The values in Table 13 are taken from the U.S. Army Belvoir
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TABLE 4 Schedule of Seasonal and Geographical Volatility Classes A

Note 1—This schedule, subject to agreement between purchaser and seller, denotes the volatility properties of the fuel at the time and place of bulk
delivery to the fuel dispensing facilities for the end user. For Sept. 16 through April 30 (the time period not covered by EPA Phase Il vapor pressure
requirements), volatility properties for the previous month or the current month are acceptable for the end user from the 1st through the 15h day of th
month. From the 16th day through the end of the month, volatility properties of the fuel delivered to the end user shall meet the requirements of the
specified class(es). To ensure compliance with EPA Phase |l vapor pressure requirements, vapor pressure for finished gasoline tankage at refinerie
importers, pipelines, and terminals during May and for the entire distribution system, including retail stations, from June 1 to Sept. 15 shijll meet o
the current month’s class. Shipments should anticipate this schedule.

Note 2—Where alternative classes are listed, either class or intermediate classes are acceptable; the option shall be exercised by the seller.

NoTe 3—See Appendix X2 of Research Report: D02-134ar detailed description of areas. Contact EPA for the latest information on areas requiring
reformulated fuel.

State Jan. Feb. Mar. Apr. May? June July Aug. fff; ]_Seei'):;to Oct. Nov. Dec.
Alabama D-4 D-4 D-4/C-3 C-3/A-3 A-3 (C-3) A-3° A-3€ A-2P A-2P A-2/C-3 C-3 C-3/D-4 D-4
Alaska E-6 E-6 E-6 E-6 E-6/D-4 D-4 D-4 D-4 D-4 D-4/E-6 E-6 E-6 E-6
Arizona:®

N 34° Latitude and D-4 D-4 D-4/C-3 C-3/A-2 A-2 (B-2) A-1 A-1 A-1 A-2 A-2/B-2 B-2/C-3 C-3/D-4 D-4
E111° Longitude

Remainder of State D-4 D-4/C-3 C-3/B-2 B-2/A-2 A-2 (B-2) A-1F A-1F A-1F A-1P A-1 A-1/B-2 B-2/C-3 C-3/D-4
Arkansas E-5/D-4 D-4 D-4/C-3 C-3/A-3 A-3(C-3) A3 A-2 A-2 A-2 A-2/C-3 C-3/D-4 D-4 D-4/E-5
California:5¢

North Coast E-5/D-4 D-4 D-4 D-4/A-3 A-3 (C-3) A-3° A-2P A-2P A-2P A-2/B-2 B-2/C-3 C-3/D-4 D-4/E-5

South Coast D-4 D-4 D-4/C-3 C-3/A-3 A-3 (C-3) A-20H A-20H A-20H  p2DH A-2/B-2 B-2/C-3 C-3/D-4 D-4

Southeast D-4 D-4/C-3 C-3/B-2 B-2/A-2 A-2 (B-2) A-1F A-1F! A-1F! A-1F! A-1 A-1/B-2 B-2/C-3 C-3/D-4

Interior E-5/D-4 D-4 D-4 D-4/A-3 A-3 (C-3) A-2PH A-2PH A-2PH A-2PH A-2/B-2 B-2/C-3 C-3/D-4 D-4/E-5
Colorado E-5 E-5/D-4 D-4/C-3 C-3/A-3 A-3(C-3) A-2° A-20 A-20 A-20 A-2/B-2 B-2/C-3  C-3/D-4 D-4/E-5
Connecticut E-5 E-5 E-5/D-4 D-4/A-4 A-4 (D-4) A-37 A-37 A-37 A-37 A-3/D-4 D-4 D-4/E-5 E-5
Delaware E-5 E-5 E-5/D-4 D-4/A-4 A-4 (D-4) A-3’ A-3/ A-37 A-37 A-3/C-3 C-3/D-4 D-4/E-5 E-5
District of Columbia  E-5 E-5/D-4 D-4 D-4/A-3 A-3(C-3) A-3K A-3K A-3K A-3K A-3/C-3 C-3/D-4 D-4/E-5 E-5
Florida D-4 D-4 D-4/C-3 C-3/A-3 A-3(C-3) A-3¢ A-3¢ A-3¢ A-3¢ A-3/C-3 C-3 C-3/D-4 D-4
Georgia® D-4 D-4 D-4/C-3 C-3/A-3 A-3 (C-3) A-3° A-3€ A-2P A-2P A-2/C-3 C-3 C-3/D-4 D-4
Hawaii C-3 C-3 C-3 C-3 C-3 C-3 C-3 C-3 C-3 C-3 C-3 C-3 C-3
Idaho:

N 46° Latitude E-5 E-5 E-5/D-4 D-4/A-4 A-4 (D-4) A-3 A-2 A-2 A-2 A-2/C-3 C-3/D-4 D-4/E-5 E-5

S 46° Latitude E-5 E-5/D-4 D-4 D-4/A-3 A-3(C-3) A2 A-2 A-2 A-2 A-2/B-2 B-2/C-3  C-3/D-4 D-4/E-5
lllinois:&

N 40° Latitude E-5 E-5 E-5/D-4 D-4/A-4 A-4 (D-4) A-3’ A-37 A-37 A-37 A-3/C-3 C-3/D-4 D-4/E-5 E-5

S 40° Latitude E-5 E-5 E-5/D-4 D-4/A-3 A-3(C-3) A-3 A-3 A-3 A-3 A-3/C-3 C-3/D-4 D-4 D-4/E-5
Indiana® E-5 E-5 E-5/D-4 D-4/A-4 A-4 (D-4) A-3’ A-37 A-37 A-37 A-3/C-3 C-3/D-4 D-4/E-5 E-5
lowa E-5 E-5 E-5/D-4  D-4/A-3 A-3(C-3) A3 A-3 A-3 A-3 A-3/C-3 C-3/D-4 D-4/E-5 E-5
Kansas® E-5 E-5/D-4 D-4/C-3 C-3/A-3 A-3(C-3) A-2° A-20 A-20 A-20 A-2/B-2 B-2/C-3  C-3/D-4 D-4/E-5
Kentucky E-5 E-5/D-4 D-4 D-4/A-3 A-3(C-3) A-37 A-37 A-37 A-37 A-3/C-3 C-3/D-4 D-4/E-5 E-5
Louisiana D-4 D-4 D-4/C-3  C-3/A-3 A-3(C-3) A-3¢ A-3¢ A-2P A-2P A-2/C-3 C-3 C-3/D-4 D-4
Maine® E-5 E-5 E-5/D-4 D-4/A-4 A-4 (D-4) A-3 A-3 A-3 A-3 A-3/D-4 D-4 D-4/E-5 E-5
Maryland E-5 E-5 E-5/D-4 D-4/A-4 A-4 (D-4) A-37K A-37K A-37K A-37K A-3/C-3 C-3/D-4 D-4/E-5 E-5
Massachusetts E-5 E-5 E-5/D-4 D-4/A-4 A-4 (D-4) A-3’ A-37 A-37 A-37 A-3/D-4 D-4 D-4/E-5 E-5
Michigan® E-5 E-5 E-5/D-4 D-4/A-4 A-4 (D-4) A-3 A-3 A-3 A-3 A-3/D-4 D-4 D-4/E-5 E-5
Minnesota E-5 E-5 E-5/D-4 D-4/A-4 A-4 (D-4) A-3 A-3 A-3 A-3 A-3/C-3 C-3/D-4 D-4/E-5 E-5
Mississippi D-4 D-4 D-4/C-3  C-3/A-3 A-3(C-3) A3 A-3 A-2 A-2 A-2/C-3 C-3 C-3/D-4 D-4
Missouri& E-5 E-5/D-4 D-4 D-4/A-3 A-3(C-3) A-3¢ A-2P A-2P A-2P A-2/C-3 C-3/D-4 D-4 D-4/E-5
Montana E-5 E-5 E-5/D-4 D-4/A-3 A-3(C-3) A2 A-2 A-2 A-2 A-2/C-3 C-3/D-4 D-4/E-5 E-5
Nebraska E-5 E-5 E-5/D-4 D-4/A-3 A-3(C-3) A-2 A-2 A-2 A-2 A-2/B-2 B-2/C-3 C-3/D-4 D-4/E-5
Nevada:

N 38° Latitude E-5 E-5/D-4 D-4 D-4/A-3 A-3(C-3) A-2° A-2P A-2P A-2P A-2/B-2 B-2/C-3  C-3/D-4 D-4/E-5

S 38° Latitude D-4 D-4/C-3 C-3/B-2 B-2/A-2 A-2 (B-2) A-1 A-1 A-1 A-1 A-1 A-1/B-2 B-2/C-3 C-3/D-4
New Hampshire E-5 E-5 E-5/D-4 D-4/A-4 A-4 (D-4) A-3’ A-37 A-37 A-37 A-3/D-4 D-4 D-4/E-5 E-5
New Jersey E-5 E-5 E-5/D-4 D-4/A-4 A-4 (D-4) A-37 A-37 A-37 A-37 A-3/D-4 D-4 D-4/E-5 E-5
New Mexico:

N 34° Latitude E-5/D-4 D-4 D-4/C-3 C-3/A-2 A-2 (B-2) A-1 A-1 A-2 A-2 A-2/B-2 B-2/C-3 C-3/D-4 D-4

S 34° Latitude D-4 D-4/C-3 C-3/B-2 B-2/A-2 A-2 (B-2) A-1 A-1 A-1 A-1 A-1/B-2 B-2/C-3 C-3/D-4 D-4
New York E-5 E-5 E-5/D-4 D-4/A-4 A-4 (D-4) A-3’ A-37 A-37 A-37 A-3/D-4 D-4 D-4/E-5 E-5
North Carolina E-5/D-4 D-4 D-4 D-4/A-3 A-3(C-3) A-3¢ A-3¢ A-2P A-2P A-2/C-3 C-3/D-4 D-4 D-4/E-5
North Dakota E-5 E-5 E-5/D-4 D-4/A-4 A-4 (D-4) A-3 A-2 A-2 A-2 A-2/C-3 C-3/D-4 D-4/E-5 E-5
Ohio E-5 E-5 E-5/D-4 D-4/A-4 A-4 (D-4) A-3 A-3 A-3 A-3 A-3/C-3 C-3/D-4 D-4/E-5 E-5
Oklahoma E-5/D-4 D-4 D-4/C-3 C-3/A-3 A-3(C-3) A-2 A-2 A-2 A-2 A-2/B-2 B-2/C-3 C-3/D-4 D-4/E-5
Oregon:

E 122° Longitude E-5 E-5/D-4 D-4 D-4/A-4 A-4 (D-4) A-3 A-2 A-2 A-2 A-2/C-3 C-3/D-4 D-4 D-4/E-5

W 122° Longitude E-5 E-5/D-4 D-4 D-4/A-4 A-4 (D-4) A-3€ A-3¢ A-3¢ A-3¢ A-3/C-3 C-3/D-4 D-4/E-5 E-5
Pennsylvania® E-5 E-5 E-5/D-4 D-4/A-4  A-4(D-4) A-37 A-37 A-37 A-3 A-3/D-4 D-4 D-4/E-5 E-5
Rhode Island E-5 E-5 E-5/D-4 D-4/A-4 A-4 (D-4) A-3’ A-37 A-37 A-3 A-3/D-4 D-4 D-4/E-5 E-5
South Carolina D-4 D-4 D-4 D-4/A-3 A-3(C-3) A-3 A-3 A-2 A-2 A-2/C-3 C-3/D-4 D-4 D-4
South Dakota E-5 E-5 E-5/D-4 D-4/A-3 A-3(C-3) A2 A-2 A-2 A-2 A-2/B-2 B-2/C-3 C-3/D-4 D-4/E-5
Tennessee E-5/D-4 D-4 D-4 D-4/A-3 A-3 (C-3) A-3° A-3€ A-2P A-2P A-2/C-3 C-3/D-4 D-4 D-4/E-5
Texas: £
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TABLE 4 Continued

State Jan. Feb. Mar. Apr. May? June July Aug. fff; 1566_'?;0 Oct. Nov. Dec.

E 99° Longitude D-4 D-4 D-4/C-3  C-3/A-3 A-3(C-3) A-3¢K A-2PH A-2PH  p2PH A-2/B-2 B-2/C-3 C-3/D-4 D-4

W 99° Longitude D-4 D-4/C-3 C-3/B-2 B-2/A-2 A2 (B-2) A-1F A-1F A-1F A-1F A-1/B-2 B-2/C-3  C-3/D-4 D-4
Utah E-5 E-5/D-4 D-4 D-4/A-3 A-3(C-3) A-2° A-2P A-2P A-2P A-2/B-2 B-2/C-3  C-3/D-4 D-4/E-5
Vermont E-5 E-5 E-5/D-4 D-4/A-4 A-4 (D-4) A3 A-3 A-3 A-3 A-3/D-4 D-4 D-4/E-5 E-5
Virginia E-5 E-5/D-4 D-4 D-4/A-3 A-3(C-3) A-3¢K A-36K A-3GK  A3CK A-3/C-3 C-3/D-4 D-4/E-5 E-5
Washington:

E 122° Longitude  E-5 E-5 E-5/D-4 D-4/A-4 A-4 (D-4) A-3 A-2 A-2 A-2 A-2/C-3 C-3/D-4 D-4/[E-5 E-5

W 122° Longitude  E-5 E-5 E-5/D-4 D-4/A-4 A-4 (D-4) A-3 A-3 A-3 A-3 A-3/C-3 C-3/D-4 D-4/E-5 E-5
West Virginia E-5 E-5 E-5/D-4 D-4/A-4 A-4 (D-4) A-3 A-3 A-3 A-3 A-3/C-3 C-3/D-4 D-4/E-5 E-5
Wisconsin E-5 E-5 E-5/D-4 D-4/A-4 A-4 (D-4) A-37 A-37 A-37 A-37 A-3/C-3 C-3/D-4 D-4/E-5 E-5
Wyoming E-5 E-5 E-5/D-4  D-4/A-3 A-3(C-3) A2 A-2 A-2 A-2 A-2/B-2 B-2/C-3  C-3/D-4 D-4/E-5

A For the period May 1 through September 15, the specified vapor pressure classes comply with 1992 U.S. EPA Phase Il volatility regulations. Reformulated
spark—ignition engine fuel blended to meet the requirements of the EPA “Complex Model” shall also meet the Phase Il volatility regulations. EPA regulations (under the
Phase Il regulations) allow 1.0 psi higher vapor pressure for gasoline-ethanol blends containing 9 to 10 volume % ethanol for the same period, except for fuels blended
to meet the “Complex Model” regulations. See Appendix X3 for additional federal volatility regulations.

B Values in parentheses are permitted for retail stations and other end users.

€ See Table 5 for specific area requirements.

P See Table 6 for specific area requirements.

E See Table 12 for specific area requirements.

F See Table 7 for specific area requirements.

© Details of State Climatological Division by CARB air basin and county as indicated (Descriptions of the California Air Basins are found in the California Code of
Regulations):

California, North Coast—CARB North Coast, Lake County, San Francisco Bay Area, and North Central Coast Air Basins (Alameda, Contra Costa, Del Norte, Humbolt,
Lake, Marin, Mendocino, Monterey, Napa, San Benito, San Francisco, San Mateo, Santa Clara, Santa Cruz, Solano, Sonoma, and Trinity Counties and part of Solano
County).

California, interior—CARB Northeast Plateau, Sacramento Valley, Mountain Counties, Lake Tahoe, and San Joaquin Valley Air Basins (Amador, Butte, Calaveras,
Colusa, El Dorado, Fresno, Glenn, Kings, Lassen, Madera, Mariposa, Merced, Modoc, Nevada, Placer, Plumas, Sacramento, San Joaquin, Shasta, Sierra, Siskiyou,
Stanislaus, Sutter, Tehama, Tulare, Tuolumne, Yolo, and Yuba Counties, and parts of Kern and Solano Counties).

California, South Coast—CARB South Central Coast, San Diego, and South Coast Air Basins (Los Angeles, Orange, San Diego, San Luis Obispo, Santa Barbara, and
Ventura Counties, and parts of Riverside and San Bernardino Counties).

California, Southeast—CARB Great Basin Valleys, Salton Sea, and Mojave Desert Air Basins (Alpine, Imperial, Inyo, and Mono Counties, and parts of Kern, Los Angeles,
Riverside, San Bernardino Counties).

H See Table 10 for specific requirements.

! See Table 11 for specific area requirements.

7 See Table 8 for specific area requirements.

K See Table 9 for specific area requirements.

TABLE 5 Ozone Nonattainment Areas Requiring Volatility Class TABLE 6 Ozone Nonattainment Areas Requiring Volatility Class
AA-3 AA-2

Note—See 40 CFR Part 81.300 for description of the geographic Note—See 40 CFR Part 81.300 for description of the geographic
boundary for each area. boundary for each area.
Alabama”—Jefferson and Shelby counties Alabama”—Jefferson and Shelby counties
California®—Alameda, Contra Costa, Marin, Monterey, Napa, San Francisco, Arizona®—Maricopa County
San Benito, San Mateo, Santa Clara, Santa Cruz, and Solano (part) counties California®—Alameda, Butte, Contra Costa, Fresno, Kern (part) Kings, Mad-
Florida—Broward, Dade, Duval, Hillsborough, Palm Beach, and Pinellas coun- era, Marin, Merced, Monterey, Napa, San Benito, San Francisco, San
ties Joaquin, San Mateo, Santa Barbara, Santa Clara, Santa Cruz, Stanislaus,
Georgia®—Cherokee, Clayton, Cobb, Coweta, Dekalb, Douglas, Fayette, For- Tulare, and Yuba counties
syth, Fulton, Gwinnett, Henry, Paulding, and Rockdale counties Colorado—Adams, Arapahoe, Boulder, Denver, Douglas, and Greeley coun-
Louisiana—Ascension, Beauregard, Calcasieu, East Baton Rough, Grant, Iber- ties (waived by EPA)
ville, Jefferson, Lafayette, Lafourche, Livingston, Orleans, Point Coupee, Saint Georgia®—Cherokee, Clayton, Cobb, Coweta, Dekalb, Douglas, Fayette, For-
Bernard, Saint Charles, Saint James, Saint Mary, and West Baton Rouge par- syth, Fulton, Gwinnett, Henry, Paulding, and Rockdale counties
ishes Kansas”—Johnson and Wyandotte counties
Missouri—Franklin, Jefferson, Saint Charles, and Saint Louis counties; and the Louisiana—Ascension, Beauregard, Calcasieu, East Baton Rouge, Grant,
city of St. Louis Iberville, Jefferson, Lafayette, Lafourche, Livingston, Orleans, Point Coupee,
North Carolina—Davidson, Davie (part), Durham, Forsyth, Gaston, Granville Saint Bernard, Saint Charles, Saint James, Saint Mary, and West Baton
(part), Guilford, Mecklenburgh, and Wake counties Rouge parishes
Oregon—Clackamas (part), Marion (part), Multnomah (part), Polk (part), and Missouri—Franklin, Jefferson, Saint Charles, and Saint Louis counties; and
Washington (part) counties the city of St. Louis
Tennessee—Davidson, Rutherford, Shelby, Sumner, Williamson, and Wilson Nevada—Washoe County
counties North Carolina—Davidson, Davie (part), Durham, Forsyth, Gaston, Granville
Texas—Hardin, Jefferson, Orange, and Victoria counties (part), Guilford, Mecklenburgh, and Wake counties
Virginia—Smyth County (part) Tennessee—Davidson, Rutherford, Shelby, Sumner, Williamson, and Wilson

counties
Texas—Hardin, Jefferson, Orange, and Victoria counties
Utah—Davis and Salt Lake counties

A See Table 12 for local vapor pressure limits.

" —
Research Development and Engineering Center’s Report No. 316, entitled See Table 12 for local vapor pressure fimits.

“A Predictive Study for Defining Limiting Temperatures and Their

Application in Petroleum Product Specifications.” This can be obtained as ) .
Publication AD756-420 from the National Technical Information Service, 9.7.2 The water tolerance test procedure consists of cooling
Springfield, VA 22151. gasoline-alcohol blends under specified conditions to the
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TABLE 7 Ozone Nonattainment Areas Requiring Volatility Class
AA-1

TABLE 10 Federal RFG Areas Requiring Volatility Class AA-2
Note 1—See 40 CFR Part 81.305 for description of the geographic

Note—See 40 CFR Part 81.300 for description of the geographichoundary for each area.

boundary for each area.

Note 2—No waiver for gasoline-ethanol blends.

Arizona”—Maricopa County
California®—Imperial and Kern (part) counties
Texas”—El Paso County

A See Table 12 for local vapor pressure limits.

TABLE 8 Federal RFG Areas Requiring Volatility Class A-3

California®—EIl Dorado (part), Los Angeles, Orange, Placer (part), Riverside
(part), Sacramento, San Bernardino (part), San Diego, Solano (part), Sutter
(part), Ventura, and Yolo Counties

Texas—Brazoria, Chambers, Collin, Dallas, Denton, Fort Bend, Galveston,
Harris, Liberty, Montgomery, Tarrant, and Waller counties

A See Table 12 for local vapor pressure limits.

Note 1—See 40 CFR Part 81.300 for description of the geographic TABLE 11 Federal RFG Area Requiring Volatility Class AA-1

boundary for each area.
Note 2—No waiver for gasoline-ethanol blends.

Connecticut—All counties

Delaware—All counties

lllinois®—Cook, Du Page, Grundy (part), Kane, Kendall (part), Lake,
McHenry, and Will counties

Indiana”®—Lake and Porter counties

Kentucky—Boone, Bullitt (part), Campbell, Jefferson, Kenton, and Oldham
(part) counties

Maryland—Cecil County

Massachusetts—All counties

New Hampshire—Hillsborough, Merrimack, Rockingham, and Strafford coun-
ties

New Jersey—All counties

New York—Bronx, Dutchess, Essex (part), Kings, Nassau, New York, Orange,

Putnam, Queens, Richmond, Rockland, Suffolk, and Westchester counties
Pennsylvania—Bucks, Chester, Delaware, Montgomery, and Philadelphia
counties

Rhode Island—All counties

Wisconsin—Kenosha, Milwaukee, Ozaukee, Racine, Washington, and
Waukesha counties

A See Table 12 for local vapor pressure limits.

TABLE 9 Federal RFG Areas Requiring Volatility Class AA-3

Note 1—See 40 CFR Part 81.300 for description of the geographic
boundary for each area.
Note 2—No waiver for gasoline-ethanol blends.

California®—Los Angeles (part), Riverside (part), and San Bernardino (part)
counties

A See Table 12 for local vapor pressure limits.

certified to be effective in preventing deposit formation. All
parties who blend deposit control additives into fuel must
complete mandatory volume additive reconciliation (VAR)
accounting to establish that the product was additized at a
concentration that was at least equal to the LAC.

6. Workmanship

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

6.2 Fuel to be used in this test shall not be cooled below

Note 1—See 40 CFR Part 81.300 for description of the geographicabout 15°C (59°F) or its temperature at the time the sample

boundary for each area.
Note 2—No waiver for gasoline-ethanol blends.

District of Columbia

Maryland—Anne Arundel, Baltimore, Calvert, Carroll, Charles, Frederick, Har-
ford, Howard, Kent, Montgomery, Prince George’s, and Queen Anne’s coun-
ties

Texas—Brazoria, Chambers, Collin, Dallas, Denton, Fort Bend, Galveston,
Harris, Liberty, Montgomery, Tarrant, and Waller counties
Virginia—Arlington, Charles City, Chesterfield, Fairfax, Hanover, Henrico,
James City, Loudoun, Prince William, Stafford, and York counties and inde-
pendent cities of Alexandria, Chesapeake, Colonial Heights, Fairfax, Falls
Church, Hampton, Hopewell, Manassas, Manassas Park, Newport News,
Norfolk, Poquoson, Portsmouth, Richmond, Suffolk, Virginia Beach, and Will-
iamsburg

was taken, whichever is lower, as cooling of gasoline-
oxygenate blends can produce changes in appearance that are
not reversed on rewarming.

6.3 The finished fuel shall also be free of any adulterant or
contaminant that may render the fuel unacceptable for its
commonly used applications.

7. Test Methods

7.1 The requirements of this specification shall be deter-
mined in accordance with the methods listed below. Refer to
the listed test methods to determine applicability or required
modifications for use with gasoline-oxygenate blends.

7.1.1 Distillation—Test Method D 86.

appropriate temperature listed in Table 13. It is important to 7.1.2 Vapor-Liquid Ratie—Test Method D 2533 has proce-
note that when cooling to a low temperature some gasolinedures for determining vapor-liquid/(L) ratios for both gaso-
alcohol blends can take on a hazy appearance. This haze muiste and gasoline-oxygenate blends. Because some oxygenates
be carefully distinguished from the phase separation tesire miscible with the glycerin used in one procedure, another
criterion described in Test Method D 6422 and must not bgrocedure using mercury as the confining fluid is provided for
considered grounds for rejection of the fuel. This test must nogasoline-oxygenate blends. Either procedure may be used to
be confused with that described in Section 6, which isdetermineV/L for gasoline. Test Method D 5188 is an evacu-
conducted at 21°C (70°F) or above, and for which theated chamber method for determining temperatures for vapor-
appearance of haze is proper grounds for rejection. liquid ratios between 8 to 1 and 75 to 1. It may be used for
5.8 Deposit control additives are added to fuel to help keemasoline and gasoline-oxygenate blends.
carburetors, fuel injectors, and intake valves clean. Deposit 7.1.3 Vapor Pressure-Test Methods D 4953, D 5190,
control additives are required to be certified by the EPA ad 5191, or D 5482.
summarized in X3.5. Each additive is certified for use at a 7.1.4 Corrosion, for CopperTest Method D 1303 h at
lowest additive concentration (LAC), which is the lowest level 50°C (122°F).
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TABLE 12 Federal Approved State Implementation Plan Areas
Requiring More Restrictive Maximum Vapor Pressure Limits

test methods are reported in mass %. Test Method D 4815
includes procedures for calculating oxygenate concentration in

Note—Some areas are awaiting official EPA approval for the morevolume % and mass oxygen content using the mass %

restrictive local vapor pressure limits.

Alabama—Jefferson and Shelby counties—48.2 kPa (7.0 psi) max June 1 -
Sept. 15

Arizona—Maricopa County—48.2 kPa (7.0 psi) max May 31 - Sept. 30, 62.0 kPa
(9.0 psi) max Oct. 1 - Mar. 31

California—48.26 kPa (7.00 psi) max April 1, May 1, or June 1 - Sept. 30 or
Oct. 31 depending on air basin

Georgia—Banks, Barrow, Bartow, Butts, Carroll, Chatooga, Cherokee, Clarke,
Clayton, Cobb, Coweta, Dawson, Dekalb, Douglas, Fayette, Floyd, Forsyth,
Fulton, Gwinnett, Hall, Haralson, Heard, Henry, Jackson, Jasper, Jones, Lamar,
Lumpkin, Madision, Meriwether, Monroe, Morgan, Newton, Oconee, Paulding,
Pickens, Pike, Polk, Putnam, Rockdale, Spalding, Troup, Upson, and Walton
counties—48.2 kPa (7.0 psi) max June 1 - Sept 15

lllinois—Madison, Monroe, and Saint Clair Counties area — 49.6 kPa (7.2 psi)
max June 1 - Sept. 15*

Indiana—Clark and Floyd counties area — 53.8 kPa (7.8 psi) max May 1
terminal/June 1 retail - Sept. 154

Kansas—Johnson and Wyandotte counties—48.2 kPa (7.0 psi) max June 1 -
Sept. 154

Maine—Androscoggin, Cumberland, Kennebec, Knox, Lincoln, Sagadahoc, and
York Counties—53.8 kPa (7.8 psi) max May 1-Sept 15

Michigan—Livingston, Macomb, Monroe, Oakland, Saint Clair, Washtenaw, and
Wayne counties—53.8 kPa (7.8 psi) max June 1 - Sept 15

Missouri—Clay, Jackson, and Platte counties—48.2 kPa (7.0 psi) max June 1 -
Sept. 154

Pennsylvania—Allegheny, Armstrong, Beaver, Butler, Fayette, Washington, and
Westmoreland counties—53.8 kPa (7.8 psi) max June 1 - Sept. 15

Texas—El Paso County—48.2 kPa (7.0 psi) max May 1 terminal/June 1 retail -
Sept. 15

Texas—Anderson, Angelina, Aransas, Atascosa, Austin, Bastrop, Bee, Bell,
Bexar, Bosque, Bowie, Brazos, Burleson, Caldwell, Calhoun, Camp, Cass,
Cherokee, Colorado, Comal, Cooke, Coryell, De Witt, Delta, Ellis, Falls, Fannin,
Fayette, Franklin, Freestone, Goliad, Gonzales, Grayson, Gregg, Grimes,
Guadalupe, Harrison, Hays, Henderson, Hill, Hood, Hopkins, Houston, Hunt,
Jackson, Jasper, Johnson, Karnes, Kaufman, Lamar, Lavaca, Lee, Leon, Lime-
stone, Live Oak, Madison, Marion, Matagorda, McLennan, Milam, Morris, Na-
cogdoches, Nararro, Newton, Nueces, Panola, Parker, Polk, Rains, Red River,
Refugio, Robertson, Rockwall, Rusk, Sabine, San Jacinto, San Patricio, San
Augustine, Shelby, Smith, Somervell, Titus, Travis, Trinity, Tyler, Upshur, Van-
Zandt, Victoria, Walker, Washington, Wharton, Williamson, Wilson, Wise, and
Wood counties—53.8 kPa (7.8 psi) max May 1 terminal/June 1 retail - October 1

AA 1.0 psi higher vapor pressure is allowed for gasoline-ethanol blends
containing 9 to 10 volume % ethanol.

7.1.5 Solvent-Washed Gum Contentest Method D 381,
air jet apparatus.

7.1.6 Sulfur—Test Methods D 1266, D 2622, D 3120, or
D 5453. With Test Method D 3120, fuels with sulfur content
greater than 100 ppm (0.0100 mass %) must be diluted wit
isooctane. The dilution of the sample may result in a loss of
precision. Test Method D 3120 cannot be used when the lead

concentration is greater than 0.4 g/L (1.4 g/U.S. gal).

7.1.7 Lead—Test Methods D 3341 or D 5059 (Test Methods
AorB). For lead levels below 0.03 g/L (0.1 g/U.S. gal) use Tes

Methods D 3237 or D 5059 (Test Method C).
7.1.8 Oxidation Stability—Test Method D 525.

7.1.9 Oxygenate DetectienTest Methods D 4815, D 5599,
or D 5845. These test methods are designed for the quantitati

determination of methytert-butyl ether (MTBE), ethyltert-

butyl ether (ETBE)tert-amyl methyl ether (TAME), diisopro-

pyl ether (DIPE), methyl alcohol, ethyl alcohol, ateit-butyl

t

oxygenate results.
7.1.10 Water Tolerance-See Test Method D 6422.

8. Precision and Bias’

8.1 The precision of each required test method for the
properties specified is included in the standard applicable to
each method, with the exception of Driveability Index. In many
cases, the precision applicable to gasoline-oxygenate blends
has not been established yet.

8.2 Precision and Bias of Driveability Index (Dt):

8.2.1 The following statements apply to the precision and
bias of DI, which is a derived quantity not addressed in any
other standard.

8.2.2 The precision of DI is a function of the individual
precisions of the 10 %, 50 %, and 90 % evaporated tempera-
tures from Test Method D 86. The precisions of these percent
evaporated temperatures vary for different apparatuses (manual
or automatic), for fuels of different volatilities [for example,
above and below 65.5 kPa (9.5 psi) vapor pressure] and with
different distillation curve slopes.

8.2.3 Repeatability-The difference between two succes-
sive DI determinations using Test Method D 86 results, where
the two test results were obtained by one operator with the
same apparatus under constant operating conditions on identi-
cal test material, would in the long run, in normal and correct
operation of the test method, exceed 9°C (17°F) derived units
in only one case in twenty.

8.2.4 The repeatability value was calculated using the pre-
cision data from Test Method D 86 and average distillation
characteristics from the 1994 through 1998 ASTM Committee
D02 Interlaboratory Crosscheck Program for Motor Gasoline
and from the 1997 and 1998 ASTM Committee D02 Interlabo-
ratory Crosscheck Program for Reformulated Gasoline.

8.2.5 Reproducibility—The difference between two single
and independent DI determinations using Test Method D 86
results, where the two test results were obtained by different
operators in different laboratories on identical test material,
would in the long run, in normal and correct operation of the

st method, exceed 27°C (48°F) derived units in only one case
n twenty.

8.2.6 The reproducibility values were determined directly
using the distillation data from each laboratory participating in
cooperative programs to calculate DI. The data used to
calculate DI were available from the 1994 through 1998 ASTM
Committee D02 Interlaboratory Crosscheck Program for Motor
Gasoline, the 1997 and 1998 ASTM Committee D02 Interlabo-
ratory Crosscheck Program for Reformulated Gasoline, the

Ruto/Oil Air Quality Improvement Research Program, the

Auto/Oil AAMA Gasoline Inspections Program, and the 1995
to 1996 CRC volatility program.

alcohol. In addition, Test Methods D 4815 and D 5599 are

designed for the quantitative determinationnepropy! alco-
hol, isopropyl alcohol, n-butyl alcohol, secbutyl alcohol

7 Supporting data (calculations) have been filed at ASTM International Head-

isobutyl alcohol andert-pentyl alcohol. Results for all of these quarters and may be obtained by requesting Research Report RR:D02-1468.
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TABLE 13 Maximum Temperature for Phase Separation, °C

A

Temperature Conversion °F = (°C X 1.8) + 32°

State Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec.

Alabama -4. -3. 0. 5. 10. 10. 10. 10. 10. 6. 0 —4.
B Alaska:

Southern Region -27. -26. -23. -11. 1. 7. 9. 7. 1. -9. -19. -23.

South Mainland —41. -39. -31. -14. -1. 7. 9. 5. -2. -18. -32. —41.

N of 62° Latitude
Arizona:

N of 34° Latitude -11. 7. 7. -2. 2. 6. 10. 10. 6. 1. -6. -9.

S of 34° Latitude =2. -1. 2. 7. 10. 10. 10. 10. 10. 9. 2. -1.
Arkansas -9. -6. -2. 6. 10. 10. 10. 10. 10. 4. -2. -6.
€ California

North Coast -2. 0. 1. 4. 5. 8. 9. 9. 8. 6. 2. -2.

South Coast 2. -1. 2. 4, 7. 9. 10. 10. 9. 6. 1. -2.

Southeast 7. -3. -1. 3. 8. 10. 10. 10. 9. 4. -3. —6.

Interior 4. -3. -3. -1. 3. 9. 10. 10. 10. 6. 0. -2.
Colorado:

E of 105° Longitude -14. -12. -9. -3. 4. 10. 10. 10. 7. 1. -8. -11.

W of 105° Longitude —24. -20. -12. -6. -1. 4. 8. 6. 1. -6. -14. -21.
Connecticut -14. -13. -8. -1. 5. 10. 10. 10. 7. 1. -4. -12.
Delaware -9. -8. -3. 0. 8. 10. 10. 10. 10. 4. -1. -8.
District Columbia -8. 7. -3. 3. 9. 10. 10. 10. 10. 5. 0 -7.
Florida:

N of 29° Latitude -1. 1. 4. 9. 10. 10 10. 10. 10. 9. 3. -1.

S of 29° Latitude 4. 7. 8. 10. 10. 10 10. 10. 10. 10. 9. 5.
Georgia -5. -2. 1. 6. 10. 10 10. 10. 10. 6. 0. -3.
Hawaii 10. 10. 10. 10. 10. 10. 10. 10. 10. 10. 10. 10.
Idaho -17. -16. -11. -3. -5 4. 10. 9. 3. -2. -11. -15.
lllinois:

N of 40° Latitude -18. -16. -9. -1. 4. 10. 10. 10. 7. 1. =7. -16.

S of 40° Latitude -15. -12. =7. 1. 7. 10. 10. 10. 9. 3. —6. -13.
Indiana -16. -13. =7. -1. 4. 10. 10. 10. 7. 1. -6. -14.
lowa -23. -19. -13. -3. 4. 10. 10. 10. 6. 0. -12 —-20.
Kansas -17. -12. -9. -3. 5. 10. 10. 10. 7. 0. -8. -13.
Kentucky -12. -9. -4, 1. 8. 10. 10. 10. 9. 3. -4. -11.
Louisiana -3. 0. 3. 8. 10. 10. 10. 10. 10. 7. 2 -1.
Maine —24. -22. -16. —4. 1. 7. 10. 8. 3. -2. -8. -20.
Maryland -9. -8. -3. 3. 9. 10. 10. 10. 10. 4. -2. -8.
Massachusetts -15. -14. -7. -1. 4. 10. 10. 10. 6. 0. —4. -13.
b Michigan:

Lower Michigan -18. -17. -12. -3. 1. 7. 10. 9. 5. 0. -6. -14.

Upper Michigan -21. -20. -15. —6. -1. 6. 9. 9. 4. -1. -9. -18.
Minnesota -31. -28. -20. 7. 0. 6. 10. 8. 1. -3. -16. -28.
Mississippi -3. -1. 2. 7. 10. 10. 10. 10. 10. 7. 1. -3.
Missouri -14. -11. 6. 1. 8. 10. 10. 10. 10. 3. -5. -12.
Montana —-28. —24. -19. —6. 1. 5. 9. 8. 1. -5. -17. -23.
Nebraska -19. -14. -11. -3. 4, 9. 10. 10. 5. -2. -10. -16.
Nevada:

N of 38° Latitude -18. -13. -8. -3. 1. 5. 9. 7. 2. -3. -11. -14.

S of 38° Latitude -9. -5. -1. 1. 9. 10. 10. 10. 10. 4. -3. -6.
New Hampshire -18. -17. -9. =2. 3. 9. 10. 9. 3. -1. —6. -16.
New Jersey -10. -9. —4. 2. 7. 10. 10. 10. 10. 4. -1. -8.
New Mexico:

N of 34° Latitude -14. -11. =7. =2. 1. 7 10. 10. 7. 1. -8. -12.

S of 34° Latitude 7. -5. -1. 6. 10. 10 10. 10. 10. 7. -2. -5.
New York:

N of 42° Latitude -21. -20. -13. -3. 2. 9. 10. 10. 4, -1. -6. -18.

S of 42° Latitude -13. -13. =7. 1. 6. 10. 10. 10. 8. 2. -3. -12.
North Carolina -9. -7. -3. 1. 7. 10. 10. 10. 8. 1. -5. -8.
North Dakota -29. -27. -11. -6. 1. 8. 10. 10. 3. -2. -17. -24.
Ohio -14. -13. -8. =2. 6. 10. 10. 10. 7. 1. -5. -13.
Oklahoma -12. -6. -5. 1. 7. 10. 10. 10. 10. 4. —4. -9.
Oregon:

E of 122° Longitude -17. -12. 6. -3. 0 4. 6. 6. 2. -3. -8. -12.

W of 122° Longitude -5. -3. -1. 2. 5 8. 10. 10. 7. 2. -3. -3.
Pennsylvania:

N of 41° Latitude -17. -19. -13. —4. 1. 6. 9. 8. 2. -1. —-6. -16.

S of 41° Latitude -13. -14. -9. -1. 5. 10. 10. 10. 7. 2. —4. -12.
Rhode Island -11. -11. -5. 1. 6. 10. 10. 10. 8. 3. =2. -10.
South Carolina -3. -2. 0. 6. 10. 10. 10. 10. 10. 7. 1. -3.
South Dakota -24. -21. -16. -4. 3. 10. 10. 10. 4, -2. -12. -21.
Tennessee -9. -7. -3. 2. 9. 10. 10. 10. 10. 2. -3. -8.
Texas:

N of 31° Latitude -11. -8. -4, 2. 8 10. 10. 10. 10. 5. -3. -7
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TABLE 13 Continued

Temperature Conversion °F = (°C X 1.8) + 32°

State Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec.
S of 31° Latitude -1. 1. 4. 10. 10. 10. 10. 10. 10. 10. 3. 1.
Utah -15. -11. -7. -2. 2. 8. 10. 10. 7. 2. -11. -12.
Vermont -20. -21. -12. -2. 2. 9. 10. 10. 5. 0. -6. -17.
Virginia -8. -7. -3. 3. 9. 10. 10. 10. 10. 4. -2. =7.
Washington:
E of 122° Longitude -13. -6. -3. 1. 4 7. 10. 10. 7 1. -5. -7.
W of 122° Longitude —6. -2. -2. 1. 4 7. 9 9. 6 2. -2. -2.
West Virginia -13. -12. -7. -2. 4 9. 10. 10 5 -2. -7. -12.
Wisconsin -25. -21. -15. -3. 3 8. 10. 10. 5. -1. -11. =21.
Wyoming -23. -17. -14. —-6. 0 5. 10. 10. 3. -2. -13. -16.

A A maximum phase separation temperature of 10°C (50°F) is specified, even if the 6-h 10th percentile minimum temperature for the area and month can be higher.
B The designated areas of Alaska are divided as follows: Southern Region—The Aleutians, Kodiak Island, the coastal strip East of Longitude 141°, and the Alaskan
Peninsula South of Latitude 52°.
South Mainland—The portion of Alaska South of Latitude 62°, except the Southern Region.
North of Latitude 62°—The specification test temperature must be agreed between the vendor and purchaser having regard to equipment design, expected weather
conditions, and other relevant factors.
€ The designated areas of California are divided by county as follows: North Coast—Alameda, Contra Costa, Del Norte, Humbolt, Lake, Marin, Mendocino, Monterey,
Napa, San Benito, San Francisco, San Mateo, Santa Clara, Santa Cruz, Solano, Sonoma, Trinity.
Interior—Lassen, Modoc, Plumas, Sierra, Siskiyou, Alpine, Amador, Butte, Calaveras, Colusa, El Dorado, Fresno, Glenn, Kern (excepting that portion lying east of the
Los Angles County Aqueduct, Kings, Madera, Mariposa, Merced, Placer, Sacramento, San Joaquin, Shasta, Stanislaus, Sutter, Tehama, Tulare, Tuolumne, Yolo, Yuba,
Nevada.
South Coast—Orange, San Diego, San Luis Obispo, Santa Barbara, Ventura, Los Angeles (except that portion lying north of the San Gabriel Mountain range and east
of the Los Angeles County Aqueduct).
Southeast—Imperial, Riverside, San Bernardino, Los Angeles (that portion lying north of the San Gabriel Mountain range and east of the Los Angeles County
Aqueduct), Mono, Inyo, Kern (that portion lying east of the Los Angeles County Aqueduct).
P The designated areas of Michigan are divided as follows: Lower Michigan—That portion of the state lying East of Lake Michigan.
Upper Michigan—That portion of the state lying North of Wisconsin and of Lake Michigan.

8.2.7 Bias—Since there is no acceptable reference materiatiex; EPA regulations; ethanol; ether; fuel; gasoline; gasoline-
suitable for determining bias for DI, bias has not beenalcohol blend; gasoline-ethanol blend; gasoline—ether blend;

determined. gasoline-oxygenate blend; induction period; lead; leaded fuel;
methanol; MTBE; octane number; octane requirement; oxida-
9. Keywords tion stability; oxygenate; oxygenate detection; phase separa-

9.1 alcohol; antiknock index; automotive fuel; automotivetion; phosphorous; solvent-washed gum; sulfug;, = 20;
gasoline; automotive spark-ignition engine fuel; copper stripunleaded fuel; vapor-liquid ratio; vapor lock; vapor pressure;
corrosion; corrosion; distillation; driveability; Driveability In- volatility; water tolerance

APPENDIXES
(Nonmandatory Information)

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

X1.1 General numerous quality and performance requirements. This ASTM

specification is established on the basis of the broad experience
Pnd close cooperation of producers of fuel, manufacturers of

automotive equipment, and users of both.

X1.1.1 Antiknock rating and volatility define the general
characteristics of automotive spark-ignition engine fuel. Othe
characteristics relate to the following: limiting the concentra-
tion of undesirable components so that they will not adversely1.2 Engine Knock

affect engine performance and ensuring the stability of fuel as xq 2 1 The fuel-air mixture in the cylinder of a spark-
well as its compatibility with materials used in engines andignition engine will, under certain conditions, autoignite in
their fuel systems. localized areas ahead of the flame front that is progressing from
X1.1.2 Fuel for spark-ignition engines is a complex mixturethe spark. This is engine spark knock which can cause a ping
composed of relatively volatile hydrocarbons that vary widelythat may be audible to the customer.
in their physical and chemical properties and may contain X1.2.2 The antiknock rating of a fuel is a measure of its
oxygenates. Fuel is exposed to a wide variety of mechanicatesistance to knock. The antiknock requirement of an engine
physical, and chemical environments. Thus, the properties alepends on engine design and operation, as well as atmo-
fuel must be balanced to give satisfactory engine performancspheric conditions. Fuel with an antiknock rating higher than
over an extremely wide range of operating conditions. Thehat required for knock-free operation does not improve
prevailing standards for fuel represent compromises among thgerformance.

10
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X1.2.3 A decrease in antiknock rating may cause vehiclavholesale fuel transfer and is referred to in United States
performance loss. However, vehicles equipped with knocKederal law as “Octane Rating.”
limiters can show a performance improvement as the antiknock X1.4.4 The most extensive data base that relates the labo-
quality of the fuel is increased in the range between customefatory engine test methods for Research and Motor octane to
audible knock and knock-free operation. The loss of power an@ctual field performance of fuel in vehicles is the annual
the damage to an automotive engine due to knocking ar€oordinating Research Council (CROGpctane Number Re-
generally not significant until the knock intensity becomes veryduirement Survey conducted for new light-duty vehicles.

severe. Heavy and prolonged knocking may cause power lodanalysis of these data shows that the antiknock performance of
and damage to the engine a fuel in some vehicles may correlate best with Research

octane number, while in others, it may correlate best with
Motor octane number. These correlations also differ from
model year to model year or from vehicle population to vehicle
X1.3.1 The two recognized laboratory engine test methodpopulation, reflecting changes in engine designs over the years.
for determining the antiknock rating of fuels are the Research X1.4.5 The antiknock index of a fuel approximates the CRC
method (Test Methods D 2699 or D 2885) and the Motorroad octane ratings for many vehicles. However, the user must
method (Test Methods D 2700 or D 2885). The following @lso be guided by experience as to which fuel is most
paragraphs define the two methods and describe their signifiPPropriate for an individual vehicle. The antiknock index
cance as applied to various equipment and operating condiormula is reviewed periodically and may have to be adjusted

in the future as engines and fuels continue to evolve. The

. . esent (RON + MON)/2 formula is an estimate and is not an
X1.3.2 Research octane number is determined by a methd; solute measure of fuel antiknock performance in general or

that measures fue_l antiknop_k level in a single-cylinder en_ginqn any specific vehicle.
upder mild operating conditions; nfflmely, at a moderate inlet w141 5 car antiknock requirements vary, even within a
mixture temperature and a low engine speed. Research octagggie model, so the statistical distribution of the octane needs
number tends to indicate fuel antiknock performance in enyf any car population are usually shown in graphical form, as
gines at wide-open throttle and low-to-medium engine speedghown in Fig. X1.1. As antiknock index increases, larger and
X1.3.3 Motor octane number is determined by a methodarger fractions of the car population in question will be free of
that measures fuel antiknock level in a single-cylinder enginé&nock, that is, be “satisfied” with the octane quality of fuels at
under more severe operating conditions than those employed #f above that level of antiknock index. The data in Fig. X1.1
the Research method; namely, at a higher inlet mixturére for new model cars and trucks sold in the United States in
temperature and at a higher engine speed. It indicates fuéleé model year 1988 and are included as an example of the
antiknock performance in engines operating at wide-opentiknock requirement distribution, not as a data reference.

throttle and high engine speeds. Also, Motor octane number X1-4.7 According to the winter 1988-1989 motor gasoline
tends to indicate fuel antiknock performance under part_survey published by the National Institute for Petroleum and
throttle road-load conditions Energy Research, unleaded fuel antiknock indexes in current

practice range from a low near 84 in the mountain areas to a
X1.4 Road Octane Number high of near 94. Companies typiqally market two or t.hree
unleaded grades of fuel, one of which usually has a minimum

X1.4.1 The road octane of a fuel is the measure of its abilityantiknock index of 87, for which most post-1971 vehicles are
to resist knock in customers’ vehicles, and is ultimately ofdesigned. Most companies also market a higher octane fuel

more importance than laboratory octane numbers. Since roaslith an antiknock index of 91 or above. This fuel is intended
octanes are difficult to measure and interpret, the industry hat® satisfy those vehicles with a higher octane requirement.
agreed to use ASTM laboratory engine tests to estimate theome companies offer three grades of unleaded fuel. The third
road octane performance of spark-ignition engine fuel ingrade usually has an antiknock index of 89. Leaded fuel is still
vehicles. available in some markets and usually has an antiknock index

: . : . . of 88 or 89.
ofXti{:'é;,lii?lT;;ﬁéniiﬁggl)(géhﬁ)ag;sz;:;gyir;gie X1.4.8 Marketers set the grades and octane based on their

number (MON): E)ne;rckeep;tlon of the technical and competitive needs in the
AKI = (RON + MON)/2 (X1.1) X1.4.9 Antiknock indexes of fuel sold in current practice in
the United States are shown in Table X1.1 for both unleaded
and leaded fuels.

X1.3 Laboratory Octane Number

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

(R + M)/2 octane 8 Details of this regulation can be found in Code of Federal Regulations Title 16,
X1.4.3 The AKI is posted on retail gasoline dispensingChaPtef 1, Subchapter C, part 306 (16 CFR306), U.S. Government Printing Office,
. . . . Superintendent of Documents, Washington DC 20402.
pumps In the United States and is referred to in car owners 9 Coordinating Research Council, Inc., 3650 Mansell Rd., Ste. 140, Alpharetta,

manuals. The AKI is also required for certification at eachca 30022-g246.

11
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All 1988 Model Year Cars and Light Trucks
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FIG. X1.1 An Example of the Statistical Distribution of Vehicle
Antiknock Requirements
TABLE X1.1 Automotive Spark-Ignition Engine Fuel Antiknock
Indexes in Current Practice
Unleaded Fuel”
(for vehicles that can or must use unleaded fuel)
Antiknock Index?¢-P-E Application
(RON + MON)/2 pp
87 Designed to meet antiknock requirements of most
1971 and later model vehicles
89 Satisfies vehicles with somewhat higher antiknock

requirements

91 and above Satisfies vehicles with high antiknock requirements

Leaded Fuel
(for vehicles that can or must use leaded fuel)

Antiknock Index?<P-E

(RON + MON)/2 Application

88 For most vehicles that were designed to operate on

leaded fuel

A Unleaded fuel having an antiknock index of at least 87 should also have a
minimum Motor octane number of 82 in order to adequately protect those vehicles

that are sensitive to Motor octane quality.

B Reductions in vehicle antiknock requirements for altitude are shown in Fig.

X1.2.

€ Reductions in vehicle antiknock requirements for seasonal variations are

shown in Fig. X1.3.

P Not all antiknock index levels listed in this table are available at all locations.
EThe Federal Trade Commission requires octane posting and certification in

accordance with 16 CFR Part 306.

X1.5 Precision and Bias of Antiknock Index

(Test Method D 2699) and Motor (Test Method D 2700) octane
numbers. The repeatability and reproducibility variances for
these test methods are summed and divided by four to obtain
the variance of the antiknock index.

X1.5.2.1 Repeatability—The difference between two sets of
antiknock index determinations, where two test results by each
octane number method were obtained by one operator, with the
same apparatus under constant operating conditions on identi-
cal test material would, in the long run, and in the normal and
correct operation of the test methods, exceed the values in the
following table in only one case in twenty.

X1.5.2.2 Reproducibility—The difference between two in-
dependent sets of antiknock index determinations, obtained by
different operators working in different laboratories on identi-
cal test material would, in the long run, and in the normal and
correct operation of the test methods, exceed the values in the
following table in only one case in twenty.

Repeatability,
Antiknock Index Units

Reproducibility,

Antiknock Index Antiknock Index Units

83 0.2 0.7
85 0.2 0.7
87 0.2 0.6
89 0.2 0.6
91 0.2 0.6
93 0.2 0.6
95 — 0.6
97 —_ 0.7

Note X1.1—These precision values were calculated from Research and
Motor octane number results utilizing exchange sample test data obtained
by the ASTM National Exchange Group (NEG), the Institute of Petro-
leum, or the Institut Frangais du Petrole, or combination thereof, partici-
pating in cooperative testing programs. The precision values for 83, 85,
95, and 97 AKI were obtained from NEG data during the period 1980
through 1982 and have been analyzed in accordance with RR: D02-1007,
“Manual on Determining Precision Data for ASTM Methods on Petroleum
Products and Lubricants,” Spring 19¥8The precision values for 87
though 93 AKI were calculated using the data from RR: D02-1383,
“Research and Motor Octane Number Precision Study Report, 1988
through 1994,” December 1995.

X1.5.2.3 Bias—Since knock ratings are determined by the
conditions of the empirical test methods involved, bias cannot
be determined.

X1.6 Effects of Altitude and Weather on Vehicle
Antiknock Requirement

X1.6.1 A vehicle’s antiknock requirement can vary with
changes in altitude, ambient temperature, and humidity, de-
pending on the control system of the vehicle. New vehicles
have sensors to measure, and engine management computers
which take into account, such conditions as air charge tem-
perature and barometric pressure. These vehicles are designed
to have the same antiknock requirement at all altitudes and a
reduced sensitivity to changes in ambient temperature. This
more sophisticated control technology began to be used exten-
sively in 1984. This technology, while constantly evolving and
improving, is used on almost all new vehicles. This means that

X1.5.1 The following statements apply to the precision and

bias of antiknock index of fuel, which is a composite quantity

not addressed in any other standard.

X1.5.2 The precision of the antiknock index, (RON +

19 Supporting data have been filed at ASTM International Headquarters and may

be obtained by requesting Research Report RR: D02-1007.
11 Supporting data have been filed at ASTM International Headquarters and may

MON)/2, is a function of the individual precisions of Researchbe obtained by requesting Research Report RR: D02-1383.

12
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Califarnia ¢
North Coast,

5
California -,
South Coast \‘

FIG. X1.3 Reduction in Vehicle Antiknock Requirements for

Weather#
J F M A M J J A S O N D
Northeast 1.0 05 05 O 0 0 0 0 0 05 05 1.0
Southeast 05 0 0 0 0 05 05 05 05 O 0 0.5
Midwest 1.0 05 05 O 0 0 0 0 0 0 05 10
Northwest 1.0 1.0 05 05 O 0 0 0 0 05 10 1.0
L. . . . Southwest 1.0 05 0 0 0 0 0 0 0 0 05 10
FIG. X1.2 Reduction in Vehicle Antiknock Requirements for California®®
Altitude *# No Coast 05 05 05 05 05 05 05 05 0 0 05 05
So Coast 0 O 05 05 10 10 10 05 05 O 0 0
A L than 89 AKI 89 AKI or Greater™?
e = it Alaska 1010 05 05 0 0 O 0 O 05 10 1.0
1 15 15 Hawaii 0 O 0 0 0 0 0 0 0 0 0 0
1] 2.2 15 A Fuel may be marketed using these reductions, but actual antiknock index
\Y 3.0 2.0 minimums must be posted.
\% 4.5 3.0 B Details of California coastal areas are shown in Footnote G of Table 4.
A Fuel may be marketed using these reductions, but actual antiknock index
minimums must be posted.
B While the reductions in this table apply to most pre-1984 vehicles, the control . . . .
technology on almost all new vehicles will cause them to have no reduction in X1.6.4 The antiknock requirements of older vehicles rise
antiknock requirement at higher alitudes. with increasing ambient temperature on the average by 0.097

MON per degree Celsius (0.054 MON per degree Fahrenheit).

) ) , ) ) X1.6.5 The antiknock requirements of both older and new
many vehicles in today’s fleet require fuel having the samgsehicles decrease with increasing specific humidity by 0.245

antiknock index regardless of changes in altitude or ambienyoN per gram of water per kilogram of dry air (0.035 MON
temperatures. Older vehicles which do not have sophisticateger grain of water per pound of dry air).

control systems will likely experience changes in antiknock y4 g6 Because temperature and humidity of geographical
requirement due to changes in altitude and weather conditiong,aas are predictable throughout the year from past weather
However, the changes in antiknock requirement indicated irPecords, antiknock index levels can be adjusted to match
the following sections apply to a continually smaller part of theseasonal changes in vehicle antiknock requirements. Fig. X1.3
vehicle fleet. defines the boundaries of areas and the typical reduction in
X1.6.2 The antiknock requirement of an older vehiclevehicle antiknock requirements for weather for older vehicles.

decreases as altitude increases, primarily due to reduction ithis figure may not apply to newer vehicles.

mixture density caused by reduced atmospheric pressure. The

change in antiknock requirement for altitude for older vehiclesX1.7 Leaded Versus Unleaded Fuel Needs

is given in Fig. X1.2. Boundaries of the areas defined and the X1.7.1 In addition to selecting the appropriate antiknock

corresponding antiknock index reductions were established 19 dex to meet vehicle antiknock needs. a choice must be made
protect vehicles driven from a higher altitude to a IOWerbetween leaded and unleaded fuel. ’Vehicles that must use
alt?tude (and, hence h_igher ar)tiknoqk requirement) area WhiIElnleaded fuel are required by Environmental Protection
using a fuel obtained in the high altitude area. Agency regulation to have permanent labels on the instrument
X1.6.3 Tests by CRC and other organizations have showRane| and adjacent to the fuel tank filler inlet reading “Un-
that the decrease in antiknock requirements with altitude ifeaded Fuel Only.” Most 1975 and later model passenger cars
larger for most models between 1971 and 1984, designed to ug@d light trucks are in this category. Most 1971-1974 vehicles
a fuel with an antiknock index of 87, than for pre-1971 can use leaded or unleaded fuel. Pre-1971 vehicles were
vehicles. Generally the pre-1971 vehicles have high comprestesigned for leaded fuel; however, unleaded fuel of suitable
sion ratios and were designed for fuels with an antiknock indexantiknock index may generally be used in these vehicles,
of 88 or higher. Fuels with antiknock indexes below 89 areexcept that leaded fuel should be used periodically (after a few
adjusted by a larger factor than those with an antiknock indexankfuls of unleaded fuel have been used). Leaded fuel may be
of 89 or greater. required in some vehicles, particularly trucks, in heavy-duty

13
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service and some farm equipment. Instructions on fuel selec- 10th Percentile 90th Percentile
tion are normally provided in publications of vehicles manu- Alphanumeric 6-h Minimum Maximum Daily
facturers (for example, owner's manuals, service bulletins, and Yo" Dally Temperature, Temperature,

i esignation C (°F) C (°F)
so forth). Antiknock agents other than lead alkyls may be used
to increase the antiknock index of fuels, and their concentra- g—; >1g Egg; 2:2 ((11118))
. . . . - > <
tions may also be limited due to either performance or legal C3 >4 (40) <36 (97)
requirements. D-4 >-7 (20) <29 (85)

E-5 =-7 (20) <21 (69)

X1.8 Volatility The 6-h minimum temperature is the highest temperature of

X1.8.1 In most spark-ignition internal combustion engines the six coldest consecutive hourly temperature readings of a
the fuel is metered in liquid form through the carburetor or fuel24-n day. The 6-h minimum temperature provides information
injector, and is mixed with air and partially vaporized before©n the cold-soak temperature experienced by a vehicle. The

entering the cylinders of the engine. Consequently, volatility istOth percentile of this temperature statistic indicates a 10 %

X1.8.2 At high operating temperatures, fuels can boil in fuelhis value dF”ing a month. The 90th percentile r_naximlgm
pumps, lines, or carburetors. If too much vapor is formed, thdemperature is the highest temperature expected during 90 % of

fuel flow to the engine can be decreased, resulting in loss C}Pe da_ys, and provides mformatlon relative to peak vehicle
power, rough engine operation, or engine stoppage. The erating temperatures during warm and hot weather. For areas
! ' | above sea level, the 10th percentile 6-h minimum temperature

conditions are known as “vapor lock.” Conversely, fuels that ) o o .

do not vaporize sufficiently can cause hard starting of coIoShgult?]:eg'gﬁes:fcde%é"?ng)/(ilrgg?nmsgzoliglogg mccr)(feglstglcjda/
i d - f .Th diti

eNQINes and poor warm-up periormance. * 1ese concitions © .4°C/1000 m (2.4°F/1000 ft) of altitude before comparing

be minimized by proper selection of volatility requirements, h level Th .
but cannot always be avoided. For example, during spring anﬁ‘em fo the sea level temperature. These corrections compen-
sate for changes in fuel volatility caused by changes in

fall a fuel of volatility suitable for satisfactory starting at low . )
ambient temperatures can cause problems in some enginB&OMetric pressure due to altitude.
under higher ambient temperature operating conditions.

X1.8.3 Six vapor pressure/distillation classes and six vapo>r<1'9 Vapor Pressure _ )
lock protection (vapor-liquid ratio) classes of fuel are provided X1.9.1 The vapor pressure of fuel must be sufficiently high
to satisfy vehicle performance requirements under differento ensure ease of engine starting, but it must not be so high as
climatic conditions and to comply with U.S. EPA vapor t0 contrlb.ute to vapor lock or excessive evaporative emissions
pressure limits for the control period of May 1 through @nd running losses.

September 15. Class A and Class AA specify the EPA maxi- X1.9.2 Test Methods D 4953, D 5190, D 5191, or D 5482
mum vapor pressure limits of 9.0 psi and 7.8 psi, respectivelyprovide procedures for determining the vapor pressures of
Volatility of fuel is specified by an alphanumeric designation.gasoline or gasoline-oxygenate blends.

The letter specifies the vapor pressure/distillation class and the

number specifies the vapor lock protection class. The vapoX1.10 Vapor-Liquid Ratio

pressure/distillation classes are needed to comply with the EPA X1.10.1 Vapor-liquid ratio /L) is the ratio of the volume
vapor pressure regulations and are not based on vehiclsf vapor formed at atmospheric pressure to the volume of fuel
performance during the EPA control period. The separate vapagsted in Test Method D 2533. Th&L increases with tem-
lock protection classes are provided because under mopkrature for a given fuel. Because some oxygenates are
ambient conditions the EPA regulations specify a lower vapomiscible with the glycerin confining fluid, Test Method D 2533
pressure than would be required to prevent hot fuel handlingias been modified so mercury can also be used as a confining
problems. If the corresponding and unnecessarily more restrigtuid. Either procedure may be used for determiniity. of

tive vapor-liquid ratios were specified when the EPA regulagasoline. The mercury confining fluid shall be used for
tions are in effect, it could result in reduced fuel production,gasoline-oxygenate blends. Test Method D 5188 is an evacu-
manufacturing hardships, and increased fuel costs. The schegted chamber method for determining temperatures for vapor-
ule for seasonal and geographical distribution indicates th&quid ratios between 8 to 1 and 75 to 1. Test Method D 5188
appropriate alphanumeric volatility requirement or require-is applicable to both gasoline and gasoline-oxygenate blends.
ments for each month in all areas of the United States, based onx1.10.2 The temperature of the fuel system andtHethat
altitude and expected air temperatures, and on EPA vap@an be tolerated without vapor lock vary from vehicle to
pressure regulations. Volatility limits are established in termssehicle and with operating conditions. The tendency of a fuel
of vapor-liquid ratio, vapor pressure, and distillation proper-to cause vapor lock, as evidenced by loss of power during
ties. full-throttle accelerations, is indicated by the gasoline tempera-

X1.8.4 For sea-level areas outside of the United Stateture at aV/L of approximately 20. A similar relationship for
where vapor pressure requirements are not as restrictive gssoline-oxygenate blend has also been determined. The tem-
those specified by EPA, the following ambient temperatures arperature at which the maximund/L is specified for each
for guidance in selecting the appropriate alphanumeric desiggasoline volatility class is based on the ambient temperatures
nation: and the altitude associated with the use of the class.
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X1.11 Vapor-Liquid Ratio (Estimated) following a heptane wash. The heptane wash removes the

X1.11.1 Three techniques for estimating temperaite- Nheptane-soluble, non-volatile material such as additives, carrier
values using vapor pressure (Test Methods D 4953, D 519@ils used with additives, and heavier hydrocarbons such as
D 5191, or D 5482) and distillation (Test Method D 86) resultsd'ese| fuels, and so forth. Solvent-washed gum consists of

S portion can clog fuel filters. Both can be deposited on surfaces
X1.12 Distillation when the fuel evaporates.

X1.12.1 Test Method D 86 for distillation provides another X1.14.2 Solvent-washed gum can contribute to deposits on
measure of the volatility of fuels. Table 1 designates the limitghe surfaces of carburetors, fuel injectors, and intake mani-
for endpoint temperature and the temperatures at which 10 9Qlds, ports, valves, and valve guides. The impact of solvent-
50 %, and 90 % by volume of the fuel is evaporated. Thesavashed gum on malfunctions of modern engines is not well
distillation characteristics, along with vapor pressure ®fid  established and the current specification limit is historic rather
characteristics, affect the following vehicle performance charthan the result of recent correlative studies. It depends on
acteristics: starting, driveability, vapor lock, dilution of the Where the deposits form, the presence of other deposit precur-
engine oil, fuel economy, and carburetor icing. sors such as airborne debris, blowby and exhaust gas recircu-

X1.12.2 The 10 % evaporated temperature of fuel should b&ation gases, and oxidized engine oil, and the amount of
low enough to ensure starting under normal temperatures. deposits.

X1.12.3 Fuels having the same 10 % and 90 % evaporated X1.14.3 The difference between the unwashed and solvent-
temperatures can vary considerably in driveability performanc#ashed gum content values can be used to assess the presence
because of differences in the boiling temperatures of th@nd amount of nonvolatile material in the fuel. Additional
intermediate components, or fractions. Driveability and idlinganalytical testing is required to determine if the material is
quality are affected by the 50 % evaporated temperature. Thadditive, carrier oil, diesel fuel, and so forth.

90 % evaporated and endpoint temperatures should be low
enough to minimize dilution of the engine oil. X1.15 Sulfur

X1.12.4 The ASTM Driveability Task Force has determined X1.15.1 The limit on sulfur content is included to protect
from data collected by CRC and others that a relationshiggainst engine wear, deterioration of engine oil, and corrosion
exists between fuel distillation temperatures and vehicle coléf exhaust system parts.
start and warm-up driveability performance. This relationship
can be expressed by a Driveability Demerit model that carx1.16 Oxidation Stability
estimate vehicle driveability demerits during cold start and
warm-up conditions. The predictive model is a function of
ambient temperature and fuel volatility expressed as th
distillation temperatures at which 10 %, 50 %, and 90 % b
volume of the fuel is evaporated. The Driveability Index (DI =
15T+ 3.0Tgo+ 1.0 Tgp), as shown in Table 1, is a simplified
and more easily applied form of the Driveability Demerit
model. A more detailed explanation of the DI equation devel
opment can be found in SAE Paper 881668.

X1.13 Corrosion X1.17 Water Tolerance

X1.13.1 Fuels must pass the copper Strip corrosion test to X1.17.1 Water tolerance is the ablllty of a fuel to dissolve
minimize corrosion in fuel systems due to sulfur compounds ivater without phase separation. Itis not of concern for gasoline
the fuel. Some fuels corrode fuel system metals other thaRecause of the very low solubility of water in hydrocarbons.
copper, but there are no ASTM test methods to evaluat¥Vater tolerance is of some concern with gasoline-ether blends
corrosion of these metals. Depending on the type and Conceh.ecause of the limited SOlUblllty of ethers in water, but it is of
tration of oxygenate, gasonne_oxygenate blends can Corro(ﬂreat concern for gasonne-alCOhOl blends because of the very
metals such as zinc, magnesium, aluminum, steel, and ternBigh solubility of alcohols in water. As such, Test Method
However, at this time there is no test method with a knownP 6422 has been developed to determine the water tolerance
correlation to field performance. Consequently, additionalPhase separation) characteristics of gasoline-alcohol blends. If

X1.16.1 The induction period as measured in the oxidation
stability test is used as an indication of the resistance of fuel to

um formation in storage. Experience indicates that fuels with
an induction period equal to or greater than that in Table 2
generally have acceptable short-term storage stability. How-
ever, correlation of the induction period with the formation of
gum in storage can vary markedly under different storage
‘conditions and with different fuels.

corrosion tests are needed. the amount of water exceeds the water tolerance limit of the
blend, the fuel will separate into a lower, alcohol-rich aqueous
X1.14 Solvent-Washed Gum Content phase and an upper, alcohol-lean hydrocarbon phase. The

X1.14.1 The test for solvent-washed gum content measurgé€sultant aqueous phase is not suitable as an automotive fuel
the amount of residue after evaporation of the fuel andand may be corrosive to many metals. Similarly, the hydrocar-
bon portion may also not be suitable as a fuel since removal of

. _ the alcohol component will change the volatility and antiknock
Barker, D.A., Gibbs, L.M., and Steinke, E.D., “The Development and characteristics.

Implementation of the ASTM Driveability Index,” SAE Paper 881668, 1988. . . .
Available from Society of Automotive Engineers, 400 Commonwealth Drive, X1.17.2 The most |mportant factor, besides the quantlty of

Warrendale, PA 15096. water contacted, which governs the water tolerance of a fuel is
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its temperature. As the temperature of the blend decreasdslends with gasoline, or when a sufficient decrease in tempera-
water tolerance decreases. Test Method D 6422 is intended tare occurs. However, the haze may not be stable and the fuel
determine the ability of gasoline-alcohol blends to retain wategill clear usually in a short period of time.

in solution or in a stable suspension at the lowest temperature w1 17.4 A more critical water tolerance concern is the
to which they are likely to be exposed in use. Some othepsantial increase in storage tank water bottoms. This can

factors that affect water tolerance are alcohol concentration an(gicCur when some gasoline-oxygenate blends and gasoline-

ar(;(Tit'?C; (i/c\)/ﬂthem cr)r:the fuelli.n waenate blends. formati r1a|coh0| blends in particular are added to a tank that contains
o Some gasoine-oxygenate blends, 1ormalion, e ient water to extract some or all of the oxygenate
of a haze may occur when filling a storage tank that contain3

water bottoms, while commingling of gasoline—oxygenateComponent from the fuel.

X2. ESTIMATING TEMPERATURE- V/L VALUES FOR GASOLINE

X2.1 Scope X2.2.2 Procedure

X2.1.1 Three techniques are presented here for estimating X2.2.2.1 Establish input data from vapor pressure (Test
temperaturé//L data from vapor pressure and distillation testMethods D 4953, D 5190, D 5191, or D 5482) and distillation
results® on gasolines only. They are provided for use as gTest Method D 86) test results as follows:
guideline wherV/L data measured by Test Method D 2533 are
not available. One method is designed for computer process-
ing, one is a simpler linear technique, while the other is a
nomogram form of this linear equation. G = distillation temperature, °C at 50 % evaporated,

X2.1.2 These techniques are not optional procedures for H=G-E,°C, (X2.1)
measuringV/L. They are supplementary tools for estimating
temperature//L relationships with reasonable accuracy when

E = distillation temperature, °C at 10 % evaporated,

F = distillation temperature, °C at 20 % evaporated,

P = vapor pressure, kPa,

used with due regard for their limitations. Q=F-E °C, and (x2.2)
X2.1.3 Test Method D 2533 is the referéA. procedure and R = H/Q, except that iH/Q is greater than 6.7, make= 6.7.
shall be used when calculated values are questionable. (X2.3)

X2.1.4 These techniques are not intended for, nor are they X2.2.2.2 If A, B, C andD are to be calculated, use the
necessarily applicable to, fuels of extreme distillation Orfc%lloniﬁg.equationé' ’
fe :

chemical characteristics such as would be outside the range

normal commercial motor gasolines. Thus, they are not appli- A =102.859 - 1.36599 + 0.009617P° — 0.000028288°
cable in all instances to gasoline blending stocks or specially + 207.0097P (X2.4)
blended fuels. B = —5.36868+ 0.91054@ — 0.040187Q%
X2.2 Computer Method + 0.0005777@°% + 0.2541830Q (X2.5)
X2.2.1 Summary-The values of four intermediate func- S=-0.00525449 — 0.3671362— 9.65 — 0.812419P — 9.65°

tions, A, B, G and D, are derived from the gasoline vapor + 0.000967R— 0.0000195828 — 3.3502318/P>
pressure and distillation temperatures at 10, 20, and 50 %  + 1241.153R/P* — 0.0663012B%P + 0.0062783R%/P
evaporated. Values fok, B, G andD can be obtained either + 0.0969198%/P? (X2.6)
from equations or from a set of charts. Sections X2.2.2.1-

. . : C = 0.3420% + 0.555565 X2.7
X2.2.2.3 provideA, B, G and D values using Sl units; (x2.7)
X2.2.2.6-X2.2.2.8 provide\, B, G andD values using inch- D = 0.62478 — 0.6896R + 0.13270&%
pound units. Estimated temperatures at/a of 4, 10, 20, 30, —0.007041R® + 5.8485R (X2.8)

and 45 are then calculated from B, G andD. Estimated
temperatures at an intermedial¥L can be obtained by
interpolation.

X2.2.2.3 IfA, B, G andD are to be obtained from charts,
read them from Fig. X2.1 through Fig. X2.2, respectively.

X2.2.2.4 Calculate the estimated temperature (°C or °F) at
V/L ratios 4, 10, 20, 30, and 45 from the following equations:

13 A correlation of temperatur®L ratio data with vapor pressure and distillation T4=A+B (X2.9)
data was developed in 1943 and restudied in 1963 by panels of the Coordinating ’
Research Council, Inc. See “Correlation of Gasoline Vapor Forming Characteristics T45=F +0.128H + C (X2.10)
with Inspection Test Data,'CRC Report No. 159Jan. 28, 1943 (or SAE
Transaction, Vol 52, August 1944, pp. 364-367) and “Study of CRC Calculated T10=T4 + 0.146341T45-T4) + D (X2.11)
Temperature//L Technique,"CRC Report No. 37,0February 1963. The CRC T20=T4 + 0390244(1'45 —T4) + 1.4651D (X212)
correlation was modified by a task group of Subcommittee A of Committee D02 to
adapt it for computer processing, as well as the linear equation and the nomogram. T30= T4 + 0.634146T45-T4) + D (X2.13)
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a g \ T ‘ i : R = H/Q, except that ifH/Q is greater than 6.7,
- 2 N - ’*’*"r j make R
= S B A - 6.7. (X2.17)
g : | i
2 ot X2.2.2.7 IfA, B, C andD are to be calculated in inch-pound
1 L . . .
; ; E units, use the following equations:
el L D B A = 217.147 - 16.95H + 0.82290%* — 0.0166848°
%o 20 T = + 54.0436P (X2.18)
RATIO R B = —9.66363+ 0.91054@ — 0.022326Q?
FIG. X2.2 Function D versus Ratio R + 000017831@3 4 082355% (X219)
S=-0.00525449 — 0.0532486/— 1.
where: & 9

T4, T10, T20, T30, andT45 are estimated temperaturesv/at
ratios, 4, 10, 20, 30, and 45.

—0.017090QP — 1.4% + 0.000967R —
0.000019582R> — 0.0704758/P2 + 0.549224&/P*
—0.0096161B2/P + 0.00091060B°/P

X2.2.2.5 If the temperature at an intermedidte ratio is to

2
be estimated, either plot the values calculated in X2.2.2.4 and + 0.0020387&/P (X2.20)
read the desired value from a smooth curve through the points, C=4.24% + 108 (X2.21)
or use the Lagrange interpolation formula as follows: D = 1.12460 — 1.2413% + 0.2388752
X-10 X-30 X-45 —0.01267568° + 10.5273R (X2.22)
TX:T4(4 10X4—3ox4—45> | -
Y_30  X_a5 X2.2.2.8 IfA, B, G andD are to be obtained from charts in
+ Tlo(10 4 T0=30% T0= 45) mch-poynd units, read them from Fig. X2.3 through Fig. X2.4,
X—10 X_45 respectively.
+T30( 30= 4 30-10530= 45> X2.2.2.9 Calculate the esti'mated temperatures, °RA//hat
X—10 X-30 ratios 4, 10, 20, 30, and 45 using the equations in X2.2.2.4 and
* T45< 45-4" 35-10° 45- 3o> (X2.14)  X2.2.2.5.
where: X2.3 Linear Equation Method
X = the desired V/L ratio between 4 and 45, and X2.3.1 Summary-As given, these two equations provide
TX = the estimated temperature at V/L ratio X. only the temperatures (°C or °F) at whichVAL value of 20

X2.2.2.6 If inch-pound units are used, establish input dataxists. They make use of two points from the distillation curve,
from vapor pressure (Test Methods D 4953, D 5190, D 51917, and T, (°C or °F), and the vapor pressure (kPa or psi) of
or D 5482) and distillation (Test Method D 86) test results aghe gasoline with constant weighting factors being applied to

follows:

E = distillation temperature, °F at 10 % evaporated,

F = distillation temperature, °F at 20 % evaporated,

G = distillation temperature, °F at 50 % evaporated,

H=G-E °F

P = vapor pressure, psi,

(X2.15)

17

each. Experience has shown that data obtained with these
simple linear equations generally are in close agreement with
those obtained by the computerized version given above. The
limitations pointed out in X2.1.1 through X2.1.4 must be kept
in mind when use is made of this procedure.

X2.3.2 Procedure—Obtain 10 % evaporated and 50 %
evaporated points from the distillation curve (Test Method
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VP = vapor pressure, psi,

Tio = distillation temperature, °F, at 10 % evapo-
rated, and

Tso = distillation temperature, °F, at 50 % evapo-
rated.

X2.4 Nomogram Method

X2.4.1 Summary-Two nomograms have been developed
and are included herein (Figs. X2.5 and X2.6) to provide the
same function as the linear equations procedure outlined
above. Fig. X2.5 is in Sl units and Fig. X2.6 is in inch-pound
units. The nomograms are based on the two equations and the
same limitations apply to their use in estimatingL (20)

D 86) along with the vapor pressure value (Test Methoddemperatures. _
D 4953, D 5190, D 5191, or D 5482); apply these directly in X2.4.2 Procedure—Obtain 10 % evaporated and 50 %

the equation.

TV/L:20
where:
Tun =20 =
VP =
Tio =
Tso =

=52.47 - 0.33VP) + 0.20T;, + 0.17Ts,

temperature, °C, at V/L of 20:1,
vapor pressure, kPa,

(X2.23)

distillation temperature, °C, at 10 % evapo-

rated, and

distillation temperature, °C, at 50 % evapo-

rated.

or in the inch-pound customary unit equation:
Tui—z0 = 114.6 —4.1VP) + 0.20T;, + 0.17 T,

where:
TV/L =20

temperature, °F, at V/L of 20:1,

(X2.24)

18

evaporated points from the distillation curve (Test Method
D 86) along with the vapor pressure value (Test Methods
D 4953, D 5190, D 5191, or D 5482). Select the SI unit (Fig.
X2.5) or inch-pound unit (Fig. X2.6) nomogram based on the
units of T,,, Tso and VP. Using a straightedge, locate the
intercept on the line between th&,, and Ts," scales after
selecting the applicabl€,,andTs, values. From this intercept
and the proper point on the “VP” scale, a second intercept can
be obtained on theT",,, _ 55" scale to provide the desired value
directly.

X2.5 Precision

X2.5.1 The precision of agreement between temperature-
V/L data estimated by any one of these three techniques and
data obtained by Test Method D 2533 has not been established.
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FIG. X2.5 Relationship Between Gasoline Volatility and Temperature for
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X3. SUMMARY OF EPA REGULATIONS APPLICABLE TO SPARK-IGNITION ENGINE FUEL
X3.1 EPA Applicable Vapor Pressure Standards California has controls that vary for the different air basins

X3.1.1 Under authority of the Clean Air Act, the U.S. from as early as March 1 at refineries through as late as

Environmental Protection Agency (EPA) issued, effective MayOCtOber 31. There are no EPA vapor pressure limits for the

1992, vapor pressure control standards for leaded and unlead%t tes of Alaska or Hawau. -
: . 3.1.4 EPA regulations allow 1.0 psi higher values for
gasoline and leaded and unleaded gasoline-oxygenate blends:

Some states, notably California, have more restrictive va Ogasoline-ethanol blends than the EPA limits shown in Table 1
pressure Iimiis y ' POnd Table 4 for the period May 1 through September 15. To

) ] qualify, the gasoline-ethanol blends must contain 9 to 10
X3.1.2 Details of the EPA regulations and test methods argojume 9% ethanol. Higher vapor pressure limits for gasoline-
available in Part 80 of Title 40 of the Code of Federalethanol blends under state regulations vary for other time
Regulations (40 CFR Part 80). For specific state vapor pressufsriods, and specific states of interest should be contacted to
regulations, the state of interest should be contacted. determine if higher limits apply.
X3.1.3 The EPA maximum vapor pressure limits of 7.8 psi
and 9.0 psi are shown in Table 1 as Classes AA and AX3.2 EPA Lead and Phosphorus Regulations
respectively. The EPA requirements for each distribution area X3.2.1 Unleaded FueThe intentional addition of lead or
are shown in Table 4 for the period May 1 through Septembephosphorus compounds to unleaded fuel is not permitted by the
15. For the month of May, the EPA limits only apply to finished EPA. EPA regulations limit their maximum concentrations to
gasoline and gasoline-oxygenate blend tankage at refinerie8,05 g lead per U.S. gallon (0.013 g/L) and 0.005 g of
importers, pipelines, and terminals. For the period June phosphorus per U.S. gallon (0.0013 g/L) (see Test Method
through September 15, the EPA limits apply to all locations ofD 3231), respectively.
the distribution system. Footnotes D through F of Table 4 X3.2.2 Leaded Fuel-EPA regulations after December 31,
indicate the ozone nonattainment areas which are limited to 7.8995 prohibit the sale, supply, dispensing, transporting, or
psi maximum and the appropriate vapor lock protection classntroducing into commerce a fuel for use in any motor vehicle
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which is produced with the use of lead additives or whichAir Act Amendments of 1990 require that RFG be sold in nine
contains more than 0.05 g lead per U.S. gallon (0.013 g/L). metropolitan areas with the worst summertime ozone levels.
X3.2.2.1 The regulations define motor vehicle to includeOther areas that do not meet ambient ozone standards may
any self-propelled vehicle designed for transporting persons gretition EPA to require RFG. The various RFG regulations
property on a street or highway. have been established by the EPA. EPA has also placed limits
X3.2.2.2 The regulations do not prohibit the use of leadon conventional gasoline sold in the rest of the U.S. to prevent
additives in fuel used in aircraft, racing cars, and nonroadRFG producers from using conventional gasoline as an outlet
engines, such as farm equipment engines and marine engindst undesirable fuel components (anti-dumping requirements).
The EPA requirements became effective at the retail level on
X3.3 EPA Oxygenate Regulations Applicable to Unleaded January 1, 1995.
Gasoline-Oxygenate Blends X3.4.2 The characteristics of reformulated spark-ignition
X3.3.1 Substantially Similar Rule engine fuel, beyond those described by this specification, are
X3.3.1.1 Section 211(f) (1) of the Clean Air Act prohibits described in the research report on reformulated spark-ignition

introducing into commerce or increasing the concentration irengine fuef The research report also includes information on
use of, any fuel or fuel additive, which is not substantially California Air Resources Board Phase 2 gasoline requirements,

similar to any fuel or fuel additive utilized for emissions which are more restrictive than the EPA RFG requirements and

certification of any model year 1975, or subsequent model yedake effect at the retail level on June 1, 1996.
vehicle or engine, unless a waiver is obtained fro_m the E“PA‘XS.S EPA Certification Standards for Deposit Control
X3.3.1.2 Gasoline-oxygenate blends are considered “sub- . .
; Lo . o Gasoline Additives
stantially similar” if the following criteria are met.

(1) The fuel must contain carbon, hydrogen, and oxygen, X3:5:1 Beginning August 1, 1997, except for some fuel
nitrogen, or sulfur, or combination thereof, exclusively, in the SPecific certifications, fuel sold or transferred to the ultimate

form of some combination of the following: consumer must contain detergent additive(s) meeting the EPA
(a) Hydrocarbons; Certificatk_)n requirements._The regulation applies_to fu_els
(b) Aliphatic ethers: Whether_ intended for on-highway or nonroad use, |nclud_|ng

(c) Aliphatic alcohols other than methanol: conventional, reformulat(_ad, oxy_genated,_ and leaded gasollr}es,

(d) (i) Up to 0.3 volume % methanol; as well as fuels used in marine service, and the gasoline
(i) Up to 2.75 volume % methanol with an equal component of M85 anq E85 fuel alcohols'. Racing fuel fo'r
volume of butanol, or higher molecular weight alcohol; non-highway use in racing vehicles and aviation fuel used in

(2) The fuel must contain no more than 2.0 mass % OXygeﬁircraft are exempted. Fuels_ used for re_z;earch, development,
except fuels containing aliphatic ethers and/or alcohols (exa”d testing and federal emissions certification fuels can be
cluding methanol) must contain no more than 2.7 mass 9%*émpted. .
oxygen. X3.5.2 As of July 1, 1997, only cm_artlfled detergents may be

(3) The fuel must possess, at the time of manufacture, all ofised by detergent blenders, and distributors may only sell or
the physical and chemical characteristics of an unleade ansfer fuel that is properly additized with certified detergents.
gasoline as specified by Specification D 4814 — 88 for at leadpetergent additives may be certified for nationwide use, for

one of the Seasonal and Geographical Volatility Classe§€ographical use based on Petroleum Administration Districts
specified in the standard. for Defense (PADDSs), or for a fuel-specific option for segre-

gated gasoline pools. Certification sub-options allow a deter-
.N'OTE X3.1—Opinion varies as to whether the EPA _“substantially gent to be certified for use in premium-grade, nonoxygenated,
similar” rule requires u_nleaded gasolines that do not contain oxygenates {Q, oxygenate-specific fuel. A California Air Resources Board
meet ASTM specifications. additive certification will be accepted for fuel additized or used
X3.3.2 Waivers only in California. Specific minimum fuel properties (aromat-
X3.3.2.1 EPA has issued waivers for blends of gasoline angs, sulfur content, olefins content, and 90 % evaporated point)
ethanol (gasohol), gasoline and ethanol with cosolvents, angr each option are required for certification and the certifica-
gaSO"ne and methanol with cosolvents that are less ||m|t|ng|on fuels must also meet the requirements of Specification
than the* substantially similar” rule. For the latest listing of p 4814-95¢. For some options, the addition of 10 volume %
waivers, EPA should be contacted. ethanol is required for certification fuel. Other oxygenates may
X3.3.2.2 Gasoline-ethanol blends are not required by EPAyso be required. Testing is required to demonstrate that the
to meet Specification D 4814 volatility limits (see X3.1.4 for certification fuels without additives form a minimum level of
vapor pressure limits). EPA has specified in all other waiversntake valve deposits if specially formulated from refinery
that the volatility of the finished gasoline-oxygenate blendplend stocks. Such deposit demonstration testing is not re-
must comply with Specification D 439 or D 4814 climatic and quired for test fuels sampled directly from finished fuels,

geographical limits. fuel-specific test fuels, CARB-based certifications, and leaded
. gasoline certifications.
X3.4 EPA Reformulated Gasoline (RFG) X3.5.3 For additive certification, the test fuel containing the

X3.4.1 Reformulated gasoline (RFG) is a spark-ignitiondetergent additive(s) must form less than 100 mg/valve average
engine fuel formulated to reduce motor vehicle emissions ofntake valve deposit weight after 10 000 miles of testing in
toxic and tropospheric ozone-forming compounds. The Cleaaccordance with Test Method D 5500-94. In addition, after 10
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000 miles of testing, there may be no more than 5% flow
restriction in any one fuel injector in accordance with Test
Method D 5598-94.

X4. METHOD FOR CALCULATING MASS PERCENT OXYGEN OF GASOLINE-OXYGENATE BLENDS

X4.1 Scope TABLE X4.1 Densities, Relative Densities, and Oxygen Mass

. Fracti f Pure O t
X4.1.1 Test Method D 4815 provides a procedure for cal roctions of Ture Thygenares
culating the mass oxygen content of fuels using oxygenate

Relative Density

Density, g/mL ;5 5615 56°C

Oxygenate Oxygen Mass

concentration in mass percent. When oxygenate concentration 20°C (68°F) (60/60°F) Fraction
in mass percent is not avr_:lilabl_e, 'ghe oxygen concentration Qhiethy! Alcohol 0.7913 07963 0.4993
these fuels can be determined indirectly by: (1) measuring thethyl Alcohol 0.7894 0.7939 0.3473
volume concentration of the oxygenates in the blend, whicH-Propy! Alcohol 0.8038 0.8080 0.2662
. Isopropyl Alcohol 0.7855 0.7899 0.2662

may be reported fr_om Test Me_thod D48_15 or equwalentn_Butw Alcohol 0.8097 0.8137 0.2158
method, (2) measuring the density or relative density of thesobutyl Aicohol 0.8016 0.8058 0.2158
H H sec-Butyl Alcohol 0.8069 0.8114 0.2158

blend, (3) converting the oxygenate concentrations from vol tertiary-Butyl Alcohol 0.78664 079924 02158
ume to mass concentratlons, and (4) converting t.he MaSethy! tertiary-Butyl Ether 0.7406 0.7460 0.1815
oxygenate concentrations to mass oxygen concentrations usifgy! tertiary-Butyl Ether 0.7399 0.7452 0.1566
H tertiary-Amyl Methyl Ether 0.7707 0.7758 0.1566

the oxygen mass fractions of the oxygenates present. tertiary-Hexyl Methyl Ether 0.7815 07880 01377
Diisopropy! Ether 0.7235 0.7282 0.1566

X4.2 Procedure
. i A Extrapolated, below freezing temperature.
X4.2.1 The following steps are used to determine the total

mass oxygen concentration of gasoline-oxygenate blends when

indirect calculation is necessary. .
X4.2.1.1 Determine the volume concentrations of oxygen-xA"3 Example Calculation

ates in a gasoline-oxygenate blend (Test Method D 4815 or X4.3.1 Assume that a gasoline-oxygenate blend is reported

equivalent test method). to contain 9.5 volume % ethanol and 2.0 volume % methyl
X4.2.1.2 Determine the density or relative density of thetertiary-butyl ether and that the relative density of the blend is

gasoline-oxygenate blend (Test Methods D 287, D 1298, omeasured to be 0.7450, 15.56/15.56°C (60/60°F).

D 4052). X4.3.2 Using the relative density and oxygen mass fraction

X4.2.1.3 The oxygen mass percent of the gasolineyais for ethanol and methyl tertiary-butyl ether from Table
oxygenate blend is calculated using the following generag(4.1' the following mass % oxygen is calculated for this
equation. The densities or relative densities and oxygen ma

: ) ; soline-oxygenate blend.
fractions of a number of pure oxygenates are provided in Tabl yg

X4.1 for use in Eq X4.1. The choice of density or relative Oxygen, Mass %= (X4.2)
density must be the same as determined in X4.2.1.2 for the 9.5x 0.7939x 0.3473+ 2.0x 0.7460x 0.1815
gasoline-oxygenate blend. 100X 0.7450 X 100=3.88
Oxygen, Mass %= o
Vi Xd; XOp +V,Xd, X0, ... +V, Xd, X0, X4.4 Precision
V. d, X 100

X4.4.1 The precision of this calculation method is a func-
tion of the individual precisions of density or relative density
(Test Methods D 287, D 1298, or D 4052) and oxygenate
volume % of oxygenates 1 through analysis (Test Method D 4815 or equivalent). Because the

(X4.1)

<=
5
D
@

=]

d, = density or relative density of oxygenates 1 thromgh  repeatability and reproducibility vary with the analyses used,
O, = mass fraction oxygen in oxygenates 1 through no estimate is provided

V, = volume % of gasoline-oxygenate blend = 100, and '

d, = density or relative density of gasoline-oxygenate

blend.
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X5. MICROBIAL CONTAMINATION

X5.1 Uncontrolled microbial contamination in fuel systemsit is important that personnel responsible for fuel quality
may cause or contribute to a variety of problems includingunderstand how uncontrolled microbial contamination may
increased corrosivity, and decreased stability, filterability, andaffect fuel quality.
caloric value. Microbial processes in fuel systems may also

cause or contribute to system damage. X5.3 Guide D 6469 provides personnel with limited micro-

biological background an understanding of the symptoms,

X5.2 Because the microbes contributing to the aforemeneccurrences, and consequences of chronic microbial contami-

tioned problems may not be present in the fuel itself, nonation. Guide D 6469 also suggests means for detecting and
microbial quality criterion for fuels is recommended. However,controlling microbial contamination in fuels and fuel systems.

X6. FUEL FILTRATION

X6.1 During the distribution of spark-ignition fuels, it is contamination levels, itis recommended that all fuel dispensers
possible for them to become contaminated with potential filtebe equipped with filters of 104 (micrometre) or less nominal
blocking materials. While proper handling will minimize the pore size at point of delivery to the customer.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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