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Standard Test Method for
Research and Motor Method Octane Ratings Using On-Line
Analyzers 1

This standard is issued under the fixed designation D 2885; 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.

1. Scope 3.1.1 octane numbein— for spark-ignition engine fuebny

1.1 This test method covers the calibration and use ofne of several numerical indicators of resistance to knock
automatic analyzers for determining the antiknock quality ofoPtained by comparison with reference fuels in standardized
motor gasolines. Octane numbers from analyzers operated fgine or vehicle tests. _
accordance with this test method are equivalent to ASTM 3.1.1.1Discussior-In the context of this test method,

research or motor method octane numbers. octane number is understood to mean the numerical indicator
1.2 In this test method, inch-pound units are the preferre@f knock obtained by comparison with primary reference fuels
system of measurement. in a standardized CFR engine operating under conditions

1.3 This standard does not purport to address all of theSpPecified in either the Research, Test Method D 2699, or
safety concerns, if any, associated with its use. It is thd/lotor, Test Method D 2700, standards.
responsibility of the user of this standard to establish appro- 3.2 Definitions of Terms Specific to This Standard:
priate safety and health practices and determine the applica- 3-2.1 analyzer lag or response timethe time required for a

bility of regulatory limitations prior to use. knock testing unit/analyzer system to evaluate sample fuel
quality and produce &O.N. output signal. It includes mea-
2. Referenced Documents surements of both fuels for one complete comparison cycle.
2.1 ASTM Standards: 3.2.2 check fuels (A and B}-a pair of spark-ignition engine
D 2699 Test Method for Research Octane Number ofUels or process unit materials used for system qualification,
Spark-Ignition Engine Fu@l typical of the products to be measured in terms of commercial
D 2700 Test Method for Motor Octane Number of Spark-grade or process unit characteristics. Each fuel shall be
Ignition Engine Fuél round-robin octane number (O.N.) calibrated using primary
D 4057 Practice for Manual Sampling of Petroleum andreference fuels, multiple engines, and so forth, to establish the
Petroleum Products expected difference O.N. for the fuel pair.

E 178 Practice for Dealing With Outlying Observatiéns 3.2.3 delta O.N. AO.N.)—the octane difference between
two fuels as tested by the procedures of this test method.

3. Terminology 3.2.4 expected difference OMNthe octane difference be-
3.1 Definitions: tween two check fuels of a pair, based on the average results of
round-robin calibrations, and expressed as a posii@N.
value.

1 This test method is under the jurisdiction of ASTM Committee D-2 on  3.2.5 octane span or calibratiop-the octane number scal-

Petroleum Products and Lubricants and is the direct responsibility of Subcommittepng or adjustment of the knock testing unit variable used to
D02.01 on Combustion Characteristics.

Current edition approved Jan. 15, 1995. Published February 1996. Originalifl€@sure relative octane quality. This can be in terms of either
published as D 2885 — 70 T. Last previous edition D 2885 — 93. compression ratio digital counter units or knock intensity units
2“Research method” refers to ASTM Test Method D 2699, Test Method forper octane number.
Knock Characteristics of Motor Fuels by the Research Method. “Motor method” . . .
refers to ASTM Test Method D 2700, Test Method for Knock Characteristics of 326 overgll SYSIem response timehe time reqqlred from
Motor and Aviation Fuels by the Motor Method. Test Methods D 2699 and D 27008 Process, pipe line, or in-line blender change until that change

can be found in this volume. can be displayed as&0.N. value. It includes the time for the
3 Annual Book of ASTM Standardgol 05.05.

R slowest reacting process variable, the sampling system time,
Annual Book of ASTM Standardgl 05.02. . X
5 Annual Book of ASTM Standardgol 14.02. and the knock testing/analyzer response time.
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3.2.7 product O.N—the research or motor octane number5. Significance and Use

that can result from utilization afO.N. value produced by this 5 1 This test method provides automatic, on-line analysis by

test method and the output signal of an automatic analyzer. gjther research or motor method conditions of test. Gasoline
3.2.7.1 Discussion—In the context of this test method, antiknock quality as determined by this technique has the same

typical commercial analyzer instrumentation provides the casignificance as that provided in Test Method D 2699, and Test

pability to display and record the octane number obtained byethod D 2700. This test method is used by petroleum refiners

adding the AO.N., produced by this test method, to the as a primary specification measurement.

calibrated octane number of one of the two fuels compared by

this test method. These knock testing unit/analyzer systenfs Reference Materials

also can express the product octane number in terms of theg 1 Primary Reference Fuelsisooctane and n-heptane
following relationship: meeting the specifications which follow:
product O.N.= prototype O.N+ offset O.N.+ AO.N. (1) 6.1.1 isooctaneshall be no less than 99.75 % by volume
pure, contain no more than 0.10 % by volume n-heptane, and
where the offset O.N. represents the difference between the desired contain no more than 0.002 g/US gal (0.5 mg/L) of lead.
product O.N. and the octane number of the calibrated fuel. 6.1.2 n-heptaneshall be no less than 99.75 % by volume

3.2.8 prototype fuel-a spark-ignition engine fuel or process Pure, contain no more than 0.10 % by volume isooctane and
unit material which is used as a secondary standard. It i§ontain no more than 0.002 g/US gal (0.5 mg/L) of lead.

assigned an octane number based on a direct match comparisorp-2 Standard Fuelis the basic reference for establishing the
with a standard fuel. octane number level that defines the product octane number

determined by automatic engine/analyzer systems. The char-

ﬁ'zg samp])cle fue#—ftlhe ]‘uel tto be ev?lu?rt]ed,f\_/vhur:]hdls typll—( acteristics, storage and handling procedures, calibration and
cally drawn irom a flowing stream ot efiner inished spark- o o 5 standard fuel shall conform to the following:

ignition engine fuel product or a process unit material. It must 6.2.1 Octane Number shall be selected such that the

be con_tlnuously represel_'\ta_ltlve e the_quahty be_mg proc_iuce rototype fuels to be calibrated shall not differ from it by more

and suitably treated to eliminate any dirt or entrained moisturg,, . +0 5 octane number.

without affecting the octane number. 6.2.2 Volatility is not critical as long as the standard fuel has
3.2.10 standard fuet-a spark-ignition engine fuel or pro- the full boiling characteristics of a typical gasoline. Weather-

cess unit material that is round-robin octane number (O.N.)ng, however, can cause a change in octane number; thus the

calibrated using primary reference fuels, multiple engines, angapor pressure of the standard fuel may have to be lower than

so forth, for use in subsequent calibration of prototype fuels.that of the product fuel. A Reid vapor pressure (RVP) less than
3.2.11 system dead timethe period during analyzer opera- 10 psi (68.9 kPa) is preferred but it shall not exceed 12 psi

tion when sample fuel quality measurement is not possible. I(82.7 kPa) in any case.

includes prototype testing periods and the time required to 6.2.3 Antiknock Compoundsuch as organometallic lead or

attain knock testing unit/analyzer equilibrium on the samplemanganese shall be used in the standard fuel only if the product

fuel. will contain them. The standard fuel shall contain the same
compound used in the product and the concentrations in the
4. Summary of Test Method two fuels shall be similar.

. 6.2.4 Octane Enhancerssuch as oxygenates shall be used
4.1 In this test method, the research or motor octane numb% the standard fuel if the product will contain them. The

of a gasoline product is determined by comparing its knockyanqard fuel shall contain the same enhancer used in the

characteristics with those of a prototype of known research of,qyct and the concentrations in the two fuels shall be similar.
motor octane number of an automated repetitive cycle. The ¢ 5 5 antioxidant protection is necessary to ensure storage

difference in knock characteristics may be measured)athé stability for periods of up to one year of use.

difference in knock intensity at constant compression ratio, or g 5 5 1 Antioxidants shall be added to the standard fuel
(2) the difference in compression ratio at constant knoclbrior to any octane number calibration.

intensity. The test method assumes that the automatic analyzerg » g Metal Deactivatormay be necessary and if added

system has been installed and adjusted according to thgq| pe in accordance with supplier recommendations.

instructions of the manufacturer, whereby the knock intensity g o 7 Hydrocarbon Compositiorshall be similar to that of

or compression ratio differences are automatically utilized tqpe related prototype fuel to be calibrated. Users are cautioned

produce a measure identified A©.N. The research or motor g investigate the effects of any large differences prior to

octane number of the product is based on the calibrategppncation.

research or motor octane number of the prototype and the g 2 8 Storage and Handling shall be under controlled

AQ.N. conditions to minimize the possibility of octane number change
4.2 The primary use of this test method is to evaluate a@r contamination. Systems and procedures shall conform to the

steadily flowing sample which is continuously representativeeecommendations set forth in Annex Al of this standard.

of a product stream that can originate from an in-line blender, 6.2.9 Octane Number Calibrationshall be the average of

process unit, or transfer pipeline. In addition the method can beatings on at least 16 different engines, preferably in as many

used to analyze individual samples on a repetitive basis.  different laboratories as possible to minimiBMMm&rﬂS
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individual location bias. These ratings shall be in complete 6.4 Check Fuels— Check Fuels are a pair of fuels for
accordance with the requirements of the research or motaystem qualification check-out that are prepared, packaged,
methods for octane number measurement. Systems and pro&ored, and round-robin calibrated as if they were standard
dures shall conform to the requirements set forth in Annex AZuels.

of this standard. 6.4.1 The two check fuels shall have an expected difference
h-0.N. ranging from 0.2 to 1.0 octane number and be coded so the

6.3 Prototype Fuel is a secondary reference for establish-*: : ;
ifference in the calibrated average octane numbers (Fuel B

ing the octane number level that defines the product octan Fuel A) i . I
number determined by automatic engine/analyzer systems. T m rue ) is a positive value.

characteristics, storage and handling procedures, calibratioann?i‘lfr'éClhceoxegﬁzzragggsgc:hr']r;:gg'rrs]g ;rr:(()jsgr:cg(r);/iggﬂlty}o-
and use of a prototype fuel shall conform to the following: P ' ' P

o tection shall be similar for the two check fuels of a pair.
6.3.1 Octane Number shall be within= 1.0 of the target 6.4.3 A standard fuel may be used interchangeably as a
octane number. check fuel as long as it is paired with a second fuel that meets
6.3.2 Sensitivity or the difference between research andthe requirements of a check fuel pair.
motor octane numbers, shall be no more tharl.0 octane
number different from those of the standard fuel with which it7. Apparatus
is calibrated and the product fuels with which it will be used. 7.1 The knock testing units must be as specified in the

6.3.3 Volatility is not critical as long as the prototype fuel ASTM Research or Motor Methods.
has the full boiling characteristics of a typical gasoline. 7.2 The knock testing unit shall be supplemented by auto-
Weathering, however, can cause a change in octane numbémnatic analyzer equipment to continuously measure the octane
thus the vapor pressure of the prototype fuel may have to bdifference between prototype fuel and product.
lower than that of the product fuel. A Reid vapor pressure 7.3 The knock testing unit and analyzer installation must

(RVP) less than 10 psi (68.9 kPa) is preferred but it shall noeonform to the recommendations of the “Manual on Installa-
exceed 12 psi (82.7 kPa) in any case. tion of Refinery Instruments and Control Systerfs.”

6.3.4 Antiknock Compounduch as organometallic lead or 74 .The sample system must prpwde a pontmuously repre-
entative product to the knock testing unit in accordance with

manganese shall be used in the prototype fuel only if th . K . .
product will contain them. The prototype fuel shall contain the he recommendations of the “Manual c,J,n Installation of Refin
ery Instruments and Control Systends.

ts;mt?Ncofmplounhd Illjsbed I|?nt|rl]er product and the concentrations N7 4.1 Particulate contamination must be removed by a filter
€ two fuels shall be similar. of 100u m or less.

6.3.5 Octane Enhancerssuch as oxygenates shall be used 742 Entrained water must not be present in the fuels at the

in the prototype fuel if the product will contain them. The jnlet to the automatic analyzer fuel conditioning equipment.
prototype fuel shall contain the same enhancer used in the

product and the concentrations in the two fuels shall be similaig. Operating Conditions
6.3.6 Antioxidant protection is necessary to ensure storage 8.1 The knock testing unit operating conditions must be

stability for periods of up to one year of use. those specified in the research or motor methods.
6.3.6.1 Antioxidants shall be added to the prototype fuel 8.2 Prototype and product must be at the same temperature
prior to any octane number calibration. in the knock testing unit carburetor. The temperature shall not

6.3.7 Hydrocarbon Compositiorshall be similar to that of €Xceed 50°F (10°C) measured in the excess product disposal

the product with which it will be used. Users are cautioned tdin€ at the carburetor.
investigate the effects of any large differences prior to appli-
cation g ylarg P P 9. Procedure

6.3.8 Storage and Handling shall be under controlled 9.1 Detailed operating procedures shall conform to the

conditions to minimize the possibility of octane number chang ehcgsrgn;:“nscia;gr?;eotfo ttr;]ee guttl(')nn;atlr% ?‘;séyie{h.rgzggg?urer'
or contamination. Systems and procedures shall conform to th " utline provi it on.

. . . 9.1.1 Startup
recommendations set forth in Annex A1 of this standard. 9.1.1.1 Start the knock testing unit and allow it to warm up.

6.3.9 Octane Number Calibratiorshall be the average ofat g1 1 5 Select the proper prototype and connect the testing
least 10 sets of back-to-back or direct match comparisons gfyit to it.
the prototype fuel to the standard fuel. These comparisons may 9 1.1.3 Span the automatic analyzer for the octane range to
be obtained on a single research or motor method laboratolye ysed (knock intensity or compression ratio units per octane
engine or on a single automatic engine/analyzer unit. Systemgymper).

and procedures shall conform to the requirements set forth in 9.1.1.4 Introduce the desired offset O.N. when applicable.
Annex A2 of this standard.

6.3.9.1 The octane number calibration of the prototype fuel
shall be checked with the standard fuel at least once a week and, o . -
. .. K . . API RP550, Second Edition, 1965, Part Il, “Process Stream Analyzers,” Section
also whenever there is any indication of contamination or, 5

degradation. 7 Ibid, Sections 14.2 through 14.6. DOCLI ments
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9.1.1.5 Turn on the product and perform any flow adjust- TABLE 1 Accuracy Qualification Acceptance Limit Values, K
ment steps.

Accuracy Qualification

Test Method L

9.1.1.6 Establish the fuel-air ratio for maximum knock e Aeceplance Limi. K
intensity for both prototype and product. Motor 04

9.1.2 On-Line Operatior—Switch to automatic mode.

9.1.3 Shutdowr-Return to manual mode and perform the
conventional knock testing unit shutdown steps. 10.6.1 The accuracy of the system shall be assessed by

comparing the measured averag®.N. for two check fuels to

10. System Qualification Check-Out their expected difference O.N.

10.6.1.1 Calculat®, the accuracy qualification value, using

10.1 Check the performance of the combined knock testin . i
e following formula:

unit/automatic analyzer regularly and after any maintenanc

that affects engine performance. Operate the system using two ~ Q = measured averageO.N.—expected difference O.N. (2

check fuels of calibrated octane number to determine whether

it produces the correckO.N. value and does so with appro- 10.6.1.2 The system shall be qualified)fis betweent K,

priate system stability. the accuracy qualification acceptance limits listed in Table 1
10.2 TheAO.N. value is dependent upori) knock testing  for the respective method. In the normal and correct operation

unit sensitivity, @) detonation meter sensitivity, ang)(auto-  f this test method, in the long ru@is expected to fall outside

matic analyzer span setting for the octane range to be usedthe accuracy qualification acceptance linkj (n only one case
10.2.1 The knock testing unit must be able to repeatediyn 20

measure the\O.N. for two fuels of different octane number.  10.6.1.3 1fQ is outside the accuracy qualification accep-

The latitude of engine condition is quite broad and when thdance limits, each system component shall be evaluated to

unit is no longer satisfactory for automatic analyzer operationidentify and correct the root cause(s) of the inaccuracy.

it will be evidenced as instability of knock intensity. This ~10.7 Assessment of System Stahility

condition often can be rectified through carbon blasting and 10.7.1 The stability of the system should be assessed by

ultimately by engine overhaul. determining the range spanned by the seried@fN. mea-
10.2.2 Span (calibrate) setting is a scaling adjustment buifurements for the two check fuels.

into the automatic analyzer instrument or computer software. [y 10-7-1.1 Compare the measur&®.N. range to the range

must be properly preset for the octane range so that knociimit L value, listed in Table 2, for the respective method. If the

intensity or compression ratio signal levels are accurately"€@suredAO.N. range exceeds the range limit value a
displayed in terms oAO.N. general inspection should be perfornfed.

10.3 Perform the qualification check-out with the measure- Note 1—Range limit {) values listed in Table 2 have been selected for
ment system operating in the same manner it is used fose with data sets of five independeéx®.N. determinations, at a Type 1
product quality measurement. Equal time periods of operatioffror of approximately 1 %.
on the two check fuels shall be used. The time period for; ¢
operation on each fuel shall be 4 min or longer. ' . . . ) . )

10.4 Operate the knock testing unit/automatic analyzer sys- 11.1 This test method is primarily for on-line quality control

tem sequencing back and forth between the two check fuefesting .Of in-line blended gasaline or process unit material. The
until a minimum of six complete cycles are completed. Aevaluatlon normally covers long periods of time (hours to days)

complete cycle comprises one period of operation on one fué':}nd control adjustment of product quality is based on automatic

(A), followed by one period on the second fuel (B). Select theanalyzer data. The large amount of data accumulated during

check fuel inlet connections to the knock testing unit/automatiéhese long time periods place a very high reliability on the

analyzer system so that the delta O.N. values are determined erageAO.N. result.. . .
subt)r/actingthe fuel B result from that for fuel A. 11.2 To properly indicate thAO.N. quality of a tender of

10.5 Determination of AveragdO.N. and Range on-line analyzed product it will be necessary to weigh the data

. ) in terms of quantity as well as quality. This can be accom-
de:l-gr.ri.iia?;r?ard th@O.N. result for the first complete cycle plished by multiplying the instantaneow€D.N. by flow rate

_ and integrating the resultant valueAQ.N. X barrels) on a
10.5.2 Tabulate the last fikO.N. values (Fuel B from Fuel jme pasis. The weighted averag®.N. for an entire tender of
A), including the proper algebraic sign. product can readily be obtained through division of the
10.5.2.1 It is permissible to tabulate and analyze the datgptalized AO.N. X barrels by the total barrels in the tender.
utilizing the updated\O.N. after the analysis period on each 11 3 The product O.N. will be determined by summing the
fuel (ten values) as long as each fuel is tested a minimum of siigrget O.N. and the averag®.N. of the product as established

Interpretation of Results

times. in 10.2.
10.5.3 Calculate the averageD.N., with respect to alge-

braic sign. _
10.5.4 Calculate thAO.N. range (maximunAO.N.— mini- 8 Accuracy Qualification Acceptance LimiKf and Range Limitl() values are

mum AO.N ) based upon statistical evaluation of test data using knock testing unit/analyzer

e o . equipment. See Research Report RR: D2-1330 for detailgQf the study conducteiin
10.6 System Accuracy Qualification 1991 through 1993. ﬁocumen S
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