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Designation; D 86 — 07

L
INTERNATIONAL

Standard Test Method for

An American Nationai Standard

Distillation of Petroleum Products at Atmospheric Pressure’

This standard iz izsved vader the fired dzsignation Ir 85; the number immerdiately following the designation indicates the year of original
adoption ot, in the case of revision, the year of last vevision. A mumber in parentheses indicates the year of last reappeoval. A superseript
epsilon () indicates an editorial change since the last revision or reapproval,

Thix stancard has been apy

1. Scope®

1.1 This test method covers the atmospheric distillation of
perroleum products using a laboratory batch distillation onit to
determine quantitatively the boiling range characteristics of
soch prodocts as light and middle distillates, automotive
spark-ignition engine fuels, aviation gasolines, aviation turhine
fuels, 1-Dr and 2-D regular and low sulfur diesel fuels, spacial
petrolenm  spirits, naphthas, white spivits, kerosines, and
Grades 1 and 2 burner fuels.

1.2 The test method iy designed for the analysiy of distillate
fuels; it is not applicable to products containing appreciable
quantities of cesidual material.

1.3 This test method covers both mannal and antomated
InStrments.

1.4 Unless otherwiss noted, the values stated in SI units are
to be regarded as the standard. The values given in parentheses
are provided for information only.

1.5 This standard does not purport to address all of the
safety cancerns, if any, associated with ifs use. It is the
responsibility of the user of this siundard to estublish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 All standards are subject to revision, and parties to
agresment on this test method are to apply the most recent
edition of the standards indicated below, unless otherwise
specified, such as in contractual agreements or regulatory rules
where earlicr versions of the method(s) identified may he
required.

2.2 ASTM Standards: ?

" This teat method i3 under the judsdiction of ASTM Commitiee DD2 on
Petroletan Products and Lubricants and is the direct responsibility of Subcommittes
Di2.08.0A on Disttlladon,

Iu the IP, the equivalent test methad is published under the desigration IP 123,
1t is under the jurisdiction of the Standardization Committes.

Current ¢dition. appraved Jan, 15, 2007, Published Febreuary 2007, Qriginally
approved in 1921, Last previous edition approved in 2005 as I} B6-05.

2 For teferenced ASTM standuweds, vislt the ASTM wehsite, www.asta.org, ar
contzet ASTM Costomer Service at service@astm.czg. For Annal Book of ASTM
Standards volume information, refer o the standard’s Document Summary page on
the ASTM wehsiie.

{ far use by agencies af the Departnent of Defeaxe.

D 97 Test Method for Pour Point of Petroleum Products

D 323 Test Method for Vapor Pressure of Petroleum Prod-
ucts (Reid Method)

1» 2892 Test Method for Distillation of Crude Petrolenm
(15-Theoretical Plate Column})

D 4037 Practice for Manual Sampling of Petroleum and
Petroleum Products

D 4177 Practice for Automatic Sampling of Petrolenm and
Petralenm Products

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

D 5190 Test Method for Vapor Pressure of Petrolenm Prod-
uets (Antomatic Method)

125191 Test Method for Vapor Pressure of Petroleum Prod-
uets (Mini Method)

D 5842 Practice for Sampling and Handling of Fuels for
Volatility Measurement

D 5940 Test Method for Pour Point of Petroleum Products
(Avtomatic Pressure Pulsing Method)

D 5950 Test Method for Pour Point of Petroleum Products
(Automatic Tilt Method)

D 5985 Test Method for Pour Point of Petroleum Products
(Rotational Method)

E 1 Specification for ASTM Liguid-in-Glass Thormometers

E 77 Test Method for Inspection and Verification of Thet-
IMOMEters

E 1272 Specification for Laboratory Glass Graduated Cyl-
inders

E 1405 Specification for Laboratory Glass Distillation
Flasks

2.3 FEnergy Institute Standards:®

IP 69 Determination of Vapour Pressure—Reid Method

TP 123 Petroleum Products-—Determination of Distillation
Characteristics

TP 394 Determination of Air Saturated Vapour Pressure

IP Standard Methods for Analysis and Testing of Petroleum
and Related Products 1996—Appendix A

3 Available from Enerey Institute, 61 New Cavendish 5t., London, WIG 7AR,
UK, hiipe//www.energyinst.org.uk.

*A Summary of Changes section appears at the end of this standard,
Copyright € ASTM Entemational, 100 Barr Harbor Drive, PO Box CT00, West Censhohocken, PA 19428-2959, United States.

1
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TABLE 1 Preparation of Apparatus

Giroup 1 Group 2 Group 3 Group 4
Flask, mL 125 126 126 125
ASTM distillation thermometer 7C (7F) 7C{FR) C (7R 87 (8F)
{P distillation thermomater range low lovwr lew high
Flask suppor board B B c G
diameter of hals, mm a8 a8 G &0
Temperature at start of test '
Flask G 13-18 13-18 1318 not above
°F 5585 6568 56565 ambient
Flask support and shield not ahove not above nat above
ambiert ambient ambient
Receiving cylinder and 100 mL
charge
] 1318 1318 13164 13-ambieni®
°F 5585 5565 55554 S5-ambiard*

A Seg 10.4.1.1 for excaptions,

3. Terminvlogy

3.1 Definitions.

3.1.1 charge volume, n—the volume of the specimen, 100
mL, charged to the distillation flask at the temperature speci-
fied in Table 1.

3.1.2 decomposition, n—aqf a hydrocarbon, the pyrolysis or
cracking of a molecule yielding smaller molecules with lower
boiling points than the original molecule.

3.1.2.1 Discussion—Characteristic indications of thermal
decomposition are evolution of fumes and erratic temperatore
readings that usually decrease after any attempt is made to
adjust the heat.

3.1.3 decomposition point, n—ihe corrected thermometer
reading that coincides with the first indications of thermal
decomposition of the liquid in the flask.

3.1.3.1 Discussion—The decomposition point, as deter-
mined under the conditions of this test method, does mot
necessarily corespond o the decomposition (@eperature in
other applications.

3.1.4 dry point, n—the corrected thermometer reading that
is observed at the instant the last drop of liquid (exclusive of
any drops or film of liquid on the side of the flask or on the
temperature sensor), evaporates from the lowest point in the
distillation flask.

3.1.4.1 Discussion—The end point (final boiling peint),
rather than the dry point, is intended for general use. The dry
point can be reported in connection with special porpose
naphthas, such as those used in the paint industry. Also, it is
substituted for the cnd point (final boiling point) whenever the
sample is of soch a nature that the precision of the end point
(final boiling point) cannot consistently meet the requirements
given in the precision section.

3.1.5 dynamic holdup, n—the amount of material present in
the neck of the flask, in the sidearm of the flask, and in the
condenser tube during the distillation,

3.1.6 emergent stem effect, n—ithe offset in temperature
reading caused by the use of total immersion mercary-in-glass
thermometers in the partial immersion mods,

3.1.6.1 Discussion—In the partial immersion mode, 8 por-
tion of the mercury thread, that is, the emergent portion, is at
a lower temperature than the immersed portion, resulting in a
shrinkage of the mercury thread and a lower temperature
reading.

3.1.7 end puini (EP) or final boiling point (FBP), p—the
maximum corrected thermometer reading obtained during the
fest.

3.1.7.1 Discussion—This usually occurs after the evapora-
tion of all liquid from the bottom of the flask. The term
maximum temperature is 4 frequently used gynonym.

3.1.8 front end loss, n—loss due to evaporation during
transfer from receiving cylinder to distillation flask, vapor loss
during the distillation, and uncondensed vapor in the flask at
the end of the distillation.

3.1.9 initial boiling point {IBP), n—the corrected thermom-
ster reading that is observed at the instant the first drop of
condensate falls from the lower end of the condenser tube,

3.1.10 percent evaporated, n—be sum of the pereent re-
covered and the percent loss,

3.1.11 percent loss (or observed loss), n—onc hundred
mimus the percent total recovery.

3.1.11.1 corrected loss, n---percent loss corrected for baro-
metric pressure,

3.1.12 percent recovered, n—the volume of condensate
observed in the receiving cylinder, expressed as a percentage of
the charge volume, associated with a simultaneous temperature
reading.

3.1.13 percent recovery, n—the maximumn percent recov-
ered, as observed in accordance with 10.18,

3.1.13.1 corrected percent recovery, n—-the percent recov-
ery, adjusted for the difference between the cbserved loss and
the corrected loss, as described in Eqg 8.

3.1.13.2 percent total recovery, n—the combined percent
recovery and residue in the flask, as determined in accordance
with 11.1.

3.1.14 percent residue, n—the volome of residue in the
flask, measured in accordance with 10.19, and expressed as a
percentage of the charge volume.

3.1.13 rate of change (or slope), n—the change in tempera-
ture reading per percent evaporated or recovered, as described
in 13.2.

3.1.16 temperature lag, n—the offset between the tempera-
tore reading obtained by a temperature sensing device and the
true temperaturee at that time.

3.1.17 remperature measurement device, n—a thermometer,
as described in 6.3.1, or a terperature sensor, as described in
6.3.2.
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3.1.18 temperature reading, n—the temperature obtained by
4 temperature measuring device er systemn that is equal to the
thermometer reading described in 3.1.19.

3.1.18.1 corrected temperature reading, n—the remperature
reading, as described in 3.1.18, correctad for harometric
Pressure.

3.1.19 thermometer reading (or thermometer resull), n—the
temperature of ihe saturated vapor measured in the neck of the
flask below the vapor tube, as determined by the preseribed
thermometer nnder the conditions of the test.

3.1.19.1 corrected thermometer reading, n—the thermom-
eter reading, as described in 3.1.19, corrected for barometric
pressure.

4, Summary of Test Method

4.1 Based on its composition, vapor prassure, expected IBP
or expected EP, or combination thereof, the sample is placed in
one of four groups. Apparatus arrangement, condenser (em-
perature, and other operational variables are defined by the
group in which the sample falls.

4.2 A 100-mL specimen of the sample is distilled under
preseribed conditons for the group in which the sample falls.
The distillation is performed in a laboratory hatch distillation.
unit at ambient pressure under conditions that are designed to
provide approximately one theoretical plate fractionation, Sys-
tematic observations of temperature readings and volumes of
condensate are made, depending on the needs of the user of the
data. The volume of the residue and the losses arc also
recorded.

4.3 At the conclusion of the distillation, the observed vapor
ternperatures can be carrected for barometric pressure and the
data are examined for conformance fo procedural require-
ments, such ag distillation rates. The test is repeated if any
specified condition has not been met.

4.4 Test results are commonly expressed as percent evapo-
rated or percent recovered versus corresponding lemperature,
either in a table or graphically, as a plot of the distillation
curve.

5, Significance and Use

5.1 The basic test meehod of determining the boiling range
of & petroleum product by performing & simple batch distilla-
tion has been in use as long as the petroleum industry has
existed. [t is one of the oldest test methods under the jurisdic-
tion of ASTM Committee D02, dating from the time when it
was still referred to as the Engler distillation. Since the test
method has been in use for such an extended period, a
tremendons number of historical data bases exist for estimating
end-use sensitivity on products and processes.

5.2 The distillation (volatility) characteristics of hydrocar-
bons have an important effect on their safety and performance,
especially in the case of fuels and solvents. The boiling range
gives information on the composition, the properties, and the
hehavior of the fuel during storage and use. Volatility is the
mujur delerminant of the endency of a hydrocarbon mixture to
produce potentially explosive vapaors.

5.3 The distillation characteristics are critically important
for both antomotive and aviation gasolines, affecting starting,
warm-up, aud tendency to vapor lock at high operating
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FIG. 1 Apparatus Assembly Using Gas Burner

temperature or at high altitude, or both. The presence of high
beiling point components in these and other fuels can signifi-
cantly affect the degree of formation of solid combustion
deposits.

5.4 Volatility, as it affects rate of evaporation, is an impor-
tant factor in the application of many solvents, pariicularly
those used in painis,

5.5 Distillation limits are often included in petroleum prod-
uct specifications, in commercial conlract agreemeits, process
refinery/control applications, and for compliance to regulatory
rules,

6. Apparatus

6.1 Basic Components of the Apparatus.

6.1.1 The basic components of the distillation unit are the
distillation flask, the condenser and assoclated cooling bath, a
metal shield or enclosure for the distillation flask, the heat
source, the flask support, the temperature measuring device,
and the receiving cylinder to collect the distillate.

6.1.2 Figs. 1 and 2 are examples of manual distillation units.

6.1.3 In addition to the basic components described in 6.1.1,

antomated units also are equipped with a system to measure
and antomatically record the temperature and the associated
recovered volume in the receiving eylinder.

6.2 Adetailed description of the apparatus is given in Anpex
A2,

6.3 Temperature Measuring Device:

6.3.1 Mercury-in-glass thermometers, if used, shall be filled
with an inert gas, gradoated on the stem and enamel backed.
They shall conform to Specification E1 or IP Standard
Methods for Analysis and Testing of Petrolenm and Related
Products 1996—Appendix A, or both, for thermometers ASTM

PRO_00106156
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FIG, 2 Apparatus Assembly Using Electric Heater
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FIG. 3 PTFE Centering Device for Ground Glaas Joint

TCAR 5C and ASTM 7Y for the low range thermometers, and
ASTM 8C/P 6C and ASTM 8F for the high range thermom-
eters.

6.3.1.1 Thermometers that have been exposed for an ex-
tended period above an observed temperature of 370°C shall
not be reused without a verification of the ice point or checked
as prescribed in Specification E 1 and Test Method B 77.

Nore 1—At an observed thermometer reading of 370°C, the tempers-
ture of the bulb is approaching a crirical range in the glass and the
thermometer may lose its calibration.

6.3.2 Temperature measurement syséems other than those
described in 6.3.1 are satisfactory for this test method, pro-
vided that they exhibit the same temperature lag, emergent
stem effect, and accuracy as the equivalent mercury-in-glass
thermometer.

6.3.2.1 The electronic circuitry or the algorithms, or both,
used shall include the capability to simulate the temperature lag
of a mercory-in-glass thermometer,

6.3.2.2 Alternatively, the sensor can also be placed in a
casing with the tip of the sensor covered so that the assemibly,
becanse of its adjusted thermal mass and conduclivity, has a
temperature lag time similar to that of a mercury-in-glass
thermometer,

Note 2-n a region where the temperature is changing rapidly during
the distillation, the temperature lag of a thermometer can be as much as 3
seconds.

6.3.3 In case of dispute, the referee test method shall be
carried out with the specified mercury-in-glass thermometer,

6.4 Temperature Sensor Centering Device:

6.4.1 The temperature sensor shall be mounted through a
snug-fitting device designed for mechanically centering the
sensor in the neck of the flask without vapor leakage. Examples
ol acceptable centering devices are shown in Figs. 3 and 4.
(Warning—The use of a plain stopper with a hale drilled
through the center is not acceptable for the purpose described
in 6.4.1.)

Now 3—Other centaring devices are also accsptable, as long as they
position and hold the temperature sensing device in the proper position in
the neck of the diseiliation column, as shown in Fig. 5 and described in
10.5.

Mote 4—When running the test by the manual method, products with

Drilled out to fit
Pt 100 Probe

Compression Nut\ z
(PTFE) ™| &

- (PTFE) Body

Cor?e—shaped ifor ~ \ i
erfect centetin —
d in neck o% : Compression
distillation flask ' without O-ring
L]
]
Single Q-ring ;
Vitan or/ T
perfluore elastomer :
FIG. 4 Example of Centering Device Designs for Stralght-Bore
Meck Flasks
r ] ey -

-

Mo Fbﬁb

FIGG. 5 Position of Thermometer in Distillation Flask

[

a low IBP may have one ov more readings obscured by the centering
device, See also 10.,14.3.1.

6.5 Automated equipment manufactured in 1999 and later
ghail be equipped with a device to automatically shut down
power to the unit and to spray an inert gas or vapor in the
chamber where the distillation flask is mounted in the event of
fire.

MNore 5—Some causes of fires are breakage of the distillation flask,
glectrical shorts, and foaming and spilling of liquid sample through the tap
apening of the flask,

6.6 Barometer—A pressure measuring device capable of
measuring local station pressure with an accuracy of 0.1 kP'a
(1 mm Hg) or better, at the same elevation relative to sea level
as the apparatns in the laboratory, (Warning—Do not take
readings from ordinary anerold barometers, such as those used

PRO_00106158
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TABLE 2 Group Characteristics

Graup 1 Group 2 Graup 3 Group 4
Sarmple
charac:erlstics
Digtillate type
Vepor pressure &t
37.8°C, kPa =868 <G5.5 <§5.5 <65.5
1COCF, psi =95 <B.5 <9.5 <0.5
{Test Methods
D323, D 4953,
D&1gc, [5191,
D 5482, {P8Yor
P 384)
Diatillzion, IBP °G =100 100
°F =212 =212
EP =G =250 <250 =250 >250
°F =482 =482 >482 >482

at weaiher stafions and airports, since these are precorrected to
give sca level readings.)

7. Sampling, Storage, and Sample Conditioning

7.1 Determine the Group characteristics that correspond to
the sample to be tested (see Table 2). Where the procedure is
dependent upon the group, the section headings will be so
marked.

7.2 Sampling:

7.2.1 Sampling shall be done in accordance with Practice
4057 or D 4177 and as deseribed in Table 3.

7.21.1 Group I—Condition the sample container to below
10°C, preferably by filling the bottle with the cold liguid
sample and discarding the first saraple. If this is not possible
becavse, for instance, the product to be sampled is at ambient
temperature, the sample shall be drawn into a bottle prechilled
to below 10°C, in such a manner that agitation is kept at a
minirnum. Close the bottle immediately with a tight-fittog
closure, (Warning—Do not completely fill and tightly seal a
cold bottle of sample because of the likelihood of breakage on
warring.)

1.2.1.2 Groups 2, 3, and 4—Collect the sample at ambicnt
temperature. After sampling, close the sample bottle tmmedi-
ately with a tight-fiting closure,

7.2.1.3 If the sample received by the testing laboratory has
been sampled by others and it is not known whether sampling
has been performed as described in 7.2, the sample shall be
assumed to have been so sampled,

1.3 Sample Storage;

7.3.1 I testing is not to start immediately after collaction,
store the saruples as indicated in 7.3.2, 7.3.3, and Table 3. All
samples shall be stored away from direct sunlight or sources of
direct heat.

7.3.2 Group I—Store the sample at a lemperature below
19°C,

Note 6—If there are no, ar inadequate, facilities for storage below
10°C, the sample may also be stored at a temperature below 20°C,
provided the operator ensures that the sample cortainer is tightly closed
and leak-free.

7.3.3 Group 2—Store the sample at a temperature below
10°C,

Norg 7—I< there are no, or inadequate, facilities for storage helow

10°C, the sample may also be stored at a temperatue balow 20°C,
provided the operalor ensures that the sample container is tightly closed
and leak-fres,

7.3.4 Groups 3 and 4-—Store the sample at ambient or lower
temperature.

7.4 Sample Conditioning Prior to Analysis:

7.4.1 Samplss shall be conditiened to the temperature
shown in Table 3 before opening the sample container.

74.1.1 Groups I and 2—Samples shall be conditioned to a
temperatoce of less than 10°C (50°F) before opening the
sample container.

7.4.1.2 Groups 3 and 4—f the sample is not fluid at
ambient temperature, it is to be heated to a temperature of 9 to
21°C above its pour peint (Test Method D 97, D 5948, or
D 5085) prior to analysis. If the sample has partally or
completely solidified during storage, it shall be vigorously
shaken afier melting prior to opeaing the sample container to
enswre homogeneity,

7.4.1.3 If the sample is not fuid at room temperagure, the
temperature ranges shown in Tabls 3 for the fask and for the
sample do not apply.

7.5 Wet Samples:

7.5.1 Samples of materials that visibly contain water are not
suitable for testing. If the sample is not dry, obtain another
sample that is free from suspended waler.

7.5.2 Groups I and 2—IF such a sample cannot be obtained,
the suspended water can be removed by maintaining the
sample at ¢ to 10°C, adding approximately 10 g of anhydrouns
sodinm sulfate pec 100 ml, of saruple, shaling the mixture for
approximately 2 min, and then allowing the mixture to seitle
for approximately 15 min. Once the sample shows no visible
signs of water, use a decanted portion of the sample, main-
tained between. 1 and 10°C, for the analysis. Note in the report
that the sample has heen dried by the addition of a desiccant.

Nore 8—S8uspended water in hazy samples in Groups | and 2 can be
removed by the addition of anhydrous sudium sulfate und separating the
liquid sample from the drying agent by decanting without statistically
affeciing the results of the tese.*

7.5.3 Groups 3 and 4—In cases in which a water-free
sample is not practical, the suspended water can be removerd by
shaking the sample with anhydrous sedivm sulfate or other
suitable drying agent and separating it from the drying agent by
decanting. Note in the report that the sample has been dried by
the addition of a desiccant.

8. Preparation of Apparatus

8.1 Refer to Table 1 and prepare the apparatus by choosing
the appropriate distillation flask, ternperature measuring de-
vice, and flask support boaed, as directed for the indicated
group. Bring the temperamre of the receiving cylinder, the
flask, and the condenser bath to the indicated temperature.

8.2 Make any necessary provisions so that the temperature
of the condenser bath and the receiving cylinder will be
maintained at the required temperatures. The receiving cylin-
der shall be in a bath such that either the liquid level is at least

* Supporting data have bzen filed ot ASTM Intermational Headquarters and may
b obtained by requasting Research Report RE: DO2-14585.
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torage, and Sample Conditloning

TABLE 3 Sampling, &

Group 1 Group 2 Group 3 Group 4
Temperatura of sample botile oG <10
°F =50
Temperature of stored sample R <107 <3 ambient ambient
°F <5(° <50 ambient ambilant
Temperature of sswnple after G <10 =10 Amblent o Arnblert ar
carditioning prlar b analysis 9 10 21°C abave pour point?
°F <50 <50 Ambient or Ambient or
48 to 70°F above pour point?
[f sarmple is wet rasample resample dry in accordarnce with 7.5.3

if resample is still wet®

dry in accordance with 7.5.2

“ Under certain circumstances, samples can also be stared at temperatures below 20°C {68°F). See aleo 7.3.2 and 7.8.3.

9 I sample is {semi}-solid at ambient temperaiure, see also 10.3.1.1.

€ [f sample s known to ba wet, resampling may be omitted. Dry sample in accordance with 7.5.2 and 7.5.3,

as high as the 100-mL mark or the entire receiving cylinder is
surrounded by an air circulation chamber.

8.2.1 Groups 1, 2, and 3—Suitable media for low tempera-
ture baths include, but are not limited to, chopped ice and
water, refriperated brine, and refrigerated ethylene slycol.

822 Group 4—Suitable media for ambient and higher bath
temperatures include, but are not limited to, cold water, hot
water, and heated ethylene glycol.

8.3 Remove any residual liquid in the condenser fube by
swabbing with a piece of soft, lint-free cloth attached to a cord
or wire.

9. Calibration and Standardization

9.1 Temperature Measurement System—Temperature mea-
swement systems using other than the specified mercury-in-
glass thermoreters shall exhibit the same temperature lag,
emergent stem effect, and accuracy as the equivalent mercury-
in-glass thermometer, Confirmation of the calibration of these
temnperature measuring systems shall be made at intervals of
not more than six months, and after the system has been
replaced or repaired,

9.1.1 The accuracy and the calibration of the electronic
circuitry or computer algorithims, or both, shall be verified by
the wse of a standard precision resistance bench, When per-
forming this verification, ne algorithms shall be nsed to correct
the temperature for lag and the emergent stem effect (see
manufacturer’s instructions),

8.1.2 Verification of the calibration of temperature measur-
ing devices shall be conducted by distilling toluene in accoi-
dance with Group 1 of this test method and comparing the
50 % recovered temperature with (hat shown in Table 4.3

9.1.2.1 I the teraperature reading is not within the values
shown in Table 4 for the respective apparaius being vsed (seo
Note 10 and Table 4}, the temperature measurement system
shall be considered defective and shall not be used for the test.

Now: 9—Tolvene is used as v verificution fuid for celibration; it wilt
yield almost no {nformation on how well an electronic measureruent
system simislates the temperature lag of a liquid-in-glass thermometer,

9,1.2.2 Reagent grade toluens and hexadecane (cetane),
conforming to the specifications of the Commitiee on Analyti-

¥ Supporting data have been filed at ASTM Internatlonal Headquarters and may
be obtalned by requesting Research Report RR: DO2-1580,

cal Reagents of the American Cherical Society,S shall be used.
However, other grades may also be used, provided it is frst
ascertained that the reagent is of sufficient purity to permit its
use without lessening the accuracy of the determination.

Nore 10—At 101.3 kPa, toluene is shown in reference manuals as
boiling at 110.6*C when measured using a pastial immersion thermomster,
Because this test method wscs thermometers calibrated for total immer-
sion, the results typically will be Jower and, depending on the thermometer
and the sltuation, may be different for each thermometer, At 1013 kPa,
hexadecans is shown in relerence manuals as boiling at 287.0°C when
measured using a pardal immersion thermometer, Because this tost
mathod uses thevmometers calibrated for total immersion, the results
typically will be lower, and, depending on the thermometer and the
situation, may be different for each thermometer.

9.1.3 A procedwre to determine the magnitude of the tem-
perature lag is described in Annex A3,

9.1.4 A procedurs to emulate the emergent stem effect is
described in Appendix X4,

9.1.5 To verify the calibraton of the smperature measure-
ment system at elevated temperatures, use hexadecane. The
temperature measurement system shall indicate, at 50% recov-
ered, a temperatire comparable to that shown in Table 4 for the
respective apparatus under Group 4 distiflation conditons.

Nore 11-—Because of the high melting point of hexadecane, Group 4
verlfication distilladons will have to be carried out with condenser
ternperattres »20°C,

9.2 Automated Method:

9.2.1 Level Follower—For an automated distillation appa-
ratus, the level follower/recording mechanism of the appararus
shall have & resolution of 0.1 mL or beiter with a maximum
error of 0.3 mL between the 5 and 100 ml. poiats. The
calibration of the assembly shall be verified in accordance with
manufacturer’s instructions at intexvals of not more than three
months and after the system has been replaced or repaired.

Note 12— The typical calibmiion proceduss Involves verifying the
output with the receiver containing 5 and 100 mE of material respectively.

9.2.2 Barametric Pressure—At intervals of not more than
six months, and after the system has been replaced or repaired,

5 Reagent Chendcals, Americon Chemival Nociety Specifications, Ameriean
Chemical Society, Washington, DC, For suggestions on the testing of reagents not
listad by the Amerfcan Chemical Society, see Analar Standards for Laboratory
Cheunfeals, BDH Lid,, Foole, Domset, UK., and the United Stares Pharmacopela
ard National Fonmilary, U.S. Pharmacopelal Conventlon, Inc. (USPC), Rockville,
MD.
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TABLE 4 True and Min and Max D 86 50 % Recovered Bailing Points (°C)*

Manual Autornated
Diatillation Digtilkation Distillation Digtillation
condifions min canditions gonditions min conditiors max
D 86 50 % max D 85 D 86 50 % D 86 50 %
Lioking point &0 % hoillng bolling paint boiling poink
painl

ASTMAP trus Group 1, 2, and Group 1, 2, Group 1, £, and Group 1, 2,
Talugne belling polint 3 and 2 3 and 3
1o.e 105.9 1118 108.8 108.7

ASTMAP true Qroup 4 Group 4 Giroup 4 Crroup 4
Heaxadecane bolling poirt

287.0 2722 288.1 277.0 280.0

4 The manuel and automated temperatures shaw in ihis 1ablls are the values for the 86 % tolerance interval for the 99 % poputation coverage. The proposed tolerance
is approximataly 3 % sigma. Informaticn an the values in this table can be found in AR:DO2-1580.

the barometric reading of the instrument shall be wverified
against a barometer, as described in 6.6,

10. Procedure

10.1 Record the prevailing barometric pressure.

10.2 Groups I qnd 2—Fit a low range thermometer pro-
vided with a snug-fitting cork or stopper of silicone rubber, or
equivalent polymeric material, tightly into the neck of the
sample container and bring the temperature of the sample ko the
temperature indicated in Table 3.

10.3 Groups 1, 2, 3, and 4—Check that the teroperature of
the sample is as shown in Table 3, Pour the specimen precisely
to the 100-mL mark of the receiving eylinder, and transfer the
contents of the receiving cylinder as completely as practical
into the distillation flask, ensuring that none of the liquid flows
into the vapor tbe.

Mo 13—t iy important that the dilfecence between the temperature of
the spaciten and the temparature of the bath around the receiving cylinder
is as small as pracdcally possible. A difterence of 5°C can make a
difference of 0.7 mL.

10.3.1 Groups 3 and 4—1f the sample is not fluid at ambient
temperature, it is to be heated to a temperature between 9 and
21°C above its pour point (Test Methods D 97, I 5949,
D 5950, or D 5983) prior to analysis. If the sample has partially
or completely solidified in the intervening period, it shall be
vigorousty shaken after melting, and prior to sampling, 0o
ensure homogeneity.

10.3.1.1 If the sample is not fluid at ambient temperatures.
disregard the temiperature range shown in Thhle 1 for the
receiving cylinder and sample. Pricr to analysis, heat the
receiving cylinder to approximately the same temperature as
the sample. Pour the heated specimen precisely to the 100-ml.
mark of the receiving cylinder, and transfer the contents of the
receiving cylinder as completely as practical into the distilla-
tion flasl, nsuring that none of the liquid fiows into the vapor
tube.

Nom 14 . -Any material that evopcrates doring the transfer will con-
tribute o the loss; any material that remains in the receiving cylinder will
contribuie ta the observed recovety volume at the time of the TRP,

10.4 If the sample can be expected to demonstrate irregular
beiling behavior, that is, bumping, add a few boiling chips to
the specimen. The addition of a few boiling chips is acceptable
for any distillation,

10,5 Fit the temperature sensor through a snug-fitting de-
vice, as described in 6.4, to mechanically center the sensor in
the neck of the flask. In the case of a thermometer, the bulb is
centered in the neck and the lower end of the capillary is level
with the highest point on the bottom of the inner wall of the
vapor tube (see Fig. 5). In the case of a thermocouple or
resistance thermometer, follow the manufacturer’s instructions
as to placement (see Hig, 6).

MNote 15---H wacuum groase i used on the mating surface of the
centering device, use the minimum amount of grease thar is practeal,

10.6 Fit the flask vapor tube, provided with a snug-fiting
cork or rubber stopper of silicone, or equivalent polymearic
miaterial, tightly into the condenser tube. Adjust the flask in a
vertical position s0 that the vapor tube extends into the
condenser tube for a distance from 25 to 50 mm. Raise and
adjust the flask support board Lo [it it snugly against the bottom
of the flask,

10,7 Place the receiving cylinder that was used to measue
the specimer, without drying the inside of the cylinder, into its
temperature-controlled bath under the lower end of the con-
denger tube. The end of the condenser tube shall be centerad in
the receiving cylinder and shefl extend therein for a distance of
at least 25 mrn, but not below the 100-mL mark.

10.8 Initial Boiling Point:

10.8.1 Munual Method—To reduce evaporation loss of the
distillate, cover the receiving cylinder with a piece of blotting
paper, or similar material, that has been cut to fit the condenser
tube smogly. If a receiver deflector is being uvsed, start the
distillation with the tip of (he deflector just touching the wall of
the receiving cylinder. If = receiver deflector is not used, keep
the ddp tip of the condenser away from the wall of the
receiving cylinder, Note the start time. Observe and record the
IBP v the nearest 0.5°C (1.0°F). If a receiver deflectar is not
being used, immediately move the receiving cylinder so that
the tip of the condenser touches ity inner wall,

10.8.2 Auromated Merhod—To reduce evapordtion loss of
the distillate, use the device provided by the instrument
manufacturer for this purpose. Apply heat to the distillation
flask and contents with the tip of the receiver deflactor just
touching the wall of the receiving cylinder. Note the start time.
Record the IBP to the nearsst 0.1°C (0L2°F),
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10.9 Regulate the heating so that the time interval between
the first application of heat and the IBP is as specified in Tabls
3

10.10 Regulate the heating so that ihe time from IBP to § or
10 % recovered is as indicated in Table 5.

10.11 Continve to regulate the heating so that the uniform
average rats of condensation from 3 or 10 % recoversd to 5 mL.

residue in the fask is 4 to 3 ml. per min, (Warning—Due to -

the configuration of the boiling flask and the conditions of the
test, the vapor and liquid around the temperature sensor are not
in thermodynamic equilibrivm. The distillation rate will con-
sequently have an effect on the measured vapor temperature.
The distillation rate shall, therefore, be kept as constant as
possible throughout the test.)

Nome L6—When testing gasoline samples, it is not vacommon o see
the condensate suddenly form non-miscible liquid phases and bead up on
the temperature measuring device and in the neck of the boiling flask ata
vapar temperature of arcund 160°C. This may be accompanied by a sharp
(about 3°C) dip in the vapor temperature and a drop in the recovery rate.
The phenomenon, which may be due to the presence of teace water in the
sample, may kst for 10 4o 30 s before the temperature recovers and the
condensate starts flowing smoothly again. This point is sometimes
colloguially referred to as the Hesitation Point.

10,12 Repeat any distillation that did not meet the require-
ments described in 10.9, 10.10, and 10.11.

10.13 If a decomposition point, as described in 3.1.3, is
ohserved, discontinue the heating and proceed as directed in
10.17.

10.14 In the interval between the IBP and the end of the
distillation, observe and record data necessary for the calcula-
tion and reporting of the results of the test as required by the

specification involved, or as previously established for the
sample under test. These observed data can include tempera-
ture readings at prescribed percentages recovered or percent-
ages recovered at prescribed remperatwee readings, or both,

10,14.1 Manual Method—Record all volumes in the gradu-
ated cylinder to the nearest 0.5 mL, and all temperatre
readings to the nearast 0.5°C (1.0°F),

10.14.2 Auwtomated Method—Record all volumes in the
receiving cylinder to the nearest 0.1 ml, and all mperature
readings to the nearest 0.1°C (0.2°F).

10.14.3 Group 1, 2, 3, and 4—In cases in which no specific
data requirements have been indicated, record the IBF and the
EP (FBP) ar the dry point, or both, and temperature readings at
3, 15, 85, and 95 % recovered, and at each 10 % multiple of
volume recovered from 10 to 90, inclosive.

10.14.3.1 Group 4—When a high range thermometer is
used in testing aviation turbine fuels and similar products,
pertinent thermometer readings can be obscured by the center-
ing device. If these readings are required, perform a second
digtillation in accordance with Group 3. In such cases, reading
from a low range thermometer can be reported in place of the
obscured high range thermometer readings, and the test report
shall so indicate, If, by agreement, the obscured readings are
waived, the test report shall so indicate,

i0.14.4 When it is required to report the temperature
reading at a prescribed percent evaporated or recovered for a
sample that has a rapidly changing slope of the distillation
curve in the region of the prescribed percent evaporated or
recovered reading, record temperature readings at every 1 %
recovered. The slope is considered rapidly changing if the
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TABLE § Conditicns Durlng Test Procedurs

Group 1 Group 2 Group 3 - Group 4
Temperature of cooling bath® oG 01 05 0-5 060
°F ar-34 3240 32-40 32140
Temparatura of bath around °C 1318 18—18 18-18 3
receiving aylinder °F 55 65 5565 5565 *=5
of charge
lemperatiire
Time from first application of heal
initial boiling paint, min 5-10 5-10 510 515
Tirme from initial boiling point
to 5 % rescvered, 8 60-100 60100
to 10% recovered, min
Uriform average rate ¢f condensation
from § % recovered to 5 mL
in flagk, ml/min 4-5 45 4-5 4-6
‘Time recorded from 5 miL residue to
end pairt, min 8 max & rmax 5 rnax 6 max

A the proper condenser hath ternperature will depend upon the wax cordent of the sample and of izs distillation fractons. The testis generally peromned using ene single
condenser temperaiura, Wax farmation in the condenaer can ba deduced from (&) the presence of wax paiticles in the distilate caming off the drip fip, (&) a higher distilation
lngs than what would be expectad based on the Initial hoiling point of the specimen, (¢) an erratic recovery rate and (6 the presence of wax particles during the remaoval
of residual liguid by swabbing with a lint-free cloth {(see 8.3), The minimum tempersature thet permits satisfactory operation shall be used. In general, a bath temperature
in the 0 to 4°C range is suitable for kerosine, Grade Mo, 1 fugl oil and Grade Mo. 1-D diesel fuel oil. In some cases invalving Grade No. 2 tuel cil, Grade No, 2-D diesel
fuah oll, gas olls and similar distillates, & may be necessary to hold the condznser bath lemparzture in the 38 to 60°C range.

change in slope (C) of the data points described in 10.14.2 in
that particular area is greater than 0.6 (change of slape (F) is
greater than 1.0) as caleulated by Eq 1 (Eq 2).
Change of Slope (C} =
(G~ AV, — Vi) — €y — L)V — V)

6y}
Change of Slape (F) =
(i — F IV — V) — (B = BV, — V)
@
where
€, = temperature at the volume % recorded one reading

prior to the volume % in question, °C,

€, = temperaniue at the velume % recorded in question,
°C,

€y = temperature at the volume % recorded following the
volume % in question, °C,

F; = temperature at the volume % recorded one reading
prior to the volume % in question, °F

F, = temperature at the volume % recorded in question, °F,

Fy = temperature at the volume % recorded following the
volume % in question, °F,

V, = volume % recorded one reading prior to the volume %
in question,

V, = volume % recorded at the volume % in question, and

Vy = volume % recorded following the volume % in

question,
10.15 When the residval liquid in the flask is approximately
5 mL, make a final adjustment of the heat. The time from the
5 ml, of liquid residue in the flask to the EP (FBP) shall be
within the limits prescribed in Table 3, Tf this ¢ondition is oot
satisfied, repeat the st with appropriatc modification of the
final heat adjustrment,

Nowe 17—S8ince it is difficult to determine when there is 5 mL of
toiling liquid left in the fask, this time is determined by observing the
amount of liquid recoverad In the receiving cylinder, The dynarmic heldop
has been determined Lo be approximately 1.5 ml at this point. B there are
no front end Josses, the amount of 5 mL in the flask can be assumed o

10

correspond with an amount of 93.5 mL in the receiving cylinder. This
arnount has to be adjusied for the estimated amount of font end loss.

10.15.1 1If the actual front end loss differs more than 2 mil.
from the estimated value, the test shall be rerun.

10.16 Observe and record the EP (FBP) or the dry point, or
both, as required, and discontinue the heating.

10.17 Allow the distillate to drain into the receiving cylin-
der, after heating has been discontinued,

10.17.1 Manual Method While the condenser tube contin-
ucs to drain into the gradvated cylinder, observe and note the
volume of condensate to the nearest 0.5 mL at 2 min intervals
mtil two successive observations agree. Measure the volume
in the receiving cylinder accurately, and record it to the nearest
0.5 mL.

10.17.2 Automated Method—The apparatus shall conting-
ally monitor the recovered volume until this volume changes
by nv more thun 0.1 wl. in 2 min, Record the volume in the
receiving cylinder acourately to the nearest 0.1 mL.

10.18 Record the volume in the receiving cylinder as
percent recovery. If the distillation was previcusly discontin-
ued under the conditions of a decomposition point, deduct the
percent recavered from 100, report this difference as the sum of
percent residne and percent loss, and omit the procedure given
in 10.19.

10.19 After the flask has cooled and no more vapor is
observed, disconnect the flask from the condenser, pour its
contents into a 5-mL gradvated cylinder, and with the flask
suspended over the cylinder, allow the flask to drain until no
appreciable increase in the volume of liquid in the cylinder is
ohserved, Meascre the volume in the graduated cylinder to the
nearest 0.1 mL, and record as percent residue.

10,19.1 If the 5-ml. graduated cylinder Jdoes not have
graduations below 1 ml. and the volume of liquid is less than
1 mil, prefill the cylinder with 1 mL of a heavy oil to allow a
better estimate of the volume of the material recovered.

10.19.1.1 If a residue greater than expected is obtained, and
the distillation was not purposely terminated before the EP,
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check whether adequate heat was applied towards the end of
the distillation and whether conditions during the test con-
formed to those specified in Table 5. If not, repeat test.

Nore 18—The distilation residucs of this test method for gasolive,
kerasine, and distillate diesel are typicadly 0.9-1.3, 0.9-1.3, and 1.0-1.4
volume %, respectively,

Nore 19—The test method is not designed for the analysis of distiliate
fuels containing appreciable quantities of residual material (see 1.2).

10.19.2 Groups 1, 2, 3, and 4—Record the volume in the
5-ml. graduated cylinder, to the nearest 0.1 ml, as percent
residue.

10,20 If the intent of the distillation is to determine the
percent evaporated or percent recovered at a predetermined
corrected femperaiure reading, modify the proceduore to con-
form o the insiructions deseribed in Anmex Ad.

10.2]. Examing the condenser tube and the side arm of the
flask for waxy or solid deposits, If found, repeat the rest after
making adjustments described in Footnote A of Table 5.

11. Calculations

11.1 The percent total recovery is the sum of the percent
recovery (ses 10.18) and the percent residue (see 10.19).
Deduet the percent total recovery from 100 to obtain the
percent loss.

11.2 Do not correct the barometric pressure for meniscus
depression, and do not adjust the pressure to what it would be
at seq level.

Note 20—The observed barometic seading does not have to be
eorrcetod 1o 4 standard temperaire and to standard gravity, Even without
performing these comrections, the corrected temperature readinga for the
same sample between laboratories at two different locations in the world
will, in general, differ less than 0.1°C &t 100°C. Almost all data obtained
sarlier have been teporied at baromerrdc pressures that have not been
corrected to standard temperature and (o standacd gravity.

11.3 Correct temperature readings to 101.3 kPa (760 mm
Hg) pressure. Obtain the correction to be applied to each
temperature reading by means of the Sydney Young equation
as given in Eq 3, Bq 4, or Bq 5, as approgeiate, or by the use
of Table 6. For Celsins (emperatures:

€, = 00009 (L0L3 — P (273 -+ 1) (3
C,=10.00012 (760 — P) (273 + 1) =)

For Fahrenheit femperatures:
Cr— 000012 (760 — P} (460 + ¢ {5

-
i

the observed temperature teading in °C,
the observed temperaiure reading in °F,
corrections to be added algebuaically to the
observed temperature readings,
= barometric pressure, prevailing at the time and
location of the test, kP'a, and
barometric pressure, prevailing at the time and
location. of the test, mm Hg.

After applying the corrections and rounding each result to
the nearest 0.5°C (1.0°F) or 0.1°C (0.2°F), as appropriate to the

O
=
=]
(=1
£
I

N
!

11

TABLE 8 Approximate Thermometer Reading Correction

Gowrection® per 1,2 kFa (10 mm Hg)

Temperature Range Differance In Pregsure

oG F “C oF
10-30 50-86 0.35 0.63
40-50 86-128 0.38 0.68
50-70 122-158 0.40 0.72
70-90 158-194 0.42 0.78
80110 194-230 0.45 081
110-120 230268 0.47 0.85
180-150 266-202 0.50 089
160-170 302230 0.52 0.94
170-180 338874 0.54 o.88
180-210 ara-4i0 057 1.02
290230 410-446 0.59 1.07
230-250 446482 0.62 1141
250-270 482518 0.84 118
270-290 518654 0.6 1.20
250310 554-590 0.69 1.24
210330 590626 0.71 128
830-360 626-662 a74 1.33
850-870 662598 076 1.87
870390 698734 078 1.4
390410 734-770 .81 1.46

A Values to be added when baremelic pressure is below 101.3 kPa, (780 mm
Hg) and to be sublracted when barometrls pressuts Ts above 101.3 kPa.

apparatus being used, use the corrected ternperature readings in
all further calculations and reporting.

Mote 21—Temperature readings are not comected to 1013 kPe (760
mn Hg) when product definitions, specifications, or agreements between
the parties involved indicate, specifically, that such comeetion is not
required or thar eorrection shall be mada to some other base pressure.

11.4 Correct the actual loss to 101.3 kPa (760 mm Hg)
pressure when temperature readings are comrected to 1013 kPa
pressure. The corrected loss, L, is caloulated from Eq 6 or Eq
7, as appropriate, or can be read from the tables presented as
Fig. X3.1 or Fig. X3.2,

L, =05 + (L~ 0.5){1 + (101.3 — F,)/8.00} (5
L, =05+ (L — 031 + (760 — FYG0.0} (7
where
L = observed loss,
L, = corrected loss,
P, = pressure, kPa, and
P = pressure, mm Hg.

Note 22—Fq 6 and 7 above have been derived from the data in Table
7 and Bgs 5 and 6 W Test Method D 8G--95 and earlier versions, Ik is
probable that Eq 6 snd 7 shown were the original empirical equations from
which the tahle and eguations {n the Test Method D 86 —95 znd eaclier
verslons were derived,

11.4.1 Calculate the corresponding correcied percent recov-
ery in accordance with the following equation:

R =R +@—1L (®)

percent loss or observed loss,
carrected loss,
percent recovery, and
corrected percent recovery.

[l

= =2
T n%

e

N

PRO_00106164



Case 1:13-cv-01215-TSC Document 198-25 Filed 10/07/19 Page 15 of 135

4y o 8607

TABLE 7 Data Polnts for Determining Slope, Sg or S¢

Slope at % IBF 5 10 20 30
Ty at % 0 o a 10 20
Ty at % 2} 10 0 0 40
M- VL [} 10 20 a0 20

40
30
50
20

50 80 70 80 90 95 EP
40 50 60 70 80 ] 95
BO 0 80 90 90 95 Ves
20 20 20 20 10 5 V95

11.5 To obtaln the percent evaporated at a prescribed
temperature reading, add the percent loss to each of the
observed percent recovered at the prescribed terperatire
readings, and report these resulls as the respective percent
evaporated, that is:

P,=P+L )
where:

L = observed loss,

P, = percent evaporated, and

P. = percent recovered.

11.6 To obtain temperature readings at prescribed percent
evaporated, and if no recorded temperature data is available
within 0.1 volume % of the prescribed percent evaporated, use
either of the two following procedures, and indicate on the
report whether the arithmetical procedure or lthe graphical
procedure has been used.

11.6.1 Arithmetical Procedure—Deduct the observed loss
from each prescribed percent evaporated to obtain the corre-
sponding percent recovered. Calvulate each required tempera-
ture reading as follows:

T =T, + (T~ TR~ RMRy— Ry (16

where:

R = perceot recovered corresponding to the prescribed
percent evaporated,

Ry = percent recovered adjacent to, and higher than R,

Ry = percent recovered adjacent to, and lower than R,

T = temperature reading at the prescribed percent evapo-
rated,

Ty = temperature reading recorded at Ry, and

T = temperatre reading recorded at R,.

Values obtained by the arithmetical procedure are affected by
the extent to which the distillation graphs are nonlinsar.
Intervals between successive data points can, at any stage of
the test, be no wider than the intervals indicated in 10.18. In no
case shall a calculation be made that involves sxtrapolation.

11.6.2 Graphical Procedure—Using graph paper with uni-
form subdivisions, plot each temperatore reading corrceted for
barometric pressure, if required (see 11.3), against its corre-
sponding percent recovered. Plot the IBP at 0 % recovered.
Draw a smooth curve connecting the points. For each pre-
scribed percent evaporated, deduoct the distillation loss
abtain the: corresponding percent recovered and take from the
graph the temperature reading that this percent recovered
indicates. Values obtained by graphical interpolation proce-
durcs are affected by the care with which the plot is made.

Note 23—%ee Appendix X1 tor nurnerical examples illustrating the
arithmetical procedure.

11.6.3 In most automated instruments, temperatare-volume
data are collected at 0.1 volume % intervals or less and siored
in memory. To report 4 temperaice reading at a prescribed
percent evaporated, neither of the procedures described in
1161 and 11,6,2 have to be used. Obtain the desired tempera-
ture divectly from the database as the teroperature closest to and
within 0.1 volume % of the prescribed percent evaporated.

12. Report

12,1 Report the following information (see Appendix X5 for
examples of reports):

12.2. Report the barometric pressure to the nearest 0.1 kPa (1
mm Fig).

12.3 Report all volumetric readings in percentages.

12.3.1 Manual Method—Report volumetric readings to the
nearest (0.5, and all temperature rcadings Lo the nearest 0.5°C
(L.O°F).

12.3.2 Awfomated Method—Report volumetric readings to
the nearest 0.1, and all temperatace readings to the nearest
0.1°C (0.2°F) or less,

12.4 After barometric corrections of the temgperature read-
ings have been made, the following data reqnire no further
calenlation prior to reporting: IBP, dry point, EP (FBP),
decomposition point, and all pairs of corresponding values
involving percent recovered and temperature readings,

12.4.1 The report shall state if the temperature rcadings
have not been corrected for barometric pressure.

12.5 When the emperature readings have not been cor-
rected to 101.3 kPa (760 mm Hg) pressuce, report the percent
residue and percent loss as observed in accordance with 10,19
and 11.1, respectively.

12,6 Do not use the corrected losg in the caleulation of
percent evaporatad,

12.7 It is advisable to base the report on relationships
between temperature readings and percent evaporaied when the
sample is a gascline, or any other product classificd under
Growp 1, or in which the percent loss is greater than 2.0.
Otherwise, the report can be based on relationships between
temperature readings and percent evaporated or percent recov-
ered. Every report nust indicale clearly which basis has been
used.

12.7.1 In the manual method, if results are given in percent
evaporated versus temperaturs readings, report if the arithmeti-
cal ar the graphical procedure was used (sec 11.6).

12.8 Report if a drying agent, as described in 7.5.2 or 7.5.3,
was used.

12.9 Fig. X1.1 is an example of a fabular report. It shows the
percent recovered versus the corresponding temperature read-
ing and versus the correcied temperature reading, Tt also shows
the percent loss, the corrected loss, and the percent evaporated
versus the corrected temperature reading.
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TABLE 8 Repeatahility and Reproducibility for Group 1

Manual Manua Automated Automated
E\;“’(l)?r?lr ﬂ;fd Aepeatahiity* Reprodusiblliy Repeatahiliy® Reproducibility®

" c o = o C " o o
IBP 3.3 31 6.8 10 3.9 T T2 13
5 1.8-+0.888; 3.4+0.868 8.4+1.745, 5641745 24+0.87S, 3.8+0.675¢ 4,412,085 7.9+2.08F
10 1,240,855 2,210,865, 2041.748 26+1,745, 1.7+0.675 3.0+0.675¢ 3,342,080 6.042.06,
20 1.2+0.858 2.240.8685 2041745 26+1.745; 11406750 2.040.675¢ 3,342,055 6.042.08F
30-70 1,540,865 2,840,865, 2.041.745 3.6+1.745¢ 1140675 2,0+0.875x 2.6+2.08¢ 4742085
a0 1,240,865 2,210,868 92,011,745, 26+1.745, 11406785 2,040,675 1.742.08 3.0+2.08¢
80 1,2+0,868; 2,2+0.888- 0.8+1.745; 1441, 745 1.1+0.675; 2.0+0.678¢ 0,742,085 1.2+2.08¢
95 1.240.865, 2,240,865 11417456 1.941,748p 2.5+0.678, 45406758 2.6+2.08 A74+3.05¢
FBP 4.9 7 7.2 13 4.4 8 8.9 18

“8g ar Sg is the average slope {or rafe of change) calculated in accordance with 13.2.

13, Precision and Bias

13.1 Precision:

13.1.1 The precision of fhis test method has been deter-
mined by the statistical examination of interlaboratory test
results obtained by 26 laboratories on 14 gasolines, by 4
Iaborarories on 8 samples of kerosine by the manual procedure,
3 laboratories on 6 samples of kerosine by the antomated
procedure, and 5 luboratorics on 10 samples of diesel fuel by
both the manual and antomated procedures. Table AL lists
which tables and figures are to be gsed for the dillerent fuel
groups, distillation methods, and temperature scales.

13.1.2 The following terms are used in this section: (I} r =
repeaiability and (2) R = reproducibility. The value of any of
these terms will depend upon whother the caleulations were
carried out in °C or °F.

13.2 Slope or Rate of Change of Temperature:

13.2.1 To determine the precision of a result, it is generally
necessary to determine the slope or rate of change of the
temperature at that particular point. This variable, denoted as
S or 8, is equal to the change in (emperaiure, either in °C or
in °F, respectively, per percent recovered or evaporated.

13.2.2 For Group | in the marual method and for all groups
in the autcmated method, the precision of the IBP and EP does
not require any slope calculation.

13.2.3 With the exception stated in 13.2.2 and in 13.2.4, the
slope at any point during the distitlation is calculated from the
following equations, using the values shown in Table 7:

Sc(or §g) = (Ty ~ T/ (Vy — V1) ()
where:
S = is the slope, *C/volume %,
Se = is the slope, “Ffvolumne %,
Ty = is the upper temperature, °C (or °F),
T, = is the lower emperaturs, °C (or °T),
Vy = is the volume % recovered or evaporated corre-
sponding to Ty,
Vr, = is the volume % recovered or evaporaied cotre-

gponding to T,, and
Vep = is the volume % recovered or evaporated corre-
sponding to the end point.
13.2.4 Inthe event that the distillation end point occurs prior
to the 95 % point, the slope at the end point is calculated as
follows:

13

Sc (o 8g) = (Tgp — Ter) / (Vi — Vi) (12)
where:

Trp or Typ is the temperature, in °C or °F at the percent
volume recovered indicated by the subscript,

Vgp Or Vi i8 the volume % recovered,
13.2.4.1 The subscripts in Eq 12 refer to:

EP = end point
HR = highest reading, either 80 % of 90 %, prior to the end
point.

13.2.5 For points between 10 to 85 % recovered which are
not shown in Table 7, the slope is caleulated as follows:

S (or 8) = 0.05(T (g — T 1) (13)

13.2.6 Fer samples in Group 1, the precision data reported
are bused on slope values caleculated from percent evaporated
data.

13.2.7 For samples in Group 2, 3, and 4, the precision data
reported (Table 8) are based on slope values calculated from
percent recovered data.

13.2.8 When results are reported as volume % recovered,
glope values for the caleulation of precision are to be deter-
mined from percent recovered data; when results are reported
as volume % evaporated slope values are o be determined
from % evaporated data.

13.3 Manual Method:

13.3.1 Repearability.

13.3.1.1 GROUP [---The difference between successive
results obtained by the same operator with the same apparatus
under constant operating conditions on identical test maierial
would, in the long run, in the normal and correct operation of
this test method, exceed the values calculated from Table 9 in
only one case in twenty.

133.12 GROUPS 2, 3, and 4—The difference beiween
successive results obtained by the sams operator with the same
apparatus under constant operating conditions on identical test
material would, in the long rom, in the normal and correct
operation of this test method, exceed the values calculated
from the values in Table 9 in only one case in twenty.

13.3.2 Reproducibility:
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TABLE 9 Repeatability and Reproducthility for Groups 2, 3 and 4 (Manual Method)

Repeatability” Raproduckitty
o ap afy oF
IRP 1.0+0.3538¢ 1.9+0.8365- 2.8+0.935, 8.0+0.935,
£—85 % 1.04+0.415¢ 1.8+0.418, 1.6+1.385, 3.5+1.338,
FBP 0.7+0.368 1.3+0.365, 3140428, 5,740,428
% volume at 0.7+0.92/3 0.741.66/S 1.5+1.78/8¢ 1.53+3.20/8

temperatire reading

A Calculate S, or Sg from 13.2,

13.3.2.1 GROUP I—The difference between two single and
independent results obtained by different operators working in
different laboratories on identical test material would, in the
normal and eorrect operation of this methad, exceed the values
caleulated from Table 9 in only one case in twenty.”

13.3.2.2 GROUPS 2, 3, and 4—The difference hetween two
single and independent results obtained by different operators
working in different laboratories on identical test magerial
would, in the normal and correct operation of this test wethod,
exceed the valuess calcolated from the data in Table 9 in only
one case in twenty.?

13.4 Automated Method:

13.4.1 Repeatability:

13.4.1.1 GROUP I—The difference between successive
results obtained by the same operator with the same apparatus
under constant operating conditions on identical test material
would, in the long ran, in the novmal and correct operation of
this test method, exceed the values caleulated from Table § in
only one case in twenty.

13.4.1.2 GROUPS 2, 3, and 4—The difference betweoen
successive results obtained by the same opecator with the same
apparatus under conslant operating conditions on identical test
material would, in the long run, in the pormal and correct
operation of this test method, exceed the values caleulated
Iromm Tuble 10 in only one case in twenty.

13.4.2 Reproducibility:

7 Precision data abtained from RR study an bath maoual and antomated T 86
units by Nocth Amerlean and IP Laboratoties.

*fabke 9 has heen derived from the nomographs in Flgs. 6 and 7 in ASTM
D B6-97.

13.4.2.1 GROLUP |—The difference between two single and
independent results obtained by different operators working in
different laboratories on identical test material would, in the
noroal and correct operation of this test method, exceed the
values calculated from Table 8 in only one case in twenty.”

13.4,2,2 GROVIPS 2, 3, and 4—The difference between two
single and independent results obtained by different operators
working in different laboratories on identical test material
wonld, in the narmal and correct operation of this test method,
exceed the values caleulated from Table 10 in only one case in
fwenty.

13.3 Bias:

13.5.1 Bias—Due to the use of total immersion thermom-
cters, or temperature sensing systems designed to emulate
them, the distillation temperatures in this test method are
somewhat lower than the tme temperatures. The amount of
bias depends on the product being distilled and the thermom-
eter used.

13.5.2 Relative Bigs—There exists a bias between the
empirical results of distillation properties obtained by this test
method and the true bolling point distiflation curve obtained by
Test Methed D 2892, The magnitude of this bias, and how it
relates to test precision, has not been rigorously studied.

13.5.3 Relative Bias-—An interlaboratory study® conducted
in 2003 using manual and antomated apparatus has conclwled
that thers is no statistical evidence to suggest that there is a bias
between manual and automated results.

i4. Keywords

14.1 batch distillation; distiliates; distillation; laboratory
distillation; petroleum products
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TABLE 10 Repeatability and Reproduelblilty for Groups 2, 3 and 4 (Automated)

, Repaatability® ihility®
Colleuied, % peeey Reproducihity
DC D"_“ HC OF

IBP 3.5 8.2 ES 182

2% 36 6.3 2,6 +1.925; 4.7 + 1928,
5% 1.1 +1.088,; 2.0 +1.088E 2.0 +2.535 3.6 + 2,586
10% 1.2 %1408, 2.2 +1.428¢ 3.0 + 2,645 5.4 + 2.645p
20-70 % 1.2 41428 2.8 +1.428: 2.8 +3.975; 6.2+ 8975
80 % 1.2 + 14284 2.2 41,428 9.0 +2.645 5.4 + 2,645
90-95 % 1.1 41088, 2.0+ 1088 2.0 + 2.535¢ 3.6+ 2,538
FBpP 35 8.3 10.6 188

A 8 or 8¢ s the average slape (or rate of ghange) calculated in accordance with 13.5.

ANNEXES

(Mandatory Information)

Al. REPEATABILITY AND REPRODUCIBILITY DEFINITION ATDS

Al.l Table Al.l is an aid for determining which repeat-
ability and reproducibility table or section, is to be used.

TAELE A1 Summary of Aids for Definition of Repeatahility and Reproducibility

Table or Saction to Use

Giroup Method Temperature Scale — —
Repeatability Reproducibility
1 Maruzz °c Tabdn B Table &
°F Tabia 8 Table 8
1 Automated °G Table & Table &
°F Tabls & Tabla &
234 Marual °c Table 9 Tabla 9
F Tabie © Tahble 0
234 Automated “ Tabla 10 Table 10
°F Table t0 Tabie 10

A2, DETAILED DESCRIPTION OF APPARATUS

A2.1 Distillarion Flusks—Flasks shall be of heat resistant
glass, conatructed to the dimensions and tolerances shown in
Fig. A2.1 and shall otherwise comply with the requirements of
Specification E 1405. Flask A {100 mL) may also be con-
structed with a ground glass joint, in which case the diameter
of the neck shall be the same as the 125-mL flask,

Wore A2,1—For tests specifying dry point, specially selected Ousks
with boitoms and walls of uniform thickness are desirable.

A2 Condenser and Condenser Bath—Typical types of
condenser and condenser baths are illustrated in Figs, 1 and 2.

A2.2.1 The condenser shall be made of searnless noncorro-
sive metal mbing, 560 = 5 mm in length, with an outside
diameter of 14 mm and a wall thickness of 0.8 to 0.9 mm.

Nowe A22—Brass or steinless steel has been found to be o sultable
material for this purpose.

A2.2.2 The condenser shall be set so that 393 = 3 mm of the
tube is in contact with the cooling medium, with 50 £ 3 mm
outside the cooling bath at the upper end, and with 114 £ 3 mm
outsids at the lower end. The portion of the wbe projecting at
the upper end shall be set at an angle of 75 = 3° with the
vertical. The portion of the tube inside the condenser bath shall
be either straight or bent in any suitable continuous smooth
curve. The average gradient shall be 15 *+ 1° with respect to
the horizontal, with no 10-cm section having a gradient outside
of the 15 = 32 range. The projecting lower portion of the
condenser tube shall be curved downward for a length of 76
mm and the lower end shall be cut off at an acute angle.
Provisicns shall be made to enable the flow of the distillate to
run down the side of the receiving cylinder. This can be
accomplished by using a drip-deflector, which is attached to the
outlet of the tube, Alternatively, the lower portion of the
condenser tube can be curved shightly backward to ensure
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contact with the wall of the receiving cylinder at a point 25 to
32 mm below the top of the receiving cylinder. Fig, AZ3 isa
drawing of an acceptable configuration of the lower end of the
condenser tube.

A2.23 The velume and the design of the bath will depend
on the cooling medinm employed. The cooling capacity of the
bath shall be adequate to maintain the required temperature for
the desired condenser performance. A single condenser bath
may be nsed for sevecal condenser tubes.

A23 Metal Shield or Enclosure for Fiask. (Manual units
only).

A2.3.1 Shield for Gas Burner (see Fig. 1}—The purpose of
this shield is to provide protection for the operator and yet
allow easy access to the burner and to the distillation fask
during operation. A typical shield would be 480-mm high,
280-mum long and 200-mm wide, made of sheet metal of
0.8-mm thickness (22 gauge). The shield shall be provided
with at least one window to observe the dry point at the end of
the distillation.

A2.3.2 Shield for Eleciric Heater (see Fig. 2)—A typical
shield would be 440-mm high, 200-mm long, and 200-mm
wide, made of sheet metal of approximately (.8-mm thickness
(22 gauge) and with a window in éhe front side, The shield shall
be provided with at least one window to observe the dry point
ar the end of the distillation.

A24 Heat Source:

A2.4.1 Gas Burner (ses Fig. 1), capable of bringing over
the first drop from a cold start within the time specified and of
continuing the distillation at the specified rate. A sensitive
meanual control valve and gas pressme regulator to give
complete control of heating shall be provided.

A2.4.2 Electric Heater (see Fig. 2), of low heat retentinn.

Note A2 3—Heaters, adjustable from 0 to 1000 W, have been found ro
be suitable for this purpose.

A2.5 Flask Support:

A25.1 Type I- Use a Type 1 fask support with a gas
bumer {see Fig, 1). This support consists of either a ring
support of the ordinary laboratory type, 100 mm or larger in
diameter, supported on a stand inside the shield, or a platform
adjustable from the ouwtside of the shicld. On this ring or
platform iz mounted a hard board made of ceramic or other
heat-resistant material, 3 to 6 mm in thickness, with a central
opening 76 to 100 mon in diameter, and outside line dimensions
slightly smaller than the inside boundaries of the shield.

A2.52 Type 2—Use a Type 2 flask support assembly with
electric heating (see Fig. 2 as one example). The assembly
consists of an adfustable system onte which the electric heater
is mounted with provision for placement of a flask support
board (see A2.6) above the electric heater. The whole assembly
is adjustable from the cutside of the shisld,

16

A26 Flask Support Board—The flask support board shall
be constructed of ceramic or other heat-resistant material, 3 to
6 mm in thickness. Flask support hoards are classified as A, B,
or C, based on the size of the centrally located opening, the
dimension of which is shown in Table 1. The flask support
board shall he of sufficient dimension to ensure that thermal
heat to the flask only comes from the centeal opening and that
extranecus heat to the flask other than through the ceniral
opening is minimized. (Warning—Asbestos-containing mate-
rials shall not be used in the consiruction of the flask support
board.)

A27 The flask sugport board can be mowved slightly in
different directions on the horizontal plane to position the
distillation flask so that direct heat iz applied to the flask only
through the opening in this board. Useally, the position of the
Nask is set by adjusting the length of the side-anm inserted into
the condenser.

A2.8 Provision shall be made for moving the flask support
assemnbly vertically so thut the fusk support board is in direct
contact with the hottom of the distillation flask during the
distillation. The assembly is moved down to allow for easy
mounting and removal of the distillation Aask from the unit,

A2.9  Receiving Cylinders -The receiving cylinder shall
have a capacity to measure and collect 100 miL. The shape of
the base shall be such that the receiver does not topple when
placed empty on a surface inclined at an angle of 13° from the
horizontal,

A2.9.1 Manual Method—The cylinder shall be graduated at
intervals of 1 mL and have a graduation at the 100-mL mark.
Consiruction details and tolerances for the graduated cylinder
are shown in Fig, A2 4,

A292 Auwtomated Method—The cylinder shall conform tc
the physical specificarions described in Fig, AZ.4, except that
graduations below the 100-mL mark are permitted, as long as
they do not interfere with the operation of the fevel follower.
Receiving cylinders for use in automated units may also have
& metal base.

A2.93 If required, the receiving cylinder shall be immersed
during the distillation to above the 100-mL gradoation line in
4 cooling liguid contained in 4 cooling bath, such as a tall-form
beaker of clear glass or transparent plastic. Alternatively, the
receiving cylinder may be placed in & thermostated bath air
circolation chamber.

A2,10 Residue Cylinder—The gradoated cylinder shall
have a capacity of 5 or 10 ml., with graduations into 0.1 mL
subdivisions, beginning at 0.1 mL, The top of the cylinder may
be flared, the other properties shall conform (o Specification
E 1272,

PRO_00106169



Case 1:13-cv-01215-TSC Document 198-25 Filed 10/07/19 Page 20 of 135

&% p 86 - 07

REINFORCING BEAD REHFORCING HEAD :
/ / £ 10722 QR sz X
/'IT.H * 1.3 mm LT /17.5 % 1.3 mam LD.
T 24 R0GT men WALL 1 2.5% 0.7 mm WALL
] R
.. 17.624.3 10
2Examm 215+ 3 mm 248 £ % um, ] 20207 mmowall
e ""U,ud.
)
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1.020.19% mm WALL L0£ D45 om WALL 1.0 £ 015 euan WALL
137 £ 3 197 3 137 3 mm.
e esstmmog.—+ Lozt mmop, e {46941 mm 0.+
1.5, 05 mm WALL 151 05 mm WaALL 155 0.5 mom WAL,
Flask A, 100 mL Flask B, 125 miL Flask B, 126 mL

FIG. A2.1 Flask A, 100 ml, Flask B, 125 ml.,, and Flask B with Ground Glass Joint, 125 mL
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dimensions in mm

\

Ak s

s :ﬁq‘%
e
R “é‘%ﬂ o

Approx. 76

Lower End of Condenser Tube
FiG. A2.3 Lower End of Condenser Tube

Pimensions In mm

i
{75025
Wall Thickness

28445

1915+ 133
Scale Length

Nove—1 to 100 mL in 1 ml graduations; tolerance = 1.0 ml.,
FIG. A2.4 100 mL Graduated Cylinder

19

PRO_00106172



Case 1:13-cv-01215-TSC Document 198-25 Filed 10/07/19 Page 23 of 135

Ak o 86 - 07

A3, DETERMINATION OF THE DIFTFERENCE IN LAG TIME BETWEEN AN ELECTRONIC TEMPERATTURFE
MEASUREMENT SYSTEM AND A MERCURY-IN-GLASS THERMOMETER

A3.1 The response time of an electronic temperamre
measuring device is inherently more rapid than that of a
mercury-in-glass thermometer. The temperulun: measuring
device assembly in general use, consisting of the sensor and its
casing, o an electronic system and it8 associated software, or
both, is so designed that the temperature meastring system will
sinmulate the temperators lag of the mercory-in-glass thermom-
eter.

A3.2 To determine the difference in lag time between such
a temperature measuring system and a mercury-in-glass ther-
mometer, analyze a sample such as gasoline, kerosine, jet fuel,
or light diesel fuel with the electronic temperature measure-
ment system in place and in accordance with the procedures
described in this test method. In most cases this is the standard
distillation step performed with an automated i,

A3.2.1 Do not use a single pure compound, a very narrow
boiling range product, or a synthetic blend of less than six
eompounds for this test.

A32.2 Bestresults are obtained with a sample that Is typical
of the sample load of the laboratory. Aliernatively, use a
full-range rmixture with a 5 to 95 % boiling range of at least
100°C,

A3.3 Replace the electronic temperature measuring device
with a low range or a high range mercury-in-glass thermom-
eter, depending on the boiling range of the sample.

A34 Repeat the distillation with this thermometer, and
manually record the temperature at the various percent recoy-
ered as described in 10.14,

A335 Caleulate the values for the repeatability for the
observed slope (ATYAV) Tor the different readings in the test.

A3.6 Compare (he test data obtained using these lwo
temperature measuring devices. The differcnce at any point
shall be equal to, or less than, the repeatability of the method
at that point. If this difference is larger, replace the electronic
temperature measuring device or adjust the electronics in-
volved, or both.

Ad. PROCEDURE TO DETERMINE THE PERCENT EVAPORATED OR PERCENT RECOVERED AT A PRESCRIBED
TEMPERATURE READING

A4.1 Many specifications require specific percentages
evaporated or recovered at prescribed temperature readings,
gither as maxima, minima, or ranges. The procedures to
determine these values are frequently designated by the terms
Exxx or Rxxx, where xxx is the desired temperature,

Nore Ad.i—Regulatory standards on the cerification of reformulated
gasoline under the complex model procedure require the determination of
B 200 and E 300, defined as the percent evaporated fuel at 93.3°C (200°F)
nnd 148.9°C (300°F), respectively. E 158, the percent evaporated at a
distillation temperature of T0°C {158°F}, is alse vsed in describing fuel
volatility characreristics. Other typical temperatues are R 200 for kero-
sines and B 230 and R 330 for gas oils, wheee R 200, R 250, and R 350
are the percent recovered fuel at 200°C, 250°C, and 350°C, respectively,

A42 Determine the barometric pressure, and calcnlate the
correction to the desired ternperature reading using Bq 3, Fq 4,
or Bq 5 for ¢ =xxx°C (or £=xxx"F),

A4.2.1 Manual Method—Determing this correction to
0.5°C (1°F).

A42.2 Automated Method—Determine this correction Lo
0.1°C (0.2°H).

Ad.3 Determine the expected temperature reading vo yield
x1xx°C (or 1x°F) after the barometiic correction. To obtalu the
expected valne, add the absolute valie of the calculated
correction to the desired temperature if the barometric pressure
is above 101.3 kPa. If the barometric pressure is below 101.3
kPa, subtract the absolute value of the calculated correction
from the desired temperature.

Ad4  Perform the distillation, as described in Section 10,

20

while taking into account A4.5 and Ad.6.

AA5  Manual Distiliarion:

A4.53.1 Tn the region between about 10°C below and 10°C
above the desired expected temperature reading determined in
A4.3 record the temperature reading in intervals of 1 volume
%.

Ad.5.2 Tf the intent of the distillation is to solely determine
the value of Exxx or Rxx, discontinue the distillation after at
least another 2 mL of distillate have been collected. Otherwise,
continug the distllation, as described in Section 10, and
determine (he observed loss, as described in 11,1,

A4.5.2,1 If the intent of the distillation is to determing the
value of Exax and the distillation was terminated alter about 2
ml, of distillate was collectzd beyond the desired temperature,
allow the distillate to drain into the receiving graduate, Allow
the contents of the Hask to cool to below approximately 40°C
and then drain its contents into the receiving graduate. Mote the
volume of product in the receiving graduvate to the nearest 3.5
mL at 2 min intsrvals untl two successive observalions agree.

A4.5.2.2 The amount recoverad in the receiving graduate is
the percent recovary, Determine the amount of observed logs
by subtracting the percent recovery from 100.0,

A4.6  Automated Distillation:

Ad 6.1 In the region between about 10°C below and 10°C
above the Jesired expected temperature reading determined in
Ad4.3, eollect femperature-volume data at 0.1 volume % inter-
vals or less.
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A4.6.2 Continue the distillation, as described in Section 10,
and determine the percent loss, as described in 11.1.

A4T  Caleulations:

ALT Manual Method—If a volume 9% recovered reading
is not available at the exact emperature calcnlated in A4.3,
detarmine the percent recovered by interpolation between the
two adjacent readings. Either the linear, as described in 11.6.1,
or the graphical procedure, as described in 11.6.2, is permitted.
The percent recovered is equal to Rxxx.

A4.7.2 Awromated Method—Report the observed volume to
0.1 volume % corresponding o the temperature closest to the
expected temperature reading. This is the percent recovered, or
Rxxx,

A4.7.3 Manual and Automated Methods—To determine the
value of Bxxx, add the observed loss to the percent recovered,
Rooxx, a8 determained in A4.7.1 or A4.7.2 and as described in Hq
9. .

A4.73.1 As prescribed in 12.6, do not use the corrected
loss.

A48 Precision:

A4.8.1 The statistical determination of the precision of the
volume % evaporated or recovered at a prescribed temperature
has not been directly measured in an interlaboratory program,
Tt can be shown that the precision of the volume % evaporated
or recovered at a prescribed temperature is equivalent to the
precision of the temperature measwement at that point divided
by the rale of change of temperatere versus volume %
evaporated or recovered. The estimation of precision becomes
less precise at high slope values.

A4.8.2 Caleulate the slope or rate of change in temperature
reading, Si-(or Sg), as described in 13.2 and Eq 1 and using
temperature values bracketing the desired remperature.

A4.8.3 Calculate the repeatability, r, or the reproducibility,
R, from the slope, S (or 8g), and the data in Table 8, Table 9,
or Table 10.

A4.84 Determing the repeatability or reproducibility, or
both, of the volume % evaporated or recovered at a prescribed
temperature from the following formulas:

"volume % = 1S (Sp) (Ad.1)

Fyalume % = RIS {S5) (A4.2)

where:

"yolume % = repealability of the volume % evaporated or
recovered,

reproducibility of the volume % evaporated
or recovered,

repeatability of the temperature at the pre-
scribed temperature al the observed percent
distilled,

R = reproducibility of the temperature at the
prescribed temperature at the observed per-
cent distilled, and

§A57) = rate of change in temperafure reading in *C
(°F) per the volume % evaporated or 1ecov-
ered.

A4.8.5 Examples on how to caleulate the repeatability and
the reproducibility are shown in Appendix X2,

Ryolome % =

v =

APTENDIXES

(Nonmandatory [nformation)

X1, EXAMPLES ILLUSTRATING CALCULATIONS FOR REPORTING OF DATA

X1.1 The gbserved distillation data used for the calculation
of the examples below are shown in the first three columng of
Fig. X1.1.

X1.1.1 Temperature readings corrected to 1013 kPa (760
mm Hg) pressuce (ses 11.3) are as follows:
cqtrectiun (*C) = 0.0009 (101.3 — 98.6) (273 -- t,) (X1.1)
comection (°F) = 0,00012 (760 — 740) (160 + 2) (X1.2)
X1.1.2 Loss comection to 101.3 kPa (see 11.4) are as
follows. The data for the examples are taken from Fig. X 1.1,
corrected loss = (0.5 4 (4.7 — 0.5)/ 1.3y
{1 +(10L.3 — 98.G)/30} = 1.8

X1.1.3 Recovery correction to 101.3 kPa (see 11.4.1) are as
foltows:

correeted recovery = 94.2 + (4.7 — 3.8) = 953 (X143

X1.2 Temperature Readings ar Prescribed Percent Evapo-
rated:

21

X1.2.1 Temperatore reading at 10 % evaporated (4.7 %
observed loss = 5.3 % recovered) (see 11.6.1) are as follows:

Ty (°C) = 137 + [(4D.3 —- 33.7) (X1.5)
(3.3 — W10 — 5)] = 34.1°C
Ty (°FY = 027 + [(104.5 — 92.7) (X1.6)

{53 — 3)K10 — 5)] = 93.1°F

X1.2.2 Temperature reading at 50 % evaporated (453 %
recovered) (see 11.6.1) are as follows:

Toqz(°C) ~ 93.9 + [{108.8 — 63.9) (X1.7)
(453 — 40)(30 — 40)] = 101.9°C
Toor (OF) = 201 + [(228 — 201) (X1.8)

(45.3 — 40)/(50 — 40)] = 215.3°F
X1.2.3 Temperature reading at 90 % evaporated (85.3 %
recovered) (see 11.6.1) are as follows:
Tyoe (°C) = 1816 + [(20L.6 — 181.6}
(85.3 — 83)/(90 — 83) | = 182.8°C

(X1.9)
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Togr ("F) = 358.9 + [(394.8 — 358.9) (X1.10 sample 10
hata analyzed: Barometric presaures 8.6 kPa
(85.3 — 85190 — 85)] = 361L.0°F Equipment Noa Anmlyst:
Remarksg
X1.2.4 Temperature reading at 90 % evaporated (85.3 % mﬂaromftric pressure
e, " 1 ryed correct: Lig:]
recovered) not corrected to 101.3 kPa pressure (see 11.6.1) are i §05.3 tpa ad thm't’"' m""““l Carapical
as follows: x 740w Hg TE0 ne hig X e
recovered  °C °F L “F  evaporated °C °F
Toor (*C) = 180.5 + [(200.4 — 180.5) (X111 1Bp 2B.5 8 2.2 ™2 5 2.7 B0D
: a 5 T o1 337 97 10 3.1 A
(83.3 — 85)/(90 — 83)] = 181.7C T ST B S P R 0.7 105.2
) i 15 &0 15 468 1Me.2 20 .3 N7
Tog (°F) = 357 + [(392 — 357) (X1.12} 20 54.5 30 553 151.5 30 5.7 150.2
30 4.0 15 ThE 1667 40 8,9 184,90
(5.3 — 85){90 — 83)] = 359.1°F g 1 210 S0 0.9 2153
R o Eomomh e e o
Nore X1.4—Results calculated from °C data may not correspond ™ 142.0 28 UIG v &0 1560 3328
actly b ¢ foom °F dit bes i ; . B0 166.5 [/ 167.6 3338 B5 166.4  335.1
exactly 1o results ealeulated from °F data because of ermors in rounding, @ 1805 WE 1816 3589 % 128 36100
02004 T 201,46 3%.48 95 2024 3963
B 2150 419 2162 4211
recovered, ¥ .2 5,3
residue, % 14 1.
loss, 4.7 3.6

FIG. X1.1 Example of Test Report
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X2, EXAMPLES OF CALCULATION OF REPEATABILITY AND REPRODUCIBILITY OF VOLUME % (RECOVERED OR
EVAPORATED) AT A PRESCRIBED TEMPERATURE READING

X2.1 Some specifications require the reporting of the =938
volume % evaporated or recovered at a prescribed temperature. X2.2.3 From the caleulated value of R, detecmine the value
Table X2.1 ghows the distillation data of a Group 1 sample s of volume, as deseribed in A4.8.4,
obtained by an antomated unit.

R yolume % = RI(S.) (X2.3)
X2.2 Fxample Calculation: =5.5/L1
X2.2.1 For a Group 1 sample ¢xhibiting distillation charac- =340

teristics as per Table X72.1, as determined by an automated wpit,

Rvclume % = RASy
the teproducibility of the volume evaporated,®volume %, at )

93.3°C (200°F) is determined as follows: = 98ILY
X2.2.1.1 Determine first the slopa at the desired tempera- =35
ture:
Se% = 0.1 (T ag — Ty} 2.1 TABLE X2.1 Distillation Data from a Group 1 Sample Automated
~0.1(94 — 83) Distillation
i - A ! Volume (mL)
=11 %:22?,::?2;2‘1? Temperature® C  Temparature *F Racovered at
Sp % = 0.4 (T gy — Ty} 93.3 ?;im F)
=0.1 (201 — 182) 10 84 183 '
19 20 94 202
) 30 103 217
¥2.2.2 From Table 9, determine the value of R, the repro- 40 Ha =3
ducibility at the observed percentage distilled. ln this case, the Distilation Point ] Volume (L0
observed perceniage distilled is 18 % and Evaporaied, mL TP G e )
R=33+20(5) (X22) ey
=33-+20% 11 1o 83 102
20 4 201
=34 50 108 217
R =60+20(5) 40 m 282
=60+20x 19

X3. TABLES OF CORRECTED LOSS FROM MEASURED LOSS AND BAROMETRIC PRESSURE

X311 The table presented as Fig. X3.1 can be used to X3.2 The table presented as Fig. X3.2 can be used to
determing the corrected loss from the measured loss and the  determine the corrected loss from the measured loss and the
barometric pressure in kPa. barometric pressure in mm Hg.

23
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Berometric Pressure, kPa
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FIG, X3.1 Corrected Loss from Ohserved Loss and Baromeltie Pressure kPa
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FIG. X3.2 Corrected Loss from Observed Loss and Barometric Pressure mm Hy
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Xd. PROCENURE TO EMULATE THE EMERGENT STEM ERROR OF A
MERCURY-IN-GLASS THERMOMETER.

¥4.1 When an electronic or other ssnsor without an
emergent siem error is used, the output of this scasor or the
asgociated data system should emulate the output of a mercury-
in-glass thermometer, Bascd on information supplied by four
manufacturers of automated Test Method D 86 equipment, the
averaged cquations shown in X4.2 and X4.3 have been
reported to be in use.

X4.1,1 The equations shown in X4.2 have limited applica-
bility and are shown for information purposes ouly. In addition
1o the correction for the emergent stem, the electronic sensor
and associated data system will also have to cmulate the lag in
response time observed for mercury-in-glass thermometers,

X4.2 When a low range thermometer would have been
used, no stem correction is to be applied below 20°C. Above
this temperature, the correction is calenlated using the follow-
ing formula:

ASTM 7C T, =T, — 0000162 X (T, - 20°Cy2  (¥4.1)

X4.3 'When a high range thermometer would have bzen
used, no stem correction is to be applied below 35°C. Above
this temperatore the correction is calculated nsing the follow-
ing formula:

ASTM 8C Ty, = T, - 0000131 X (T, — 35°C)* (X423

where:

T, = emulaied emperature in °C for low range thermom-
eters,

T, = emmlated temperature in °C for high range ther-
mometers, and

T, = true temperature in °C,

X5, EXPLANATORY REPORT FORMS

X5.1 Fig. X5.1 and Fig. X5.2 show report forms.

25
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"Percent Recoversad” Report Form

Ambient termperature at the start of the

ek
Drate: - Savribient barormetic pressure at the start of
Tirreer /-f’f /'j the test
Cperztaor
! /,/ -*"f L~~~ TWolime of Cordénsate ubsarved i the
recaiving Cylicler at ay paint in the
distillation, expressad & a parcertags of the
o chzrge vaume, In correctian with
- /,, /,.a*"’ sinattaneous terperature reading
Aibient tengperature °C) ﬁ"_://" Pt d ) Temperature meauing deviog readincs
———— o e which are correctad o 101, kPa
Mrnospheric pregzure (lsFa) ”__/ o e pr
Candenser amparaiure (Co) L - ADMELTIC PressLe
‘Temperdiore of the bath — — - -
) . - e ~~ | Groug 1, 2 & 3: 5 to 10 minutes
arourd recsving cdinder FCY o e Grouga 4 5 tn 15 mi
4 minutas
T el P :
Parcent Corracted Time or //"l roup L& 20 60 to 100 seconds J
Recnvared Temps!rﬂtr:m ml. ¥ min
Heading ") / 4 to% ml f win uniform avrsgs rate from 5%
1BF L M_,.Jﬂ-“ recovered o 5 il in flask
5 '1
i8] olume of cordansata obzerad in the
14 reaping Cyliwler when the Smil carditions
20 e reached
25
30 Wolume of condensate obeervad in the
35 racaiving citder when tha fina boiing poict
i i ohagryad
15 f’
El — ,,r"’lW'B)ﬂlem percant pecoveras J
E5 -~ /‘
EEI //' L / Volime of refdus n the flask expressed as a
= pFrl:erll”aue of the charge wobuome
65 P =
;g - /"—/ ,/ e - TCamBined Percent Recvary and Percent
= — — et [ - Rasidue i1 the flazk
55 i - ~ = _‘_,,f“ Tirme ﬁbmmm"M|
B . B0 L e _7,:/ s ‘_’/
& ml msidue f,/ A g e ﬂ,...-*"'l 100 mirnts the Total Fecovery I
85 = o = ;"’//
FBF | | -~ TRarcant RECOVEry conectad for aromate
J’:x — — / nressure
Percent Recovery
ool Rasidl 5,,-— o - e [Péifcant Loss corrected for barameirlc l
Parcent Total Racovery e - — - i
Percent Loss Comecied Loss e | Camnbined Fercard Removery and Fercant
Conected Percent Recovary Correctad Total Racovery Residue In the fask cotracted for haromstre

Comments:

FIG. X5.1 Percen

Pregsire

t Recovered Repart Form
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“Percent Evaporated” Report Form

Date:

Time:

Oparatar:

Amblent temperaiue (°C)

Atmosphene prossura [kPa)

Condenser Lenperatuee (*C)

Temperalure ofthe bath
around raceiving tyinder ('C)

T

Labaratary:

| arrbient temperature at the start of the
tesk

Amtient: barometlc prassure at the start of
the: test

Vokume of condensats ehserved It the
recehing cyinder at any paint In the
distilation, expressed as a petcentage of the
change yolurmes, feonmection with
simultaneous temperature reading

Percent
Recovered

Correctad
Temperature
Reading (*Ch

Time er
ml / min

Percent

Evagorated

Temperatura
Readings at
prescitbed
it

"1 evaporated ['C)

Termparature measuing device readings
which are corrected to 101,3 kPa
barametric presaxe

Sum of the percent recaverad and the
ent loss

Termperatre measuring device readings at
specified parcentages evaporated calculaied
with arithmeticd ar graphica procecures

L——""TGroup C:

210 5 minuites
3 to 10 minutes
Group 4 5 o 15 minutes

Group L, 28 3

IBP

IBP

[4

5

Greup 122 60 te 100 saninds

10

10

15

14

Croupl: tine from first application of heak ra
10% reqoverad = 3 ko 4 minutes

Group 0, 1, 2, 3& 44 to 5 ml f min
Uit avrage rate fram 5% recovererd to 5
ml in fask

BhﬁB&SEﬂB'&%B

\

Yolume of condensate observed In the
racaiving cylinder when the Sl conditions
e reached

\ohume of cordersate abservad In the
reCRiving cylinder whan the final holing
point is chserved

o

o

\

] W percent recovered |

P

Baga

i

-

(olume of residug in the flask axpressed as
a percantage of the charge volume

e

& ml regidue

B (SRS [RB] D 5 S B

el
[

k kN

|Combired Pereent Recavery and Percent
Residus in the flask

FBR

"]

~FaP

Percent Recovery

Perzant Regidue

Parcant Tolal Reeovery

/
/’
|~
_,,.r"""
e~
="
Pl
_g-—"""hﬁ-’

L

Time from S mlin flagk to FBP = < 5 minutes

E it the Total Recovery —I

Percent Loss

[

Conected Loss

Pexcent Recovery rorrected for barometic
ragssue

Corecied Percenl Recovery

Corrected Total Recorery

Commeris:

|Flercent Loss comected for baromatic 1

FIG. X5.2 Percent Evaporated Report Form

21

Combined Percent Recovery and Pescent
Residiz n the flask comected for baromatric
prassure
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SUMMARY OF CHANGES

Subcommittee 130208 has identified the location of selected changes to this standard since the last issue
{D 86-05) that may impact the use of this standard. (Approved Jan. 15, 2007.)

(1) Deleted “natural gasolines” from 1.1. (3) Added Fig. 6.
{2) Delsted “Group 0™ from the entire slandard.

Subcommittee D02.08 has identified the location of selected changes to this standard since the last issue,
{D 86-04b), that may impact the use of this standard. (Approved Tuly 1, 2003.)

({} Replaced Table 4 with new values, (#) Added Appendix X3, and cross-reference in Section 12.1.
(2) Revised 9.1.2-9.1.2.2, 9.1.5, and Notes 9-11.

(3) Added 1353 and foomote reference to the research

report.

ASTM latarnational tales no position respecting the validty of any patent rights asserted in conrection with ary fferm mentioned
in this slandard. Users of this siandard are axpressly adviseq et detarmination of the validity of any such palent righis, and the sk
of inlieggament of such righte, ara entiraly their own responsibiliy.

This standard is subect (o revision at any time by the responalive techrical commitiee and must be reviewed sveary five years and
it not revised, either reapproved or withelrawn. Your commaennis are imdted sitherfor rovislon of this stanaard ar for adoitional skandards
and shouit be addrassed o ASTM inteymational Headquarters. Your comments will receive careful consideration: at 8 meeting of the
rasponsihls tachnical committas, witch you may attend. If you feel that your corments kava not recelved a fair headng you shouid
maka your views known fo the ASTM Commitias on Stanvaras, at the address shown balow:

This standard is copyrightad by ASYW! Intematicral, 106 Barr HarGor Drive, PO Box C700, West Conshahiocken, FA 12428-2609,
Uniter) States, Individual reprints (single or multipde copies) of Whis standarg may ba oblained by contacting ASTM at the above
address or o B10-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-malll: or throvgh the ASTM websile
(wwweasim.arg).

28
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4 H.“y) Designation: D 975 —98b

Standard Specmcatlon for
Diesel Fuel Oils’

An American National Stancard

This standard is issued under the fixed designation D 975; the number immediately following the designation indicates the year of
original adoption ot, in the case of revisian, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reappraval.

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

1. Scope

1.1 This specification covers five grades of diesel fuel oils
suitable for various types of diesel engines. These grades are
described as follows:

1.1.1 Grade Low Sulfur No. 1-D—A special-purpose, light
distillate fuel for automotive diesel engines requiring low
sulfur fuel and requiring higher volatility than that provided by
Grade Low Sulfur No. 2-D.2

1.1.2 Grade Low Sulfur No.2-D— A general-purpose,
middle distillate fuel for automotive diesel engines requiring
low sulfur fuel. It is also suitable for use in non-automotive
applications, especially in conditions of varying speed and
load?

1.1.3 Grade No. 1-D—A special-purpose, light distillate
fuel for automotive diesel engines in applications requiring
higher volatility than that provided by Grade No. 2-D fuels.

1.1.4 Grade No. 2-D—A general-purpose, middle distillate -

fuel for automotive diesel engines, which is also suitable for
use in norn-automotive applications, especially in conditions of
frequently varying speed and load.

. 1.1.5 Grade No. 4-D—A heavy distillate fuel, or a blend of
distillate and residual oil, for low- and medium-speed diesel
engines in non-automotive applications involving predomi-
nantly constant speed and load. :

Note 1—A more detailed description of the grades of diesel fuel oils i 1s
given in Appendix X1.2.

1.2 This specification, unless otherwise provided by agree-
ment between the purchaser and the supplier, prescribes the
required properties of diesel fuels at the time and place of

delivery.
1.2.1 Nothing in this spec1ﬁcat1on shall preclude observance

of federal, state, or local regulations which may be more
testrictive.

Note 2—The generation and d1s51pauon of static electricity can create
problems in the handling of distillate diesel fuel oils. For more informa-
tion on the subject, see Guide D 4865.

! This specification is under the jurisdiction of ASTM Committee D-2 on
Petroleum Products and Lubricants and is the direct responsibility of Subcommittee
DO02.E on Bumer, Diesel, Non-aviation Gas Turbine, and Marine Fuels.

Current edition approved Dec.10, 1998. Published February 1999. Originally
published as D975 48 T. Last previous edition D975 —98a.

*This fuel complies with 40 CFR Part 80—Regulation of Fuels and Fuel
Additives: Fuel Quality Regulations for Highway Diesel Fuel Sold in 1993 and
Later Calendar Years.

345.

1.3 Values are stated in S units and are regarded as the
standard.

2. Referenced Documents

2.1 ASTM Standards:

D 56 Test Method for Flash Point by Tag Closed Tester®

D 86 Test Method for Distillation of Petroleum Products®

D 93 Test Methods for Flash Point by Pensky-Martens
Closed Cup Tester®

D 97 Test Method for Pour Point of Petroleum Products?

D 129 Test Method for Sulfur in Petroleum Products (Gen-
eral Bomb Method)?

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

D 445 Test Method for Kinematic Viscosity of Transparent
and Opaque Liquids (and the Calculation of Dynamic
Viscosity)®

D 482 Test Method for Ash from Petroleum Products3

D 524 Test Method for Ramsbottom Carbon Residue of
Petroleum Products®

D 613 Test Method for Cetane Number of Dlesel Fuel Oil*

- D976 Test Methods for Calculated Cetane Index of Distil-
late Fuels® .

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

D (319 Test Method for Hydrocarbon Types in quuld
Petroleum Products by Fluorescent Indicator Adsorption®
D 1500 Test Method for ASTM Color of Petroleum P1od~

~ ucts (ASTM Color Scale)?

D 1552 Test Method for Sulfur in Penoleum Products
(High-Temperature Method)?

D 1796 Test Mathod for Water and Sediment in Fuel Oils by

. the Centrifuge Method (Laboratory Procedure)®

D 2274 Test Method for Oxidation Stability of Distillate
Fuel Oil (Accelerated Method)®

D 2276 Test Method for Particulate Contaminant in Av1a-
tion Fuel by Line Sampling® ‘

D 2500 Test Method for Cloud Point of Petroleum Oils?

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

2 Annual Book of ASTM Standards, Vol 05.01.
* Annual Book of ASTM Standards, Vol 05.04.
3 Annural Book of ASTM Standards, Vol 05.02.

T
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D 2709 Test Method for Water and Sediment in Distillate
Fuels by Centrifuge’

D 2880 Specification for Gas Turbine Fuel Oils®

D31 175 Test Method for Wax Appearance Point of Distillate
Fuels

D 3120 Test Method for Trace Quantities of Sulfur in Light
Liquid Petroleum Hydrocarbons by OX1datrve Mlerocou-‘
lometry®

Grades Low Sulfur No. 1-D, Low Sulfur No. 2-D, No. 1-D, and
No. 2-D, Test Method D) 56 can be used as an alternate with the
same limits; proyided-the-flash point is below.93°C and the
v1scosrty is below 5.5 mm?/s’ at 40°C, This fest method will
give slightly lower values. ‘I Cases' of dispiite, Test Method

D 93 ghall be used as the referee method.

D 3828 Test Methods for Flash Point by Small Scale Closed

Tester’
D 4057 Practice for Manual Samplmg of Petroleum and
' Pétroleunt Prodicts’
D 4294 Test Method for Sulfur in Petroleum Products by
Energy-Dispersive X-Ray Fluorescence Spectrometry5
D 4539 Test Method for Frltera‘brhty of Diesel Fuels by
Low Temperature Flow Test (LTFTY =« "
D 4737 Test Méthod foi' Calcu[ated Cetane Index by Four
Variable Equation®
D 4863 ‘Guide for Generation and Drssrpatron of Static
Electr1c1ty in Petroleum Fuel Systerns® .
D 50(‘)‘1\_‘Test M ‘ ‘od for’ Meaéurement of Lubrlcrty of
Evaluator (BOCLE)6
D'5771° Teist Method for Cloud Pomt of Pettoleum Products
(Optrcal Deétection Stépped Coolirig Method)® -~
D 5772 Test Method for Cloud Poiiit of Petroleum Products
(Linéar Coolitig'Raté Method)S
D 5773 Test Method for Cloud Point of Petroleum Products
(Constant Cooling Rate' Methiod)® ™
D078 Test Method for Evaluating Lubncrty of Diesel
Fuels by the Scuffing Load Ball-»on—Cyhnder Lubnmty
Evaluatron (SLBOCLE)
D 6079 Teét Method for Evaluating Lubrlolty of Diesel
Fuels by the ngh-—Fequency Recrprocatmg Rig (HFFR)
25" Other Dodutnents:*
26 CFR Part 48 Manufacturers and Realtors Excise Taxes
26 CFR Part 48 D1ese1 Fuel Excrse Tax, Dye Color and
' " Concénltration
‘40 CFR Part 80 Regulatlon ‘of Fusls and Puel Additives
IP 309 Diesel and domestic heating fuels-Derenmnatron of
© &old filter plugging pomt

3. Test Methods

3.1.1 Flash Point—Test Méthod D 93 except Where other
methods are préscribed by law. For-all grades, Test Method
D 3828 can be used as an alternate W1th the same hrmts For

8 Annisal Book of ASTM Standards, Vol 05.03.

3.1.2 Cloud Point-—Test Method D,2500, For all grades, the
automatrc Test Method D 5771, D3 772 or D 5773 can be used
as alternates with the same 11m1ts Tast Method D 3117 can also

"“be used since it is closely related to Tést Method D 2500. In
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case of dispute, Test Method D 2500 shall be the referee
method.

-~ 3.1.3 Water and Sediment-—Test Method 1:2709.is used for
Grades Low Sulfur No: 1-D; Tsow Sulfur No.2-I); No. 1-D;and
No, 2-D, Test Method D 1796 is used for Grade No. 4~D ¢

» 3:1.4-Carbon Residue—Test Method D 524, '

.3:1.5:Ash—Test Method D482, -« r

3.1.6 Distillation of Low Sulfur No. 1-D, Low Sulﬁ,tr No
2-D, No. 1-D, and No. 2-D Fuel Oils—Test Method D 86

3.1.7 Viscosity—<Test Method D 445.

3:1.8 Sulfur-~Test Method D 2622is used for' Grades Low
Sulfur No; 1-D and Low Sulfuf Ne. 2-Ds Test Methods D.- 1266,
D3120 and D4294 are also suitable for. determining. up to
0.05 % sulfur in diesel fuels. Test Method D 129 is used: for
Grades No. 1D, No: 2-D and No. 4-B: Test Methods D 1552,
D2622, and D4294 can also be used. for these: grades. In
addition; Test Method D 1266 can be used for Grade:-No. 1, but
only with. samples. having sulfur conteits of 0.4 mass % and
leds (dowirr to0 0.01%). Ih case of dispute; Test Method D. 2622
is the reféree sulfur test method for Grades Low Sulfur:No, 1-D
and Low Sulfur No. 2-D. Test Method D 129 is the, referes
sulfur.test: method for.Grades No., 1-D,’No. 2-D,:and No, 4-D.

" 3:0:9 : Corrosion—Test:Method D 130; 3 h;.atest at 50°C,

351,10, Cetane Number—Test Method D:613.

3.1.11 Cetane Index—Methdd-D) 976 + 80.. et

3.1.12 Aromatzczzy—Test Method D 1319. Thrs test method
prov1c1es ari indication of the aromatics content of fyels. For
fuels with 2 maximum final boiling point of 315°C, this method
is a measurement of the aromatic content of the fuel.

4. Workmanship

4.1 The diesel fuel shall be v1sua11y free of undrssolved
water, ‘sedimeént; and suspended matter

R

5. Requiréitients o
5.1 The grades of diesel fuel oils herein specified shall be

hydrocarbon oils confonmrig to the detalled requrrements

shiowri in Table'l, -

6. Keywords

6.1 diesel; fuel oil; petroleum and. petroleum products;
specrﬁcatron
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TABLE 1 Detailed Requirements for Diesel Fuel Oils*

Grade Low Grade Low

Property . . . A“SAZch 0295 t Sulfur Sulfur Grade No. 1-D? Grade No. 2-DP Grade No. 4-D?
No. 1-D€ No. 2-D¢
Flash Foint, °C, min. ' : D93, .38 52 38 . 52 55
Water and Sediment, % vol, max ' D 2709 0.05 005 0.05 0.05
; D 1796 ' 0.50
Distillation Temperature, °C 90 % % vol . D86
Recovered
min : : L 2828 w 2828
max . : . 288 338 288 338
Kinematic Viscosity, mm®$ at 40°C : D 445
min. 1.3 1.9 1.3 1.9 5.5
max w24 4.4 2.4 4.1 24.0
Ash % mass, max ‘ D 482 0.01 7 0.01 0.01 : 0.01 0.10
Sulfur, % mass, max” D 26227 0.05 0.05
: : D129 0.50 0.50 2.00
Copper strip corrosion rating max 3 h D 130 No. 3 No. 3 No. 8 i No, 3
at 50°C ‘ : . ‘ ‘
Cetane number, min* " D618 : 40! 40! 40! 40! 30!
One of the following propemes must
be met: : o
(1) Cetane index, min. D 9767 40 40 - o
(2) Aromaticity, % vol, max D1319F - 35 35
Cloud point, °C, max D 2500 4 ’ 4 v 4 v
Ramsbottom carbon residue on 10 % D 524 0.15 0.35 © 015 . 0.35
distillation residue, % mass, max

ATo meet special operating condltlons'modlflcatlons of individual limiting requirements may be agreed upon betwean purchaser, seller, and manufacturer.

“The tast methods indicated are the approved referee riiethods. Other d@cceptable methads are indicated in 3.1.
Sinder United States ragulations, it Grades Low Suifur No, 1-D-or Low. Sulfur No, 2-D are sold for tax exempt purposes then, at or beyond terminal storage tanks, they
are required by 26 CFR Part 48 to contain the dye Solvent Red 184 at a concentration spectraily equivalent to 3.9 lbs per thousand barrels of the solid dye standard Solvent

Red 26, or the tax must be collected.
BUnder United States regulations, Grades No.1—D, No. 2-D, and No. 4-D are required by 40 CFR Part 80 to contain a sufficient amourtt of the dye Solvent Red 164

5o ts presence is visually apparent. At or beyond terminal storage tanks, they are required by 26 CFR Part 48 to contain the dye Solvent Red 164 &t a concentration

spectrally equivalent to 3.9 Ios per thousand barrels of the solid dye standard Solvent Fed 26.
Ewhen a cloud point less than = 12°C i is speclfled the minimum flash point shall be 38°C, the minimum viscosity at 40°C shall be 1.7 mm?fs, and the minimum 80 %

recovered temperature shall be waived,
FOther sulfur limits can apply in selected areas in the United States and in other countries,

@These test methods are specified in 40 CFR-Part 80,

HWhere cetane number by Test Method D 613 is not-available, Test Method D 4737 can be used as an approxmatlon

_ow ambient temperatures as well as engine operation at high altitudes may require the use of fuels with higher cetane ratings.

It is unraalistic to specify low temperature properties that will ensure satisfactory operation at all ambient conditions. n general, cloud point (or wax appearance point}
may be used as an estimate of operating temperature limits for Grades Low Sulfur No. 1; Low Suliur No. 2; and No. 1 and No. 2 diesel fuel oils. However, satisfactory
operation below the cloud point (or wax appearance point) may be achieved depending on equipment design, operating conditiens, and the use of flow-improver additives
as described in X4.1.2. Terth percentile minimum air temperatures for U.S. locations are provided in Appendix X4 as a means of estimating expected regional
temperatures. This guidance is general. Some equipment designs or operation may allow higher or require lower cloud paint fuels, Appropriate low temperature gperability
propertias should be agreed upon betweean the fuel supplier and.purchaser for ths intended use and expested ambient temperatures,

APPENDIXES
(Nonmandatory Informatlon)

w0 X SIGNIFICANCE OF ASTM SPECIFICATION FOR DIESEL FUEL OILS

X1.1 Introduction . ‘ five grades of diesel fuel oils. These grades and their general
X1.1.1 The properties of commercial fuel oils depend on the applicability for use in diesel engmes are broadly indicated as
refining practices employed and the nature of the crude oils follows;
from which they are produced. Distillate fuel oils, for example; -X1.2.2 Grade Low Su]fur No. 1 -D—Grade Low Sulfur No.
may be produced within the boiling range of 150 and 400°C  1-D comprises the class of low-sulfur, volatile fuel oils from
'having many po’s‘sible‘ combinations of various properties such kerosine to the intermediate distillates, Fuels within this grade
as volatility; ignition quality, viscosity, and othier charactens— are applicable for use in high-speed engines that require low
tics. : sulfur fuel and in services involving frequent and relatwely
wide variations in loads and speeds, and also for use in cases
X1.2 Grades .. _where abnormally low fuel temperatures are encountered.
- X1.2.4 This specification .is intended. as a statement of X1.2.3 Grade Low Sulfur No. 2-D—Grade Low Sulfur No.
permissible limits of significant fuel properties used for speci-  2-D includes the class of low-sulfur, distillate gas oils of lower
fying the wide variety of commercially available diesel fuel  volatility than Grade Low Sulfur No. 1-D. These fuels are
oils. Limiting values of significant properties are prescribed for  applicable for use in high-speed engines that require low sulfur
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fuels and in services mvolvmg relatwely high' 16ads” and -

uniform speeds, or in englnes not requiring fuels havmg the
Higher volatility ot other propertles specrﬁed for Grad¢' Low
Sulfur No.-1-D.

X1.2.4 Grade No. I- D— Grade No 1-D comprrses the class’;‘f

of volatile fuel oils from kerosine to the intermediate distil-
lates. Fuels within this grade are applicable for use in high-
speed engines in services involving frequent and relatively

wide variations in loads and speeds; and also foruse in cases:

where abnormally low fuel temperatures are encountered.
X1.2.5 Grade No. 2-D— Grade No. 2-D includes the class

of distillate gas oils. of lower volatility. These fuels are

applicable for use in high-speed engines in sefvices involving

relatively high loads and uniform speeds, or in. engines not,

requiring fuels having the higher volatility or other properties
specified for Grade No, 1-D.

X1.2.6 Grade No. 4-D— Grade No. 4-D covers the class of
more viscous distillates and blends of these distillates with
residual fuel oils. These fuels are applicable for usé in low- and
medium-speed engines employed in services involving sus-
tained 1oads at substant1ally constant, speed
Xl 3 Selectron of Partrcular Grade

Xl 3.1 The selectron of \a'partrcular diesel fuel oil from otie .
of these three ASTM grades for use in a given engine requlres
conmderatlon of” g follo mg factors:

X1.3.1.1 Fuel prlce and avallablhty,

- X1:3.1.2 Maintetianee. considerations,

X1.3.1.3 Engine size and design,

X1.3.1.4 Emission control systems

X1.3.1.5 Speed and load ranges, ‘

‘Xl 3 1‘6 Frequency. of spieed and load: changes, and

P opern‘s outhned as followgr

Xl 4 Cetane Number

'?.

* punp and injector leakage, Maximum v1scosrty, on the other
.hand, is limited by considerations mvolved in engine design
and size, and the charactenstlcs of the'injection system.

X1.7. Carbon Res1due

X1.7.1 Carbon residue gives a measure of the carbon
depositing tendencies of a fuel oil when heated h 2 bulb under
prescribed conditions. While not directly correlating with
engine deposits, this property is considered an approximation.

X1.8 Sulfur

X1.8.1 The effect of sulfur content on engine Wwear and
deposits .appears to vary considerably in importance and
depends largely on operating conditisiis. Fuel Sulfiit ¢an daffsct
emission control systems performance. To assure maxifium
availability of fuels, the permissible sulfur content should be
specified as high as is practicable, consistent with mamtenance
considerations, : :

X1.9 Fldsh Point

"~ X1.9.1° Thig flash poin a 1,spec1ﬁed i§ not dlrectly related to

‘ engme performance.-It is, however; of importance in connec-

3 msurance and ﬁre regulatlons

tmosphenc condrtrons, Some of these factors can

X1.4.1 Cetane numberis a measure of the 1gn1t10n qualrty of

the fuel and influences combustion roughness. The cetane

number requirements depend on engine design, size, nature of .

speed and load variations, and on starting and atmosphietic

conditions. Increase in cetane number over values, actually

required does not materially improve engine performance E

Accordingly, the cetane number speclﬁed should,be as, low as,,
possible to assure maximuim ‘fuel avallabrhty '

Lo

X115 Dlstlllatlon

X1.5.1 The fuel’ volatllity Tequitements’ depend on enéme
design, 51ze, nature of speed and load vana‘aons, and startmg
and atmdspheric: condrtrons\ For engites i serv1ces mvolvmg
Fapidly - ﬂuctuatmg loads and’ speeds ‘ds it biis and” tuck
operatlon, the more volatile fiiels may proV1de best pérfor-
mance; pa;ttrcularly with réspect to smioke ‘anid 'odot; HoWever
best fiigl ‘ecoriomy is generally obtamed fronithe heavrer types
of fuels because of therr hrgher heat content " '

X1.. 6 VISCOSlty e 5o

" X1.6.1 For some engines it is-advantagecus 1o spec1fy a

mmnnum vrscosrty because of power loss due 10 m_]ectron
[P (P A

1 4
[T LA

_ tioh with legal requlrements and safety precautions involved in
el handhng and storagd, 4nd is normally spemﬁed to" meet

i

“
it I

' X1.10 Cloud Point

. X1.10.1 Cloud pomt is of 1mportanee in that 1t deﬁnes the
temperature ‘at 'which a cloud or haze of wax crystals appears
in the. oil’ under prescrrbed test. conditions .which .generally
relates to thé temperature at which. 1 tystals ‘begit' to
prec1p1tate from the 011 inuse. . PR

I
BT

Xl 11 Ash

' X1.1L1 Ash—fonnmg materrals may be present in fuel orl in
two forms; (1) abrasive solids, and (2) soluble metallic soaps.
Abrasive solids contribute to injector, fuel pump, piston and

;. ring wear, and also to engine deposits. Soluble metallic soaps

have little effect on wear but may contribute to engine deposits.

%113 éoﬁper Strip Corrosion

i X1612:1 This test.serves as-a measure of possible difficulties

848

with copper and brass or bronze parts of the fuel system.
(RN TSP ‘ .
X1.13 Aromaticity -

Xl 13.1 This, test;is. used as an mdrcatron of the aromatrc
contents,of diesel fuel. Azomatic content is specified to. prevent
an increase in the average aromatics in Grades Low. Sulfur No.
1-D and Low:-Sulfyr. No. 2-D, fugls. Increases in.aromatic
content of fuels over current levels may haye-a negative impact
on emissions.

X1.14 Cetane Index g
i X1.14:1 Cetane’ Index i specified dy "4 limitation ‘on "the

amount of high aroinatic components i Grades’ Low Slﬂﬁll‘
No 1D »and Low Sulfur No Z-D '

U

.
)
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X2. LONG-TERM STORAGE OF DISTILLATE FUELS

X2.1 Scope

X2.1.1 This appendix provides guidance for consumers of
distillate fuels who may wish to store quantities of fuels for
extended periods. Fuels containing residual components are
excluded. Consistently successful long-term fuel storage re-
quires attention to fuel selection, storage conditions, and
monitoring of properties prior to and during storage.

X2.1.2 Normally produced fuels have adequate stability
properties to withstand normal storage without the formation of
troublesome amounts of insoluble degradation products. Fuels
that are to be stored for prolonged periods should be selected
to avoid formation of sediments, which can overload filters or
plug combustor nozzles or injectors. Selection of these fuels
should result from supplier-user discussions.

X2.1.3 These suggested practices are general in nature and
should not be considered substitutes for any requirements
imposed by the warranty of the distillate fuel equipment
manufacturer or by federal, state, or local government regula-
tions. Although they cannot replace a knowledge of local
conditions or good engineering and scientific judgment, these
suggested practices do provide guidance in developing an
individual fuel management system for the distillate fuel user.
They include suggestions in the operation and maintenance of
existing fuel storage and handling facilities and for identifying
where, when, and how fuel quality should be monitored.

X2.2 Definitions

X2.2.1 Zong—term storage—storage of fuel for longer than
12 months after it is received by the user. ‘

X2.2.2 bulk fuel—fuel in the storage facility.

X2.2.3 combustor fuel— fuel entering the combustion zone
of the burner or engine after filtration or other treatment of bulk
fuel.

X2.2.4 fuel contaminants—ioreign materials that make fuel
less suitable or unsuitable for the intended use. Fuel contami-
nants include materials introduced subsequent to the manufac-
ture of fuel and fuel degradation products.

X2.2.5 fuel-degradation products—those materials that are
formed in fuel during extended storage. Insoluble degradation
products may combine with other fuel contaminants to rein-
force deleterious effects. Soluble degradation products (soluble
gums) are less volatile than fuel and may carbonize to form in
fuels due to complex interactions and oxidation of small
amounts of olefinic, sulfurous, oxygenated, and nitrogenous
compounds present in fuels. The formation of degradation
products may be catalyzed by dissolved metals, especmlly
copper salts.

X2.3 Fuel Selection

X2.3.1 Certain distilled refinery products are generally
more suitable for long-term storage than others. The stability
properties of distillates are highly dependent on the crude oil
sources, severity of processing, and whether additional refinery
treatment has been carried out.

X2.3.2 The composition and stability properties of distillate
fuels produced at specific refineries may be different. Any
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special requirements of the user, such as long-term storage,
should be discussed with the supplier.

X2.3.3 Blends of fuels from various sources may interact to
give stability properties worse than expected based on the
characteristics of the individual fuels.

X2.4 Fuel Additives

X2.4.1 Available fuel additives can improve the suitability
of marginal fuels for long-term storage but may be unsuccess-
ful for fuels with markedly poor stability properties. Most
additives should be added at the refinery or during the early
weeks of storage to obtain maximum benefits.

X2.4.2 Biocides or biostats destroy or inhibit the growth of
fungi and bacteria, which can grow at fuel-water interfaces to
give high particulate concentrations in the fuel. Available
biocides are soluble in both the fuel and water or in the water
phase only.

X2.5 Tests for Fuel Quality

X2.5.1 At the time of manufacture, the storage stability of
fuel may be assessed using Test Method D 2274. However, this
accelerated stability test may not correlate well with field
storage stability due to varying field conditions and to fuel
composition.

X2.5.2 Performance criteria for accelerated stablhty tests
that assure satisfactory long-term storage of fuels have not
been established. ‘

X2.6 Fuel Monitoring

X2.6.1 Aplan for monitoring the quality of bulk fuel during
prolonged storage is an integral part of a successful program. A
plan to replace aged fuel with fresh product at established
intervals is also desirable.

X2.6.2 Stored fuel should be periodically sampled and its
quality assessed. Practice D 4057 provides guidance for sam-
pling. Fuel contaminants and degradation products will usually
settle to the bottom of a quiescent tank. A “Bottom” or
“Clearance” sample, as defined in Practice D 4057, should be
included in the evaluation along with an “All Level” sample.

X2.6.3 The quantity of insoluble fuel contaminants present:
'in fuel can be determined using Test Method D 2276, Proce-

dure A.

X2.6,4 Other quality tests like fuel color (see Test Method
D 1500) and stability tests (see Test Method D 2274) after
storage may have value. Correlations of these tests with fuel
suitability are tenuous.

X2.7 Fuel Storage Conditions

X2.7.1 Contamination levels in fuel can be reduced by
storage in tanks kept free of water, and tankage should have
provisions for water draining on a scheduled basis. Water
promotes corrosion, and microbiological growth may occur at
a fuel-water interface. Underground storage is preferred to
avoid temperature extremes; above-ground storage tanks
should be sheltered or painted with reflective paint. High
storage temperatures accelerate fuel degradation. Fixed roof
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tanks should be kept full to limit oxygen supply and tank
breathing.

r\'

v [ e
GG P A

avoided. Coppet: can; promote. fuel -degradation and may; pros
duce mercapt1de gels Zinc eoatings.can .w" L Wates ,Qr
organic acids in the fuel-to form. gels whmh rapidly;plu

- X2.7.3 Appendxx X3 of Spemﬁcatlon D, 2880 discusses,
contaminants as a general Aopig. 1.,

X2.8 Use of Degraded Fuels

datlon can often be consumed in a normal way, dependmg on
the fuel system requlrements Fllters and othen cleanup equ1p-

X311 Diétel fuel’ ‘iinctions as libricatit i cértai | 1tems
of fuel injection equipment such as rotary/distribiitor” ‘fuel
pumps and injectors. In limited cases, fuel with very. specific
properties can haye insufficient 1ubr1cat g propertles whlch
) areductic mthe normal serv1ce life of fuel pui ps

X3r2 Fuel Characterlstlcs Alfectmg ‘Eqmpment Wear o
X3.2, 1 Two fuel charactenstlcs that affect equ1pment Wwedr

‘are Tow' viecosrty "aiid lack of “sufficient’ ‘quintities of trace

‘eomponents, which ave an affiritty- for metal stirfaces, If fiiel

'v1scos1ty meets the requiraments of a parucular el a fuel

film is maintained between the moymg e(urfaces 7

System components ThlS prevents excessive et

/ Iﬁi’e‘ o o ‘We
m;‘ e

)

combme with, “mietalfic’ SiiFfadés 1 produce' )

Y
whlch also can protect surfaces agalns ¢
E S IS ll NN

he concem ‘about fuel lubncny 1s:11m1ted to s1tua-
tlons i whlch fuelswith:lowsr viscosities. than these specified
fot-4 particuls: éfigine are used .or'with:fuels-which have been
ptocessed in.a fnanmer that results:in; the elimination of the
‘trace levels:of the surface dctive:-species; that act.ag lubricating
agents. Presently thie:only fuels:of: the Jatter. type:shown to haye
lubricity problems resulted from sufficiently severe processing
'to.'redice s aromatiod: substantiflly- below .current levels. Re-
séarchids ih progress'to identify the charactéristics of such;fusls
‘and where,the use ofia lubricity-iniproveradditive is required,
to ensure satisfactory operation in the; sensitive -areas, of the
vehicle fuel system.

X3.3.2 Work in the area of diésel"fuel hibiicity:is ongoing
by ‘several organizations, ssuch=as' theilnternational ;Standard
‘QOrgahization ([SO) ahd the ASTM DigselFuel Lubricity; Task
Force. . These' groups»inelude representatives from: the-. fuel
injection equipment anufactirers; fuel: produeers; anéd-addi-
itive suppliers.: The charge of the:ASTM task-force-has. béen the
recomuienddtionsiof. test methods:and a; fuel. specification for
:Specification: D-975.. Two : tést thethods |:weré. proposéd -and
approved: These! are. {TestMethod:D:.6078;: axscuffing, load

ment can require special attention and increased maintenance.

! /o Buirtier mozzle. oivihjectot, fouling can occur more rapidly.
X2.7.2 Copper and copper-contammg alloys should be

X2.8.2 Fuels containing very large quantities of fuel degra-
dation products and other contaminants or withorundway
‘mierobiological .growth. require special:attention; Consultation
with experts in.this area;is desirable. It can be possible to:drain
the sediment:or, draw off most ofithe :fueliaboye the sediment
layer:and-use. it with;the ‘precautions  described virl, X2:8:1.
However; ‘Very high:soluble gumi<levels or corrosion products
from micrgbiological: yoon’tanmnetmn can ‘cause severe opera-
~t1onal problems& R L

ball-on~cylinder. lubrlmty evaluator method SLBOCLE and
Test, Method D 6079, .3 high.. frequency recrprocatmg ng
method : HFRR The mcluswn of a smcrle fuel. specrﬁcatlon in

mformat, on.may | be, of use and serve as a general guldelme to
fuel suppliers.and RILT e ;

X3.3.3 SAE Technical Paper 9523697 mdtcates that users
should momtor their fuel injection pumps for poé‘s‘lible tends of
abnofal “wedr ' tates i thie/ fuel Thas 'a scufﬁng load Value
between 2000 and 2800'g i Test Methiod D 6078 According 1o
this paper, fuels with valiies below 2000 g will inall probabll—
ity “caiige- adeelerated  wear in filel lubricated rotary-typé fuel
mjectlon pumps. It shiculd Bé nioted that fiels with-a:suffidiént
level of an effective lubricity additive may protect the equ1p~
‘Hiént, biit imay'not be recogmzed by thetest method; .
X334 Work at Y50, docithented i SAE ’I\echmcal Paper
9595748 indicated’ that 2 fuel With 2 450-tnicton: Wéar  Scar
diameter or lower value’ at'60'°C in Test Method D 6079 (380
micron at' 25 °C) should protect all fuel” mjectlon equipment.
Otﬂer SAE pubhcaﬁons present data to sho‘w rhat some fuels

! more expen-
4 i
curate means of

injection manufacturers have pump- stand tests, 110 smgle test
method has become standardized and ne:standard :industry-
"APPIOY: d type progedure-is awaﬂable at thls time. -

c Westbrook S R Survey of Low Sulfur Dlesel
from Us. Mllnary Installatlons" SAE Técimncal Paper 952369 1995

jd
:I‘eohmcal Papert952372 1995.

.

uth“ Lo
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X4. TENTH PERCENTILE MINIMUM AMBIENT AIR TEMPERATURES FOR THE UNITED STATES
(EXCEPT HAWAII) .

X4.1 Introduction

X4.1.1 The tenth petcentile minimum ambient air tem-
peratutes shown on the following maps (Figs. X4.1-X4.12) and
in Table X4.1 were derived from an analysis of historical
hourly temperature readings recorded over a period of 15 to 21
years from 345 weather stations in the United States. This
study was conducted by the U.S. Army Mobility Equipment
Research and Development Center (USAMERDC), Coating

and Chemical Laboratory, Aberdeen Proving Ground, MD
21005, The tenth percentile minimum ambient air temperature
is defined as the lowest ambient air temperature which will not
go lower on average more than 10 % of the time, In other
words, the daily minimum ambient air temperature would on
average not be expected to go below the monthly tenth
percentile minimum ambient air temperature more than 3 days
for a 30 day month.
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FIG. X4.1 October—10th Percentile Minimum Temperatures
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FIG. X4.2 Noverﬁber‘—wth Percentile Minimum Ambient Air'Tem_peratures
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TABLE X4.1 Tenth Percentile Minimum Ambient Air Temperatures for the United States (except Hawaii)

Py

10th Percentile Temperature®C, min

State

Qct. Now. Dec. Jan. Feb. March

Alabama 4 -3 -6 -7 -3 -2
Alaska Northern ~25 -37 -45 —49 ~-47 -43
Southern -1 ~-13 -18 =32 -32 -29

South East -4 =11 -16 -19 -13 -12

Arizana North 34° latitude -4 -12 ~14 -17 -16 -12
South 34° latitude 7 0 -2 C -4 -3 1

Arkansas . 2 —4 -7 -11 -7 -3
Califarnia North Coast 3 0 -2 -2 -1 -1
Interict 2 -3 -4 ~7 -8 -6

South Coast 6 2 0 ! 0 2

Southeast 1 -6 -8 -1 -7 -5

Colorado East 105° long ~2 -12 -14 -19 -15 -12
Wast 105° long -8 -18 -25 -30 —24 -16

Connecticut -~ -7 ~16 -17 -16 -9
Delaware 2 -3 ~10 -11 =10 -6
Florida North 28° latitude 7 1 -2 -8 -1 2
South 29° latitude 14 7 3 3 5 : 7

Gieorgia 3 -2 -6 -7 -6 -2
ldaho —~4 -13 -18 =21 -18 ~-13
lllinois North 40° latitude : -1 -8 -19 ~21 ~18 ~11
South 40° latitude 1 -7 -16 -7 -15 -8

Indiana -1 -7 -16 -18 -16 -9
lowa. . ~2 =13 ~-23 -26 -22 -16
Kansas ~2 -1 -15 -19 -14 -18
Kentucky 1 -8 ~13 -14 =11 -6
Louisiana 5 —1 -3 -4 -2 1
Maine -3 -10 -23 -26 -26 -18
Maryland 2 -3 -10 -12 -10 -4
Massachusetts ‘ -2 -7 ~-16 -18 -17 =10
Michigan -2 =11 -20 -23 -23 ~18
Minnesata -4 -18 =30 34 =31 -24
Mississippi 3 -3 -8 -6 —4 -1
Missourl . 1 -7 -14 -16 -13 -8
Montana -7 -18 -24 ~30 ~24 -21
Nebragka -3 -13 -18 ~22 -18 -13
Nevada North 38° (atitude -7 -14 -18 -22 -18 -13
South 38° latitude 8 0 -3 ~4 -2 1

New Hampshire -3 -8 ~18 ~21 -21 -12
New Jersey 2 -3 -1 -12 ~11 -6
New Mexico North 34° |atitude -2 =11 -14 =17 ~14 =11
South 34° {atitude 4 4 -8 -1 -7 -3

New York North 42° |atitude -3 -8 ~21 =24 -24 -16
South 42° latitude ~1 ~5 -14 -16 -18 ~9

North Carolina =1 -7 -10 ~11 -9 -5

359.

PRO_00106328



Case 1:13-cv-01215-TSC Document 198-25 Filed 10/07/19 Page 49 of 135

i pors

- TABLE X4.1 Continued

" 10th Percentile Temperature®C, min

State .

el ... Now. Dec. L Jan, Feb. March

North Dakota -4 -20 ~27 -3 -29 ~22
Ohio -1 -7 -16 ¢ -17 -15 -9
Oklahoma : 1 -8 -12 -13 -8 =7
Oregon East 122° long -8 11 -14 -19 -14 -9
West 122° long 0 -4 -5 -7 -4 -3

Pennsylvania North 41° latitude -3 -8 -19 ~-20 -21 ~-16
South 41° latitude 0 -6 -13 -14 ~14 -8

Rhade Island 1 -3 -12 -13 -13 -7
South Carclina 5 Tt -5 -5 -3 -2
South Dakota -4 -14 -24 =27 -24 -18
Tennessee 1 -5 -9 -1 -9 4
Texas North 31° tatitude 3 -6 -9 ~13 -9 -7
South 31° latitude 9 2 ~2 ~3 -1 2

Utah -2 “11 -14 -18 -14 -8
Vermont -8 -8 -20 -23 -24 ~15
Virginia o 2 . -8 -9 ~-11 -9 -4
Washington East 122° long -2 -8 ~1 -18 =11 -8
West 122° long o . -3 -3 -7 -4 -3

West Virginia -8 -8 ~18 ~16 -14 -8
Wisconsin ~3 -14 ~24 -28 ~24 -18
Wyaming -4 . =15 -18 ~26 -19 -16
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X4.1.2 These data may be used to estimate low temperature
operability requirements. In establishing low temperature op-
erability requirements, consideration should be given to the
following. These factors, or any combination, may make low
temperature operability more or less severe than normal. As

the vehicle low temperature operability limit for untreated
fuels. In addition, CRC Report No. 528 found that the Low
Temperature Flow Test (LTFT), (see Test Method D 4339)

- provided the best correlation with vehicle performance for

X4,1.2.1-X4.1.2.12 indicate, field work suggests that cloud

point (or was appearance point) is a fair indication of the low
temperature operability limit of fuels without cold flow addi-
tives in most vehicles.

X4.1.2.1 Long term weather patterns (Average winter low
temperatures will be exceeded on occasion).

X4.1.2.2 Short term local weather conditions (Unusual cold
petiods do oceur).

X4.1.2.3 Elevation (High locations are usually colder than
surrounding lower areas).

X4.1.2.4 Specific engine design.

X4.1.2.5 Fuel system design (Recycle rate, filter location,
filter capacity, filter porosity, and so forth.)

X4.1.2.6 Fuel viscosity at low temperatures

X4.1.2.7 Equipment add-ons (Engine heaters, radiator cov-
ets, fuel line and fuel filter heaters and so forth.)

X4.1.2.8 Types of operation (Extensive idling, engine shut-
down, or unusual operation).

X4.1.2.9 Low temperature flow improver additives in fuel.

X4.1.2.10 Geographic area for fuel use and movement
between geographical areas.

X4.1.2.11 General housekeeping (Dirt and/or water in fuel
or fuel supply system).

X4.1.2.12 Impact failure for engine to start or run (Critical
vs. non-critical application).

X4.1.3 Historical Background—A field test conducted by
the CRC in 1981 resufted in two documents that provide
insight into correlating laboratory tests to vehicle performance
in the field. Prior to the 1981 field test, it was thought that in
most cases vehicle would operate 6°C below the cloud point
(or wax appearance point) due to the fuel temperature lagging
behind the air temperature and the premise that more wax than
would be produced at the cloud point would be necessary to
block a filter or plug a fuel line. CRC Report No. 537°
indicated that in overnight cool down, 30 % of the vehicles
tested had final fuel tank temperatures within 2°C of the
overnight minimum ambient temperature. CRC Report No.
52810 concluded that of the several laboratory tests examined
(cloud point, pour point, CEPP, LTET), cloud point (see Test
Method D 2500) predicted the bahavior of the untreated fuels.
The combination of these reports would suggest the cloud point
(or wax appearance point), in most cases, would be closer to

2 CRC Report No. 537, “The Relationship Between Vehicle Fuel Temperature
and Ambient Temperature, 1981 CRC Kapuskasing Field Test”, December 1983,

10 CRC Report No. 528, “1981 CRC Diesel Fuel Low-Temperature Operability
Field Test”, September 1983,
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untreated fuel and flow improver treated fuel. Pour point, (see
Test Method D 97) and Cold Filter Plugging Point (CFPP), (see
Test Method IP 309) tests were not sufficiently severe enough
to predict the performance of the test fuels in the diesel
vehicles used in the study.

X4.1.3.1 Current Practices—1t is recognized that fuel dis-
tributors, producers, and end users in the United States use
cloud point, wax appearance point, CFPF, and LIFT to
estimate vehicle low temperature operability limits for diesel
fuel. No independent data has been published in recent years to
determine test applicability for today’s fuels and vehicles.

X4.2 Maps

X4.2.1 The maps in the following figures were derived from
CCL Report No. 316, “A Predictive Study for Defining
Limiting Temperatures and Their Application in Petroleum
Product Specifications,” by John P. Doner. This report was
published by the U.S. Army Mobility Equipment Research and
Development Center (USAMERDC), Coating and Chemical
Laboratory, and it is available from the National Technical
Information Service, Springfield, VA 22151, by requesting
Publication No. AD756-420.

X4.2.2 Where states are divided the divisions are noted on
the maps and table with the exception of California, which is
divided by counties as follows:

California, North Coast—Alameda, Contra Costa, Del
Notte, Humbolt, Lake, Marin, Mendocino, Monterey, Napa,
San Benito, San Francisco, San Mateo, Santa Clara, Santa
Cruz, Solano, Sonoma, Trinity.

California, Interior—Lassen, Modoc, Plumas, Sierra,
Siskiyou, Alpine, Amador, Butte, Calaveras, Colusa, El Do-
rado, Fresno, Glenn, Kern (except that portion lying east of the
Los Angeles County Aqueduct), Kings, Madera, Mariposa,
Merced, Placer, Sacramento, San Joaquin, Shasta, Stanislaus,
Sutter, Tehama, Tulare, Tuolumne, Yolo, Yuba, Nevada.

California, South Coast—Orange, San Diego, San Luis
Obispo, Santa Barbara, Ventura, Los Angeles (except that

portion north of the San Gabriel Mountain range and east of the -

Los Angeles County Aqueduct).

California, Southeast—Imperial, Riverside, San Bernardino,
Los Angeles (that portion north of the San Gabriel Mountain
range and east of the Los Angeles County Aqueduct), Mono,
Inyo, Kem (that portion lying east of the Los Angeles County
Aqueduct).

X4.2.3 The temperatures in CCL Report No. 316 were in
degrees Fahrenheit. The degree Celsius temperatures in Ap-
pendix X4 were obtained by converting the original degree
Fahrenheit temperatures, '
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(d_g Designation; D 975 - 07
~Ll ’
INTERNATIONAL

Standard Specification for
Diesel Fuel Oils'

An American Mational Standard

This standard is issned under the fixed desizuntion DD 975; the aumber immediately following the designation indicates the year of
original adoption ar, 1 the case of tevision, the year of last tevision. A ouraber in panentheses indicates the ysar of Tast reaprroval. A
superseript cpsilon {g) indicates on editorial chauge since the last revigion or reapproval,

This standard has been approved for use By agencies of the Departimens of Defense.

1. Scope*

1.1 This specification covers seven graces of diesel fuel oils
suitable for various types of diesel engines. These grades are
described as follows:

1.1.1 Grade No. 1-D §15-—A special-purposs, light middle
distillatc fuel for nse in dicsel engine applications requiring a
fuel with 15 ppm subfur (maximom) and higher volatility than
that provided by Grade No. 2-D $15 fusl?

1.1.2 Grade No. I-D §500—A special-pucpose, light middle
distillate fuel for use in diesel engine applications requiring 4
fuel with 500 ppm sulfur (maximum) and higher volatility than
that provided by Grade No, 2-D 8300 fuel.?

1.1.3 Grade No. I-Id 55000—A. special-purpose, light
middle distillate fuel for use in diesel engine applications
requiring a fuel with 5000 ppm sulfur (maximom) and higher
volaiility than that provided by Crade No. 2-D 85000 fuels.

1.1.4 Grade No. 2-I¥ 815--A general purpose, muiddle
distillate foel for use in diesel engine applications requiring a
fuel with 15 ppm sulfuy (maxirmum). Ieis especially suitable for
use in applications with conditions of varying speed and load.?

1.1.5 Grade No. 2-D 5500—A general-purpose, middle
distillate fuel for use in diesel engine applications requiring a
fuel with 500 ppm sulfur (maximumy, It is especially snitable
for uize in applications with conditions of varying speed and
load.? ‘

1.1.6 Grade No. 2-D $5000—A general-purpose, middie
distillate fuel for use in diesel engine applications requiring a
fuel with 5000 ppm sulfur (maximumy), especially in conditions
of varying speed and load.

1.1.7 Grade No. 4-D—p heavy distillake fuel, or a blend of
distiliate and residual oil, for use in low- and medivm-speed
diesel engines in applications involving predominantly con-
stant speed aad load.

LThis specification Is under the jurisdiction of ASTM Comrmittes D2 on
Petrateum Procucts and Lubsicants aad is the divect responsibillty of Subcommiites
D02.E0.02 on Diesel Fuel Oils.

Cument editton appeoved Feb. 1, 2007, Published Macch 2007, Originadly
approved in 1948, Last previous edition approved in 2006 a5 1 975-06b.

2 This Nesl cowplies witl 40 CFR Fagt 30—Coatrol of Afr Pollution from. Mew
Motor Vehicles: Heavy—Duty Engines nnd Vehicle Standards and Eignway Diassl
Fuel Swifr Coulral Requirsments: Final Rule, Regulotion of Tuels and Fuel
Additives: Fuel Quality Regulations for Highway Diesel Fuel Sold in 1993 and
Later Calendar Yequs, -

Nate 1—A more detailed description of the grades of diesel fucl oils is
given in X1.2,

Mo 2—The Sxxx designation has beon sdopted to distinguish grades
by sulfur vather than nsing words such as “Low Sulfur’ as previously
becanse the number of sulfur grades is growing and the word deseriptions
were thought to be not precise, 85000 grades correspond to the so-called
“rogular” sulfur grades, the provious No. 1-D and No, 2-D. 8500 grades
carrespond fo the previous “Low Sulfur” grades. 515 grades were not in
the previous grade system. and ere commonly referred to as “Ulra-Low
Solfur grades or ULSD.

1.2 This specification, unless otherwlise provided by agree-
ment between the purchaser and the supplier, prescribes the
required properties of diesel fuels at the time and place of
delivery.

1.2.1 Nothing in this specification shall preclude observance
of federal, state, or locul regulations which may be more
restrictive,

Nowg 3-—The genzration and dissipation of static electricity cen croats
problems in the handling of distillate diesel fusl oils. For more informa-~
tion on the subject, see Guide D 4863,

1.3 The values stated in ST units are to be regarded as the

slandard. The values given in patentheses are for information
only,

2. Referenced Documents

2.1 ASTM Standards: 3

D 56 Test Methoed for Flash Point by Tag Closed Cup Tester

D 86 Test Meathod for Distillation of Petrolenm Products at
Aimospheric Pressure

1293 "lest Methods for Flash Point by Pensky-Martens
Closed Cup Tester

0§29 Test Method for Sulfur in Pateoleum Products (Gen-
gral Bormb Meihod) ’

1y 130 Test Mcthod for Corrosiveness to Copper from
Petroleum Products by Copper Strip Test

D 445 Test Method for Kinematic Viscosity of Transparent
and Opaque Liquids (and Calculation of Dynamic Viscns-
ity)

- D 482 Test Method for Ash from Petrolenm Products

A For referenced ASTM standands, visit the ASTM website, wwwasim,org, o
contack ASTM Customer Service at scrvice@gstm.org. For Anmual Book of ASTM
Standardy volume information, vefer to the stundard’s Docuwen Suoluaky page oo
the ASTM website,

#A Summary of Changes section appears at the end of this standard,
Copyright © ASTM Intemalional, 100 Berr Harbar Drive, PO Biox G700, West Gorehanocken, FA 19426-2959, Uinited States.
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D 524 Test Method for Ramsbottom Carbon Residue of
Petroleurn Products .

13613 Test Method for Cetane Number of Diessl Fuel Oil

T2 1266 Test Method for Sulfur in Petroleurn Products
(Lamp Method)

D 1219 Test Method for Hydrocarbon Types in Liquid
Peirolenm Products by Fluorescent Indicater Adsorption
D 1552 Test Method for Sulfur in Petrolenm Products

(High-Temperature Method)

D 1796 Test Method for Water and Sediment in Fuel Oils by
the Centrifuge Method (Laboratory Procedure)

D 2274 Test Method for Oxidation Stability of Distillate
Fuel Oil (Accelerated Method)

12500 Test Mcthod for Cloud Point of Petrolenm Products

12622 Test Method for Sulfur in Petrolenm Products by
Wavelength Dispersive X-ray Fluorescence Spectromefry

D 2709 Tesi Method for Water and Sediment in Middle
Distillate Fuels by Centrifuge

D 2880 Specification for Gas Turbine Fuel Qils

D 2887 Test Method for Boiling Range Distribuiion of
Petrolenm Fractions by Gas Chromatography

) 3117 Test Method for Wax Appearance Point of Distillate
Fuels ’

33120 Test Method for Trace Quantities of Sulfur in Light
Liguid Petroleum Hydrocarbons by Oxidative Microcou-
lometry

D 3828 Test Methods for Flash Point by Small Scale Closed
Cup Tester

D 4057 Practice for Manual Sampling of Petroleum and
Petroleum Products

I 4177 Practice for Awtomatic Sampling of Petroleum and
Petroleym Products

D 4294 Test Method for Sulfur in Petroleum and Petraleum
Products by Energy-Dispersive X-ray Fluorescence Spec-
fromeiry

12 4306 Practice for Aviation Fuel Sample Containers for
Tests Affected by Trace Contamination

1 4539 Test Method for Filterability of Diesel I'uels by
Low-Temperature Flow Test (LTTT)

D 4737 Test Method for Caleulaled Cetune Index by Foux.

Variable Equation

D 4865 Guide for Generation and Dissipation of Static
Electricity in Petroleum Fuel Systems

D 5453 Test Method for Determmination of Total Sulfor in
Tight Hydrocarhons, Spark Ignition Engine Fuel, Diesel
Engine Fuel, and Ongine Oil by Ultraviolet Fluorescencee

D 5771 Test Methad for Cloud Point of Peiroleum Produets
(Optical Detection Stepped Cooling Method)

D 5772 Test Method for Cloud Point of Petroleum Products
{Linear Cooling Rate Method)

D 5773 Test Method for Clond Point of Petroleum Products
(Constant Cooling Rate Method)

¥ 5842 Practice for Sampling and Handling of Puels for
Volatility Measurement

Ty 58534 Praciice for Mixing and Handling of Liquid
Samples of Petroleum and Petroleum Products

D 6078 Test Method for Evaluating Lubricity of Diesel
Fuels by the Sculfing Load Ball-on-Cylinder Lubricity
Evaluator (SLEBOCLE)

D 6079 Test Method for Evaluating Lubwicity of Ddesel
Fuels by the High-Frequency Reciprocating Rig (HFRR}

D 6217 Test Method for Particulate Contamination in
Middle Diatitlate Fuels by Laboratory Filtration

6371 Test Method for Cold Filier Plugging Point of
Diesel and Heating Fuels ‘

D 6468 Test Method for High Temperature Stability of
Distillate Fuels

D 6469 Guide for Migrobial Contamination in Foels and
Fuel Systems

16890 Test Method for Determination of Ignition Delay
and Derived Cetans Number (DCN) of Diesel Fuel Oils by
Combustion in a Constant Volume Chamber

D 6898 Test Method for Evaluating Diesel Fuel Lubricity
by an Injection Pump Rig

2.2 Other Documents:

26 CFR Part 48 Manufacturers and Realtors Excise Tuxes*

40 CFR Part 80 Regulation of Tuels and Fuel Additives*

3. Termisiology -

3.1 Definitions of Terms Specific to Thiy Standard;

3.1.1 Strugnerical specification maximum)—indicates the
maximum sulfur content, in weight ppm (ug/g), allowed by this
specification in & diesel fuel grade.

3.1.1L1 Discussion—Of the seven diesel fuel grades speci- .

fled in this standard, gix have important distinguishing maxi-
mum sulfur regulatory requirernents. These are Grades Mo, 1-D
815, No. 1-D S500, No. [-D 5000, No, 2-D §15, No. 2-D
8500 and No. 2-D 85000. The seventh grade, No. 4-D, is
distinguished from these other grades by many major proper-
ties in addition to sulfur (unregulated maximum), and therefore
is not included in this designation system. Thus, Grade No. 4-D
dogs not have the designation $20000 as part of its grade name,

4. Sampling, Containers, and Sample Handling

4.1 It is strongly adviscd to review all test methods prior to
sampling to understand the imporiance and effects of sampling
technigue, proper containers, and special handling required for
cach test method.

4.2 Correct sampling procedures are eritical to obtaining a
representative sample of the dicscl fuel oil to be tested. Refer
to Appendin X2 for recommendations. The recommended
procedures or practices provide techniques useful in the proper
sampling or handling of diesel fuels.

5. Test Methods

5.1 The requirements enumerated in tlds specification shall
be determined in accordance with the following methods:

5.1.1 Flash Point—Test Methods D 93, except where other
methods are prescribed by law. For all grades, Test Method
D 3828 may be used as an alternate with the same limits, For
Grades No. 1-D §15, No. 1-D 5500 , No. 1-D 85000, INo, 2-D

# Ayailgbls from Superiotendent of Documents, U8, CGovernment Printing
Office, Washington, DC 204012,
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§15, No. 2-D §500, and No. 2-D 85000, Test Method D36 D 5773 can be used as alternates with the swme lmits, Test
may be used as an alternate with the same limits, provided the  Method 13 3117 can also be used since it is closely related o
flash point is below 93°C and the viscosity is below 5.5 mm™s  Test Method D 2500. In case of dispute, Test Method D 2500
at 40°C. This test methad will give slightly lower values. In  shall be the referee method. =
cases of dispute, Test Methods D 93 shall be used as the referes 5.1.3 Water and Sediment—Test Method D 2709 is used for
method. Test Mcthod I3 56 can not be used as the alternate fael Grades No. 1-D §15, No. 1-D 8500, No. 1-D 85000, No.
method for Grade No. 4-D because its minimue viscosity Hmit  2-1> 815, No, 2-1) 8500, and No. 2-1 $5000. Test Method
is 5.5 mm¥/s at 40°C. D 1796 is used for Giade No. 4-D.

5.1.2 Cloud Point—Test Methed D 2300, For all fuel grades 5.1.4 Carbon Residue—Test Method I 524 is used for fel
in Table 1, the automatic Test Methods D 5771, D 5772, or  Grades No, I-D 515, No. 1-D 8508, No. 1-Dr 85000, No. 2-D

TABLE 1 Detailed Requirements for Diesel Fuel Qils?

ASTM Grade
Praparly Tast No.1-0  No.iD No.i-D  Mo.2D MNe.2D  No.2D . .on
Aethad® Si5 $500° 5000  $15  S600SF  gsooodE N
Flash Point, *C, min. a3 38 3B 38 B2& [ G628 55
Water and Sedimant, % vol, max D &ne 0.05 0.08 .08 0.05 Q.05 0.05
D 1796 .50
Distillation: one of the folowing requirements shall be mat:
1. Physical Ristillation 0x86
Distillation Temparaiure, *C 90 % , % vol recoverad
min 2@2% 2gaf 289E
LK, 28R 288 288 338 asa 8938
2. Simulated Distillation o 2887
Dietilation Tenyperature, *C 00 %, % vol recovered
min 3005 el
ax 204 fela L3 a58 366
Kinamalic Viscosity, mm/8 at 40°C D 445
min 1.3 1.8 1.3 1.8% 1.85 1.9% 8.5
max 2.4 2.4 2.4 41 41 4.1 4.0
Ash % rmass, max D 482 Q.01 0.1 0.01 201 .0 0.01 0.1¢
Sulfur, ppm {pgégh™ max D 5453 15 - 15
% mass, max D 2¢208 006 0.08
% mags, max 129 0.50 0.50 2.00
Copper stip carrocion rating max 3 h 130 Na. 3 No. 8@ Mo, 3 Mo, 3 Mao. 3 Mo 3
at BO*C
Cetane number, min'’ ’ Da13 40 4a! 4 407 40! 407 30
Cna af the fallowing properties must
ba mat:
(1) Cetane index, min. D 976809 4n 40 40 40
(2) Aramaticity, % vol, max D 13199 35 35 as 35
QOperakility Reguirements
Cloud point, “C, max D 2500 & J 4 + J d
ar
LTFT/CFFF, °C, max D) 4550/
0 6371
Aamabottom carkon residuc on 10 % D 524 015 016 015 0.35 0.38 0.35
distilation restdue, % mass, max
Lubricily, HFER @ 80°C, migran, max [ 3679 520 520 20 &20 630 520

“ T mest spedial operaiing conditions, medifizations of individual limiting requirements may be agreed upon between purchaser, seller, and manufacturer,

Fhe test methods Indicated are the approved referee metheds. Other acceptable methads ara indidatad In 5.1,

%Under United States regulations, if Grades No. 1-D 600 or No, 2-0 $500 are sold for tax exempt purpases then, at or beyond tenminal storage tanks, they are
required by 26 CFR Part 48 to contain the dye Solvent Red 164 &t a concentration spectrally equivelent te 3.8 (b per thousand barrels of tha aolid dye standard Solvent
Red 26, or the tax must be collacted,

£ Under United Statas tegulations, Grades No,1-0 $5000, Mo, 2-D $5000, and No, 4-0 are required by 40 CFF Part 80 o cordaln a eufficlent amount of the dye Salvent
Fed 164 so its presence is visually apparent. At or beyond lerminal storage lanks, they are required by 26 CFF Part 48 to contain the dye Solvent Red 164 at a
vaneanteation specirally equivalent te 3.8 I par thousand baerels of the solid dye standard Solvent Bed P8,

E\When a claud point less than —12°C Is specifled, as can oceur during cald months, It is pesmitted and normal blending praciice to combine Grades No. 1 and No. 2
to meet the low temparature requirements. In that caes, the minimum fiagh point shall ba 38°C, the minimum viscosity at 10°C shail ba 1.7 mm?/s, and the minimum 20 %
regovered tomperaiuro shall bo waived.

FCther sulfur limils can apply In selecled areas in the United States and In atber countries.

9 These test methads are spedliied in 40 CFR Part 80.

H#\Where cetane number by Test Method D 613 Is not avaliable, Test Method L} 4737 can be used as an approximaltion.

!Low ambient temperatures as wall as engine aperation at high altitudes may require the use of fuels with higher cetane ratings.

[t is uneealistic to specily low temperaturs properies that will ensurs satisfactory aparedion at &l ambient conditions. In genaral, sloud point {or wax appearance paint)
Low Temperature Flaw Test, and Cold Filler Plugging Pairt Test may be used as an estimate of aperating termperature limits for Grades Mo. 1-D 5500; No, 2-D 5500;
and Ma, 1-0 96000 and Mo, 2-0 85000 diessl fuel olls. However, satisfactaty operation belaw the doud paint (or weax appearance poink) may be achieved depending
on equipment design, operating cendiions, and the use of fow-improver addifives as described in X5.1.2. Appropriate low femperatura operability properiies should be
agreed upon betweean the fuel supplier end purchesar for the intended use and expected embient iemperatures, Test Methods D 4539 and D 6371 may be especially ussful
o astimate vehicle low temparature operakbility limits whan flow Improvers are used, Due to fuel delivery system, enging design, and iest melhad differsnces, low
temparature operability tests may not provide the sama degree of protection in various vehicle operating classes. Tenth percartile minimum air temperadures for .S,
lecations are provided in Appendix X8 45 a means of estimaling expacted regional temperaiures. The tanth parcentils minimum air tamperatures may be usad to estimate
axpected regional target temperaturea for use with Test Methads D 2500, 1 4538, and [ 8371, Reler to X5.1.3 for furher general guidanes on test application,
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$15, No. 2-D 3500 and No. 2-B $5000. Grade No. 4-D does
not have a limit for carbon residue,

2.1.5 Ash—Test Method D 482 is nsed for all grades in
Table 1.

5.1.6 Distillation—Test Method 1D 86 is uvsed for Grades
No. [-D2 815, No. 1-D 8500, Ne. 1-D $5000, No. 2-D 815, No.
2-D 5500 and No. 2-D §5000. For all grades, Test Method
> 2887 can be used as an alternate with the limits listed in
Table 1. In case of dispute, Test Method D 86 shall be the
referee method. Grade No. 4-D does not have distillation
requirements.

5.1.7 Viscosity—Test Method D 445 is used for all fuel
grades in Table 1.

5.1.8 Sulfir—The following list shows the referee test
methods and alternate test methods for sulfur, the range over
which each test method applies and the corresponding fuel

grades,
'I'és?:}igjl:'\nd Rangs Grades

D129 =0.1 meas % No. 1-D 55000, No. 2-D 35000,

(referes) Mo, 4-D

DO 1263 €.0005 to 0.4 mass % MNo. 1-D 5500, No. 2-D 8500

& to 4000 mygkg (wt ppm)

D 1552 (.06 mass % Ne. 1- D 55000, No. 2-D 55000,
M. 4-0

(Y2822 €.0003 to 5.3 mass % Al Grages

(referaa for
BRI0 Grades)

2 to 53 000 mgllg {wt ppm}

[r3120 2.0 to 100 mg/kg fwt ppm) Mo. 1-0 515, No. 2-D 515
Mo. 1-0 5500, Mo. 2-0 8800
(3500 gredes must be diluted
hefare testing)
[1 4294 C.0150 to 5.00 mass % Ma. 1- D 85000, No. 2-D 85000,
156 o 50 000 mgy/ke (wt pom} No. 4-0
D 5453 G.0001 t0 0.8 mass % All Girsdes

(referea for
E156 grades)

1.0 to 8000 mgflg (wi ppm)

Note 4—The units nsed to report results in the above test methods are:

o129 maas %
D 1265 mess %
D 1552 TOESE Fh
[ 2822 mass %
D 3120 ppm (1g/g)
[ 4294 mass %
[ 5453 apm (ug/g)

Results reported in mg/kg and in ppm (ug/g) are numerically the same.
The units used in Table 1 for the sulfur requirements are the wnits in which
resully fur the refree st are repurled.

5.1.9 Copper Corrosion—Test Method D 130, 3 h test at
50°C. This test method i3 used for fuel Grades No. 1-D» 513,
No. 1-D 8500, No. 1-D 85000, No. 2-D §15, No. 2-D $500 and
No. 2-D 55000. Grade No. 4-D does not have a copper
COrtosion requirement.

5.1.10 Cetane Number—Test Method 17 613 is used for all
fucl grades in Table 1. Test Methed D 6890 is used for all No.
1-D and No. 2-D grades with the DCN result being compared
to the cetane nmumber specification requirement of 40. Test
Method 13 613 shall be the referee method.

5.1.11 Cetane Index—Test Methods D 976-80 is used for
fuel Grades No. 1-D 813, No. [-D 8500, No. 2-D 815 and No.
2-D 8500, Grades No, 1-D $3000, Ne. 2-D $5000 and No. 4-D
do not have an aromatics content requirement, so do not use
this test method as a surrogate for aromaties content.

5.1.12 Aromaticiy—Test Method D 1319, This test method
provides an indication of the aromatics content of fuels. For
fuels with a maximum final boiling point of 315°C, this method
is a measurement of the aromatic content of the fuel, This test
method is used for fuel Grades No. 1-D 8§13, No. 1-1 8500,
No. 2-I» 515 and No. 2-I $500. Grades No. 1-D 83000, No.
2-D 85000 and No. 4-D do not have an aromatics content
requirernent,

3.1.13 Lubricity—Test Method F¥ 6079,

6. Workmanship

6.1 The diesel fuel shall be visually free of undissolved
water, sediment, and suspended matter,

7. Requirements

7.1 The grades of diesel fuel oils herein specified shall be
hydrocarbon oils conforming to the detailed requirements
shown in Table 1.

7.2 Grades No. 2-D §15, No. 2-D 8500 and No. 2-D
§5000-—When a cloud paint less than —12°C is specified, as
can occur during cold months, it is permitted and normal
biending practice to combing Grades No. 1 and No. 2 to taet
the low femperature requirements, In that case, the minimum
flagh point ghall be 38°C, the minimum vizcosity at 40°C shall
be 1.7 mm?/s, and the minimum 90 % recovered temperature
shall be waived.

8. Keywords
8.1 diescl; fuel oil; petrolewm and petroleum products
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APPENDIXES

Nownandatory Information}

X1. SIGNIFECANCE OF ASTM SPECIFICATION FOR DIESEL FUEL OILS

X1.1 Introdaction

X1.L.1 The properties of commercial tuel cils depend on the
refining practices employed and the natwe of the crude oils
from which they are produced. Distillate fuel oils, for example,
may be produced within the boiling range of 150 and 400°C
having many possible combinations of various properties, such
as volatility, ignition quality, viscosity, and other characteris-
ties,

X1.2 Grades

X1.2.1 This specification is intended as a statement of
permissible limits of significant fusl properties used for speci-
fying the wide variety of commercially available diesel fuel
oils, Limiting values of significant properties are prescribed for
seven grades of diesel fuel oils. These grades and their general
applicability for use in diesel engines are broadly indicated as
follows:

X1.2.2 Grade No. 1-D 515—Grade No. 1-D §15 comprises
the class of very low sulfur, volatile fuel oils from kerosine to
the intermediate middle distillates. Fuels within this grade are
applicable for wse in (1) high-speed diesel engines and diesel
engine applications that require ultra-low solfor fuels, (2)
applications necessitating frequent and relatively wide varia-
tions in loads and speeds, and (3) applications where abnor-
mally low operating temperatures are encountered,

X1.2.3 Grade No. I-D §500—CGrade No., 1-D §500 com-
prises the class of low-sulfur, volatile fuel oils from kerosine to
the infermediate middle distillates. Fuels within this grade are
applicable for use in (1) high-speed diesel engines that require
low sulfur fusls, (2) in applications necessitating frequent and
relatively wide variations in loads and speeds, and (3) in
applications where abnovmally low operating temperatures are
encountered.

X124 Grade No. 1-D S55000—Grade No. 1-D 85000
comprises the class of volatile fuel oils from kerosine to the
intermediate middle distillates. Focls within this grade are
applicable for use in high-speed diesel engines applications
necessitaring frequent and relatively wide variations in loads
and speeds, and also for use in cases where abnormally low
operating temperatures are encountered.

X1.2.5 Grade No. 2-D §15—Grade No. 2-D 815 includes
the class of very low suliur, middle distillate gas oils of lower
volafility than Grade No. 1-D 815. These fuels are applicable
for use in (I) high speed diesel engines and diesel engine
applications that require ultra-low sulfur fuels, (2) applications
necessitating relatively high loads and uniform speeds, or (3)
diesel engines not requiring fuels having higher volatility or
other properties specified in Grade No. 1-D §15.

X1.2.6 Grade No. 2-D §500~—Grade No. 2-D 8500 incledes
the class of low-sulfur, miaddle distillate gas oils of lower
volatility than Grade No. 1-ID 8500, These fuels are applicable
for use in () high-speed diesel engine applications that require

low sulfur fuels, (2) applications necessitating relatively high
loads and uniform speeds, or (3) diesel engines not requiring
fuels having higher volatility or other properties specified for
Grade No. 1-D 8300,

X1.2.7 Grade No. 2-D S3000—Ciade No, 2D S3000
includes the class of middle distillate gas cils of lower
volatility than Grade No. 1-D 835000, These [nels are appli-
cable for use in (I} high-speed diesel engines in applications
necessitating relatively high loads and uniform speeds, or (2) in
diesel engines not requiring fuels having higher volatility or
pther properties specified for Grade No, 1-D 85000.

X1.2.8 Grade No. 4-D—Grade No. 4-D comprises the class
of more viscous middle distillates and blends of these middle
distillates with residual fuel oils. Fuels within this grade are
applicable for use in low- and medivm-speed diesel engines in
applications necessitating sustained loads at substantially con-
stant speed,

X1.3 Selection of Particular Grade

X1.3.1 The selection of a particular diesel fuel oil from one
of these seven ASTM grades for use in a given engine requires
consideration of the following factors:

X1.3.1.1 Fuel price and availability,

X1.3.1.2 Maintenance congiderations,

X1.3.1.3 Enging size and design,

X1.3.1.4 Emission contrel systems,

X1.3.1.5 Speed and load ranges,

X1.3.1.6 Frequency of speed and load changes, and

X13.1.7 Atmospheric conditions. Some of these factors can
influence the required fuel properties outlined as follows:

X1.4 Cetane Number

X1.4.1 Cetane number is 2 measure of the ignition quality of
the fuel and influences combustion roughness. Fhe cetane
number requirements depend on engine design, size, nature of
speed and load variations, and on starting and atmospheric
conditions. Ineredse in celane number over values actually
required does not maierially improve engine performamce.
Accordingly, the cetane number specified should be as low as
possible to assure maximum fuel availability.

X1.5 Distillation

X1.5.1 The fuel volatility requirements depend on engine
design, size, nature of speed and load variations, and starting
and atmospheric conditions. For engines in services involving
vapidly fluctnating loads and speeds as in bus and truck
operation, the more volatile fuels may provide best perfor-
mance, parficularly with respect to amoke and odor. However,
best fuel economy is generally obtained from the heavier types
of fuels because of their higher heat content.
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X1.6 Viscosity

X1.6.1 For some engines it is advantageous to specify a
minimum viscosity because of power loss due to injection
pump and injector leakage. Maximum viscosity, on the other
hand, is limited by considerations involved in engine design
and size, and the characteristics of the injection system.

X1.7 Carbon Residue

X1,7.1 Carbon residue gives a measure of the carbon
depositing tendencies of a fuel oil when heated in a bulb under
prescribed conditions. While not directly correlating with
engine deposits, this property s considered an approximation.

X1.8 Sulfur

X1.8.1 The elect of sulfur content on enging wear and
daposits appears to vary considerably in importance and
depends largely on operating conditions. Fuel sulfur can affect
emission control systems performance. To assure maximum
availability of fuels, the permissible sulfur content should be
specified as high as is practicable, consistent with maintenance
considerations.

X1.9 Flash Point

X19.1 The flash point as specified is not directly related to
engine performance. It is, however, of tnportance in connec-
tion with legal requirements and safety precantions involved in
fuel handling and storage, and is pormally specified to meet
insurance and fire regulations,

X110 Cloud Point

X1.10.1 Cloud point is of importance in that it defines the
temperature at which a cloud or haze of wax crystals appears

in the oil under prescribed test conditions which generally
relates to the temperalure at which wax crystals begin to
precipitate from the oil in use.

X1.11 Ash

X1.11.1 Ash-forming materials may be present in fuel oil in
two forms: (1) abrasive solids, and (2) soluble metallic soaps.
Abrasive solids contribute to injector, fuel pump, piston and
ring wear, and also to engine deposits, Soluble metallic soaps
have little effect on wear but may conwibote to engine deposits,

X1.12 Copper Strip Corrosion

X1.12.1 This test serves as a measure of possible difficulties
with copper and brass or bronze parts of the fuel systam,

X1.13 Aromaticity

X1.13.1 This test is used as an indication of the aromatics
content of diesel fuel, Aromatics content is specified w prevent
an increase in the average aromatics content in Grades No. 1-D
815, No. 1-D 8500, No. 2-D 815 and No. 2-D §500 fuels and
is required by 40 CFR Part 80. Increases in aromatics content
of fuels over current levels may have a negative impact on
gmissions.

X1.14 Cetane Index

X1.14.1 Cetane Index is specified as a limitation on the
ameunt of high aromatic components in Grades No. 1-D §15,
No. 1-I> §500, No. 2-D §15 and No, 2-D $500,

X1.15 Other

X1.15.1 Microbial Contamination—Refer to Guide D 6469
for a discussion of this form of contamination.

X2, SAMPLING, CONTAINERS AND SAMPLE HANDLING

X2.1 Imtroduction

X2.1.1 This appendix provides guidance on methods and
techniques for the proper sarapling of diesel fuel oils. As diesel
fuel oil specifications become more stringent and contaminants
and impurities become more tightly controlled, even greater
care needs to be taken in collecting and storing samples for
quality assessment.

X2.2 Sampling, Containers and Sample Handling
Recommendations

X221 Appropriate manual method sampling procedures
can be found in Practice D 4057 and awtomatic method
sampling is covered in Practice D 4177.

X222 The eorrect sample volume and appropriate con-
tainer selection are also important decisions that can impact
test results, Practice D 4306 for aviation fuel container selec-

tion for fests sensitive to race contamination may be nseful.
Practice D 5854 for procedures on container selection and
sample mixing and handling is recommended. For cetane
number determination protection from light is important.
Collection and storage of diesel fuel oil samples in an opaque
container, such as a dark brown glass bottle, metal can, or a
minimally reactive plastic container to minimize exposure to
UV emissions from sources such as sunlight or floorescent
lamps, is recommended, According to Paragraph 8.2 of Test
Method Tt 6079, “Becauss of sensitivity of lubricity measure-
ments to teace materials, sample containers shall be only fully
epoxy-lined metal, amber borosilicate glass, or polytetrafluo-
roethylene as specified in Practice Tr 4306.”

X2.2.3 For volatility determination of a sample, Practice
D 5842 for special precautions recommended for representa-
tive sampling and handling technigues may be appropriate,
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X3, STORAGE AND THERMAL STABILITY OF DIESEL FUELS

X3.1 Scope

X3.1.1 This appendix provides guidance for consumers of
diesel fuels who may wish (o store quantities of fuels for
extended periods or use the fuel in severe service or high
ternperatore applications. Fuels containing residual compo-
nents are excloded. Congistently successful long-term fuel
storage or nse in severe applications requires attention to fuel
selection, storage conditions, haodling and monitoring of
properties during storage and prior to usc.

X3.1.2 Normally produced fuels have adequate stability
properties to withstand normal storage and use without the
formation of troublesome amounts of insoluble degradation
products. Fuels that are o be stored for prolonged periods or
nsed in severe applications should be selected to avoid forma-
tion of sediments or gums, which can overload [iters or plug
injectors. Selection of these fuels shonld result from supplier-
user discussions.

X3.1.3 These suggested practices are general in nafure and
should not be considered substitutes for any requirements
imposed by the warranty of the distillate fuel equipment
manufacturer or by faderal, state, or local government regula-
tions. Although they cannot replace a knowledge of local
conditions or good engineering and scientific judgment, these
suggested practices do provide guidance in developing an
tudividual fuel management sysiem for the middle distillate
fuel wser. They include suggestions in the opcration and
maintenance of existing fuel starage and handling facilities and
for identifying where, when, and how fuel quality should be
monitored or selected for storage or severe use.

X3.2 Definitions

X321 bulk fuel—fuel in the storage Facility,

X322 fuel contaminants—foreign materiats that make fuel
less suitable or unsuitable for the intended use.

X3.2.2.1 Discussion—Tel contaminants include materials
introduced subsequent to the manufacture of fuel and fuel
degradation products,

X3.2.3 fuel-degradation products—those materials that are
formed in fusl during extended storage or cxposwe to high
temperatures.

X3.23.1 Discussion—Inseluble degradation products may
combine with other fuel contaminants to reinforce deleterious
effects. Soluble degradation products (soluble gums) are less
volatile than fuel and may carbonize to form deposits due to
complex interactions and oxidation of gmall amounts of
olefinic or sulfur-, oxygen- or nitrogen-containing compounds
present in fucls, The formation of degradation products may be
catalyzed by dissolved metals, especially copper salts. When
dissolved copper is present it can be deactivated with metal
deactivator additives.

X3.2.4 long-term storage—storage of fuel for longer than
12 months after it is received by the user.

X3.2.5 severe use—use of the fuel in applications which
may result in engines operating under high load conditions that
may cause the fuel to be exposed o excessive beat,

X3.3 Fuel Selection

X3.3.1 Certain distifled refinery products are penerally
more suitable for long-term storage and severe service than
others, The stability properties of middle distillates are highly
dependent on the crude oil sources, severity of processing, use
of additives and whether additional refinery treatment has been
carried out.

¥3.3.2 The composition and stability properties of middle
distillate foels produced at specific refineries may be different.
Any special requirements of the user, such as long-term storage
or ssvere service, should be discussed with the supplier.

X3.3.3 Blends of fuels from various sources may inferact to
give stability properties worse than especied based on the
characteristics of the individual fuels.

X3.4 Fuel Additives

X3.4.1 Available fuel additives can improve the suitability
of marginal fuels for long-term storage and thermal stability,
but may be unsuecessful for fuels with markedly poor stability
properties. Most additives should be added at the refinery or
during the early weeks of storage 10 obtaln maxiraum benefits.

X3.4.2 Biocides or biostats desivoy or inhibit the growth of
fungi and bacteria, which can grow at fuel-water inferfaces to
give high particulate concentrations in the fuel. Awvailable
hiocides are soluble in both the fuel and water or in the wates
phase only.

X3.5 Tests for Fuel Quality

X3.5.1 At the time of manufacture, the storage stability of
fuel may be assessed using Test Method D 2274 or D 5304.
However, these accelerated stability tests may not correlate
well with lickl storage stability due to varying field condilions
and to fucl composition,

X3.5.2 Performance criteria tor accelerated stability tests
that asswe satisfactory long-term storage of fuels have not
been established,

X3.5.3 Test Method D 6468, provides an indication of
thermal oxidative stability of middle distillate fuels when
heated to temperatures near 150°C,

X3.6 Fucl Monitoring

X3.6.1 A plan for monitoring the quality of bulk fuel during
prolonged storage 1s an integral part of a successful program, A
plan to replace aged fuel with fresh product at established
intervals is also desirable.

X3.6.2 Stored fuel should be periodically sampled and its
quality assessed. Practice D 4057 provides guidance for sam-
pling. Fuel contaminants and degradation products will usnally
settle to the bottom of a quiescent tank, A “Bottom™ or
“Clearance” sample, as defined in Practice D 4057, should be
included in the avalvation along with an “All Level” sample,

X3.6.3 The guantity of insoluble fuel contaminants present
in fuel can be determined using Test Method B 6217,

X3.64 Test Method D 6468, can be used for investigation
of operational problems that might be related to fuel thermal
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stability. Testing samples from the fuel tank or from bulk
storage may give an indication as to the cawse of filter
plugging. It is more difficult to mondtor the quality of fuels in
vehicle tanks since operation may be on fuels from multiple
sources.

X3.6.5 Some additives exhibit effects on fuels tested in
accordance with Test Method D 6468 that may or may not be
obsarved in the field. Data have not been developed that
correlate results from the test method for various engine types
and levels of operating severity.

X3.7 Fuel Storage Canditions

X3.7.1 Contamination levels in fuel can be reduced by
storage in tanks kept free of water, and tankage should have
provisions for water draining on a scheduled basis. Water
promotes corrosion, and microbiological growth may accur af
4 tuel-water interface. Underground storage is preferred to
avoid temperafure extremes; above-ground storage tanks
should be sheltered or painted with reflective paint. High
storage temperatures accelerate fuel degradation. Fixed roof
tanks should be kept full to limit oxygen supply and tank
breathing.

X3.7.2 Copper and copper-containing alloys should be
avoided. Copper can promote fuel degradation and may pro-
doece mercaptide gels. Zinc coatings can react with water or
organic acids in the fuel to form gels that rapidly plug filters,

X3.7.3 Appendix X2 of Specification I 2880 discusses fuel
contaminants as a general topic.

X3.8 Fuel Use Conditions

X3.8.1 Many diesel engines are designed so that the diesel
fuel is used for heat transfer. In modern heavy-doty diesel
engines, for example, only a portion of the fuel that is
circulated fo the fucl injectors is actnally delivered to the
combustion chamber. The remainder of the fuel is circulated
back to the fuel tank, carrying heat with it. Thus adequate high
temperature stability can be a necessary requirement in some
severe applications or fypes of service.

X3.8.2 Inadequate high temperature stability may resulf in
the formation of insoluble degradation products,

X3.9 Use of Degraded Fuels

X3.9.1 Fuels that have undergone mild-lo-moderate degra-
dation can often be consumed in a normal way, depending on

the fuel systern requirernents. Filters and other cleanup equip-
ment can require special attention and increased maintenance.
Burner nozzle or injector fouling can occur more rapidly.

¥3.9.2 Puels containing very large quantities of fuel degra-
dation praducts and other contaminants or with runaway
microblologlical growth require special attention. Consultation
with experts in this area is desirable. It can be possible to drain
the sediment or draw off most of the fuel above the sediment
layer and use it with the precautions described in X3.9.1.
However, very high soluble gum levels or corrosion products
from microbiological contamination can cause severe operd-
tional problems,

X3,10 Thermal Stability Guidelines

X3.10.1 Results from truck fleet experience suggests that
Test Method D 6468 can be used to qualitatively indicate
whether diesel fuels have satisfactory thermal stability perfor-
mance properties. ™5

X3.10.2 Performance in cngines has not heen sufficiently
correlated with resulis from Test Method D 6468 to provide
definitive specification requirements. However, the following
guidelines are suggested.

X3.10.2.1 Fuels giving a Test Method D 6468 reffectance
value of 70 % or more in a 90 minute test at the dme of
manufacture should give satisfactory performance in normal
nse.

X3.10.2.2 Fuels giving a Test Method D 6468 refiectance
value of 80 % or roore in a 180 minuate test at the time of
manufactare should give setisfactory performance in severe
use.

X3.10.3 Thermal stability as determined by Test Method
D 6468 is known to degrade during storage.” The guidance
above is for foels used within six months of manufacture.

#Bachy, John D., and Lesnini, David G., “IMesel Fuel Thermal Swbilicy at
J0UPE" Procesdings of the Geh Inceenationad Confarence on Stability and Hawdling
af Liguid Fuels, Yancouver, B.C., October 1997.

® Bchwab, Scow D., Healy, Timothy I, Moxley, Joel F, and Miller, Keith,
“Thermal Stability of Fiesel Fuel,” Proceedings af the 7th Intermational Conference
an Stability and Hardling of Ligudd Fuels , Graz, Anstria September 2000

" Henry, €. P, “Thz DuPout F21 149%C (J00°F) Accelerated Stability Test,”
Distillate Fuel Stabitity and Cleanliness, ASTM STP 751, 1981, pp. 22-33.

X4, DIESEL FUEL LUBRICITY

X4.1 Introduction

X4.1.1 Diesel fuel functions as a lubricant in most compo-
nents of fuel injection equipment such as pumps and injectors.
In limited cases, fuel with specific properties will have insuf-
ficient lubricating properties which will lead to a reduction in
the normal service life and functional performance of diesel
fuel injection systems.

X4.2 Fuel Characteristics Affecting Fquipment Wear

X4.2.1 Currently, two fuel characteristics affect equipment
wear. These are low viscosity and fack of sufficient quantities
of trace components that have an affinity for surfaces. If fuel
viscosity meets the requirements of a particular engine, a fuel
film is maintained bestween the moving surfaces of the fuel
system components, This prevents excessive metal-to-mietal
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contact and avoids prematre failure due o wear, Similarly,
certain surface active molecules in the fuel adhere to, or
combine with, surfaces to prodice a protective film which also
can protect surfaces against excessive wear.

X4.3 Fuel Lubricity

X4.3.1 The concern about fuel lubricity is limited to sitva-
tions in which fuels with lower viscosities than those specified
for a particular engine are used ar in which fuels that have been
processed in a manner that resulis in severs reduction of the
trage levels of the surface active species that act as surface
protecting agents. Presently the only fuels of the latter type
ghown. to have Tubricity problems resulied from. sufficiently
severe processing to reduce aromatics or sulfur,

X4.32 Work in the area of diesel fuel lubricity is ongoing
by several organizations, such as the International Organization
for Standardization (ISO), the ASTM Diesel Fuel Lubricity
Task Force, and the Coordinating Rescarch Council (CRC)
Diesel Performance Group. These groups include representa-
tives from the fuel injection equipment manufacturers, fuel
prodocers, and additive suppliers. The charge of the ASTM
tagk force has been the recommendation of test methods and
fuel lubricity requirements for Specification D 975, Two test
methods were proposed and approved. These are Test Method
D a078, a scuffing load ball-on-cylinder Iubricity evaluator
method, SLBOCLE, and Test Method D 6079, a high fre-
quency reciprocating 1ig (HFRR) method, Use of these tests
raises three issues: 1) The carrelation of the dats among the
two test methods and the fuel injection equipment is not

perfect, 2) Both methods in their current form do not apply to
alt fuel-additive combinations, and 3) The reproducibility
values for both test methods are large. In order to proiect diesel
fuel injection equipment, an [IFRR Wear Scar Diamcter
(WSD)E of 520 microns has been placed in Specification
D973,

X4.3.3 Most experts agree that fuels having a SLBOCLE
Tubricity valuc below 2000 g might not prevent excessive wear
in injection equipment® while fuels with values above 3100 g
should provide sufficlent lubricity in all cases.!? Experts also
agree that if IEFR test at 60°C is used, fuels with values above
600 microns might not prevent excessive wear,'! while fuels
with valves below 450 microns should provide sufficient
lubricity in ali cases.'® More accurately, 2n industry-accepted
long-term durability pump test, such as Test Method D 6898,
can be used to cvaluate the lubricity of a diesel fuel. A poar
result in such a test indicates that the fuel has low lubricity and
may not.be able to provide sufficicent protection.

Nots X4.1—Some injection equipment van be [fitted with special
components that can tolerate low lubreity fuels.

8 Mitchell, K., “Diesel Fuel Lubrivily—Buse Fusl Effects,” SAE Technical Paper
2001--01-1928, 2001,

# Wasthrook, 8. ., “Servey af Low Sulfur Diesel Fusls and Aviation Kerosenas
from .8, Military Installations,” SAE Technical Paper $52369, 1993,

W ikanjum, M., “ISO Diesel Fuel Lubricity Round Robin Program,” SAE
Technleal Pager 932372, 1993,

! MNikanjam, M., “Diese! Fial Lubricity: On the Parh to Specifications,” SAE
Technical Paper 1999-01-1479, 1999,

X5. TENTH PERCENTILE MINIMUM AMBIENT AIR TEMPERATURES FOR THE UNITED STATES
(EXCEFL HAWAID)

X35.1 Infroduction

X5.1.1 The tenth percentile minimum ambient air tem-
peramres shown on the following maps (Figs, X3.1-X5.12) and
in Table X5.1 were derived [rom an analysis of historical
hourly temperature readings recorded over a period of 15 to 21
years from 343 weather stations in the United States. This
study was conducied by the U.S. Army Mobility Equipment
Research and Development Center (USAMERDC), Coating
and Chemical Laboratory, Aberdeen Proving Ground, MD
21005. The tenth percentils minimum ambient air temperature
is defined as the lowest ambient alr temperature which will not
go lower on average more than 10 % of the time. In other
words, the daily minfmum ambient air temperature would on
average not be expected © go below rthe monthly tenth
peccentile minimum ambient air temperature more than 3 days
for a 30-day month. Scc Table X5.1.

X5.1.2 These data may be used to estimate low temperature
operability requirements, In establishing low temperature op-
erability requirements, consideration should be given to the
following. These factors, or any combination, may make low
temperature operability mare or less severe than normal. As
X5.1.2.1 through X5.1.2.12 indicate, field work suggests that
cloud point (or wax appearance point) is a fair indication of the

low temperature operability limit of fuels without cold flow
additives in most vehicles.

¥5.12.1 Long term weather patrerns (Average winter low
femperatures will be exceeded on occasion).

X35.1.2.2 Short term local weather conditions (Unusual cold
periods do pecur).

X5.1.2.3 Elevation (High locations are usually colder than
surrounding lower areas).

X5.1.24 Specific engine design.

X5.1.2.5 Fuel system design (Recycle rate, filter location,
filter capacity, filter porosity, and so forth.)

X5.1.2.6 Fuel viscosity at low temperatures

X5.1.2,7 Equipment add-ons (Engine healers, radiator ¢ov-
ers, fuel live and fuel filter heaters and so forth.)

X5.1.2.8 Types of operation (Extensive idling, engine shut-
down, or tnusual operation).

X5.1,2.9 Low temperature flow improver additives in fuel.

%5.1.2.10 Geographic area for fugl wse and movement
hetween geographical areas.

X5.1.2.11 General housckeeping (Dirt and/or waler in fuel
or fuel supply systemy),

X5.1.2.12 Impact failure for engine to stact or run (Critical
vs. non-ceitical application).
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FIG. ¥5.1 October-—~1{th Percentile Minimum Temperatures

X5.1.3 Historical Background—Three test methods have
been widely used to estimate or conrelate with low temperature
vehicle operability, Cloud point, Test Method D 2500, is the
oldest of the three and most conservative of the tests, The cloud
point test indicates the earliest appearance of wax precipitation
that might result in, plugging of fuel filters or fuel lines under
prescribed cooling conditions. Although not 100 % failsafe, ic
is the most appropriate test for applications that can not tolerate
much risk. The Cold Filter Plugging Foint (CFPF) test, Test
Meihod D 6371, was introduced in Europe in 1965, The CFFP
was designed to correlate with the majority of Buropean
vehicles. Under rapid cooling conditions, 20 cc fuel is drawn
throngh a 45 micron screen then allowed to flow back through
the screen for further conling, This process is continned every
1°C until either the 20 cc fuel fails to be drawn through the
sereen in 60 s or it fails to refurn through the screen in 60 §, It
was field tested many times in Burope'? before being widely
accepted as a Furopean specification, Field tests have also
shown CEPP results more than 10°C below the cloud point
shonld e viewed with caution because those results did not
necessarily reflect the true vehicle low temperature operability
limits.!* CEPP has been applicd to many areas of the world

2« ow Temperature Operability of Diesels. A Report by CBC Investigation
Group IGF-3," CEC P-171-82.

12 4gEpP A New Laboratory Test for Assessment of Low Temperature Operabil-
ity of Modaen Diegel Fuels,” CECARS/EF 15, 5-7, May 1993,

0

where similar vehicle destgns are nsed. The Low Temperature
Flow Test (LTFT), Test Method D 4539, was designed to
correlate with the most severe and one of the most common
fuel delivery systems used in North American Heavy Duty
trucks. Under prescribed slow cool conditions (1°Ch), similar
to typical field conditions, several 200 cc fuel specimens in
glass containers fitted with 17 pm screen assemblies are
cooled. At 1°C intervals one specimen is drawn through the
screen under a 20 kPa vacunm. Approximately 90 % of the fuel
must come over in 60 s or less for the result to be a pass, This
process is continved at lower temperatures (1°C increments)
vntil the fuel fails to come over in the allotted 60 s. The lowest
passing temperatmre is defined as the LTFT for that fuel. In
1981, a CRC program was conducted to evaluate the efficacy
of cloud point, CFPP, pour point, and LTET for protecting the
diesel vehicle population in North America and to determine
whar benefit Aow-tmprovers could provide. The field test
congisted of 3 non-flaw improved diesel fuels, 5 flow improved
diesel fuels, 4 light-duty passenger cars, and 3 heavy-duty
trucks, The field trial resulted in two documents™'¥ that
provide insight inta correlating laboratory tests i North

" (IRC Report No, 537, “The Relatonship Between Vehicle Fuel Temperature
and Ambieat Tamperature, 1981 CRC Kapuskasing Field Teat,” December 1983,

¥ CRC Report No, 528, 1981 CRC [Hegal Fuel Low-Temperature Operability
Fleld Test,” September 1933,
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FIG. X5.2 Novemher—10ih Percentlia Minimum Amblent Air Temperatures

American vehicle performance in the field. The general con-
clusions of the study were:

(1) In overnight cool down, 30 % of the vehicles tested had
a final fuel tank temperamre within 2°C of the overnight
minimum ambient temperature.

f2) The use of flow-improved diesel fuel permits some
vehicles to operate well below the fuel cloud point,

(3) Significant differences exist in the severity of diesel
vehdcles in terms of low femperature operation.

{(#) No single laboratory test was found that adequately
predicts the performance of all fuels in a1l vehicles.

(5) CEPP was a better predictor than pour point, but both
methods aver-predictad, minimum operating temperatures in
many vehicles, For this reason, these fests wers judged
inadequate predictors of low-temperature performance and
dismissed from further consideration.

{(6) Cloud point and LTFT showed varying deprees of
predictive capability, and offered distinctively different advan-
tages. Both predicted the performance of the base fuels well,
but LTFT more accurately predicted the performance of the
flow-improved fuels. On the other hand, cloud point came
closest to a fail-safe predictor of vehicle performance for all
vehicles.

il

Since the 1981 field test, non-independent studies'® using
newer vehicles verified the soitability of the ITFT for North
American heavy-duly trucks. Users are advised to review these
and any more recent publications when establishing low
temperature operability requiremenss and deciding upon test
methods.

X5.1.3.1 Cuwrrent Practives—It is recognized that fuel dis-
tributors, producers, and end users in the United States use
clond point, wax appearance point, CFPP, and LTFT to
estimnate vehicle low temperature operability limits for diesel
fuel. No independent data has been published in recent years to
determine test applicability for today’s fuels and vehicles.

X5.2 Maps

X5.2.1 The maps in the following figures were derived from
CCL Report No. 316, “A Predictive Stmdy for Defining
Limiting Temperatures and Their Application in Petrolenm
Product Specifications,” by John P Doner. This report was
published by the U8, Army Mobility Equipment Research and
Development Center (USAMERDC), Coating and Chemical
Laboratory, and it is available from the National Techuical

5 SAE 962197, SAE 982576, SAE 2000-01-2883,
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FIG. X5.3 December—10th Percentile Minimum Amblent Air Temperatures

Information Service, Springfield, VA 22151, by requesting
Publication No. AD756-420.

X5.2.2 Where stateg are divided the divisions are noted on
the maps and table with the exception of California, which is
divided by coumnties as follows:

California, Nosth Coast—Alameds, Contra Costs, Del
Naorte, Humbolt, Lake, Marin, Mendacino, Monterey, Napa,
San Benito, San Francisco, San Mateo, Santa Clara, Santa
Cruz, Solano, Sonoma, Trinity,

California, Interior—Lassen, Modoc, Plumas, Sierra,
Siskiyou, Alpine, Amador, Butte, Calaveras, Colusa, El Do-
rado, Fresno, Glenn, Kern (except that portion lying east of the
Los Angeles County Aqueduct), Kings, Madera, Mariposa,
Merced, Placer, Sacramento, San Joaquin, Shasta, Stanislaus,
Sutter, Tehama, Tulare, Tuolumne, Yolo, Yuba, Nevada.

California, South Coast—Orange, San Diego, San Luls
Obispo, Santa Barbara, Ventura, Los Angeles (sxcept that
portion north of the San Gabriel Mountain range and east of the
Los Angeles County Aqueduct).

California, Southcast—Imperial, Riverside, San Bernardino,
Los Angeles (that portion north of the San Gabriel Mountain
range and east of the Los Angeles County Aqueduct), Mono,
Inyo, Kem {that portion lylng east of the Los Angeles Connty
Aqueduct).

X5.2.3 The temperatures in CCL Report No. 316 were in
degrees Fahrenheit. The degree Celsius temperatores in Ap-
pendix X5 wore obtained by convecling the original degree
Fahrenheit temperatures.
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TABLE X5.1 Tenth Percentile Minimum Ambient Air Temperatures for the United States (except Hawaii}

10lh Ferceriile Temperatura®C, min

State

Qct, Nav. Dec. Jar, Feb. March
Alabarmiu 4 -3 -6 -7 -3 -2
Alaska Northemn -25 =37 -45 —44 -47 -43
Southem -1 -13 18 -32 a2 -28
South East -4 =11 ~18 -19 -13 —i2
Arizona Mort 84 latitude -4 ~12 -4 -17 -18 -2
South 84 lafituds 7 [ -2 -4 -3 -1
Arkangag 2 -4 -7 -1 -7 -3
Califarmia Narth Coast 4 a -2 -2 -1 -1
Intetlor 2 =3 ~4 -7 -6 -B
South Coast B 2 0 -1 0 2
Southeast T - -8 -1 -7 -5
Colorado East 105 fang -2 12 -14 -9 -15 -12
West 1059 long -8 -18 25 ~30 —-24 -18
Conngctiout -1 -7 -16 =17 -16 -8
Delaware 2 -3 =10 -1 -10 -6
Flarida Morth 28° latitude 7 1 -2 -3 -1 2
Sauth 29° latituds i4 7 ] a 8 7
Georgia 3 -2 -6 ~7 ] -5
ldaho -4 -18 -18 =21 -18 -13
llinois Noith 407 [atitude: -1 -8 ~19 -21 18 -1
South 40° Iatituds 1 -7 -16 =17 -18 -8
Indiana -1 -7 -18 -18 ~16 -2
lowa -2 -18 -a2d -28 ] -16
Kansas ~ —Ti -18 -18 -14 -18
Keritucky 1 -6 -18 -14 =11 -
Louisiana 8 ~1 -3 i -2 1
Maine -3 10 -23 28 —26 ~18
Maryland 2 ~3 =10 -~12 =10 ~4
Massachusatts -2 -7 ~18 -18 -7 =10
Michigan -2 =11 -20 ~23 —23 - 18
Minnesata, -4 -18 -30 ~34 -3 24
Mississippi 3 -3 -8 -8 -4 -1
Missour bl -7 -14 -18 -1 -8
Montana -7 -8 24 -30 e -21
Netraska -3 -13 -18 02 -19 -13
Nevada Morth 38° letitude -7 -14 -18 —22 15 -13
South 38° latitude 8 [} -3 -4 2 1

Neww Hampshire -3 -8 -18 - ] -12
New Jersay 2 -3 -1 -12 =it -5
New Maxico North 34° [atitude -2 -1 -14 -17 —i4 -1
Sauth 34” (atitude 4 ~ty -8 wti -7 -3

New Yark Mortht 427 latitude -3 -8 -2 w2 =24 -i6
South 42° latituds -1 -6 -i4 -18 -15 -0
North Garalina -1 -7 -10 -1 -4 -b
Narth Dakota -4 —20 27 -31 ] —ap
Chio -1 -7 ~16 -17 18 -9
Oklahoma, i -8 -12 -13 -8 -7
Oregon East 122° long -6 -1 14 -19 14 -8
Waest 122° long 0 -4 ~5 -7 -4 -3
Fannzylvanla Moeih 41 latituds -8 -8 -19 -20 21 -4
South 41° fatitude 1] -8 -13 14 . 14 -8
Rhade Islard 1 -3 -12 -13 -13 -7
Scuth Carolina g -1 -5 -5 -3 -2
South Dakota -4 -14 —24 -27 24 -18
Tannesses 1 -5 -9 -1 -4 —4
Texas Merth 217 [atitude a -8 -9 -13 -9 -7
South 31° laiitude 9 2 -2 -3 -1 2

Wah 2 -1 ~14 -1y -14 ]
Verracnt -3 -8 -20 -23 -24 -15
Virginia 2 -3 -4 -1 -4 -4
Washington East 122 long —& B -1t -18 - -8
West 122° forg 0 -3 -3 -7 ~d 4

West Virginia -3 -8 -14 -16 ~14 -9
Wisconsin -3 —14 -24 -28 —24 -18a
Wyoming -4 ~15 -8 26 —~19 -16
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SUMMARY OF CHANGES

Subcommittee D02.E0.02 has identified the location of selected changes to this standard since the last issue
(D 975-06b) that may impact the use of this standard. (Approved Feb, 1, 2007.}

(I} Added standards to the Referenced Docmments, (3) Added X2.2.2.
(2) Added Scction 4.

Subcommitbee DO2.ED,02 has identified the location of selected changes to this standard since the last issue
(I> 975-06a) that may impact the nse of this standard. (Approved Nov, 1, 2006.)

() Kevised Appendix X4.

Subcommittee D(¥2,E0.02 has identified the location of selected changes to this standard since the last issue
(D 975-06) that may impact the use of this standard, {Approved Oct. 1, 2006.)

(7} Added Test Method D 6890, (2) Revised 5.1.10.

Subcommittee D02.E0.02 has identified the location of selected changss to this standard since the last issue
(D 975-05) that may impact the use of this standard. {Approved May 15, 2006.)

(1) Deleted Test Method D 6920 from this standard.

Subcommittee D02.80.02 has identified the location of selected changes to this standard since the last issue
(D 975-04c*') that may impact the use of this standard. (Approved June 1, 2003.)

(1) Removed footnote J from Grade No. 4-D in Table 1,

ASTM Intermational takes no position respecting the valicity of any patent rights asserted in cornection with any ltam menijoned
in this standara. {sers of this standard are exprossly advised ihat determination of the validily of any such patent rights, end e risk
of infringameant of such rights, are anfirely their own responsibiity:

This standard is subject to revision at any time by the responsible technical cormmittee and must be reviewad svery five years and
[Fnat revised, elthar coapproved or wilhdrawn, Your cormmenis are invitad efther for revision of this standard ar for additional standards
and should be addragsed to ASTHM Infermnational Headguarters. Yot comments wil receiva carelid consideralion at a meeling of the
responsible technival committae, which you may altend. If your feet that your comments have not received a falr headrg you should
rnetke your views known te the ASTM Commiliea ont Standards, at the address shawn helgw.

This standard is copyrighted by ASTM intemational, 160 Bsrr Hsidbor Drive, PO Box G700, Wast Constofweker, PA 19428-2959,
Unitad States. Individual reprints (single or multiple coples) of this standard may be oblained by cortacling ASTM at the above
addrass or at 610-832-9486 (phong), 610-832-8555 (fax), or sarvive@astm.org (e-mall); or through e ASTM webaite
(www.astm.org).
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By Authority Of
" THE UNITED STATES OF AMERICA |

Legally Binding Document

By the Authority Vested By Part 5 of the United States Code § g52(a) and
Part 1 of the Code of Regulations § §1 the attached document has been duly
INCORPORATED BY REFERENCE and shall be considered legally
binding upon all citizens and residents of the United States of America.

HEED THIS NOTICE

Criminal penalties may apply for noncompliance.

Document Name:

CFR Section(s):

Standards Body:

Official Incortorator:

THE EXECUTIVE DIRECTOR
OFFICE OF 'THE FEDERAL REGISTER
WASHINGTON,; D.C.
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‘ﬂm’ Designation: E 11-95

Standard Specmcatlon for

National Standard

Wire Cloth and Sieves for Testing Purposes‘

This standard is lmued under the fixed designation E 11; the number immediately followmg the designation mdu:atm the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses mdu:im the year of last reappmvnl A )
superscript epsilon (c) mdlcates an editorial change since the last revmon or reapproval. ) o L

1. Scope

1.1 This specification covers the reqmrements for design
and construction of testing sieves using a medium of woven
wire cloth mounted in a frame for use in testing for the.

classification of materials according to designated particle

siz¢ (Sce Notes 1 and 2), and wire cloth, meeting the . ° .

specifications of Table 1, to be designated test grade wire
cloth. All subsequent references to wire cloth shall mean test
grade wire cloth. Methods for checking testing sieves and
wire cloth for conformance to this specification are mcluded
in the annex. ‘

Note 1—Complete instructions and procedures 'o:i the use an‘d

calibration of testing sieves ar¢ contained in ASTM STP447B2 Note -
that sieve analysis results from two testing sieves of the same sieve |

designation may not be the same because of the variances in sieve
opening permitted by this specification. To minimize the differences in-
sieve analysis results, the use of testing sieves matched on a performance

basis is suggested. ASTM STP4478 also contains a list of all published

ASTM standards on sieve analysis procedures for specific materials o

industries. This list may be referenced to obtain statements of prec1s10n )

and bias for sieve analysis of specific materlals

Specification E 161.
1.2 The values stated in SI units shall be oonsidered-

E 323 Specification for Perforated-Plate Sieves for Tmung

Purposes® .
- E 437 Specifications for Industrial Wire Cloth and Screens

(Square Opening Series)*

2.2 Federal Standard: g

Fed. Std. No. 123 Marking for Shlpment (Civil Agenclee)5

- 2.3 Military Standard:
MIL-STD-129 Marking for Slupment and Storage5

3. Ordering Informatmn
3.1 Orders for items under this spemﬁcatlon mclude the
following information as necessary:.
3.1.1 Name of ‘material (U.S: A Standard Testmg Slevm
or U.S.A. Standard sieve cloth), - ot
3.1.2 ASTM desxgnatlon and year of nssue ( TM
E11-95), .. ) L
3.1.3 Quantity of each item, :
3.1.4 Standard sieve designation (see Table 1, Column 1),
3.1.5 Alternative sieve desngnauon if needed (see Table 1,

+"* Coluron 2),
Note 2—For other types of sieves, sce Specification E 323 and "

standard for the dimensions of the wire cloth openings and
the diameter of the wires used in the wire cloth. The values™

stated in mch-pound units shall be considered standard mth
regard to the sieve frames. .
1.3 The following precautionary statement refers only to

the test method portion, Annex Al, of this specnﬁcatlon

This standard does not purport to address all of the safety

concerns, if any, associated with its use. It is the responsi- .

bility of the user of this standard to establish appropriate
safety and health practices and determine the applzcabzhty of
regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards: = '

-C 430 Test Method for Fineness of I-Iydrauhc Cement by -
the 45-um No. 325 Sieve?

E 161 Specification for Precision Electroformed Sleves
(Square-Openmg Series)* "~ - . (

1 This specification is under the jurisdiction of ASTM Committee E-29 on
Particle Size Measurement and is the direct responsibility of Subcommittee 29,01
on Sieves, Sieving Methods, and Screening Media.

Current edition approved Jan. 15, 1995. Published March 1995, Onglnally
published as E 11 — 25T. Last previous edition E 1187, . . .

2 Manual on Testing Sieving Methods, ASTM STP 447B. Avmlable from
ASTM Headquarters, , )

3 Annual Book of ASTM Slandards Vol 04 oi.

"4 dnnual Book of ASTM Standards, Vol 14,02,

3.1.6 For testing sieves in standard circular ﬁ'ames
.3.1.6.1 Nominal sieve frame diameter (see 5.2 and 5.3),
3.1.6.2 Nominal sieve frame height (see Table 2),
3.1.7 For s1eve cloth not in ftames or in nonstandard
frames: y
- 3.1.7.1 Lateral dunensnons of sieve cloth,
3.1.7.2 Description of nonstandard frame,

3.1.8 For U.S, Government purchases, if supplementaxy :

requirements apply, ,
3.1.9 Compatible sieve pans and covers, and :
3.1.10 Special requirements’ (spemﬁc type of metal for

meve cloth and fmmes matched sieves, for example)

‘ 4 Sieve Cloth Reqmrements

4.1 Wire cloth. used in USA standard testmg sieves
meeting the specifications shown in Table 1 shall be desig-
nated “test grade”. Test grade sieve cloth shall be woven

from stainless steel, brass, bronze, or other suitable wire with

a plain weave, except that cloth with openings of 63 um (No.

...230) and finer may be woven with a twill weave. For

13

definitions of “plam” and “twill” weave; refer to Specifica-
tion E 437. The wire shall niot be coated or ‘plated.

4.2 The openings of the sieve cloth of successive sieves pro-
grjos_s from a base of 1 mm in the ratio of appmximately
4+/2:1,

4.3 All measurémerits of opemngs and “wire dlameters

5 Ava:]able from Slaudardnmhon Documents Order Desk, Bldg. 4 Secuon D,
700 Robbins Ave:; Philadelphia, PA 19111-5094, Attn: NPOQDS. N
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TABLE 1 Nominal Dimensions, Permissible Variations for Wire Cloth of Standard Test Sieves (U. S A) Standard Senes ‘
Permissible Variation

Sieve Designation Opening Dimension

Nominal Sieve of Average Opening Exceeded By Not Maxumum Individual Nominal Wire
in.8 o c
Standarda Aliernaive QOpening, in. fé?;c ett;)eegt;:;‘a;g Motfe Tharg 5.%:0f th Qpening , Diameter, mm
) @ KRG RECU O I )
125 mm §in. +3.70 mm 130.0 mm 130.9 mm 8.00
106 mm ,,424in o \ 320 mm S1102mm ‘ 111 1 mm 6.30
100 mm#2 i, 4P . iSOOmm 1040 mm 7 048mm o 6.30
90 mm A £270mm . . 93.6 mm ) X
75 mm 3in. £220mm 7YY 781 mm
63 mm 2z in, . +1,90 mm 66.6 mm
B3mm - i 21200 . 212 i +1.80 mm 55.2 mm
50 mm? 2.2 2 +1.50 mm ) 52.1 mm
45mm 1% 1.75 . £140mm- 2 A0 460 mm
37.5mm Tt T S 148 . 891mm | -
31.5 mm 14 in, LR 20 mm | '
26.5 mm 1.06 in. '27.7 mim,
25.0 mm®, . 100inP mm
22,4 mm Coapgin, Y- R )
19.0 mm Yain. i
160mm . ... Faln, i
13.2 mm 0.530 in.
12.6 mm~? e in.P 1340 mm -
11.2mm e in. 1175mrq S
9.5 mm Ys in. 997 mm” "~ "
. B0 mm 84a in. . 8.41 mm
.7 mm 0.265 in, - 5 705 mm
6.3 mm?2 2 AR
B.6mm vt “No. 31kE" !
4.75 mm No. 4 '
4.00 mm No. 5
3.35 mm " No. 6
2.80 mm No. 7 )
2.36 mm No.8 . .0
2.00 mm No. 10 1 .90(
1.7 mm, "No.12 . 20 my 890.mm 0.800,
1.4 mm’ No. 14 g #+.050 mm 1505 mm . 1.565mm 0.710
1.18 mm No. 16 +i045 mm 1.270mm 7 7 11330 mm 0.630
1.00 mm No, 18 e +.040 mmy 41.080 mm 1485 mm -, e, w0580 4
850 ym* . .. No. 20 . +£35 pm 925 um ) N
710 im : No. 25 e 775 um-
600 ym X - No.. 30 G gy
500 pm, No. 35 . i y &
425 pm No. 40 aripm b
356 pm No. 45 agegm 7 0T
300 pm Fe ‘No.'50 837 um Cop
250 pm No. 60 +12 um 283 ym
212 pm No. 70 +10 pm 242 pm
180 um No. 80 +9 pum 207 {im"
150 pm No. 100 ’ +8 pm 174 )im <0
126 um No. 120 +7 um 147:um -
106 um ‘ No: 140 +6 pm 126 pm
80 um. No. 170 , 5 pum 108 pmi
75 pm " Nd. 200 ) 45 ym 91 um
63 um No. 280 +4 pm s 77 pm )
53 pm Na. 270 &4 um 66 um
45 pm No. 326 & o 00017 £3 um 57 um
38pum. No.400 . . +3 pm 48 pm 57 pm . 0.030
32 pm ¢ ! No.450 -~ 7 ¢ +3 pm 42 um 50 pm £ 05028
25 ume - ’ Ne. 500 » +3 pm 34 um 41 pum L. . 0025
20umP o e NOJB3S . ‘,;\-!-3 pm 29 um 35 um 504 020

except where noted. .
80nly approxl Iy equivalent 10 the metrit’ values 1. :
"€ The average diafeter of the wirég in the x-ahd y 'diretion; measui'ed Separately. of any wire cloth shall not deviate from the nominal values by mare than +15 %.
. P Thesé siéves dre not n the'standard series but they- have bieen:Inciidedibéoause they are in common usage.
These niimbers (3v2 to 635) are.the approximate number of openlngs per linear in. but it is preferred that the sieve be identified by the standard designation in
millimetres or mtcrometres .

F 1000 pm—1 hm. t

TN TV

-

(honzontal) and y (vertical) duecuons meas
shall conform to the values:in .Column 1, within the;,
pérmissible variation in” average’ openmg size shows in
Column 4. Not more than 5 % of the openings shall exééed
the value shown in Column §. The-maximum individual

shall be made along the mldpomts of the opemng as shown
in Fig. 1.

4.4 Sieve cloth shall conform to the dimensional require-
ments ;of Table 1. The average opening (distance between
paralle]l wires riieasured at the center of the.opening),in the x

14
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i '='TABLE 2" D|mensmns of Standard Frames B

Nominal‘

Diameter -7 Mean Diameter, in..(mm)

C
Outside on Skt Nominal Height

Typncal Frame/q

looseness, or wavmess “To prévent the’ fitaterial being’ sieved’
from catching in the joint beétween the wire cloth and' the:
frame; the joint shall be filled smoothly or ¢onstructed so
that the material will not be trapped.

5.2 Standard Frames—Sieve frames shall be circular with

. nominal diameters of 3, 6, 8, 10, or 12 in. (76, 152, 203, 254,

or 305 mm) as may be specified. The dimensions shall
conform to the requirements in Table 2. Frames shall be

- -made from noncorrosive material such as brass or stainless

steel and be of seamless construction.
5.2.1 The bottom of the frame shall be constructed so as

“to provide an easy sliding fit with any sieve frame of the same

in. Inside at Topf? in. (mm)
3 3,000 + 0.030/-0.000  3.000 + 0.000/-0.030 114 (32) FHP
(76 + 0.76/ ~0.00) (76 + 0.00/ —0.76) S (16)HH
6 6.000 + 0.030/~0.000  6.000 + 0.000/~0.030 14 (45) FH
(152 + 0.76/ —0.00) (152 + 0.00/ —0.76) 1 (25) HH
8 . ..8.000+ 0.030/-0.000 . 8.000 + 0.000/-0.030) . 2 (50} FH
(208 + 0.76/ —0.00 (203 + 0.00/ —0.76) 1 (25) HH
10 10.000 + 0.030/-0.000 .- . 10.000 -+ 0.000/—0.030 3(76) FH
(254 + 076/ —0.00) ° (254 + 0,00/ ~0.76) 1V (38) HH
12 12,000 + 0.080/-0.000  12.000 + 0.000/=0.080 814 (B FH
(305 +0.76/ —0 00) (305 + 0. 00/ 0. 76) 2(50) IH

A ‘ 1% (41) HH ¢

i Other frame helghts are not precluded. '

B Meastired 0.2 in. (5 mm) below the top of the frame. s [
.. € Distance from the top of the frame to the sieve cloth surface SR
. B2 FH full helght HH = half helght IH= - intermediate height ,

: d“"»’—-"—— o T

el
]

of

Proper Dimensioning of Wire Cloth Mesh

xy

FIG. 1

opening size shall not exceed the value shown in Column 6,
4.4.1 The average diameter of the x (horizontal) and y
(vertical) wires, measured separately, shall conform to the

diameter in Column 7 within the tolerances in Footnote Aof

Table [. \

4.5 Wires shall be cnmped in such a manner ‘that they will
be rigid when in use, R L SR

4.6 There shall be 00 punctures or obvtous defects in the
cloth. { |

5. Test Sleve Frames

5.1 General Requzrements—Frames for wire cloth sieves
shall be constructed in such a manner as to be- ngld The wire
cloth shall be mounted on the frame w1thout distortion,

0
]

. 7 ¢ contract.or, order. . s LT

S1. Responsibility for Inspection

§1.1 Unless otherwise specified in the contract or pur-
chase order, the producer is responsible for the performance
of all inspection and test requirements specified herein.
Except as otherwise specified in the contract or order, the
producer may use his own or any other suitable facilities for
the performance of the inspection and test requirements
specified herein, unless disapproved by the purchaser. The

The fcllowmg supplementary requn'ements shall apply only when speclﬁed by the purchaser in the :

15

nommal diameter conforming to the specified dimensions.

5.2.2 ‘The joint or fillet at the connection of the sieve cloth
to the frame will provide a minimum cleari sieving surface
with a dlameter equal to the ncmlnal dtameter less 0.5 in.
(13 mm).

NoTE 3—Attentton is ‘called to Test Method C 430, which contains
requirements for'2 in, (51 mm) diameter sieves used'in the mmeral'
industry, especially the ¢cement groub. :

5.3 Nonstandard mees—Other -sieve frames ‘may’ be
erther square, rectangular, or circular;: “‘The frame may have
the sieve cloth permanently installed, or ‘may be desngned to!
petmit replacement. The provisions of 5.1 apply. R R

NoTE 4—While there are no requlrements for nesting of non-
standard sieve frames, care should- be apphed in ‘use to prevent Ioss of
miaterial dunng analys1s . y

5.4 Pans and Covers—Pans. and covers for use w1th sieves
shall: be ‘made:so.as’ to nest with the sieves. Pans with'
extended rims-(*“stacking skirts”) shall 'be furnished when
speclﬁed The pans and covers shall conform to the d1n1en-"
smns in Table 2. - . -

6. Product Markmg

6.1 Each test sieve shall bear a label marked w1th the‘
followmg information;

6.1.1 US,A. standard testmg SLeve, .

6.1.2 This desrgnatron (ASTM E-ll) C

6.3 Standard s1eve desrgnatron (from Table 1 Column
1),

6.1.4 Name of manufacturer or distributor, and -

© 6.1.5 ‘Alternative sieve de31gnat10n (from Table 1 Col-'
umn 2) (optronal) o ‘ Chatto ity

SRS
Vo

7 Keywords L .
7.1 opemng, partlcle mze s1eve, sieve analys1s, 51eve cloth
sigve desrgnatron, test grade wire cloth test sreve Lo

: SUPPLEMENTARY REQUIREMENTS B e

SRR

purchaser shall have the right to perform any of the
inspections and tests set forth in this specification where such
inspections are deemed necessary to ensure that materials
meet the specification,

S2. Government Procurement

§2.1 Unless otherwise specified in the contract, the mate-
rials shall be packaged in accordance with the suppliers’

PRO_00106417
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standard ,practice that will be acceptable to the carrier at
lowest rates. Contamers and packing, shall comply with the
Umfom; Frelgh_t Classification., rules _or National Motor

Freight Classification rules. Marking for shipment of such
miaterials shall be in accordance with Fed. Std. No. 123 for
cml agenmes, and MIL-STD-129 for mﬂitary agencies.

ANNEX .

(Mandatory Information) ‘ (' o

Al TEST METHODS FOR CHECKING WIRE CLOTH AND TESTING' SIEVES ‘TO DETERMINE
\ W WHETHER THEY CONFORM TO SPECIFICATION G

Al 1 Every opemng m the metal w1re cloth ina test sieve
shall be ehglble for” mspectmn for comphance wnh the
requlrements llsted in- ‘Table 1.

Al.1.1 When 4 siéve has 30 opemngs or less, measure all
opemngs In other cases the examination shall proceed in
stages from a. survey of general condition,, to a methodical
scrutlny of 1nd1v1dual openings, and ﬁnally to-measurement
of-opening size for compliance with the tolerances.

All2 Measure opening size, as descnbed in Test
Methods Two, Three, and Four; on. equ1pment with a
precision of at least 2. 5 pm or 10 % of the value in Column
4 for the specific mesh designation, whichever is greater.

"A1.2 Test Method One—Examination of General Condi-
tzon of the Wire Cloth—For this purpose, view the sieve cloth
against a uniformly - illuminated background,. If obvious
deviations; for example, weaving defects, -creases, wrinkles,
foreign matter in the cloth, are found;.the. wire cloth is
unacceptable, o

Al1.3 Test Method Two—Examination for Maxzmum In-
dividual Openmg--The observer shall carefully and method-
1ca11y examine the appearance of all the openings, in order to
detect 'oversize openings. Opening$ whose w1dth deviates by
about 10 % of the average value are apparent to the unaided
eye of a skilled observer. By this fest method known as the
“handicap method”, it is probable that all oversize openings
exceedmg the average value by about 10 % or more will be
detected. At the same time it is easily possible to detect
sequences; of Iarge openings, and local irregularities in the
weavmg, appearing as distortions in the openings. If an
opening is found to be larger than that pennlsmble in
accordance with Column 6 of Table l the wiré ¢loth is
uhaceeptable, . « :

Al4 Test Method Three—Determmazzon “of -the- Size
Distribution of Wire Cloth Openings—To establish the size
distribution of sieve openings, determine the fréquency of
opening size measurements usmg the followmg procedures:

Al.4.1 For samples (testing siéves or wire cloth) with 30°

or less openings, measure all full openings. For samples with

16

over 30 openings, measure a minimum of 30 full opemngs

A1.42 Select openings in a line or lines diagonal to the
direction of the wires according to Fig. -Al.1; and measure
ten adjacent opemngs along each line. When greater num-
bers of openingd’ are a\ra;tlable, ‘thoose the fields in such a
manner that none of the openings being measured overlap.

Al.4.3 Measurement of the Average Opening Size—Mea-
sure the average opening:as the distarice between parallel
wires (measured at the center of the opening—see Fig. 1) in
both directions, being suie t& keep the ix atid y measurements
separate. Once the openjng data is tabulated, check the data
versus the prescribed hm1ts in Table 1.

ALl5 Test Method Four—Measurement of the Average
Wire Diameter—Qbtain the average diameter of the wires by
measuring 30 different wires selected at random in each
direction.-Once the opening data is tabulated, check the data
versus the prescribed limits in Table 1.

FIG. Al.1 Oriehtaﬂon of Openings to bé Measured in Each Field
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nveAmricanSoc:elyforTestmgandMatenalsmkesmposmonrespecﬂr)gﬂlevmidnydanypaluwnghwassenedmmm
with any item mentioned in this standard. Users of this standard are expressly advised detenmnaﬂonoftheva!idityofmysuch ‘
patent rights, andthenskalinlrinmremalsuch rights, ammtfrelylheirownrespmsibilify

Thlsstandardlssub]ectmrevisionatanytlmbyﬂmrespambbhchnkzlmmMaMMbembwedwayMymmd
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 Headquarters. Your commerits will receive careful consideration at a meoting 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; 100 Barr Harbor Drive, West Conshohocken, PA 19428. .
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45“9 Designation: E 1337 - 90 (Reapproved 1996)

Standard Test Method for
Determining Longitudinal Peak Braking Coefficient of Paved
Surfaces Using a Standard Reference Test Tire'

This standard is issued under the fixed designation E 1337; 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 epsilon (¢) indicates an editorisl change since the last revision or reapproval,

1. Scope

L.l This test method covers the measurement of peak

braking coefficient of paved surfaces using a standard reference
test tire (SRTT) as described in Specification E 1136 that
represents current technology passenger car radial tires, Gen-
eral test procedures and limitations are presented for determin-
ing peak braking coefficient independent of surfade tonditions.
Actual surface test conditions are determined and controlled by
the user at the time of test. Test and surface condition
documentation procedures and details are specified. This mea-
surement quantifies the peak braking coefficient at the time of
test and does not necessarily represent a maximum or fixed
value. ‘
1.2 This test method utilizes a measurement representing
the peak braking force on a braked test tire passing over a road
surface. This test is conducted with a tire under a nominal
vertical load at a constant speed while its major plane is
paralle] to its direction of motion and perpendicular to the
pavement,

1.3 The measured peak braking coefficient obtained with the
equipment and procedures stated herein may not necessarily
agree or correlate directly with those obtained by other surface
coefficient measuring methods.

1.4 This 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 appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

E 274 Test Method for Skid Resistance of Paved Surfaces
Using A Full-Scale Tire?

E 556 Test Method for Calibrating a Wheel Force or Torque
Transducer Using a Calibration Platform (User Level)?

E 867 Terminology Relating to Traveled Surface Character-
istics?

E 1136 Specification for a Radial Standard Reference Test
Tire?

"This test method is under the jurisdiction of ASTM Committee E-17 on
Vehicle-Pavement Systems and is the direct responsibility of Subcommittee E17.21
on Field Methods for Measuring Tire Pavement Friction.

Current edition approved Feb. 23, 1990. Published April 1990,

2 Annual Book of ASTM Standards, Vol 04.03,

Copyright @ ASTM, 100 Barr Marbor Drive, West Conshahocken, PA 19428-2959, United States.
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F 377 Practice for Calibration of Braking/Tractive Measur-
ing Devices for Testitig Tires®

F 408 Test Method for Tires for Wet Traction in Straigh-
Ahead Braking, Using a Towed Trailer®

F 457 Method for Speed and Distance Calibration of a Fifth
Wheel Equipped with Either Analog or Digital Instrumen-
tation®

3. Terminology

3.1 Definitions:

3.1.1 chirp test—the progressive application of brake torque
required to produce the maximum value of longitudinal brak-
ing force that will occur prior to wheel lockup, with subsequent
brake release to prevent any wheel lockup (tire slide).

3.1.2 For other definitions pertaining to this standard, see
Terminology E 867 and Method F 408.

3.2 Descriptions of Terms:

3.2.1 braking force coefficient, tire—the ratio of braking
force to vertical load.

3.2.2 braking force coefficient, tire, peak—the maximum
value, as defined in 12.2, of tire braking force coefficient that

‘occurs prior to wheel lockup as the braking torque is progres-

sively increased.

3.2.3 braking force coefficient, tire, slide—the value of the
braking force coefficient obtained on a locked wheel.

3.24 braking force, tire—the negative longitudinal force
resulting from braking torque application.

3.2.5 braking torque—the negatively directed wheel torque.

3.2.6 longitudinal force, tire (F,)—the component of a tire
force vector in the X' direction.

3.2.7 tire-axis system—the origin of the tire-axis system is
the center of the tire contact. The X’ axis is the intersection of
the wheel plane and the road plane with a positive direction
forward, The Z' axis is perpendicular to the road plane with a
positive direction downward. The Y’ axis is in the road plane,
its ditection being chosen to make the axis system orthogonal
and right-hand (see Fig. 1 in Method F 408).

3.2.8 tire forces—the external forces acting on the tire by
the road.

3.2.9 torque wheel (T)—The external torque applied to a tire
from a vehicle about the wheel spin axis. Driving torque is
positive wheel torque; braking torque is negative wheel torque.

® Annual Baok of ASTM Standards, Vol 09.02,
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3.2.10 vertical load (F/)—the downward vertical compo—
nent of force between the tire and the road.

4, Summary of Test Method

4.1 The measurements are conducted with a standard refer-
ence test tire (Specification E 1136) mounted on a test trailer
towed by a vehicle. The trailer contains a transducer, instru-
mentation, and actuation controls for the braking of the test
tire. See 6.6 for irailer instrumentation.

4.2 The test apparatus is normally brought to a test speed of
40 mph (64 km/h). The brake is progressively applied until
sufficient braking torque results to produce the maximum
braking force that will occur prior to wheel lockup. Longitu-
dinal force, vertical load, and vehicle speed are recorded with
the aid of suitable instrumentation and data acquisition equip-
ment,

4.3 The peak braking coefficient of the road surface is
determined from the ratio of the maximum value of braking
force to the simultaneous vertical load occurring prior to wheel
lockup as the braking torque is progressively increased.

5. Slgmﬂcance and Use

5.1 Pavement surfaces have different traction characterls-
tics, depending on many factors. Surface texture, binder
content, usage, environmental exposure, and surface conditions
(that is, wet, dry) are some of the factors. )

5.2 The measured values represent peak braking coefficients
for tires of the general type in operation on passenger vehicles,
obtained with a towed test trailer on a prescribed road surface,
under user defined surface conditions. Such surface conditions
may include the water depth used to wet the road surface and
the type of water application method. Variations in these
conditions may influence the test results. :

6. Apparatus

6.1 The apparatus consists of a tow vehicle and test trailer:
The vehicle and trailer must comply with all legal requirements
applicable to state laws when operated on public roads.

6.2 Tow Vehicle—The vehicle shall have the capability of
maintaining a test speed of 40 mph (64 km/h) within £0.5 mph
(0.8 km/h) even at maximum level of apphcatxon of braking
forces.

6.3 Test Trailer—The test wheel shall be eqmpped with a
sufficient braking torque to produce the maximum value of
braking test wheel longitudinal force at the condmons speci-
fied.

6.3.1 Bach of the trailer wheels shall have a suspension

capable of holding toe and camber changes to within +0.05°
with maximum vertical: suspension d1sp1acements under both
static and dynamic conditions.

6.3.2 The rate of brake application shall be sufficient to
control the time interval between initial brake application and
peak longitudinal force to be between 0.3 and 0.5 5.+ -

6.4 Vertical Load—The trailer shall be of such a design as to
provide a static load of 1031 15 1bf (4586 £ 67 N) to the test
wheel and on detachable trailers a static down load of ]00 to
200 1bf (445 to 890 N) at the hitch point.

6.5 Tire and Rim—The test’ tire shall be the standard
reference test tire (SRTT) for pavement tests, as specified ih

875

Specification E 1136, mounted on a suitable 14 by 6-in. rin1.

6.5.1 When irregular wear or damage results from tests, or
when wear or usage influences the test results, the use of the
tive should be discortinued.

6.6 Instrumentation:

6.6.1 General Requirements for Measuring Sysrem—The
instrumentation system shall conform to the following overall
requirements at ambient temperatures between 40 and 100°F (4
and 38°C):

6.6.1.1 Overall system accuracy of +1.5% of apphed Ioad
from 200 Ibf (890 N) to full scale; for example, at 200 Ibf (890
N), applied calibration force of the system output shall be
determinable within =3 Ibf (£13 N).

6.6.1.2 The exposed portions of the system shall tolerate
100 % relative humidity (rain or spray) and all other adverse
conditions, such as dust, shock, and vibrations Wthh may be
encountered in highway operations.

6.6.1.3 Braking Forces—The braking force measuring
transducer shall measure longitudinal reaction force within a
range between 0 and 2000 1bf (0 and 8.9 kIN) generated at the
tire-pavement interface as a result of brake application. The tire
force-measuring transducer shall be of such design as to
measure the tire-pavement interface force with minimum
inertial effects. Transducers are recommended to provide an
output directly proportional to force with hysteresis less than
1% of the applied load, nonlinearity less than 1% of the
applied load up to the maximum expected loading, and
sensitivity to any expected cross-axis loading or torque loading
Tess than 1 % of the applied load. The force transducer shall be
mounted in such 2 manner as to experienice less than 1° angiilar
rotation with respect to its measuring plane at the maximum
expected loading.”

6.6.1.4 Vertical Load—The vertical load measuring trans-
ducer shall measure the vertical load at the test wheel during
brake application. The transducer shall have the same specifi-
cations as those described in 6.6.1.3. ‘ '

Note 1—Other transducer systems may be used to determine peak
braking coefficients if they can be shown to correlate with the force-
measuring transducer system with the same overall accuracy.

6.6.1.5 Vehicle Speed-Measuring' - Transducers—
Transducers such as “fifth wheel” or a- free-rolling wheel
cotpled tachometer shall provide speed resolution and accu-
racy of £1.5% of the indicated speed or £0.5 mph (£0.8
knv/h), whichever is greater. Output shall be directly viewable
by the driver and shall be simultaneously recorded. Fifth wheel
systems shall conform to Method F 437,

6.6.1.6 Signal Conditioning and Data Acquisition—All sig-
nal conditioning and recording equipment shall provide linear
output and shall allow data reading resolution to meet the
requirements of 6.6.1.1.

6.6.1.7 All strain-gage transducers shall be eqmpped with
resistance shunt calibration resistors or equivalent that can be
connected before or after test sequences. The calibration signal
shall be at least 50 % of the normal vertical load and shall be
recorded,

6.6.1.8 A digital data acquisition system shall be employed
to individually digitize the braking force, vertical load, and
vehicle speed analog outputs. The braking force, vertical load,
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and test wheel speed input signals to be digitized shall be
sampled (as close to simultaneous as possible {0, minimize
phase shifting) at 100. samples per second, for-each channel
from unfiltered analog signals. Vehicle speed can be analog
filtered, if necessary, to remove noise since this.is a steady—state
signal. : .

Note 2—-Expenence indicates that data sampling at 100 sarnples per
second of utifilibred analog skid trailér data will properly describe the
significant frequencies, To prevent “aliasing,” caution must be exercised
in digitizing skid trailer'data which centains any significant frequencies
above 50 Hz or other types of analog data. )

7. Hazards

7.1 The test vehicle, as well as a11 attachments to it, shall
comply with all apphc'tble state and federal laws. All necessary
precautions shall be taken beyond those imposed by laws and
regulations to ensure maximum safety, of operating personnel
and other traffic. No test shal] be made when there is danger
that dispersed water may freeze on the pavement

8. Preparatlon of Apparatus’

8.1 Prepamtzon of Test Tire: ‘ '

8.1.1 Tr1m the test tires to remove all protuberances in the
tread area caused by mold air vents of flashes at mold
_]LIIICCIOHS

8.1.2 Test t1res should be stored in such a locatlon that they
all have the same amb1ent temperature pnor to testing and
shield them from the sun to avord excessive heating by solar
radiation,

8. 1.3 Mount the test tire on T1re and le Assoc1at10n (TRA)
recommended rim* (6.5) by using convenuonal mounting
methods. Caution: Assure proper bead seatmg by the use of a
suitable lubricant. Excessive use of lubricant should be avoided
to prevent shppmg of the tire on the wheel rim, .

8.1.4 Check the test tires for the spec1ﬁed inflation Dressure
at ambient temperature (cold), just pmor to testing. The test tire
inflation pressure shall be 35 = 0.5 psi. (241 = 3 kPa)

9. Calibration

9.1 Vehicle Speed—Cahbrate the test vehicle speed indica-
tor at the test speed by determining the time for taversing at
constant speed a reasondbly level and straight, accurately
measured pavement of a length appropn'ue for the method of
timing. Load the testtrailer to its specified operating weight for
this calibration; Record speed véartiations during a-traverse with
the test System. Make a minifnum of ‘thites furs at each!test
speed to complete the calibration. Other methods of equivalent
accuracy may be used: Calibration of a fifth wheel shall be
perfermed in adeordance with Method F 457, a

10. Conditioning

10.1 Pretest Tire Condztzomng

10.1.1 ‘Test tire pretest conditioning shall be performed t0
presondition all tires prior to.initial testing. Pretest cotidition-
ing is to be'done only oncé per tire and prior to 4ny actual ‘test

R

+'* Cuttent recémmendations availablé'om the Tite and Rim Asséeiation, 3200
Markét St., Akrvon, OH 44313, e |
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measurements. This process is reconmmended because the new
tire burnish effect may haye an influence on the peak braking
coefficient obtained and to minimize test variability caused by
transient, non-preconditioned, tire ‘braking performance.”"

-10:1.2 Pretest tire conditioning shall be: conducted on a dry
and level surface. Each tire shall be chirped ten times at 20
mph (32 km/h) under test load. .

10.2" General Test Conditions:

10.2.1 The test surface shall be free ‘of loose matenal or
foreign deposits.

10.2.2 Do not test when wind condmons mterfere with
wetted. test' repeatability. Test results: may be influenced by
wind- speed, or” direction, or both, The:magnitude of this
dependence is a function. of the, water depth, apphcauon
procedures, and surface wind protection. :

11. Procedure {

11,1 Warm up electromc test equlpment a8 reqmred for
stablhzauon

11.2 Install an SRTT (Spemﬁcatron E 1136) in the test
position of the test trailer. A tire with a similar loaded radius
and high cornering properties should be used onithé opposite
side to Jgvel the axle and to minimize trailer yaw during brake
torque applications.

11.3 Check and, if necessary, adjust the test trailer-static
weight on the test tire to the specified test load (see 6.4).

11.4 Check. and adjust tire inflation. pressure, as. requned
immediately before testing to specified value (see 8.1.4)..

11,5 When testing-on an externally wetted, test surface,
offset the trailer test wheel sufficiently to prevent ‘tracking” of
the towing vehicle. Twelve to sixteen in. (305 to 406 mm), is
suggested, :

11.6 Record tire 1dent1ﬁcat1on a:nd other data mcludmg
date, time, ambient temperature, test surface temperature, tire
durometer, test surface type, and water depth (if wettet'siirface
is used), Measure the water depth with-a varrable -heighit probe
type device.; i

11.7 Record electrrcal cahbratlon s1gnals pnor to and after
testing each surface, or as needed to efisure valid data.

1‘1.‘8 Perform pretest tire conditioning (10.1) if using a new
tire. ‘

11.9 Conduct test at the required test vehicle speed. It is
recommended that peak braking coefficient measurement tests
be conducted using the chirptest methodology to minimize tire
damage:due to. tire sliding. - ‘

11.10 Make at least eight determinations of the peak braking
coefficient evenly distributed: over the test surface with the test
system af the specified test; speed.

“1ldnkateral  Positioning . of Test Vahzcle on Hzghway
Surfaces—Normally, testing shall be done in the center of
either wheel track of a traffic lane on a‘highway. The specific
details regarding lane and the wheel-path used should be
provided when repotting the data. .

1142 Test Speeds: . ..

11.12.1 The,standard test speed shall be 40 mph (64 kin/h),
a,nd tests shall normally be conducted at that speed, Where the
legal maximum speed is less than 40 mph (64 km/h), the tasts
may have-to be ‘conducted at a.lower speed. Where fhie legal
speed is.considerably in excess of 40 mph (64 km/h), tests may
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(64 km/h). Maintain test speeds within *1 mph 1.5 km/h).

11.12.2 The test speed must be given when the peak braking. -
coefficient is quoted. This may be done by adding the nitmnerals’
of the actual test speed in miles per hour in parentheses to the
coefficient, for example, 0.50(50) indicates the peak braking:

coefficient was obtained at a test speed of 50 mph (80 km/h).

12. Calculation

12.1 Data Reduction:

12.1.1 Digitally filter the digitized input analog signals of
braking force, vertical load, and vehicle speed using a five
point moving average technique.

12.1.2 Digital Filtering Methodology-——Calculate an aver-
age value for the first five digital data points. Drop the first data
point and add the sixth data point, calculate another five point
average value. Repeat this procedure for all remaining data
points. This sequence is done individually on all the above
digitized input analog signals. The following example compu-
tations illustrate the method using one channel.

(ptl + pt2 + pt3 + ptd + pt5)/5 = PT1
(pt2 + pt3 + ptd -+ ptS + pt6)/5 = PT2
(pt3 + ptd + pt5 + pt6 + pt7)/5 = PT3

Anew set of data points (indicated by capital letters) are then
defined to represent the filtered data for each channel (that is,
Avg ptx = PTy).

PT1, PT2, PT3, etc. — braking force
PT1, PT2, PT3, etc. — vertical force

12.2 Determining and Calculating Peak Braking Coefficient.

12.2.1 The peak braking coefficient shall be determined for
each run (brake application).

12.2.2 Using the digitally filtered data (PT1, PT2, PT3,
etc.), scan the longitudinal channel and determine the highest
absolute filtered value (PTy) prior to wheel lock up. Calculate
an average peak braking force value using the highest filtered
value (PTy) and one filtered point directly before (PTy_,) and
directly after it (PTy,.,). This three point average is the peak
braking force value developed for this individual lock up.

12.2.3 Determine the vertical load value from its respective
digitally filtered data that corresponds to the highest absolute
value for braking force, from 12.2.2. Calculate an average
vertical load value using this corresponding value and one
point directly before and directly after it. This three point
average is the vertical load value that corresponds to the
average peak braking force for this individual lock up.

12.2.4 Calculate the peak braking coefficient by dividing the
three point average peak braking force, determined from
12.2.2, by the three point average vertical load, as determined
in 12.2.3. The peak braking coefficient should be reported to
two (2) decimal places.

12.3 For each test (11.10) the mean and standard deviation
for peak braking coefficient are calculated from the individual
determinations.

13. Report

13.1 Field Report—The field report for each test section
shall contain data on the following items:

be made at the prevailing traffic speed, but it is recommended " 113.1.1 Idenufy test procedure tdsed,

that at the same locations, additional tests be made at 40 mplh. 13, 1 2 Locauon and 1dent1ﬁcat1011 of test section,

13.1.3 Date and time of day,
13:1:4 Weather conditions,

| 13.L5 Lane and wheel-path tested,
- 13.1.6 Speed of test vehicle (for each: test); .

'13.1.7 Peak braking coefficient (for each test),

13.1.8 Water depth, if wetted surface is used, and

13.1.9 Ambient and surface temperature.

13.2 Summary Report—The summary report shall include,
for each test section, data on the following items insofar as they
are pertinent to the variables or combinations of variables
under investigation:

13.2.1 Location and identification of test section,

13.2.2 Number of lanes and presence of lane separators,

13.2.3 Grade and alignment,

13.2.4 Pavement type, mix design of surface course, condi-
tion, and aggregate type (specific source, if available),

13.2.5 Age of pavement,

13.2.6 Average daily traffic,

13.2,7 Posted speed limit,

13.2.8 Date and time of day,

13.2.9 Weather conditions,

13.2.10 Lane and wheel-path tested,

13.2.11 Ambient and surface temperature, and

13.2.12 Average, high, and low peak braking coefficient for
the test section and speed at which the tests were made. (If

values are reported that were not used in computing the

average, this fact should be reported.)

14. Precision and Bias

14.1 Precision—Data are not yet available for making a
statement on the precision of this test method. When such data
become available, a precision statement will be included in this
test method.

14.2 Bias—There are no standards or references with which
the results of this test can be compared. The function of the test
as indicated above is to be able to make comparisons among
road surfaces tested with the same tire, It is believed that the
results of the test method are adequate for making such
comparisons without an external reference for assessing accu-
racy. It must be noted that surface friction is affected by many
variables such as environmental conditions, usage, age, surface
contamination (externally applied water), etc., and measured
values are only valid until one of these conditions significantly
changes.

15. Recommendations for Tire Use and Operational
Requirements

15.1 When irregular wear or damage results from tests, or
when wear or usage influences the test results, the use of the
tire should be discontinued.

Note 3—Test results such as measured braking force may be influ-
enced by tire groove depth or tread hardness, or both. The magnitude of
this dependence is a function of the water depth, pavement characteristics,
test speed, tire aging effects, and break-in (preconditioning).
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The American Society for Testing and Materials 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 exprassly advised that determination of the validity of any such
patent rights, and the risk of infringement of stich rlghts, are entirely thelr own responsibility.

This standard is sub/‘ect to:revision at any time by tha responsible technical committee and must be reviewed every five years and
i not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should bé addrassed to ASTM Headquarters. Your Somments will recsiva careful consideration at a mesting of the respongible
techinical commities, which you may atfend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428,
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QH]}V) Designation: E 145 - 94¢

Standard Specmcatlon for
Grawty-Convectlon And Forced- Ventllatlon Ovens1

This standﬂrd is issued undcr the ftixed desrgnatron E 145; the number immediately following the designation indicates the year ol'
ongmal adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval A
superscnpt epsilon (¢) indicates an editorial change since the last revrslon aor reapproval

. € Nore—Section 7 on Keywords was added editorially March 1995.

S

1. Scope R S © v rate at which'a standard specimen ‘is heated followmg the’

1.1 This spemﬁcauon covers- the’ perforrnance reqlure» procedure prescribed in Séction 5. The value of the time

ments for general-purpose air ovens ordinarily used in testing
operatrons which have. a testing chamber up to 0.6 m3 (25
£t%)-in :volume. It is apphcable to gravity-convection’ ovens
designed to operate over all.or part of the temperature range
from 20°C above. amblent temperature tg. 200°C and to'
forced-ventﬂatron ovens. de31gned to operate over.all or part. ‘
of. the temperature range. from 20°C above ambrent temper— ‘ TEST METHODS

ature to 500°C. . et e ,

Note 1—Ovens are demgned for maximum operatmg temperatures

1 for the pamcular type of oven,<" @ P
conform to the requ1rements specified in Table 1 for”the

the procedure glven in Sectron 6

i

4. Temperature Uniformity

of about 200°C, 300°C, and 500°C, the thermal insulation and cost of the 4.1 Place nine calibrated thermocouples i(Note. 2) ‘made;

oven being dependent on the maximum temperature requrred Y from i iron or copper-constantan ere approxrmately 0 5 mm

1.2 This specrﬁcatlon does ‘not lnclude safety require-  in diameter. (No 24 gage) and having a Jjuhction size of not,

inents that are essentlal for ovens used 1n the presence of  more than 2 min, (0,08 in. ), inthe empty testmg chamber
combustlble vapors or gases ‘ with. shelves in place and vents open. Locate one thermo-

1.3 The values 'stated’ in 1nch-pound umts are to be couple in; each of the elght corners of the oven approx1mat 1,",'
regarded asthe standard. The metric equrvalents of inch; 5 cm (2 in.) from each wall and place the ninth thermor.
pourd units may be approx1mate N ‘ couple within 2.5 cm (1 in.) of the geometnc center of the
chamber. A minimum:length of 30-cm (12-n.) of lead wire

S iwges

2. Types B R " for each thermocouiple shall be inside the oven to minimize
2,1 This specrﬁcauon covers the followmg four types of the conduction, of heat-from the thermoeouple Cw
a1r ovens: . NOTE 2—If calrbrate thermocouples are not avazlable, nine thermo-

2.1.1 Type IA—An oven. ventllated by graVIty convectlon couples mage from the same spool of wire may be used provided they,
having a uniformity of termnperature” within +2 % of the give the same value for temperature when placed adJacent to. one:
differential between oven and ambient temperatures Ll e another in the testing chamber at the temperature of test.

2.1.2 Type IB~-An oven ventilated by gravity convettion 24,2 Bring the 6Ven tothe specified temperatire:and allow
having a uniformity of temperature within =5 % of the it to reach a steady state (Note 3). Record the temperatures
differential between oven atid amblent teinperatires. * - of the nine thermocouples for-a pemod of at least 24 h, and

2.1.3 Type TIA-“An oven havmg forced venulatlon and a - dete mine from the record ‘the maximium deviation of each
uniformity of temperature within 1% of the differential ‘point "from the desired temperatures. The ‘ambient room
between oven.-and ambient temperatures.. . .+ temperature shall, vary by not more than a total of 10°C, and

2.1.4 TypeTIB—Anoven having forced _vennlanon and the line voltage for electrically heated ovens shall vary by not
uniformity of temperature within 2.5 %_ of the différential ¥ © “miore than a total of ‘5“7‘ durlng the test.” -
between oven arid ambient temperatuires.” ‘ ./ NOTE 3-Some ovens may-require as much.as 34 h-{o reach a steady

. state. If a steady state does not exist, there is a drift in the temperature
3. Performance Requirements toward the steady-state condition.

3.1 The temperature within the testing chamber shall be .
controllable by an automatic device, and shall be uniform > 1ime Constant
within the tolerances given in Table 1 for the particular type 5.1 Heat the oven to within 10°C of the maximum
of oven when tested in accordance with Section 4. operating temperature for which it is designed and allow it to

3.2 The “time constant” is an arbitrary measure of the  stabilize for at least | h. Prepare a standard specimen
consisting of a smooth brass cylinder 9.5 0.1 mm (0.375 %
_— 0.005 in.) in diameter and 57 = 1 mm (2.25 £ 0.05 in.) in

V"This specification is under the jurisdiction of ASTM Committee F-41 on  length, and solder one junction of a differential thermo-
Laboratory Apparatus and is the direct responsibility of Subcommittee E 41.02 on couple to it.

'

Metalware. . .

Current edition approved Aug. 15, 1994. Published October 1994, Originally 5.2 Open the door of the oven for | min while the

published as E 145 - 59 T. Last previous edition E 145 - 68 (1992). standard specimen and differential thermocouple are being
63

constant shall ndt exceed the max1mum value glven in Table
'3.3 The rate ‘of ventilation of the testmg chamber shall-

particuldr type of oven when measured in accordance w1th~
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TABLE 1 Performance Requirements for Ovens

Characteristic Type IA Type 1B Type lIA Type |IB
Deviation from specified temperature of test throughout testing chamber during L ‘
24-h period for the following dnfferenttals between ambient and test temperatures

50°C or less, max, °C . . 1 25 1.25

More than 50°C, max, percent of differential 2 5 25
Time constant, max, s 600 720 660
Rate of ventilation of testing chamber, air changes per hour: o v i

min 10 . 10 . 50

max Ve ETENE 2,00r 200

suspended in the testing chamber. Suspend the specimen “

vertically within 25 mm (1 in.) of the geometric center of the
chamber by means of an asbestos cord;of fine wire (0.3 mm
maximym diameter, No. 30 gage) Place the free junction of
the dlfferenual thermocouple in the air space of the chamber
at least 75 mm (3 in.) removed from the. specm‘ren Then
close the door and either record or measure the temperature
differential every 10 s. Determine the time in seconds
required- for the temperature dtfference to decrease to one
tenth of the original or maximum value (for example, from,
120°C to 12°C) and cons1der this to be the time constant of
the oven.

6. Rate of Ventilation (Note 4) :

6.1 Seal the ventilation ports, door, and all apertures of
electncally Heated ovens with adhesive tapé or by other
meahs to- prevent any air from passmg through the oven
(Note- Connect a watt-hour meter, with the smallest
divisioh readmg 1n 0.01 Whiin the elec‘mcal supply lihe t6
the oven.

oy . B}
s . . '

NoTE 4—This théthod is only applicable toélectiically heated ovens,
Methods are being developed by the cothmittee for determining the rate
of ventilation of ovens that are not electrically heated and for deter-
mmmg the umf‘ormlty of air-flow within the test;mg chamber.

NOTE 5—In ‘forced-ventilation -ovéhs, the space around the motor
shaft where it entérs the ovén mist be closed but'the fan speed must not
be affected by the closure, .

6.2 Heat the oven to a temperature of 80 + 2°C above the

The American Soc/ety for Test/ng and Materla/s takes na position respecting the validity of any, patent (Ights asserted in connectton
with any item mentiongd in this standard. Ueere of this., standard are expressly advised that determlnatton of the validlt‘
re entlrety thelr own responslbll/ty

patent rights, and the risk ot infrtngement of such r)ghts,

This standard is sub]ect to revlsion at any time by the résponsible technical committee and mist be:feviewed. every five yeafs Eho b a0k
if nét revised, ‘eithier: réapproved or withdrewn Yol comménts are invited efther for revision;of this:standard.ond o
and should be addressed to ASTM Headquarters,-Your comments will receive careful constderatrpn at a meeting of the respons:ble
technical committes, which you may attend. If you feel that your comments have ot recelved a tair hearlng you should make your'

ambient- room temperature, and While at this temperature

measure the consumption of electrical energy for a period of

at least 2 h, Start and stop the test at corresponding points, of
the “on-off” heatmg cycle, that is, at the moment when the
heaters"are $v witched on by the thiermostat.” “ - ©

6.3 Then rémove'the seals, open the ventilation ports, a‘nd
meastiré the consumptnon “of electrical ‘enéigy in ‘the''samg’

manner. The ambiert room- temperature measured 4t a

poirit approx1mately 2'm (6'ff) from the ovén, approxrmately

level with'its base and at least 0.6 m (2 ft) from any solid
object, shall te the same withiti 0.2°C dunng the two tests.
6.4 Calculate the number of dhanges pertiour of the ¢ a1r in
the test chamber from the following equation:
: N =3590(X - Y)/VDAT-

where R Co o

N = number of air changes per hour, . ,

X = averagé, power consumptlon vdunng ven‘ulatlon W,
" obtained by dividing the * energy consumptron deter—
mined from the watt-hour. meter readmgs b}t' 'the

~ duration of the test in hours,” |’

Y "= average power consumpt1on with no ver t11at1on
puted in the same manner, W,

V= volume of the testing chamber, cm?,

D = densrty of the amblent room a1r dunng the test, g/cm3
and’

AT dlfference in temperature between the testmg chamber

“anid 'the amb1ent room éur,’ “c’

7. Keywords o

BYRS forced-venttlatlon' grawty-convectlon' ovens

vt

any such

thy, e 4 Lo L
(AR F 3 5§ A g [ E

 additional standafds <

Vigws Kriown to the ASTM Commlttee on Standards, 1916 Ftace St., Philadelphia, PA 19103, = ¥4 " ¢ SRR

.

2

PRO_00106519



o
S

W

it

|
-

o

Case 1:13-cv-01215-TSC Document 198-25 Filed 10/07/19

wmmm

By Authority Of
" THE UNITED STATES OF AMERICA |

Legally Binding Document

By the Authority Vested By Part 5 of the United States Code § g52(a) and
Part 1 of the Code of Regulations § §1 the attached document has been duly
INCORPORATED BY REFERENCE and shall be considered legally
binding upon all citizens and residents of the United States of America.

HEED THIS NOTICE

Criminal penalties may apply for noncompliance.

Document Name:

CFR Section(s):

Standards Body:

Official Incortorator:

THE EXECUTIVE DIRECTOR
OFFICE OF 'THE FEDERAL REGISTER
WASHINGTON,; D.C.

Sosaaseneeet

zri ‘SL

985

;fig

Z

Page 92 of 135

PRO_00106663



Case 1:13-cv-01215-TSC Document 198-25 Filed 10/07/19 Page 93 of 135

PRO_00106664



Case 1:13-cv-01215-TSC Document 198-25 Filed 10/07/19 Page 94 of 135

qm‘” Designation: E 169 ~ 87

Standard Practices for

General Techmque$ of UItravioIet-Vusmle

Quantltatwe Analysls

This standard is issued under the fixed deslgnatmn B 169 the number immedlately Tollowing the demgnauou indicates the year of
otiginal adoption or, in the ‘casé of wvxsmil, the year ot last ravision. A number in parentheses indicates the year of last reapproval A
superseript epsilon (¢) mdwates an udltonal chzmge since the l.\st revision or reapproval,

1. Scope

1.1 These practices are mtended to prov1de gencral infor-
mation on the téchniques most often usad in ultraviclet ‘and
visible quantitative analysis. The purpose is to render unnec-

essary the repetition of these descriptions of tec,hmques in’

individual methods for quantitative analysis;

1.2 This standard may involve hazardous materials, oper-
ations, and equipment. This standard does not purport to
address all of the safety problems associated with its use. 1t is
the responsibility of whoever uses this staridard to consult and
esmblzsh appmprzate sqfety and health practices aiid deter-
mine the applzcubzlzty of regudatory limitations priov to use.

4

2. Referenced Documents '

2.1 ASTM Standards

E 131 Definitions of Tc:rms and Symbols Relatmg to
‘Molecular Speciroscopy ‘
E 168 Practices for Géneral l”echmques of Infrared Q_uzm«
titative Analysis®

E 275 Practice for Descnbmg and Measurmg the "[’erfm m-

ance of Ultraviolet, Visible, and Ncar»Infmred Spec--

trophotometers®
E 387 Test Method for Estimating Stray Rad1ant Power

Ratio of Sp‘eclrophotometers by the Opaque Filter - -

Method?
E 925 Practice for Periodic Calibration of Narrow Band—
Pass Spectrophotometers?

E 958 Practice -for. Measurmg Practical Spectral Band-'.

width of Ultraviolet-Visible Spectrophotometers®

3. Summary of Practice

3.1 Quantitative ultraviolet and visible analyses are based
upon the absorption law, known as Beer’s law. The units of
this law are defined in Definitions E 131, Beer’s law (Note 1)
holds at a single wavelength and when applied to a single
component sample it may be expressed in the following form
(see Section 10);

A= abe

When applied to a mixture of n noninteracting components,
it may be expressed as follows:

A= qbe, + abe, + ...+ apbc,

T'These practices are under the jurisdiction of ASTM Committee E-13 on
Motecular Spectroscopy and are the direct responsibility of Subcommitiee £13.01
on Ultraviolet and Visible Spectroscopy.

Current edition approved Feb, 1, 1987, Published April 1987, Originally
published as B 169 - 60 'T. Last previous edition E 169 - 63 (81",

2 Anntial Book of ASTM Standards, Vol 14,01,

Note 1—Detailed discussion of the origin and validity of Beer’s law
may be found in the books and k\rti(,le's listed in the blbhoglaphy at the
end of these practicss.

3.2 This practice describes the application of Beer’s law in
typlcdl spectrophotometric, analytical applications, It, also
describes operating parameters that myst be considered
when using these techniques.

4, &lgnlﬁéance and Ijse

4,1 These practices are a source of general information on
the techmques of ultiaviolet. and visible quamlmwe anal-
yses. They provide the user with background information
that should help ensure the reliability of spectrophotometric
measurements..

4.2 These pfacuces are not mtended asa substitute for a
thorough understanding of any particilar analytical method.
1t is the responsibility of the user to familiaxize Him or herself
with the critical details of a method and the proper operatlon
of the available mstrumematmn -

5. Sample Preparation '

5.1 Accurately: weigh the spemﬁed amoum of the sample
(so]ld or liquid). Dissolve in the appropriate solvent and
dilute to the specified volume in volumetric glassware of the

“tequired accuraty. (Solvent and flask should be approxi-

" mately’ the $ame’ temperature ay 1lig spectrophivtometer). If

24

needed, a 'dilution” should be made with a calibrated pipet

..and volumetric, flask, using adequate volumes for accuracy.
Fill the absorption .cell .with-the solution, and fill the

comparison or blank cell thh the pure solvent.

'6. Cell and Base-Line Checks

6.1 Clean and match the cells. Suggested cleaning proge-
dures are presenied in Practice E 275.

6.2 Establish the base-line of a recording double-beam
spectrophotometer by scanning over the appropriate wave-
length region with pure solvent in both cells. Determine
apparent absorbance of the sample cell at each wavelength of
interest. These absorbances are cell corrections that are
subtracted from the absorbance of the sample solution at the
corresponding wavelengths.

6.3 For single beam instruments, either use the same cell
for pure solvent and sample measurements, use matched
cells, or apply appropriate cell com,cuons.

6.4 For some newer mstruments, the cell corrections or
the blank cell absorbance is stored in memory and automat-
ically incorporated into the sample absorbance measure-
ment.

6.5 An accurate determination of cell path length in the
l-om range is not practical in most laboratories, and
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common practice is to purchase cells of known path length,”
A-check on path length matching, however, may be made by
measuring the absorbance of a strongly absorbing solution
(A~0.9) versus pure solvent, and then emptying, cleaning,
reloadmg fresh solvent and sample into the other cells, and
remeasuring the absorbance. Similarly, the absorbance of the
sample in a series of cells to be used in an analysis can be
measured versus pure solvent in a given reference cell,

7. Analytical Wavelengths and Photometry

7.1 Analytical wavelengths are those - wavelengths at which
absorbance readings are taken for use in calculations, These
may include readings taken for purposes of background
corrections. The analytical wavclcngths are frequently cho-
gen at absorption maxima, but this is not always necessary.
For example, the use of isoabsorptive or isosbestic points is
frequently useful,

7.2 On manually operated spectrophotometers, record thu
absorbancé readings at the specified analytical wavelengths,
operating the instrument in accordance with the recommeh-
dations of the manufactuier or Practice E 275, On automatic

recording spectrophotometers, record the absorbance read-

ings from the chart at the analytical wavelengths. For some
newer instruments, the absorbance may be displayed on a
suitable output device (for example, a CR'T, DVM, cto) or
used directly in calculations.

7.2.1 The wavelength region scanned may be somewhat
greater than that required to. contain only the ana]yuaa
wavelengths. Take care to start the chart and scanning drives.
exactly together when using variable slit instruments, End
the scan well before the slit has opened fully.

7.3 Absorbance values should be used only if they faﬂ
within the acceptably accurate range of the particular spec—
trophotometer and method employed. If the absorbance is
too low, either use a longer absorption cell or prepare a new
solution of higher concentration. If the absorbance is. too
high, use a shorter cell or make a quantitative dilution, If
different cells are used, a new base-line must be obiained,

7.4 The precision and bias of the wavelength and photo-
metric scales of the instrument must be adequate for the
method being used. Procedures for checking precision and
accuracy of these scales are présented in Practices B 275 and
F 925,

8! Spectml Band Width and Slit Width

8.1 If the analytical ‘method specifies -a spectral band
width or a spectral slit width, set the spectral band width of
the instrument to the specified value. If the instrument, has
only a mechanical slit width indicator, use the information’
provided in the manufacturer’s Ilterature to calculate the slit
width tbat corresponds to the specified 4pcct| al band width..

Norm 2mThe accuracy of spectral band width, ‘and mechnmcal slit
width indicators can be determined using the procedure given in
Practice E 958,

8.2 If the aualyticat ‘method spéciﬁes a mechanical slit
width for a particular type of instrument and the same type

© 3 Atem cell lxavmg its pathlength vertified to 0,005 onh s available as Standard
Reference Material 932 from National Buteau of Standards (NBS), Department of
Commerce, Washington, DC 20234,

25

of instrument is being used, set the slit width to the specified
values, If a different type of instrument is being used and
information is available from which the spectral slit width of
both types of instruments can be caleulated, adjust the
instrument settings to obtain a spectral slit w1dth equal to the
one calculdted from the specified mechanical slit width,

8.3 If the analytical method does not state a spectral band
width or a slit width value but includes a spectrum illus-
trating adequate resolution, set the spectral band width or slit
width of the instrument to obtain comparable resolution.

8.4 If the method neither specifies spectral band width or
slit width nor provides an illustrative spectrum, use the
smallest spectral band width or slit width that yields an
acceptable signal-to-noise ratio. Record this value for future
reference. . - t

* Nore 3—Changes in the daywto-day values of spectral band width or
slit width obtained with a given gain, or changes in gain required to
obtain a given spectral band width or slit width, are indicative of present
or potential problems. Increased spectral band width or gain may result
from a lower output of the light source, deterioration of optical
components, defiosits on the windows of the cell compartment or on the
inside wall of the reference cell, an absorbing impurity in the solvent, or
a faulty electronic component

9 Solvents and Solvent Effects

9.1 The ultraviolet absorpuon spectrum of a compound
will vary in different solvents. depending on the chemical
structures involved. Nonpolar solvents have the least effect
on the absorption spectrum. Nonpolar molecules in' most
instances are not affected in polar solvents. However polar
molecules in polar solvents may show marked dlifelences i
their spectra. Any interaction between solute and solvents
leads to a broadening and change instructiral rasolv.mon of
the absorption bands. lonic forms may be created in acidic
or basic solutions. In addition, there are possible chemical
reactions between solute and solvent, and also photochem-
ical reactions amsmg from either room illumination or thé
short: wavelengths in the beam of the spectrophotometer, Tt is
important: that the ‘solvent used be:specified in recording
spectral .data. (The change in spectra between acidic.and
basic conditions may sometimes be employcd m multi—\
component analysis.)

9.2 Common commercially awulablc, salvents of “spcctro-
scopw purity” are listed in Table [, The short wavelength
limit is approximaie, "and refers to the wavelength at which a
1-cm light path length gives an absorbance of unity. °

9.3- Water, and '0.1" N solutions of hydrochloric “acid,
sulfuric acid, and sodium hydroxide also are commonly used
as solvents; Buffered solutions, involving nonabsoxbmg -
terials, - are frequently used; both the -composition of - thie
buffer and the measured pH shiould be specified. Mixturss of
0.1 N dihydrogen: sodium phosphate and 0.1 NV hydrogen
disodium phosphate ate useful in the 4.5 to 8.9 pH range. A
table o‘f nonabqorbmg buffers has been prea.ented by Abbott

@)

10 Calculations
101 Quantlmuw analyms by ultravtolet spcctropho—

Caert

“
e .

8 The boldface numberq in parcnthem rc[‘er o thc, llbt ol“ retgrcncm at the end
of this standard, i Dok B
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Snow o tEe. o TABLE A Salvents“ e s
D W Solvent” F R ! Cutoff, itn 3%
Pyridme O N I ‘05
{»Tgtrabhloroethylene 200
“Benzere . i, ok 280, i
[y Dim@thylformamlde = SR | B
" Cardon tétrachlaride Y
b Methyl forimdte e W0 e U 060
S cGHoroform . L s el e o 246,
pDichloromethane . Lo . 295,
“"Ethyl Blher, 220"
‘Acetanitrile - 215
", i dopropyl alcohol Lt sre 210 0%
- Ethyl glcohol, e ka - 210
.- Mettiyl aleotiol . . 210"
- Gydlotexane D <210
“isoostane i Couy 210

A Procedures for spadial purification of solvents for further Improvement nthe
wavelength limit are_given i Refs (11, 12). Solvente of high purity for use in
absorption spsotmscopy also are avallable commarcially 4s follows:

Soivents for' Spectrophémmetric Uss, l:)latlllatlon F’roducts lndustrles Bivlslcm
of Bastman Kodak Ga., Rochiester, NY: 14603

Spectranalyzedt™ sclvenls, Fisher Sclenhfid, An Allled Gompany, T Forbes
Ave, Pittsburgh, PA 18219 » .~

Bpectroguality Solvents,! Mathezsan. Qoleman and Bell 11«68 a1st Ave Long~
Ialand City, NY-111086, ., NTERTI (R

tometry depends upon Beer’s law. The terms and symbols
used are those deﬁned in Dcimitlons E 131, According to
Bcel 5 ldW’ - :

T I

ot A #-abcﬁ(e/wﬂ x’bc "

3%

4 = absmlganae,, e e ‘ G
a. = absorptivity, . L

b= cell Iength cm,

¢ = ;concentmtmns, gL, .

¢ = molar absorptivity, and .. . ..,

M= moleoular welght TR -

10; lzl -In practice,-a dlstmc’uon must.be made between c
th@ congeritration of the absorbing. material in the cell at the
fime of observauon, and the concentration of the absorbing
material in the sample asreceived: This is here designated as
C.and is in; weight percent (g/100 g). Thé solution to be
examined has:a concentration of sample in solution, whxch is
in umu, of grams per litre,

o Afab
G % = (c/C ) X 100 = (4/ahC) X 100,

10. 2 If one or Imere, dnlu’uons have been, made, the
quantity-cafled the dilution factor must be included. Dilution
factor, f; is the.katio of the final volume'tq the initial volume.,,
If more than one dilytion is performed, the dilution;factor is
the produet of the. factors from each. dllutlon If dilutions are
made, the-equation becomes the following:. .+ . - -

Y O R (C) X 100 = (Af/abq)xloo

wa

Note: that ¢ and Cs,,havc the dlmcnsmm of grams per htre. If
dilution is made, C, is not the concentration in the cell at the
time the ahsorbance is determined; the concantratlon in the
cell is C/ /.

10,3 Reference Material—The dbSOI‘pthlty of - the, abw
sorbifig materidl, thé concentration of which it is desired to
determine, is obtamed by examination of a pure sample of
this material, which is, calle;d a reference material, However,
if no such pure material is available, the best available

26

atetial fs-used, or a value of the absorptmty i$ taken from
the literaturie; Take-care to speéify this; by reportmg Syilues'as:
“pefcentage. -Against fefe:ren@e material™ ot'by noting that thé
aceuracy of'the. analysm is dependent upon.a publtshed’ value
of the absorptmty or molar abSOit‘pthlty (A reference n‘lust!
be cited.)”
104 1 ypesfof Andlyses (see Flg 133 s
10.4.1 One Component, No Baelcground COt‘Feclt(m

C %= (AflabCYx 100, .
10 4 2 One Componcnt Szmple B kground Corr«*tzon

m

Tk‘

G %= (»—MW—A‘ AZ)foIO() o

whiere the éubsm*i for to” analytical’ wa*velength‘; "The
terin A, is the absorbance at the wavelength used for miiking,

a simple subttactivé cofrectioh. Tt'is usually’ sclectecl frotn
examination of the spectral curve of the refemnw mdtmal af
a anelcnglh lonmr than that of 4 1 pleferably whem ty 18
equal to of less than g/lOO

'10.4.3 One Compon@nt, lwzzh $Zope~Type Background
Correctzon

. ;C, 9 = N [ -AZ + S(}\Z - xl)’]f «100
o . @ bC s,
where: *
S = slope between wavclcngths 1 and 2 for the background
10.4.3.1 The backgroiind absorption is usually ‘not linear
between ‘the analytical wavelangth and the wave cugth 4t
which a simple subtractive backgrond"correction may be
obtained. When'it i is possible'to deterniiiie the slope between
wavelengths 1 and’ 9 by. obéerVatwn of the samples tfuft do
not contain tlie absmbmg material that {s to'be’ ‘determined,
thi§: may be “used as a correchon for the bd«:kground
absorptl . “
“10. 4.4 One Componenr Wuh ¥
tion:*' ‘
10.4.4. 1 The equation for t,he general mse 1s as follows

nmr B ,ck;'gfound c,orrecw.

Loage W

A e A [A +[A2~A]
o 91 4 .
' o o

XM !] ‘
DR SaRie L AVETH I

i

The absorptivity @ is here the effective absorptivity as
determined on a pure sample, using the ‘corrections,: and is
somewhat lower than- the trye or absolute absorptivity. ;

10.4.4.2 Thxs,method is especlally effective. with matemals
that have‘:,hdrp bdndb Wavclcngths 2 and 3 are, selected to
the, long and’ shcm wavelcmgth sldes of the amlyucal waver
fength 1, uﬁually at al)aorbance minima, . -

10.4 4,3 ¥or the spemal case. where the waveleng,th for, A1
is exactly mldway between the wavelengths for Ay and A3,
tha equatmn fcduces to: the [ollowmg %

g

At
B 2l
.c;.l%ff{ ““abCQ ]xlOO ff

10.4.5 One Component,.: Wzth Bac/cgmund Correcnon
Jrom Ouiside Data: -+
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v' \/A‘
A A
Ag
A ‘ ) Gl -

1) (2}
‘ A

(3)

isoubsor})flvé“-‘ S
Point : ‘ e

A A

) N
o
(1) One Component, No Background'Correction.

(8) One Component, with Slope-Type Background Corraction.
(B) Two Components. with Overlapping Absorption for Qnly One Component.

(2) One Component, Simple Ba,ckgrouhd Correction, . *
(4} One Component, with Linear Background Correction.
(8} Two Components, with Mut_ually Overlapping Absorption,

_FIG. 1 Plot of Components

(“"x"ﬂxfxmo

C % = abC;

10.4.5.1 This is a general case in which somé empirical
correction may be derived from data other than
spectrophotometric, and is applied as an effective absorbance
which is subtracted from the observed. As an example, the
concentration of a Known interfering material may be

. determined by titration, and the absolbdncc due to this
calculated, and then subtracted.

21

10.4.6 Two Components, With No Overlappmg Absorp-
tzmz—-Apply the method in 10.4.1 twice, at the two analytical
wavelengths. This is an almost impossible case, except when
the relative concentrations of the two components are such
that the product of absorptivity and concentration of one
component at a given wavelength is more than 100 times the
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product for the other component, allowing the latier to be
neglected.

10.4.7 Two Components, With Overlapping Absqrption for
Only One ComponentmDetermme the componett with no
interference (component x) at gn analytmal wavyclcngth
selected to allow no contnbuuon fn‘om uompomm y as
follows:

Cp % = (Af(d,bqg) X 100 i
10.4.7.1 Calculate the. contubuuon of this component to

the observed absorbance: 4‘: the other-analytical wavelength,
where both components ale absorbing, as follows:

Cyet

10.4.7.2 Calculate the concentration of component y as
follows:

Azx = .

w % = (A — Ag) % [l abC,
10.4.8 Two Components, with Mutually Overlapping Ab-
S'orptzoanse the absorbance-ratio ,method (glapln?al) de-
scribed in Ref (10) or by s1multaneous equauons as follows:

R LY P ag A o
G %= bC, % (ayzaxl - “ylaxfa) * A0 ;
Cp %= G Bl

4 bc X (aylaxZ = aiflaxl)

(1) Olsen, E. D., Modern Optical Methods of Analysis, (Chapters 1
through 3) McGraw-Hill, NY, NY, 1975.

(2) Ewing, P. J,, Kolthoff, 1. M., and Mechan, E. J., editors, Treatise
on Analytzcal Chemistry, Part I, Tth edltign, ,vol . 5 (Chapters 1
through 3), Interscience, NY, NY, 1981, .

(3} Mellon, M. G., Editor, Analytzaal Al)s(»ptwn 51)&’6{"0%0[)% John
Wiley & Sons, N Y. K :

(4) Lothian, G. F., dbsorption épatroplzotometr W, Macmlllan, s
2nd Ed., 1958,

(5) West, W Editor, Chemical Apphcalwm of Syjectro.scopy, Vol IX
or Wexssbmgen series, Tea:hmqum af Organlc Chemistry, Inter-
science, NY, 1956.

(6) Friedel, R, A and Orchin, M,; Ultm\imlat Spectra of Aromatic
Compowzds, John Wiley & Smis, Y, 1951. :

(7) Gillam, A. E., and Stern, E, S., Fléch mc - dbsorption. Spectroscony,
E. Arnold, Londcn, 2ad Bd., 1950

(8) Hershenson, H, M., Ultmvmlet and Visible Absorption Spectra:
Index for 1 930—1954 Academic Press, NY, 1956.

(9) Hager, L. 3. and Howell, J. A,, Annual Revmws in Analytzcal
Chemistry, 54, 1TAR (1982 "HJG 22 2 ’

[

The‘Amencem Soclety for Testing and Malerials takes no posltion mspeoting the validity of any patem‘ r/ghts aeserted m connaoﬂon

10.4.9 Inverted Muatrix Method, for Two or More Compo-
nents, With Mutually Overlapping Absorption—For informa-
tion on the inverted matrix method see 10.1 of Practices
E 168 and Ref (13), !

10.5 Computerized . CalculatzonsmNewer instruments
may pelform automatically figny of the calculations de-
scribed in 10.4, Theuser should be aware of the algorithms
used by the manufacturer. It is recomimended that the user
verify the reliability of COmputcd results by periodically
performing the calculations using the ﬂmw analytical data.

C : i
1i. Presentation-“ol;_'l)ata~' ‘

11.1 If absorption curves are to be presented with an
analytical method, it i recommended that one of the
following systems be used, with the wavelength (in nano-
meters) increasing linearly to the right:

log ¢ or log 4 plotted aghinst A
A plotted agams”c A
€ % 10 " or ’a plotted aggmst A

where the symbols are as defined in Definitions and Symbols
E 131, Marking the analytical wavelengths and absorptivity
values on the curve is suggested for clarity, or a separate table
of analytical wavelengths-and absomuvme‘; may be used.
(These data are helpful for others who may wish 1o use the
method in-a'éomewhat modified form.)

X
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q H“" Designation: E 185 - 82

Standard Practice for

CONDUCTING SURVEILLANCE TESTS FOR LIGHT-
WATER COOLED NUCLEAR POWER REACTOR VESSELS'

This standard is issued under the fixed d‘esignation, E 185; the num

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 epsilon (¢) indicates an editorial change since the last revision or reapproval.

ber immediately following the designation indicates the

¢ Note—Section 9.2.3 was corrected editorially and the designation date was changed Tuly 1, 1982.

1. Scope

1.1 This practice covers procedures for mon-
itoring the radiation-induced changes in the
mechanical properties of ferritic materials in
the beltline of light-water cooled nuclear power
reactor vessels. This practice includes guide-
lines for designing a minimum surveillance pro-
gram, selecting materials, and evaluating test
results. _

1.2 This practice was developed for all light-
water cooled nuclear power reactor vessels for
which the predicted maximum neutron fluence
(E > 1 MeV) at the end of the design lifetime
exceeds 1 X 10° n/m® (1 X 10" n/cm?) at the

" -inside surface of the reactor vessel.

2. Applicable Documents

2.1 ASTM Standards:

A 370 Methods and Definitions for Mechani-
cal Testing of Steel Products?® ’

E 8 Methods of Tension Testing of Metallic
Materials®

E21 Recommended Practice for Elevated
Temperature Tension Tests of Metallic
Materials®

E 23 Methods for Notched Bar Impact Testing
of Metallic Materials®

E 208 Method for Conducting Drop-Weight
Test to Determine Nil-Ductility Transition
Temperature of Ferritic Steels®

E482 Guide for Application of Neutron
Transport Methods for Reactor Vessel
Surveillance*

E 560 Recommended Practice for Extrapolat-
ing Reactor Vessel Surveillance Dosimetry
Results*

2.2 American Society of Mechanical Fngi-

* neers Standard: Boiler and Pressure Vessel Code,
* Sections Il'and XI°. ‘

3. Significance and Use

3.1 Predictions of neutron radiation effects
on pressure vessel steels are considered in the
design of light-water cooled nuclear power re-
actors. Changes in system operating parameters
are made throughout the service life of the
reactor vessel to account for radiation effects.
Because of the variability in the behavior of
reactor vessel steels, a surveillance program is
warranted to monitor changes in the properties
of actual vessel materials caused by long-term
exposure to the neutron radiation and temper-
ature environment of the given reactor vessel.
This practice describes the criteria that should
be considered in planning and implementing
surveillance test programs and points out pre-
cautions that should be taken to ensure that:
(I) capsule exposures can be related to beltline
exposures, (2) materials selected for the sur-
veillance program are samples of those mate-
rials most likely to limit the operation of the
reactor vessel, and (3) the tests yield results
useful for the evaluation of radiation effects on
the reactor vessel.

'"This practice is under the jurisdiction of ASTM Committee
E-10 on Nuclear Technology and Applications, .

Current edition approved July 1, 1982. Published September
1982, Originally published as E 18561 T. Last previous edition
E 185-79,

2 dnnual Book of ASTM Standards, Vol 01.04,

3 dnnual Book of ASTM Standards, Vol 03.01.

* Annual Book of ASTM Standards, Vol 12.02.

* Available from the American Society of Automotive Engi-
neers, 345 E. 47th St., New York, N. Y. 10017.
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3.2 The design of a surveillance program for
a given reactor vessel must consider the existing
body of data on similar materials in addition
to the specific materials used for that reactor
vessel. The amount of such data and the simi-
larity of exposure conditions and material char-
acteristics will determine their applicability for
predicting the radiation effects. As a large
" amount of pertinent data becomes available it
may be possible to reduce the surveillance ef-
fort for selected reactors by integrating their
surveillance programs.

4, Definitions .

4.1 adjusted reference temperature—the ref-
erence temperature adjusted for irradiation ef-
fects by adding to RTnpr the transition tem-
perature shift (see 4.15).

4.2 base metal (parent material)— a%-fabrl-

cated plate material or forging material other
than a- weldment or its corresponding heat-
affected-zone (HAZ).
- 4.3 beltline—the irradiated region of the re-
actor vessel (shell material including weld regions
and plates or forgings) that directly surrounds the
effective height of the active core, and adjacent
regions that are predicted to experience sufficient
neutron damage to warrant consideration in the
selection of surveillance material. .

4.4 EOL-end-of-life; the design hicume in
terms.of years; effective full power years; or neu-
tron fluence. - .

4.5 index temperature—-that temperature
corresponding to a predetermined level of ab-
sorbed energy, lateral expansion, or fracture
" appearance obtained from the average (best fit)
Charpy transition curve.

4.6 fraction strength—in a tensile test, the
load at fracture divided by the initial cross-
sectional area of the test specimen.

4.7 fracture stress—in a tensile test, the load
‘at fracture divided by the cross-sectional area
of the test specimen at time of fracture.

4.8 heat-affected-zone (HAZ)--plate mate-

rial or forging material extending outward
from, but not including, the weld fusion zone
in which the microstructure of the base metal
has been altered by the heat of the welding
process. '

4.9 lead factor—- thc ratio of the neutron flux
density at the location of the specimens in a
surveillance capsule to the neutron: flux density

E 185

at the reactor pressure vesscl inside surface at
the peak fluence location.

4.10 neutron fluence—the time mtegratcd
neutron flux density, expressed in neutrons per
square metre Or neUtrons per square centimetre.

411 neutron flux density—a measure of the
intensity of neutron radiation within a. given
range of neutron energies; the product of the

neutron density and velocity, measured in neu-

trons per square metre-second or neutrons per
square centimetre-second.

4.12 neutron spectrum~~~the dmnbutwn of
neutrons by energy levels impinging on a sur-
face, which can be calculated based on analysis
of multiple neutron dosimeter measurements,
on the assumption of a fission spectrum, or
from a calculation of the neutron energy distri-

‘bution. -

" 413 nil-ductility trammon temperalure
(Tnpr)—the maximum temperature at which a
standard drop weight specimen breaks when
tested in accordance with Method E 208.

- 4.14 reference -temperature  (RTnpr)—See

subarticle NB-2300 of the ASME  Boiler ‘and -

Pressure Vessel Code, Section IIT, “Nuclear
Power Plant Components.”

4,15 iransition temperature shift (AR.TNm) or
adjustment of reference temperature—the differ-
ence in the 41-J (30-ft.1bf) index temperatures
from the average Charpy curves mcasured be-
fore and after irradiation.

4,16 transition region—the regmn on the
transition temperature curve in which tough-
ness increases rapidly with rising temperature.
In terms of fracture appearance, it is character-
ized by a rapid change from a primarily cleav-
age (crystalline) fracture mode to primarily
shear (fibrous) fracture mode.

4.17 Charpy transition curve—a, graphic pres-
entation of Charpy data, including absorbed
energy, lateral expansion, and fracture appear-
ance, extending over a range including the
lower shelf energy (< 5% shear), transition
region, and the upper shelf energy (> 95%
shear). ’

4.18 upper shelf energy level—the average
energy value for alt Charpy specimens: {nor-
mally three) whose test temperature is above
the upper end of the transition region. For
specimens tested in sets of three at each test
temperature, the set having the highest average
may be regarded as defining the upper shelf
energy.

355
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5. Test Materials -

5.1 Materials Selection: B
~5.L.1 Surveillance test materials shall be pre-
pared from samples taken from the actual ma-
terials used in fabricating the beltline of the
reactor vessel. These surveillance test materials
shall include one heat of the base metal, one
butt weld, ‘and one weld heat-affected-zone
(HAZ). The base metal, weld metal, and HAZ
(Note 1) materials included in the program
shall be those predicted to be most limiting,
with ‘regard to setting pressure-temperature
limits, for operation of the reactor to compen-
sate for radiation effects during its lifetime
(Note 2). The beltline materials shall be eval-
uated on the basis of initial reference temper-
ature (RTwpr), the predicted changes in the
initial properties as a function of chemical com-
position (for example, copper (Cu) and phos-
phorus (P)) (Note 3), and the neutron fluence
during reactor operation. o

NOTE 1--The base metal for the Weld héat-af—

fected-zone (HAZ) to be monitored shall correspond

* to one of the base metals selected for the surveillance
program, - : ‘

Nots 2-—The data used for the- selection of sur-

veillance test materials shall be thay obtained in

accordance with ASME. Code Section I require-
ments. ‘

Note 3—Other residual/alloy elements such as
Ni, 8i, Mn, Mo, Cr, C, §, and V may contribute to
overall radiation behavior of ferritic materials,

5.1.2 The base metal and the weld with the
“highest adjusted. reference temperature at end-
of-life shall be selected for the surveillance
program. If the Charpy upper shelf energy of
any of the beltline materials is predicted to
drop to a marginal level (currently considered
to be 68 J (50 fi-1bf) at the quarter thickness
(% T) location) during the operating lifetime of
the vessel, provisions shall be made to also
include that material in the surveillance pro-
gram, preferably in the form of fracture tough-
ness specimens. These additional specimens
may be substituted in part for specimens of the
material least likely to be limiting, B

5.1.3 The adjusted reference temperature of
the materials in the reactor vessel beltline shall
be determined by adding the appropriate val-
ues of transition temperature shift to the refer-
ence temperature of the unirradiated material.
The transition temperature shift and Charpy
upper shelf energy drop can be determined

E 185

from relationships' of fluence and chemical
composition. e e

5.4 Material Sampling—A - minimum  test -

program' shall comsist of the material sélected
‘in 5.1, taken from the following locations: ¢3)
base metal from one plate or forging used in
‘the beltline, (2) weld metal made with the same

‘heat of weld wire and lot of flux and: by the
same welding practice as that used for the
selected beltline weld, and (3) the heat-affected-

zone associated with the base metal noted
above. g o

5.5 Archive Materials— Representative test
stock to fill at least two additional capsules with
test specimens of the base metal, weld, and

heat-affected-zone materials used in the pro-

gram shall be retained with full documentation
and identification. It is recommended that this

test stock be in the form of full-thickness sec- ‘

‘tions of the original materials (plates, forgings,
and welds). o

5.6 Fabrication History—The fabrication ‘

history (austenitizing, quench and tempering,
and post-weld -heat treatment) of the test ma-
terials shall be fully representative of the fab-
rication history of the materials in the beltline
of the reactor vessel and shall be recorded,

3.7 Chemical Analysis * Requirements—The
chemical analysis required by the appropriate
product specifications for the surveillance test
materials (base metal and as-deposited weld
metal) shall be recorded and shall include phos-
phorus (P), sulfur (S), copper (Cu), vanadium
(V), and nickel (Ni), as well as all other alloying
and residual elements commonly analyzed for
in low-alloy steel products. The product anal-
ysis shall be verified by analyzing a minimum
of three test specimens randomly selected from
both the base metal and the as-deposited weld
metal. ' ‘

6. Test Specimens

6.1 Type of Specimens—Charpy V-notch im-
pact specimens corresponding to the Type A
specimen described in Methods A 370 and E 23
shall be used. The gage section of irradiated
and unirradiated tension specimens shall be of
the same size and shape. Tension specimens of
the type, size, and shape described in Methods
A 370 and E 8 are recommended. Additional
fracture toughness test specimens shall be em-
ployed to supplement the information from the
Charpy V-notch specimens if the surveillance

356
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- materials are predicted to exhibit marginal
properties. . .o o U0
6.2 Specimen . Orientation and Location—
“Tension and .Charpy specimens representing
the base metal and the weld heat-affected-zone
shall be removed from about the quarter-thick-
ness (% T) locations: Material from the mid-
thickness of the plates shall not be used for test
specimens. Specimens representing weld metal
may be removed at all locations throughout the
thickness with the exception of locations within
12.7 mm (% in.) of ihe root or surfaces of the
‘welds, The tension and Charpy specimens from
-base metal shall be oriented so that the major
axis of the specimen is parallel to the surface
-and normal to the principal rolling direction
for plates, or normal to the ‘major working
direction for forgings as described in Section
I1I of the ' ASME Code. The axis of the notch
of the Charpy specimen for base metal and
weld metal shall be oriented perpendicular to
the surface of the material; for the HAZ speci-
_mens, the axis of the notch shall be as close to
perpendicular to the surface as possible so long
as the entire length of the notch is located
within the HAZ. The recommended orientation
of the weld metal and HAZ specimens is shown.
in Fig. 1. Weld metal tension specimens may
be oriented in the same direction as the Charpy
specimens provided that the gage length con-
sists entirely of weld metal. The weldment shall
be ¢tched to define the weld heat-affected-zone.
The notch toots in the HAZ Charpy specimens
shall be at a standard distance of approximately
0.8 mm (%2 in.) from the weld fusion line. The
* orientation of the HAZ samples with respect to
the major working direction of the parent ma-
‘terial shall be recorded. )
" 6.3 Quantities of specimens:
- 6:3.1 " Unirradiated Baseline Specimens—It is
‘recomfnended that 18 Charpy specimens be
“provided, of which a minimum of 15 specimens
shall be tested to establish a full tramsition
‘temperature curve for each material (base
metal; HAZ, weld metal). The three remaining
“Charpy ‘specimens should be reserved to pro-
vide supplemental data in instances such as
excessive data scatter. At least three tension test
specimens shall be provided to establish the
unirradiated tensile properties for base metal
and weld metal. w e
6.3.2 Irradiated Specimens—The minimum

E185

number of test specimens for each: irradiation
exposure set (capsule) shall be as follows:

- Material . Charpy Tension
CBasemetal v 0 AL b B
Weld metal ;. A2 3
HAZ 2. -

Tt is suggested that a greater quantity ofi the
above specimens be included in the irradiation
capsules whenever possible.

1. Ixradiation Requirements

7.1 Encapsulation of Specimens--Specimens
should be maintained in an inert environment
‘within a corrosion-resistant capsule.to prevent
deterioration of the surface of the’ specimens
during radiation exposure, Care should be ex-
ercised in the design of the capsule to ensure
that the temperature history of the specimens
duplicates, as closely as possible, the tempera-
ture experienced by the reactor vessel. Surveil-
lance capsules should be' sufficiently rigid to
prevent mechanical damage to the specimens
‘and monitors during irradiation. The design of
the capsule and capsule attachments shall also
permit insertion of replacement capsules into
the teactor vessel if required at alater time in
the lifetime of the vessel. The design of the
capsule holder and the means of attachment
shall (/) preclude structural material degrada-~
tion by the attachment welds, (2) avoid inter-
ference with inservice inspection required by
ASME. Code Section XI, and (3) ensure the
integrity of the capsule holder during the ser-
vice life of the reactor vessel.. R

1.2 Location of Capsules: S i

7:2.1 Vessel Wall Capsules (Required)—Sut-
veillance capsules shall be located within the
reactor vessel so that the specimen irradiation
history duplicates as closely as possible, within
the physical constraints of the system, neutron
spectrum, temperature histoty, and maximum
neutron fluence experienced by the reactor ves-
sel. It is recommended. that the surveillance
capsule lead factors (the ratio of the instanta-
neous neutron. flux density at the specimen
focation to the maximum calculated neutron
flux density at the inside surface of the reactor
-vessel wall) be in the range of one to three. This
range of lead factors will minimize the calcu-
lational uncertainties in extrapolating the sur-
veillance measurements from the specimens to
the reactor vessel wall and maximize the ability
of the program to monitor material property
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changes throughout the life of the reactor ves-
sel. :

7.2.2 Accelerated Irradiation Capsules ( Op-
tional)-—Additional test specimens may be po-
sitioned at locations closer to the core than
those described in 7.2.1 for accelerated irradia-
tion. ‘ .

1.3 Neutron Dosimeters.: ‘

7.3.1 Selection of Neutron Dosimeters—Neu-
tron dosimeters for the surveillance capsules shall
be selected according to Guide E 482. The group
of monitors selected shall be capable of providing
fast neutron fluence, fast neutron spectrum, and
thermal neutron flux density information. Do-
simeters shall be included in every capsule.

7.3.2 Location of Neutron Dosimeters—Do-
simeters shall be located within the vessel wall
capsules (7.2.1) and the accelerated capsules
(7:2.2) if used. :

7.3.3 Separate dosimeter capsules should also
be used to monitor radiation conditions inde-
pendent of the specimen capsules if it is expected
that the withdrawal schedule will otherwise result
in saturation of the dosimeter activities.

7.4 Correlation Monitors (Optional):

7.4.1. Selection of Correlation Monitor Mate-
rials—Correlation monitors® have been found to
be useful .as an independent check on the mea-
surement of irradiation conditions for the sur-
veillance materials. Correlation monitor mate-
rials should be well characterized in terms of
" irradiation . behavior (transition femperature
shift). The magnitude of the transition tempera-
ture shift for this material should be measureable
for the selected exposures, :

'7.5 Temperature Monitors: ‘

- 1.5.1 Selection of Temperature Monitors—
Major differences between specimen irradia-
tion temperature and design temperature, oc-
curing as a result of capsule design features,
variation in reactor coolant temperature, or
‘both, can affect the extent of radiation induced
‘property changes in the surveillance materials.
Since it is not practical to instrument the sur-
veillance capsules, low melting point elements
or eutectic alloys are used instead as monitors
to detect significant variations in exposure tem-
‘perature. These monitors are used in surveil-
lance programs to provide evidence of the max-
imum exposure temperature of the specimens.
The monitor materials should be selected to
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indicate unforeseen capsule temperatures.
7.5.2 Location of Temperature Monitors— .

One set of temperature monitors shall be lo-

cated within the capsule where the specimen

temperature is predicted to be the maximum.
Additional sets of temperature monitors may

be placed at other locations within the capsule |

to characterize the temperature profile.
1.6 Number of Surveillance Capsules and
Withdrawal Schedule: :
7.6.1 Number of Capsules~—A sufficient
number of surveillance capsules shall be pro-

-vided to monitor the effects of neutron irradia- _
tion on the reactor vessel throughout its opet-
ating lifetime. The basis for the number of -
capsules to be installed at beginning of life is -

the predicted transition temperature shift, as

shown in Table 1. The decrease in the upper

shelf energy may also be a factor (see 5.1, 5.2,

and 5.3). Additional capsules may be needed
to monitor the effect of a major core change or :
annealing of the vessel, or to provide supple- . .

mental toughness data for evaluating a flaw in

the beltline. It is recommended that full-thick- .
ness sections of material be kept instead of
loaded capsules, because the preferred type and

size of test specimen may change in the inter-

vening years. The archive material required in -

5.5 is to be used for the additional capsules.
7.6.2 Withdrawal ~Schedule—The capsule

withdrawal schedule should permit monitoring -

of long-time -effects which are difficult to
achieve in test reactors. Table 1 lists the rec-
ommended number of capsules and the with-
drawal schedule for three ranges of predicted
transition temperature shift. The withdrawal

schedule is in terms of effective full-power years

(EFPY) of the vessel with a design life of 32
EFPY. Other factors that must be considered
in establishing the withdrawal schedule are pre-
sented in Table 1. The first capsule is scheduled
for withdrawal early in the vessel life to verify
the initial predictions of the surveillance ma-
terial response to the actual radiation environ-
ment. It is removed when the predicted shift
exceeds the expected scatter by sufficient mar-

gin to be measureable. Normally, the capsule

¢ Information regarding the availability of correlation moni-
fors can be obtained from ASTM Committee E-10. See also
ASTM D854, July 1974, o
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with the highest lead factor is. withdrawn first.
Early withdrawal will permit verification of the
~adequacy and conservatism of the reactor ves-
sel pressure/temperature operational limits.
The withdrawal schedule of the final two cap-
‘sules is adjusted by the lead factor so the ex-
posure of the second to last capsule does not
exceed the peak end of-life (EOL) fluence on
the inside surface of the vessel, and so the
exposure of the final capsule does not exceed
twice the EOL vessel inside surface peak. flu-
ence. The decision on when {o test specimens
from the final capsule need not be made until
the results from the precedmg capsuleb are
knowun. ,

7.6.3 Implemenmlmn of Table 1 .

7.6.3.1 Estimate the pedk vcsscl inside sur-
face fluence at EOL and the correspondmg
transition temperature shift. This identifies the
number of capsules required..

7.6.3.2 Bstimate the lead factor for each sur-
-veillance capsule relative to the peak beltline
fluence.

7.6.3.3 Calculate the number of EFPY for
the capsule to reach the peak vessel EOL flu-
ence at the inside surface and % T locations.
These are used to establish the withdrawal
schedule for all but the first capsule.

7.6.3.4 Schedule the capsule withdrawals at
the nearest vessel refueling date.

- 8. Measurement of Radiation Exposure Con-
dltmm ‘

81T emperature  Environment-- w"I‘he maxi-
mum exposure temperature of the surveillance
capsule materials shall be determined. If a dis-
crepancy (> 14°C or 25°F) dccurs between the
observed and the expected capsule exposure
temperatures, an analysis of the operating con-
ditions shall be conducted to determine the
magmtude and duration of these differences.

8.2 Neutron Irradiation Environment:

8.2.1 The neutron flux density, neutron en-
ergy spectrum, and neutron fluence of the sur-
veillance specimens and the corresponding max-
imum values for the reactor vessel shall be deter-
mined in accordance with the guidelines in Guide
E 482 and Recommended Practice E 560.

8.2.2 The specific method of determination
shall be documented.

-.8.2.3 Neutron flux density and fluence val-
ues (E > 0.1 and 1 MeV) shall be determined
and recorded using both a calculated spectrum
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and an assumed fission spectrum.

9. Measurement of Méchanical Properties :
9.1 Tension Tests: '
ducted in accordance with Metbod E 8 and Rec-
ommended Practice E 21.
9.1.2 Test Temperature:

9.1.2.1" Unirradiated—The test tﬁ,mpuatumsiy

for each material shall include room tempera-
ture, service temperature, and one intermediate
temperature to define the atrcngth versus tem-
perature relationship.

9.1.2.2 Irradiated—One specimen from cach
material shall be tested at a temperature in the

 vicinity of the upper end of the Charpy energy
transition region. T he remaining speumcns“
from each material shall be tested at the service

temperature and the midtransition tempera-
ture. ‘

9.1.3 Measurements—For both unirradiated
and irfadiated materials; determine yield

strength, tensile strength fracture load, fracture
strength, fracture stress, total and umform elon--

gation, and reduction of area.
9.2 Charpy Tests: ' o
9.2.1 Method—Charpy tests. shall be " con-

ducted in accordance with Methods E23 and

A 370.

9,2.2 Test Temperature:

92.2.1 Unirradiated—Test temperatures for
each material shall be selected to establish a
full transition temperature curve. One - speci-
men per test temperature may be used to define

the overall shape of the curve. Additional tests,

should be performed in.the region where the
measurements described in 9.2.3 are made.
9.2.2.2 Irradiated—Specimens for each ma-
terial will be tested at temperatures selected to
define the full energy transition curve. Partic-
ular emphasis should be placed on defining the
41-T (30-ft-1bf), 68-J (50-ft- 1bf), and 0.89-num

(35-mil) lateral expansion index temperatures

and the upper shelf energy.

9.2.3 Measurements—For each test speci-
men, measure the impact energy, lateral expan-
sion, and percent shear fracture appearance.

From the unirradiated and irradiated transition -

temperature curves determine the 41-¥ (30-fi-
Ibf), 68-F (50-ft-1bf), and 0.89-mm (35-mil)
lateral expansion index temperatures and the
upper shelf energy. The index temperatures

9.1.1 Merh()d~"l"ens10n testing shall be conw'

e s T
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and the upper shelf energy shall be determined
from the average curves.

9.2.3.1 Obiain from the material qualifica-
tion test report the initial reference temperature
(RTxpr) as defined in the ASME Code, Section
I, Subarticle NB 2300 for unitradiated mate-
rials. ' o

9.3 Hardness Tests (Optional)—Hardness
tests may be performed on unirradiated and ir-
radiated Charpy specimens. The medsurements

shall be taken in areas away from the fracture .

zone or the edges of the specimens. The tests
shall be conducted in accordance with Methods
A 370. o '

9.4 Supplemental Tests (Optional)-—1f sup-
plemental fracture toughness tests are con-
ducted (in addition to tests conducted on ten-

sion and Charpy specimens as described in 6. 1)

the test procedures shall be documented.
9.5 Calibration of Equipment—Procedures
shall be employed assuring that tools, gages, re-
cording instruments, and other measuring and
testing devices are calibrated and properly ad-
justed periodically to maintain accuracy within
necessary limits,” Whenever possible calibration
shall be conducted with standards traceable to
the National Bureau of Standards. Calibration
status shall be maintained in records traceable to
the equipment. ' '
10. Determination of Irradiation Effects -

"~ . 10.1 Tension Test Data: - o

10.1.1 Determine the amount of radiation
strengthening by comparing unirradiated test re-
sults with irradiated test results at the tempera-
tures specified in 9.1.2. ‘

" 10.1.2 The tensile strength data can be verified
using the results from the hardness test (optional)
described in 9.3, - o

10.2 Charpy Test Data: :

10.2.1 Determine the . radiation = induced
transition temperature shifts by measuring the
difference in the 41-J (30-ft.1bf), 68-7 (50-ft-

Ibf), and 0.89-mm (35-mil) lateral expansion

index temperatures before and after irradiation.
The index temperatures shall be obtained from
the average curves. - ,

10.2.2 Determine the adjusted reference
temperature by adding the shift corresponding
to the 41-J (30-ft-1bf) index determined in
10.2.1 to the initial reference temperature ob-
tained in 9.2.3.1:° '

10.2.3 Determine

the radiation induced
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change in the upper shelf energy (USE) from
measurements made before and after irradia-
tion using average value curves.

10.2.4 (Optional)—Determine the radiation
induced change in temperature corresponding
to 50 % of the upper shelf energy before and
after irradiation from average value curves. = -

103 Supplemental Test Data (Optional)—I1f

additional, supplemental tests are performed
(9.4), the data shall be recorded to supplement
the information from the tensile and Charpy
tests. ' _ -

10.4 Retention"of Test Specimens—1t is rec-
ominended that all broken ‘test specimens be
retained until released by the owner in the
event that additional analyses are required to
explain anomalous results. - =~ -

11.- Report

11.1 The following information shall be pro-
vided. This report shall consist of the following
elements. Where applicable, both SI units and
conventional units shall be reported.

112 Surveillance Program: Description—De-
scription of the reactor vessel including the
following: : : _

11.2.1 Location of the surveillance capsules
with respect to the reactor vessel, reactor vessel
internals, and the reactor core. .

11.2.2 Location in the vessel of the plates or
forgings and the welds. A , :

11.2.3 Location(s) of the peak vessel fluence.

11.2.4 Lead factors between the specimen
fluence and the peak vessel fluence at the LD,
and the % T locations. ‘

11.2.5 Surveillance Material Selection:

11.2.5.1 Description of all beltline materials
including chemical analysis, fabrication history,

Charpy data, tensile data, drop-weight data and’

1Hitlﬁl R.TND"]".

11.2.5.2 Describe the basis for selection of
surveillance materials, ‘

V1.3 Surveillance Material Characterization:
tion: - ’ o

11.3.1 Description of the surveillance mate-
rial including fabrication history, material
source (heat or lot), and any differences be-
tween the surveillance material history and that
of the reactor vessel material history.

" Standardized specimens for certification of Charpy impact
machines are available from the Army Materials and Mechanics
Research Center, Watertown, Mass. 02172, Attn: DRXMR-
MQ. :
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11.3.2 Location. and orientation of the test
specimens in the parent material.

11.3.3 Test Specimen Design:

11.3.3.1 Description of the test specimens
(tension, Charpy, and any other types of spec-

imens used), neutron dosimeters, and temper-

ature monitors.

11.3.3.2 Certification of calibration of all
equipment and instruments used in conducting
the tests.

11.4 Test Results:

11.4.1 Tension Tests:

11.4.1.1 Trade name and model of the test—
ing machine, gripping devices, extensometer,
and recording devices used in the test.

11.4.1.2 Speed of testing and method: of

measuring the controlling testing speed.

114.1.3 Complete stress-strain curve (if a "
group of specimens exhibits similar stress-strain-

curves, a typical curve may be reported for the
group).

11.4.1.4 Test data fwm each specumm as

follows:

(1) Test temperature

(2) Yield strength or yield point and method
of measurement;

(3) Tensile strength;

(4) Fracture load, fracture strength, and
fracture stress; R

(5) Uniform elongation and method of mea- .

surement;

(6) Total elongation; .

(7) Reduction of area; and

(8) Specimen identificdtion.

11.4.2 Charpy Tests: .

11.4.2.1 Trade name and model of the test-
ing machine, available hammer energy capacity
and striking velocity, temperature conditioning
and measuring devices, and a description of the
procedure used in the inspection and calibra-
,tion of the testing machine.

. 11422 Test data from each specxmen as
follows:

(1) Temperature of test;

(2) Energy. absorbed by the specimen . in
breaking, reported in JOU]SS (and foot-pound-
force);

(3) Fracture appearance;

(4) Lateral expansion; and

(5) Specimen identification.

11.4.2.3 Test data for each material as fol-
lows: ‘
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- (1) Charpy -41-J  (30-ft-1bf), 68-J (50-ft-
lbf) and 0.89-mm (35-mil) lateral expansion
index tem: pemturc of unirradiated material and
of each set of irradiated specmlens along with
the corre‘»pondmg tempemturc increases for
these specimens; ‘

(2) Upper shelf energy (USE) absorbed be— ‘

fore and after irradiation;
(3) Initial reference temperature; and
(4) Adjusted reference temperalure.
- 11.4.3 Hardness Tests (Optional):

11.4. 3.1 Trade name dnd model of tﬁe test-
ing machine,

11.4.3.2 Hardness data.
11.4.4 Other Fracture Toughnesa Tests:

11.4.4.1 If additional tests are performed, the
test data shall be reported together with the

" procedures used for conduc:tmg the tests and

analysis of the data.

11.4.5 Temperature and Neutron Radiation
-Environment Measurements.

11.4.5.1" Temperature monitor results and an
estimate of maximum capsule exposure tem-
perature.

11.4.5.2 Neutron dosimeter measuruments,
analysis. techniques, and calculated results in-

“cliding the following:

(1) Neutron flux density, neutron energy
spectrum, and neutron fluence in terms of neu-
trons per square metre and neutrons per square
centimetre (> 0.1 and 1 MeV) for the surveil-
lance specimens using both calculated spectrum
and assumed fission spectrum assumptions.

(2) Description of the methods used to verify
the procedures inéluding calibrations, cross sec-
tions, and other pertinent nuclear data.

11.5 Application of Test Results:

- 11.5.1 Extrapolation of the neutron flux and

fluence resulis to the surface and % T locations
of the reactor vessel at the peak ﬂuenw loca-

) tion.

11.5.2 Compa.rlson of fluence dctermmed

- from the dosimetry analys1s with ongmal pre-
~dicted values.

11.5.3 Extrapolation of fracture toughness
propertics to the surface and % T locations of
the reactor vessel at the peak fluence location.

11.6 Deviations—Deviations or anomalies in
procedure from this practice shall be identified
and described fully in the report.
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TABLE 1 Minimum Reécommended Number of Surveillance Capsules and Their Withdrawal Schedule (Schedule in
- : Terms of Effective Full-Power Years of the Reactor Vessel) : "

Predicted Transition Temperature Shift at Vessel Inside Suiface

. - A s 100
=56°C(=1007) gfﬁo‘&‘(ﬂ%?) > 11°C (> 200°F)
Minimun Number of Capsules A S ' 5
Withdrawal Sequence: k . - ~ R ~
Pirst Y T .
Second 158 o6 S 3P
Third . . . R EOL® 158 - Lt 6¢
Fourth oo ) ‘ EQLE 15%
Fifth ) ‘ ’ o EOLY

. Or at the time when the accumulated neutron fluence of the
the time when the hig
first, .

 Or at the time when the accumulated neutron fluence of the ¢a
reactor vessel inner wall location, whichever comes first.
“ O at the time when the accumulated neutron fluence of the ca

_reactor vessel ¥ T location, whichever comes first.

. ? Or at the time when the accurulated neutron fluénce of th

 first and third capsules, ' =
¥ Not less than once or greater than twice the peak BOL vessel fluen
tests. This capsule may be held without testing following withdrawal.

capsule exceeds 5 x 10™ n/m” (5 X 10" n/em?), or at
hest predicted AR Typr of all encapsulated materials is approximately 28°C (50°F), whichever comes
psule correqunds ‘tvd'_the approximate EOL fluence at the
psule corresponds to the approximate EOL fluence at the

€ capsule corresponds to a value midway between that of the

ce. This may be modified on the basis of previous

oy ~FUSIONLINE

4 WELD
SPECIMEN

T | ~ A een
‘ i A" SPECIMEN

s

5 ji ‘ SPECIME

X i kY " g

= G ¥

[ Ll

‘ G OF WELD

,G_OF NOTCH

: FUSION LINE = : BT
‘ ‘ B TH M A~ Q8 mm (1327 L
H . .
e
WELD \(
;
I

: - (NOT DRAWN. TO SCALE) -
FIG. 1 Location of Test Specimens Within Weld and Heat-Affected-Zone (HAZ) Test Material.

L The American Society for Testing and Materials 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 aof the validity of any such
| batent rights, and the risk of infiingement of such rights, are entirely their own responsibility. o

This siandard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if nai revised, either reapproved or withdrawn. Your comments are invited either for vevision of this standard or for additional
standards and should be addressed 1o ASTM Headguarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your ¢

. omments have not received a fuir hearing you should
i\ il your views known 10 the ASTM Commitier on Standards, 1915 Race St., Philadelphia, Pa. [9103. o
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an‘o Designation: E 23 - b2

Standard Methbds for

NOTCHED BAR :lMPACT“ TESTING OF METALLIC

MATERIALS’

This standard is issued under the fixed desighationl-"; 231 the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A numberin parentheses indi€ates the year of last
reapproval. A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

These methods have been approved for use by agencies of the Department of Defense to replace method 221.1 of Pederal Test
Method Standard No. 1515 and for listing in the DoD: Index; of Specifications and Standards.

Nore--Figures 2, 3, 4, 5.6, 7, 11, 12, 13, 14, 15, and 16 were editorially corrected, and the designation date was changed

March 5, 1982,

1. Scope
1.1 These methods describe notched-bar im-
pact testing of metallic materials by the Charpy
(stmple-beam) apparatus and the Izod (canti-
lever-beam) apparatus. They give: (@) a descrip-
tion of apparatus, (b) requirements for inspec-
tion and calibration, (¢) safety precautions, (d)
sampling, (¢) dimensions and preparation of
specimens, (f) testing procedures, (g) precision
and accuracy, and (k) appended notes on the
“significance of notched-bar impact testing.
Thése methods will in most cases also apply to
tests on unnotched specimens. , L
1.2 The values stated in SI units are to be
regarded as the standard.

2. Summary of Methods

‘2.1 The essential features of an impact test
are: (@) a suitable specimen (specimens of sev-
eral different types are recognized), (b) an anvil
or support on which the test specimen is placed
to.receive the blow of the moving mass, (¢) a
moving mass of known kinetic energy which
must be great enough to break the test specimen
placed in its path, and (d) a device for measur-
ing the energy absorbed by the broken speci-
men. .

3. Significance

. 3,1 These methods of impact testing relate
specifically to the behavior of metal when sub-
jected to a single application of a load resulting
in multiaxial stresses associated with a notch,
coupled with high rates of loading and in some

cases with high or low temperatures. For some

‘materials and temperatures, impact tests on

notched specimens have been found to predict
the likelihood of brittle fracture better than
tension tests or other tests used in material
specifications. Further information on signifi-
cance appears in the Appendix.

4. Apparatus -

4.1 General Requirements: .

4.1.1 The testing machine shall be a pendu-
lum type of rigid construction and of capacity
more than sufficient to break the specimen in
one blow. ' ‘

4.1.2 The machine frame shall be equipped
with a bubble level or a machined surface
suitable for establishing levelness. The machine

shall be level to within 3:1000 and securely .

bolted to a concrete floor not less than 150 mm
(6 in.) thick or, when this is not practical, the
machine shall be bolted to a foundation having
a mass not less than 40 times that of the pen-
dutlum. The bolts shall be tightened as specified
by the machine manufacturer. ‘

4.1.3 The machine shall be furnished with
scales graduated either in degrees or directly in
energy on which readings can be estimated in
increments of 0.25 % of the energy range or
less. The scales may be compensated for wind-

I'These methods are under the jurisdiction of ASTM Com-
mittee E-28 on Mechanical Testing and are the direct responsi-
bility of Subcommittee E28.07 on Impact Testing,

Current edition approved March 3, 1982, Published July
1982. Originally published as % 23 - 33 T. Last previons edition
E23-81. .
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age and pendulum friction. The error in the
scale reading at any point shall not exceed 0.2
% of the range or 0.4 % of the reading, which-
ever is larger. (See 5.2.6.2 and 5.2.7.)

4.1.4 The total friction and windage losses
of the machine during the swing in the striking
direction shall not exceed 0.75 % of the scale
range capacity, and pendulum energy loss from
friction in the indicating mechanism shall not
exceed 0.25 % of scale range capacity.

4.1.5 The dimensions of the pendulum shall
be such that the center of percussion of the
pendulum is at the center of strike within 1 %
of the distance from the axis of rotation to the

center of strike. When hanging free, the pen- -

dulum shall hang so that the striking edge is
within 2.5 mm (0.10 in.) of the position where
it would just touch the test specimen. When the
indicator has been positioned to read zero en-
ergy in a free swing, it shall read within 0.2 %
of scale range when the striking edge of the
pendulum is held against the test specimen.
The plane of swing of the pendulum shall be
perpendicular to the transverse axis of the
Charpy specimen anvils or Izod vise within 3:
1000. , B : L

4.1.6 Transverse play of the pendulum at the
striker shall not exceed 0.75 mm (0.030 in.)
under a transverse force of 4 % of the effective
weight of the pendulum applied at the center

- of strike. Radial play of the pendulum bearings

shall not exceed 0.075 mm (0.003 in.). The
tangential velocity (the impact velocity) of the
pendulum at the center of the strike shall not
be less than 3 nor more than 6 m/s (not less
than 10.nor more than 20 ft/s), .
~ 4.1.7 Before release, the height of the center
of strike above its free hanging position shall
be within 0.4 % of the range capacity divided
by the pendulum weight, measured as de-
scribed in 5.2.3.3. If windage and friction are
compensated for by increasing the height. of
drop, the height of drop may be increased by
not more than 1 %. ‘ ’ :

. 4.1.8 The mechanism for releasing the pen-
dulum from its initial position shall operate
freely and permit release of the pendulurn with-
out initial impulse, retardation, or side vibra-
tion. If the same lever that is used to release
the pendulum is also used to engage the brake,

means shall be provided for preventing the-

brake from being accidentally engaged.

E 23

strengths and compositions, the test specimen
shall be free to leave the machine with a mini-
mum of interference and shall not rebound into

the pendulum before the pendulum completes

its swing. Pendulums used on Charpy machines
are of two basic designs, as shown in Fig. 1.
When using a C-type pendulum, the broken
specimen will not rebound into the pendulum

‘and slow it down if the clearance at the end of

the specimen is at least 13 :mm (0.5 in.) or if the
specimen is deflected out of the machine by
some arrangement as is shown in Fig. 1. When
using the U-type pendulum, means shall be
provided to prevent the broken specimen from

. rebounding against the pendulum (Fig. 1). In

-

4.2 Specimen Clearance—To ensure satisfac-

tory results when testing materials of different

most U-type pendulum. machines, the shrouds
should be designed and installed to the follow-
ing requirements: (@) have a thickness of ap-
proximately 1.5 mm (0.06 in.), (b) have a min-
imum hardness of 45 HRC, (¢) have a radius
of less than 1.5 mm (0.06 in.) at the underside
corners, and (d) be so positioned that the clear-
ance between them and the pendulum over-
hang (both top and sides) does not exceed 1.5
mm (0.06 in.)." A g

Note 1--In machines where the opening within
the pendulum permits clearance between the ends of
a specimen (resting on the anvil supports) and the
shrouds, and this clearance is at least 13 mm (0.5 in.)
requirements (@) and (d) need not apply, . '

4.3 Charpy Apparatus: = - ‘
* 4.3.1 Means shall be provided (Fig. 2) to
locate and support the test specimen against
two anvil blocks in such a position that the
center of the notch can be located within 0.25
mm (0.010 in.) of the midpoint between the
anvils (see 11.2.1.2). C

4.3.2 The supports and striking edge shall be
of the forms and dimensions shown in Fig. 2.
Other dimensions of the pendulum and sup-
ports should be such as to minimize interfer-
ence between the pendulum and broken speci-
mens. : ‘

4.3.3 The center line of the striking edge
shall advance in the plane that is within 0.40
mm (0.016 in.) of the midpoint between the
supporting edges of the specimen anvils, The
striking edge shall be perpendicular to the lon-
gitudinal axis of the specimen within 3:1000,
The striking edge shall be parallel within 1:
1000 to the face of a perfectly square test
specimen held against the anvil,

- 4.3.4 Specimen supports shall be square with
anvil faces within 2.5:1000. Specimen supports
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shall be coplanar within 0.125 mm (0. 005 in.)
and ‘parallel within 2:1000. o

4.4 Izod Apparatus: . .

44,1 Means shall be provided (Flg 3) for
clamping the specimen in such a position that
the face of the specimen is parallel to the
striking edge within 1:1000; The edges of the
clamping surfaces shall be sharp angles.of 90
+ 19 with radii less than 0.40 mm (0.016 in.).
The clampmg surfaces shall be smooth with a
2-pm (63 pin.) finish orbetter, and shall clamp
the specimen firmly at the notch with the
clamping force applied in the direction of im-
pact. For rectangular specimens, the clamping
surfaces shall be flat and parallel within 0.025
mm (0.001 in.). For cylindral specimens, the
-clamping surfaces shall be contoured to maich
the specunen and each surface shall contact a

minimum of #/2 rad (90°) of the specxmen

circumference.

4.4.2 The dimensions of the strlkmg @dge
and its position relative to the specimen clamps
-shall be as shown in Fig. 3.

4.5 Energy Range—Energy values above 80
% of the scale range are inaccurate and shall be
reported as approximate. Ideally an impact test
‘would be conducted at a constant impact ve-
locity. In a pendulum-type test, the velocuy
decreases as the fracture progresses. For speci-
:mens that have impact energies approaching
-the capacity of the pendulum, the velocity of
" the pendulum‘decreases during fracture to the
point.-that accurate meact energles are no
~ longer obtamed ‘

‘%5 Inspectlon

5.1 Critical Parts:. : :

- 5.1.1 Specimen Anvils and Supports‘ or Vweﬁw
Th_ese shall conform; to the dimensions shown
in Fig; 2 or 3. To ensure a minimum of energy

Joss through absorption, bolts shall be tightened
.as specified by the machine manufacturer.

Note 2+-The impact machine will be inaccurate
to the extent that sone energy is used in deformation
or:movement of its component parts or of the ma-
chine as a whole; this energy will be ragistemd as
uqed in fmc,turmg the spwclmen

5. 1.2 Pendulum Striking Edge——The smkmg
-edgc (tup) of the pendulum shall conform to
the dimensions shown in Figs. 2 or 3. To ensure
~a minimum-of energy loss through absorption,
the striking edge bolts shall be tightened as
specified by the ‘machine manufauurer ‘The
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pendulum striking edge (tup) shall comply with
4.3.3 (for Charpy tests) or 4.4.1 (for Tzod tests)
by bringing it into . contact with a standard
Charpy or Izod specimen. '
5.2 Pendulum Operation: - -
5.2.1 Pendulum Release Mechanism—The
mechanism for releasing the pendulum from its

initial position shall comply with 4.1.8.

5.2.2 Pendulum Alighment—The pendulum
shall comply with 4.1.5 and 4.1.6. If the side
play in the pendulum or the radial plays in the
‘bearings exceeds the specified. lnmts, adjust or
replace the bearings. .

5.2.3 Potential Energywml)etcrmme th@ ini-
tial potential energy using the following pro-
-cedure when the center of strike of the pendu-
lum is coincident with the line from the center
of rotation through the center of percussion. If
the center of strike is more than 2.5 mm (0.1
in.) from this line, suitable corrections in ele-
vation of the center of strike must be made in
5.2.3.2, 5.2.3.3,. 5.2.6.1, and 5.2.7; so that cle-
vations set or measured correspond to what
they would be if the center of strike were on
this line.

5.2.3.1 For Charpy machines place a half-
width specu‘nen (see Pig. 4) 10 by 5 mm (0.394
by 0.197 in.) in test position. With the striking
edgein contact with thé speclmen, aline scribed
from the top edge of the specimen to the strik-

.ing edge will mdlcate the center of stnkc on the

e‘mkmg edge.
'5.2.3.2 For Izod machmes the center of
strike may be considered to be the contact line

“when the pendulum is brought into contact

with a specimen in the normal testing posmou

Note 3—A method of accurately determining the

-centers of strike of. Tzod machines is to place a

specimen, $o machined that the distance from the
center of the notch to the top of the specimer is 22.66
mm: (0.892 in.), in test position. With- the striking
edge in contact with the specimen, a line scribed from
the top edge of the specimen to the striking edge will
indicate the center of strlke on the etnkmg edgf:

5233 Support the pcndulum ‘horizontally
to within 15:1000 with two supports, one at the
bearings (or center of rotation) and the other at

the center of strike on the striking edge (see -

Fig. 5). Arrange the support at the striking edge
to react u’pon some suitable weighing device
such as a platform scale or balance, and deter-
mine the weight to within 0.4 %. Take care to
minimize friction at_either pomt of SUpport.
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Make contact with the striking edge through a
round rod crossing the edge at a 90° angle. The
‘weight of the pendulum is the scale reading
minus the weights of the supporting rod and
any shims that may be used to maintain the
pendulum in a horizontal position.

. 5.2.34 Measure the height of pendulum
drop for compliance with the requirement of
4.1.7. On Charpy machines measure the height
from the top edge of a half-width (or center of
a full-width) specimen to the elevated position
of the center of strike to 0.1 %. On Izod ma-
chines measure the height from a distance 22.66
mm (0.892 in.) above the vise to the release
position of the center of strike to 0.1 %.

5.2.3.5 The potential energy of the system is

equal to the height from which the pendulum
falls, as determined in 5.2.3.4, times the weight
of the pendulum, as determined in 5.2.3.3.
5.2.4 Impact Velocity—Determine the im-
pact velocity, ‘», of the machine, neglecting
friction, by means of the following equation:

S v=2gh

where: ‘

v. = velocity, m/s (or ft/s),

g = acceleration of gravity, m/s* (or fi/s%),
and L :

h = initial elevation of the striking edge, m

‘ (or fr), R

o 525 Center of Percussion—To ensure that

- minimum force is transmitted to the point of

-rotation, the center of percussion shall be at a
point within 1 % of the distance from the axis
of rotation to the center of strike in the speci-
men. Determine the location of the center of
percussion as follows: '
©5.25.1'Using 'a stop watch or some other
suitable time-measuring device, capable of
‘measuring time to within 0.2 s, swing the pen-
dulam through a total angle hot greater than
'15° aid record the time for 100 complete cycles
(toand fro). = o
5.2.5.2 Determine the center of percussion
by means of the following equation:
b= 0.2484p% 1o determine / in metres
1= 0.815p% to determine I'in feet
where; o
[ = distance from the axis to the center of
" percussion, m (or ft), and_ -
p = time of a complete cycle (to andfro) of
- the pendulum,s. :
5.2.6 Friction—The energy loss from friction
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and windage of the pendulum and friction in
the recording mechanism, if not corrected, will

be included in the energy loss attributed to.

breaking the specimen and can result in erro-

peously high impact values. In machines re-
cording in degrees, normal frictional losses are
usually not compensated for by the machine
‘manufacturer, whereas they are usually com- -

pensated for in machines recording directly in
energy by increasing the starting height of the

pendulum. Determine energy losses from fric-

tion as follows: .- C
5.2.6,1 Without a specimen in the machine,

-and with the indicator at the maximum energy

reading, release the pendulum from its starting
position and record the energy value indicated.
This value should indicate zero energy if fric-
tional losses have been corrected by the man-
ufacturer. Raise the pendutum so it just con-
tacts the pointer at the value obtained in the

free swing. Secure the pendulum at.this height

and determine the vertical distance from the
center of strike to the top of a half-width spec-

imen positioned on the .specimen rests (see

5:2.3.1). Determine the weight of the pendulum

-as in 5.2.3.2 and multiply by this distance. The

differencein this value and the initial potential
energy is the total energy loss in the pendulum
and indicator combined. Without resetting the
pointer, repeatedly release the pendulum from

its initial position until the pointer shows no -

further movement. The energy loss determined
by the final position of the pointer is that due
to the pendulum alone. The frictional loss in
the indicator alone is then the difference be-
tween the combined indicator and pendulum
losses and those due to the pendulum alone.
5.2.6.2 To ensure that friction and windage
losses are within tolerances allowed (see 4.1.4),
a simple weekly procedure may be adopted for

direct-reading machines. The following steps -

are recommended: (a) release the pendulum
from its upright position without a specimen in
the machine, and the energy reading should be
0 J (0 ft-1bf); (b) without resetting the pointer,
again release the pendulum and permit it to
swing 11 half cycles; and after the pendulum
starts its 11th cycle, move the pointer to be-
tween 5 and 10 % of scale range capacity and
record the value obtained. This value, divided

by 11, shall not exceed 0.4 % of scale range

capacity. If this value does exceed 0.4 %, the
bearings should be cleaned or replaced.
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-5.2.7 Indicating Mechanism—Tp ensure that
the scale is recording accurately over the entire
range, check it at graduation marks correspond-
ing to approximately 0, 10, 20, 30, 50, and 70
% of each range. With the striking edge of the
pendulum. scribed to -indicate the center of
strike, lift the pendulum and set it in a position
where the indicator reads, for example, 13 J (10

' ft-1bf). Determine the height of the pendulum

. to within 0.1 %, The height of the pendulum
muluphed by its weight, as determined in
5.2.3.3, is the residual energy. Increase this
value by friction and windage losses in accord-
ance with 5.2.6 and subtract from the potential
energy determined in 5.2.3. Make similar cal-
culations at other points of the scale. The scale
pointer shall not overshoot or drop back with
the pendulum. Make test swings from various
heightsto check visually the operation ‘of the
pointer over several portions of the scale.

. 5.2.8 The impact value shall be taken as the
energy absorbed in breaking the specimen and.

is equal to the difference between the energy in
the striking member at the instant of Jimpact
with the specimen and the ¢ energy remammg
after bredkmg the specimen.

6 Precautum in Operation of Macl:nne

6.1. Safety Precautions—UPrecantions should
be taken to protect personnel from the swinging
pendulum, flying broken specimens, and haz-
ards ‘associated with specimen warming and
coolmg media.

7. bamplmg

7.1 Specimens shall be taken from the ma-
terial as speuﬁed by the applicable speuﬁca—
tion.

8. Test "ipedmem

8,1 Materzal Dependence——The choice of
specimen_depends to some extent upon the
characteristics of the material to be tested. A
gwen specimen may not be equally satisfactory
for soft nonferrous metals and hardened steels;
therefore, a number of typ@s of specimens are
recognized. In ganeral sharper and deeper
notches are required to distinguish ditferences
in the more ductile materials or with lower
testing velocities.

8.1.1 The specimens shown in Figs. 6 and 7
are those most widely used and most generally
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satisfactory, They are partiuularly suitable. for
ferrous metals, exceptmg cast iron.”

8.1:2 The speumeu wmmomy found suita-
ble for die cast alloys is shown in Fig. 8.

-8.1.3 The specimens commonly found suit-
able for powdered metals (P/M) are shown in
Flga 9 and 10. The specimen surface may be
in the as—pmduced condition or smoothly ma-

chined, but polishing has proven generally un-

necessary. Unnotched specimens are used with
P/M mdtendlb In P/M materials, the unpact
test results will be affected by specimen ori-
entation. Therefore, unless otherwise specified,
the position of the specimen in the machine
shall be such that the pendulum will strike a
surface that is parallel to the compacting direc-
tion.

8.2. Sub- Stze Speczmeanhen the. amount

of material available does not permit making
the standard impact test specimens shown in
Figs. 6 and 7, smaller specimens may be used,
but the results obtained on different sizes of
specimens cannot be compared directly (X1.3).
When Charpy specimens other than the stand-
ard are necessary or specified, it is recom-
mended that they be selected from Fig, 4.
8.3 Supplemeniary - Specimens—For econ-
omy in preparation of test specimens, special
specimens of round or rectangular cross section
are sometimes used for cantilever beam test.
These are shown as Specimens X, Y, and Z in
Figs. 11 and 12. Specimen Z is sometimes called
the Phl]p(‘)l specimen after the name of the
original designer. In the case of hard materials,
the mdchmmg of the flat surface struck by the
pendulum is sometimes omitted. Types Y and
Z requu‘e a different vise from that shown in
Fig. 3, each half of the vise having a semi-
cylindrical recess that closely fits the clamped
portion of the specimen. As previously stated,
the results cannot be rellably compared to those
obtained usmg sp{,umens of other sizes or
shapes.

8.4 Specimen Machining:

-8.4.1 When heat-treated materials are being
evaluated, the specimen shall be finish ma-
chined, including notching, after the final heat
treatment, unless-it can be demonstrated that

* * For testmg cast iron, see 1933 Report of Subcommmee
XV on Impact Testing of Committee’ A-3 on. Cast Iron,
Proceedings, Am. Soc, Testing Mats:, Vol 33,-Part 1, 1933,
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there is no difference when machined prior to
heat treatment. S

8.42 Notches shall be smoothly machined
but polishing has proven generally unneces-
sary. However, since variations in notch dimen-
sions will seriously affect the results of the tests,
it is necessary to adhere to the tolerances given
in Fig. 6 (X1.2 illustrates the effects from vary-
ing notch dimensions on Type A specimens).
In keyhole specimens, the round hole shall be
carefully drilled with a slow feed. The slot may
be cut by any feasible method. Care must be
exercised in cutting the slot to see that the
surface of the drilled hole opposite the slot is
not marked. I ' ‘

8.4.3 Identification marks shall not be
placed on any surface of the specimen that
contacts the striking edge or specimen supports.
All stamping shall be done in a way that avoids
cold deforming of the specimen at the notch
root or at any other portion of the specimen
that is visibly deformed during fracture.

9. Preparation of Apparatus

9.1 Daily Checking Procedure—After the
testing machine has been ascertained to comply
with Sections 4 and 5, the routine daily check-
ing procedures shall be as follows:

9.1.1 Prior to testing a group of specimens
and before a specimen is placed in position to
be tested, check the machine by a free swing of
" -the pendulum. With the indicator at the maxi-
mum energy position, a free swing of the pen-
dulum shall indicate zero energy on machines
reading directly in energy, which are compen-
sated for frictional losses. On machines record-
ing in degrees, the indicated values when con-
verted to energy shall be compensated for fric-
tional losses that are assumed to be propor-
tional to the arc of swing.

10. Verification of Charpy Machines

10.1 Verification consists of inspecting those
parts subjected to wear to ensure that the re-
quirements of Sections 4 and 5 are met and the
testing of standardized specimens (Notes 4 to
6). It is not intended that parts not subjected to
wear (such as pendulum and scale linearity)
need to be remeasured during verification un-
less a problem is evident. The average value at
each energy level determined for the standard-
ized specimens shall correspond to the nominal
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values of the standardized specimens within 1.4
J (1.0 ft-1bf) or 5.0 %, whichever is greater.
Note 4—Standardized specimens are available
for Charpy machines only. :
Nots 3—Information pertaining to the availabil-
ity of standardized specimens may be obtained by
addressing: Director, Aimy Materials and Mechanics
Research Center, ATTN: DRXMR-MQ), Watertown,
Mass. 02172. ‘
Nomg 6—The Army Materials and Mechanics Re-
scarch Center has for many years conducted a-
Charpy machine qualification program whereby
standardized specimens are used 1o certify the ma-
chines of laboratories using the test as an inspection
requirement on. government contracts.” If the user
desires, the results of tests with the standardized
specimens will be evaluated. Participants desirous of
the evaluation should complete the questionnaire
provided with the standardized specimens. The ques-
tionnaire provides for information such as testing
temperature, the dimensions of certain critical parts,
the cooling and testing techniques, and the results of
the test. The broken standardized specimens are to
be returned along with the completed questionnaire
for evaluation (see Note 5 for address). Upon com-
pletion of the evaluation, the Army Materials and
Mechanics Research Center will return a report. If a
machine is producing values outside the standardized
specimen tolerances, the report may suggest changes
in machine design, repair or replacement of certain
machine parts, a change in testing techniques, etc.
10.2 Frequency of Verification—Charpy ma-
chines shall be verified within one year prior to’
the time of testing. Charpy machines shall,
however, be verified immediately after replac-
ing parts, making repairs or adjustments, after
they have been moved, or whenever there is
reason to doubt the accuracy of the results;
without regard to the time interval.

11. Procedure

11.1 The Daily Checking Procedure (Sec-
tion 9) shall be performed at the beginning of
each day or each shift.

11.2 Charpy Test Procedure—The Charpy
test procedure may be summarized as follows:
the test specimen is removed from its cooling
(or heating) medium, if used, and positioned
on the specimen supports; the pendulum is
released without vibration, and the specimen is
broken within 5 s after removal from the me-
dium. Information is obtained from the ma-
chine and from the broken specimen. The de-
tails are described as follows:

* Driscoll, D. E., “Reproducibility of Charpy Impact
Test,” Symposium on Impact Testing, ASTM STP176, Am.
Soc. Testing Mats., 1955, p. 170, . .
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11.2.1 Temperature of Testing—In most ma-
terials, impact values vary with temperature.
Unless otherwise specified, tests shall be made
at 15 to 32°C (60 to 90°F). Accuracy of resulis
when testing at other temperatures requires the
following procedure: For liquid cooling . or
heating fill a suitable container, which has a
grid raised at least 25 mm (1 in.) from the
bottom, with liquid so that the specimen when
immersed will be covered with at least 25 mm
(1 in.) of the liqnid. Bring the liquid to the
desired temperature by any convenient method.
The device used to measure the temperature of
‘the bath should be placed in the center of a
group of the specimens. Verify all temperature-
measuring equipment at least twice annually.
When using a liquid medium, hold the speci-
mens in an agitated bath at the desired temper-
ature within +1°C (£2°F) for at least 5 min.
When using a gas medium, position the speci-
mens so that the gas circulates around them
‘and hold the gas at the desired temperature
“within +1°C (+2°F) for at least 30 min. Leave
the mechanism used to remove the specimen
from the medium in the medium except when
handling the specimens.

NoOTE “7~*‘l7¢mpeﬂxatures up 1o +260°C (+500°F)
may be obtained with certain oils, but “flash-point”
temperatures must be carefully observed.

 11.2.2 Placement of Test Specimen in: Ma-
chine—1t is recommended that self-centering
tongs similar to those shown in Fig. 13 be used
in placing the specimen in the machine (see
* 4.3.1). The tongs illustrated in Fig. 13 are for
centering V-notch specimens. If keyhole speci-
mens are used, modification of the tong design
may be necessary. If an end-centering device is
used, caution must be taken to ensure that low-
energy high-strength specimens will not re-
bound off this device into the pendulum and
cause erroneously high recorded values. Many
such devices are permanent fixtures of ma-
chines, and if the clearance between the end of
a specimen in test position and the centering
device is not approximately 13 mm (0.5 in.),
the broken specimens may rebound into the
pendulum.

11.2.3 Operation of the Machine:

11.2.3.1 Set the energy indicator at the max-
imum scale reading; take the test specimen
from its coaling (or heating) medium, if used;
place it in proper position on the specimen
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anvils; and release the pendulum smoothly.
This entire sequence shall take less than 5 s if
a cooling or heating medium is used.
11.2.3.2 If any specimen fails to break, do
not repeat the blow but record the fact, indi-
cating whether the failure to break occurred
through extreme ductility or lack of sufficient
energy in the blow. Such results of such tests
shall not be included in the average. ‘
11.2.3.3 If any specimen jams in the ma-
chine, disregard the results and check the ma-
chine thoroughly for damage or maladjust-
ment, which would affect its calibration.-
11.2.3.4 To prevent recording an erroneous
value caused by jarring the indicator when
locking the pendulum in its upright position,
read the value from the indicator prior to lock-
ing the pendulum for the next test. .
~11.2.4 Information Obtainable from the Test.
11.2.4.1 Impact Energy—The amount of en-
ergy required to fracture the specimen is deter-
mined from the machine reading, :
11.2.4.2 Lateral Expansion—The method
for measuring lateral expansion must take into
account the fact that the fracture path seldom
bisects the point of maximum expansion on
both sides of a specimen. One half of a broken
specimen may include the maximum expansion
for both sides, one side only, on neither. The
technique used must therefore provide an ex-
pansion value equal to the sum of the higher of
the two values obtained for each side by mea-
suring the two halves separately. The amount
of expansion on each side of each half must be
measured relative to the plane defined by the
undeformed portion. of the side of the specimen,
Fig. 16. Expansion may be measured by using
a gage similar to that shown in Figs. 17 and 18,
Measure the two broken halves individually.
First, though, check the sides perpendicular to
the notch to ensure that no burrs were formed
on these sides during impact testing; if such
burrs exist, they must be removed, for example,

‘by rubbing on emery cloth, making sure that

the protrusions to be measured are not tubbed
during the removal of the burr. Next, place the
halves together so that the compression sides
are facing one another. Take one half and press
it firmly against the reference supports, with
the protrusion against the gage anvil. Note the
reading, then repeat this step with the other
broken half, ensuring that the same side of the
specimen is measured. The larger of the two

741
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values is the expansion of ‘that side of the
specimen. Next, repeat this procedure to mea-
sure the protrusions on the opposite side, then
add the larger values obtained for cach side.
Measure each specimen.

Note 8—Examine each fracture surface to ascer-
tain that the protrusions have not been damaged by
conlacting the anvil, machine mounting surface, etc.

Such specimens should be discarded since this may
cause erroneous readings,

11.2.4.3 Fracture Appearance—The percent-
age of shear fracture may be determined by
any of the following methods: (/) measure the
length and width of the cleavage portion of the
fracture surface, as shown in F ig. 14, and de-
termine the percent shear from either Table 1
or Table 2 depending on the units of measure-
ment; (2) compare the appearance of the frac-
ture of the specimen with a fracture appearance
chart such as that shown in Fig. 15; (3) magnify
the fracture surface and compare it to a precal-
ibrated overlay chart or measure the percent
shear fracture by means of a planimeter; or “)
photograph the fracture surface at a suitable
magnification and measure the percent shear
fracture by means. of a planimeter,

NoTE 9—Because of the subjective nature of the
evaluation of fracture appearance, it is not recom-
mended that it be used in specifications.

11.3 Izod Test “Procediire—The Izod test
procedure may be summarized as follows: the
test specimen is positioned in the specimen-
" holding fixture and the pendulum is released
without vibration. Information is obtained
from the machine and from the broken speci-
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men. The details are described as follows;
11.3.1 Temperature of Testing—The speci-

men-holding fixture for Izod specimens is in _

most cases part of the base of the machine and
cannot be readily cooled (or heated). For this
reason, Izod testing
other than room temperature. ‘

- 11.3.2 Clamp the specimen firmly in the sup-
port vise so that the centerline of the notch is
in the plane of the top of the vise within 0.125
mm (0.005 in.). Sét the energy indicator at the
maximum scale reading, and release the pen-
dulum smoothly. Sections 11.2.3.2 to 11.2.3.4
inclusively, also apply when testing Izod spec-
imens. : :

11.3.3 Information Obtainable Jrom the

Test—The impact energy, lateral expansion,

and fracture appearance, may be determined
as described in 11.2.4. ’ ‘

12. Report ‘ : V
12.1 For commercial acceptance testing, the

following is considered sufficient:

12.1.1 Type of specimen used
not the standard size).

12.1.2 Temperature of the specimen.

12.1.3 When required any or all of the fol-

(and size if

‘lowing shall be réported:

12.1.3.1 Energy absorbed,
12.1.3.2 Lateral expansion, and
12.1.3.3 Fracture appearance (see Note 9).

13. Precision and Accuracy

13.1 The precision and accuracy of these
methods are being established. ‘

e . TABLE 1 Percent Shear for Measurements Made in Millimetres
- Nommlqo % shear i3 to be reported when either 4 or 8 is zero.

Dimen- Dimension 4, mm
sion » :
CBmm 10 15 20 25 30 35 40 45 50 55 60 65 70 15 80 90 95 10

LO° 99 98 98 97 96 96 95 o4 94
L5 98 97 296 . 95 94 93 92 93 ¢
20 98 96 95 .94 .92 91. 90 - 89 88
2.5 97 95 94 92 91 8 88 86 .84
307 96 94 92 91 89 87 85 83 38l
35 .96 93 91 - 89 87. 8 82 %0 78
~400.095 .92 90 . 88 85 8 8 171 5
43...94.°92 89 86 83 80 77 75 .72
5.0 94 91 88 85 81 78 75" T2 49
5.5 93 80 9% 83 79 76 72 '69 66
60 92 89 85 81 77T 74 0 &5 62
65 . 92 8 84 80 76 12 67 63 59
- 70 91 87 82 78 74 69 65 61 56

TS 9L 8 8L T T2 61 6 ‘58 53

80 :90 8 80 75 70 65 60 55 50

95 792 92 91 91 90 89 89 88 8§
90 89 .88 87 8 8 84 83 8 81

20 15 10 5 9

247

is not recommended at
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o TABLE 2 Percent Shear for Measurements Made in Inches
. Notr—100 % shear is to be reported when either 4 or B is zero.

Dimcn» Dimension 4, in.
$101.
B in, 005 010 012 014 0.16 018 020 022 024 026 028 030 032 034 036 038 0490
0,05 98 96 95 94 94 93 92 91 90 90 89 £8 87 86 85 85 84
.10 96 92 90 - 89 87 85 84 82 81 79 77 76 74 73 71 69 68
0,12 93 90 88 86 85 - 83 ) 81 79 77 75 73 7Fl 69 67 63 63 6l
0.14 94 89 86 84 82 80 77 7S 73 71 68 66 G4 62 59 57 55
0.16 94 &7 85 82 79 77 74 72 69 67 . 64 61 39 56 53 51 48
0.18 93 85 83 80 77 14 72 68 65 62 59 56 54 51 48 45 42
.20 92 84 81 77 74 72 68 65 61 58 55 32 48 45 42 39 36
0.22 91 82 79 BT 68 65 61 57 54 50 47 43 40 36 33 29
0.24 90 81 77 73 69 65 61 57 54 50 46 42 38 34 30 27 23
0.26 90 79 75 71 67 62 58 34 50 46 41 37 33 29 25 20 16
0.28 89 i 73 68 64 59 55 50 .46 41 37 32 28 23 18 14 10
0.30 88 76 71 66 61 56 52 . 47 42 37 32 2723 18 13 9 3
0.31 88 75 70 65 60 35 50 . 45 40 35 30 25 20 18 10 3 0
C-TYPE PENDULUM TAPER EXTENDS
ANVIL — TO A POINT
sPECIMEN-Ep ) .
SPACER Unmodified Modified
{will qu) ~ (jomming minimized)
. - —epE r UWSM [:. !
L, LA
U-TYPE PENDULUM
SHROUD
ANVIL Direction of
Pendulum Swing
Unmaodified Modified
{will jam) (jamming minimized)

§1G. 1 Typical Pendulums and Anvils for Charpy Machiues, Shown with Modifications to Minimize Jamming

AL
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@b 28

_STRIKING EDGE -

—_8-mm rad (0.315")

30°%+p°

NO.25-mmi rad (0.010")
4mm (0.157")

c ’
_ |~ |-SPECIMEN
1 j 1 ‘
AL s
.. “gtt2°
-mm rdd Censt?rllsf‘
o ¢ ke ANVIL
(0039 4 | 46 mm (1574
.
SPECIMEN, 7] -~ "90%9
; vb T \ __Center of
riee
Y A ‘ \ _ (ws2)
7 T
| pecimen
ANVIL—% Support
;ﬁm

All dimensional tolerances shall be £0.05 mm (0.002 in.)unless otherwise specified,

, . Nore 1-—A shall be parallel to B within 2:1000 and copl.
"Notz 2---C shall be parallel to D within 2.0:1000 and ¢o

Nore 3—Finish on unmarked parts shall be 4 ym (125 pin.).
FIG. 2 Charpy (Simple-Beam) Impact Test i

AA

anar with B within 0.05 mm (0.002 in.).
planar with I within 0.125 mm (0.005 in.).
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521/ _—STRIKING EDGE
R .  ~-0.66-mmrad
SPECIMEN K ©. 026“)
f | v ‘75"’:*3"‘
# | |
%

22 mm (0.866")

® ot
90 =9
ATTHTT CIINIR B |
N
. . g : \ ' 9Oo!lm
Radius A ~
must be y N
less than 4N
0.40 mm ‘ N
N\
1 D

All dimensional tolerances shall be £0.05 mm (0.002 in.) unless otherwise specified.

Nore 1--The clamping surfaces of A and B shall be flat and pamnel w1tbm 0,025 mm (0.001 in.).
NoTE 2—Finish on unmarked parts shall be 2 pm (63 pin.). |
NoTE 3—Striker widih must be greater than that of the *apecmmcn being testad

FIG. 3 Izod (Cantilever-Beam) Impact Test

245
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—Qe25 mm rad L
{0.010%) .
A . N ‘
40 . f ?
e 55 mm =2 3 mm : N45* s - -
+0 . . ‘
(201657 ~0e100%) . | Grind Opposite Sides

Parallel and 90*¥10’
to Adjacent Sides

On subsize specimens the length, notch angle, and notch radius are constant (see Fig,. 6); depth (D), notch depth (¥), and
width (W) vary as indicated belaw, ) ‘

i TR
pabjdliga

B p—
B Lz mm (0.079% '
Smmasr) [ =

! L mm (0.,039”) '

10 mm 20mm
(0.788%)

o |
o . B N —
3mm (o.na")—]_f—o.elo mm (0.024%)

NoTE 1---Circled specimen is the standard specimen (see Fig, 6).
Note 2—Permissible variations shall be as follows:

Cross-section dimensions *1% or #0075 mm (0.003 in.), whichever is sraller
. Radius of notch #0.025 mm (0.001 in.)
" Depth of notch #0.025 mm (0.001 in.)
Finish requirements 2 pm (63 win.) on notched surface and opposite face; 4 pm (125 pin) on other two surfaces

FIG. 4 Charpy {Simple-Beam) Subsize (Type A) Impact Test Specimens

246
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| S

- —— - - - - W
; I Axis of rotgtion

| Distance tocenter ‘ »
| of percussion, L o /

y Center of , / o
i percussion -
' - £ / .

//’ - Canter of test piece
Nl
-Length of pendulum,

distance to center of
strike, S

/
s/
i
A /
¢ : Height of foll, h/
‘(:""L\ l s )

b Y w

-

Height of rise, h,

FIG. 5 Ditﬁensiom for Calculations
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Y W B

L/2 -~ r 2 mm (0.079%)
i

" ¢——0e25mm
} (0:010”) rada
“ i :

v
: — -10 mm
(2.165%) 94" \7/45"\(/
"L TYPE A 03949
L/2 —==5 mm (0e197%) “’l
. —bi }[ ( o ”‘ (0-079”)
,,,,,,,,,,,,,,,, ] mm
. (0.3 94%) !
55 mm ‘
(2.1 65”)“"4 (o 39 4,,) saweut,
TYPE B * lwémmﬁ/lb )
~—L/2 Afﬁ 5 mm (041977) OR LESS”
m L SR (IO m rz\”)
55 e - . WVmm ‘ . ,
(2.165") ~ 1 (0.394%) e—2mm
TYPE C (0-0797)
Note--Permissible variations shall be as follows: ’
Notch length to edge +2°
Adjacent sides shall be at 90° %10 min

Cross-section, dimensions
Length of specimen (L)
Centering of notch (L/2)
Angle of notch
Radius of notch
Notch depih:

Type A specimen

Types B and C specimen
Finish requirements

+0.075 mum (+0.003 in.)

+0, =2.5 mm (+0, ~-0.100 in.)
: +Imm(+0039m)

*1°

+0025mm( £0.001 in.)

+0.025 mm (0.001 in.)

#0.075 mm (+0.003 in.)

2 pm, (63 pin.) on notched surface and opposite face; 4 ym (125 pin.) on
other two surfaces

FIG. 6 Charpy (Simple-Beam) Impact Test Spécimem, Types A, B, and C

28 mm S 2mm e
' (1102 (00797 ,)\45 /4\
v ’
Y N
i
7Smm 0 mm 0s25mm_
@952 1 (0:394") (0.010%) rad
NOTEWPermxsqlble variations shall be as follows:
Notch length to edge 90 £2°

Cross-section dimensions
Length of specimen
Angle of notch

Radius of notch

Notch depth

Adjacent sides shall be at
Finish requirements

#0.025 mm (0.001 in.)

+0,~-2.5 mm (£0, —0.100 in.)

+1°

+0.025 mm (£0.001 m)

£0.025 mm (%0.001 in.)

90° + 10 min

2 pm (63 gin.) on notched surface and op-
posite face; 4 pm (125 win.) on other two
surfaces

FIG. 7 Izod (Cantilever-Beam) Impact Test Specimen, Type D

N4Q
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6,25 10./3mm.
(0.246 + 0.085%) ‘\\

1* G T T

-L————'/ﬁ?mrh.(ﬁ") - : g

NoTE 1-Two test specimens may be cut from. this bar,
Note 2—Blow shall be struck on narrowest face.
FIG. 8 Simple Beam Impact Test Bar for Die Castings Alloys

L ) " . Compacting
, ' ° Direction
4 55 om  (2,165") ‘"“"’, i 0.394y

R X Striking
| (0.394) [ o o ‘ Dlrection

10 s,

NOTE--Permissible variations shall be as follows:

Adjacc:nt‘ sides shall be at . 90° + 10 min
Cross section dimensions +0.125 mm (0.005 in: )
Length of specmen . £0, -2.5 mm (0 100-in.)

FIG. 9 Charpy (Simple Beam) Impact 'I est S‘peclmem for Metal Powder Structural Parts

{10 mm,. - . Compacting
et LTI @I LVAL) ST l"’“”" 3041 Directdon
10 tm, 1. o L
{0.394") | ' ¢ Striking
, T . : L Direction
NOTE- Pcrm;smblavamauons shall be as follows:, \ o ok R
’ Adjacent sides shall be at 90" + 10 min.
Cross section dimensions = - - #+0.125 mm (0. 005 in.)
Length of specimens +0, —2.5 mm (0.100'in.)

. FIG. 10 1zod (Cantilever-Beam) Impaét Test Speéimen for Metal Powder Structural Parts
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e 6;35 mm (0025]0”)“
:_l_ L - '"

4l E2s

I3 mm
(5.157") 10mm,
le28 mm 28mm . 28mm _ (0"3\94’ 454
(1.102™) (l.lOZ")j(IJOE"} |
i . i ampayw
. I e )
I { - i ~h—’_/_/ L 025
|0"',‘ A ”mm
90°Ny il smm 03945 (0.00") Rad
Enlarged View of
TYPE X Notch — 3 Req'd, .

_hZI&GMm 28.6mm | 28.6mm

on Different Faces.

7.62mm “‘m

e

1287 T (1128"y " (L125")

{0.300"

1

TYPE Y

Nore—Permissible variations shall be as follows:

Notch length to edge

Adjacent sides shall be at
Cross-section dimensions
Lengthwise dimensions

Aagle of notch

Radius of noteh .
Noteh depth of Type X specimen
Notch diameter of Type Y specimen

; : — N b2dmm
L. 3rmm - J : (0.010") Rad
‘ (5.375")

I!‘;4mm‘.‘-
Co {04807,

+2 mm

90° %10 min,

+0.025 mm (+0.001 in.)
+0,—2.5 mm (£0.100in.) ..
+1° . / e

+0.025 mm (0,001 in.)
+0.025 mm (+0.001 in )

- £0.025 om (£0.001 in.)

FIG. 11 Izod (Cantilever-Beam) Impact Test Specimens, Types X and Y

v—-l ~~~~~ ~28mm (11027)

}-T~12.7 mm (0.500")

Y

The flat shall be paralltel to the longitudin
within 2:1000.

.  75mm

(249527y ™

Notg--Permissible variations shall be as follows:

1

3,27 mm (0130")
l‘ o /3\45

ﬂ ....... ‘

“Medmm

Notch length to longitudinal centerline £72°

Cross-section dimensions
Length of specimen
Angle of notch

Radius of notch

Notch depth

#0.025 mm (—0.001 in.)

+0, —2.5 mm (+0 ~0,100 in.)
19

#0.025 mm (0.001 in.)
£0.025 mm (.130 +0.001 in.)

FIG. 12 Izod (Cantilever-Beam) Impact Test Specimen (Philpot), Type Z

“on

- 0e25 mm
(0.4507)  (0,010") rad

al centerline of the specimen and shall be parallel to the bottom. of the notch
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Aih E2a

‘.7-46’ m
Beh
4,76 mm

B/6")

9053 mm

$ 1 3/8")
T
k 1194 mm

| &/167)
L mmmmmm ~12588 mm

(I (1/16)

SECTION T 9-53,“’\1’“
an Y

‘3_J

0
7 -.002)
39,93

"”.'”——l&rjgm 4

19.96 mm-»
(0.785")

44-45° ‘
: 2453 mm .

19.96 — %

K *‘ (o.:va?’r)n ) &/%)
‘ steel pieces silver soldered

to tongs parallel to

each other

Specimm(lilrzizptha pistend ’ Base Width (A), mm. (in.) Height (B), mm ( in;’)
10 (0.394) 1.60 to 1.70 (0.063 to 0._()67) 1.52 to 1.65 (0.060 to 0.063)
5 (0.197) 074 to 0.80 (0.029 to 01033) 0.69 10 0,81 (0.027 to 0.032)
3(0.118) 0,45 to 0,51 (0.016 t0 0.020) . 0.36 to 0.48 (0.014 t0 0.019)

FIG. 13 Centering Tongs for V-Notch Charpy Specimens

Notch

Sh«a(g;lé\rea w\\% //

Cleavage Area— | ' I
L B

(shiny)
g
/942,

TN

Nore 1—Measure average dimensions 4 and B to the
nearest 0.5 mm or 0.02 in. ‘
NoTE 2—Determine the percent shear fracture using Ta- :
ble | or Table 2.
FIG. 14 Determination of Percent Shear Fracture i

N
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(a) Fracture Appearance Charts and Percent Shear F racture Comparator

10

20

OOoood

(b} Guide for Estimating Fracture Appearancaz'Using SulAG Method

90

FIG. 15 Fracture Appearance
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FIG. 16 Halves of Brokenm Charpy V-Notch Tmpact

Specimen Positioned to Mustrate the Measurementof

Lateral Expansion, Dimension 4 and Original Width,
Dimension W

253
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,:"M.

TR

FIG. 17 ‘ Lateral Expansion Gage for Charpy Impact Specimens
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APPENDIX

X1. NOTES ON SIGNIFICANCE OF NOTCHED-BAR IMPACT TESTING

X1.1 Notch Behavior

X1.1.1 The Charpy and Izod type tests bring out
notch behavior (brittleness versus ductility) by apply-
ing a single overload of stress. The energy values
determined are quantitative comparisons on a se-
lected specimen but cannot be converted into energy
values that would serve for engineering desgin cal-
culations. The notch behavior indicated in an indi-
vidual test applies only to the specimen size, notch
geometry, and testing conditions involved and cannot
be generalized to other sizes of specimens and con-
ditions. ’

X1.1.2 The notch behavior of the face-centered
cubic metals and alloys, a large group of nonferrous
materials and the austenitic steels can be judged from
their common tensile properties. If they are brittle in
tension they will be brittle when notched, while if
they are ductile in tension they will be ductile when
notched, except for unusually sharp or deep notches
(much more severe than the standard Charpy or Izod
specimens). Even low temperatures do not alter this
characteristic of these materials. Tn contrast, the be-
havior of the ferritic steels under notch conditions
cannot be predicted from their properties as revealed
by the tension test. For the study of these materials
the Charpy and Izod type tests are accordingly very
usefu]. Some metals that display normal ductility in
. the tension test may nevertheless break in brittle
* fashion when tested or when used in the notched
condition. Notched conditions include restraints to
deformation in directions perpendicular to the major
stress, or multiaxial stresses, and stress concentra-
tions. It is in this field that the Charpy and Izod tests
prove useful for determining the susceptibility of a
steel to notch-brittle behavior though they cannot be
directly used to appraise the serviceability of a struc-
ture, ‘

X1.2 Notch Effect

X1.2.1 Thenotch results in a combination of mul-
tiaxial stresses associated with restraints to deforma-
tion in directions perpendicular to the Major stress,
and a stress coucentration at the base of the notch. A
severely notched condition is generally not desirable,
and it becomes of real concern in those cases in which
it initiates a sudden and complete failure of the brittle
type. Some metals can be deformed in a ductile
manner even down to the low temperatures of liquid
air, while others may crack. This difference in behav-
ior can be best understood by considering the cohe-
sive strength of a material (or the property that holds
it together) and its relation to the yield point. In cases
of brittle fracture, the cohesive strength is exceeded

before significant plastic deformation occurs and the
fracture appears crystalline. In cases of the ductile or
shear type of failure, considerable deformation pre-
cedes the final fracture and the broken surface ap-
pears fibrous instead of erytalline. In. intermediate
cases the fracture comes after a moderate amount of
deformation and is part crystalline and part fibrous
in appearance, '

X1.2.2 When a notched bar is loaded, there is a
normal stress across the base of the notch which tends
to initiate fracture. The property that keeps it from
cleaving, or holds it together, is the “cohesive
strength.” The bar fractures when the normal stress
exceeds the cohesive strength. When this occurs with-
out the bar deforming it is the condition for brittle
fracture.

X1.2.3 In testing, though not in service because of
side effects, it happens more commonly that plastic
deformation precedes fracture. In addition to the
normal stress, the applied load also sets up shear
stregses which are about 45° to the normal stress. The
elastic behavior terminates as soon as the shear stress
exceeds the shear strength of the material and defor-
mation or plastic yielding sets in. This is the condition
for ductile failure.

X.1.2.4 This behavior, whether brittle or ductile,
depends on whether the normal stress exceeds the
cohesive strength before the shear stress exceeds the
shear strength. Several important facts of notch be-
havior follow from this. If the notch is made sharper
or more drastic, the normal stress at the root of the
notch will be increased in relation to the shear stress
and the bar will be more prone to brittle fracture (see
Table X1.1). Also, as the speed of deformation in-
creases, the shear strength increases and the like-
lihood of brittle fracture increases. On the other hand,
by raising the temperature, leaving the notch and the
speed of deformation the same, the shear strength is
lowered and ductile behavior is promoted, leading to
shear failure.

X1.2.5 Variations in notch dimensions will seri-
ously affect the results of the tests. Tests on E 4340
steel specimens® have shown the effect of dimensional
variations on Charpy results (see Table X1.1).

X1.3 Size Effect
X1.3.1 Increasing either the width or the depth of
the specimen tends to increase the volume of metal
subject to distortion, and by this factor tends to
“N. H. Fahey, “Effects of Variables in Charpy Impact
Testing,” Materials Research & Standards, Vol 1, No. 11,
November 1961, p. 872.
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increase the energy absorption when breaking the
specimen. However, any increase in size, particularly
in width, also tends to increase the degree of restraint
and by tending to induce brittle fracture, may de-
crease the amount of energy absorbed. Where a
standard-size specimen is on the verge of brittle
fracture, this is particularly true, and a donblewidth
specimen may actually require less energy for rupture
than one of standard width. o

X1.3.2 In studies of such effects where the size of
the material precludes the use of the standard speci-
men, as for example when the material is 6.35 mm
(0.25-in.) plate, subsize specimens are necessarily
used. Such specimens (Fig. 4) are based on the Type
A specimen of Tig, 6.

- X1.3.3 General correlation between the energy
values obtained with specimens of different size or
shape is not feasible, but limited correlations may be
established for specification purposes on the basis of
special studies of particular materials and particular
specimens. On the other hand, in a study of the
reélative effect of process variations, evaluation by use
of some arbitrarily selected specimen with some cho-
sen notch will in most instances place the methods in
their proper order.

X1.4 Temperature Effect

X1.4,1 The testing conditions also affect the notch
behavior. So pronounced is the effect of temperature
on the behavior of steel when notched that compar-

‘isons are frequently made by examining specimen
fractures and by plotting energy value and fracture
appearance versus temperature from tests of notched
bars at a series of temperatures, When. the test tem-
perature has been carried low enough to start cleav-
age fracture, there may be an extremely sharp drop
in impact value or there may be a relatively gradaal
falling off toward the lower temperatures. This drop
in emergy value starts when a specimen begins to
exhibit some crystalline appearance in the fracture.
The transition temperature at which this embrittling
effect takes place varies considerably with the size of
the part or test specimen and with the notch geome-
- try.

X1.5 Testing Machine

X1.5.1 The testing machine itself must be suffi-
ciently rigid or tests on high-strength low-energy
materials will result in excessive elastic energy losses
either npward through the pendulum shaft or down-
ward through the base of the machine. If the anvil
supports, the pendulum striking edge, or the machine
foundation bolts are not securely fastened, tests on
ductile materials in the range from 108 J (80 ft-1bf)
may actually indicate values in excess of 122 te 136
T(90 to 100 ft-1bf)

X1.5.2 A problem peculiar to Charpy-type tests
occurs when high-strength, low-energy specimens are

E 23

tested at low temperatures. These specimens may not
leave the machine in the direction of the pendnlum
swing but rather in a sidewise direction. To ensure
that the broken halves of the specimens do not re-
bound’ off some component of the machine and
contact the pendulum before it completes its swing,
modifications may be necessary in older model ma-
chines. These modifications differ with machine de-
sign. Nevertheless the basic problem is the same in
that provisions must be made to prevent rebounding

of the fractured specimens into any part of the swing- .

ing pendulum. Where design permits, the broken
specimens may be deflected out of the sides of the
machine and yet in other designs it may be necessary
to contain the broken specimens within a certain area
until the pendulum passes through the anvils, Some
low-energy high-strength steel specimens leave im-
pact machines at speeds in excess of 15.2 m/s (50 ft/
s) although they were struck by a pendulum traveling
at speeds approximately 5.2 m/s (17 ft/s). If the force
exerted on the pendulum by the broken specimens is
sufficient, the pendulum will slow down and erro-
neously high energy values will be recorded. This
problem accounts for many of the inconsistencies in
Charpy results reported by various investigators
within the 14 to 34-J (10 to 25-ft.1b) range. Figure |

illustrates a modification found to be satisfactory in

minimizing jamming,

X1.6 Velocity of Straining

X1.6.1 Velocity of straining is likewise a variable
that affects the notch behavior of steel. The impact
test shows somewhat higher energy absorption values
than the static tests above the transition temperature
and yet, in some instances, the reverse is true below
the transition temperature.

X1.7 Correlation with Service

X1.7.1 While Charpy or Izod tests may not di-
rectly predict the ductile or brittle behavior of steel
as commonly used in large masses or as components
of large structures, these tests can be used as accept-
ance tests or tests of identity for different lots of the
same steel or in choosing between different stecls,
when correlation with reliable service behavior has
been established. It may be necessary to make the
tests at properly chosen temperatures other than
room temperature. In this, the service temperature or
the transition temperature of fall-scale specimens
does not give the desired transition temperatures for
Charpy or Izod tests since the size and notch geom-
etry may be so different. Chemical analysis, tension,
and hardness tests may not indicate the influence of
some of the important processing factors that affect
susceptibility to brittle fracture nor do they compre-
hend the effect of low temperatures in inducing brittle
behavior.
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TABLE X1.1' Effect of Varying Notch Dimensions on Standard Specimens

* High-Energy Specmem ngh-hnergy S peclmens, Low-Energy Speci-

) Tt o) _ ¥ (ft-1of) ‘mens, ¥ (ft-1nf)
Specimen with standard dimensions -103.0+5.2.(76.0 + 3.8)  60.3 +3.0 (445 2. 2) 169+ 1.4 (12 5%, 0)1,
Depth of notch, 2.13 mm (0,084 in)4 - - 97.9(72.2) 56.0 (41.3) 155 (11.4)

Depth of notch, 2.04 ram {0.0805 in.y* 101.8(75.1) | L 57.2(42.0) T 16.8(12.4)
Depth of notch, 1.97 mm (0.0775 iny 104.1(76.8) - T 61.4(45.3) o 17.2 (12.7)
Depth of notch, 1.88 mm (0.074 in.y* 107.9 (19.6y 62.4 (46.0) o 174 (12.8),
Radius at base of notch 0.13 mm (0.005 in)® 98.0(72.3) . 36.5 (4L.7) i 14.6 (10.8)
Radius at base of notch 0.38 m (0.015 in)*108.5 (80.0) C643 @14 G 214(158)

4 Standard 2.0 = 0.025 mm (0:079 & 0.001 in.). .
" Standard 025 0,025 mm (0.010 £ 0.00L in).

The American Society for Testing and Materialstakes 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 th@ validity of any such,

patent rights, and the risk of infringement of such rights, are entirely thezr OWH responsibility.

This standard is subjecz to revision at any time by the responsible technical committee and wmiusi be reviewed every five yvears and
if not revised, either reapproved or withdrawn. Your comments are invited either ﬁ)r revision of this standard ‘or for additional
standards and should be addressed to ASTM Headquarters. Your comments will receive caveful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received o fatr hearing you should
make your views known to the ASTM Committee on Standards, 1916 Race St., thladelphza Pa. 19103. :

PRO_00106715



	128_PRO_00106152_image
	129_PRO_00106312_image
	130_PRO_00106371_image
	131_PRO_00106413_image
	132_PRO_00106508_image
	133_PRO_00106516_image
	134_PRO_00106663_image
	135_PRO_00106679_image
	136_PRO_00106690_image

