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qﬂm Designation: D 2503 — 92 (Reapproved 1997)

Standard Test Method for

An American National Standard

Relative Molecular Mass (Molecular Weight) of
,Hydrocarbons by Thermoelectric Measurement of Vapor

Pressure!

This standard is issued under the fixed designation D 2503; the number immediately following the designation indicates the year of

original adoption ar, in the case of revision, the year of last revision.

A number in parentheses indicates the year of last reapproval. A

superseript epsilon (€) indicates an editorial change since the last revision or reapproval.

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

1. Scope

1.1 This test method covers the determination of the average
relative molecular mass (molecular weight) of hydrocarbon
oils. Tt can be applied to petroleum fractions with molecular
weights (relative molecular mass) up to 3000; however, the
precision of the method has not been established above 800
molecular weight (relative molecular mass). The method
should not be applied to oils having initial boiling points lower

than 220°C.

1.2 Values stated in SI units are to be regarded as the
standard. The values given in parentheses are provided for
information purposes only.

1.3 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. For specific hazard
statements, 5.2.1, 5.2.3, and 5.2.3.

2. Summary of Test Method

2.1 A weighed portion of the sample is dissolved in a known
quantity of appropriate solvent. A drop of this solution and a
drop of solvent arc suspended, side by side, on separate
thermistors in a closed chamber saturated with solvent vapor.
Since the vapor pressure of the solution is lower than that of the -
solvent, solvent condenses on the sample drop and causes a
temperature difference between the two drops. The resultant
change in temperature is measured and used to determine the
relative molecular mass (molecular weight) of the sample by
reference to a previously prepared calibration curve.

3. Significance and Use

3.1 Relative molecular mass (molecular weight) is a funda-
mental physical constant that can be used in conjunction with
other physical properties to characterize pure hydrocarbons and

their mixtures,

'This test method is under the jurisdiction of ASTM Committee D-2 on

Petroleum Products and Lubricantsand is the direct responsibility of Subcommittee
D02.04on Hydrocarbon Analysis.

Current edition approved Aug. 15, 1992, Published October 1992. Originally
published as D 2503 — 66T. Last previous edition D 2503 — 82 (1987)%.

3.2 A knowledge of the relative molecular mass (molecular
weight ) is required for the application of a number of
correlative methods that are useful in determining the gross
composition of the heavier fractions of petroleum.

4. Apparatus
4.1 Vapor Pressure Osmometer, with operating diagram,?

5. Reagents and Materials

5.1 Purity of Reagents—Reagent grade chemicals shall be
used in all tests. Unless otherwise indicated, it is intended that
all reagents shall conform to the specifications of the Commit-
tee on Analytical Reagents of the American Chemical Society,
where such specifications are available.® Other grades may be
used, provided it is first ascertained that the reagent is of
sufficiently high purity to permit its use without lessening the
accuracy of the determination.

5.2 Solvents—Solvents that do not react with the sample
must be used. Since many organic materials exhibit a tendency
to associate or dissociate in solution, it is desirable to use polar
solvents for polar samples and nonpolar solvents for nonpolar
samples. The solvents listed have been found suitable for
hydrocarbons and petroleum fractions.

5.2.1 Benzene

Note 1—Warning; Poison. Carcinogen. Harmful if swallowed. Ex-
tremely flammable, Vapors may causge flash fire. Vapor harmful, may be
absorbed through skin.

5.2.2 Chloroform

Note 2—Warning: May be fatal if swallowed. Harmful if inhaled.
May produce toxic vapors if burned

5.2.3 1,1,1-Trichloroethane

2 A vapor pressure osmometer is available from H. Knauer and Co., Berlin, West
Germany. The manufacture of the Mechrolab instrument previously referred to in
this footnote has been discontinued. However, some models may be available from
stocks on land at laboratory supply houses, or as used equipment from laboratory
instrument exchanges.

3 “Reagent Chemicals, American Chemical Society Specifications,” Am. Chermi-
cal Soc., Washington, DC. For suggestions on the testing of reagents not listed by
the American Chemical Society, see “Analar Standards for Laboratory UK.
Chemicals,” BDH Ltd., Poole, Dorset, and the “United States Pharmacopeia.”
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Nore 3—Warning: Harmful if inhaled. High concentrations may cause stable, switch the selector to the “AT” posmon
unconsciousness or death. Contact may cause skin irritation and derma- 7.7 While observing the thermistors in the viewing mirror,

titis.

Note 4—The precision data given in 10.1 and 10.2 will apply only
when benzene is used ag the solvent. There.is also, jsome. _evidence that
determinations on the same oil sample carried out in différerit sélventsw
produce results that differ:somewhat 1h-absolute magnitudesof apparent:
molecular weight (relative molécular mass). =

5.3 Reference Standards—A calibration curve must be con- syringe by rotating the knurled Sollariid &4 _counterclockwme
structed for each new lot of splvent using a pure compound d1rect101‘1‘ ”Rmse the sample thermistor with solvent from
whose relative molecular mass (molecular weight) ‘is aceu- " SYrilige “6™and. apply a dropapproximatély the'size of the drop

rately known. Compounds that have been used sugcessfully . - 91 {hie refererice thermistor. Depréss thie zero button, and zero
include benzil (210.2), n-octadecane (254.5), and squalane the meter Wlth the “Zero” control. Set the decade resistance to

lower the syrmgc in posmon “57 by\ rotatmg the knurled collar

(422.8). ’ ~gero, and “Balatice *the bridge * ugitig ‘the “Bilance” control.
. ‘ ‘ o _ Repeat the balancing of the bridge with fresh drops of solvent
6. Sampling - " < - S o on each thermistor to assure a'good reference zero, T !

i

1.8 Lower syninge {1 and rinse the sample thermls‘cor w1th
solvent at concentrations of at least 0.10.24, aud it must not 3.t0 4 dropsiof: solution; finally applying one drop to the bead.
have an appreciablé vapor pressufe 4t the test temperature, ©  Start the stop watchi: »;:Anter,thle‘m@tel’ by means of the decade
‘ dials and-take readings at F-min.intervals until two successive
7. Preparatmn and Calibration of Apparatus ot e readings do'not-differ by more than 0:01 ohm. Record the AR
7.1 Preparé staridard 0.01; 0.2, 0.04, 0,06, 0.08, and 0.1°M  Value; estiniating tothe neardst 0.01:€) from the meter, Regard
solutions of the calibrating compound in the solvent selected,  theimerequiredito téach this steady-state; and use this, tune,fm
7.2 Remove the upper sample, clidniber a embly ‘Ritise thie 311 subsequent readings for the solvent used. v v0 ¢

it cap Wwith' the solvenl: to be uséd: I"stall i vapor w1ck in - « 7.9 Updn, completing each-geries. of sample readmgs rinse
thei sample thermistor with. solvent; deposit.a drop, and recheck

the zero point. The meter should.  reproduce., the:: eriginal
indication within. 0:5 mm. .If the needle 'shows a -negative
upper“ &% déflection, the sample thermistor should be rinsed .again. If it
matchmg holes'm the lhermal block"“and thaf the matchmc' shows a paesitive deﬂectmn, the drop on-the reference ther-
: rmstor shotild be-replaced. . b Ce

i 7.1Q0 -Plot.the AR values. for each concentranon .of. standard
against the molarity of the stafidatd, for the solvent usedq«.. -

6. 1 The sample must be completely soluble in the sé sc

Nore 7—The calibration must be repeated for cach of the solyents to be
employed and separate wmkmg curves constructed i
necessary eacl1 tine’a new batéhiof 36 2

Nona‘ 5~—Il‘" the block 13 at loom tcmperatule 2.t0:3 h w1ll be 1equlred‘
To avoid such delay, it is desuable to always leave the thel mostat sw1tch
in the “on” position. If the chafiiber s at equlllbnum and is opened brleﬂy,

30 to 45 min will generally be requited before temperattire-stabilizatidn is 8 1 Select ’Ehe solvem to be. used and ﬁll ‘the solvent cupas
regained.. The exchange or refilling of syringss, doesl not necessitate any  deseribed in 7.2, Weigh into a 25smL volumetric flask the
weiting petiod. ;. L e e amotnt-of sample suggested: inthe following table (Note 5):

7.3 Thoroughly rinse all syrmges w1th lhe solvent bemg . Esumated Flelatlve Molecular Mass ™ 1+ Safiple Size, § + 17
used and allow to dry. L T P SN

7.4 Fill the syringes from guide tubes ““5” and “6” with the - i Lezsosot?: ';02(? o

solvént, Fill the' syrmgés for guide tiibes ‘Oligh “4” th HUEG0 fo 700 ki b
the standard solutions in order of ificreaging ¢oricefrtration " 700 to 1000 018 |
7.5 Imsert the syringes into the thermal bloék; keeping the Record the we[ght 10 the nearest 0 1 mg and u e
guide pins pointed away from the probe. Turn on the “Null w' 'h solvent B :
Detector” switch (Note 6). Set the sensitivity control to ™"

« » Nom S—If the amount of sample is llmlted,‘wexgh the sample mto a 5
sufficient ggm sa thailaﬁl %g Shlﬁtm the d})ekastat produces or 1-mL volumetric flask, using one-fifth or one twenty-ﬁfth respectwely
one ma'J‘)r 1v1s1on SIil of theune 31 ‘x‘me Cor. v of the amount indicated in the table. Weigh to the nearest 0,001 mg using

- NoTe: 6-No measumments should be~ attelupted unul the “Null Detuo- a microbalance.

tor” switch has been on for at least 30 min. e o 8.2 Fill sytingos 5" and “6 with solvent and fill one of the
' 7.6 Turd on the “Bridge” switch and tilrn the “I-AT® switgh  renidining syringes with the saniple solution, With the'satiiple
to “T”. Approximately. zero the meter with the #T" potentiom:  chamber at thermal equilibrium, balance the. b1 idge to establish
eter and observe thé drift of-the heedle. Ifithe solvent chambér  the refererics zéro as described in-7.Giand 7.7.

is ‘at equilibrium, the needle should not drift more than I to 2 8.3 Rinse the sample thermistor with 3 or 4 drops of the
mm during one complete heating cycle; a steady drift to the  sample solution and deposit 1 drop on the thermistor. Start the
right indicates that the chamber is still warming up; if “T” is  stop watch. Center the meter with the decade dials and record

1858
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AR at the time interval determined during the standardization
for the solvent being employed (7.8). When running a series of
samples, check the zero point frequently as described in 7.9.

8.4 Using the appropriate calibration curve, obtain the
molarity cotresponding to the observed AR value.

9. Calculation
9.1 Calculate the relative molecular mass (molecular

weight) of the sample as follows:
Relative Molecular Mass (molecular weight) = c/m

)]

where:
concentration of sample solution, g/L and

c =
m = molarity of solution, as determined in 8.4,
10. Report

10.1 Report the result to the nearest whole number.

11. Precision and Bias

11.1 Precision—The precision of this test method as
obtained by statistical examination of interlaboratory test
results is as follows:

11.1.1 Repeatability—The difference between successive
test results obtained by the same operator with the same
apparatus under constant operating conditions on identical test
material, would in the long run, in the normal and correct

operation of the test method, exceed the values shown in Table
1 only in one case in twenty.

11.1.2 Reproducibility—The difference between two single
and independent results, obtained by different operators,
working in different laboratories on identical test material,
would in the long run, in the normal and correct operation of
the test method, exceed the values shown in Table 1 only in one
case in twenty.

11.1.3 The precision was not obtained in accordance with
Committee D-2 Research Report RR-D-2-1007, “Manual on
Determining Precision Data for ASTM Methods on Petroleum
Products and Lubricants,”*

11.2 Bias—Bias for this method has not been determined.

12. Keywords

12.1 hydrocarbons; molecular weight; osmometer; relative
molecular mass; thermoelectric measurement; vapor pressure

* Annual Book of ASTM Standards, Vol 05.03.

TABLE 1 Precision Data (Benzene Salvent)

Relative Molecular Mass Repeat- Reproduc-
(Molecular Weight) ahility, ibility,
Range g/mol g/mol
245 to 399 5 14
400 to 599 12 32
800 to 800 30 94

The American Sociely 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 of the validily of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
ifnat 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 comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you fael 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,

859
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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

PRO_00103138



Case 1:13-cv-01215-TSC Document 198-22 Filed 10/07/19 Page 8 of 120

PRO_00103139



Case 1:13-cv-01215-TSC Document 198-22 Filed 10/07/19 Page 9 of 120

45”’ Designation: D 2597 — 94 (Reapproved 1999)

Standard Test Method for

An American National Standard

Analysis of Demethanized Hydrocarbon Liquid Mixtures
Containing Nitroqen and Carbon Dioxide by Gas

Chromatography

This standard is issued under the fixed designation D 2597; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision, A nutnber in parentheses indicates the year of last reapproval. A
superscript epsilon () indicates an editorial change since the last revision or reapproval,

1. Scope

1.1 This test method covers the analysis of demethanized
liquid hydrocarbon streams containing nitrogen/air and.carbon
dioxide, and purity products such as an ethane/propane mix
that fall within the compositional ranges listed in Table 1. This.
test method is limited to mixtures containing less than 5 mol %
of heptanes and heavier fractions.

1.2 The heptanes and heavier fraction, when present in the
sample, is analyzed by either (1) reverse flow of carrier gas
after n-hexane and peak grouping or (2) precut column to elute
heptanes and beavier first as a single peak. For purity mixes
without heptanes and heavwr no reverse of carrier flow is
required.

Nore 1—Caution: In the case of unknown samples with a relatively
large Cg plus or C, plus fraction and where precise results are important,
it is desirable to determine the molecular weight (or other pertinent
physical properties) of these fractions. Since this test method makes no
provision for determining physical properties, the physical properties
needed can be determined by an extended analysis or agreed to by the
contracting parties.

1.3 The values stated in SI units are to be regarded as the
standard. The values given in parentheses are for information:
only

1.4 This standard does not purport to address all of the
safety concerns, if amy, 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 applico-
bility of regulatory limitations prior to use. For specific hazard
statements see Annex A3.

2. Referenced Documents

2.1 ASTM Standards:

D 3700 Practice for Containing Hydrocarbon Fluxd Samples
Using a Floating Piston Cylinder?

2.2 Other Standard:

GPA Standard 2177 Analysis of Demethanized Hydrocar-

!'This test method is under the jurisdiction of Committee D-2 on Petroleum
Products and Lubricants and is the direct responsibility of Subcommittee DO2.H on
Liquefied Petroleum Gas.

Current edition approved July 15, 1994, Published September 1994, Criginally
published as D 2597 — 67T. Last previous edition D 2597 - 88.

2 Annual Book of ASTM Standards, Vol 05.02. :

TABLE 1 Components and Composltlonal Ranges Allowed

c omponent s Concentration Range,

Mol %
Nitrogen 0.01-5.0
Carbon Dioxide 0.01~-5.0
Methane 0.01-5.0
Ethane 0.01-95.0
Propane 0.01-100.0
|sobutane 0.01-100.0
n-Butane and 2, 2-Dimelhylpropane 0.01-100.0 °
Isopentane 0.01-15.0
n-Peniane 0.01-15.0
2,2-Dimsthylbutane .0 0.01-0.8
2,3-Dimethylbutane and 2~Methylpeniane ’
3-Methylpentane and Cyclopentane - 0.01=-15.0 -
r-Hexane ST
Heptanes and Heavier . 0.01-5.0

bon Liquid Mixtures Containing Nitrogen and Carbon
Dioxide by Gas Chromatography’

3, Summary of Test Method

3.1 Components to be determined in a demethamzed hydro-
carbon liquid mixture are physically separated by gas chroma-
tography and compared to calibration data obtained undér
identical operating conditions. A fixed volume of sainple in the
liquid phase is isolated in a suitable sample inlet system and
entered onto the chromatographic column.

3.1.1 Components nitrogen/air through r-hexane are indi-
vidually separated with the carrier flow in the forward direc-
tion. The numerous heavy end components are grouped into an
irregular shape peak by reversing direction of carrier gas

through the column by means of a switching valve immediately

following the elution of normal hexane. (See Fig. 1.) Samples

that contain no heptanes plus fraction are analyzed until the

final component has eluted with no reverse of carrier flow.
3.1.2 An alternative to the single column backflush method

is the use of a precut column which is backflushed to obtain the-

heptanes plus as 4 single peak at the beginning of the
chromatogram, Two advantages of the alternate method are as
follows: (I) better precision in measuring the C, plus portion of
the sample and (2) reduction in analysis tlme over the sxngle
column approach by approximately 40 % -

3 Available from Gas Processors Assn., 6526 E. 60th St,, Tulsa, OK 74145,

PRO_00103140
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Column—-Siflcone 200/600, 80 1, /8 1n
COven Temparature— 100°C

Intat Prassure— 45 psly

Sampla €iza— 1 microlitar

Detector Tamparature— 125°C

Chart Spaad— Frontal Flow {cm/min

. Fld Rate 2

nPENTANE
23 DIMETHYLBUTANE &2 METHYLPENTANE

FMETHYLPENTANE & CYCLOPENTANE

22 DIMETHYLPROPANE (NEO PENTANE}

22’ DIMETHYLBUTANE (NEO HEXANE)

FIG. 1.Chromatogram of Demethanized: Hydrocarbon Liquid

Mlxture (Frontal carrler Gas Flow- Through N-Hexane; Reverse -

Grouplng Heptanes Plus):-

3.2 The chromatogram is interpreted by comparing the 1areas .

of component peaks obtained from the unknown sample with
correspondinig areas obtained from a run of a selected reference
standard. Any component in the unknown, suspected to, be
outside the linearity range of the detector, with reference to, the
known amount of that component in the reference standard;
must be detéfrined by a response curye. Peak height method,

of mtegratlon can be used only. i the chromatograph s

operating in the linear range for all components analyzed.
Lmeartty niust. be..proved by peak height. for all comporients.
when using peak beight method. (See Section 6 for further
explanation of instrument linearity, check procedures.)

4. Significance and Use

4.1 The component distribution:of hydrocarbon-liquid mix-

tures. is s often, ‘requtred as: a, spectﬁcatlon analys1s for, these

4.2 The component Sir] 0
tures, can. be. used to calculate physical properties such as
spemﬁc grav1ty,, vapor pressure, molecular weight, and other
important propertte Precmon and, accyracy, of. compos1t1onal
daf y mportant when thesetdata are -used to

calculate physmal properUes of these products »

5. Apparatus

51 Any: gas chromatograph can, be used -that meets t;he
fo]lowmg specifications. . x o

5.131 Detector+The detector shall be a thermal-
conductmty typesIt must,be sufficiently sensitive to ptoduce a
deflection of at. Ieast 0. 5 my for 1.mol,%.of n-buta,ne ina 1.0-pL,
sample G e I BUTEE B

51.2 Sample Inlet System, quuzd—“A 11qu1d samplmg v'tlye
shall be provided, capable of entrappmg a fixed volume of
sample at a pressure at least 200 psi (1379 kPa) above. the
vapor pressure of the,sample.atvalve temperatyre, and intro-
ducing this fixed volume into the carrier gas stream ahead of
the analyzing column, The fixed sample volume should not
exceed 1.0 pL and should be reproducible such that successive

boge

¥ Heversanwo:‘-crnlmIn s

Sele w0

runs agree w1th1n *2% on each component peak area. The

liquid sampling valve is mounted exterior of any type heated
compartment and thus can operate at laboratory ambient
conditions:," . .. ..

513 Sampl dnlet System, Gas (Instrument Linearity)—

; ) ,'Prov131on isto ] be made to introduce a gas phase sample into
* the carriet gas stream ahead of the chromatograph1c column so

that linearity of the instrimeit can be éstimatéd from response
curves. The fixed volume loop in the gas sample valve shall be

-.gized to-deliver. a: total molar volume approximately equal to
* that delivered by the 11qu1d $émiple valve ir-accordance with

5.1.2."(Seé¢ "Section 6 for furthet explanation of instrument
linearity check procedures.)

5.1.4 Chromatographic Columns:

8. 4l -Column  No, I<—A. partition: column. shall be pro-
vided capablé of ‘separating hitrogen/air; carbon dioxide, and
the hydrocarbons methane. through notmal hexane. (See Fig. 1
and Fig.-2.) Separation: of carbon dioxide shall be:sufficient so
that a-1-iL: sample containing .01 Mol % carbén dioxide will
produce a measurable peak on.the chromatogram. (The silicone
200/500:celumn, containing 4 27 t0:30 weight % liquid phase
load, has proven- satisfactory. for this type of agalysis.).

+ 5.1.4i2 Column No. 2—A partition colunin similar. to- Col-
umumNoy: L Tt shall be.of the:same diameter as' Column No. 1,
The column shall be ofian appropriate length to clearly separate
the heptanes plus fraction from the hexanes and. lighter
components. . . i

S5.1.5 ,Attenuator—A mult1 'ep dev1ce,.sha11 be mcluded in
the detector .outpuy cncultry to,.attenuate,, theu31gnal from the
detector:to. the: recorder when using manual .calculation meth-
ods.The "attenuation between steps shall ‘be: accurate to
+05% R A T R P NI XS O

5.1.6 Temperature Control—The chromatographlc col-
utin(s) and the: detéctorshall be maintained at their respeétive
temperatutes, iconstantto! £0:3°C during'the course of. the
sample and corresponding reference standard runs,

5.2 Carrier Gas—Pressure-reducing and control devices to

vk

] Colurn 1~ Sllicone DG 200/500, 30 H; 1/8In
g Colurn 2=c+Sllicone DG 200/500, 1.5 ft, 1/8 in;
a Qven Temparatuto— 128°C
! i m " Inlet Prasstire~95 psig
W 2 Sample Stze™0.5 miléroltar i
E Z % Detectar Temperature— 125°C
nE: Flow Rete— 27 mimin i o .y o
2 8 L
N jmy W e RW B
z Z ..% g Ef¢
E = E &
5 F $8 9
I lg 8y 8 Ec
Z = 80 w oW
w E 4 o= E z
w S y Zz dw 8
u g & E n B
i (vt zg e hv, ) ] .
i ‘ - ' »
3 a @ '
zut’ P feaec ol b e o AL ! i

FIG. 2 Chromatogram of Demethanized Hydrocarbon Liquid
Mixture (Precut Column Grouping Heptanes Plus, Frontal Cartier
Gas Flow Remaining Components)

PRO_00103141
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give repeatable flow rates,

5.3 Recorder—A strip chart recorder with a full-scale range
of 1 mv shall be required when using manual calculation
methods, A maximum pen response time of 1 s and a minimum
chart speed of 1 cm/min (0.5 in./min accepted) shall be
required. Faster speeds up to 10 cm/min (3 in/min accepted)
are required if the chromatogram is to be interpreted using
manual methods to obtain areas.

Note 2—A strip chart recorder is recommended for monitoring the

progress of the analysis if an electronic digital integrator without plotting
capability is in service. ‘

5.4 Electronic Digital Integrator—A strongly preferred and
recommended device for determining peak areas. This device
offers the highest degree of precision and operator conve-
nience.

Norte 3-—Caution: Electronic digital integrators are able to integrate
peak areas by means of several different methods employing various
correction adjustments, The operator should be well versed in integrator
operation, preventing improper handling and manipulation of data—
ultimately resulting in false information.

5.5 Ball and Disk Integrator—An alternative device in the
absence of an electronic digital integrator for determining peak
areas. This device gives more precise areas than manual
methods and saves operator time in interpreting the chromato-
gram,

5.6 Manometer—Well type, equipped with an accurately
graduated and easily readable scale covering the range from 0
to 900 mm of mercury. The manometer is required in order to

charge partial pressure samples of pure hydrocarbons when.
determining response curves for linearity checks when using’

the gas sampling valve.

5.7 Vacuum Pump—Shall have the capability of producing a
vacuum of 0.1 mm of mercury absolute or less. Required for
linearity checks when using the gas sampling valve.

5.8 Sample Filter—An optional device to protect the liquid .

sampling valve from scoring due to the presence of foreign
contaminates such as metal shavings, dirt, and so forth, in a
natural gas liquid (NGL) sample. The filter can be of a small
total volume, or an in-line type design and contain a
replaceable/disposable element.

Note 4—Caution: A filter can introduce error if not handled properly.
The filter should be clean and free of any residual product from previous
samples so that a buildup of heavy end hydrocarbon components does not
result. (Can be accomplished by a heating/cooling process or inert gas
purge, etc.) The filter element should be 15-pm size or larger so that during
the purging process NGL is not flashed, preventing fractionation and
bubble formation.

5.9 Sample Containers:

5.9.1. Floating Piston Cylinder-—A strongly preferred and
recommended device suitable for securing, containing, and
transferring samples into a liquid sample valve and which
preserves the integrity of the sample. (See Fig. 3 and Test
Method D 3700.)

5.9.2. Double-Valve Displacement Cylinder—An alternate
device used in the absence of a floating piston cylinder suitable
for securing, containing, and transferring samples into a liquid
sample valve. (See Fig. 4 and Fig. 5.)

Nore 5—Caution: This container is acceptable when the displacement

B A ol
b
@
WERT aAd
N

FIG. 3 Repressuring System and Chromatographic Valvlng with
Floating Piston Cylinder

VENT
PNESSURE NEELLE
REGULATOR VENT VALVE CARRIER
GHROMATOGRAPH S
LIQui0 SAMPLING
VALVE
NEEDLE (5) CILNGER - (2 CARRIER GAS
WALVE OUTRAUT VALVE TO CulLUMN

f o INERT
,,aﬁASoa
e CYLINDEN B

GLYCOL

CYLINDER A

o - CYLINDER
NEEOLE VALVE Z(A) . (®OF neeoie vave

FIGQ. 4 Repressuring System and Ghromatographic Valving with
Double-Valve. Displacement Cylinder ‘

liquid does not appreciably affect the composition of the sample of

interest, Specifically, components such as CO, or aromatic hydrocarbons

are partially soluble in many displacement liquids and thus can compro-
mise the final analysis. This caution is of the utmost importance and
should be investigated prior to utilizing this technique.

6. Calibration

6.1 In conjunction with a calibration on any specific chro-

matography, the linear range of the components of interest
shall be determined, The linearity is established for any new

chromatograph and reestablished whenever the instrument has

undergone 'a major" change (that is, replaced detectors, in-
creased sample size, switched column size, or dramatlcally
modified run patameters).

6.1.1 The preferred and more exacting procedure is to
prepare response curves. The procedurs for developing the data
necessary to construct these response curves for all compo-
nents nitrogen through n-pentane is set forth in Annex A2.

6.1.2 A second procedure utilizes gravimetrically con-
structed standards of a higher concentration than is contained
in the unknown. A set of response factors are first determined
for all components by means of a blend mix. (See 6.3.) A
second (or third) gravimetrically determined standard (either
purity or blend) can then be run, using the originally obtained
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FIG. 5 Alterndte Repressurlng System with Double-Valve
Displacement Cylinder

response factors, which contain a concentration of individual
compdonents exceeding the expected amounts in the unknowns.

.., TABLE 2 Example of Response Factors Determlngq ‘from Reference S,tandard .

When both (or all three) runs match their respective standards
within the precision guidelines allowed in Section 10, then the
instrutaent can be considered linear within that ranige.

Notz 6—'[’1115 tést method ormts the need of a gas sanaple valve on the
chromamgraphlc inisttiiment, However, several accurate primary NGL
standards are required and the exact poirit at which nonlinearity occurs is
not determiried.

6.2 For routine analysis using this procedure it is intended
that calibration be accomplished by use of a selected refererice
standatd containing known amocunts of all components of
interest. It is recommended that the reference standérd compo-
sition be similar to the one shown in Table 2, or ¢losely
resemble’ the . composition “of expected. unknowns. This ap-
proach is-valid for all componerits that lie within the proven
linear rarige for a specific gas chromatograph.

Notg 7—Check the reference standard for validity when received and
pericdically thereafter. Atinex Al detaﬂs one procedure for making the
validity check.

6.3 Using the selected liquid reference standard, obtain a
chromatogram as outlined in Section 7.

6.3.1 Determine peak areas (or peak heights) from the
chromatégram for all components. These data shall be used to
calculate response factors in accordance with 9.1,

6.3.2 Repeat 6.3 through 6.3.1 until a satisfactory check is
obtained. Usually two runs will suffice.

7. Procedure

7.1 General—In the routine a.nalysm of samples descnbed
in the scope of this procedure, it is possible to obtam all
components of interest from a smgle run. Response factors,

Componerit " Mol '%in Referéntgd - - i:7Peak Area Referenced

Mal % Respansé: Relative Resporise Factor ..

Standard Standard Run -+ Factors (x10 000} ,(Cs Reference Peak)
Nitrogen/air 0.10 311 %11_19. - 32154 %;1(2 122825 1.4080
Methane 1.49 3652 149 41048 149 122825 = 1.8368
Carbon dioxida 0.50 1568 050 _ 4.1888 050 122825 = 15063
Ethane 53.90 182108 ’ §3.90 = 29508 §3.90 122825 = 1.2060
Propane 28.05 122825 2805 o a7 128.05 122825 — 1.0000
L3065 o ¢ 12282
Isobutane 3.08; \ 16308 . g = 10027 mﬂ 05 WB 5 0,8726‘
Butans 6.01 30834 SO 6.01 _ 122825 ‘
' 2,2-Dirnethylpropane : o o ot 30837 = 1:9497 T % _28'0'5" = 3.8535
: o T ” ' 1.
Isopentane e 1.00. 5866 00 - 17077 1.00 122825 = 0.7478
} 2,00 12
n-Pentane 2.00 ! 12280 = 1.6287 2,00 « 2'825 - 07132
. ' 0.
2,2-Dimethylbutane 0.02 132 ng = 15152 02 % 122825 0.6635
2,3-Dimethylbutana « 0.64 4513 064 _ 0.64 _ 122826
2-Methylbutare : ) o , o7 = 14181 7573 * TEoE < 0'5210
3-Methylpentaria 0.41° 2401 041 ) 0,41 . 122825 - .
Cyclopentane ' : . T T ’1‘70,76:‘ o, 271'0'1' '2'8'65" = G4ty
N-Hexane 0.74 L e o 5004 ST < st mo'” ® -23-65-122825; 0.6309
Heptanes Plgs 2.09 14851 - 2.00 = 14073 i 2.09 x‘122825 - 06162
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determined in duplicate runs on a selected reference standard,
are used to convert peak areas (or peak helghts) of the
unknown sample to mol percent,

7.2 Apparatus Preparation—With the proper column(s) and
liquid sample valve in place, adjust operating conditions to
optimize the resultant chromatogram. Using the reference
standard, introduce the sample in the following manner.

7.3 Introduction of Sample:

7.3.1 Floating Piston Cylinders—For floating piston cylin-
ders, refer to Fig. 3 and proceed as follows: connect a source
of inert gas to Valve A so that pressure can be applied to the
sample by means of the floating piston. Apply a pressure not
less than 200 psi (1379 kPa) above the vapor pressure of the
sample at the temperature of the sample injection valve.

7.3.2 Thoroughly mix the sample.

7.3.3 Connect the sample end of the cylinder, Valve B, to the
inlet of the chromatograph liquid sample valve. All connec-
tions and tubing are to be made of material impervious to the
sample composition and of as small diameter and shortest
length of plumbing as is practical, thereby minimizing dead
space. All tubing between sample cylinder and liquid sampling
valve shall be the same diameter.

7.3.4 With Valve C closed, open Valve B to fill the sample
valve and associated lines.

7.3.5 Slowly crack Valve C to purge the sample valve.
When the purge is complete, close Valve C, Caution—Use
extreme care to ensure that no flashing of sample occurs in the
inlet sampling line and valve system. Always meter at sample
purge Valve C, never at sample Valve B. The sample line and
valve systern should remain at 1379 kPa (200 psi) above the
vapor pressure of the product.

7.3.6 Operate the liquid sample valve either. manually or
automatically to inject the liquid sample into the carrier gas
flow immediately ahead of the chromatographic column. Ac-
tuate the sample valve quickly and smoothly to place the
sample on the column all at once and to ensure contmuous
carrier gas flow through the column.

7.3.7 Double-Valve Displacement Cylinders—For doubl-
evalve displacement cylinders refer to Fig. 4 and Fig. 5 and
proceed as follows: Connect the sample Cylinder B to Cylinder

A so repressurizing fluid can be entered into the bottom of -
Cylinder B. With this configuration the hydrocarbon sample-is
taken from the upper portion of the cylinder. Pressurize

Cylinder A with an inert gas and maintain a pressure at least
200 psi (1379 kPa) above the vapor pressure of the hydrocar-
bon sample at operating conditions, Open the necessary valves
to admit pressurizing fluid into the sample Cylinder B.

7.3.8 Mix the sample thoroughly by gently invertirig Cylin-
der B several times, Fix the cylinder in a vertical position by
means of a ringstand, or similar device.

7.3.9 Connect the sample outlet Valve B on Cylinder B to
the inlet of the chromatograph liquid sample valve. All
connections and tubing are to be made of material impervious
to the sample composition and of as small diameter and
shortest length of plumbing as is practical, thereby minimizing

. “dead space.’’ All tubing between sample cylinder and liquid
valve should be the same diameter.

7.3.10 With Valve C closed, open Valve B to fill the sample

valve and associated lines. ‘

7.3.11 Slowly .crack ‘Valve C to: purge the sample valve.
When the purge is complete close Valve C. Caution—Use
extreme care to ensure that no flashing of sample occurs in the
inlet sampling line and valve system, Always meter at sample
purge Valve C, never at sample Valve B. The sample line and
valve system should remain at 1379 kPa (200 psi) above the
vapor pressure or the product.

7.3.12 Operate the liquid sample valve either manually or
antomatically to inject the liquid sample into the carrier gas
flow immediately ahead of the chromatographic column. The
liquid sample valve should be actuated quickly and smoothly to
place the sample on the column all at once and to ensure
continuous carrier gas flow through the column.

- 1.4 Valve Switching:

7.4.1 After the elution of n-hexane the carrier gas flow is
reversed by means of a backflush valve operated manually or
automatically. (An acceptable backflush valve configuration is
shown in Fig, 6.) Reversing carrier flow causes severe baseline
deviations (see Fig. 1). When using electronic digital integra-
tors, exercise care to ensure integration does not occur until
baseline is adequately reestablished. The resulting irregular
shaped C, plus peak is eluted over a period of time equivalent
to time on forward flow minus the retention time for the: air
peak. Only after baseline is reestablished should the run be
terminated and carrier flow returned-to original direction.

7.4.2 An alternative to backflushing after normal hexane is
the use of a precut column to group the C; plus fraction at the
beginning of the chromatogram as a single peak. (An accept:
able valve configuration for the precut method is illustrated in
Fig. 7.) The valve position is switched when normal hexane
and lighter components have traveled through Column 2 and
are in Column 1. At this point, heptanes and heavier compo-
nents are retained in Column 2, When the valve is reversed, the
heptanes plus fraction will elute from Column 2 first. Baseline
must be clearly and distinctly established before elution of the
C; plus peak so an accurate measurement of this peak can be
obtained. After the elution of n-hexane, terminate the run and
return the valve to the initial position.

8. Unknown Sample Run
8.1 Obtain a chromatogram of the unknown sample in

~ accordance with instructions outlined in Section 7.

WLET  CARRIER
RS aTREAM

IMET  CAMEA
VAR STREAM
=1

FINAL  BOWTION

FIG. 6 Backflush Valve Configuration

WTIAL  POMTION
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Jwhere:
= response factor,
M = mol percent of component in reference standard and
= peak area or peak height in arbitrary units (rmlhr_ne~

- tres, square inches, counts, and so forth) corrected to
maximum sensitivity.

9.1.3 An alternative method of determmmg response factors
is the use of a single reference component in the standard,

ounATowae R RTI A Calculate. a relative response factor for each component in
BATEGTON : : "
‘ , accordance with the followmg equation (see Table 2):
WAL oo . i ol woarew : . D M, Pra
FIG. 7 Precut Valve Com‘lguratlon . KF, b >< MRP @
o where: .
KF, = = relative resporise factor for component i,

8'1'1\ Determi?.e P oal‘(‘a;ea_’s (or ponk"hoights)' frorn the M, mol percent of component i in reference standard,
chromatogram for all components. These data shall be used to P/ = peak area (of ‘peak height) in arbitrary units cor-
¢alculate compdsition’ of  the unknown in accordance with rectsd to maximum sensitivity for component i,

- uf‘ 'R

instructions’ outhned in 9.2, ‘Ppp - = peak ared (or peak height) of the component
: o ‘ ‘ ‘ selected as the reference peak, and
9 Calculation o Mys - = mol percent of the component in reference stan-

’ dard as the reference peak.
9.1 Calculation of Resp onse Factors U.s'mg 4 Knawn Ref From the equation defining thepfelatlve response factor, the

erence Standard i
component chosen as the reference peak always has a.response
9.1:1 Deterritine the peak area (or peak height) of each factor of 1.000.

componerit fitrogen/air- through heptanes plus (if applicable) 9.2. Calculation of Mol Percent of Camponents in Unknown
from the chromatogram of the known refcrence standard: - Sarfiples - X

Nona S—The backfiush peak (where appllcable) for heptanes. plus is 9.2.1 Determine peak area.(or peak helght) of each compo-
considered to be a single component for the purpose of this-calculation. In  1ent nitrogen/air through heptanes plus from the chromatogram
addition, the peak area method shall be used in calculating thé heptanes of the unknown sample using the same arbitrary units as in 9.1,
plus fracnon ‘ 9.2.2 Caleulate the concentration in mol percent of sach -of

9.12 Calculate a response faotor for each of thc preceding these components in accordance vn1th the followmg equation

,components in accordance thh the following equatlon (seev (see Table 3) B o , .
Table 2) Ci o ; . ¢ Bk v’ ’ M—_»‘PaxﬂK 3 .‘ (3)

‘ where;

& M = mol percent of component in unknown,

o P = peak area (or peak height) of each component in
C ' ‘ unknown sample, and

|

&

4

* TABLE 3, Calculation of Unknown Sample Uslng Response Factors from Table 2

Relative Response

- Mol % Response Unnormallzed . Normahzed Unnormahzed Normalized
Component Area Factor (x10000)  Mol% Moi% Rt g Avea X RRF Mol %
Nitrogen/Alr 91 002026 v . Q.04 e 14080 : 128 C0.04
Methane 4720 1.97995 oo 2850, ..., 1.8368 g 8670 . 285
Carbon Dioxide 2615 0.83387 120 .1.8983 8681 1.20.
Ethane o : 64090 - 29508 - 18.96036 2727 14960 83087 27.27
Propans o 113346 2,2837 25,88483 Loaret 1.0000 113346 37.21
lsabutane . 831890 . 1.9927 6.20494 9.05 0.8726 27565 9.06
mButane - ) 33672 . 1.9491 6.66301 9.44 0.8535 28739 9,44
22-D|methylpropane o '
Isopentane - 16368 1.7077 © 279516 4,02 0.7478 12240 , | 4.02
N-Pentane ;17285 1.6267 280708 . 404 0.7132 . 19292 \ 404
2,2-Dimethylbutane . T8 1.5152 ' 001136 0.02 '0.6635 - 0.02
2,3-Dimethyloutane 4027 1.4181 0.57107 - 082 0.6210 2501 0.82-
2-Methylpentane : , TP L ,
3-Methylpéniang - 1584 1.7076 027048 0.39 - 0 7477 R A £V 0.39
Cyclopentane o : - o A L .
n-Hexana 4521 14613 0.66065 . 095 6399 2893 ¢ 0,95
Heptenes Plus 13335 1.4073 1.87663 .70 0.6162 8217 2,70
‘ o 69.64763 | 100,00, . . ) 304537“; - 100,00, .
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K' = response factor as determined in 9.1, Methane 1.6-4.5 4
9,2.2.1 Total the mol percent values and normalize fo Eﬁgg;ﬁe or-sa. g
100 %. lsobutane 3.0'-8.8. 1
9.2.3 Using the relative response factors calculate the con-  n-Butane 6.0-9.3 1
centration in mol percent of each of these components in if_‘,’f;,:::"‘: ;‘8:33'3 g
accordance with the following equation (see Table 3): Ce* 3.6-5.7 5

KF; X P;
My = =—L—1— % 100 @
Z (KE; X P) ‘ '
where:
M, = mol percent of component { in un-
known,
KF, = relative response factor for component
is
P, = peak area (or peak height) of compo-

nent { in unknown, and
0o (KF, X P) = summation of all relative response
areas in the chromatogram,
9.2.3.1 Total mol percent values and normalize to 100 %.

10. Precision and Bias

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

10.1.1 Repeatabilin—The difference between two test re-
sults, obtained by the same operator with the same apparatus
under constant operating conditions on identical test material,
would in the long run, in the normal and correct operation of
the test method, exceed the following values only in one case
in twenty:

Mol % Percent Relative
Componant Range Repeatability
Nitrogen 0.01-.89 9
Carbon Dioxlde

0.01-2.3 4

10.1.2 Reproducibility—The difference between two single
and independent results obtained by different operators work-
ing in different laboratories on identical test material would, in
the long run, in the normal and correct operation of the test
method, exceed the following values only in one case in
twenty:

T Mol % Percent Relative

Component Range Reproducibility
Nitrogen 0.01-89 60
Carbon Dioxide 0.01-2.3 30
Methans 1.6-4.5 10
Ethane 27.-54, -2
Propane . 38.~34, 2
Isobutane 3.0-8.8 4
n-Butane 6.0~9.3 4
Isopéntane 1.0-3.9 6
n-Pentane 2,.0-3.8 6
Ce* 3.6-6.7 - 10

Note 9—The repeatability and reproducibility statements for this
procedure are from the statistical data obtained in a GPA cooperative test
program completed in 1986. The testing program included six samples
analyzed in a round robin by eight laboratories.

10.2 Bias—The bias of the procedure in this test method has
not been determined but is now under consideration.

11. Keywurds

11.1 chromatography, demethamzed hydrocarbons, 11que-
fied petroleum gases; natural gas liquids

ANNEXES. -

(Mandatory Information)

Al. FIDELITY OF SELECTEﬁ REFERENCE STANDARDS

Al.l Referring to Section on Summary of Test Method, it
is noted that the test method is based on response factors
caleulated from a selected reference standard using peak area
measurements. Liquid reference standards are difficult to
prepare and are subject to change in composition during use.
Hence it is virmally mandatory that the reference standard be
authenticated in some manner when received and periodically
during use. One simple appioach is described as follows:

ALl Determine mol percent response factors for normal
hydrocarbons using area measurements of peaks recorded on
chromatogram of reference standard run (see 9.1.2).

Al.1.2 Determine molecular weight corresponding to each
component hydrocarbon in Al.1.1.

A1.1.3 Using log/log paper plot the response factor on the
vertical scale versus molecular weights on the horizontal scale
(see Fig. AL.1).

Al.1.4 If all is in order the resultant pldt will bé essentially
a straight line with a negative slope.‘For a specific instrument,
the slope of the plot should remain essentially constant. A

change in the angle usually indicates a ‘change 'in blend

compositior.
Al.lS5 An example follows using data from Table 2 in this
test method (see Table AL, -

Al2 It should be’ noted . the relatlonshlp descrlbed in
AL1,1-A1,1,5s valid for reference blends in the vapor state as
well as the liquid state, so long as the following conditions are
met. :
Al2.1 Chromatogram is obtamed using a thermal conduc—
t1v1ty detector.

Al.2.2 Peak areas'in arb1trary units are used for peak
measurements. , ‘

Al.2.3 Known concentrations of hydrocarbon components
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10 1 T — T T T of a new blend and per1odlca11y verifying its validity, this plot

: B can be,used to: : )

7 . Al1.3.1 Reduce the frequency of calibrations required.

e a A1.3.2 Reveal calculation and interpretation errors in cali-
g sk o bration runs.
- A AL.3.3 Pick off factors for components not in the standard
# r by extrapolating the plot. A factor for the back flush peak can
I be picked off if the molecular weight can be satisfactorily
=3r estimated.
H
&
Pl

| ) L L . TEDUV T T S ) i

0 5 2 B 0

40 %0 60 70 60 90.K0 [

Molocular  Waight
FIG. A1.1 Response Factors (mol %) Versus Molecular Weight

TABLE A1.1 Response Factars and Mol Weights
. Normal Hydrocarbon Components®

Compadnent Response Factor X 10°4 ¥ Mol Weight
Methane 4,195 16.043
Ethane 2.960 30.070
Propane ., 2.284 44,097
r-Butans 1,949 58,128
n-Pentans 1.629 - F 72,150
n-Hexane 1.461 86.177

Alnitially with a new system and a new blend this check should be performed
often, say once a day for the first week to satisfy the operator that the component
analysis furnished with the,blend Is-essentially. correct: After this time the chieck
should be performed each t1me a oallbratlon run is made to verify the continued
fidelity of the selected reference blend. ' ‘

in the known reference blend are expressed in mol %.

Al3 In addition to authentication of reported composition

A2, DETERMINATION OF RESPONSE FACTORS

A2,1 Linearity Check

A2.1,1 In order to cstabl;sh hneanty of response for the
thermal conduetivity detector, it is necessary.to. carry. out the
procedure outlined as follows:

A2.1.2 The major component of interest (methane for natu-
ral .gas) is charged to the chromatograph by means of the
fixed-size sample loop at partial pressure of 100 to 700 mm of
Hg in increments of 100 mm. The peak area of the methane is
plotted versus partial pressure. Any deviation froin linearity
indicates the fixed volume sample loop istoolarge. The sample
size should be reduced until the pure majot component is linear
over the concentration range expected in the samples.

A2:1.2:1 Connect the pure coinponent source to the sample
entry system. Evacuate the sample entry system.and observe,
manometer for any leaks. (Se¢ FigaiA2.1: fof.a suggésted
manifold arrangement.) The sample enny systcm shall be:
vacuum tight; - C

FIG. A2:1 Suggested Manifold Arrangement for Entering Vacuum

- Samples

CARRIER
GAS t
GAS CHROMATOGRAPH VENT
SAMPLE VALVE
SAMPLE
CYLINDER MANOMETER
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A2.1.2.2 Carefully open the needle valve to admit the pure
component up to 100 mm of partial pressure.

A2.1.2.3 Record exact partial pressure and actuate sample
valve to place sample onto column. Record peak area of pure
component.

A2,1,2,4 Repeat A2.2.3 for 200, 300, 400, 500, 600, and
700 mm of mercury. Record peak area obtained at each
préssure,

A2.1.2.5 Plot the area data versus partial pressure on the x
and y axes of linear graph paper as shown in Fig. A2.2,

NoTe A2.1—Experience has shown that if the major component is
linear over the expected concentration range in the sample, the lesser
components will also be linear. Methane and ethane exhibit less than 1 %
compressibility at 760 mm Hg and are therefore the components of choice
for linearity checks.

Note A2.2—Caution: n-Butane at atmospheric pressure exhibits
3.5 % compressibility, which, if the detector response is linear, will
produce a nonlinear response opposite to detector non-linearity.

A2.2 Calibration Procedure
A2.2.1 Response factors of the components of interest can

be established in two ways. The routine method is to use a gas
reference standard of known composition to determine re-
sponse factors, provided all components in the reference
standard and in the unknown samples lie within the proven
linear range for a specific chromatography instrument. An

acceptable non-routine method of determining response factors-

is to charge the pure components to the chromatograph. The
latter method is described in Annex Al.

A2.2.1.1 Connect the reference standard gas to the sample
entry system. Evacuate the sample entry system and observe
the manometer for any leaks.

A22.1.2 Carefully open the needle valve to admit reference
standard gas up to some predetermined partial pressure.

Note A2.3—The use of some constant partial pressure below atmo-
spheric pressure avoids variations in sample size due to changes in
barometric pressure.

A2.2.1.3 Record the partial pressure and operate the gas
sampling valve to place the sample onto the column. Record
the chromatogram, integrator/computer peak areas, and peak
retention times.

800

700

600

500

400
P

Absolute pressure, mm Hg

300

200

100

10,000 30,000

60,000

70,000 90,000 110,000

Area Counts
FIG. A2.2 Linearity of Detector Response
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Note A2,4—It is tecommended that the integrator/computer.has the
capability to print out retention times of peak maxima to aid in peak
identification and to monitor instrument conditions for unknown changes.

A3, PRECAUTIONARY STATEMENTS

A3.1 Flammable Liquefied Gases

A3.1.1 Keep dway from sparks and open flamme.

A3.1.2 Keep container closed.

A3,13 Use with adequate ventilation,

A3.1.4 Avoid buildup of vapors ard elifninate all sources of
ignition, especially nonexplosivé electrical devices and heaters,

A3.1.5 Avoid prolonged breathing of vapor or spray mist.

A3:1.6 Avoid prolonged or repeated skin contact,

A3.2 Compfessed Gases (Helium, Nitrogen)

A3.2.1 Keep container closed.

A3.2.2 Use adequate ventilation.

A3.2,3 Do not enter storage areas unless adequately venti-
lated:

A3,2.4 Always use a pressure regulator.

A3.2.5 Release regulator tension before opening cylinder.

A3.2.6 Do not transfer to cylinder other than one in which
gas is received.

A3.2.7 Do not mix gases in cylinders.

A3.2.8 Do not drop cylinders.

A3.2.9 Make suie cylinder is supported at all times.

A3.2.10 Stand away from cyhnder otitlet when opemng
cylinder valve.

A3.2.11 Keep cylinder out of sun and away from heat.

A3.2.12 Keep cylinder from cortosive environrment.

A3.2,13 Do not use cylinder without label.

A3.2.14 Do not use dented or damaged cylinder.

A3.2.15 For technical use only. Do not use for inhalation
purposes.

TheAmerican Socity 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 avised that determination of the validity of any such
patant rights, and the risk of infringament of such rights, are entirely their own responsibliity.

This standard is subject to revision at any time by the responslble tachnical commities and must be reviewed every five years and
If not revised, either.reapproved or withdrawn, Your comments are Invited either for Fevision of thig standard of for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive cdreful considaration at & meeting of the responsible
téchnical cémmittée, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known io the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshoticcken, PA 19428,
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q H]' Designation: D 2622 — 98

Standard Test Method for

Sulfur in Petroleum Products by Wavelength Dlsperswe
X-ray Fluorescence Spectrometry’

This standard is issued under the fixed designation D2622; 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
superseript epsilon () indicates an ‘editorial change since the last revision or reapproval.

This standeard has been app/'ai)ed‘/br use by agencies of the Department of Defense.

1. Scope

1.1 This test method covers the determination of total sulfur
in petroleum and petroleum products that are single-phase and
either liquid at ambient conditions, liquifiable with moderate
heat, or soluble in hydrocarbon solvents. These materials can
include diesel fuel, jet fuel, kerosine, other distillate oil,
naphtha, residual oil, lubricating base oil, hydraulic oil, crude
oil, unleaded gasoline, M-85 and M-100.

1.2 The interlaboratory study on precision covered a varlety
of materials with sulfur concentrations ranging from approxi-
mately 3 mg/kg to 5.3 mass %. For a subset of these samples,
with sulfur concentrations below 60 mg/kg, the repeatability
standard deviation (S,) was 1.5 mg/kg. An estimate of the limit
of detection is 3 X S, and an estimate of the limit of
quantitation® is 10 X S.. However, because instrumentation
covered by -this test method can vary in sensitivity, the
applicability of the test method at sulfur concentrations below
approximately 20 mg/kg must be determined on an individual
basis.

1.3 Samples containing more than 5.0 mass % sulfur can be
diluted to bring the sulfur concentration of the diluted material
within the scope of this test method. '

1.4 Volatile samples (such &s high vapor pressure gasolines
or light hydrocarbons) may not meet the stated precision
because of selective loss of light materials during the analysis.

1.5 A fundamental assumption in this test method is that the
standard and sample matrix are well matched. Matrix mis-
match can be caused by C/H ratio differences between samples
and standards (see Tables 1 and 2) or by the presence of other
heteroatoms (see Table 3).

1.6 The values stated in either ST units or angstrom umts are
to be regarded separately as standard.

1.7 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-

! This test method is under the jurisdiction of ASTM Committee D-2 on
Petroleum Products and Lubricants and is the direct responsibility of Subcommlttee
D02.03.B on Spectrometric Methods.

Current edition appraved Apr. 10, 1998. Published September 1998. Originally
published as D 262267, Last previous edition D 262294,

2 Analytical Chemistry, Vol 55, 1983, pp. 2210-2218,
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bility of regulatory limitations prior fo use, For specific hazard
information, see Note 1.

2. Referenced Documents

2.1 ASTM Standards: ‘

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

D 4177 Practice for Automatic Sampling of Petroleum and
Petroleum Products®

D 4294 Test Method for Sulfur in Petroleum Products by
Energy-Dispersive X-Ray Fluorescence Spectroscopy3

D 4927 Test Methods for Elemental Analysis of Lubricant
and Additive Components—Barium, Calcium, Phospho-
rus, Sulfur, and Zinc by Wavelength -Dispersive X-Ray
Fluorescence Spectroscopy?

E 29 Standard Practice for Using Significant Dlglts in Test
Data to Determine Conformance with Spemﬁcatlons5 "

3. Summary of Test Method

3.1 The sample is placed in the X-ray beam, and the peak
intensity of the sulfur Ko line at 5.373 A is measured. The
background intensity, measured at a recommended wavelength

'0f 5.190 A (5:437 A for a Rh target tube) is subtracted from the

peak intensity. The resultant net counting rate is then compared
to a previously prepared calibratiori curve or equation to obtain
the concentration of sulfur in mass %,

Note 1-~Warning: Exposure to excessive quantities of X-radiation is
injurious to health, The operator needs to take appropriate actions to avoid
exposing any part of their body, not only to primary X-rays, but also to
secondary or scattered radiation that might be present. The' X-ray
spectrometer should be operated in accordance w1th the rcgulanons

govemmg the use of ionizing radmtlon

4. Significance and Use

4.1 This test method prov1des rapid and precise measure-
ment of total sulfur in petroleum and petroleum products with
a minimum of sample preparation, A typical analysis time is 1
to 2 min per sample,

4.2 The quality of many petroleum products,is related to the

,amount of sulfur present. Knowledge of sulfur concentration is

* Annual Book of ASTM Standawrds, Vol 05.02.
.. *dnnual Book of ASTM Standards, Vol 05,03.
5 Annual Index of ASTM ‘Standards, Vol 14.02.
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TABLE 1 Comparison of NIST and ASTM Interlaboratory Study
(RR) Results

NIST Sulfur, Sulfur, CH Apparent Relative  Signif
SRM mass mass mass Bias, Blas, % icant
%o, %, ratio % Sulfur
NIST ASTM
RR
Average
16162 0.0146 0.0148 5.205 0.0002 1.87 No
1617a 0.1731 0.1776 5.205 0.0045 2,60 Yes
2724a 0.0430 0.0417  5.986 0,0013  -3.02 Yes
1623¢ 0.3806 0.3661 7.504 -0.0145  -3.81 Yes
2717 3.0220 2948 8.229 -0.0736 244 Yes
1621¢ 0.948 08973  8.553 -0.0807 -5.35 Yes
1624c¢ 0.3918 6.511
0.0299  5.937

2723

TABLE 2 Comparison of NIST and ASTM Interlaboratory Study
(RR) Corrected Results, Mass % Sulfur

Nore—The correction factors were calculated from data determined
with XRF-11. The correction formula, which is applicable when the base
material used for the calibration standards is white oil, is:

uncorrected ! (1.086 — 001511 X C/H)

Scarrccted‘ =

where )

C/H mass ratio of catbon to hydrogen for the sample
Application of these correction factors requires separate determination of
the C/H mass ratio, The significance was determined based on a £ test
using a function of the NIST uncertainty at 1 sigma and the round robin
reproducibility standard deviation.

SRM RR ID NIST RR  Apparent Relative  Signif

. Corrected Bias Bias, % lcant
1616a " K2 0.0146 0.0147 0.0001 0.68 No
1617a K1 0.1731 0.1763 0.0032 1.85 No
2724a D2 0.0430 0.0419 -0.0011 -2.56 No
1623 ¢ R 0.3806 0.3763 -0.0043 -1.18 No
277 R4 3.0220 8.085 0.0430 1.42 No
1621 e R3 0.948 0.9382 -0.0098 -1.03 No
1624c D3 0.397
2723 D4~ 0.0300

TABLE 3 Concentration of Interfering Elements

Element Mass %. Tolerated
Phosphorus 0.3
Zinc 0.6
Barium 0.8
Lead 0.9
Calcium 1
Chlorine 3
Ethandl (Note 12) 8.8
Methanol (Note 12) 8

necessary for processing purposes. There are also regulations
promulgated in federal, state, and local agencies that restrict
the amount of sulfur present in some fuels.

43 This test method provides a means of determining
whether the sutfur content of petroleum or a petroleum product
meets specification or regulatory limits.

4.4 When this test method is applied to petroleum materials
with matrices significantly different from the white oil
calibration materials specified in this test method, the cautions
and recommendations in Section 5 should be 6bsérved when
interpreting results.

Nore 2—Compared to other test methods for sulfur determination, Test
Method D 2622 has high throughput, minimal sample preparation, and
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excellent precision, and is capable of determining sulfur over a wide range
of concentrations. The equipment specified for Test Method D 2622 tends
to be more expensive than that required for alternative test methods, such
as Test Method D) 4294, Consult the Index to ASTM Standards® for
alternative test methods.

5, Interferences

5.1 When the elemental composition (excluding sulfur) of
samples differs significantly from the standards, errors in the
sulfur determination can result. For example, differences in the
carbon-hydrogen ratio of sample and calibration standards
introduce etrors in the determinatior.. Some other interferences
and action levels are listed in Table 3.

5.2 M-85 and M-100 are fuels containing 85 and 100 %
methanal, respectively. They have a high oxygen content
leading to significant absorption of sulfur Kol fadiation. Such
fuels can, however, be analyzed using -this test method
provided either that correction factors are applied to the results
(when calibrating with white oils) or that the calibration
standards are prepared to match the matrix of the sample.

5.3 In general, petroleum materials with compositions that
vary from white oils as specified in 9.1 caii be analyzed with
standards made from base materials that are of the same or
similar composition. Thus a gasoline may be simulated by
mixing isooctane and toluene in a ratio that apptoximates the
expected aromatic content of the samples to be analyzed.
Standards made from this simulated gasoline can produce
results that are more accurate than results obtained using white
oil standards. , _

5.4 Test Method D 4927 is the recommended test method
for determination of sulfur in lubricating oils and lubricating
oil "additives because Test Methods D 4927 implements
interelement correction factors,

6. Apparatus

6.1 Wavelength Dispersive X-Ray  Fluorescence
Spectrometer (WDXRF), equipped for X-ray detection in the
5.37 A range. For optimum sensitivity to sulfur, the instrument

should be equipped with the following.

6.1.1 Optical Path, of heltum.

6.1,2 Pulse-Height Analyzer, or other means of energy
discrimination.

6.1.3 Detector, designed for the detection of long
wavelength X-rays.

6.1.4 Analyzing Crystal, suitable for the dispetsion of sulfur
Ko X-rays within the angular range of the spectrometer
employed. Pentaerythiitol and germanium are popular
although other materials, such as EDDT, ADP, graphite, and
quartz can be used.

6.1.5 X-ray Tube, capable of exciting sulfur Ko radiation.
Tubes with anodes of rhodium, chromium, and scandium are
most popular although other anodes can be used.

7. Reagents

7.1 Purity of Reagents—Réagent grade chemicals shall be
used in all tests. Unless otherwise indicated, it is intended that

S Annual Book of ASTM Standards, Vol 00.01.

PRO_00103176



Case 1:13-cv-01215-TSC Document 198-22 Filed 10/07/19 Page 23 of 120

¢h D 2622

all reagents conform to the specifications of the Committee on
Analytical Reagents of the American Chemical Society where
such specifications are available.” Other grades may be used,
provided it is first ascertained that the reagent is of sufficiently
high purity to permit its use without lessening the accuracy of
the determination,

7.2 Di-n-butyl Sulfide, a high-purity standard with a
certified analysis for sulfur content. Use the certified sulfur
content when calculating the exact concentrations of the
calibration standards (see 9.1).

Note 3—1t is essential to know the concentration of sulfur in the
di-n-butyl sulfide, not the purity, since impurities may also be sulfur
containing compaunds.

7.3 Drift Correction Monitor(s) (Optional)—Several
different materials have been found to be suitable for use as
drift correction monitors. Examples of sulfur containing
materials that have been found to be suitable include a
renewable liquid petroleum material, a semipermanent solid, a
pressed powder sample, a metal alloy, or a fused glass disk.
The monitor’s count rate, in combination with count time, shall
be sufficient to give a relative counting error of less than 1 %.
The count rate for the monitor sample is determined during
calibration (see 9.4) and again at the time of analysis (sce
10.1). These counting rates are used to calculate a drift
correction factor (see 11.1)

7.3.1 Drift correction is usually implemented automatically

in software, although the calculation cen readily be done
manually. For X-ray instruments that are highly stable, the
magnitude of the drift correction factor may not differ
significantly from unity. '

Notg 4—Calibration standards may be used for this purpose. Because
it is desirable to discard standards after each determination, a lower cost
material is suggested for daily use.

7.4 White Oil, containing less than 2 mg/kg sulfur or other
suitable base material containing less than 2 mg/kg sulfur
‘When low level (<200 mg/kg) measurements are anticipated,
then the sulfur content, if any, of the base material needs to be
included in the calculation of calibration standard
concentration (see 9.1).

7.5 X-ray transparent film—Any film that resists attack by
the sample, is free of sulfur, and is sufficiently X-ray
transparent can be used. Films can include polyester,
polypropylene, polycarbonate, and polyimide. However,
samples of high aromatic content can dissolve polyester and
polycarbonate films.

7.6 Helium Gas, minimum purity 99.9 %.

7.7 Counting Gas, for instruments equipped with flow
proportional counters.

7.8 Sample Cells, compatible with the sample and the
geometry requirements of the spectrometer. Disposable cells
are preferred.

" Reagent Chemicals, American Chemical Society Specifications, American
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by American Chemical Society, see Analar Siandards for Laboratory
Chemicals, BDH Ltd., Poole, Dorset, U. K., and the United States Pharmacopoeia
and National Formulary, U, S. Pharmacopeial Convention, Inc. (USPC), Rockville,
MD.
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7.9 Calibration Check Samples, portions of one or more
liquid petroleum or product standards of known sulfur content
and not used in the generation of the calibration curve. The
check samples shall be used to determine the accuracy of the
initial calibration. (see 9.5)

7.10 Quality Control Samples, stable petroleum or product
samples representative of the samples of interest that are run on
a regular basis to verify that the system is in statistical control
(Section 13).

Note 5—Verification of system control through the use of QC samples
and control charting is highly recommended. It is recognized that QC
procedures are the province of the individual laboratory.

Note 6—>Suitable QC samples can often be prepared by combining
retains of typical samples.

8. Sampling and Specimen Preparation

8.1 Samples shall be taken in accordance with the
instructions in Practices D 4057 or D 4177 when applicable.

" 8.2 When reusable sample cells are used, clean and dry cells
before each use. Disposable sample cells shall not be reused.
For each sample, an unused piece of X-ray film is required for
the sample cell. Avoid touching the inside of the sample cell,
the portion of the window film in the cell, or the instrument
window that is exposed to X-rays. Oil from fingerprints can
affect the reading when analyzing for low levels of sulfur
Wrinkles in the film will affect the intensity of the sulfur X-rays
transmitted. Therefore, it is essential that the film be taut and
clean to ensure reliable results. The analyzer may need
recalibration if the type or thickness of the window film is
changed. After the sample cell is filled, a small vent hole is
provided.

8.3 Impurities or thickness variations, which may affect the
measurement of low levels of sulfur, have been found in
polyester films and may vary from lot to lot. Therefore, the
calibration shall be checked after starting each new roll or
batch of film.

9. Calibration

9.1 Prepare calibration standards by careful mass dilution of
the certified di-n-butyl sulfide with white oil or other suitable
base material (see 5.3). The standards, with accurately known
sulfur concentrations, shall approximate the nominal sulfur
concentrations listed in Table 4 for the sulfur concentration
ranges of interest. Take into account any sulfur in the base
material when caleulating the concentration of standards below
0.02 mass %.

Note 7—If desired, additional standards can be analyzed with
concentrations between those listed in Table 4. :

Note 8—Commercially available standards can be used provided their
sulfur concentrations are accurately known and they approximate the

TABLE 4 Sulfur Standards
Sulfur Concentration,

Sulfur Concentration, Sulfur Gencentration,

mass % mass % mass %

0.00004 0.100 1.0
0.001 0.250 20
0.010 0.500 3.0
0.025 4.0
0.050 5.0
0.075

“Base material
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nominal concentrations listed in Table 4.

9.2 Establish calibration curve data by carefully mieasuring
the net intensity of the emitted sulfur radiation from éach of the
standards by the procedure descrlbed in Sectlon 10 and Section
1.

9.3 Constract a calibtation todel by either:

9.3.1 Using the software and algonthms supplied by
instrument manufactirer,

9.3.2 Fitting the data to one of the following equations:

§% = (D + ER)(1+aS) or M

S%=aR+ bR + ¢ @
where
S = sulfur concentration in mass %,
D = intercept of the calibration curve,
E = slope of the calibration curve,
R = net intenisity for the sulfur radiation, and
o = correction factor for the effect of sulfur on the sulfur

result and &, b, and ¢ are fitted constants.

Note 9—The fagtor @ in Eq | can be determined empirically or
theoretically, Equipment vendors can often supply theoretical alphas.

‘9,33 Plotting cortected net intensity in counts per second
versus 'sulfur concentration. Plot the data in several small
ranges to miniimize non-linear effects.

Note 10—Calibration plots are linear to a minimum concentration of
0,10 mass % sulfur The analyst should choose the other plottmg ranges to

watch the testing requlrements Deviation from linearity can mcrease a8
sulfur ‘¢oncentration increases.

9.4 When using drift cotrection monitors, determine the
intensity of the drift correction monitor, sample(s) during the
calibration procedure The value determmed cotresponds to the
factorA inEq4inll1.

9.5 Immediately after coiipleting the calibration, determine
{he sulfur concerntration of orie or mare of the calibration check
samples (7.9). The measured value shall be in the range defined
by the certified concentration * the repeatability of this test
method: When this is not the case, the calibration or calibration
standards are suspect and corrective measures should be taken
and the calibration rerun. The degree of matrix mismatch
between samples and standards should also be conmdered
when evaluating a. calibration.

10. Proceduré . ‘ ;

10.1 When using drift correction monitors, prior to
analyzing samples on a given day, analyze the drift correction
monitor(s) and determine the counting rate, using the same
material as used at the time of calibration. The value
deterininied corresponds to the factor B in Bq 4 in 11.1,

10.1.1 When the factor F' is used in Eq 5 (Section 11),
regularly analyze a blank sample to determine the factor F' in
Eq 5. On a sulfur free sample, such as the base material,
determine the count rate at the appropriate 'sulfur peak and
background angles.

10.2 Place the sample in' an appropriate cell using
techniques consistent with good practice for the particular
instrament being used. Although sulfur radiation will penetrate
only a small distance into the sample, scatter fromi the sample
cell and the sample can vary. Laboratory personnel shall ensure
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that the sample cell is filled above a minimum depth; beyond
which additional sample does not significantly afféct the count
rate. Generally, fill the samplé cell to a minimuin of three-
fourths of the cell’s capacity. Provide a small vent hole in the
sample: cell, . -

10.3 Place the sample in the X-ray beam and allow the

.10.4 Determine the intensity of the sulfur Ko radiation at
5,373 A by making counting rate measurements at the precise
angular settings for this wavelength.

Nore 11—t is suggested that a sufficient number of counts be taken to
satisfy at least a 1.0 % expected coefficient of variation (% rsd) when
practical, When sensitivity or concentration, or both, make it impractical
to collect a sufficient number of counts to achieve a 1.0 % coefficient of
variation, accepted techniques, which will allow the greatest statistical
precision in the time allotted for each analysis, should be used. The
coefficient of variation is calculated as follows:

coefficierit of variation, %

= (100N/Ns + Nb)/(Ns — Nb) 3)
where )
N, = number of counts collected at sulfur line, and

N, = number,of counts collected at background wavelength in the
same time interval taken to collect N, counts.

10.5 Measure background count-rate at a previously-
selected, fixed, angular setting, adjacent to the sulfur Ka peak.

Nore  12—Snitability of any backgroulid seftinig will depend on the
X-ray tubé anode employed. A wavelerigth of 5.190 A is recommended
wheére chromium or scandium is used whereas 5.437 A, has been found
suitable for thodium, 26, peak and background, angles for various crystals
are listed in Table 5.

10.6 Determine the corrected counting rate and calculate the
concentration of the sample as described in Section 11.

10.7 When, from the measurements made in accordance
with 10.2-10.6, the counting rate is higher than that of the
highest point of the calibration curve, dilute the sample with
the base material used to prepare the calibration standards vmtil
the sulfur counting rate is within the limits of the ¢alibration
clirve and repeat the procedure described in 10.3-10.6.

10.8 When the sample is known or believed to contain
concentrations of interfering substances higher than those
listed ir Table 3, dilite the sample by mass with base material
1o concentrauons below those listed.

NOTE 13—The concentrations of substances in Table 3 were determined
by the calculation of the sum of the mass absorption coefficients times

TABLE 5 26 Angles for Varlous Crystals

Background
Crystal od(hy oK I
i O 6a73A) 500 8) e A)

NaCl (200} 56406  144.56 133.89 14912
EDDT (020) 8,808 75.18 72.21 76.24
ADP (101) 10.640 60.65 58.39 61.46
Pentaerythritol 8.742 75.85 72.84 76,92
(002)

Quartz (101) 6,5872 . 106.93 101.81 106.97
Ge (111) 6,532 110,68 105.23 112,68
Graphite (002) 6.708 106,45 101.38 106.29
Graphite (002) 6.74 106,72 100.71 107.55
(PG)
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miss fraction of each element present. This calculation was made for
dilutions of representative samples containing approximately 3 % of
interfering substances and 0.5 % sulfur.

10.8.1 The data collected showed reasonable X-ray results
when the calculated sum of mass absorption coefficients times
mass fractions for samples was not greater than 4 to 5 % above
the sum of mass absorption coefficients times mass fractions
for the calibration standards. Absorption interferences are
additive, and they are only minimized by dilution, not
completely eliminated. Table 3 is therefore to be used as a
guide to concentrations that can be tolerated without significant
error, not as an absolute quantity.

Note 14—The effect of matrix interferences can also be corrected on
an empirical or theoretical basis. Except for gasohol, these corrections are
not withir the scope of this test method.

Note 15—The concentrations of ethanol and methanol were calculated
using a theoretical mixture of hydrocarbons and di-butyl sulfide to which
ethanol (or methanol) was added until the sum of the mass coefficients
times mass fractions increased by 5 %. In other words, the amount of
ethanol (or methanol) that caused a negative 5% error in the sulfur
measurement was calculated. This information is included in Table 3 to
inform those who wish to use Test Method D 2622 for determining sulfur
in gasohol (or M-85 and M-100) of the nature of the error involved.

10.8.2 Thoroughly mix the blend to ensure homogeneity,
and transfer it to the instrument for measurement.

10.8.3 Determine the sulfur content of the blend in the
normal manner as described in 10.2-10.6, and calculate the
sulfur content of the original sample as described in Section 11,

11. Calculatlon ‘ -
11.1 When using the drift correction monitor described in
7.3, calculate a correction factor for changes in daily

instrument sensitivity as follows:
F=A/B

where:

A = counting rate of the dnft correction monitor as
determined at the time of calibration (see 9.4), and
counting rate of the drift correction monitor as
determined at the time of analysis (see 10.1).

B

Note 16-——The inclusion of this factor in Eq 5 may not be necessary or
desirable with some instrumentation. In this case # is set to unity. It is
recommended that the user chart the F' factor and develop criteria for its
application based on the stability of the instrumentation and standard SQC
principles.

11.2 Determine the corrected net counting rate as follows:

R=[(C$)) = (CpF"IS)IF ®

where: .

Cy = total counts collected at 5.373 A,

Cy = total counts collected at the background
location chosen in 10.5,

S1 and S2 = seconds required to collect C counts,

R = corrected net counting rate, and

F = (counts/s at 5.373 A)/(counts/s) at background

chosen in 10.5 on a sample containing no
sulfur.
11.2.1 The use of the factor ¥ in Eq5is opnoual (Note 14)
11.2.2 The inclusion of the factor F' in Eq 35 is optional. In
general it is needed for multichannel spectrometers, which use

@
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different spectrometer channels to measure peak and
background intensities.

Nore 17—Charting the F” factor, even if it is not used in Eq 5; will alert
the user to changes in instrument operation due to contamination of
system elements, such as crystals, collimators, and fixed windows,

11.3 Calculate the sulfur content of the sample by inserting
the corrected net counting rate from Eq 5 in the chosen
calibration model from Section 9. In many cases the instrument
vendor will provide software or the required calculations.

11.4 Calculate the concentration of sulfur in samples which
have been diluted, as follows:

5, mass % = 8, X [(W, + W,/H,) ©)
where: ‘ '
8, = mass % sulfur in diluted blend,
W, = mass of original sample, g, and
W, = mass of diluent, g.

The instrument vendor may have provided software to
perform this calculation when required masses are input.

12. Reporting

12.1 For samples analyzed without dilution, report the result
calculated in 11.3. For samples that have been diluted, report
the result calculated in 11.4. Report the result as the total sulfur
content, mass %, to three significant figures for concentrations
greater than 0.0100 %, to two significant figures between
0.0010 % and 0.0099 % and to one significant figure below
0.0010 %. For guidance in properly rounding significant
figures, refer to the rounding method in Practice E 29. State
that the results were obtained according to Test Method
D 2622.

12.2 When analyzing M-85 or M-100 fuels with a
calibration determined with white oil based standards, divide
the result obtained in 11.3 as follows (Note 13):

§ (in M~85), mass % = S,mass %/ 0.59 7N
S (in M—100), mass % = S, mass % / 0.55 8)

This correction is not reqi:ired if the standards are prepared
in the same matrix as the samples, as described in 5.2.

Nore 18—One laboratory compared the sulfur sensitivity for M-85 and
M-100 fuels to the sulfur sensitivity for paraffin oils (Test Method D 2622)
by theoretical calculation.? This laboratory and one other found excellent
agreement between the theoretical and measured factors, therefore
creating these correction factors.

-13, Quality Control

13.1 It is recommended that each laboratory establish a
program to ensure that the measurement system described in
this test method is in statistical control. One part of such a
program might be the regular use and charting® of quality
control samples (see7.10), It is recommended that at least one
type of quality control sample be analyzed that is
representative of typical laboratory samples.

8 XRF-11, Criss Software, Largo, MD,
° ASTM MNL 7, Manual on Presentation of Data and Control Chart Analysis,
Section 3, Control Chart for Individuals.
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14. Precision and Bias '

14.1 The precision of the test method was determined by
statistical analysis of results obtained in two separate
interlaboeratory studies. The first interlaboratory study (Case I)
covered distillates, kerosines, residual oils, and crude oils. The
second interlaboratory study (Case II) coyered a set of 21
gasolines. Neither M-85 nor M-100 was included. The ranges
of sulfur concentrations represented by the sample sets,
together with the precisions, are listed in 14.1.1 and 14.1.2,

14.1.1 Repeatability—The difference between successive
test results obtained by the same operator with the same
apparatus under constant operation conditions on identical test
material would, in the long run, in the normal and correct
operation of the test method exceed the following values only
in one case in twenty: ;
Repaatability -

Case Range, Mass %
! 0.006 - 5.3 0.02651 X°9
] 0.0003 - 0.003 0.00736 (X+0.0002)%*

where X is the sulfur concentration, mass %.

14.1.2 Reproducibility—The difference between two single
and independent resulis obtained by different operatots
working in different laboratories on identical test material
would, in the long run, in the normal and correct operation of
the test method exceed the following values only in one case in
twenty:
Case

Range, Mass % Reproducibility

i0 Support data are available from ASTM Héadquartets. Request RR:D02-1428,

| 0.006 - 5.3
It 0.0003 - 0,093

0.0913 X048
6.0105 (X+0.0002)°4

where X is the sulfur concentration, mass %.

14.2 Bias—One interlaboratory study (Case Iy included
eight NIST reference materials: The certified sulfur value,
interlaboratory rourd robin (RR) wvalue, measured C/H,
apparent bias, and relative bias are given in Table 1. Table 2
compares NIST value with sulfur doncentrations corrected for
C/H ratio. The white oil was assumed to have a C/H mass ratio
Of' 5.698 (C22H46).

14.2.1 The variation in relative sulfur sensitivity as a
function of C/H mass ratio is showh graphically in Fig. 1.

15. Keywords
15.1 aﬁalysié; diesel; gasoline; jet fuel; kerosine; petroléum;
spectrometry; sulfur; X-ray
114 —
1.12

i-Octane
11 ¢

1.08 |-
1.08
1.04

1.02 Toluene

1 Kl 1 L 1 ! .
10

Relative S Sensitivity

11

. C/H Mass Ratio
FIG. 1 Relative Sulfur Sensitivity

The American Sodisty for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with' any item mentioned in this standzard. Users of this standard are. expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own rasponsibility.

“This standard is subject to revision at any time by the responsible technical committee and must be reviewed evely five years and
ifnot revised, sither reapproved or withdrawn. Your comments are invited either for revision of this standard or for addlitional standards
and should be addressed to ASTM Headuarters. Your comments will receive careiul consideration at & meeting of the responsible
technical committee, which you may attend, If you feel that your comments have not received & fair hearing you should make your
views known fo the ASTM Comimittse on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
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INTERNATIONAL

Standard Test Methods for

Designation: D 2724 - 87(Reapproved 1995)

Bonded, Fused, and Laminated Apparel Fabrics’

This standard is issued under the fixed designation D 2724; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last evision, A number in parentheses indicates the year of lagt reapproval, A
superseript epsilon (¢) indicates an editorial change since the last revision or reapproval,

1. Scope

1.1 These test methods cover procedures for characterizing
the delamination, strength of bond, appearance, and shrinkage
propengity of bonded, fused, and laminated apparel fabrics
after drycleaning and laundering.

1.2 The values stated in SI units are (o be regarded as
standard; the values in parentheses are provided as information
only,

1.3 This standard may involve hazardous materials, opera-
tions, and equipment. This stondard does not purport to
address all of the safety problems associated with its use. It is
the responsibility of the user of this standard to establish
appropriate safety and health practices and determine the
applicability of regulatory limitations prior to use.

2. Referenced Docoments

2.1 ASTM Standards:

D76 Specification for Tensile Testing Machines for Tex-
tiles?

D 123 Terminology Relating to Textiles?

E 337 Test Method for Measuring Humidity with a Psy-
chrometer (the Measurement of Wet- and Dry-Bulb Tem-
peratures)’

2.2 AATCC Standard:

124 Appearance of Durable Press Fabrics After Repeated
Home Launderings*

2.3 Federal Trade Commission Trade Regulation Rule:

16 CFR 423 Care Labeling of Textile Wearing Apparel and

Certain Piece Goods®

3. Terminology
3.1 blister, n—in bonded, fused, or laminated fabrics, a

""These test methods are under the jurisdiction of ASTM Committee D13 on
Textiles, and are the direct responsibility of Subcommittee D13.59 on Fabric Test
Methods, General,

Curtent edition approved July 31, 1987, Published September 1987. Ouiginally
published as D 2724 — 68 'T. Last previous edition D) 2724 79,

2 Annuial Book of ASTM Standards, Yol 07.01,

3 Annual Book of ASTM Standards, Vol 11,03,

+ Available from American Association of Textile Chemists and Colorists, PO,
Box 12215, Research Triangle Park, NC 27709,

¥ As amended effective January 2, 1984, Section A236, available from U8,
Government Printing Office, North Capital and H Streets NW, Washington DC,
20401,

bulge, swelling, or similar surface condition on either the face
fabric or the backing fabric characterized by the fabric being
raised from the plane of the underlying component over a
limited area to give a puffy appearance.

3.2 bonded fabric, n—a layered fabric structure wherein a
face or shell fabric is joined to a backing fabric, such as tricot,
with an adhesive that does not significantly add to the thickness
of the combined fabrics,

3.2.1 Discussion—1In this context a thin layer of foam is
considered an adhesive when the cell structure is completely
collapsed by a flame.

3.3 bond strength, n— of bonded, fused, or lominated
Jabrics, the tensile force expressed in ounces per 25 mm (1 in.)
of width, required to separate the component layers under
specified conditions.

© 3.4 bubble—See preferred term blister,

3.5 crack mark, n~~in bonded, fused, or laminated fabrics,
a sharp break or crease in the surface contour of either the face
fabric or the backing fabric that becomes evident when the
bonded, fused, or laminated composite is rolled, bent, draped,
or folded.

3.5.1 Discussion—Crack marks are usually the result of
combining tight fabric constructions at least one of which does
not have sufficient residual stretch to allow the combined
fabrics to be bent in an arc without producing crack marks on
the concave side of the arc. Crack marks also occur when
bonded fabrics ate allowed to remain in a creased or wrinkled
state before full adhesive cure has taken place. Other causes
include the use of excessive adhesive in bonding, or excessive
foam thicknesses and excessive foam collapse in flame lami-
nation, .

3.6 joam tear, n—a condition wherein the foam portion of a
laminated fabric ruptures prior to the failure of the bond.

3.7 fused fabric, n—a type of bonded fabric made by
adhering a fusible fabric to another fabric, such as for use as an
intertining.

3.8 fusible fabric, n—a utilitarian fabric which has a ther-
moplastic adhesive applied to one side, sométimes in a pattetn
of dots, so that the surface can be bonded to another fabric
surface by the use of heat and pressure.

3.9 interlining, n—any textile which is intended for incor-
puration into an article of wearing apparel as a layer between
an outer shell and an inner lining,

Copyright @ ASTM Inernational, 100 Barr Hasbor Dilve, PQ Box G700, West Conahohocken, PA 19428-2959, United States.
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3.10 laminated fabrw, n—a layered fabric structure wherem
a mce or outer fabric is joined o a continuous sheet material,
such as polyurethane foam, in such a way that the identity of
the contitinous sheet materjal is retained, either by the flame

method or by an adhesive, and this in turn normally but not

always, is joined on the back with a backing fabric such. as
tricot.

labomtones should be compared uamg Sludem s t-test for
unpaired data and an acceptable probability level chosen by the
two parties before the testing is begun. If a bias is found, either
its camse must be found and corrected or the purchaser and the
supplier st agree to mtwpmt futare test requltq in the light of

. the known bias.

3.11 lot, n—in bonded, fised, or laminated fabric, & single

run on the bonding or laminating miachine in- which the
proces'sing is carried ont without stopping or changing process-
ing conditions, and consisting of either a single dya lotora
single, gray goods lot,

<312 puckering, n— in bonded, fused, or lammated fabrzcs,,
a wavy, .three-dimensional, effect typified by closely spaced
wrinkles, on either the face fabric or.the backing fabtic or both,

3.12.1 Discussion—Puckering may be due to (1) differential
shrinkage of the component layers, (2) differences in tension
when the component layers are combined,. ot (3) selective
lineal delamination.

3,13 solvent relative humidity, n—+he humidity of air over a
drycleaning bath and in equilibsium with the solvent and its
small amount of water.

3.13.1 Discussion—Every deycleaning solvent bath con-
taining detergent can require. a different absolute, water content
to reach the Federal Trade Commission (FTC) specified Jevel
of solvent relative humidity for a pormal drycleaning. The
actual solvent relative humidity in the air over a solvent must
be ‘measured by an hygrometer after equilibrivm. has been
reached between the water content of air and the solvent. .

314 For definitions of other texule terms used in this test
muthud efer to. Terminology D 123, :

4 Summary of Test Methods

41 Bench marks are placed at specified dlatames on the
fabrics, whmh are then measured, and subsequently dry-
(,lecmcd or launduul and dried, or both, through a prescribed
cygle. that is.repeated a specified number of times, The
drydwmd or. wa‘:hed %peumc,m arg examined for. appearance
and delwmnauon and mecx:,umd 1o determine any accompany-
ing shlmkage and fdcbne,d tested to dotcmlmc the strength of
the bond

5. Uses and Signiﬂcance

5.1, Thfysc test mcthods for the. determmatmn of. properms
of bonded, ﬁmcd or lammated app«m,l fabrlm, are consldered
satig lac,tory for acceptance testing of commercia al b]npments of
bonded and laminated appaml fabrics since the mcthods have
been, used extensively in the trade for accoptance wstmg

5.1.1 In case. of a chspute zmsmg f‘rom chffczmnces in
repoﬂed fest, results: when using Test Methods D 2724 for
acceptance testmg, s of Lommercml shlpmants the purchaser and
the, supplier should L(mduct comparative tests to determine if
is a stausucd] bias bctwce their laboratories, Competent
statistical assistance is recommendcd for the 1nvest1gauon of
bias. As a minimum, the two parties should take a group of test
specimens that are as homogeneous as possible and that are
from a lot of material of the type in question. The test
specimens should then be randomly assigned in equal numbers
to each laboratory for testing. The average results from the two

676

6. Apparatus and Materials

6:1: Drycleaning Machine,® single-unit, coin-operated type,
capable of providing a complete autofdatic dry-to-dry cycle
using perchlorethylene. Tt shall consist of a commercial rotat-
ing cage type, totally enclosed machine. The diameter of the
romung cage blmll be not less than 600 mm (24 in.) and not
mor¢ than 1080'mm (42 in.). Tts depth shall be not less than 300
mm (12 ). It shall be fitted with two to foux lifters. The spead
shall ‘be such4s'to give a g-factor between 0.5 and 0.9 for
cleaning and between 35 and 120 for ¢ extracuon The machine
shall be equxpped with thelmometers for the measurement of
the solvent témpératire and the air diying temperature.

Norg . 1--The g-factor is calenlated nsing Bq 1 or Bq 2:

& = 1.42n*D/100 000 (0]
g = 5.506%/10 000 000 ®
whete:
n = revolutions per minute,
D = cage diameter, in., and
d = cage diameter, mm.

6.2 Domestic Automatic Washer,” t(:)p 1oadmg, apm«
extracting type.

6.3 Domestic Automatic Tumble Dryer, .7 front-loading type.

6.4 Aspirated Psychrometer, which mwt‘% tha raqummémq
of Test Method B337, '

6.5 Marking Device®A thin sheet of \stamle:m »twl or
other rigid flat material in which a square opcmn&, ;254 by 254
mm (10 by 10 in.) has been cut.

6.6 Rule, 305-mm (12-in.) or longet, preferably divided into
tenths of an inch, A premarked device calibrated to give the
percentage of shrinkage or growth may alse be uséd,

6.7 Sewing Mdchine, suitable for sewing a single row of
stitching, preferably with No. 00 mercetized cotton’ thread, 25
rm (1 in.) from the edge of the fabric apc,clmcn

6.8 Steam Iron, hand type.

6.9 Stearn Press,® a press, 600 by 1250 mm’ (24 by 50:in.),
or larger, provided with 60 to 70 psig steam pressure at the
press, Any steam-press large enoygh for pmwmg a speclmm
380 mmy (15-in.) square may be; used.:

6 10 Tensile Testmg Machme, confmmmg to bpeuﬁcatim

8 Sources of suitable equlpment are: Mchw Bdason Co Speed Queeu Dlv,
Ripon, Wis.; Philco- Bendix Clorp,, Fairfield, 10; Ammcan ‘Permas, Inc., 175
Express St., Plainview, L. 1, Valley Industries l’rodu(,mms, Inc,, 133 B. qucho
Turnpike, Mingola, NY; and Atlas Eicetric Devices, Chicago, IL.

7 Kenmore Model 600 wagher and dryer, available from Sears Roebuck and Co.,
are satisfactory for this purpose.

8 Other suitable devices pre avaitable from Better Fabrics Testing Bureau, fc.,
101 W, 31 8., New York, NY, ad from Cluett, Peabody and Co,, Inc., Sanforized
Div., Troy, NY.

¥ Sources of suitable equipment ace: Hoffman Machine Co., Syracuse, NY,
Pontax Co., Pawtucket, R L; Prosperity Co, Symcuse, NY U. 8. lestmg f o,
Hobolken, NI.
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D 76, cither a constant rate of traverse type'® or a constant rate
of extension type, equipped with clamps having a width of 76,2
mm (3.00 in.) and preferably calibrated in kilograms with a
range from 0 to 4.5 kg (0 to 160 oz). The constant rate of
extension type machine is preferred because of the inherently
lower machine-induced errors in this type of machine.

6.11 Detergent, home laundry type.

6.12 Perchlorethylene, commercial grade.

Nows 2—Warning: Perchlorethylens is toxic, and the wsual precau-
tions for handling chlorinated solvents should be taken, Tt should be used
only under well-ventilated conditions. The solvent is nonflammable.

6.13 Drycleaning Detergent,'t anionic drycleaning deter-
gent.

7. Sampling

7.1 Lot Sample—As a lot sample for acceptance testing,
take at random the number of rolls of fabric directed in an
applicable material specification or other agreement between
the purchaser and the supplier. Consider rolls of fabric to be the
primary sampling units.

Nows 3—An adequate specification or other agreement between the
purchaser and the supplier requires taking into account the variability
between rolls of fabric and between specimens from a swatch from a roll
of fabric so as to provide a sampling plan with & meaningful producer’s
risk, consumer’s risk, acceptable quality level, and limiting quality level,

7.2 Laboratory Sample-—As a laboratory sample for accep-
tance testing, take a full width swatch 1 m (1 yd) long from the
end of each roll of fabric in the lot samgle, after first discarding
aminimum of 1 m (1 yd) of fabric from the very outside of the
roll.

1.3 Test Specimens—Proceed as follows:

7.3.1 Drycleaning and Laundering—Cut four specimens
from each swatch in the laboratory sample with each specimen
being 380 by 380 mun (15 by 15 in.) in size, with the one side
of the specimens from a single swatch parallel to the selvage.
Locate two of the specimens from each swatch about ¥ of the
distance from one selvage and locate the other two specimens
from each swatch about Y4 of the distance from the other
selvage. Locate each of the two specimens from one side of the
swatch along a diagonal line on the swatch so that they will
contain different warp ends and filling picks, Sew a straight
line of stitching around each specimen 25 mm (1 in.) from each
edge. Reserve the rest of the swatch for comparison with the
drycleaned and laundered test specimens.

7.3.2 Strength of Bond—Prepare three test specimens, each
measuring 76 mm (3 in.) wide, and 152 mm (6 in.) long, the
length of the specimens corresponding to the length ditection
of the fabric. Do not take the test specimens closer to the
selvage than a distance equal to 20 % of the fabric width.

Nors 4—Samples that are 51 mm (2 in) wide may be used as the
minimum width,

1 Mode! X-3, available from Edward H. Benz Co., 283 Whiteford Ave.,
Providence, RT 02908, has been found satistactory,

""Formula 886, petroleum sulfonate type or staticol, amine sulforate typs,
avatlable from R. R, Street, Inc., 561 W. Monioe St., Chivago, IL; or Perksheen 324,
amine sulforate type, available from Adeo, Tue., 900 W. Main St., Sedalia, MO, have
been found suitable for this purpose,

D
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8. Conditioning

8.1 Bring the samples from the prevailing atmosphere and
condition them for at least 4 h in the standard atmosphere for
testing textiles if shrinkage is to be determined. Precondition-
ing 18 not necessary.

9. Specimen Preparation

9.1 Using an indelible fineline marker, mark a 254 by 254
mm (10 by 10 in.) reference square centrally located on the
face of each test specimen. Apply three sets of reference
markings 254 * 2 jum (10 % 0.1 in.) apart, as measured with
arule, in the direction of the fabric length. Locate the markings
within 25 mm (1 in.) of each end and at the midpoint of each
side of the square. Similarly, apply three sets of markings in the
direction of the fabric width. Any other method of accurately
locating the 234-mm reference marks is satisfactory as long as
the three marks on each side of the square are at least 105 mm
(4 in.) apart.

10. Drycleaning Procedure

Notg 5—Launderable fabrics are expected normally to be dryclean-
able, except where the face fabric is not dryeleanable and is so labeled, For
example, the fabric could contain a functional finish solublg in the solvent,
ot the fiber could be degraded by the solvent, which would be the case
with poly(vinyl chloride) fiber.

10.1 Solvent Preparation—Prepare a standard detergent/
drycleaning solvent mixture by adding sufficient detergent to
the solvent to make a 1% volume/volume solution. Add
sufficient water to the solution to give a solvent relative
humidity level of 75 % for the particular drycleaning detergent
used. Put this solvent in the machine storage tank. The same
solution can be used for repeated cleanings until it becomes
dirty and needs replacing as long as the necessary water
additions to maintain the solvent relative humidity constant are
made prior to each test run. This is so because the specimens
being run could conceivably alter the solvent relative bumidity
for succeeding test runs while the detergent level would remain
constant,

10.2 Sample and Dummy Load Preparation— Prepare a.

load consisting of all specimens to be tested and made up to 3.6
kg (8 Ib) total with dummy load of approximately 380 by
380-mm (15 by 15-in.) fabric pieces of similar material.
Condition this load at least 4 h in the standard atmosphere for
testing textiles. After the drycleaning operation, condition the
load again hefore running through each additional drycleaning
cycle. Conditioning before each drycleaning cycle is intended
to minimize depletion of water from the drycleaning solution
specified in 10.1.1 which may affect shrinkage results,

103 Drycleaning Procedure—Run through the complete
dry-to-dry eycle in the machine. Run the solvent phase of the
drycleaning cycle with the solvent no higher than 32°C (90°F).
Duzing the drying phase of the drycleaning cycle, either the air
outlet temperature should not exceed 60°C (140°F) or the inlet
air temperature should not exceed 80°C (175°F). If heat-
sensitive fibers, for example, modacrylic fibers, are involved,
the outlet air temperature should not exceed 40°C (105°F) or
the inlet air temperature should not exceed 60°C (140°F), After
the complete drycleaning cycle, remove the sample from
machine for examination and reconditioning,

PRO_00103205
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10.4 Repeat the drycleaning operation threugh 'two dddis
tional cyeles. At the end of the third cycle rgmove the test
specimens from the machme, lay on a.flat suzface, smooth the
test specimens by hand and examine, Press (hg, test specimens,
using the steam press according to the following cycle:

10.4.1 Five seconds steam with head up.

10.4.2 Five seconds dry hot press’ withi: head down, 145 o
151°C (293 to 303°F) of steam. pressure at the. press.

10.4.3 Five seconds vacuum, steam off, head.down.

10.4:4. Five seconds vacuum, steam off, head up.

10.4.5 Allow. the . picssed specimens, to. condition in the-
:.landard atmosphere tor testing textiles for at least 4 hi -

-10.5. Measute the distance between each of the -six qets of
reference marks on each-test specimen,. - .

10,6 Lay..the fabric flat on.a table or board wuh a bUTfﬂLb
rough enough go that the fabric side touching the table will not
readily slide. Examine each test specimen for any evidence of
delamination. Place the fingers on the specimen and attempt to
slide the upper fabric layer over the bottom or intermediary
substrate. If in doubt, make a small cut through the specimen
with scissors to-determine if any separation of substrates has
oceurred. Turn: the fabrie over and make the same -type of
examination on the other side. C

10.7 Examine the face fabric for any alteration in appear-
ance as compared with the original saiiple. This may be doné
with conventional toom lighting, or with “Lighting Equipuient

for Vieswing Test Specimens,” as described in Fig. 1 of AATCC

Method 124 ~ 1984. Examine: only tho area of the test s,peu-
men bounded by 1110 smchmu

11 Laundemm, Pmuedure

“11.1° Mauchine Laundermngash the test specimens ift the
autbmati¢ tiome lauindry roacliine, usmg 507 g of Taundry
deteigent, or 4 sufficient aitiount'to give'a safe stids level, at the
applicable domestic automatic - Lamperami'e and “procedure
undet which the fabric is to be marketéd. In the absence of this
iffortnation ‘use” the “hormial” cyclé and high water tevel
settings and determine the washing temperature according to
the ‘fabiié type-atd cotistrudtion s follows: )

11:1:4- Fage' fabrics containing 20 % or “miore of wool,
acetate, modaerylic; or acrylic fibets, 41 - 3oC (lO.‘) = 5°F).

+11:1.2" Fece fabrics of’ trlcots, ciroular knits, woven' nylon,v
atd print fabrics other than thme dcs'ombcd undcr l 1.1.1, 49 *
3"(3 (120 fas 5°F) : ‘

B

. TAQLE 1 Saﬁ? lfonlng Temioéﬁature Guida

11;1.3- All other woven face fabrics; 60 +-3°C (140 * 5°F).
t. 11.2» Load for Machine Laundering-AJse a.total load of 1.8
kg: (4. Ib) including test” specimens -plus & dummy load of
approximately 380 by 380 mni (15 by 15 in.) fabrics of similar
fabric:eonsiriction. Load: all fabrics in the flat. position: .+ -

11.3 Hond Laundering—If the-fabrics are:to-he designated

“Hand Washable,” d‘is.:solws,zo g of laundry detergent.in 7.6 L
(2 gal) of water at 41 == 3°C (105 & 5°F) in# 9.5-L; (10-jt) pail
and then add two test specimens.. Wash by lifting cach
qpemmen out ol the bath followed by lmmcdlate Tebmmersion.
at least ten times. Just before. the. final reimmersion, Jightly rub
by hand the center of gach specimen :,c,pamtely for a period of
1 min. Rinse by tramfemng the specimens to 7.6 L of water at
41 % 3°C (105 X 5°F) and gently agitating the specimens by
hand for a peliod of 2 min with no twisting ar wringing:
Remove the specimens and dry as directed i in 1.6, .

‘1.4 Tumble Drymg-—-fhmnednately after lhe first wash
cycle, as dm,cu,d in 11 1, femove the test specimens and
dummy Joad from the ’laundry machine and transfer to the
tumble dryer. Run the dryer at the “moderate” setting and dry
for the minimum time required for adequately drying ‘the
fabrics being tested. Remove ‘the test specimens and dummy
load pmimediately following the shut-off ahd examine.’

11.5 Repeat the washing and drying cydles a$ directed in
11.1 and 11, 4 four more fimes, Aftm the ﬁfth cycic, remgve the
test Qp@cuncns, lay on a flat surface, smooth by hand, and
examing, Press the face £ abﬂc gide lightly with a sliding action
using the hand steam udn “with' no ptemure “othier than the
welgght of the iron, It o 1roning tcmpemluu is spemﬁed for the
face fabric; usc the sdfe ifoning temperatare giide appearlig in
Table 1. Allow the specimens to condition on a flat. surface in
the standard atmosphere for testing ‘tektiles for 4 miniinum of
4 h befote rating and meastiring as directed i 10.5-10.7.

“11.6 Drip Drymg»—-Rc:move the’ specunens Tl the pail or
froby the aniotatic washér jUSt ‘Before the water bchm to drain
for thie final spin-dry éyc]e, squeezt by hand without wunging
ot twmlmg, and hang ‘cack §pecitien by twd adiacent ¢otners,
with' the' fabrid I(,ngth it the Veftlcal duecl:mn, m s,tﬂl air at
room tempemture il chy and examite

117 Repeat the washing dfid drymg cyc]m as directed in
112 or 113 and 11.6; four more titmes. Aftet the ﬁfth gyclc,
lay ot a flat surf%c, smooth the: tost spccmietis by hand, aid;
éxatnite. Press the Tace fabiit side hght]y with a sliding action
using a hand steatii iron MLH no présstife 0(he1 thm the we1gi1t

L Loy

iy Class 0 Clags |

Glass W Clags IV

Clags Il
3 ‘Balow 1242C (280°F). . . 121 10 188°C 149 to 168°0 177 to 191°C 204°C (400°F)
) L .. (260 to 276°F) (300 to 3R5F) (860 to 976°F) and Above
Modacrylnc 93 to 121°C (200 to ) Anewt@ Triacetate (Unheat set) Nyion 66 Gotton
250°F) i
] Oleﬂn (polybropylone) Actylic Polyestor Fluorocarbon
e T ERT Glass
‘Qleﬂn (pelyethylens) 7910 121°C X Sllk - Azlon Hemyp, Jute
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TABLE 2 Components of Vardance Shrinkage

Batween-Laboratory Component

Single-Operator Component OF DF
Percentage Foints Percentage Points

Drycleaning langth shrinkage 0.68 45 0.97 4
witlth shrinkage 0.59 45 0.77 4

Hand wash-lina dry langth shrinkage 1.00 20 1.48 4
width shrinkage 0.33 20 1.1 4

Machine wash-tumble dry length shrinkage 0.56 26 0.79 4
width shrinkage 1.00 25 1.18 4

TABLE 3 Critical Differences, Percentage Points, Between Average Percentages for the Conditions Noted

Number of Length Shrinkage Width Shrinkage
Observations in Each Single-Operator Between-Laboratory Single-Operator Between-Lahoratory
Average Pracision Pracision Pracision Pracision
Dryclaaning 2 1.4 4.2 1.2 3.6
4 11 4.1 1.0 3.8
6 0.8 4.0 0.7 8.2
Hand wash-ine dry 2 2.1 6.9 0.8 4.4
4 1.5 6.1 0.5 4.4
8 1.2 8.0 0.4 4.3
Machine wash-tumble dry 2 1.2 3.4 2.1 B.2
4 0.8 3.3 1.6 5.0
6 0.7 3.2 1.2 4.8

of the iron. If no ironing temperature is specified for the face
fabric, the safe ironing temperature guide appearing in Table 1
may be used. Allow the specimens to condition on a flat surface
in the standard atmosphere for testing textiles for a minimum
of 4 h before rating and measuring as directed in 10.53-10.7.

Note 6—All specimens hand washed as directed in 11.3 should be drip
dried. Specimens machine washed as directed in 11.1.1 should be dhip
dried only when the fabrics are to be marketed as “Machine Wash, Drip
Dry"”

12. Calculation

12.1 Caleulate the shrinkage or gain in each direction by
averaging the three measurements in each direction on each
test specimen and using these average measurements in accor-
dance with Eq 3:

Shrinkage, % = (4 — B)100/A 3

where:
A = average original distance between bench marks, and
B = average final distance between bench marks,

12.2 Calculate the average length shrinkage and the average
width shrinkage of both test specimens separately fordryclean-
ing and for each laundering and drying procedure used.

13. Precision and Bias » ‘

13.1 Interlaboratory Test Data’*—An interlaboratory test,
in which nine different bonded and laminated fabrics were
used, was run during 1969, Five laboratories participated and
calculated the percent shrinkage in length and width as a result
of drycleaning, hand washing followed by line drying, and
machine washing followed by tumble drying. The calculated
components of variance expressed as standard deviations and
the degrees of freedom on which they ate based are shown in
Table 2.

2 ASTM Research Report RR: D13-1003 is available on loan friom ASTM
Headguarters, 100 Baoe Harbor Deive, West Conshohocken, PA 19428,

679

Nots 7—The within-laboratory (multioperator) component was not
determined separately and is included in the between-laboratory compo-
nent.

13.2 Precision—RBased upon the components of variance
stated in Table 2, the average test results should be considered
significantly different at the 95 % probability level if the
difference equals or exceeds the differences listed in Table 3.

Nore 8-The critical differences listed in Table 3 were calculated using
the values of £ that correspond to the degrees of freedom listed in Table 2.

13.3 Bias—The procedure in Test Methods D 2724 for
measuring dimensional stability during drycleaning or lavnder-
ing has no bias because the value of this property can be
defined only in terms of a test method.

STRENGTH OF BOND (OPTIONAL)

14. Test Conditions

14,1 Bond strength tests may be made on the fabric as
bonded or laminated, or after the three specified drycleaning
cycles or after the five specified lanndering cycles, These tests
also may be made on dry specimens (conditioned in the
standard atmosphere for testing textiles for a minimum of 4 h),
or on wet specimens (saturated with perchlorethylene at room
temperature following the drycleaning tests or saturated with
water at room. temperature following the laundering tests).

14,2 Alternatively, following the drycleaning tests, wet
strength-of-bond tests may be made on flame-laminated fabrics
with the specimens saturated in water instead of perchloreth-
ylene, An intedlaboratory test tun in 1975° showed no signifi-
cant differences between perchlorethylene and water in wet
tests on flamelaminated fabrics. However, there were signifi-
cant differences on adhesive-bonded fabrics. Therefore, water
is not a suitable substitute for perchlorethylene in wet tests on
these fabrics.

15, Procedure for Bonded and Fused Fabrics

15.1 Manually separate the two layers of fabric along the

PRO_00103207



Case 1:13-cv-01215-TSC Document 198-22 Filed 10/07/19 Page 34 of 120

4% o 2724

76.2 mm (3 in.) width of each test specimen for a‘distance-of' -
approximately 25:mm (1 m) in thg, dirgction of the specimen:

length,

15.2 Set the Tower clamp ata dlstamce of 25 mm (1 in.) from
the upper clatap. Secure the qeparated face fabric of a test
specimen in the upper clamp of the tensile testing machine in
such a way that the longitudinal axis of the specimen forms a

right angle. with the closed' clamping surface. Securs. the .

separated backing fabric in the lower clamp of the machine in

such a way that the longitudinal axis of the specimen forms a

tight angle with the closed jaws of the lower clamp.

153 If the ifidicating §cale on the machine is provided wuh
a pawl and tatchet mechanisi, disengage the mechanisim to
permit Leadmgs of variable force when the machine is placed in
operation, ;

15.4 Operate the machine ata pulling speed of 5.1 & 0.2
/s (12 % 0.5 in./min). .

15.5 Estimate the bond strength to the nearest 140 mN (0.5
ozf) as the average of at least the five highest and the five
lowest pcdk loads of resistance pér inch of width, rcgiqtered for
100 mm (4.in.) of delamination.

15,6 Repeat the operations described in 15.2-15.5 for each
of the remaining two test-specimens. - .

- 157 Report the bond stiength in ounces per inch of width a

the average strength of the three test specimens.

16, Procedure for Laminated Faibrics

16 1 Manually separave the face tabrlc; fmm the foam along
thc 76. 2:0nim, (3-in.) width of each test specimen for a distance
of approxmmtely 25 mm (1 in. ) in the dlrectxon of the spcmmen
length e

162 Set the 16wer c1amp ata d istance of 25 tm (1 in.) from
the uppm ‘¢lamp. Seours the -separated face fabric’ of atest
specimen in the upper clamyp of the tensile testing machine in

such:a-way that.the Tongitudinal axis of the'specimen forms a

right angle with the dlosed ‘clamping surface. Secure' the
separated foam,or foan and backing fabric in the lower clamp
of the maching in such a way that the longitudinal axis of the
specimen forms a right angle with the closed jaws. of the lower
clamp, - .

16,3 Procced as 1nstructed in ]‘5 ’3 15 7. ,

1( 4 Iffoamis laminated fo a backmg fabuc, rotam cach test
specimen  from: ;

from, tt;e foam: as, instructed in 16,1 except. that the manual
sc—:pa:mtlon should be. mad@ at the opposite. end of the test
specimen separated, for:the face fabric-to-foam test.

16.5 Set the: Jower. clampq ata _btzmce of 25 mm (1 in,)
ﬁom the upper. ;:lamp Secure, the sepdratud foam or foam and

testmg maching, in such.a way | that the Jongitudinal axis of the
specimen | famxs aright angle with the. closccl glamping sutface,

Secure the. mpamwd backing, fabric in the lower clamp of the
machine in such a-way. that the, longltudmal axis , of thcy
apf;mme:n lorms a. ugmht angle, wn:h the Gl()SGdJaW‘% nt the lower

clamp.

16.6 Proceed as instructed in 15.3-13.7.

16.7 Examine bith §ides of the foarm on the test specimens
after testing -for bond strength. Determine whether the foam

3 after the ‘bond strength. han. been detew,
mined for, face 1o foa,m Manually separate. the backmg fabric.

fa test specimen in Lhe upper. clamp of thc»: tensile,

i poruon roptored during delamination allowing some foam. to

..adhere. to either Labric surface, If this has occurred, make the

_notdtion “fodin tear” for that test specimen for the side or sides
where “foam tear” occurred. If #foam tear” occurs on only one
side of one test specimen; diqregm'd this result and report the
average. bond strength ‘for that side of the remaining two
specitens. If “foam tewr” oceurs:on the sanie side of two or
three specimens, report the bond strength for that side as “foam
tear.”

16.8 In the event it is impossible to separate manually the
foam from either the face o the backing fabric as instructed. in
16.1 and 16.4 without rupturing the foam, report the bond
strepgth for the side or sides wheie this occurs as “foam tear.”

17. Report

17.1 State that the tests, were made as directed in ASTM Test
Methods D 2724, Describe the material or product sampled and
the method of sampling used.

17.2 Report the following information:

17.2.1 The individual length and width dimensional

. changes to the nearest 0.5 % for each test specimen as well as
the average length and width shrinkage for both test specimens
-and identify these rpsults with the procedures used. X

17:2:2 The absence or presence of. any. delamination in the
drycleaned or laundered and. dried specimens ; Jbefore pressing
or jroning. Use the term “acceptable bond” for tabrwq that have
not delaminated and “unacceptable b()nd” for fabncs that have
delaminated, Tn the case of three-layer laminated fabrics, report
whethet the delamination Has occurred on the fice o backing
fabtic 'or both, Rate the lof as “unacceptable;” if clthex fabric
has delaminated. '

17.2.3 Any alteration in appearance ot esthetic propetties 01
the drycleaned or laundered and dried specimens when com-
pated , with . the residual portion of the original sample. For
example, report whether. the specimens,. identified by the
drycleaning or layndering and drying procedures used, show:

17.2.3.1 Puckering,

17.2.3.2 Crack marks,

17.2.3.3 Bubbling or blisters,

17.2.3.4 Face fabric pilling,

17.2.3.5 Loss. or:gain of stiffness,

17.2.3.6. Color: change,. and

17,237 Wrinkles. = ..

1724 It strength of bond testa were rum, report the follow-
ing information along with the solvent used for wet specimens:
17.2.4.1 Whether the tests were run on the fabric as bonded
or laminated, or after the three drycla,amng cycles, of after the
five laundering' cyoles.:

17.2.4:2 ‘Whether the tests were run on d1y or wet speolmem
as described in-Section 14.

17:.2.4.3 Whether constant rate of transvetse or constant fate
of extension type tensile testing machine was used.

’\Imn 9~«W11lle {his. met hod pmwdo‘; for thme qr yde‘ming cycles, five
laundcung and “duying cycles, or both, the number of cycles can be‘
déereasbd or incredséd for special piiposes bt ‘in thils case the mpou
should state what cycles were used.

18 Prec1sion an(l Bias
18.1 Intmlabomlory Test Data"~An mtmlabommry test,

680
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in which nine different bonded and laminated fabrics were
used, was run during 1969, Five laboratories participated and
recorded the average wet bond strength (sometimes called wet
peel bond strength) for 76-mm (3-in.) wide specimens after
drycleaning, hand washing, and machine washing the specified
number of times, No data is reported for machine wash-tumble
dry wet-bond strength because some of the fabrics delaminated
before the five wash cycles were completed and some exhibited
“foamn tear.” Of the participating laboratories, four used the
constant rate of extension type tensile testing machine, and one
used the constant rate of traverse type machine. The calculated
components of variance expressed as standard deviations and
the degrees of freedom on which they are based, are listed in
Table 4.

[8.2 Precision—Based upon the components of variance
stated in 18.1, the average test results should be considered
significantly different at the 95 % level if the difference equals
or exceeds the differences listed in Table 5.

Nore 10—The critical differences listed in Table 5 were calculated
using the values of ¢ that correspond to the degrees of freedom listed in
Table 4,

18.3 Bias—The procedure in Test Methods D 2724 for
measuring strength of bond has no bias because the value of
this property can be defined ounly in terms of a test method.

Norg 11—The nature of the bonding and laminating processes which
involve the adhesion of two or three components with adhesive systems
that apply the adhesive in discrete quantities in a discontinuous form on
the textile surface, produces bonded and laminated fabrics that ate
nonuniform in their bond strength characteristics, Considerable variations
in bond strength ave commenty found at various points across the width of
the fabric and from one end to the other in a single piece. Because of this,
it is often desirable to report the bond strength value of the test specimen

TABLE 4 Components of Varlance, Wet Bond Strength

Single~ Between-
Operator Laboratory
Component, bF Cormponent, bF
ozfin, ozfin,
Dryaclsaning 0.54 30 0.00 4
Hand wash-fine dry 0.23 15 048 4

TABLE & Critical Differences, Wet Bond Strength
Criticat Differences oz/1 in.

Number of Wide Test Spacimen
Observations
in Each Single- Between-
Average Qperatar Laboratory
Pracision Procision
Drycleaning 2 1.1 11
3 0.9 0.9
4 0.8 0.8
Hand wash-iine dry 2 0.6 2.0
k] 0.5 1.9
4 04 1.9

with the lowest bond strength in addition to reporting the average as
specified in 15.7.
19. Indexing Terms

19.1 This standard is indexed under the following terms:
apparel, bonded fabric, and delamination strength.

The Amerfcan Soclely for Tasting and Materfals takes no position raspecting the vatldity of any patent iights asseried in connection
with any item mentioned in this standard. {sers of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely thelr own tesponsibility.

This standard is subject lo revision at any time by the responisible technfcal commities and must be reviewed every five years ang
i not ravised, elther 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 corments will racelve careful consideration at a meating of the responsible
technical committas, which you may aflend. If you feel that your comments have not recelved & fair hearing you should make your
views known to the ASTM Gommiltee on Standerds, at the address shown below.

This siandard is copyrighted by ASTM, 100 Berr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2969, United Siates.
Individual reprints (single or multiple coples} of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-meail); or through the ASTM website (www.asim.org).
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qmp Designation: D 2777 — 98

Standard Practice for

» Determination of Precision and Blas of Appllcable Test

Methods of Comm|ttee D-19 on Water!

This standard is issued under the fixed designation D 2777; 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 (e) indicates an editorial change since the last revision or reapproval. :

1. Scope - . : -

1.1 This practlce estabhshes umform standards for estimat-
ing and expressing the precision and bias of applicable test
methods for Committee- D-19 on Water. :

1.2 Except as specified in 1.3, 1.4; and 1.5, this practice
requires the task group proposing a new test method to carry
out a collaborative study from which statements for precision
(overall and single-operator standard deviation estimates) and
bias can be developed This practice provides general guidance
fo task groups in planning and conductmg such detenmnatlons
of precision and bias. ‘

1L.3-If a full-scale collaboratlve study is not techmcally
feasible, due to-the nature of the test method or instability of
samples, the largest feasible scaled-down collaborative study
shall be conductedto providethe best possible limited basis for
estimating the overall dand single- -operator standard deviations.
i 1.3.1 Examples of’ acceptable scaled-down studies are the

local-area studiesconducted’ by Subcomrmttee D19.24 on
microbiological methéds bécause of inherent sample instabil-
ity. These studies involve six or more completely independent
local-area analysts- who- can begin analys1s of uniform samples
at an agreed upon time, - ~

1.3.2 If uniform samples are not feamble under any circum-
stances, a statement of single-operator precision will meet the
requirements of this pi'aétice ‘Whenever possible, this state-
ment should be devéloped fiom' data generated by independent
multiple operators; each domg replicate analyses on indepen-
dent samples of a‘specific matrix type, Which generally fall
within specified’ concentration ranges (see 7.2.5.2( 3)).

 1.3.3 This practlce is‘not applicable to methodology involv-
ing continuous’ samplmg ot measurement or both, of spemﬁc
constltuents and’ propertles

" 1.3.4 This” pracnce is’ also not apphcable to open—channel
flow medsuretients. - '

14 A collaboratlve study that satisfied the requirements of
the version of this practice in force when the study was
conducted will continue to be considered an adequate basis for
the precision and bias statement required in each test method.

! This practice is under the jurisdiction.of ASTM Comnmittee D-19 on Water and:
is the direct responsibility of Subcomn'uttee D19.02 on General Spectﬁcatlons
Technical Resources; and Statistical Methods.

. Current edition approved:Jan: 10, .1998. Published: October 1998 Ongmally
published as D 2777 - 69 T. Last; prevnous edition ) 2777 - 96.

215

If the study does not satisfy the current minimum requirements
for a collaborative study, a statement listing the study’s
deficiencies and a reference to this paragraph shall be included
in the precision and bias statement as the basis for an
exemption from the current requirements.

1.5 This paragraph relates to special exemptions not clearly
acceptable under 1.3 or 1.4. With the approval of Committee.
D-19 on the recommendation of the Results Advisor and the
Technical Operations Section of the Executive Subcommittee
of Committee D-19, a statement giving a compelling reason
why compliance with all or specific points of this practice
cannot be achieved will meet both ASTM requirements (1)
and the related requirements of this practice. Precision and bias
statements authorized by this paragraph shall include the date
of approval by Committee D-19,

1.6 In principle, all test methods are covered by this

practice.

1.7 In Section 11 this practice shows exemplary precision
and bias statement formats for: () test methods yielding a
numerical measure, (2) test methods yielding a non-numerical
report of success or failure based on criteria specified in the
procedure, and (3) test methods specifying that procedures in
another ASTM test method are to be used with only insignifi-
cant modifications.

1.8 All studies, even those exempt from some requirements
under 1.3 or 1.5, shall receive approval from the Results
Advisor before being conducted (see Sectlon 8) and after
completion (see Section 12),

2. Referenced Documents

2.1 ASTM Standards:

D 1129 Terminology Relating to Water3

D 1141 Specification for Substitute Ocean Water?

D 1193 Specification for Reagent Water®

D 4375 Terminology for Basic Statistics in Committee
D-19 on Water®

D 5790 Test Method for Measurement of Purgeable Organic
Compounds in Water by Capillary Column Gas
Chromatography/Mass. Spectrometry*

D/5905 Specification for Substitute Wastewater®

2 The boldface numbers in parentheses refer to the list of standards at the end of
this practice.
. % Annual Book of ASTM Standards, Vol 11.01,

4 Annual Book of ASTM Standards, Vol 11.02.
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E 177 Practice for Use of the Terms Precision and Bias in
ASTM Test Methods®

E 178 Practice for Dealing with Qutlying Observations®

E 456 Terminology Relating to Quality and Statistics’

E 1169 Guide for Conducting Ruggedness Tests®

3. Terminology
3.1 Definitions—For definitions of terms used in this prac-

tice, refer to Terminologies D 1129, D'4375 and E 456, and -

Practice E 177.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 accuracy—a measure of the degree of conformity of
a single test result generated by a specific procedure to the
assumed or accepted true value and includes both precision and
bias.

3.2.2 bias—ithe persistent posmve or negative deviation of
the average value of a test miethod fmm the assumed or
accepted true value.

3.2.3 laboratory—a single and completely independent ana-
lytical system with its own specific apparatus, source of
reagents, set of -internal standard operating procedures, ete.
Different laboratories will differ from each other in all of these
aspects, regardless of how physically or organizationally close
they may be to each other.

3.2.4 operator—usually the 1nd1v1dua1 analyst within each
laboratory who performs the test method throughout the
collaborative study: However, for complicated test methods,
the operator may be a team of individuals, each performing a
specific function-throughout ‘the stady.

3.2.5 precision—the degree of agreement of repeated mea-
surements .of the same- property, expressed in terms of disper-
sion of test results about the arithmetical mean result obtained:
by repetitive testing of a homogeneous sample under specified
conditions. The precision of a ' test method is expressed
quantitatively as the standard deviation computed from the
results of a. series of ’controlled determinations.

4, Summary of Practice

4.1 After the task group has assured 1tse1f that the test
method has had all preliminary evaluation work completed, it
should prepare the test method write-up in‘final form. The plan
for collaborative study is developed in accordance with. this
practice and submitted along with the test method write-up to
the Resulis AdVisor‘for‘-éonclmence except as specified in 1.3,
1.4, and 1.5. Upon receipt of concurrence; the collaborative test
is conducted, data analyzed; and precision and bias statements
formulated by the task group. The final precision and bias
statistics must be based on retained data from. at least six
independent laboratories. The statements, with backup data
including the reported. results summary, the calculations lead-
ing up to the statements, and the test method write-up with
precision and bias statements included are submitted to the
subcommittee vice-ghairman who in turn sends a copy of it to
the Results Advisor for concurrence before balloting. This
assures having an-acceptable copy of the collaborative study
results to send to ASTM for items on the main committee

% Annual Book of ASTM Standards, Vol 14.02,
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ballot. In most instances, the collaborative study shall be
complete before a subcommittee ballot. If the collaborative
study is not complete, the test method may go on the ballot as
a provisional test method rather than a standard test method.
Copies of the test data, approved calculations, and statistical
results shall be filed at ASTM Headquarters when the test
method is submitted by the subcommittee chairman as an item
for the main committee ballot. - .

4.1.1 The appendix shows an example of “Form
A—Approval of Plans for Interlaboratory Testing,” as Fig.
X111,

4.1.2 For an example of a data reporting form, see Fig.
X2.1.

4.1.3 In addition, the appendix shows a sample caloulatton
of precision and bias from real collaborative test data, the
telated table of statistics, and the related precision and bias
statement.

5. Significance and Use

5.1 Following this practice should result in precision and
bias statements which can be achieved by any laboratory
properly using the test method studied. These precision and
bias statements provide the basis for generic limits for use in
the Quality Control section of the test method.

5.2 The method specifies the media for which the test
method is appropriate. The collaborative test corroborates the
write-up within the limitations of the test design. An extensive
test can only use representative media so that universal
applicability cannot be implied from the results.

5.3 The fundamental assumption of the collaborative study
is that the media tested, the concentrations tested, and the
participating laboratories are a representative and fair evalua-
tion of the scope and applicability of the test method as written.

6. Preliminary Studies

6.1 Considerable pilot work on a test method must precede
the determination of its precision and bias (2,3). This pilot
work should explore such variables as preservation require-
ments, reaction time, concentration of reagents, interferences,
calibration, and sample size, Potentially significant factors
must be investigated and controlled in the written test method
in advance of the collaborative test. Also, disregard of such
factors may introduce so much variation among operators that
results are misleading or inconclusive (4) (see 9.3 and 9.4). A
ruggedness study conducted in a single laboratory is particu-
larly useful for such investigations and should be conducted to
prove a test method is ready for interlaboratory testing (see
Guide E 1169 for details).

6.2 Only after a proposed test method has been tried,
proved, and reduced to unequivocal written form should a
determination of its precision and bias be attempted.

7. Planning the Collaborative Test

7.1 Based upon the task group’s knowledge of a test method
and having the unequivocal write-up, several factors must be
considered in planning the collaborative test to properly assess
the precision of the test method. The testing variables that must
be considered in planning are discussed below. It is generally
not acceptable to control significant sources of variability in the
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collaborative study which cannot be controlled in routine use.

of the test method, because this leads to false estimates of the
test method precision and bias. In addition, the task group must
determine within the resources available how to best estimate
the bias of the test method.

7.2 Testing Variables:

7.2.1 It is desirable to develop a statement of precision of a
test method that indicates the contribution to overall variation
of selected causes such as laboratory, operator, sample matrix,
analyte concentration, and other factors that may or have been
shown to have strong effects on the results. Since any test
method can be tried in only a limited number of applications,
the standard deviation calculated from the results of a study can
be only an estimate of the universe standard deviation. For this
reason, the symbol s (sample standard deviation) is used
herein. The precision estimates generated from the study data
will usually be the overall standard deviation (s;) and the
pooled single-operator standard deviation (s,) for each sample
matrix and concentration studied.

7.2.2 Laboratories, operators, sample matrices, and analyte
concentrations.are the only sources of variability represented in
the precision and bias statements resulting from the usual
collaborative study. They may not represent the additional
influence that can arise from differences in sample splitting,
field presetvation, transportation, etc., all of which may influ-
ence routine analytical results as shown in the general precision
definitions in Terminology D 1129, '

7.2.3 Laboratorzes~The final prec1s1on and bias statistics

for each analyte matfix, and’ concentration must be based on

data from at least six laboratories that passed all of the outlier
tests (see 10.3 and 10.4), that is, retained data. To be assured of
meeting this requirement, it is recommended that usable data
be obtained from & minimum of eight independent laboratories.
To guarantee eight providing usable data, it will ofien be
necessary to getten-or more laboratories to agree to participate,
because some may not provide data and others may not provide
usable data, Maximizing the number of participating laborato-
ries is often the most important -thing that can be done to
guarantee a successful study. -

7.2.4 Bven if the single-operator standard deviation is the
only statistic to be estimated in the study (see 1.3.2), thete
should be a minimum of eight operators providing usable data,
S0 you are assured of* data from six operators after all outlier
removal.  ’

7.2.5 Sample MamcehThe collaborative study shall be
conducted with -at, least’ one representative sample matrix,
which should be reproducible by subsequent user-laboratoties
s0 that they can compare their results w1th the results of the
collaborative study, :

7.2.5.1 Typically, a reagent water prepared according to
Specification D 1193 or a synthetic medium, such as the
substitute wastewater described in Specification D 5905 or the
substitute ocean watér described in Specification D 1141, is
used as the reference matrix. Analytes may be supplied
separately as concentrates for-addition to this matrix by each
laboratory or the reference matrix containing the analyte(s)
may be supplied to each:patticipant. Information on how the
reference matrix was prepared in the study shall be clear in the
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precision and bias statement of the test method so users can
reproduce it properly.

7.2.5.2 Additional collaborative testmg should also be con-
ducted using other matrices specified in the scope of the test
method. Since these matrices must be the same for each study
participant, they may have to be prepared (or obtained from a
single source), preserved, and distributed to all laboratories. As
with the reference matrix, analyles may be supplied in a
separate spiking solution or already added to the matrix. A
particularly attractive matrix might be a standard material
available from an organization such as the National Institute of
Standards and Technology (NIST). Use of uniform sample
matrices is necessary in these studies since they enable a more
certain comparison with the reference matrix than is possibly
with matrices supplied separately by each participant.

(1) Use of matrices with naturally occurring, non-zero
background levels of the analyte(s) being studied will result in
precision and bias estimates that will be much more difficult to
properly compare with estimates from the reference matrix.

(2) Any matrix spiking that may be necessary shall not
significantly change the natural characteristics of the matrix,

(3) With the exception of the kind of limited study described
in 1.3.2, the matrix-of-choice approach, in which each partici-
pant is expected to acquire their own sample of a designated
type, should not be used. Such studies are basically incompat-
ible with the statistical approaches employed in this practice;
both the ranking test and the individual outlier test are
incapable of distinguishing laboratory effects from matrix
effects. In addition, the presence of variable background
concentrations prevents the assignment of a proper mean
concentration level to each precision estimate produced in the
study.

7.2.5.3 The same study design should be used for all sample
matrices. A separate precision and bias statement should be
generated for each sample matrix with a brief description of the
mafrix tosted.

7.2.5.4 When studies are available indicating the applicabil-
ity of the test method for matrices untested in 7.2.5.1 and
7.2,5.2 and not meeting the other requirements of this practice,
at the discretion of fhe task group responsible for the test
method and the Results Advisor, and providing the data are
analyzed in accordance with Section 10 of this practice, this
supporting data may be included in a separate section of the
precision and bias statement. A clear but brief description of
the matrices shall be included and the study protocol em-
ployed. It is the intent of this practice that uliimately, data
concerning the precision and bias of the test method in the full
range of matrices covered in the scope and analyzed in
accordance with this practice, will be made available to the
users of the test method.

7.2.6 Analyte Concentrations—If pilot work has shown that
precision is linear with increasing analyte concentrations, at
least three Youden pairs (5), that is, six concentrations,
covering the range of the test method should be included for
each matrix. If the pilot work suggests that precision is other
than constant or linear, more concentration levels should be
analyzed. The study concentrations should generally be rather
uniformly distributed over the range of the test method.
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7.2.6.1 Study samples with concentrations at or near the
detection limit of a test method are likely to produce non-
quantitative results from many of the participating laboratories
if participants are permitted to use their detection limit to
censor their results. Zeroes or less thans that result from this
censoring process are non-quantitative results and cannot be
included in the statistical analysis of study results specified
later in this practice. Conducting the specified statistical
analysis on whatever quantitative data are available under such
circumstances can produce misleading precision and bias
estimates, If it is considered necessary to include samples at or
near the detection limit, such samples shall be in addition to the
minimum required three Youden pairs at concentrations that
can be readily measured by qualified laboratories. Data from
analyses of the basic three or more Youden pairs that can be
quantified can then be statistically analyzed as specified to
produce a proper traditional precision and bias statement for
the test method. Results from analyses of Youden pairs at or
near the detection limit can be included in this traditional
statistical analysis if it turns out that most laboratorics report
quantified results. Otherwise, results for low-level samples
must be statistically analyzed using specialized procedures, for
example, procedures similar to those under development in
Subcommittee D19 02 wlnch are beyond the scope of this
practice. -

. 7.2.7 Since the order of analyses should not be a source of
systematic variability in the study, each participant should
either be told to randomize the order of study sample analyses
or be given a speclﬁc random order for their analyses,

. 7.2.7.1 Whenever the time of analyses has been shown to

influence the analytlcal results, close. control over the time of

analyses will be essential,

7.2.8 Ifpilot work has shown that the sample container must
be of a specific material prepared in a specific. manner prior to
use, the variation in containers obtained and prepared by the
partlclpants will be a random variable and should be treated as
such in the planning of the study and in the statistical analysis
of the data o

-7.2.9 The manner of preservatlon or other treatment of the
sample prior to. typical. use of the. test mg;thod if known to
affect the precision or bias, or both, of results, shall be
incotporated into the collaborative. study design.

. 1.3 Measurement of Precision: .

.1.3.1 Evety interlaboratory study.done to provide precision
and bias. -estirpates for a' D-19 test method must use a
Youden-pair désign’ rather than a replicate sample design.
Justifiable exceptions to’ this requirement. shall be approved
through the process provided in 1.5. In a Youden-pair design,
each participant receives (or prepares from a concentrate) a
separate sample for each analysis required in the study.. There
are no replicate: analyses; each participant analyzes each study
sample once and only once, per analyte if appropriate. Among
the set of samples each laboratory analyzes for a specific
matrix, there. are:pairs. of.samples containing - similar but
usually different: analyte concentrations that differ from each
other by up-to 20 %. As.a matter of convenience to whomever
'is preparing. theisamples or spiking concentrates, up to half the
Youden pairs: may. have the same ‘concentration, that is, be

218

blind duplicates, but the participants. must have no: basis for
comparing their single test results from analyses of different,
study samples.

7.3.2. The only dliference in treatment of data from. a
Youden-pair study is the calculation used to estimate the means
and standard deviations; these calculations may be found. in
Youden and Steiner (6). Once developed, these mean and
standard deviation estimates are treated the same as statistics
from a study with the usual replicate design, A detailed
example with and without raw experimental data is given in
Refs, (7) and (8), respectively.

7.3.3 The value of the nonreplicate desngn is -that the
single-operator standard deviation estimates are free of any
conscious or unconscious analyst bias. The procedures for
calculating overall and single-operator standard deviations are
given in 10.4 and 10.5 and illustrated in Appendlx X3

7.4 Measurement of Bias:

7.4.1 The concept of accuracy comprises both precision and

bias (see Terminology D 1129 and Practice E177), As dis-
cussed in Practice E 177, there is not a single form ‘for
statements of accuracy that can be universally recommended:
Since the accuracy of a measurement process is affected by
both random and systematic sources of error, measures of both
kinds of error are needed. The standard deviation is a universal
measure of random sources of error (or precision). Bias is a
measure of the systematic errors of a test method.
. 742 A collaborative study evaluation of bias for a specific
matrix produces a set of analyte/sample means. The difference
between a true value (however defined) and the related mean is
an estimate of the average systematic error, that is, bias of the
test method.

7.4.3 There are three major approaches commonly used to
test a measurement procedure: (/) measurement of known
materials, (2) comparison with other measurement procedures,
and (3) comparison with modifications of the procedure itself
(9). The third approach may involve the standard addition
technique or the simultaneous analysis of several aliquots of
different sizes (for example, 0.5, 1, 1.5, 2, 2.5 units). The task
group will select the approach that best suits its needs w1th1n
the resources available to it.

744 The most likely task group approach will be the uSe of
known materials. Since reference standards are unlikely to be
available, the task group will prepare its samples with added
(therefore known to them) quantities of the constituent(s) being
tested. The best available chemical and analytical techniques
for preparing, stabilizing, if necessary, storing and shipping the
prepared samples should be known within the task group and
will not be addressed in this practice. However, if the sample
preparation and handling techniques used for the study are
different from those expected to be used for samples during
routine application of the test method, those differences shall
be pointed out in the precision and bias statement. Future users
of the test method may decide that these differences had an
effect on the precision or bias results, or both, from the study.

7.5 Quality Control During the Study:

».7.5.1 The Quality Control section to appear in the test
method must be drafted before the collaborative study design is
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finalized and the study design must assure that the collabora-
tive study will produce any background data not otherwise
available to properly complete the final Quality Control sec-
tion. Each part of the draft Quality Control section must be
used during the collaborative study unless insufficient back-
ground data exist to establish credible interim required perfor-
mance criteria for that part,

7.5.2 All quality control data/information produced to meet
the requirements of 7.5.1 shall be reported to the task group
chair along with results from analyses on the study samples.

8. Collaborative Study Design Approval

8.1 After approval by the task group, the task group chair
(or designee) will summarize the proposed design of the
collaborative. study.. This summary will include: (J) the test
method to be. tested in ASTM format and as approved by the
task group; ( 2) the analytes.to be included in the study; (3) the
number of samples in accordance with the paired-sample plan
of 7.3.1; (4) the approach for determining the bias of the test
method as exemplified in the collaborative study; ( 5) the range
of concentration covered, and approximate concentration of
material in each sample or set; (6) the approximate number of
laboratories and analysts; (7) the matrices and QC samples
being tested; (8) plans for developing study samples; and (9) a
copy of the instruction. and data reporting package to be given
to each study participant. This summary should be presented to
the Results Advisor in the form of a letter.

8.1.1 As an a1d the task group chairman may use, “Ap-
proval of Plans. for Interlaboratory Testmg,” Form A, and in.
Appendix X1 (a completed example is shown in Fig. XLI).

8.2 Upon review of the plan, the Results Advisor will advise

 the task group chairman whether the plan meets the require-

ments of this practice or what changes are necessary to meet
the requirements of this practice.

8.3 Upon receipt of approval of the collaborative test plan
by the Results Advisor, the-task group chairman (or designee)
will conduct the collaborative test. - '

9. Conducting the Collaborative Study

9,1 A single entity, acting for the task group, will prepare
the samples for the collaborative study and ship them to the
participants with instructions. for the study, a copy of the exact
test method (if not already supplied), and the partlclpant
reporting form (or repotting instructions).

9.1.1 The instructions for the collaborative study shall
require sufficient preliminary work by potential collaborators
to adequately familiarize them with the test method prior to
study measurements. This is necessary to ensure that each
collaborative §tudy is made by a peer group and that a learning
experience is not inchided in the statistics of the collaborative
study. The task group may also develop procedures to qualify
prospective collaborators and this approach is strongly recom-
mended. .o

9.1.2 Bach laboratory should usually supply its own cali-
bration materials, as 1independent - calibration materials are a
significant source of interlaboratory variability. However, if the
cost of availability of calibration materials is judged to be a
significant -deterrent to participation or if currently available:
materials are inadequate and not considered typical for subse-
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quent routine use of the test method, these materials may be.
distributed with the study samples. If calibration standards are
provided, the Precision and Bias section of the test methiod
should so note, including the concentrations and. matrix: of the
standards and any specific instructions for their use. .

9.1.3 As an aid, the task group chairman may use Form B
“Data Report from Individual Laboratories,” as in Appendix
X2 (a completed example is shown in Fig. X2.1). :

9.2 The baich of samples containing a specific member of a
Youden pair should be clearly marked with a common unique
code, informative to the distributors but not informative to the
study participants. Samples should be sized to supply more
than the minimum amount necessary to participate in the study
(with reasonable allowance for pipetting, rinsing, etc.) to allow
for trial runs and analytical restarts that may be necessary. A
separate set of samples shall be provided for each operator.
Sample concentrations should not be easily surmised values (1,
5, etc.). The assignment of samples to the participating
laboratories should be randomized within each concentration
level. The above recommendations should help assure statisti-
cal independence of results,

9.3 A copy of the test method under investigation, the
written instructions for carrying out his/her part of the pro-
gram, and the necessary study samples should be supplied to
each operator. No supplementary instructions or explanations
such as by telephone or from a task group member within a
cooperating laboratory should be supplied to one participant if
not to all. Study materials should be distributed from one
location, and the operator’s reports should be returned to one
location.

9.4 The written instructions should cover such items as: (1)
directives for storing and subdividing the sample; (2) prepara-
tion of sample prior to using the test method; (3) order of
analyses of samples (random order within each laboratory is
often best); (4) details regarding the reporting of study results
on the reporting form; and (5) the time limit for return of the
reporting form.

9.4.1 Laboratories shall be required to report all ﬁgures
obtained in making measurements, instead of rounding results
before recording them, This may result in recording one or
more significant figures beyond what may be usual in the
Report section of the test method. A decision about rounding
all data can be made by the task group when the final statistical
analyses are performed.

9.4.2 The laboratories shall report results from analyses of
study samples without background subtraction and shall .also
report background levels for every matrix that they use in the
study. The task group will make any background corrections
that may be necessary.

9.4.3 Zeros and negative numbers should be reported when.—
ever they represent the actual test results produced. Test results
should never be censored by a participant. The reporting of less
than or greater than results negates the objectivity of subse-
quent statistical calculations and should be avoided. Never
report zero in place of a less-than or other nonquantitative test
result.

9.5 The task group chair (or designee) should monitor the
collaborative study to. assure that results are reported. back
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within the agreed upon time limit and are free of obvious
~ procedural, transcription, clerical, or calculation errors. Careful
design of the reporting form (or reporting mstructlons) will
facilitate this task.

10. Collaborative Study Data Analysis

10.1 For each matrix/analyte, the steps involved by the task
. group chair in the data analysis consist oft ( /) tabulating the
. data; (2) eliminating any laboratories that did not follow
significant study instructions, were not in control during the
study, or were so consistently high or low that their results are
unreasonable (see 10.3); (3) eliminating any individual outlier
data points (10.4); (4) for each matrix and analyte concentra-
tion studied, calculating the overall and single-operator stan-
dard deviations and means from the retained data and calcu-
lating the bias from each mean spike recovery (must subiract
the mean reported background value whenever necessary); ( 5)
tabulating the statistics; (6) assembling information required
for the research report; and, if desired, ( 7) summarizing these
results in a graph or regression equation for the test method
statement, ' -

10.1.1 As an aid to following the steps, the task group chair
may find it helpful to review the sample calculations of
precision and bias given in Appendix X3.

10,2 Tabulation of Dara—The data reported by the labora-
tories shall be made consistent in reporting units and, if
possible, in the number of reported values per operator or
laboratory (10). Before beginning, remove any unusable data
sets generated by laboratories that did not follow significant
study instructions’or used an unacceptable variation of the test
method being studied. Unless each laboratory used its own
matrix with a umque ‘background concentration, all outlier
festing and precision estiimates are to be based on the concen-
tration reported rather than on background-corrected results.

10.2.1 Sometimes l‘ook'mg at the histogfam of a set of data
will help one recogmze or understand, or both, the cause of
unusual data. -

10.3 Rejection of Outlier Laboratories— If one or more
laboratory’s ‘data for an analyte in a specific matrix are so
consistently high or low that there must be a large systematic
error specific to that laboratory, all the data from the laboratory
for that analyte/matrix should be rejected. Identify outlier
laboratories by applying: the Youden laboratory ranking test
(11) at the 5 %-significance’level.

10.3.1 For example, say n laboratories reported results for a
specific matrix and analyte. Within the data set reported for
each concentration, assign a rank score from 1 for the highest
result to n for the lowest result. .

*10.3.1.1 For this test, allin rank scores for each concentra-
tion shall be assigned, even if one or more of the laboratories
did not report a result for this particular concentration. The
rank of any missing results should be the mean rank of the
actual data reported by that laboratory for the other concentra-
tions of the same analyte and matrix. Also, assign an appro-
priate rank to nonquantitative results. '

10.3.1.2 Identical results:would: each be given the average
of the ranks the group is entitled to receive,

10.3.2 For the matrix/analyte, total the rank scores for each
laboratory over all of the g concentrations, If the total rank sum
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for any particular laboratory is designated as R, then if either:
R < the lower value in Table 1, or
R > the upper value in Table 1
that laboratory is a candidate to be marked as an outlier and
ignored in subsequent calculations with a 5% risk of this
judgement being incorrect,

10.3.2.1 If more than 20 % of the laboratories reporting.

usable data for the matrix/analyte are outlier candidates, order
the candidate laboratories according to the difference between
their total rank sum and the nearest critical value given above,
and reject individual or tied groups of laboratories until
rejection of the next laboratory would exceed the 20 % limit. If
rejection of a group of laboratories with equal distances would
cause the 20 % limit to be exceeded, randomly reject labora-
tories from the group until rejection of the next laboratory
would exceed the 20 % limit. Data from laboratories ultimately
marked as outliers should be ignored for subsequent calcula-
tions.

10.3.3 Repeat 10.3 for every matrix and analyte studied,

10.4 Rejection of Unusable Data and Individual Outlier
Results, and Calculation of Final Mean and Qverall Standard
Deviation Estimates:

10,41 Reject nonquantitative responses since they are use-
less for subsequent calculations. These rejections do not count
against the 10 % limit in 10.4.4 because such responses are
unusable. It is the task group’s responsibility to judge whether
reported zeros are truly quantitative analytical results, and this
should usually be done after consulting with each laboratory
that reported a zero, whenever that is possible.

10.4.2 Let the remaining data reported for a specific matrix/
analyte/concentration be designated x, i =1 to n. Then
calculate the mean ( ¥) and overall standard deviation (s7) as

follows:
(:Zt % ) |
B=——r : M
and
i (xl‘ - x) 2
Sp =1 @

10.4.3 Caleulate the T value for the most extreme remaining .

value (x,) as follows: ,
T=(x,~ % /sg 3)

If the absolute value of T'is greater than the critical valye for
n measurements from Table 2, x, is considered an outlier value
and ignored for subsequent calculations (12,13,14).

10.4.4 If an outlier was just removed in 10.4.3, return to
10.4.2 unless the removal of one more individual outlier would
exceed 10 % of the usable data originally reported for this
matrix, analyte, and concentration, If 10.4.2 cannot be repeated
for this matrix/analyte/concentration, proceed to the next step.

10.4.5 Return to 10.4.2 for the next matrix, analyte and
concentration, until final retained data sets and the related
mean and overall standard deviation estimates are available for
every combination studied.
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TABLE 1 Upper and Lower Limits of the Acceptable: Ranges for Total Rank Sums (5 % Level of Significance)

Nore 1—This table was prepared by James Longbottom, USEPA, NERL, Cincinnati, OH, and is an adaptation and extension of Youden’s Table 7 (3).
According to Thompson and Willke (15), lower values in this table = g+ n (0.05(g!)/2 n)8 — (g + 1)/2,
and upper values = ag — n (0.05( g!¥2n)8 + (g + 1)/2, where n = the number of laboratories and g = the number of concentrations.

Number of Concentrations

Number of 8

10 12 14

Laboratorles 8
Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper
7 " 37 17 47 23 87 29 67 35 77
8 12 ’ 42 18.5 53.5 25 65 32 76 39 87
9 13 47 20 60 27.5 725 35 85 42,5 97.5
10 14 52 21.5 66.5 29.5 80.5 38 04 46 108
1 14.5 57.5 23 73 32 88 41 103 50 118
12 15.5 62.5 24.5 79.5 34 96 43.5 112.5 63.5 128.5
13 16.5 67.5 26 86 36.5 103.5 46.5 121.5 57 139
14 17.5 728 275 92.5 38.5 11.6 49.6 130.5 60.5 149.5
18 18 78 29 99 40.8 119.5 52.5 139.5 64 160
16 19 ' 83 30.5 105.5 42.5 127.5 55 149 67.5 170.5
17 20 - 88 32 . 112 45 138 68 158 71.8 180.5
18 21 93.5 33.5 118.5 47 143 61 167 75 191
19 21.5 98.5 35 125 49 151 63.5 176.5 78.5 201.5
20 T 228 103.5 - 36.5 1318 51 159 66.5 185.5 a2 212
21 ' 23 109 - 38 138 53.5 166.5 69 195 85 223
22 24 L4 39 145 55.8 1745 72 204 88.5 233.5
23 25 19 40.5 151.5 57.5 182.5 74.5 213.5 92 244
24 © 265 © 124,85 42 158 - 59.6 190.5 775 222,85 95.5 254.5
28. . 268 129.5 43.5 164.5 61.5 198.5 80 232 99 265
26 27 135 45 iral 63.5 2065 83 241 102.5 275.8
27 28 . 140 46 178 65.5 2145 85.5 250.5 106 286
28 ' 29 : T 145 47.5 184.5 67.5 2225 88 260 109.5 296.5
29 . 205 150.5, 49 191 69.5 230.5 9 269 1125 307.5
30 . 305 165.8 50.5 197.5 715 2385 93.5 278.5 ) 318
al ) 161 51.6 204.5 73.5 246.5 96.5 287.5 119.5 328.5
32 32 - - 166 - 53 211 758 254.5 99 297 123 339
33 325 1715 54.5 217.5 77.5 262.5 o 1018 306.5 126 350
34 . . 338 , . 1765 55.5 2245 79.5 270.5 .. 1045 318.5 129.5 360.5
35. o84 0 82 57 ©o231 81.8 273.5 107 32§ 133 an
3 - 35 187 58.5 237.5 83.5 286.5 109.5 334.5 136 382
a7 .. 388 - 192.5: 59.5 244.5 . 855 294.5 128 343.5 139.5 392.5
a8 36.5 . 1975 . 6% 251 87.8 3025 15 353 143 403
39 37 . 208 - 625 267.5 89.5 310.5 17.5 362.5 146 414
40 - Esc 208 ' 63.5 264.5 91.5 318.8 120 372 149.5 424.5
40 . 'lagg..+ . 2185 . 65 271 93.8 326.5 123 381 153 435
42 . o890 219 66 278 95.6 334.5 125.5 390.5 156 446
43 7 400 - 224 ' 67.5 284.5 97 343 128 400 159.5 456.5
44 ' 40:5 v 2298 - - 69 201 09 351 130.5 409.5 162.5 467.5
48 415 .- 2345 70 298 101 359 133 419 166 478
46 42 S 240 71.5 304.5 108 367 136 428 169.5 488.5
47 T 48 0 T 245 72.5 3115 106 a75 138.5 437.5 1725 499.5
A- T 488 - © . 250.8 74 318 107 383 141 447 176 510
49 . 44 o7 256 75.8 324.5 108.5 391.5 143.5 486.5 179 521
50 . . 485 261 - 76.8 331.5 110.5 399.5 146 466 182.5 531.5
10 5 Calculatzon af Smgle—Operator Standard Deviation: where:

Estimates:

10.5.1 To complete the required statlsttcal calculations,
estimate the. smgle«operator standard deviation (s ,) from the
retained data pairs available for each Youden palr analyte, and
matrix in the study as follows:

@
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= the number of retained pairs of results available for
that Youden pair, analyte, and matrix,

D, = the diffetence between the retained value from 1abo~

o]

ratory i for the Youden sample with the higher true
value of the pair minus the retained value from
laboratory ¢ for the other sample of the pair, and

= the mean of the m usable D, values.

10.5.2 The calculation of s, for a blind duplicate is the same
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TABLE 2 Critical Values for 7 (Two-Sided Test at a 5%.
Significance Level) When Standard Deviation is Calculated from
the Same Samples (for Single-Value Qutlier Testing) (see 10.4)°

Number of Useable Values, n Critical Value for T

7 o 2.02
8 : 213
9 2.2
10 co ) 2.29
i L 236
12 . 241
13 , ‘ 246
14 . N © 251
15 . S 255
16 _ , 2,58
17 ‘ Sl 262
18 o T 288
19 ‘ S 288
20 . o an
21 . . 273
22 e . 2.76
23 - o . 278
24 \ 2,80
25 - 2.82
30 . S 291
35 . 298
40 S Lo 8.04
45 " L. 808
50 o ST
.60 e . 320
70.. T 3.26
180 . , 3.30
90 o 335
100-- : 3,38

Avalues of Tor n's 25 are based ‘on Grubbs (12). For n > 25, the values of T
are approximate. All values have been adjusted for division by n - 1 instead of n
in caleulating s: Tabulated values come fram Practice E 178 and may also be found
in Grubbs (14), although the level of significance shown in Practice E 178 has

been doubled because ‘our use here' I6-a two- srded test. rather than a one- slded

test. L5 e o v

as fora Youden pa1r One of the duphcate samples i is arbltrarﬂy
selected as the hlgher sample for this calculanon

10.6. Calculatton of Bias:;

10.6.1 The calculatlon of ‘the bias of a test method will
logically follow’the collaboratwe study:design (7.4). The usual

collaborative study: techmque will involve reporting the recov-

ery of added (therefore known) amounts of the analytes being
measured.. M e

10.6.2 The calculatmn of bras fora specrﬁc matrix, analyte,
and concentration is as follows:
: Biar (%) ? 100(;? f b —_c)/cu' : : (5)

1

where ‘

%, = the mean of retamed data for that mamx, analyte. and
: concentration, - ‘ ’
¢, the true concentratmn added and -

ol

b the mear, background concentratron reported “if nec-
essary. T

10.6.3 'Where; other. types of studres are; used to develop a
true concentration for use in estimation of the test method bias,
special care shall be taken to assure that the other study
provides a logical reference value. Consultation with the
Results Advisor and other recognized experts may be appro-
priate in such cases.
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-:11.. Format of the Precision and Bias Statement Required

.. in Each Test Method

11.1 For most test methods a collaborative study W111 be.
conducted and the following requirements apply.
11.1.1 A brief note shall provide the reader of the test

" method with a complete understanding of the collaborative

study conducted. At a minimum, this note shall include the

‘number of laboratories that contributed. data, the matrices

studied, the version of Practice D 2777 followed in designing

- and analyzing the study data, and any other significant aspects

of the study not presented elsewhere in the test method.
11.1.1.1 Regarding significant study aspects that must be

" described, if the analytical conditions used during the collabo-

rative study were more restrictive than those allowed in the test
method, it is particularly important that these restrictive con-
ditions be fully described in the Precision and Bias statement of

- the test method. Results from the collaborative study may not
. apply to other analytical conditions allowed in the test method.

11.1.2 The following caution shall also be included, “Re-

" sults of this collaborative study may not be typical of results for

matrices other than those studied.”

11.1.3 The study results shall always be available in the
form of a table, which, for each matrix, analyte, and concen-
tration studied, will usually include the true concentration (¢)
added to the matrix, and must include the number of values
reported, the number of values retained (that is, left after outlier
testing), and (from the retained data): (/) the mean response (
X), (2) bias as a percent of ¢, and (3) the overall standard
deviation (s;). For each matrix, analyte, and Youden pair of
sample concentrations, the table shall include the mumber of

-retained data pairs and the single-operator standard deviation

(s,) estimated from these pairs of retained values. This table
gshall be included in the test method unless equivalent math-

. ematical or graphical relationships of the mean (or bias), s, and

s, to concentration are provided instead. If a matrix had a
naturally occurring, non-zero background level for this analyte,
the mean background level reported by laboratories passing the

-outlier testing for the Youden pair with the lowest study
.concentration shall also be reported in this table, and the bias

estimates shall be calculated from the recovery of the true
spikes, that is, x—average background. This table shall always

be included in the research report provided to the Results

Advisor and filed at ASTM Headquarters, If the full table is not
included in the test method, at least a listing of the true
concentrations studied for each matrix and analyte, and the
number of values retained for each, shall be included in the
precision and bias statement.
. 11.1.4 Mathematical or graphical relationships developed
from the study results shall represent the general way precision
and bias vary with concentration. These relationships can be
very helpful to a user of a test method who must estimate the
precision and bias at a specific concentration within the range
studied. Graphs that simply connect the estimates from the
collaborative study (connect the dots) are not acceptable.
Mathematical relationships shall be accompanied by some
indication of the goodness of their fit to the study statistics,
unless those statistics are given in the test method.

11.2 If there is some reason why a full collaborative study
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could not be done, the precision and bias statement shall
present a complete justification with reference to 1.3, 1.4, or
1.5, whenever appropriate. If a special exemption was ap-
proved by Committee D-19 on the recommendation of the
Results Advisor and the Technical Operations Section of the
Executive Subcommitiee of Committee D-19, the date of that
exemption shall also be provided. :

113 Test Methods with Non-Numerical Reports ‘

11.3.1 When a method specifies that a test result is a
non-numerical report of success. or faiture based on criteria in
the procedure, the statement on precision and bias should read
as follows: ,

11.3.1.1 Precision and Bias—No statement is made about
either the precision or the bias of Method D XXXX for
measuring (insert here the name of property) since the result
merely states whether there is conformance to the criteria for
success specified in the procedure,

11.4 Test Methods Specifying Other Procedures:

11.4.1 When a method specifies that the procedures in
another ASTM method are to be used, a statement such as the
following should be used to assure the user that precision and
bias statements apply. -

11.4.1.1 Precision and Bias—The precision and bias of this
test method of measuring (insert here the name of the property)
are as specified in Method (insert here the designation of the
other method). S

12. Approval of Data Analysis and Statements

12.1 Approval of the precision and bias statement shall be
obtained from the Results Advisor before the test method is
submitted for committee ballot, prov1d1ng himv/her with a copy
of:

12.1.1 All test data resultmg‘ from the collaborative test.

12.1.2 All statistical calculations.

12,1.3 A summary of the final statistical estimates in tabular
form.
T 1214 A copy of the final test method, including the

. precision and bias statement based on the study results,

12.1.5 A copy of every document given to the participants
during the collaborative study.

12.1.6 A complete list of the laboratories (names, addresses,
principal contact, etc.) that participated in the study. Do not
identify the source of specific study data using anything other
than randomly assigned laboratory numbers or codes. The
relationship between these numbers/codes and the contributing
laboratories must be held strictly confidential.

12.1.7 A description of how the study samples were pre-
pared, etc.

12.1.8 Any background information that may have influ-
enced the results and any other information required for the
research report, along with a copy of correspondence docu-
menting approval by the Results Advisor.

12.1.9 Once satisfied with this study file, the Results Advi-

“sor shall see that it is sent to ASTM for filing as the official

research report.

12.2. Experimental Data—The precision and bias statement
in the test method shall include a footnote indicating where the
supporting data can be found. The footnote shall read as in the
following example:

Supporting data for the precision and bias statements have
been filed at ASTM Headquarters. Request RR:D_____.

- 13. Keywords

13.1 collaborative study; interlaboratory study; method
bias; method precision; method recovery; round-robin study;
statistical analysis; Youden study design

APPENDIXES

{(Nonmandatory Information)

X1. APPROVAL OF STUDY DESIGN

X1.1 Using Test Method D 5790 also known as USEPA
Method 524.2, as an example, Fig. X1.1 was sent by the Task
Group Chair to the Results Advisor for his approval before

YL e
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preparation of the samples for the interlaboratory study actu-
ally began.

PRO_00103270



Case 1:13-cv-01215-TSC Document 198-22 Filed 10/07/19 Page 47 of 120

@ o 2777
TO: D-19 Results Advisor SRR .
FROM: @G&M /%5 N L 9/20/%1
Task Group Chalrman Date

The fellowing details for a proposed collaborative study are
respectfully submitted for your review and approval:

),( .1, 1 Test metho% title (inc. draft number and dateLj

) =z 914 g
py of test method in AS’I‘M format and as approved by Task Group,
see ATTACHMENT #

X.1.2 Analyte(s): ¢¥ amelZr 3 Wﬁi (See, Mok T #4)

X.1.3 Erocedure for estimating bias: EE _

X.1.4 Number of Youden sample pairs 5 {(Minimum of 3 req.)

%X.1.5 Intended operating range of test method: &./ — o

and approx. mean gcancentrat.?i.on of each sample pair in study:
(2]

s

Units (spelled out):_Wmithesharwa. v

X,1.6 Estimated number of 1aboratories 72 and analysts :73
© ($hould be » 8 labs to guarantee & values after outlier testing )

tested (at 1sast 1 reproducibla ma Jixg 3 i
A.A.—‘-—‘Al = "
ﬂﬂm r“m' !

X.1.8 Qc Samples being ]testem A/Mw*\ %C % 2%

x.1 9 Plans for developing study samples: ATTACHMENT #

x ,7 Matrices bain

Xe1.10 "Participant's' instruction packaga: ATTACHMENT #__ 3
X.1.11 Participant’/s data reporting form: ATTACHMENT # 4"

Approved by

P-19 Results Advisor Date
FIG. X1.1 Approval of Study Design: Form A—Approval of Plans for Intertaboratory Testing

X2. REPORTING OF STUDY DATA

X2.1 An example of the data reporting forms that could  conditions they used from among options allowed in the test
have been submitted by each participating laboratory for each ~ method. On this questionnaire, they were also encouraged to
provide any comments they cousidered appropriate.

analyte is provided as Fig. X2.1.

X2.2 Each participant was also requited to provide specific
information defining their analytical system and the analytical

224
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Complete Title of Test Method, Draft Number, and Date: Measwrement of Purgeable Organic
Compounds in Water by Capillary Column Gas Chromatography, Draft 3, July 18, 1991,

Laboratory Code: 1

Analyte: Chlorobenzene i

Reagent Water | Drinking Water | Wastewater Ground Water TCLP Buffer
Sple | Result Sple | Result Sple |Result |Sple | Result Sple | Result
No. |uglh No. |ugl No., |ngl No. |puglL No. | ugh
Qct 9.06 | Q2 QC3 QC4 9.98 | QCs

‘Bkg | nd |Bkg Bkg Bkg | nd |Bkg

1 023 {11 21 31 od |4l

2 021 {12 | 2 | 32 0.20 | 42

3 124 |13 23 33 114 |43

4 23.82 | 14 24 34 21.95 | 44

5 108 |15 25 35 097 |45
s 571 |16 26 36 525 |46

7 19.21 |17 27 37 18.04 |47

8 445 |18 28 38 461 {48

o 1 8299 |19 29 39 77.89 | 49

‘10 67.65 | 20 30 40 65.23 | 50

FIG. X2.1 Reporting of Study Data: Sample of Form B—Data Report from Individual Laboratories

X3, SAMPLE CALCULATION OF PRECISION AND BIAS

X3.1 The following is:a sample of the precision and bias  gested in 10.2. Note that values shown represent analytical
calculations. from the data.reported. in the Test Method D 5790  results after correction for background concentration by the
study for one analyte in one matrix. These procedures shall be  task group or its representative, the study coordinator.

followed for each analyte and matrix conibination in the study. X3.3 Test for lab-ranking outliers (see 10.3). Table X3.2
X3.2 Example data are presented in Table X3.1, as sug-  shows the results of the lab-ranking calculations on the data in

TABLE 'Xé".j' ASi"M Test Method D 5790: Reagent Water, 5 mL Purge—Raw Data for Chlorobenzene Analysis 4

Concentration in pg/L

Laboratory Sample 57 Sample. 3 Sample 8 Sample 6 Sample 7 Sample 4 Sample 10 Sample 8
or Analyst 088 . 1,10 4.41 5.29 17.64 22.05 61.73 74.96
1 108 1.24 445 8,71 19.21 23.82 67.65 82,99
6 235 - 0.96 4.53 5.24 17.14 21.43 64.30 70.40
8 . 130 . 1.30 4.90 ' 6.80 21.70 25.60 - 61.40 85.40
15 1.20 1.40 3.90 4.80 16.70 } 18.70 54.10 66,10
21 2.20 0.93 4.90 4.00 16.90 18.10, 53.80 "~ 81.80
25 1.21 1,10 4,50 5.37 17.90 22,20 62,10 75.10
26 1.20 1.20 4.40 4.90 16.70 21.50 62.40 71.80
27 110 1.00 4.30 5.80 22,10 26.60 75.00 89.10
31 0.80 0.00 5.30 5.50 19.10 24,03 74.80 88.90
38 1.30 1.70 4.70 6.60 23.50 24.10 74.40 89.50
47 1.10 1.20 410 5.30 17.90 22,40 77.90 63,50
49 1.00 1.30 4.90 5.40 12.80 18,70 26.10 37.60
82 1.20 1.10 4.80 5.60 19.80 23.50 69.80 83.10
54 0.55 0.7¢ 3.33 3.65 14.31 17.86 50.41 60.89
56 1.00 1.30 4.70 5.80 19.30 24.10 66.50 82,90

4 Values represent analytical results after correction for background concentration by the study coordinator.
# Change to match sample identification used during study.
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TABLE X3.2 ASTM Test Method D 5790: Reagent Water, 5 mL Purge—Ranking Test for Chlarobenzene Analyses
. ) : - . Lo ) Rank Sum by
Laboratory Sample 54  Sample 3 Sample 8 Sample 6 Sample 7 Sarmple 4 Sample 10 Sample 9 Laboratory
or Analyst
or Analyst

1 11 6 10 ] ¢} 6 LY - S 6 56

6 1 12 8 i 10 i1 8 1 72

8 3.5 4 3 1 3 2 1" . 4 31.5
15 7 2 14 13 13 12.5 A 85.5
21 2 13 3 14 i 14 13 8 78
25 5 95 9 9 85 . 9 10 9 69
26 7 7.5 1 12 12 10 9 -10 78.5
27 9.5 1 12 3.5 2 ' 1 2 2 43
81 14 15 1 7 7 - ] 3 3 58
38 35 1 6.5 2 1 3.5 4 1 2258
47 9.5 78 13 10 8.5 8 1 13 70.5
49 12,8 4 3 8 15 12,5 15 15 85
62 7 9.5 5 8 4 7 ] 5 48.5
54 18 14 18 15 14 15 14 14 16°
56 12,5 4 6.5 3.5 ) 3.5 7

A Change to match sample identification used during study.

7 49

& This rank sum is below the lower limit given in Table 1; reject all data from this laboratory for this analyte.
©This rank sum is above the upper limit given in Table 1; reject all data from this laboratory for this analyte.

Table X3.1. Since 20 % of the 15 laboratories reporting usable
data is exactly three, up to three laboratories can be removed
with this test. Laboratory 38 fails for providing consistently
high responses and Laboratory 54 fails for. providing consis-
tently low responses, relative to the other laboratories that
reported. ‘ R

X34 There are no less-than values to reject as unusable;
however, the zero reported by Laboratory 31 for Sample 3 is
niot considered to be a legitimate quantitative response and is
therefore rejected as-unusable.Under normal study conditions,

Laboratory 31 would:be contacted to resolve: questions regard-

ing their zero response, but this was not possible for prepara-
tion of this example.

X3.5 Calculate the initial méén (XBAR) “and standard

deviation (s4),of the remaining data for each concentration and
calculate the initial single-outlier test values, T (see 10.4).
Since at least-oné value, but not more than 10 % of the usable
data, can be removed Tor each concentration, and 10 % of 13 is
less than two,. ‘at -miost; .one. valle can be removed using

t . ; N -

single-outlier testing, for each concentration. Only the T'values
for the most extreme values for Samples 10 and 9 exceed the
2.46 critical value for sets of 13 values, and so are removed as
outliers, Table X3.3 gives the results of these calculations.

X3.6 Table X3.4 shows the data with all outliers indicated
and Table X3.5 contains the final statistics.

X3.7 From the final stafistics, the responsible task group
chose to develop the following regressions to relate XBAR, sy,
and s , to the true concentration ( C) for C values between 0.88
and 75 micrograms per litre:

XBAR = 1.035 (C) +0.03, (R* = 1.00)

sp= 0,119 (C) + 0.01,.(R *>=0.97)

s, = 0.074 (C) +0.08, (R % = 0.75)
- R? indicates the proportion of the total variability in the
dependent variable which can be explained by the regression.

" Nore X3.1—This X3.7 step is optional and need not be followed by
other task groups. : o

TABLE X3.3 ASTM Test Method D 5790: Reagent Water, 5 mL Purge—Single-Outlier Tests for Chiorobenzene Analyses

Sample Number- B 3 8 6. 7 4 10 9
True concentration (C) pg/l - - -0.88 - 1.10 R 529 . 17.64 22,05 61.73 74,96
Number of retained values- *-~ 13 e 12 FRRL £ 13 =18 13 13 3.
Mean recovery (XBAR)-" - 129 - 447 - 459 5.40 18.17 22,36 62.76 7628 - .
Overall standard deviation (g;) 0.46 0.15 0.38 0.65 248 2,65 13.28 14.08
Most extreme value s 238 0.93 5,30 . 4,00 12,80 18.10 26.10 37.60
Single-outlier test valug (7). 2.30 1.60 1.87 215 217 1.61 2764 2,684

AThis T value exceeds the critical value of 2.46 In Table 2 for-sets of 18 reported values.

D
[SA
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TABLE X3 4 ASTM Test Method D 5790: Reagent Water, 5mL Purge—Retained Data for Chlurobenzene Analyses

Note |—Current sngmﬁcance levels:
1. Lab ranking data rejection tests, alpha = 0.05.
2. Individual outlier tests using Thompson(s) role, alpha = 0.05.

) Congcentration in pg/L.
Laboratory Lab .. Sample § - . Sample 3 Sample 8 Sample 6. Sample 7 : Sample 4 Sample 10 Sample 8

or Analyst Rejected © 088 . 1.10 4.41 529 - 1764 ... . 2205 ... ., 61.73 74.96
1 1.08 1.24 4.45 8.7 19.21 23.82 67.65 82,99
6 235 0.96 4.53 5.24 17.14 21.43 64.30 70.40
8 130 1.30 4.90 6.80 21.70 25.60 61.40 85.40
15 1.20 1.40 3.0 4.80 15.70 18.70 54,10 66.10
21 2.20 0.93 4.90 4.00 16.90 18.10 §3.80 81.80
25 1.21 1.10 4.50 5.37 17.90 2222 62.10 75,10
26 1.20 1.20 4.40 4.90 16.70 21.50 62.40 71.80
27 1.10 1.00 4.30 5.80 2210 26.60 75.00 89,10
31 0.80 0.004 5.30 6.50 19.10 24.03 74.80 88.90
38 8 1307 1.70 7 4.70°% 6.607 23.50 # 24,10 7 74408 80.50 #
47 1.10 1.20 410 5.30 17.90 22.40 77.90 63.50
49 1.00 1.30 4.90 5.40 12.80 18.70 26108 37.60 %
§2 1.20 1.10 4.80 6.60 19.80 23,50 69.80 83.10
54 8 0.654 0.79 % 3338 3.658 14318 17.86 9 50.41 8 60.89 #
56 1.00 1.30 4.70 5.80 19.30 24.10 66.50 82,90
A = Rejected as a nonquantitative response.
# = Rejected.

TABLE X3.5 ASTM Test Method D 5790: Reagent Water, 5 mL Purge—Final Statistical Summary for Chlorobenzene Analyses

Sample Number 5 3 8 6 "7 4 10 9

Number of retained values 13 12 13 13 13 13 12 12

True concentration (C) pg/L 0.88 1.10 4.41 5.29 17.64 22,05 61.73 74,86

Mean recovery (XBAR) 1.29 117 4.59 6.40 18.17 2236 66.81 78.42

Percent recovery 146.33 106.29 104.10 102.11 103.02 101.414 106.61 104,62

Qverall standard deviation (s} 0.46 0.15 0.38 0.65 2.48 2.65 7.74 8.74

Qverall relative standard deviation, % 35.50 12,91 8.24 11.99 13,64 11.88 1.77 1118

Number of retained pairs 12 13 13 12

Single standard deviation, {s,) 0.40 0.48 0.80 7.31

Analyst relative deviation, % 32.60 9.68 3.94 10.14
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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 expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely thelr own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addrassed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
tachnical 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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QHW Designation: D 2879 — 97

Standard Test Method for

An American Nationa! Standard

Vapor Pressure-Temperature Relationship and Initial
Decomposition Temperature of Liquids by Isoteniscope’

This standard is issued under the fixed designation D 2879; 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
superseript epsilon (<) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers the determination of the vapor
pressure of pure liquids, the vapor pressure exerted by mixtures
in a closed vessel at 40 + 5 % ullage, and the initial thermal
decomposition temperature of pure and mixed liquids. It is
applicable to liquids that are compatible with borosilicate glass
and that have a vapor pressure between 133 Pa (1.0 torr) and
101.3 kPa (760 torr) at the selected test temperatures. The test
method is suitable for use over the range from ambient to 748
K. The temperature range may be extended to include tem-
peratures below ambient provided a suitable constant-
temperature bath for such temperatures is used.

Note 1—The isoteniscope is a constant-volume apparatus and results
obtained with it on other than pure liquids differ from those obtained in &
constant-pressure distillation.

1.2 Most petroleum products boil over a fairly wide tem-
perature range, and this fact shall be recognized in discussion
of their vapor pressures. Even an ideal mixture following
Raoult’s law will show a progressive decrease in vapor
pressure as the lighter component is removed, and this is vastly
accentuated in complex mixtures such as lubricating oils
containing traces of dewaxing solvents, etc. Such a mixture
may well exert a pressure in a closed vessel of as much as 100
times that calculated from its average composition, and it is the
closed vessel which is simulated by the isoteniscope. For
measurement of the apparent vapor pressure in open systems,
Test Method D 2878, is recommended.

1.3 The values stated in SI units are to be regarded as the
standard. The values in parentheses are for information only.

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. For specific hazard
statements, see Note 3, Note 4, and Note 5.

2. Referenced Documents
2.1 ASTM Standards:

! 'This test method is under the jurisdiction of ASTM Committee D-2 on
Petroleum Products and Lubricants and is the direct responsibility of Subcommittes
D02.11 on Engineering Sciences of High Performance Fluids and Solids.

Current edition approved April 10, 1997, Published October 1997, Originally
published as [ 2879 ~ 70. Last previous edition ID 2879 - 96.

Copyright @ ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2058, United States.

D 2878 Test Method for Estimating Apparent ‘Vapor Pres-
sures and Molecular Weights of Lubricating Oils?

E 230 Temperature Electromotive Force (EMF) Tables for
Standardized Thermocouples® .

3. Terminology

3.1 Definition of Term Specific to This Standard

3.2 ullage—that percentage of a closed system which is
filled with vapor.

3.2.1 Discussion—Specifically, on Fig. 1, that portion of the
volume of the isoteniscope to the right of point A which is filled
with vapor.

3.3 Symbols:

temperature, °C, .

temperature, K,

pressure, Pa or torr,

time, s,

experimentally measured total system pressure,
partial pressure due to fixed gases dissolved in sample,
corrected vapor pressure, Pa or torr,

K=C+273.15 h )

=0
I}

I

©

Myt g e T
<
il

I

a

4., Summary of Test Method

4.1 Dissolved and entrained fixed gases are removed from
the sample in the isoteniscope by heating a thin layer of a
sample at reduced pressure, removing in this process the
minimum amount of volatile constituents from the sample.

4.2 The vapor pressure of the sample at selected tempera-

tures is determined by balancing the pressure due to the vapor -

of the sample against a known pressure of an inert gas. The
manometer section of the isoteniscope is used to determine
pressure equality.

4.3 The initia]l decomposition temperature is determined
from a plot of the logarithm of the vapor pressure versus the
reciprocal of absolute temperature. The initial decomposition
temperature is taken as that temperature at which the plot first

. departs from linearity as a result of the decomposition of the

sample. An optional method provides for the use of isothermal
rates of pressure rise for this purpose (see Annex Al). These
are measured at several temperatures and the logarithm of the

2 Annual Book of ASTM Standards, Vol 05.02.
3 Annual Book of ASTM Standards, Vol 14,03, -
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FIG. 1 Isotenlscope

rate of pressure rise is plotted versus the reciprocal of absolute
temperature. The decomposition temperature of the sample is
taken to be that temperature at which the rate of increase of
pressure is sufficient to produce a rise of 185 Pa (0.0139 tor/s).

Note 2—Vapor pressures less than 133 Pa (1.0 torr), but greater than
13.3 Pa (0.1 torr) at a selected test temperature can be determined directly
with reduced accuracy. In some cases the tendency of thé sample to retain
dissolved or occluded air may prevent direct determiriations of vapor
pressure in this range. In such cases, data points obtaitied at higher
pressures car be extrapolated to yield @pproximate vagor pressures in this
rainge.

5. Significance and Use

5.1 The vapor pressure of a substance as determined by
isoteniscope reflects a property of the sample’ as tecgived
including most, volatile. components, but excluding dissolved
fixed gases such as air. Vapor pressure, per se, is a thermody-
namic property which is.dependent only upon composition and
temperature for stable systems. The isoteniscope method is
designed to minimize composition changes wh1ch may occur
during the course of measurement.

i i

6. Apparatus '

6.1 Isoteniscope (Fig. 1)

.6.2. Counstant-Temperature Air Bath (Fig. 2) fcr usg over the
temperature range from ambient to 748 K, controlled to =2 K
in the zone occupied by the isoteniscope beyond point “A”
(Fig. 1). o

6.3 Temperature Cantroller

6.4 Vacuum.and Gas Handling System (Fig, 3).

6.5 Mercury: Manometer, closéd end, G) to 101:3 kPa (0 to
760 torr) range. - . 4

Note 3—Warning: Poison, May be harmful or fatal- if inhaled: or
swallowed. Vapor harmful; emits toxic fumes when heated. Vapor
pressure at normal room temperdturé exeéeds ‘thréshold limit value for
occupational exposure. See A2.1.

6.6 McLeod Vacuum Gage, 0 to 2.00 kPa (0 to 15 torr),
vertical primary standard type.

A Dewar; strip silversd, 110 mm 1D by 400 mm deep.
B Borosilicate glass tube, 90 mm OD by 320 mm lang, -
C  Glass rod, %-in, in diameter by 310 mm long. Three of these heater ele-
© menithalders aré fused alorg thelr éntire’ lerigth to the dliter surface of Tube

B at 120-deg intervals:, Slots: cut into: the fused glass rods on %-in. centers

serve as guldee for the heating wire D.
D  Resistance wire, B. and S. No, 21 gage, spirally wrapped around Tube B
- and ite attached.quides.
E Glass wool pad. |
F  Glass wool pad for ocentering Tube B and sealing annular openmg
G Lower plate of Insulated isotemscope foider,
5. Translté disk Y in. thick, loose fit in. Tube B.

+With hale for isoteniscope. -
H Upper plate of insulated xsotenlscopa halder.

Trarisite disk v in. thick, laose fit in Dewar A.

With Hals for isoteniscape. :
J  Glass,wool insulation between plates G and H.
K Plate spacer rads.
L Heater leads connected to power output of temperature controller,
Ty Temperaturg-control thermocouple affixed to inside wall of Tube B.
Tz Temperature-indicating thermacouple affixed to Isoteniscope,

FIG, 2 Constant-Temperature Air Bath

6.7--Mechanical Two-Stage Vacuum Pump..

6.8 Direct, Temperature Readout, elther ‘potentiometric or
electronic.

6.9 Thermocouple, in accordance w1th Amerxcan National
Standard for Temperature Measuremenit Thermocouples (ANSI
C96.1) from Tables E 230.

6.10 Nitrogen, pre-purified grade.

Note 4—Warning: Compressed gas under high pressure. Gas reduces
oxygen available for breathing, See A2,2.

6.11 Njtrogen, Pressuré Regulator, smgle stage 0 to 345
kPa gage (0 to 50 psig).-
6.12 Alecohol Lamp.

Note 5-—Warning: Flammable. Denatured alcohol camnot be made
nontoxic. See A2.3.
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FIG. 3 Vacuum and Gas Handling System

7. Hazards

7.1 The procedure requires measuring pressures with de-
vices containing mercury (Warning—See Note 3). Spillage of
this material creates a safety hazard in the form of toxic vapor
in the room. This can be prevented by use of catchment vessels
under the devices. If these fail, and the ventilation of the room
during occupancy is below 0.01 m® (sm?), 2 ft*/minft?),
thorough cleaning of the floor followed by inspection with a
mercury vapor-detecting device is recommended. The follow-
ing procedures for floor cleaning have been found effective:

7.1.1 A 5 % aqueous solution of sodium polysulfide pen-
etrates well into porous surfaces, but-should not be used on
polished metal objects.

7.1.2 Sweeping with flowers of sulfur, or agricultural col-
loidal sulfur, is effective on nonporous floors.

7.1.3 Sweeping with granular zinc, about 20 mesh (840 pm)
that has been rinsed in 3 % hydrochloric acid, is effective in
catching macro-drops.

7.2 The apparatus includes a vacuum system and a Dewar
flask (constant temperature air bath) that is subjected to
elevated temperatures. Suitable means should be employed to
protect the operator from implosion of these systems. These
means include wrapping of vacuum vessels, use of safety
shield in front of Dewar flask, and use of safety g]asscs by the
operator

8. Procedure

8.1 Add to the isoteniscope a quantity of sample sufficient to
fill the sample bulb and the short leg of the manometer section
(Warning—See Note 6) to point A of Fig. 1. Attach the
isoteniscope to the vacuum system as shown in Fig, 3, and
evacuate both the system and the filled isoteniscope to a
pressure of 13.3 Pa (0.1 torr) as measured on the McLeod gage.
Break the vacuum with nitrogen (Warning-See Note 7).
Repeat the evacuation and purve of the system twice to remove
residual oxygen. . .

Nore 6—Warning: Poison, Can be harmful or fatal if inhaled dr
swallowed. Vapor harmful; emits toxic fumes when heated. Vapor
pressure at normal room temperature exceeds threshold limit value for
occupational exposure. See Al.l.

Norg 7—Warhing: Compressed gas under h1gh pressure Gas reduces
oxygen available for breathing. See A1.2.. . :
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8.2 Place the filled isoteniscope in a horizontal position so
that the sample spreads out into a thin layer in the sample bulb
and manometer section. Reduce the system pressure to 133 Pa
(1 torr). Remove dissolved fixed gases by gently warming the
sample with an alcohol (Warning—See Note 8) lamp until it
just boils. Continue for 1 min.

Note 8—Warning: Flammable. Denatured alcohol cannot be made
nontoxic. See A2.3.

Note 9—During the initial evacuation of the system, it may be
necessary to cool volatile samples to prevent boiling or loss of volatiles.

Note 10—If the sample is a pure compound, complete removal of fixed
gases may readily be accomplished by vigorous boiling at 13.3 Pa (0.1
torr). For samples that consist of mixtures of substances differing in vapor
pressure, this procedure is likely to produce an error due to the loss of
volatile components. Gentle boiling is to be preferred in such cases. The
rate of boiling during degassing may be controlled by varying both the
pressure at which the procedure is carried out and the amount of heating,
In most cases, satisfactory degassing can be obtained at 133 Pa (1 torr).
However, extremely viscous materials may require degassing at lower

pressures, Samples of high volatility may have to be degassed at higher .

pressures. In the event that the vapor pressure data indicate that the
degassing procedure has not completely removed all dissolved gases, it
may be necessary to apply a correction to the data or to disregard data
points that are so affected (see 8.7). The degassing procedure does not
prevent the loss of volatile sample components completely. However, the
described procedure minimizes such losses, so that for most purposes the
degassed sample can be considered to be representative of the original
sample less the fixed gases that have been removed.

8.3 After the sample has been degassed, close the vacuum
line valve and turn the isoteniscope to return the sample to the
bulb and short leg of the manometer so that both are entirely
filled with the liquid. Create a vapor-filled, nitrogen-free space
between the bulb and the manometer in the following manner:
maintain the pressure in the isoteniscope at the same pressure
used for degassing; heat the drawn-out tip of the sample bulb
with a small flame until sample vapor is released from the
sample; continue to lieat the tip until the vapor expands
sufficiently to displace part of the sample from the upper part
of the bulb and manometer arm into the manometer section of
the isoteniscope.

8.4 Place the filled isoteniscope in a vertical position in the
constant-temperature bath. As the isoteniscope approaches
temperature equilibrium in the bath, add nitrogen to the
gas-sampling system until its pressure equals that of the
saraple. Periodically adjust the pressure of the nitrogen in the
gas-handling system to equal that of the sample, When the
isoteniscope reaches temperature equilibrium, make a final
adjustment of the nitrogen pressure to equal the vapor pressure
of the sample. Pressure balance in the system is indicated by
the manometer section of the isoteniscope, When the liquid
levels in the manometer arms are equal in height, balance is
indicated. Read and record the nitrogen pressure in the system
at the balance point. Use the McLeod gage to measure
pressures below 2.00 kPa (15 torr) and the mercury manometer
for pressures from 2.00 kPa (15 torr) to 101 kPa (760 torr).

8.4.1 It is extremely important that adjustments of the
nitrogen pressure be made frequently and carefully. If the
nitrogen pressure is momentarily too great, a bubble of
nitrogen may pass through the manometer and mix with the
sample vapor. If the nitrogen pressure is momentarily too low,
a bubble of sample vapor may escape. If either action occurs,
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the test is terminated immediatély and restatted from 8.3.

Nore 11—Because the depsities of ‘most, samples are very much less
than that of mercury, small errors in the final adjustment df the levels of
the hqu1d level in the manometer have a négligible éffect oft the measured
valugs 'of vapor pressute above 133 Pa a tort),

8.5 Increase the temper: ature of the constant-temperature
bath 25 K. As the témperature rises, maintain pressire balance
in the system in the manner described in 7.4 . When tempera-
ture equ111br1um is reached, make a final adjustment of pressure
to establish balance. Read and récord the system pressure.
Repeat at intervals of 25 K until the systém pressure exceeds
101 kPa (760 torr).

. 8.6 Plot the logarithm and the measured vapor pressure at
each temperature versus the reciprodal of the absolute tempera-
ture,’ (K)

Note 12—Three or foui-cycle sermlog graph paper is useful for making
this type of plot. ,

8.7 If the slope of the vapor pressure curve at its low-
temperature end indicates that the sample contairs fixed gases
as a result of incomplete degassing, one of three procedures
must be followed, (For examples, see Fig. 4 and Fig. 5.)

8.7.1 Repeat the determination of vapor pressure in the
mannetr describéd in 8.1-8.7, but empl'c‘)y a 1ibre vigorous
degassing procedurg, This procedure is recommerided for pure
compounds and mixtures that do not have a vapor pressure
greater than 133 Pa (1 torr) at 323 K ‘

Note 13—In general, vapor pressure deterrmnatlcns are made after
both temperature, equ111br1um in the air bath and pressure equilibrium in
the isoteniscope and mieasuring system are attained. However, when 4
sample begins to decompose, the observed vapor pressuré of the sample
usually increases even at constant temperdwre. In such cases, the
mieasured pressure of the systern’is no longer a furction only of the
temperature. and is not a vapor pressure in the usual sense of the term. It
is sometimes useful to continue to take pressure readings even after a
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systein has ‘bec¢ome unstable. In such cases, the pressure reading is taken
after tethperature equilibtium is reached in the air bath, regardless of
whether. a stable pressure balance can be maintained.

8.7.2 In many cases, despite the presence of fixed gases in
the sample, the plot of the Yapor pressure may be linear over a
rather wide range of temperature (see Fig, 4), Extrapolate the
linear section to lower temperatures to estimate the vapor
pressure even thoughi the presence of fixed gases prevents the
direct determination: Extrapolation over moreé than one decade
of préssiré is not fecomimended.

8.7.3 If the lack of a suitable region of linearity prevérts the
use of the procedure described in 872 (se€ Fig. 5), the
following arithimeti¢: correction procedure is used: Assume that
the pressure at the lowest température, K|, at which measure-
ments were made is predominantly due to fixed gases. Calcu-
late the pressiire that would bé developed at constant volume if
this volumie of fixed gases were to be heated to the tempexatuxe,
K, of the next data point.

Py =Py X KK, v

Repeat- this procedure for each data point, Calculate the
corrected vapor pressure of the samiple by subtracting each
value of P, from the correspondlng P, for each successive data
point.:

P,=P,~P,

9. Calculation and Report

(©)]

9.1 Plot- the logarithms of the calculated values of the
corrected vapor pressure Vversus the reciprocal of the absolute
temperature in the manner described in 8.6,

9.2 From the plot of the logauthm of the cofrected vapor
préssure versus the rec1p10ca1 of the absolute temperature, read
the smoothed values of the vapor pressure at- the desired
temperature intervals; Report these values :as the Vapor prés-
sure of the sample at the indicated temiperatures. -
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9.3 Use the plot of the logarithm of the cormrected vapor
pressure versus the reciprocal of absolute temperature to
determine the initial decomposition temperature of the sample.
The initial decomposition temperature is that temperature at
which the vapor pressure plot first deviates from linearity.
Report this value as the initial decomposition temperature of
the sample.

Note 14—The initial deviation from linearity is usually due to an
increase in rate of pressure rise. A decrease in rate of pressure rise may be
observed if the sample undergoes reactions such as polymerization, The
vapor-pressure curve above the initial decomposition temperature is not
necessarily linear or even approximately linear, Do not confuse nonlin-
earity due to the presence of fixed gases (see 9.3) with that caused by the
decomposition of the sample. Some samples do not decompose under the
conditions of the test. In those instances the vapor-pressure curve is
practically linear except for low-temperature deviations due to residual

quantities of fixed gases.

10, Precision and Bias

10.1 Because of the complex nature of Test Method D 2879
for vapor pressure-temperature relationship and because of the
expensive equipment involved, there is not a sufficient number
of volunteers to permit a comprehensive laboratory program
for determining the precision and bias. If the necessary
volunteers can be obtained, a program will be undertaken at a
later date.

11, Keywords

11.1 decomposition temperature; initial decomposition tem-
perature; isoteniscope; liquids; vapor pressure

ANNEXES

(Mandatory Information)

Al. ALTERNATIVE METfIOD FOR DETERMINATION OF DECOMPOSITION TEMPERATURE

Al.l Scope

Al.1.1 This annex describes a procedure for the determina-
tion of the decomposition temperature of liquids whose vapor
pressure can be measured in the apparatus described in the
standard method. '

Al.2 Summary of Test Method

Al.2.1 Dissolved and entrained gases are removed from the
sample in the same manner described in the standard method.
The isothermal rate of pressure change with respect to time is
measured for several temperatures above the expected decom-
position temperature of the sample. The logarithms of the rates
of pressure rise are plotted against the reciprocals of the
absolute temperatures at which the rates were measured. The
decomposition temperature is defined as the temperature at
which the rate of pressure increase of the sample is equivalent
to a rise of 67 kPa (500 torr) in 10 h (1.85 Pa/s).

Al.3 Procedure

A1.3.1 Determine the vapor pressure and initial decompo-
sition temperature of the sample in accordance with the
procedures described in Sections § and 9 of the standard
method of test.

Al.3.2 If the sample is found to have an initial decomposi-
tion temperature that falls within the range of pressures and
temperatures covered by the data in A1.3.1, fill an isoteniscope
with a fresh quantity of sample and remove the dissolved fixed
gas from it in accordance with the procedures described in 8.2.
Prepare the isoteniscope for test as described in 8.3. Place the
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filled isoteniscope in the constant-temperature bath maintained
at a temperature at which a rate of pressure increase greater
than 1.85 Pa/s (0.0139 torr/s) will be obtained. Maintain
pressure balance in the system in the manner described in 8.4
until the isoteniscope and its contents reach temperature
equilibrium. As soon as temperature equilibrium is attained,
measure the system pressure at selected intervals of time until
a constant rate is given by successive measurements.

Al1.3.3 Repeat the determination of rate of pressure rise in
accordance with Al1.3.2 at temperature intervals of 10 to 15 K
until a total of three or four determinations have been made.

Al.4 Calculation

Al.4.1 Plot the logarithm of the measured rates of pressure
rise versus the reciprocal of the absolute temperature. Draw the
best straight line through the data,

Al.4.2 Determine the temperature at which the rate of
pressure rise is equal to 1.85 Pa/s (0.0139 ton/s). Report that
temperature as the decomposition temperature of the sample.

Al.4.3 The interval between measurements is selected so
that a minimum pressure change of approximately 2.66 kPa (20
torr) occurs during each interval.

Al.4.4 If the pressure in the sample chamber of the isote-
niscope reaches 101 kPa (760 torr) as a result of the accumu-
lation of decomposition products, the balancing gas pressure
may be reduced slightly to allow some of these products to
bubble through the manometer section of the isoteniscope.
When the pressure has been reduced to a workable level, the
system can be rebalanced and rate measurement resurned.
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A2. PRECAUTIONARY STATEMENTS

A2,1 Mercury

Warning—Poison, Can be harmful or fatal if inhaled or
swallowed. Vapor harmful; emits toxic fumes when heated.
Vapor pressure at normal room temperature exceeds threshold
limit value for occupational exposure,

Do not breathe vapor.

Keep container closed.

Use with adequate ventilation.

Do not take internally.

Cover exposed surfaces with water, if possible, to minimize
evaporation.

Do not heat.

Keep recovered mercury in tightly sealed container prior to
sale or purification.

Do not discard in sink or in rubbish.

A2.2 Nitrogen

Warning—Compressed gas under high pressure. Gas re-
duces oxygen available for breathing.

Keep cylinder valve closed when not in use.

Use with adequate ventilation.

Do not enter storage areas unless adequately ventilated.

Always use a pressure regulator. Release regulator tension
before opening cylinder.

Do not transfer to cylinder other than one in which gas is
received.

Do not mix gases in cylinders.

Never drop cylinder. Make sure cylinder is supported at all
times.

Stand away from cylmder outlet when opening cylinder
valve.

Keep cylinder out of sun and away from heat.

Keep cylinder from corrosive environment.

Do rot use cylider without label.

Do not use dented or damaged cylinders.

For technical use only. Do not use for inhalation purposes.

A2.3 Alcohol

Warning—Flammable, Denatured alcohol cannot be made
nontoxic.

Keep away from heat, sparks, and open flame.
Keep container closed.

Use with adequate ventilation.

Avoid prolonged breathing of vapor or spray mist.
Avoid contact with eyes and skin.

Do not take internally.

The American Soclsty for Testing and Materials takes no position respecting the validiy of any patent rights asserted in connection
with any item mentioned in this standard, Users of this standard are expressly advised that determination of the validity of any stich
patent rights, and the risk of infringement of such rights, aré entirely their own responsibility.

This standard s subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised; either reapproved or withdrawn. Your comments are invited elther for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful corisideration at a meetmg of the respdnsible
technical committes, which you may attend. If you Teel that your comments have not received a fair hearing you should make your
views known to the ASTM Commitiee on Standards, 100 Batr Harbor Drive, Wast Conshohocken, PA 19428,

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, West Conshohooken, PA 19428-2959, United States, Individual
reprints (single or muitiple copies) of this standard may be obtalned by contacting ASTM at the above address or at 610-832-9585
(phone), 610-832-9555 (fax), or servica@astm.org (s-mall); or through the ASTM website (hitp:/fwww.astm.org).
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qHI Designation: D 2986 — 95a (Reapproved 1999)

Standard Practice for

An Amarican National Standard

Evaluation of Air Assay Media by the Monodlsperse DOP

(Dioctyl Phthalate) Smoke Test

This standard is issued under the fixed designation D 2986; 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 mdxcates the year of last reapproval. A
superscrlpt epsilon (€) indicates an edltonal change smce the last revision or reapproval.

1. Scope

1.1 The dioctyl phthalate (DOP) smoke test is a highly
sensitive and reliable techmque for measuring the fine particle
arrestmg efficiency of an air or gas cleaning system or device,
It is especially useful for evaluating the efficiency of depth
filters, membrane ﬁlters, and other particle-collecting devmes

used in air assay work.

1.2 The technique was developed by the U.S. Government
during World War IL? Its valldlty for use in evaluation of air
sampling media has been well demonstrated.? -

1.3 Although a little latltudc is pérmissible in the assomated
equipment and in the operation method, experience has shown
the desirability of operating within established des1gn param—
eters and recognlzed test procedures.*

1.4 This practice describes the present DOP test method
typlcal equipment, calibration procedures, and test partlcles Tt
is applicable for use with commercially available equipment.

1.5 ‘This standard ‘does not purport to address all of the
safety concerns, if -any, assoczated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applzca-
bility of regulatory lzmztatzons przor z‘o use. For spcc1ﬁc safety
precautron, see 6.1. .

2, Referenced Documents

2.1 ASTM Standards:
D 1356 Termmology Relatmg to Samplmg and Analysm of
Atmospheres

3. Terminology
3.1 Deﬁmtwns—For other definitions of terms used in thls
practice, refer to Temunology D 1356,

" This practice is under the jurisdiction of ASTM Committes D-22 on Sampling
and Analysis of Atmospheresand is the dlrect responsibility of Subcommmee
D22.01on Quality Control,

Current edition approved Sept. 10, 1995. Published February 1996 Originally
published as D 2986 - 71. Last previous edition D 2986 - 95. .

" ?Knudson, H. W,, and White, Locke, Bns. USNR, *Development of ‘Smoke
Penetration Meters,” Ngval Research Labomzmy Report No. P~2642 PB No.
119781, September 1945, -

3 Smith, Walter, J., and Surprenant, N. F,, “Properties of Various Filtering Media
for Atmospherxc Dust Samplmg,” Procgedings, ASTM Vol 33, 1953 PP
1122-1135,

4 Instructzon Manual—Penetramete}, Filter Tcstmg DOP Q127 136-300- 138B
Edgewood Arsenal, MD, July 1963.

 Anawal Book of ASTM Standards, Vol 11.03.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshchocken, PA 19428-2959, Unfted States.
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3.2 Other terms are defined as follows:

3.3 optical owl, n—an optical instrument for visual estima-
tion of the particle diameter of the monodlsperse aerosol by the
angular dependence of light scattering, in accordance W1th the
Mie theory ‘

4. Summary of Practice

4.1 A monodispersed aerosol of 0.3-pm diameter is continu-
ously generated by condensation of DOP vapor under con-
trolled conditions. By selective value arrangement, a metered
portion of this aerosol is drawn through a ‘specimen mouuit
conteumng the itern under test. Flow rate. through the specimen
is adjustable and the correspondmg flow remstance is noted as
part of the test,

4.2 ‘With aerosol generation stablhzed (constant particle size
and concentranon), aerosol concentration is measured up-
stream and downstream of the specimen under test by use of a
linear forward light-scattering photometer.

4.3 Results are expressed as percent of DOP penetratron at
the flow rate used. :

5 Apparatus

5.1 Equlpment for use with this technique consists of
scveral intercperational parts. These are indicated in proper
relatlve arrangement by the d1agrammat1c sketch, Fig. 1. In
Fig. 1, the letter designations refer to the ‘same parts as
described in the 1mmed1ately followmg subsections:

5.2 Air Supply Source (a)—This can be a blower as shown
dlagrammatlcally or a compressed air source with stepdown
regulator. In any case, the air supply source must bé clean, free
of entrainment, and suﬂiment to provide full flow against the
total resmtance of aerosol generator and aerosol conductor lmes
fo the excess aerosol exhaust point,

5 3 DOP Aerosol Generator (b)—The generator is designed
to produce uniform size, liquid droplet particles of 0.3- -um
diameéter at a concentration of about 100 =20 ug/L of air.
Furthier description of the generator is grven in 8.3. ‘
. 5.4 Aging Chamber: (c)—Thrs is simply a large vessel
(usually about 20 L in volume) whierein some dwell time is
provided to permlt stabilization of the aetosol.

5.5 Sample Holder (d)-—Size and design of the sample
holder can be accommodated to the item under test. However,
for evaluation of filter niedia, a crrcular test area of 100 cm? *
2 % is spemﬁed Provision is made t0 measure flow resistance
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FIG. 1 Simplified Diagram Showing Relation of Principal Parts of DOP Aerosol Test Apparatus

across the test piece. A wire screen may be used to support the
sample.

5.6 Particle Size Analyzer (e)—Particle size in the aerosol is
indicated by the particle size analyzer. The visual owl may be
used to verify the aerosol particle size. The electronic owl is an
adaption designed to remove the human factor; it has proven to
be highly successful. Both instruments operate by optical
rotation of light scattered at a 90° angle. Paragraph 8.4 gives
further detail for the optical owl.

5.7 Scattering Chamber (f)—The scattering chamber is
used to determine concentration of aerosol either upstream or
downstream of the itern under test. Further detail for a typical
chamber is given in 8.5.

5.8 Photometer (g)—This is a combination of sensitive
multiplier phototube and meter. The multiplier phototube
mounts on the scattering chamber and detects light forward
scattered by any particles in the chamber. Further description
of the photometer is given in 8.6.

5.9 Flowmeter (h)—A float-type flowmeter (rotameter) is
used, capable of reading a flow rate well in excess of the
maximum test rate to be used. A meter reading somewhat
above 100 L/min is the common size. It must be protected
against fouling by any DOP accumulation.

5.10 Exhaust Pump or Blower (i)—This can beeither a
positive displacement pump or blower or a.multistage turbine-
type blower. In any case, there must be more than sufficient
capacity to draw air through the total resistance of test
specimen, scattering chamber, flowmeter, and all of the related
lines, valves, filters, etc., at the maximum test, rate (usually 85
L/min).

5.11 Cleanup Filter (j)—This should be. a filter of suffi-,
ciently high capacity and efficiency to remove smoke from the
airstream before it passes through the flowmeter. Aerosol
particles would ultimately affect the accuracy of the meter.

6. Reagents and Materials
6.1 dioctyl phthalate, (DOP)—Technical grade.
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"Note 1—DOPis under i mvesuganon as a possible carcinogen. Use only
by trained personnel wearing appropriate safety equipment to avoid skin
contact and inhalation.

7. Procedure

7.1 Tt is necessary to have the equipment prepared and
calibrated in advance of any test work. Once prepared and in
adjustment, the equipment can be turned on at any time and
operated as long as desired with only occasional minor
readjustmient. Instruction for preparation and operauon of each
item of equipment is given below.

7.2 Aerosol Genérator—Turn on the air supply and heating
units of the DOP aerosol generator. Wait until the aerosol
output has been stabilized; usually this will require % h or
more from a cold start. Draw a portion of the ‘aerosol through
the particle size analyzer, verify the aerosol particle size, and
adjust generator conditions until particle diameter is 0.30 pm
(by adjustment of quench air temperature).

7.3 Adjustment of Photometer—Using the same flow rate
that will be used for the test specimen (usually 32 L/min=* 2 %
through 100 cm? of area * 2 % when testing filter media),
aerosol from the generator is passed directly through the
scattering chamber. Adjust the Gain potentiometer of the
galvanometer circuit in the photometer until the meter reads
100.0.

7.3.1 Draw clean filtered air through the scattering chamber.
Adjust for stray light so that the photometer meter reads zero
on the most sensitive scale.

7.4 Peénetration Measurement—Mount the, sample to be
tested in the sample holder, making certain that all seals are
tight. Draw aerosol through the test specimer. Adjust flow rate
to the desired level, for example, 32 L/min. Starting with the
least sensitive range, use progressively higher sensitivity until
a reading can be obtained...

7.4.1 Read the photometer. Report the value as percent DOP
penetration.

7.5 Flow Resistance—At the beginning of the penetration
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A—8moke chamber and light-scattering tube

B--Stmaoke inlet port

C—Smoke outlet port

D—Light source

E—Lens to form parallel beam of light through smoke chamber
F—Baffle to reduce stray light scattered from walls of schamber
@—Velvet-lined cap on chamber

H—Side arm to light scattering tube

I—8moke-retaining window

test and after the desired flow rate has been established, the
manometer is read, showing the resulting pressure drop across
the test specimen, This may change after a short time due to
accurpulation of DOP in the test piece. Ordinarily, the reading
is reported in millimefres of water pressure.

7.6 Other Data—Line temperature and manometer readings
at the flowmeter should be noted along with the current
barometer reading so that airflow rates may be reduced to
standard conditions if this is required at some later time.

7.7 Q Value—When comparing the filter efficiency of vari-
ous media, it is often useful to report filter performance in
terms of the Q value. Caleulate Q value as follows:

0 =[—100 log (P/100)VAp N
where:
P = DOP penetration, %, and
Ap = airflow resistance, mm of water.

8. Discussion of Equipment

8.1 Availability—Although equipment for the DOP test is
commercially available, some care must be exercised in its
procurement. While the test is well :developed and very
reliable, the equipment is complex. It must be within certain
design parameters and must be carefully fabricated. Design
details are available* but it is strongly recommended that
purghase be made of equipment from a professional fabrica-
tor.

¢ Equipmént suitable for the DOP test may be obtained from Air Technology,
Inc., 1717 Whitehead Rd, Baltimore, MD 21207,

J—Polaroid analyzer tube

K—Light collecting lens

L—Bipartite disc (split field polaraid)

M—Polarcid disc mounted in movable collar

N—Indicator on polarcid holder to show angle of displacement from verticle axis
0O-—Degree scale for indicator (N)

P—Graen filter for obtaining monochromatic light

Q—Adjustable eyspisce

R—Lens in syeplace

FIG. 2 “Owl” Particle Size Meter
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8.2 Air Supply—Any reliable air source may be used that is
capable of supplying 120 I/min. If taken from a compressed
air system, a stepdown regulator should be used, followed by
a control value, and a good commercial air-line filter ahead of
the high-efficiency (HEPA) filter.

8.2.1 For a mobile unit or where a compressed air line is not
available, a blower can be used. A multistage blower, turbine-
type, is effective and will run continuously with very little
maintenance. An absolute (HEPA) type filter is used custom-
arily in the supply line to ensure that the air is entirely clean.

8.2.2 In any case, provision must be made to either cool or
heat the air as conditions may require. Commercial heat
exchange equipment is satisfactory.

8.3 Aerosol Generator—The aerosol generator consists of a
pot containing about 500 mL of DOP at about 170°C. DOP
vapor is carried from the container by a small heated airstream
{about 215°C) and mixed with a larger stream of quench air
(about 25°C) to form the aerosol particles. The airstream
temperatures determine particle size and, once established
must be precisely controlled. The aerosol is generated continu-
ously; excess aerosol is disposed of away from the test area.

8.4 Owl—A typical “Owl” is shown in Fig. 2. A reading of
29 = 1° corresponds to.0.3-pum, diameter DOP particles.

8.5 Light-Scattering Chamber—The light-scattering cham-
ber shown diagrammatically in Fig: 3 is an essential compo-
nent of the photometer system. Any airborne particles entering
the chamber are strongly illuminated and the forward-scattered
light intensity is detected by a multiplier phototube (H).

8.5.1 Light from the lamp bulb filament (A) is focused at the
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A—Light source

B—Front lenses

C—Optical filter or light screen
D—Opaque disk

E—Center light baffle

F-—Back lens I
G—Rear light bafflé
H-—Multiplier prototube
|—Filament i |mage
J—Inlet port

K—Outlet port.

FIG. 3 Light-Scattering Chamber—Schematic Section Showing Optlcal System

center of the light tube (E) by means of condensing lenses (B).
An opaque patch (D) cemented to the inside: facing of the

condensing lens intercepts any drrect l1<rht from the ﬁlament to

the phototube.

8:5.2 The stop epening at (E) has. a. heveled edge, thus
providing a knife edge perlphery to the opening. This 'is -

important in keeping the amount of light s¢atter from th13
illuminated edge at a bare minimum,

8.5.3 Take every care to ensure that only hght forward-‘

scattered by the test aerosol is seen by the phototube Follow-
mg are: points requiring. special attention: . For

.8.5:3.1 Optics, must:be accurately aligned with the optlcal
axis. The light bulb filament image should be focused. at the
center of thelight stop opening.

8.5.3.2 All lens surfaces must be perfectly olean, otheerse,
light- scatter will result.

8,5.3.3, All lens edges, especmlly 1f they are ground sur-
faces, should be painted, with flat black .

-.8.9.3. 4. No frosted or etched demgn or, ﬁgure can be permlt-
ted on. the llght bulb. envelop facing the condensmg lenses..

8. 5 3.3 The shar;p edge of the light stop must be free, of
nicks, buirs, or even attached part1c1es

'8.5.3.6 Light bulb’ current rnust be supphed from a voltage-
stab1hzed c1rcu1t

s’ types of photortiaters are in use.
) ikt shiototube i operated’at output

‘30 uA to enstire stablé dperation. A scale switch
e measurements down to 0 001 % or 0.0001 %

o

Mamtenance and Troubleshootmg

91 When used rciutmely, the DOP ‘test’"is reliable and
seldomy presents any sérious’ problems Expenence w111 sbon
show ‘the- operatol “wht stéps hiv'st te! followed to maintain
fully satisfactory equipment perfortnance. However, to assist
theaneophyte «especmlly the followrng basw suggestrons are
Qﬁered

9.2, Dazlyr Care: .. ..

9.2.1 Ascertainithat the DOP - hqu1d ‘level or supply is
adequate. - . Pt e : ,

shi v H 7 gy s
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9.2.2 See that all temp'eratures are correct and that controls
are functioning propetly. . . - 4

923 If supply air or quench air must be cooled see that the
cooling water is turned on.

9.2.4 Check-aetosol particle size and. make- any adjustments
needed to mainfain 0.3-jid didmetér.  *

9.3 No Aerosol Generation: . :

9.3.1 Make sure that air supply is worklng properly

9:3.2 Set that all heaters are on and working.

9.3.3 Check DOP level or supply.

+'9.3:4 - Sée 'that both  Heated ‘air‘and’ quench air’ are bemg
supphed #0d at-thesptopet tités.

< 9id: ParticleSize Analyzerss -

941 See\that-the' analyzér lamp is 11ghted ‘

9.4.2 Make sure that aerosol is flowiiig through the' instru-
ihefit’ (exhaust‘blower or pump ttlmed on and the analyzer line
Valve opéh). =

“ 943 See that yconnectlon tubes to the analyzer are not
p1nched ;

9; 4 ’4 AdJust quench a1r temperathre to attam correct pamcle
size.’ ‘

9.5 Photometér Not Readzng R

'9.5.1 See that the lamp:is lightéd in the scattering chamber.

9.5.2 See that the amplifier is plugged in and operanng

9.5.3 Make sure that aerosol 1srﬂowmg through the scafter-
ing chamber (selector valve.in run position’ and not purge).

9.5.4 See that multipler phototube is mounted on the scat-
tering chamber and that lead ‘wités ate" conneeted ifi - the
amphﬁen T

9.6 Photometer Cannot be Ad]usted for 1 00 % Readmg
¢ 9:6.1 Make sure that acrosol generator is operating properly.

119:6.2 Make sure- thatnmultlpller phototube ;s prbpenly ad—

justed. v ;
P97, Photometer Carmoz‘ be Ad]u.s‘ted forrSz‘mystght Jinr

9.7:) Theusualfault is-excessiveistray lighttin the scattering
chamber. Adjust position of the light source (instrurient
manual) to attain minimum reading on clean air.

.. 2.7,2. Ascertain that the amplifier is performmg correctly

9% 3" Have the phototube and, connecting: leads checked

(VT

PRO_00103390



Case 1:13-cv-01215-TSC Document 198-22 Filed 10/07/19 Page 66 of 120

s D 2986

9.7.4 Make sure there are no leaks into the filtered air supply
line. Leaks will introduce particulate matter and cause a meter
reading.

9.7.5 If the problem persists, the;_, source of stray light
sometimes can be detected by removing the multiplier photo-

tube and looking into the scattering chamber. This approach

should be taken only by someone thoroughly familiar with the
equipment.

10. Quality Control

10.1 Followmg are steps that can be taken to help ensure a
reliable bias and agreement between laboratories:

10.1.1 Calibrated Orifice Plate—Orifice plates' are avail-
able -with - calibrations. traceable to the National Institute of
Standards . and- Technology (formerly NBS). The - plate is
inserted in the sample holder and used as a flowmeter against
which the instrument flowmeter is compared. For information

regarding calibrated plates, inquire of the manufacturer.”

10.1.2 Leaks in the system can be serious since they will
impair the accuracy of flow rate readings. Every precaution
must be taken to ensure tlghtness in lmes, mstrument filters,
and fittings.

10.1.3 Reference leter Paper——It is convenient to have on
hand a supply of high-efficiency filter paper that has been
pretested: and preferably cross-checked by at least one other
laboratory. An occasional test run on one of these filter samples
will be reassuring and indicative that all is well. Results may be
plotted on a control chart to demonstrate attamment of statis-
tical control of the measurement process.”

11, Keywords

1.1 atmospheric analysis; air assay media; collectmn effi-
ciency evaluation of filters; dioctyl phthalate, use for filter
evaluation; high efficiency filters; membrane filters; particle
collecting devices; smoke test for filter evaluation .

7 Taylor, John K., “Quality Assurance of® Chemical Measurements,” Lewis
Pubhshers, Inc., Chelsea, MI (1987) .

f
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qH.I‘p Designation: D 3120 - 96

Standard Test Method for

An American National Standard

1

Trace Quantities of Sulfur in Light Liquid Petroleum
Hydrocarbons by Oxidative Microcoulometry’

This standard is issued under the fixed designation D 3120; the number iﬁ{mediitelf f‘ollowiug the designaﬁon 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

superseript epsilon (¢) indicates an editorial change since the last revision or reapproval,

1. Scope

1.1 This test method covers the determination of sulfur in
the range from 3.0 to 100 ppm (ug/g) in light liquid
hydrocarbons boiling in the range from 26 to 274°C (80 to
525°F).

1.2 This test method may be extended to liquid materials
with higher sulfur concentrations by appropriate dilution.

1.3 The preferred units are micrograms per grams. Values
stated in SI units are to be regarded as the standard. Values
in inch-pound units are for information only.

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. For specific
hazard statements, see 6.3, 6.4, 6.8, and 6.10.

2. Suminary of Test Method

2.1 A liquid sample is injected into a combustion tube
maintained at abot 800°C havitig a flowing stream of gas
containing about 80 % oxygen and 20 % itieit gas (for
exammiple, nitrogen, argon, etc.). Oxidativé pyrolysis converts
the sulfur to sulfur dioxide which then flows into a titration
cell where it reacts with trijodide ion present in ‘the electro-
lyte. The triiodide thus cohsumed, is:coulometrically re-
placed and the total current required to replace it is a
measure of the sulfur present in the sample injected.

2.2 The reaction occurring in the titration cell as sulfur
dioxide enters is;

I3~ + SO, + H;0 — 80, + 31~ + 2H*

The triiodide ion consumed in the above reaction is gener-
ated coulomcmcally thus:

3o I, 26

2.3 These nilc'roeqmvalents of triiodide (iodine) are equal
to the number of microequivalents of titratable sample 1on
entering the titration cell.

3. Significance and Use

3.1 This test method is used to deterrmne trace quantities
of sulfur in reformer charge stocks and similar petroleum
fractions where such trage copcentrations of sulfur are
deleterious to the performance and life of the catalyst vsed in

U This test method is under the jurisdiction of ASTM Commmee D-2 on
Petroleum Products and Lubncants and-is the dlrect responsibility of Subcoth-
mittee D02.03 on Elemeiital Aralysis,  ~

Current edition approved Apr. 10, 1996. Published Jung 1996, Ongmally
published as D 3120 - 72 T, Last previous edition D 3120 - 92.
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'

the process. Higher concentrations.of sulfur in products
analyzed by this test method after appropriate dilution are
often detrimental to the use of the product.

4, Ihtefférénce;

4.1 This test method is applicable in the presence of total
halide concentrations of up to 10 times the sulfur level and
total nitrogen concentrations of up to 1000 times the sulfur
level.

4.2 This test method is not applicable in the presence of
total heavy metal concentrations (for example, Ni, V, Pb,
etc.) in excess of 500 pg/g (ppm). ‘

Note 1—To attain the quantitative detectability that the method is
capable of, stringent techniques must be employed and all possible
sources of sulfur contamjnation. must be eliminated.

5. Apparatus?

5.1 Pyrolysis Furnace—The sample should be pyrolyzed
in an electric furnace having at least two separate and
independently controlled temperature zones, the first being
an inlet section that can maintain a temperature sufficient to
volatilize all the organic sample. The second zone shall be a
pyrolysis section that can maintain a téemperature sufficient
1o pyrolyze the organic matrix and oxidize all the organically
bound sulfur, A third outlet temperature zone is optional.

5.1.1 Pyrolysis furnace temperature zones for light liquid
petroleum hydrocarbons should be variable as follows:

Inlet zone up to at least 700°C
Center pyrolysis zone 800 to 1000°C
Outlet zone (optional) up to at least 800°C

5.2 Pyrolysis Tube, fabricated from quartz and con-
structed in such a way that a sample, which is vaporized
completely in the inlet $ection, is swept into the pyrolysis
zone by an inert gas where it mixes with oxygen and is
burned.: The inlet end of the tube shall hold a septum for
syringe eniry of the sample and side arms for the introduc-
tion of oxygen and inert gases. The center or pyrolysis
section should be of sufficient volume to ensure complete
pyrolysis of the sample.

5.3 Titration Cell, contdining a sensor-reference pair of
electrodes to detect changes in triiodide ion concentration
and a generator anode-cathode pair of electrodes to maintain
constant triiodide ion concentration and an inlet for a

zThe apparatus described in Sections 3.1 to 5.5 inclusive, is similar in
spemﬁcatmns to equlpment avallable from Dohrmani Div, of Rosemount, 3240
Scait Blvd., Santa Clara, CA’ 95050 For further detailed disciissions, in equipment,
see; Prepnnts-—-—Dmswn of Petroleum Chermstry, American Chemical Society,
Vol'1, No. 3, Sépt. 712, 1969, p. B232 “Detertinindtion of Siilfur, Nitrogen, and
Chlorme in Petroleum by Microcoulometry,” by Harry V, Drushel,
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gaseous sample from the pyrolysis tube. The sensor electrode
shall be platinum foil and reference electrode platinum wire
in saturated triiodide half-cell. The generator anode and
cathode half-cell shall also be platinum. The titration cell
shall require mixing, which can be accomplished through the
use of a magnetic stirring bar, stream of inert gas, or other
suitable means.

Note 2: Caution—Excessive speed will decouple the stirring bar,
causing it to rise in the cell and damage the electrodes. The creation of a
slight vortex is adequate.

5.4 Microcoulometer, having variable attenuation, gain
control, and capable of measuring the potential of the
sensing-reference electrode pair, and comparing this poten-
tial with a bias potential, amplifying the potential difference,
and applying the amplified difference to the working-aux-
iliary electrode pair so as to generate a titrant. Also the
microcoulometer output voltage signal shall be proportional
to the generating current.

5.5 Recorder, having a sensitivity of at least 0.1 mV/in.
with chart speeds of Y2 to 1 in.,/min. Use of a suitable
electronic or mechanical integrator is recommended but
optional.

5.6 Sampling Syrznge—~A microlitre syringe of 10-pL
capacity capable of accurately delivering 1 to 10 pL of
sample into the pyrolysis tube. 3-in. by 24-gage needles are
recommended to reach the inlet zone of the pyrolysis
furnace. ‘

NOoTE 3—S$ince care must be taken not to overload the pyrolyzing
capacity of the tube by too fast a sample injection rate, means should be
provided for controlling the sample addition rate (0.1 to 0.2 uL/s).

6. Reagents and Materials

6.1 Purity of Reagents—Reagent grade chermcals shall be
used in all tests. Unless otherwise indicated, it is intended
that all reagents shall conform to the specifications of the
Committee on Analytical Reagents of the American Chem-
ical Society, where such spemﬁcatlons are available.? Other
grades may be used, provided it is first ascertained that the
reagent is of sufficiently high purity to perit its use without
lessening the accuracy of the determination.

6.2 Purity of Water—The water used in prepating the cell
electrolyte should be demineralized or distilled or both.
Water of high purity is essential.

.
v

Note 4—Distilled water obtained from an all borosilicate glass st111

fed from a demineralizer, has proven very satisfactory.

6.3 Acetic Acid (rel dens 105)——G1ac1a1 acetlc ac1d
(CH;COOR).

Note 5: Warning—Poison. Corrosive. Combustlble May be Fatallf
swallowed Causes severe burns. Harmful if inhaled. ,

6.4 Argon, Helzum or Nltrogen Imgh punty grade (HP),
used as camer gas.

3 Reagent Chemtcals, American Chemical Sacwty Spec;f ications, American
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
“listed by the American Chemical Sodiety; see Analar Standards for Laboratory
Chemicals, BDH Ltd., Poole, Dorset, UK., and the United States Pharmacopeia
and National I‘ormuIary, U.S. Pha.rmaceutlcal Conventmn, Inc. (USFC),
Rockville, MD. -
4 High-purity grade gas has a minimurm purity of 99. 995 %.
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NoOTE 6: Warning—Compressed gas under high pressure. Gas re-
duces oxygen available for breathing.

6.5 Cell Electrolyte Solutzon—Dlssolve 0.5 g of potassium
iodide (KI) and 0.6 g of sodium azide (NaNj3) in approxi-
mately 500 mL of high-purity water, add 5 mL of acstic acid
(CH;COOH) and dilute to 1000 mL.

Note 7—Bulk quantities of the electrolyte should be stored in a dark
bottle or in a dark place and be prepared fresh at least every 3 months.
6.6 Gas Regulators—Two-stage gas regulators must be

used on the reactant and carrier gas.
6.7 Iodine (I), 20 mesh or less, for saturated reference

- electrode.

6.8 Isooctane® (2,2,4-trimethylpentane).

Note 8: Warning—Extremely flammable. Harmful if inhaled. Va-
pors may cause flash fire.

NoOTE ‘9—The most reliable solvent is a sulfur-free form of the sample
type to be analyzed, Alternatively, use a high-purity form of cyclohexane
[boiling point 80°C (176°F)], isooctane (2,2,4-trimethyl pentane)
[boiling point, 99.3°C (211°F)], or hexadecane [boiling point, 287.5°C
(549.5°F)). )

6.9 n-Butyl Sulf de (CH3CH2CH2CH2)ZS

6.10 Oxygen, high purity grade (HP), used as the reactant
gas.

NoTE 10: Warning—Oxygen wgorously accelerates combustion.

6.11 Potassium lodide (K1), fine granular.
6.12 Sodium Azide (NaNy), fine granular.

NortE .11: Warning—Toxic, causes eye‘ and skin irritation; explosive.

6.13 Sulfur, Standard Solution (approximately 30 ng/g
(ppm))—Pipet 10 mL of sulfur stock solution (reagent 6.14)
into .2 100-mL volumetric ﬂask and dilute to volume with
isooctane.

Note 12—The analyst may choose other sulfur compounds for

standards appropriate to sample boiling range and sulfur type which
cover the concentration range of sulfur expected.

6.14 Sulfur, Standard Stock Solution (approximately 300

ug/g (ppm))—Weigh accurately 0.5000 g of n-butyl sulfide
into a tared 500-mL volumetric flask. Dilute to the mark

with isooctane and reweigh.

g of n-butyl sulfide x 0.2187 x 109
g of (n-butyl sulfide + solvent)

S, ppm (ug/g) =

7. Preparation of Apparatus
7.1 Carefully insert the quartz pyrolysis tube in the

pyrolysis furnace and connect the reactant and carrier gas

lines.
.+ 7.2 Add the electrolyte solution to the titration cell and
flush several times. Maintain an electrolyte level of Vs to Va

-in. (3.2 to 6.4 mm) above the platinum electrodes. -

7.3 Place the heating tape on the inlet of the titration cell.
74 Position the platinum foil electrodes (mounted on the
moveable cell head) so that the gas inlet flow is parallel to the
electrodes with the generator anode adjacent to the generator
cathode. Assemble and connect the coulometer and recorder
(integrator optional) as designed or in accordance with the

. manufacturer s 1nstruct10ns Figure X1.2 111ustrates the typ-

5 Pesticide test grade such as Mallinckrodt “Nano-grade" isooctane has beéen
found satisfactory. o )
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FIG. 1 Percent Recovery versus Temperature (°C)

ical assembly and gas flow through a coulometric apparatus.

7.4.1 Turn the heating tape on.

7.5 Adjust the flow of the gases, the pyrolysis furnace
temperature, titration cell, and the coulometer to the desired
operating conditions. Typical operational conditions are
given in Table 1.

8. Calibration and Standardization

8.1 Prepare a series of calibration standards covering the
range of sulfur concentration expected. Follow instructions
in 6.13, 6.14, or dilute to appropriate level with isooctane,

8.2 Adjust the operational parameters (7.5).

286

Nors 13—See Fig. 1 for the variance of percent recoveries with gas
ratios and temperature.

8.3 The sample size can be determined either volu-
metrically or by mass. The sample size should be 80 % or less
of the syringe capacity.

8.3.1 Volumetric measurement can be obtained by filling
the syringe with about 8 uL or less of sample, being careful to
eliminate bubbles, retracting the plunger so that the lower
liquid meniscus falls on the 1-uL. mark, and recording the
volume of liquid in the syringe, After the sample has been
injected, again retract the plunger so that the lower liquid
meniscus falls on the 1-uL mark, and record the volume of
liquid in the syringe. The difference between the two volume
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TABLE 1 Typical Operational Conditions TABLE 2 Satistactory Standard Materials
Reactant gas flow (oxygen), cm3/min 160 Boiling Paint Range
Carrier gas flow (Ar, He, N) cmfmin 40 Sample Type °G (°F) Sulfur Gompound
Fumace temperature; °C:
nlet zone 700 Naphthas (gg :g igg) cyclohexane sulfide
Pyralysis zone 800 Jet fuels and stove i 177 to 274 benzyl-thiophene
Outlet zone 800 (350 to 525)
Titration cell set to produce adequate mixing
Coulometer:
Bias voltage, mV 160 . .
Gain low (approximately 200) R = coulometer range switch setting, Q?
M = mass of sample, g (volume X density),
L o V= volume of sample, pLL,
readings is the volume of sample injected. D = density of sample, g/mL, and
8.3.2 Alternatively, the sample injection device may bé  F = recovery factor, fraction of sulfur in standard that is
weighed before and after the injection to determine the titrated, ratio of ppm sulfur determined in standard
amount of sample injected, This technique provides greater divided by the known ppm sulfur in standard.
precision than the volume delivery method, provided a F=(4 X 199)/(R X M X Cyq
balance with a precision of +0.00001 g is used. where:

8.4 Insert the syringe needle through the inlet septum up
to the syringe barrel and inject the sample or standard at an
even rate not to exceed 0.1 to 0.2 pL/s. If a microlitre syringe
is used with an automatic injection adapter, the injection
rate (volume/pulse) should be calibrated to deliver 0.1 to 0.2
uL/s.

8.5 Repeat the measurement of each calibration standard
at Jeast three times.

Nore {4—Not all of the sulfur in the sample comes through the
furnace as titratable SO,. In the strongly oxidative conditions of the
pyrolysis tube some of the sulfur is also converted to SO, which does not
react with the titrant. Accordingly, sulfur standards of n-butyl sulfide in
isooctane or sulfur standards appropriate to sample boiling range and
sulfur type and sulfur concentration should be prepared to gnarantee
adequate standardization, Recoveries less than 75 % are to be consid-
ered suspect. Low recoveries are an indication to the operator that he
should check his parameters, his operating techniques, and his cou-
lometric system. If the instrument is being operated properly, recoveries
between 75 and 90 % are to be expected. Satisfactory standard
materials® are given in Table 2.

8.6 If the fraction of sulfur converted to SO, drops below
75 % of the standard solutions, fresh standards should be
prepared. If a low conversion factor persists, procedural
details should be reviewed.

9. Procedure

9.1 Flush the 10-puL syringe several times with the un-
known sample. Determine the sulfur concentration in accor-
dance with 8.2 to 8.6.

9.2 Sulfur concentration may require adjustment of sensi-
tivity settings or sample volume or both.

10. Calculation

10.1 Calculate the sulfur content of the sample in parts
per million, ppm pg/g, by mass as follows:

Sulfur, ppm pg/g = (4 X 1L.99)/(R X M X F) ()]
Sulfur, ppm = (4 X 1.99 X 103)/(R X V X D X F) )
where:
A = area under curve, in.?,
1.99 = derivation will be found in X1.3,

6 Wallace, L. D,, “Comparison of Oxidative and Reductive Methods for the
Microcoulometric Determinations of Sulfur in Hydrocarbons,” Analytical Chem-
istry, Vol 42, March 1970, p. 393,
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Cqa = concentration of standard, ppm.
10.2 Derivation of the calculation equation wﬂl be found
in X1.3,

Note 15—The calculation equation is valid only when the chart
speed is 0.5 in./min and a 1-mV (span) recorder with a sensitivity of 0.1
mV/in. is vsed.

Note 16—If a disk integrator is used, see X1,3 for calculations,
derivations, and equations.

Nore 17—A more general form of the equation in 10;1 which is not
dependent on the use of a partlcular recorder scale nor a disk integrator
is as follows:

(4) (X) (0.166)

sulfur, ppm (48/8) = (R (%) (34) (F)

where:
A = area in appropriate units,
X = recorder sensitivity for full-scale response (mv),

0.166 = (16 85/e) (1073 V/mV) (10° pg/g)
(96 500 coulombs/eq) ’

R = resistance, ,

Y = area equivalence for a full-scale response on the
recorder per second . . . area units per second,

M = mass of sample, g, and '

F = recovery factor.

11. Precision and Bias

11.1 The precision of this test method as obtained by
statistical examination of interlaboratory test results is as
follows;

11.1.1 Repeatability—The difference between successive
test results obtained by the same operator with the same
apparatus under constant operating conditions on identical
test material would, in the long run, in the normal and
correct operation of the test method exceed 28 % of the
average value only in one case in twenty.

11.1.2 Reproducibility—The difference between two
single and independent results obtained by different opera-
tors working in different laboratories on identical test mate-
rial would, in the long run, in the normal and correct op-
eration of the test method exceed 38 % of the average only in
one case in twenty.,

11.2 Bias—Since there is no accepted reference material
suitable for determining the bias for the procedure in this test
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method, no statement on bias is made.” ... :

7 Supporting data are available from ASTM. Request RR: D02-1036.

B

12. Keywords S
12.1 light hydrocarbons; mic'rpcoulome’rry; sulfar g

APPENDIX

(aninandatory Iﬂormaﬁon)

XI1. DERIVATION OF COULOMETRIC CALCULATIONS USED IN SECTION 10.1

X1.1 The configuration of the pyroly31s tube and furnace
may bé constriicted as is desirable as long as ‘the. .operating
parameters are met. Flgure X1.1 is typ].cal of apparatus
currently in use.

X1.2 A typical assembly and oxidative gas flow. through a
coulomettic apparatus for the determination of trace sulfur is
shown in Fig. X1.2.

X1.3 Derivation of Equations:

Fiirndce

Outlet Center . Inlet
‘) . — “\
< 1
I ;I'l N :
. B [ SRR S
. : : i Reactant, Gag
[ Oxygen -
(.. .| Tape Ve
lvema Heater
100 G- Carvier Cas
Azrgon

FIG. X1.1 Pyrolipis Tube

Inlet

i Zonery * o

Sample Ijection - | ©yrolysis i
Septum l Zone '

Outlet
Zone

Argon’ \E;l ///// .

//// l:"

o

“Xl. 31 The denvanon of the equations used in-the
cal_culatmn section is based o1 the coulometric feplacement
of the triiodide (iodine) ions consumeéd in the micro-
coulometric titration cell’ feaction (I~ + 2e™ =317, 'The

‘quantity of the reactant formed (triiodide ions) between the

beginning and the interruption of current at the end of the
titration is'diréctly proportional to the net charge transferred,

!Q. ot

X1.3.2 In most applicatichs a constatit current is used so
that the product of current, i, in amperes (coulombs per
second), multiplied by the time, 7 (seconds), required to
reach the end point provides a measure of the charge, Q
(coulombs), necessary to generate the iodine equivalent to
the reactant; that is, Q = ir. Therefore, thé numbef of

"-equlvalents of reactant is" équal to O/F, where F 1s “the

Faraday constant '96 500 C per equwalent ‘
X1.3.3 Therefore, the expression to be solved to ﬁnd the
mass of reactant is: EEREY

L ‘E Micro-

coulometer
Al
Jay oo
Titration
Cell i
Potentio- .|
metric
Recorder

3 P
d

" FIG. X1.2 ,Flovil Diagram for Coulometric Apbaraﬁns for Trace Sulfur Determination
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FC €q
Concentration of sulfur = mass of sulfur, g _ _eq (X1.1)
mass of sample, g  mass of sample, g
: -3 106
O.I'mVXZ.r;nnXG_O.Es IOVVxﬁgxlo ug
ug S = Ain2 x —= 1. g’g o0 CmA - d g (X1.2)
‘ REYX ————xX—F~ X
(@)X =5 ==X 55 X))
wherg: ‘ Therefore,
Ain. = peak area measured in square inches, ‘ Ax12%1 -3 % 16 % 10°
0.l mV/in. = millivolt span of upscale deflection for the pg S = R XO% 50(;6x ¥ 0" ng (XL1.5)
recorder, ‘ o . ’
2 minfin. = chart speed in minutes per inch, Therefore, '
60 s3/min = conversion of time in minutes to seconds, peg S = (4 X LINAR x ) (X1.6)
1073 V/mV = conversion of volts to millivolts, Since ppm = .
16 g/eq = gram-equivalent of sulfur, P ue/e:
10%pug/g = micrograms per gram conversion factor, ‘ ppm § = ———A X L9
R(Q) = microcoulometer range switch setting in : - R X fX volume, pL (XL.7)
L ohms, x 107 2L density, =
substituting ¥/R = 1 (amps) ©uL S mL
' ., 0lmV_2min_60s. 102V . 4 % 199 x 10° |
, 2 L e 22 = < _ el \ -
‘ A in°x i, min TV : ‘ ppm R X fX volume X density (XL8)
QA-5) = ) ‘ XL13)  gince mass = volume X density - _
F = 96 500 CJeq - o ’ o ppm § = (4 X LI9(RX [ % mass, g) (X1.9)
' = Faraday’s constant® (electrical equivalence of X1.3.4 Derivation with Disk Integrator—A in Eq X1.6 is
R otie gram-equivalent mass of any substance) expressed as in.?2 However, it may also be_ expressed as
A-s/C = conversion of coulombs to ampere-seconds, counts. Therefore, A in.2 = coutits X 1073 since 1'in.? = 1000
and counts. Therefore, substituting counts X 1072 for 4 in Eq
f = recovery factor (ratio of ppm S determined in  X1.6 gives ‘ . :
; standard versus known ppm S in standard) ug 8 = (counts X 1.99 X 1073)/(R X [}
Therefore, _ Then: e
S g -
AX12%x 1077 As % %g x 10 pe ppm 8 = counts X 1.99 - : (X1.10).
LgS= q g X1.4) R X volumel, pL X density? e f

><96 SOOCXé-_s
eq C

8The value of the Faraday has been redetermined in 1960 by the National
Bursau of Standsrds; the new value is 96 489 =+ 2 coulombs (chemical scale).

R xf

ppm § = (counts X 1.99 X 10~3/(R X mass, g X f) ‘

Note XI1.1-—Counts =

100 X number of integrator per full-scale
excursions. L. )

The American Society for Testing and Materlals takes no position respecting the validity of any patent rights asserted in connection ‘
with any item mentioned In this standard. Users of this standard are expressly advised that determination of the valldity of any such
patent rights, and the risk of infringement of siuch rights, are entirely their own responsibiiity.

" This standard Is subject to revision at any time by the responsible technical cammittes and must be reviewed every five yoars and
if not revised, elther reapproved or withdrawn, Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquatters. Your comments will receive careful consideration at & meeting of the responsible
technical committes, 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 Conshohacken, PA 19428.
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QHI}V} Designation: D 3173 ~ 87 (Reapproved 1996)

Standard Test Method”for

- Moisture in the Analysis Samble of Coal and Coke’

This smn&ard is issued under the fixed desngnauon D> 3173; the number 1mmed1ately 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 editorial change since the last revision or reapproval.

1. Scope

‘1.1 This test method covers the determination of moisture
in the analysis sample of coal or coke. It is used for
calculating other analytical results to a dry basis. When used
in conjunction with the air drying loss-as determined in
accordance with Method D 2013 or Practice D 346, each
analytical result can be calculated to an as-received basis:

1.2 This standard does not purport fo 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 applzca~
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
D 346 Practice for Collection and Preparation of Coke
Samples for Laboratory Analysis? -
D 2013 Method of Preparing Coal Samples for Analyms2
D 3180 Practice for Calculating Coal and Coke Analyses
 from As-Determined to Different Bases?
.D'3302 Test Method for Total Moisture in Coal?

3. Summary of Test Method

. 3.1 Moisture is determined by establishing thc loss in
weight of the sample when heated under rigidly controlled

conditions of temperature, time and .atmosphere, sample

weight, and equipment specifications.

4. Significance and Use

4.1 Moisture as determined by th1s test rnethod 1s used for
calculating other analytical results to a moisture free basis

using procedures. in Practice D 3180.. Moisture percent -

determined by this test method may. be used in conjunction

with the air-dry moisture loss determined in Method D 2013
and Test Method D 3302 to determine total moisture in
coal. Total moisture is used for calcu]atmg other analytical
results to “as received” basis using Practice D 3180. Mois-
ture, ash, volatile matter, and fixed carbon percents constl—
tute the proximate analysis of coal and coke,

5. Analysis Sample

5.1 The analysis sample is that sample which has been
pulverized to pass 250-um (No. 60) sieve as prepared in
accordance with Practice D 346 or Method D 2013.

1 This test method is under the jurisdiction of ASTM Committee D-5 on Coal
and Coke and is the direct responsibility of Subcommittee D05.21 on Methods of
Analysis,

Current edition approved June 8, 1987, Published August 1987, Originally
published as D 3173 ~ 73, Last previous edition D 3173 - 85.

2 Annual Book of ASTM Standards, Vol 05,05,

0. Apparatus

6.1 Drying Oven, for coal samples:

6.1.1 For determining the moisture of coal, the oven shall
be so constructed as to have a uniform temperature in all
parts, have a minimum of air space, and be capable of
temperature regulation between the limits of 104 and 110°C,
It may be of the form shown in Fig. 1. Provision shall be
made for renewing the preheated air in the oven at the rate of
two to four times a minute, with the air dried as defined in
7.1.

6.1.2 In the oven shown in Fig. 1, the door should contain
a hole of approximately ¥ in. (3.2 mm) in diameter near the
bottom to permit a free flow of air through the oven space.

6.2 Drying Oven, for. coke samples. For determmmg the
moisture of coke, an ordinary drying oven with openings for
natural air circulation and capable of temperature regulation
between limits of 104 and 110°C may be used.

6.3 Capsules, with covers. A convenient form, which
allows the ash determination to be made on the same
sample, is a porcelain capsule, % in. (22 mm) in depth and
1% in. (44 mm) in diameter, or a fused silica capsule of
similar shape. These capsules shall be used with a well-fitting
flat aluminum cover, illustrated in Fig. 2. Platinum crucibles
or glass capsules with ground-glass caps may also be used.
They should be as shallow. as possible, consistent with
convenient handhng ‘

7. Reagents -

7.1 Dry Air—Air used to purge the drying oven should be

dried to a moisture content of 1.9 mg/L or less, (Dew point
—10°C or less.) Any desiccant or drying method capable of
achieving this degree of dryness is suitable.

7.2 Desiccants—Materials suitable for use in the desic-

' cator may be chosen from the following: .

7.2.1 Anhydrous Calczum Sulfate (0.004 mg/L)
~ 7.2.2 Silica Gel. '
7.2.3 Magnesium Perchlorate (0.0005 mg/L).
7.2.4 Suifuric Acid, Concentrated (0.003 mg/L).
7.2.5. The desiccant must be kept fresh enough to assure

 that the air in the desiccator is dry as defined in 7.1. Values

in parentheses ( ) are literature values for the residual
amount of moisture in air at equilibrium with these desic-
cants.

NoTeE—Warning: Sulfuric acid is corrosive and can cause severe

damage to eyes, skin, and clothing. Magnesium perchlorate is a strong
oxidant and can react violently with organic materials.

8. Procedure for Sample Passing a 250-um (No. 60) Sieve

8.1 Heat the empty capsules under the conditions at
which the sample is to be dried, place the stopper or cover on
the capsule, cool over a desiccant for 15 to 30 min, and

315
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Note—Details in U.S. Bureau of Mines Bulletin No. 492, 1951, p 6
FIG. 1 Moisture Oven

““\a-—.:an::-‘-a::’u-

‘ FIG. 2 Capsule for Use in Determining Moisture

weigh. Dip out with a spoon or spatula from the sample
bottle approximately 1 g of the sample. Put this quickly into
the capsule, close, and weigh at once to the nearest + 0.1 mg,

8.2 An alternative procedure for weighing the sample

(more subject to error) is as follows: After transferring an
amount of the sample slightly in excess of 1 g, bring to
exactly 1 g in weight (+0,5 mg) by quickly removing the
excess weight of the sample with a spatula. The utmost

. dispatch rust be used in order to minimize the exposure of

the sample until the weight is determined.

8.3 After removing the covers, guickly place the capsules
in a preheated oven (at 104 to 110°C) through which passes a
current of dry air. (The current of dfy air is not necessary for
coke.) Close the oven at once and heat for 1 h. Open the
oven, cover the capsules quickly, cool in a desiccator over
desiccant, and weigh as soon as the capsules have reached
room temperature.

8.4 Usethe percentage of moisture in the sample passing a
250-ym (No. 60) sieve to calculate the results of the other
analyses to a dry basis.

9. Calculations

9.1 Calculate the percent moisture in the analysm sample
as follows:
" Moisture in analysis sample, % = [(4 ~ B)/A] X 100

where:
A
B

grams of sample used, and
grams of sample after heating.

]

10. Precision and Bias

10.1 The following criteria should be uscd for judging the
acceptability of results:

10.1.1 Repeatability—Duplicate results by the same labo-
ratory should not be considered suspect unless they differ by
more than 0.2 % for coals having less than 5 % moisture and
0.3 % for coals baving more than 5 % moisture.

10.1.2 Reproducibility—The results submitted " by two or
more laboratories should not be corisidetéd suspect unless
they differ by tore than 0.3 % for coals havmg less than 5 %
moisture and 0.5 % for coals having moré than 5% mois-
ture.

10.1.3 Bias-—Certified standards are not available for the
determination of bias by this test method.

The American Soclety fér Testing and Materfals takes no position respecting the valldity of any patent rights asserted In connection
with any ltem mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, dre entirely their own responsibility.

This standard is subject to revision at any time by the responsible tachnical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited elther for revision of this standard or fof additional standards
and shauld be addressed to ASTM Headquarters. Your comments will receive careful consideration at a rrieeting of-the responsible
technical commitee, which you may attend. If you fes! that your comments have.not-received a fair hearing you should make your
views known to the ASTM Committea on Standards, 100 Barr Harbor Drive, West Conshahocken, PA 19428.
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QH‘W Designation: D 3178 - 89 (Reapproved 1997)

Standard Teet Method‘s‘ for

Carbon and Hydrogen in the Analysis Sampie of Coal and

Coke'

This standard is issued under the fixed designation D 3178; 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 (e) indicates an editorial change since the last revision or reapproval,

1. Scope

1.1 These test methods cover the determination of total
"carbon and hydrogen in samples of coal or coke. Both the
carbon and hydrogen are determined in one operation.
These test methods yield the total percentages of carbon and
hydrogen in the coal as analyzed and the results include not
only the carbon and hydrogen in the organic matter, but also
the carbon present in mineral carbonates and the hydrogen
present in the free moisture accompanying the sample-as well
as hydrogen present as water of hydration of silicates.

Note 1—It is recognized that certain technical applications of the
data derived from this test procedure may justify additional corrections,
These corrections could involve compensation for the carbon present as
carbonates, the hydrogen of free moisture accompanying the sample,
and the calculated hydrogen present as water of hydration of silicates. .

1.2 When data are converted and reported on the “dry”
basis, the hydrogen value is corrected for the hydrogen
present in the free moisture accompanying the sample.

1.3 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. ;

* 1.4 The values stated in SI units are to be. regarded as the
standard .

2. Referenced Documents

2.1 ASTM Standards:
-. D 346 Practice for Collection and Preparatlon of Coke
Samples for Laboratory Analysis?
« D 1193 Specification for Reagent Water? .-
"D 2013 Method of Preparing Coal Samples for Analyms2
: D 3173 Test Method for Moisture i in the. Analys1s Sample
- of Coal and Coke?.":
#3176 Practice for Ultimate Analys1s of Coal and Coke2
D 3180 Practice for Calculating Coal and Coke Analyses
" from As-Determmed to Different Ba3332

TOTAL CARBON AND TOTAL I-IYDROGEN

3. Summary of Test Methods
3.1 The determination of carbon and hydrogen 1s made

I These test methods are under the jurisdiction of ASTM Committee D-5 on
Coal and Coke and are the direct tesponsibility of Subcommlttee D05.21 on
Methods of Analysis,

‘Current edition appioved Sept. 29; 1989, Publlshed February 1990. Ongmally
published as D 3178 - 73, Last previous edition D 3178 - 84.

* 2 dnnual Book of ASTM Standirds, Vol 05.05.

3 Annual Book of ASTM Standards, Vol 11.01.

331

by burning a weighed quantity of sample in a closed system
and fixing the products of combustion in an absorption train
after complete oxidation and purification from' interfering
substances. These test methods give the total percentages of
carbon and hydrogen in the coal as analyzed, and include the
carbon in carbonates and the hydrogen in the moisture and
in the water of hydration of silicates.

4. Significance and Use

4.1 Carbon and hydrogen values are used to calculate the
amount of oxygen (air) required in combustion processes,,
and in the calculations of efficiency of combustion processes.

4.2 Carbon and hydrogen determinations are used in
material balances on coal conversion processes; also one or
the other is frequently used in correlations of chemical and
physical propertles such as yields of products in liquefaction,
reactivity in gasification, and the densrcy and porosity of
coal.

5. Sample

5.1 The sample shall be the matenal pulverized to pass
No. 60 (250-um) sieve and well mixed according to Method
D 346 or Method D 2013. It may be beneficial to grind the
ash, pit ash, calcinéd coke and h1gh mmeral content mate-
rials to pass'a No. 100 ( 150-um) sieve,

5.2 The test sample shall be welghed just prior to com-
mencing the analysis t0 minimize chance for moisture
change. A change in moisture content would introduce error
in the hydrogen analysis. In order to provide the data
necessary to correct for the hydrogen present in the moisture
and ensuing final calculations of both the hydrogen’ and
carbomn, a separate sample shall be weighed out at the samie
time for a moisture analysis, and analyzed in accordance
with Test Method D 3173, :

6. Apparatus

6.1 Oxygen Purzfymg Tram con51st1ng of the followmg
umnits arranged as listed in the order of passage of oxygen:
»6.1.1 First Water Absorber—A. container for the solid
dehydrating reagent.” It shall be so constructed that the
oxygen must pass through a column of reagent adequate to
secure water equilibrium equal to that secured in the
prescribed absorption train. A container of large volume and’
long path of oxygen travel through the reagent will be found
to "be advantageous where many carbon and hydrogen
determinations are made.

6.1.2° Carbon -Dioxide Absorber——A container ' for sohd
carbon dioxide absorbing agent. It shall be constructed as
described in 6.1.1 and shall provide for a column of reagent
adequate to remove carbon dioxide completely.
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A—Clear fused quartz section (optional) when a translucent quartz tube is used.
B—Cupric oxide filing.

C—Lead chromate or silver filling.

Py, Pa, or Pz—oxidized copper gauze plugs.

NoTe—All dimensions are given in centimetres. When furnace sections longer than those specified in 6. 3 are to be used, changes in the above dimensions shall be in

accordance with the provisions of Note 5,

FIG. 1 Arrangement of Tube Fillings for COmbustion Tube

6.1.3 Second Water Absorber, same as specified in 6.1.1

6.2 Flowmeter, used to permit volumetric measurement
of the rate of flow of oxygen during the determination. It
shall be suitable for measuring flow rates within the range
from 50 to 100 mL/min (standard temperature and pres-
sure). The use of a double-stage pressure-reducing regulator
with gage and needle valve preceding the ﬁrst water absorber
is ‘recommended to permit easy and accurate adjustment of
the rate of flow.

6.3 Combustion Unit—The combustion unit shall consist
of three electrically heated furnace sections, individually
controlled, which may be mounted on rails for easy move-
ment; the upper part of each furnace may be hinged so that it
can be opened for inspection of the combustion tube. The
three furnace sections shall be as follows:

6.3.1 Furnace Section 1, nearest the oxygen inlet end of
the combustion tube, approximately 130-mm long and used
to heat the inlet end of the combustion tube and the sample.
It shall be capable of rapidly attaining an operating temper-
ature of 850 to 900°C, Combustion tube temperature shall be
measured by means of a thermocouple placed immediately
adjacent to the tube near the, center of the tube section.

6.3.2 Furnace Section 2, approximately 330 mm in length
and used to heat that portion of the tube filled with cupric
oxide. The operating temperature shall be 850 + 20°C.
Combustion tube temperature shall be measured by means
of a thermocouple placed immediately adJacent to the tube
near the center of the tube section.

6.3.3 Furnace Section 3, approx1mately 230 mm-long,
and used to heat that portion of the tube filled with lead
chromate or silver. The, operating temperature shall be 500 &
50°C. Combustion tube temperature shall be measured by
means of a thermocouple placed immediately adjacent to the
tube near the center of the tube section.

6.3.4 Combustion Tube—The combustion tube shall be
made of fused quartz or high-silica glass* and shall have a
nominal inside diameter which may vary within the limits of
19 to 22 riim and a minimum total length of 970 mm. The
exit end shall be tapered down to provide a tubulated section
for connection to the absorption train. The tubulated section
shall have a length of 20 to 25 mm, an internal diameter of

4 Vycor has been found satisfactory for this purpose.
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not less than 3 mm, and an.external diameter of approxi-
mately 7 mm. The total léngth of the reduced end shall not
exceed 60 mm, If a translucent fused quartz tube is used, a
transparent section 190-mm long, located: 250 mm from the
oxygen inlet end of the tube, will be found convenient (see
Fig. 1).

6.3.5 Combustion Boat—This shall be either .glazed por-
celain, fused silica, or platinum. Boats with internal dimen-
sions of approximately 70 by 8 by § mm have been found
convenietit,

6.4 Absorption Train—The absorption train shall consist
of the following units arranged as listed in the order of
passage of oxygen:

6.4.1 Water Absorber, having a capacrty for 45 cm? of
solid reagent and a m1n1mum length of gas travel through the
reagent of 80 mm,3

6.4.2 Carbon Dioxide Absorber——If solid reagents are used
for carbon dioxide absorption the container shall be as
described.in 6.4.1. If a solution is used, the container shall be
a Vanier bulb.

6.4.3 Guard Tube—A container as desonbed in 6.4, 1

7. Reagents

7.1 Purity of Reagents—Reagent grade chemicals shall be
used in all tests. Unless otherwise indicated, it is intended
that all reagents shall conform to the specifications of the
Comumittee on Analytical Reagents of the American Chem-
ical Society, where such specifications-are available.® Other
grades may be used, provided it is first ascertained that the
reagent is of sufficiently high purity to permit its use withcut
lessening the accuracy of the'détermination.

7.2 Purity of Water—Unless otherwise indicated, refer-
ences to water shall be understood to mean Type IV reagent
water, conforming to Specification D 1193,

7.3 Oxygen, 99.5 % purity or better (Note 5).

7.4 Combustion Tube Reagents:

5 Glass-stoppered containers such as the Nesbitt, Schwartz Ustube and the
Stetser-Norton bulbs have been found satisfactory,

6 Reagent Chemicals, American Chemical Society Specifications, American
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Society, see Analar Standards for Laboratory
Chemicals, BDH Ltd., Poole, Dorset, UK, and the United States Pharmacopeia
and National Fomulary, us. Pharmaceutlcal Convention, | Inc. (USPC),
Rockville, MD,
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7.4.1 Cupric Oxide (CuQ), wire form, dust-free.

7.4.2 Fused Lead Chromate, (PbCrQ,) approximately
2.38 to 0.84 mm size.

7.4.3 Silver Gauze, 99.9 % silver minimum purity, 0.84
mmn, made from approximately No. 27 B&S gage wire.

7.44 Copper Gauze, 99.0 % copper minimum purity,
0.84 mm made from approximately No. 26 B&S gage wire.

7.5 Purification and Absorption Train Reagents:

7.5.1 Water Absorbent—Anhydrous magnesium per-
chlorate (Mg(ClO,),) of approximately 2.38 to 0.35 mm size,

Note 2—Trade names of the reagents are Anhydrone and
Dehydrite.

7.5.2 Carbon Dioxide Absorbent—If a solid reagent is
used, it shall be sodium or potassium hydroxide (NaOH or
K.OH) impregnated in an inert carrier of approximately 2.38
to 0.84 mm size, Use of soda lime in place of the above or in
admixture with them is permissible (Note 3). If a solution is
used, it shall be 30 weight % potassium hydroxide (KOH).

Note 3—Trade names of the sodium and potassium hydroxide
permissible solid carbon dioxide absorbing reagents are; Ascarite II,
Caroxite, and Mikohbite, If soda lime is used in admixture with any of
the foregoing, it should not exceed 30 weight % of the total reagent. In
using Ascarite it may be necessary to add a few drops of water to this
reagent to assure complete absorption of carbon dioxide,

8. Preparation of Apparatus

8.1 Combustion Tube Packing—To ensure complete oxi-
dation of combustion products and complete removal of
interfering substances such as oxides of sulfur, the combus-
tion tube shall be packed with cupric oxide and lead
chromate or silver. The arrangement and lengths of the tube
fillings and separating plugs shall be as shown in Fig, 1. It is
recommended that the tube be placed in a vertical position
(constricted end downward) for packing, When filling the
tube with lead chromate, any residual reagent adhering to the
walls of the empty portion of the tube must be removed.
When silver is used as a tube filling, the required length of
filling may be prepared conveniently. from three or four
strips of silver gauze 150 to 200-mm long, by rolling each
strip into a cylindrical plug and inserting the strips end-
to-end in the tube.

Note 4—Longer furnaces with appropriate lengths of tube packmg N

will be satisfactory.
8.2 Absorption Train:

8.2.1 Water Absorber—A container that is filled with a

permissible solid desiccant by adding the required amount in

water absorbent and a solid carbon dioxide absorbent.

8.2.4 Connections—To ensure a closed system from the
supply tank of oxygen to the guard tube at the end of the
absorption train, it is recommended that all connections by
glass-to-glass or glass-to-quartz butt joints be sealed with
short lengths of flexible tubing. The connection between the
purification train and the combustion tube may be made by
means of a rubber stopper or other suitable device. All
connections shall be gas tight No lubricant shall be used for
making tubing connections in the absorption traln

8.3 Conditioning of Apparatus:

8.3.1 Newly Packed Combustion Tube—Burn a sample of
coal or coke as described in 9.4 except that the products of
combustion need not be fixed in a weighed absorption train.

8.3.2 Used Combustion Tube—After any extended shut
down, one day or more, test the combustion train under
procedure conditions, but without burning a sample, for 40
min with weighed absorption bulbs connected. A variation of
not more than 0.5 mg of either bulb shall be considered
satisfactory.

Note 5—If the blank tests for flow indicate interfering impurities in
the oxygen supply by consistent weight-gain in the absorption bulbs,
eliminate these impurities by using a preheater furnace and tube, filled
with cuprlc oxide. Operate this preheater furnace at 850 = 20°C and
insert in series between the supply tank of oxygen and the purification
train.

8.3.3 Absorption Train—Condition freshly packed ab-
sorber and guard tubes by burning a sample of coal or coke
as described in 9, 4 except that tube weights need not be
determined,

8.3.4 Standard Checks shall be made frequently, partlcu—
larly when intermittent use of the combustion train is
common or when any changes have been made in the
system. A standard substance of certified analysis, such as
benzoic acid or sucrose as furnished by the National Bureau
of Standards shall be burned as described in Section 9. A
variation from the theoretical of not more than 0.07 % for
hydrogen nor more than 0.30 % for carbon shall be consid-
ered satisfactory.

9. Procedure

9.1 After the combustion tube and absorbers have been
conditioned as prescribed in Section 8, conduct the test as

~ follows:

small portions and settling each portion by gentle tapping’

between additions. Place a glass wool plug between thé
reagent and the absorber outlet to prevent loss of reagent
dust.

8.2.2 Carbon Dioxide Absorber—1If a solid reagent is used
for the retention of carbon dioxide, fill the absorber as
described in 8.2.1, Place in the outlet section of the container
a layer or cap of desiccant that is the same as that used in the
water absorber. This layer shall have a bulk volume not less
than one fourth nor more than one third of the combined
volume of both reagents. If a liquid absorbent is used, fill the
inner tube of the Vanier bulb with the same desiccant used in
the water absorber. Place a glass wool plug in the outlet
section of the container to prevent loss of reagent dust.

8.2.3 Guard Tube, packed with equal volumes of the
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9.2 Absorptzon T rain—Bring the absorptlon tubes to
room temperature near the balance for [5 to 20 min, vent
momentarily to the atmosphere, wipe with a chamois or
lint-free cloth in the areas where handled, and weigh to the
nearest 0.1 mg. '

9.3 Sample—Weigh approximately 0.2 g (weighed to the
nearest 0.1 mg) of air-dry sample ground to pass a No. 60
(250-pm) sieve into a combustion boat,

9.4 Sample Analysis—With furnace (6.3.2 and 6.3.3) at
specified temperatures and positioned as shown in Fig, 1,
perform the following operations in rapid succession in the
order listed:

9.4.1 If a conventional type of sample heating furnace is
used for heating (6.3.1), place it so that its left-hand edge is
about 100 mm from the oxygen inlet end of the combustion
tube.

9.4.2 Attach the weighed absorption train to the tube:
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9.4.3 Push the sample boat into the tube to a point within
approximately 20 mm from plug P,;

; 9.4.4 Close the tube and adjust the oxygen flow to a rate
of 50 to 100 mL/min (standard temperature .and pressure)
being the;same as used in blanking (see 8.3.2). . -

9.4.5 Apply full heat to. heating section No. 1 to bring it to
an operating temperature .of 850 t0.900°C. as rapidly as
possible. Move the heater slowly toward the boat so that it
completely covers-the boat and is brought inté contact with
heating (6.3.2) in a period of 10 to 20 min (Note 6). Allow it
to remain in this position for an additional 5 to 10.min and
then. shut off the heat and return -the sample heater to its
original position. Continue to the flow of 'oxygen through the
tube for 10 min (Note 7); close the absorbers under a positive
pressure of oxygen, and detach them from theé train. Remove
the absorbers to the. vicinity of the balance, allow them to
cool to room temperature for 15 to 20 min, vent; momen-
tarily to atmosphere, wipe them with a chamois or lint-free
cloth in the areas handled; and finally weaigh them to the
nearest 0.1 mg. While the absorbers are cooling, it is
recommended that the ash remaining in the combustion
boat be examined for traces of unburned carbon which, if
present, will nullify the determination.

NOTE 6—Some vanatmn in operatmg technique and heater manip-
ulation may be perrmtted here at the discretion of the analyst, provided
that it is conducive to a gradual and controlled release of volatile matter.
Conditions that lead to visible burning (flame combustion) of the
sample shall be avoided.

Noxe 7—8ince water may condense i i the cooler outlet end of the
combustion thbe or in the inlet arm of the water absorber, the use of an
external or internal heat conducting device (a metal heat bridge) is
recommended to prevent such condensauon or prothote reevaporation
during this flushing period.

10. Calculiation

10.1 Calctilate the percentage of carbon (Nofe 8) in the
analysis sample as follows:
Carbon, % = (4 x 27.289)/B (1)
where: ‘

A = increase in weight of CO, absorption bulb, g, and
B =-grams of sample used.

Note 8—TIt is recognized that formation of oxides of nitrogen during
the .combustion; pmce'dure may | lead to slightly high results for carbon,

concluston that efror so incurred would not be mgmﬁcant in commercial
application, In certain research applications, where accuracy of a higher
order is requited, means of removing oxides of nitrogen prior-to water
and carbon dioxide absorptlon should be included.

10.2 Hydrogen—Calculate the percentage of hydrogen in
the analysis sample’ (Note 9) as follows:

Hydrogen, % = (Cx 11.19)/B 2)

where:
B = grams of sample used and
C = increage of weight of water absorption bulb, g.
NoTE 9—The water absorbed in the water absorption tube includes
not only water formed as a product of combustion, but also free water

(moisture) in the sample and water of hydration of any clay minerals
present. ’

11. Report

11.1 The results of the carbon and hydrogen analysis may
be reporced on dny of a number of bases, differing from each
other in the manner by which moisture is treated.

11.2° A separate portion of the analysis sample shall be
analyzed for muoisture content in accordance with Test
Method D 3173, in order to allow calculation of the as-
analyzed data to other bases.

11.3 ProceduTes for converting the values obtained on the
analysis sample to other bases are described in Methods
D 3176 and D 3180.

12; Precision and Bias

12.1 The permissible differences between two or more
determinations shall not éxceed the following values:

W

Repeatability, % Reproducibility, %
Carbon 03 .
" Hydrogen 0.07

12.2 The bias of this test method cannot be determined at
this tlme

The American Society for Testing and Materlals takes no position respecting the validity of any patent rights asserted in connection
with any ftem mantioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rlghts, and the risk of mfrmgement of such rights, are entirely thelr own responsibility.

This standard fs subfect to revision at any time by the responsible technical committee and must be reviewed every five years afid
IF not revised, ‘sither reapproved of Withdrawn. Your commienits are invitéd efther for revision of this standard or for additiona! standards
and should be gddressed to ASTM Headquarters. Your comments will recelve careful consideration at a meeting of the responsible
technical committes, which you may attend. If you feel.that your comments have not,received a fair hearing you shauid make your
views known to the ASTM Commlttee on Standards, 100 Bart Harbor Dnvef West Conshohocken, PA 19428. ’
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QHW Designation: D 3236 — 88 (Reapproved:1999) ' |

SRETERSR PN S & ST

" Standard Test Method far.

An American National Standard

Apparent Viscosﬂy of: Hot‘yMeIt Adhesnves and Coatmg

Materials'

This standard is i
votiginal addptioft of; in e cilse’

fision; the yéar:

ent viscosity

compounded with additives and: havmg appa.re pviscosities' up

to 200 000 millipascal second (mPa.s) (Note 3) at tempera-
tures up to 175°C (347°F).

Note 1—Although precision has not been studied, this procedure may
be adaptable to viscosities higher than the present 200 000-mPa:s limit
and temperatures above 175°C (347°F). Equipment described in this
procedur% permits testing of materials having viscosities as high as
16 X 10  mPa-s and provides temperatures.up to 260°C (500°F),

Note 2—For petroleumn waxes and their blends having apparent vis-
cosities below 15 mPas, Test Method D 443 is especially applicable.

Nore 3-—One pascal second (Pa.s) = 1000 centipoise (CP); one milli-
pascal second (mPa-s) = one centipoise.

1.2 The values stated in acceptable metric units are to be
regarded as the standard. The values in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if amy, 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:

D 445 Test Method for Kinematic Viscosity of Transparent
and Opagque Liquids (the Calculation of Dynamic Viscos-
ity)?

3. Terminology

3.1 Definitions:

3.1.1 viscosity—the ratio of shear stress to shear rate. The
viscosity of a liquid is a measure of the internal friction of the
liquid in motion. The unit of dynamic viscosity is the pascal
second. For a Newtonian liquid, the viscosity is constant at all
shear rates. For a non-Newtonian liquid, viscosity will vary
depending on shear rate.

This test method is under the jurisdiction of ASTM Committee D-2 on
Petroleum Products and Lubricants and is the direct responsibility of Subcommittee
D02.10.0A on Physical and Chemical Properties.

Current edition approved Oct. 31, 1988, Published December 1988, Originally
published as D 3236 — 73. Last previous edition D 3236 - 73 (1983).

2 Annual Book of ASTM Standards, Vol 05.01.

Copyright @ ASTM, 100 Barr Harbor Drive, West Conshohacken, PA 18428-2989, United States,
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sued under the fixed designation D 3236 the number immediately following the designation indicates the year of
) Tast tévision. ‘A Tumbie ir parentheses mdicates the year of last reapprov:al A
“siipetstiipt epsiloh (&) Indicatss’ an\edxtorial change since tha last revlsion or reapproval e

4. Summary of Test Method

4,1 A representative sample of the molten material to be
tested is maintained in a thermally controlled sample chamber.
Apparent viscosity is determined under temperature equilib-
rium conditions using a precision rotating spindle type viscom-
eter. Data obtained at several temperatures can be plotted on
appropriate semi-logarithmic graph paper and apparent viscos-
ity at intermediate temperatures can be estimated.

5. Significance and Use

5.1 This test method distinguishes between hot melts having
different apparent viscosities, It is believed that apparent
viscosity determined by this procedure is related to flow
performance in application machinery operating under condi-
tions of low shear rate. Apparent viscosity as determined by
this test method may not correlate well with end use applica-
tions where high shear rates are encountered.

5.2 Materials of the type described in this procedure may be
quite non-Newtonian and as such the apparent viscosity will be
a function of shear rate under the conditions of test. Although
the viscometer described in this test method generally operates
under conditions of relatively low shear rate, differences in
shear effect can exist depending upon the spindle and rotational
speed conditions selected for the test program. Maximum
correlation between laboratories, therefore, depends upon test-
ing under conditions of equivalent shear.

5.3 Approximate shear rates using various spindles are
shown in Table Al.1 in the Annex to this procedure,

6. Apparatus

6.1 Viscometer, rotating spindle type with leveling stand.?

6.2 Viscometer Spindles, stainless steel.’

6.3 Sample Chamber, with precision proportional tempera-
ture controller® ** that provides control accuracy of +1.0°C

3 Suitable viscometers and accessories can be obtained from Brookfield Engi-
neering Laboratories, Inc., Stoughton, MA 02072,

“ A suitable temperature controller can be obtained from Athena Controls, Inc.,
2 Union Road, West Conshohacken, PA 19428,
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(1.8°F) or better through the range from 100 to 200°C (212 to
392°F).
6.4 Graph Paper, semi-logarithmic,

7. Calibration

7.1 The viscometer is precalibrated using Newtonian fluids
by the manufacturer. No zero adjustment is provided since
experience has shown that the zero point will not vary due to
changes in the spring. The viscometer and spindles are preci-
sion equipment and should be kept from undue shock and
mishandling. Physical damage to the instrument will often
reveal itself as erratic or no oscillation of the pointer when the
instrument, with or without the spindle in place, is operated in
air, When operating normally, the pointer will be stable and
have free oscillation about the zero point in air.

7.2 The instrument may be further calibrated using standard
reference fluids. Suitable fluids are available in nominal
viscosities up to 15 000 mPas at 149°C (300°F).° The
procedure for instrument calibration using standard reference
fluids is that encompassed by this test method. Results obtained
using standard reference fluids should not deviate from the
nominal viscosity by more than 2 %.

7.3 The temperature controller of the type recommended for
this procedure is factory calibrated and has control capability
of £0.5 % of the control point (£1.0°C at 175°C). To further
check the controller and further establish controller settings,
use the following procedure: Place a sufficient quantity of low
viscosity (500 mPa-s or less) hot melt in the sample container
to permit immersion of the appropriate ASTM thermometer to
the proper depth. Do not permit the thermometer bulb to rest on
the bottom of the sample container. Suitable thermometers are
shown in Table 1.

TABLE 1 Suitable ASTM Thermometers

. Scale
Immersion, ASTM Thermometer
Temperature Rangs mm Error, Number
max
90°C to 170°C 51 0.2°C 35C-62
- T 194°Fto 338°F - - - 81 - - - 05°F - 35F62 -
145°C to 205°C 76 0.4°C 100C-68

- Norg -4—Particular care must be taken not to ‘overflow the sample
chamber when using the’ 100°C 76 -min immersion thermometer

. 1.3, 1 Insert the thermometer through the msulatmg cover of
the sample container and hold it in place at the point requlred‘
for proper immersion depth. Adjust the thermal controller to
provide the desired test temperature. Rotate the thermometer
during temperature reading to minimize the effect of thermal
gradients in the sample. Continue temperature readings and
controller adjustment until minimum deviation from test tem-
perature is obtained. M1n1mum deviation may vary between

laboratories, depending upon the .controller, but should in no’

case exceed £0.5°C (0.9°F). Repeat this procedure for any test
temperature desired within the scope of this procedure.

'S Suitable calibration fuids may be' obtained from Brookfield Engmeermg
Laboratories, Inc., Stoughton, MA 02072 or Cannon Instrumem Co., P, O Box 16,
State College, PA 16801. ' -

Il

8. Procedure

8.1 Selection of Spindle—From the estimated viscosity of
the sample and Table Al.1 in the Annex, sélect a viscometer
and spindle combination that will produce readings in the
desired range.

Note 5—Use only the spindle shown to be appropriate for the
viscometer to be used.

8.1.1 Where more than one spindle is available for the range
selected, choose the spindle that produces results nearest the
midpoint of the measurable viscosity range. Viscometer scale
readings must be within the 10 to 95 range.

Note 6-—Care must be taken in the storage and handling of spindles
and assemblies. Protect them from dust, corrosive deposits, and mechani-
cal abuse. Avoid touching the calibrated section of the spindle with the
hands. Clean the spindle and sample chamber thoroughly after each use.
A recommended cleaning procedure is included in Annex A2,

‘8.2 Preparation of Sample—Place the required amount of
representative sample (see Table 2) measured to the nearest
0.005 g (or 0.05 mL if handled in the molten state) in the
sample chamber, Melt the sample in an oven set at the desired
test temperature or in the thermo-container preheated to the
desired test temperature. Avoid excessive or prolonged heating
of the sample to minimize thermal and oxidative effects, Use a
fresh sample for each temperature for which a determination is
to be made. ,

8.3 System Alignment and Spindle Insertion—After the
sample is completely melted, lower the properly aligned and
leveled viscometer until the tips of the alignment bracket just
touch the top of the thermo-container, making contact directly
behind the locating ring. Raise the viscometer, positioning the
tips of the alignment bracket 2 mm (Yis in.) above the top of
the thermo-container. Using both hands, gently stide the
thermo-container base until the tips of the alignment bracket
Just touch the locating ring. Do not forcibly displace the
alignment bracket (see Fig. 1), Screw the link coupling nut
onto the viscometer coupling nut (note left-hand thread).

Connect the coupling link to the spindle (and the coupling mut). . _

Lower the spindle into the sample chamber and connect the

. - link coupling nut.to the viscometer coupling nut, noting the

left-hand thread. Pick up the insulating cap and place it over

“the sample chamber (see Fig. 1).

8.4 Viscosity Determination—Ensure that the material in the
sample chamber is completely molten and that temperature
controller settings are proper: Turn'¢én the viscometer and allow
the spindle to rotate at the lowest spindle speed available’ to

TABLE 2 -Sample 'Slze,Heql‘J‘ir‘ement o

Approximate Approximate Sample
Spindle - Volume, mL . Weight, g*
SC4-18 /. | 8,00 6.40
5C 421 | . .. 8.00 6.40
8C427 T 10.50° 8.40
- 8C 428 - 11,60 9.20
-8C 429 . 13.00 . | 1040 .,
.8C4-31 - ., . . 10.00 . 8.00 ,
SC4-34 | 9.50 © 7.60 "

“Based on typical molten specific gravity o 0.800, f the specific gravity of the
material to be tested varies greatly from this valle, sample eize must be adjusfed
to ensure proper liquid levet on the spindle shatt.
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FIG. 1 Apparatus for Viscosity Determination

minimize temperature. ,gradiehts in the sample as well as
possible shear effects. When temperature equilibrium is indi-
cated, turn off the viscometer, remove the insulating cap, raise
the viscometer and spindle, and inspect the liquid level on the
gpindle shaft. It should extend about 3 mm (Yin.) up the
spindle shaft beyond the upper, tapered portion of the spindle.
If the liquid level varig§ significantly from this, add or remove
sample to provide this level. Replace the insulating cap, and
allow the unit to reestablish temperature equilibrium with the
spindle rotating at the lowest available speed. Continue spindle
rotation for 15 min after apparent equilibrium. Increase the
spindle speed to that required to produce a scale reading
nearest the midpoint of the scale, but in no case outside the 10
to 95 unit range. Engage the pomter clutch and stop the
viscomster motor when the pointer is in view. Record the scale
readmg Restart the viscometer motor, and allow at least five
additional revolutions of the spindle. Engage the pointer clutch

330

and stop the viscometer motor with the pointer in view. Record
the second dial reading. Repeat the ‘above operation until three
consecutive scale readings are obtmned which d1ffel by no
more than 0.5 unit.

9. Calculation

9,1 Determine the average of the three consecutive scale
readings which differ by no more than 0.5 scale unit. To
convert to millipascal seconds, multiply this value by the
appropriate factor taken from either the instrument instruction
manual or Table Al.2 in the Annex. Repeat this for each
termperature.

Note 7-—If it is necessary to interpolate for viscosity values at
intermediate temperatures, plot a series of observed apparent viscosity
values on the logarithmic scale and the corresponging test tempemtures on
the linear scale of appropriate seml—loganthmlc paper, using a series of at
least three different temperatures. From the plot, determine the apparent
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TABLE 3 Summary of Precision Estimates; Total Round-Robin Data
Average Viscosity, deg v deg
Sample No. ?nF’a-s g Sa freadom Sa+b fresdomm Sa% Sa+b%
- Mi69-28
100°C 65.2 2.02 1" 3.64 . 10 3.10 5.58
125°C 387 1.07 10 2.39 9 2,76 6.18
160°C 25.2 0.27 10 2.20 9 1.07 8.78
Mi69-29
100°C 170.2 4,39 10 19.7 9 2,58 11.58
125°C 93.4 2.54 9.10 8 2,72 9.74
150°C 55.8 1.00 9 4.23 8- 1.79 7.59
MIES-30
125°C 232,100 8540 6 9040 5 3.68 3.88
150°C 128,167 4280 6 7380 . 5 3.34 5.76
178°C - 74,021 1840 7 8310 6 2.49 747
MI69-31
125°C 3416 17 " 207 10 3.43 6.06
150°C 1456 43.2 11 70.0 10 2,96 4.81
175°C 756 16.7 11 46.2 10 2.21 6.11
MI69-32 :
125°C 66,560 2850 9 7410 8 4.28 11.13
150°C 26,800 1130 9 2750 8 422 10.26
175°C 11,850 449 9 1030 8 3.79 8.69
MI69-33 ' '
125°C 165,300 3730 7 7320 6 2.26 4.43
1580°C 74,590 1880 8 2650 7 252 3.78
175°C 35,840 1820 9 2420 8 5.07 6.75
Pooled Data:
Sa (overall) = 3.14 % at 162 deg freedom 8a + b (overall) = 7.60 % at 7 deg freedom
3.14 % 2.80 = 8.8 % relative 7.60% 3.34 = 25.4 % relative
TABLE 4 Summary of Precision Estimates, Selected Shear Equalized Data
Average Viscosity, de: deg .
Sample No, ?nPavs 4 Sa freed%m Sa+b freadom Sa % Sa+b%
M169-28 . ) AR 3 .
100°C 64.4 . 133 7 . 215 8 - 2,07 :3.34
125°C 38.0 0.56 5 Q.75 4 ' 1.47 1,97
160°C 24.1 0.51 6 0.47 ] 212 1.96°
Mig9-29 e . ‘
100°C 163.2 0.63 6 4,09 R 0.38 2.51
125°C 90.3 0.76 5 1.90 4 0.90 21
150°C 53.7 0.83 5 1.30 4 -1.66 242
MI69-30 o ’ o ;
125°C 229,900 10,240 4 15,700 3 4,59 7.04
150°C 130,900 5200 5 6200 4 3.97 3.97
175°C 74,640 830 5 4750 - ° 4 111 6.36
. MIB9-31 . ) , : T . . S
- 128°G - -~ - - - 3429 B[ R R T : I B L AR e 1 -2
150°C 1474 123 . 6 28.3 5 ) 0.83 1.92
176°C 770 168 § 21.0 4 2.03 - 273
M(69-32 ‘
125°C 68,680 1450 5 L3440 4 2.1 6.00
150°C 28,000 255 6 1670 5 .. 091 5.96
175°C 12,350 361 6 911 5 2.92 . 7.38
MI69-33 : B )
125°C 167,700 1730 [} 5000 ’ 4 1.03 2.98
180°C 75,700 758 7 . 16848 8 1.00 2.17
176°C 37,350 686 5 1070 4 1.83 + 2,86
Pooled Data:

Sa (overall) = 1.83 % at 99 deg freedom

1.83 x 2.82 = 5.16 % relative 3.81 X 3.92 = 14.93 % refative

viscosity at any teraperature requested, within the range of test tempera-
tures.

10, Report

10.1 Report the apparent viscosity at a given temperature
along with the particulars of the instrument model, the spindle
number and rotational speed. Example: Apparent viscosity at
125°C (RVT, SC 4-28, 20 rpm)—20 000 mPa-s.

Note 8—If it is desired to report the shear rate corresponding to the
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Sa + b (overall) = 3.81 % at 4 deg freedom

instrument/spindle/speed corabination, refer to Table Al.1 for the appro-
priate calculation. ‘

11. Precision and Bias

11,1 The precision of this test method as determined by
statistical examination of interlaboratory results is as follows:
11.1.1 Repeatability— The difference between two test
results, obtained by the same operator with the same appara-
taus under constant operating conditions on identical test
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material would, in the narmal and correst operation of the test” -

method, exceed the following valugs in one case in twenty:
8.8 %of themean of the two results. 0

11.1.2" Reproducibility—The difference between two single
and mdependent results obtained by different operators work-
ing in different laboratories in identical test material would, in
the lofig fun, exceed thc followmg value only in one case in
twenty:

254 % of the mean of the two results. 2)

Norg " 9—-The precxsmn of this test method is based on a round-robm
conductéd using six wax-baséd hot melt materials that are believed to be
representative of the class, Tests were condugted at three temperatures by
seven to éleven laboratori¢s, Jusing the Brookfield viscomster model and
spindle combmatlon avaﬂable to that laboratory. This encompassed a total
of four viscometer models (Models LVF, LVT, RVT, and HBT) and seven
different spindles, each appropriately tailored to the viscometer used. The
effect of shear rate was disregarded.

11.1.3 A review of that portion of the data which can be

_corisidered comparable at equal shear rates indicates that those

laboratories capable of comiparing: data at equal shear rates can

‘éxpéct improvement in reproducibility, It is estimated that

under conditions of equal shear rate reproduc1b111ty the values
would in the long run, exceed the following in onie case in
twenty:
15 % of the mean of the two results.
‘ ©)
11.1.4 A summary of data generated in this round-robin
program is shown in Table 3 and Tdble 4.

11.2 Bias—The procedure in this test has no bias because
the value of apparent viscosity can be defined only in'terms of
a test method.

12. Keywords

12.1 adhesives; apparent viscosity; coating materlals, hot
melt adhesives; viscosity .

ANNEXES

(Mandatory Information)

Al.l Viscometer and Stand—Set up the viscometer stand
on a firm, level surface convenient to & 15-A, 115-V, 60-Hz a-c
electrical, service and: a cooling water supply. and drain.
Connect the coupling post to the rack, and screw both posts

into the"V-shaped base, leavmg the lock nut loose: Place the *

three leveling screws. in position in the base. Attach the
viscometer to the stand inserting it into the clamp on the rack.
The viscometer must bg leveled and centered on the viscometer

base. Lock the posts ughtly to the stand with the lock nut on the

coupling post. Raise the viscometer to the highest position on
the stand. Making certain that the power switch is off, plug in
the viscometer power cord.

Al2 Alignmem‘ Bracket—With the viscometer raised to the

highest ‘position on the stand and the dial directly in front, -

attach the ahgnment bracket to the back of the viscometer pivot
cup, securing it tightly with the knurled screw.

A3 Thermo-container, Sample” Chamber, and Safety
Guard —Level the red thermo-container base using the three

“Al. APPARATUS AND EQUIPMENT SET-UP

leveling screws in the base. Slide the perforated safety guard
over the top of the thermo-container, sliding it past the power
cord flush against the red base. Using the extractirig tool, insert
the sample chamber into the thermo-container, Rotate the
sample chamber until it drops and locks in place preventing
further rotation. .

Al4 Controller and Probe—Place the controller on the
level surface adjacent to the thermo-containet. Tnsert the
three-pronged male plug from the thermo-container braided
cord into the socket on the controller. Caution: This plug must
be connected to the controller only. Insert the 4-in. stainless
steel probe into the hole in the thermo-container located
directly above the braided cord, Plug the other end of the probe
into the connector on the controller. Making certain that the
controller power switch is in: the OFF position, ,plug the
controller power cord “into” a 115-V, 60-Hz, grounded a-c

- “power source.
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TABLE A1.1 Vigcometer-Spindle Data
LV Serisy Viscometers
Viscosity Range, mPa.s Approximate
Spindle bl 3““@5*%‘ VO?I?I’?:%L Sample
T LVF 5xLVT : Weight, g
8C 4418 610 000 B.800 25-50 000 1.32 (Ny? 8.0 6.4
5C 431 50100 000 505 000 250-500 000 0.34 {N) 10.0 8.0
SC 4-34 100-200 000 10010 000 §00-1 000 000 0.28 (N) 9.5 7.8
BV, Seres Viscometers
Vigcosity Range, mPas Shear Rate, Sample Approximate
Spincle RVT RVE RVF=100 s Volure, mL Sample
8C 421 §0-100 000 250~25 000 50-5 000 0.93 (M) 8.0 6.4
8C 427 250-500 000 1 280-186 000 26026 000 0.34 (N} 10.5 84
SC 4-28 5001 00N 00O 2 B00-280 000 500-60 000 0.28 (N) e 9.2
SC 4-20 1 000-2 000 000 5 Go0~-500 000 1 000100 000 0.25 {N) 13.0 10.4
HA.SatiesMiscometars
Viscosity Flange, mPa-s Approximate
Spindie yoe Shear Rate, VoL Sample
HAT HAF L} olume, m Walght..o
5C 421 100200 000 1 000-100 000 0.93 (N} 8.0 8.4
SC 427 6001 000 000 § 000-500 000 0.34 (N) 10.8 84
SC 4-28 1 000-2 000 000 10 000-1 000 000 0.28 {N) 1.5 9.2
8C 4429 2 000-4 000 000 20 000~-2 000 000 0.25 (N) 13.0 104
: MB Seris Viseorelars
Visoosity Range, mPa-3 Shear Fiate, Sample Approximate
Spindie HBT MEF g Volume, mL. Sarrple
SC 4-21 400-800 000 4 000-400 000 0.93 {N) 8.0 8.4
8C 4-27 2 Q00-4 000 Q00 20 D00~2 000 D00 0.34 (N) 10.5 8.4
5C4-28 4 000-8 GDO 000 40 000-4 000 00O 0.28 (N) 11.5 9.2
8C 4-29 8 000~-16 000 Q00 80 000-8 000 000 0.25 (N) 13.0 104

AN = rpm at which dial readings are taken
Example; Modal RVT Viscometer/GC 4-28 spindle at 20 rpm

Shear Rate Factor X Spindle Speed In rpm = Shear Rate in 5~
0.28 %

x

ALS  System Alignment and Spindle Insertion-Level the
viscometer stand base and the thermo-container and base,
Lower the viscometer until the tips of the alignment bracket
Just touch the top of the thermo-container, making contact
directly behind the locating ring. Raise the viscometer, posi-
tioning the tips of the alignment bracket about 2 om (Mis in.)
above the top of the thermo-container. Using both hands,
gently slide the thermo-container base until the tips of the
alignment bracket just touch the locating ring. Do not forcibly
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w558

displace the alignment bracket. Screw the link coupling nut
onto the viscometer coupling nut, noting the left-hand thread,
Connect the coupling link to the spindle. Lower the spindle
into the sample chamber and connect the spindle and link to the
link coupling nut on the viscometer. Place the insulating cap
over the sample chamber inlet, thus capping the system.
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TABLE A1.2 Viscometer-Spindla Factor Data
Note 1—To caleulate viscosity in millipascal seconds (mPa-s) muliiply the dial reading by the factor, corresponding to the viscometer, spindle, and

LV Serles Viscometer Spindle Factora

Spead, rpm T LvE 5 x LVT
$04-18 SC4-51 8C4-34 $C4-18 8C4-31 $C4-34 8C4-18 SC4-31 8C4-34
60 0.5 § 10 0.5 & 10 2.5 25 &0
30 1.0 10 20 1.0 10 20 5 50 100
12 25 25 50 25 25 50 12.5 125 250
[} 8 50 100 5 50 100 25 250 500
3 10 100 200 50 500 M
1.5 20 200 400 100 ™ M
0.6 50 500 M 250 2.5M M
0.3 100 ™ M 60O BM 10M
RV Series Viscometer Spindle Factors
Spoed, rpm RVT RVF RYF-100
SCATY  8CA-27 SCA28  HC420 80421 SC427  BCA28  SCA28 80421 SC42T 80428 SC4-29
00 5 25 50 100 5 25 50 100
50 10 60 100 200 10 50 100 200
20 25 125 260 500 25 125 260 500 25 125 250 500
10 50 250 600 1™ 50 250 500 M 50 250 500 1M
5 100 500 1M M
4 126 625 1.25M 2.5M
25 200 1™ 2M 4M
2 250 1.25M 2.5M 6M
1 500 2.6M 5M 10M
0.5 ™ 5M 10M 20M
HA Searies Viscometer Spindle Factors
Spead, rpm HAT HAF
B0O4-21 80427 50428 SC4-29 $CA-21 B04-07 S8C4-28 BC4-L9
100 10 50 100 200
50 20 100 200 400
20 50 280 500 1™
10 100 500 ™ 2M 100 500 1M 2M
& 200 ™ M 4M 200 M M 4M
25 400 ™M 4M 8™
2 §00 2.5M 5M 10M
1 ™ 5M 10M 20M 1™ 5M 10M 20M
0.8 M 10M 20M 40M
HB Series Viscometer Spindle Factors
Speed, rom HBT HBF
3C4-21 80427 5C4-28 §C4-29 $CA-21 5C4-27 8C4-28 8C4-29
100 40 200 400 800
50 80 400 800 1.6M
20 200 M oM aM
10 400 2M aM am 400 2M aM 8M
5 00 4M BM 16M 800 4M 8M 16M
2.8 1.6M 8M 16M aem
2 M 10M 20M 40M
1 aM 20M 40M 80M 4M 20M 40M 80M
0.6 8M 40M 80M 160M

A2. CLEANING OF EQUIPMENT

bility, or explosive hazards, Spindles and cham-bers must not
come in contact with sulfuric acid, hydrofiuoric acid, hydro-
chloric acid, and ferric ¢hloride. Care must also be exercised to
avoid scratching or deforming the spindles.

A2.1 The spindle and sample chambers are made from
stainless steel and may be cleaned with most commereial
chlorinated or hydrocarbon solvents. If the solvents are heated,
adequate precautions must be taken to avoid toxicity, flamma-
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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 ltem mentioned in this standard. Users of this standard are exprassly advised that determination of the valldity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibifity.

Thia standard is subject to revision at any time by the responsible technical committae and must be reviewad every five years and
ifnot revised, either respprovad or withdrawn, Your comments are Invitad either for revision of this standard or for additional standards
and should be addressed o ASTM Headquarters. Your comments will receive careful consideration at a meelting of the responsible
technical committes, which you may attend. If you fesi that your comments have not received a fair hearing you should make your
views known to the ASTM Commillee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428 '

This standard is copyrighted by ASTM, 100 Barr Harbor Diive, West Conshohocken, PA 19428-2959, United States. Individual
reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at 610-832-9585
(phone), 610-832-9555 (fax), or service@astm.org (e-mall); or through the ASTM website (http:/www.astm.org).
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qm‘p Designation: D 3246 - 96

An American National Standard

Standard Test Method for Sulfur in Petroleum Gas by Oxidative

Microcoulometry®

This standard is issued under the fixed designation D 3246; the number 1mmed1ately followmg the deslgnatlon 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, edltonal change since the last revision or reapproval.

1. Scope

1.1 This test method covers determmauon of sulfur in the
range from 1.5 to 100 mg/kg (ppm by mass) by weight in
hydrocarbon products that are gaseous at normal room
temperature and pressure.

Note 1—The test method has been tested cooperatively only on
high-purity ethylene. gas, Precision data have not been developed for
other products.

1.2 The values stated in SI units are to be regarded as the
standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its useIt Is the
responsibility of the user of this standadrd 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: _

D 1265 Practice for Sampling Liquified Petroleum (LP)
Gases—Manual Method?

D 1193 Specification for Reagent Water?

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

F 307 Practice for Sampling Pressurized Gas for Gas
Analysis®

2.2 Other Standards:

Compressed Gas Association Booklets G-4 and G-4-1 on
the Use of Oxygen.S

3. Summary of Test Method

3.1 A sample is injected into a combustion tube main-
tained at about 800°C having a flowing stream of gas
containing about 80 % oxygen and 20 % inert gas (for
example, nitrogen, argon, etc.). Oxidative pyrolysis converts
the sulfur to sulfur dioxide which then flows into a titration
cell where it reacts with triiodide ion present in the electro-
lyte. The triiodide thus consumed, is coulometrically re-
placed and the total current required to replace it is a
measure of the sulfur present in the sample injected.

1 This test method is under the jurisdiction of ASTM Committee D-2 on
Petroleum Products and Lubricants and is the direct responsibility of Subcom.
mittee DO2.D 0.02 on C3 Test Methods.

Current edition approved Nov. 10, 1996, Published January 1997. Originally
published as D 3246 — 73 T, Last previous edition D 3246 — 92.

2 Annual Book of ASTM Standards, Vol 05,01,

3 Annual Book of ASTM Standards, Vol 11.01.

4 Annual Book of ASTM Standards, Vol 05.02.

5 Annual Book of ASTM Standards, Vol 15,03,

§ Available from Compressed Gas Association, 1235 Jefferson Davis Hwy.,
Arlington, VA 22202,
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3.2 The reaction occurring in the tltratlon cell as sulfur
dioxide enters is:

I,™ + SO, + H;0 —» SO, + 31~ + JH* )

The triiodide ion consumed in the above reaction is
generated coulometrically thus:

I~ > I + 2 o))

3.3 These microequivalents of triiodide (iodine) are equal

to the number of mlcroeqmvalents of titratable sample ion
entering the titration cell.

3.4 Aliquid blend containing a known amount of sulfur is
used for calibration.

4. Significance and Use

4.1 Trace quantities of sulfur compounds in hydrocarbon
products ¢ah be harmful to many catalytic chemical pro-
cesses in which these products are used. Maximum permis-
siblé levels of total sulfur are normally included in specifica-
tions for such hydrocarbons. It is fecommiended that this test
method be used to provide a basis for agreement between
two laboratories when the determination of sulfur in hydro-
carbon gases is important,

4.2 On liquefied petroleumm gas, total volatile sulfur is
measured on an injected gas sample. For such material a
liguid sample must be used to measure total sulfur.

5. Interferences

5.1 This test method is applicable in the presence of total
halide concentrations of up to 10 times the sulfur level and
total nitrogen content of up to 1.0 %. Free nitrogen does not
interfere,

5.2 This test method is not applicable in the presence of
total heavy metal concentrations (for example, Ni, V, Pb,
etc.) in excess of 500 mg/kg.

Note 2—To attain the quantitative detectability that the method is
capable of, stringent techniques should be employed and all possible
sources of sulfur contamination must be eliminated.

6. Apparatus™® ‘
6.1 Pyrolysis Furnace—The sample should be pyrolyzed

7 The apparatus described in 6.1 to 6.5 inclusive, is similar in specifications to
equipment available from Tekmar-Dohrmann, 7143 E. Kemper Rd,, Cincinnati,
OH 524549, For further detailed discussions, in equipment, see: Preprints—
Division of Petroleum Chemistry, American Chemical Society, Vol 1, No. 3, Sept.
7-12, 1969, p. B232 “Determination of Sulfur, Nitrogen, and Chlorine in
Petroleum by Microcoulometry,” by Harry V, Drushel,

8 Tekmar-Dohrmann i3 the sole source of supply of the apparatus known to the
comimittee at this time. If you are aware of alternative suppliers, please provide this
information to ASTM Headquarters, 'Your comments will receive careful consid-
eration at a meeting of the responsible technical committee,! which you may
attend.
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in an electric furnace having at least two separate and
independently controlled temperature zones, the first being
an inlet section that can maintain a temperature sufficient to
volatilize all the organic sample. The second zone shall be a
pyrolysis section that can maintain a temperature sufficient
to pyrolyze the organic matrix and oxidize all the organically
bound sulfur. A third outlet temperature zone is optional.

6.1.1 Pyrolysis furnace temperature zones for light liquid
petroleum hydrocarbons should be variable as follows:
up to at least 700°C

Center pyrolysis zone up to at least 1000°C
Qutlet zone (optional) up to at least 800°C

6.2 Pyrolysis Tube, fabricated from quartz and con-
structed in such a way that a sample, which is vaporized
completely in the inlet section, is swept into the pyrolysis
zone by an inert gas where it mixes with oxygen and is
burned. The inlet end of the tube shall hold a septum for
syringe entry of the sample and side arms for the introduc-
tion of oxygen and inert gases. The center or pyrolysis
section should be of sufficient volume to assure complete
pyrolysis of the sample.

6.3 Titration Cell, containing a sensor-reference pair of
electrodes to detect changes in triiodide ion concentration
and a generator anode-cathode pair of electrodes to maintain
constant triiodide ion concentration and an inlet for a
gaseous sample from the pyrolysis tube. The sensor electrode
shall be platinum foil and the reference electrode platinum
wire in saturated triiodide half-cell. The generator anode and
cathode half-cell shall also be platinum. The titration cell
shall require mixing, which can be accomplished through the
use of a magnetic stirring bar, stream of inert gas, or other
suitable means.

Inlet zone

Note 3: Caution-—Excessive speed will decouple the stirring ‘bar,
causing it to rise in the cell and damage the electrodes, The creation of a
slight vortex is adequate.

. 6.4 Microcoulometer, having variable attenuation gain
control, and capable of measuring the potential of the
sensing-reference electrode pair, and comparing this poten-
tial with a bias potential, amplifying the potential difference,
and applying the amplified difference to the working-aux-
iliary electrode pair so as to gemerate a titrant., Also the
microcoulometer output voltage signal shall be proportional
to the generating current, ‘

6.5 Recorder, having a sensitivity of at least 0.1 mV/25
mm with chart speeds of 12 to 25 mm/min. Use of a suitable
electronic or mechanical integrator is recommended but
optional.

6.6 Sampling Syringe for Liquid—A microlitre syringe of
10-uL capacity capable of accurately delivering 1 to 10 pL of
liquid blend into the pyrolysis tube 75 mm by 24-gage
needles are recommended to reach the inlet zone of the
pyrolysis furnace.

Note 4—Since care should be taken not to overload the pyrolyzing
capacity of the tube by too fast a sample injection rate, mearis should be
pravided for controlling the sample addition rate (0.1 to 0.2 pL/s).

6.7 Sampling Syringe for Gas—A. gas syringe capable of
delivering up to 5 cm?® of gas sample into the pyrolysis
furnace. A 25 mm by 28-gage needle should be attached to
the syringe.

6.8 Exit Tube Insert, with quartz wool.
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7. Reagents and Materials

7.1 Purity of Reagents—Reagent grade chemicals shall be
used in all tests. Unless otherwise indicated, it is intended
that all reagents shall conform to the specifications of the
Committee on Analytical Reagents of the American Chem-
ical Society, where such specifications are available.® Other
grades may be used, provided it is first ascertained that the
reagent is of sufficiently high purity to permit its use without
lessening the accuracy of the determination.

7.2 Purity of Water—The water used in preparing the cell
electrolyte should be demineralized or distilled or both.
Water of high purity is essential, See Specification D 1193
for reagent water.

Note 5—Distilled water obtained from an all borosilicate glass still,
fed from a demineralizer, has proven very satisfactory. .

1.3 Acetic Acid (rel dens 1.05)—Concentrated acetic acid
(CH;COOH).

Note 6: Warning—May cause burns, See Annex Al.1,

7.4 Argon, Helium, or Nitrogen, high-purity grade (HP),!¢
used as the carrier gas.

Note 7. Warning—Hazardous pressure. See Annex Al.2,

7.5 Cell Electrolyte Solution—Dissolve 0.5 g of potassium
iodide (KI) and 0.6 g of sodium azide (NaNj,) in approxi-
mately 500 mL of high-purity water, add 5 mL of acetic acid
(CH;COOH) and dilute to 1000 mlL.

Nore 8—Bulk quantities of the electrolyte should be stored in a dark
bottle or in a dark place and be prepared fresh at least every 3 months.

7.6 Gas Regulators—Two-stage gas regulators must be
used on the reactant and carrier gas.

7.7 Iodine (1), 20 mesh or less, for saturated reference
electrode. ‘

Note 9: Warning—Toxic fumes. See Al.3,
7.8 Isooctane' (2,2,4-trimethyl pentane).

Note 10 Warning—Combustible, very harmful. See Anhex Al.4.

Note 11—The most reliable solvent is a sulfur-free form of the
sample type to be analyzed. Alternatively, use a high-purity form of
cyclohexane [boiling point 80°C (176°F)], isooctane (2,2,4-trimethyl
pentane) {boiling point, 99.3°C (211°F)], or hexadecane [boiling point,
287.5°C (549.5°F)].

7.9 n-Butyl Sulfide (CH;CH,CH,CH,),S.
7.10 Oxygen, high-purity grade (HP),° used as the reac-
tant gas.. - ‘

Note 12: Warning—Oxygen accelerates combustion. See Annex
AlS.

7.11 Potassium Iodide (K1), fine granular.
7.12 Sodium Azide (NaN;), fine granular,

Nore 13: Warmning—Highly toxic. Can react violently with shock,
friction or heat.

7.13 Sulfur, Standard Solution (approximately 30

® Reagent Chemicals, American Chemical Society Specifications, American
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Society, see Analar Standards for Laboratory
Chemicals, BDH 1td., Paole, Dorset, UK., and the United States Pharmacopeia
and National Formulary, US. Pharmacopeial Convention, Inc. (USPC),
Rockville, MD,

19 High-purity grade gas has a minimum purity of 99.995 %,
11 A high purity isooctane of pesticide quality has been found satisfactory.
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mg/kg)—Pipet 10 mL of sulfur stock solution (reagent 7.14)
into a 100-mlL volumetric flask and dllute to volume with
iseoctane.

Note 14-——The analyst may choose other émlfur compounds for
standards appropiiate to sample boiling range and sulfur type which
cover the concentration range of sulfur cxpected. ‘ N

7.14 Sulfur, Standard Stock Solution (approxzmately 300
pom (UWg/g))—Weigh accurately 0.5000 g of n-butyl sulfide
into a tared 500-mL volumetric ﬂask Dllute to the mark
with iscoctane and reweigh.

g of n-butyl sulfide. X 0.2187 X 106

S, mg/kg = g of (n-butyl sulfide + solvent)

3)

8. Sampling

8.1 Supply samples to the laboratory in high-pressure
sample cylinders, obtained using the procedures described in
Practice D 1265 and Practice F 307,

8.2 Because of the reactivity of most sulfur compounds, it
has been found desirable to use TFE-fluorocarbon-coated
cylinders or other specially treated sample containers. Test
samples as sooh as possible after receipt.

9. Preparation of Apparatus

9.1 Carefully insert the quartz pyrolysis tube in the pyrol-
ysis furnace and connect the reactant and carrier gas lines.

9.2 Add the electrolyte solution to the titration cell and
flush several times, Maintain an electrolyte level of Y3 to Vs
in, (3.2 to 6.4 mm) above the platinum electrodes.

9.3 Place the heating tape on the inlet of the titration cell.

9.4 Place an exit tube insert packed loosely with about 1
in, (25 mm) of quartz wool into the exit end of the pyrolysis
tube. The quartz wool end of the exit tube should be in the
hot zone of the pyrolysis tube. o

9.5 Depending upoii the instriimentation used, set up the
titration cell to allow for adequate mixing of its contents and
eonnect the cell inlet to the outlet end of the pyrolysis tube.
Position the platinum- foil eleétrodes (mounted on the
movable cell head) so that the gas inlet flow is parallel to the
electrodes with the generator anodé adjacent to the génerator
cathode. Assemble and connect the coulometer and recorder
(integrator optional) as designed or 'in- accordance with the
manufacturer’s instructions. Figure X 1.2 illustrates the typ-
ical assembly and gas flow through a coulometrlc apparatus.

9.5.1 Turn the heating tape on.

9.6 Adjust the flow of the gases, the pyrolysm furnace
temperature, titration cell, and the coulometer to the desired
operating conditions. Typical operational conditions are
given in Table 1.

10. Calibration and Standardization

10.1 Prepare a series of calibration standards covering the
range of sulfur concentration expected. Follow instructions
in,7.13, 7.14, or dilute to appropriate level with isooctane.

102 Adjust the operat1onal parameters (9. 5)

Note 15—A. ratio of 80 % oxygen to 20 % mert ‘gas gives an
acceptable recovery, and petmits the uise of a larger sarple and 4 more
rapid-charging rate.

10.3 The sample size can be determined cifher volu-
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TABLE 1 Typical Operational Conditions

‘Redctant gas flow (oxygen), cmd/min 160
Carrier gas flow (Ar, He, N), cm3/min 40
Fumace temperature; °C:
Intet zoné 700
Pyrolysis zone 800
Qutlet zone 800
Titratlon cell set to produce adequate mixing
Coulometer:
Bias voltage, mV 160
Gain low (approximately 200)

metrically or by mass. The sample size should be 80 % or less
of the syringe capacity.

10.3.1 Volumetric measurement can be obtained by
filling the syringe with about 8 pL or less of sample, being
careful to eliminate bubbles, retracting the plunger so that
the lower liquid meniscus falls on the 1-pL mark, and
recording the volume of liquid in the syringe., After the
sample has been injected, again retract the plunger so that
the lower liquid meniscus falls on the 1-uL mark, and record
the volume of liquid in the syringe. The difference between
the two volume readings is the volume of sample injected.

10.3.2 Alternatively, the sample injection device can be
weighed before and after the injection to determine the
amount of sample injected, This test method provides
greater precision than the volume del1very method, provided
a balance with a prec1sxon of £0.01 g is used.

10.4 Insert the syringe needle through the inlet septum up
to the syringe barrel and inject the sample or standard at an
even rate not to exceed 0.1 to 0.2 ul/s. When a microlitre
syringe is used with an automatic injection adapter, the
injection rate (volume/pulse) should be calibrated to deliver
0.1t0 0.2 pL/s.

10.5 ‘Repeat the measurement of each calibration stan-
dard at léast three times. ‘

~ Note 16—Not all of the sulfur in the sample comes through the
furnace as titratable SO,. In the strongly oxidative conditions of the

“pyrolysis tube some of the sulfur is also converted to SO, which does not

réact with the titrant. Accordingly, sulfur standards of n:butyl sulfide in
isooctane gr sulfur standards appropriate to sample boiling range and
sulfur type and sulfur concentration should be prepared to guarantee
adequate standardization. Recoveries less than 75 % are to be consid-
ered suspect. Low recoveries are an indication to the operator that he
should ‘check his parameters, his operating techniques, and his coulo-
metric system, If the instrument is being operated properly, recoveries
between 75 and 90 % are to be expected.

10.6 Calculate the percent sulfur found by the coulo-
meter. For a 1-mV (span) recorder with a sensitivity of 0.1
mV/in. and a speed of 0.5 in./min:

Sulfur recovered, %
. = [(4 X 1L.99/R X S, % V;/1000)] X 100 (4)
where:
A = area, cm?,
R. =.coulometer range setting, €,
S, = known concentration of sulfur in the standard blend,
pg/mlL, and
¥V, = volume standard blend charged, pLL
10.6.1 Fora dzsk integrator:

Sulfur recovered, %
= [(C X 1.99 X 1073)/(R X S, X V,/1000)] X 100 (5)

where:
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C = 100 X number of integrator pen full scale excursions.
Derivation of equations is given in Appendix X1.
10.6.2 For an electronic integrator:

Sulfur Recovered, % = ‘;—; X 100
(using consistent sample sizes)

(6)

where:
A = integrator result, mg/kg, and
B = known concentration of sulfur in standard blend,
mg/kg,
Note 17—For further explanation of the derivation of the calcula-
tion, see Test Method D 3120,

" 10.7 Ifthe fraction of sulfur converted to SO, drops below
75 % of the standard solutions, fresh standards should be
prepared. If a low conversion factor persists, procedural
details should be reviewed.

10.8 Calculate the average calibration factor, F, pg S/cm?,
as follows:

F=(S, X V,/1000)/4 )]

11. Procedure

11.1 Place a silicone rubber septum in a bushing and
connect to the valve on the sample cylinder containing the
gaseous sample (for liquefied gas samples, see Note 5). Crack
the cylinder valve so as to flush the air from all connections
and then turn the bushing down to hold slight back pressure
on the septum. Close the cylinder valve until the gas syringe
is ready for filling.

Note 18: Warning—Samples are extremely flammable. See Annex
Al7.

11.2 Crack the valve on the sample cylinder until slight
flow of gas is detected around the septum. Insert the gas
syringe in the septum carefully.

Nore 19: Warning—High pressure. See Annex AL.8,

11.3 Withdraw the plunger and allow the gas to flow
through the syringe. After sufficient time to flush the syringe
with sample, withdraw the plunger so as to contain no less
than 5 cm? of gas.

114 Insert the tip of the needle barely through the
septum. Inject 5.0 cm® of gas into the instrument at a
constant rate so that 15 s is required for the injection.
Determine the sulfur concentration by the procedure de-
seribed in 10.2 to 10.7.

11.5 Sulfur concentration can require adjustment of
sample volume.

11.6 Report a needle blank with test results.

12. Calculation

12.1 Calculate the sulfur content of the sample in parts
per million (ppm) by weight as follows:

Sulfur, mg/kg = (4 X F)/W (8)

where:

A = area under curve, taking into account the area of the
needle blank, in square centimetres using same range
() as calibration,

W = weight of sample, g, and

F = calibration factor, ug S/cm?

For gases:

_ V X2B3XPXM
(@73 + C) X 760 X 22410

®

where;

V, = gas, cm?
P = barometric pressure, mm Hg

M = molecular weight of gas, g/mol, and
C = temperature, gas, °C.

For ethylene at 23°C and 760 mm Hg:

W=V, x 0001154 (10)

For liquid:

W= V,/1000 X d i

where;
V;, = volume, pL, and
d = density, g/mL,

13. Precision and Bias

13.1 The following criteria should be used for judging the
acceptability of results:

13.1.1 Repeatability—The difference between successive
test results, obtained by the same operator with the ‘same
apparatus under constant operating conditions on identical
test material would, in the long run, and in the normal and
correct operation of the test method, exceed the following
values only in one case in twenty:

Range or Sample Type Repeatability
0 to 10 mg/kg 0.4 mg/kg

13.1.2 Reproducibility—The difference between two
single and independent results, obtained by different opera-
tors working in different laboratories on identical test mate-
rial would, in the long run, and in the normal and correct
operation of the test method, exceed the following values
only in one case in twenty:

Range or Sample Type Reproducibility
0 to 10 mg/kg 5 me/kg

13.2 Bias—The bias of the procedure of this test method
cannot be determined since an appropriate standard refer-
ence material containing trace sulfur level in ethylene is not
available.

14. Keywords

14.1 microcoulometer; oxidate microcoulometry; petro-
leurn gas; pyrolysis furnace; sulfur; sulfur dioxide
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ANNEX .

Al.1 Acetic Acid ERE ot
Warning—May produce severe burns to skin and eyes.
Prolonged breathing of concentrated , vapor may be

harmful,

Avoid contact with skin, eyes, and clothmg
Use with adequate ventilation.

Al1.2 Compressed Gases. Argon, I-Ielmm, Nltrogen

Warmng—Compressed gas utider h1gh pressure. ’
Gas reduces oxygen available for breathmg
Keep container closed.
Use with adequate ventilation.-
Do not enter storage areas unless adequately ventilated.
Always use a pressure regulator,
Release regulator tension before. opening cylmder
Do not transfer to cylinder other than one 1n whlch gasis
received.
Do not mix gases in cylinders.
Do not drop cylmder
Make sure cylinder is supported at-all times: - i
Stand away from cylinder outlet when, openmg cylmder
valve.
. ‘Keep gylinder out of sun and away from heat
Keep cylmders from COrrosive enwronment s
. Do not use cylmder w1thout label. .
Do not use dented or damaged cylmders. e
For Technical Use only. | .
Do not use for inhalation purposes S

A1.3 Todine

Warning~Fiiines highly toxic. S

+ Cancauss irritation and burning of eyes, 1nose; and throat.
Avoid heatmg and prolonged breathmg of Vapors

Avo1d contact w1th skm

Al 4 Isooctane

Warning—Extremely ﬂammable

Harmful if inhaled.

Vapors may cause flash fire.

Keep away. from hea, sparks, and open flame,
" Keep container clc “ed o

"Use with adequate ventllatlon o

Avoid build-up of vapors ‘and elifrinaté’ all sources
ignition, especially nonexplosion proof electrical app atus
and heaters. v

Avoid prolonged breathing of vapor or spray mist.

Avoid prolonged or repeated skm contact

AlS5 Oxygen

Warning—Oxygen vigorously accelerates combustion.

Keep oil and grease away.

Do not use oil or grease on regulators, gauges, or control
equipment.

Use only with equipment conditioned for oxygen service
by careful cleaning to remove oil, grease, and other combus-
tibles.

w[rﬂu .
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| f(l‘\’lﬁandatory Information)
A PRECAUTIONARY STATEMENTS

"Keep combustibles away from oxygen and eliminate
ignition sources.
Keep surfaces clean to prevent ignition or explosmn, or
both, on contact with, Oxygen, .
'Always use a presstite regulatdr
Release regulator tension before opening cyhnder valve,
Al equipmieht ‘4nd Sontainers used must be siiitable and
recommended for oxygen service, )
- Never attermnpt to ttansfer oxygen from 'cylmder in w]:nch it
1s receivéd to any other cylinder.
¢ Dot mix gases ivvcylinders.
Do not drop cylinder. ‘
* Make sure ¢ylindér 19 secured at all tirnes.
Keep cylinder valve closed when not in use.
Stand away from outlet when opening cylinder valve.
For technical use only.
Do not use for inhalation purposes.
Keep cylinder out of sun and away from heat.
. Keep, cylinders from corrosive environment.
Do net use cylinder without label.
Do not use dented or damaged cylinders.
- See.Compressed Gas Association booklets G-4, and G-4 1
for-details of 'safe practice in the use of oxygen.

A1.6 Sodium Azide
" ‘Wartiing—Highly toxic.
Inhalation may cause nausea, shortness of breath dizzi-
ness‘ nd headaches. ‘
e Cotitast with dust may causs eye irfitation.
Avoid breathing dust or vapors from acidified solunons
Avoid contact with skin, eyes; and:clothing.. .

Wash thoroughly, after hand]xng

AI T Flammable ‘Gas

Warnlng«—Extremely flammable (hqmﬁed) gas under
pressure,

Keep'away from heat, sparks, and open flame,

Use with adequate ventilation.

Never drop cylmder

"Make sure cylinder is supported at all times.

Keep cyhnder out of sun and away from’ heat

© Always usé'a pressure regulator.

Release regulator tensmn before openmg cylmder
Do not tratisfér cylmder contents to another cyhnder
Do not mix gases in cylinder, DR

ALS Flainmable Gas

Warning—Keep cylinder valve closed when not in use:

--Do not inhale.

Do not enter storage areas unless adequately ventilated.

Stand away from cylinder outlet when opening cylinder
valve,

Keep cylinder from corrosive environment.

Do not use cylinder without label.

Do not use dented or damaged cylinders.

For technical use only.

Do not inhale.
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APPENDIX

(Nonmandatory Informatlon)

X1. DERIVATION OF COULOMETRIC CALCULATIONS USED IN PARAGRAPH 12.1

X1.1 The configuration of the pyrolysis tube and furnace
may be constructed as is desirable as long as the operating
parameters are met. Figure X1.1 is typical of apparatus
currently in use.

X1.2 A typical assembly and oxidative gas flow through a
coulometric apparatus for the determination of trace sulfur is
shown in Fig, X1.2.

X1.3 Derivation of Equations:

Furnace
Cantar

Outlet Inlet

. :
r_‘@? = 1
¥ -
R“ela.utant Gas

"' Oxygen

Tape
Heatar
100CH.

Carrier Gas,
Argon

FIG, X1.1" Pyrolysis Tube

X1.3.1 The derivation of the equations used in the
calculation section is based on the coulometric replacement
of the trilodide (iodine) ions consumed in the micro-
coulometric titration cell reaction (I;~ — 3= + H*)., The
quantity of the reactant formed (triiodide ions) between the
beginning and the interruption of current at the end of the
titration is directly proportional to the net charge transferred,

X1.3.2 In most applications a constant current is used so
that the product of current, i, in amperes (coulombs per
second), multiplied by the time, 7' (seconds), required to
reach the end point provides a measure of the charge, O
(coulombs), necessary to generate the iodine equwalent to
the reactant; ‘that is, Q it. Therefore, the number of
equivalents-of reactant is equal to: Q/F, where F is the
Faraday constant, 95 500°C per equlvalent e

X1:3.3 Therefore, the expression to be solved’ to ﬁnd the
mass of reactant 1s

Q(C) 16 g
. ‘ ‘ : £ sl FC o R
e _massosu rg eq . o
Concentration of sulfur = mass of sample, g mass of sample, g : R XL
. 0.1 mV mV 2min 60§ xx.;10‘3‘V 168 16 g - 106 ug
cm cm ~ min~ mV eq X g
gS Acm2 - T Tt (X1.2)
Rm)x%sooc As Xfy e s
where: f = recovery factor (ratio of ppm S determined in
A cm? = peak area measured in square inches, standard versus known ppm S in standard).
0.1 mV/cm = millivolt span of upscale deflection for the Therefore,
recorder,
2 minfem = chart sp_eed in minqtes per inch, AX 12 % 10-3 A-s x 108 6g 106 pg
60 s/min = conversion of time in minutes to seconds, S= g (X1.3)
1073 V/mV = conversion of volts to millivolts, He x J6.500°C x é_ﬁ >< -
16 g/eq = gram-equivalent of sulfur, eq e
105 ug/g = micrograms per gram conversion factor, Therefore,
R (D) = microcoulometer range switch setting in S = AX12x 1073 x 16 x 106 pg <14
o ohms, He o = R X 96 500 X f X14)
substituting V/R = Iamps)
hy
o x QLY 2 min Thercfore,
om? X = s X = ug 8 = (4 X 1.99)/(R % f) (X1.5)
60s 103V Since ppm = pg/g:
- 7
O(d-5) = mmR(n) m
ppm S = A X199 (X1.6)
F = 96 500°C/eq B 3 mL - ’
= Faraday’s constant® (electrical equivalence of R fx volume, pL. X 10 oL density, -+
one gram-equivalent mass of any substance) A% 1.99 % 103
A-s/°C = conversion of coulombs to ampere-seconds, and ppm § = RX/x volume X density X1.7
393
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Inlet Outlet
Zonep Fvsi Zone D
Sample Injection YErOlysis, [
Septum. Zone J
Micro-

7772/

Pyrolysis Furnace

Argon \E-—‘ r/////%J - coulometer

Oxygen

g

Titration
Cell

Potentio-
metric
Recorder

FIG. X1.2 . Flow Diagram for Coulometric Apparatus for Trace Sulfur Determination

Since miass = volume X density Then:

ppm S = (4 X1 99)/(R X F X mass, g (X1.8) counts X 1.99

X1.3.4 Derzvatzan with Disk Integrator—A in Eq X1.5 is ppm § = (X1.10)

iy B
expressed as in.* However, it may also be expressed as R X volume, pL % density, oL

counts. Therefore, .4:in.2 = counts x 10~ since 1.in. 2 = 1000

e —3
counts, Therefore, substltutmg counts X 1073 for 4 in Eq 5§ ppm § = (counts X 1.99 X 107)/(R X mass, g X )

gives ) Note X1.1—Counts. = 100 X number of integrator per full-scale

ug S = (counts X 1.99 X 10-3)/(R X f) (X1.9)  excursions.

The American Socisty for Testing and Materlals takes no pasition respecting the vaildity of any petent rights asserted in connaction
with any item mentloned In this standard, Usets of this standard are sxpréssly advised that determination of the valldity of any such
patent rights, and the risk of Infringement of such rights, are entlrely thelr own responsibilily.

This standard Is subject to revisidn at:any tinte by the respons:b/e technical committee’ and must be reviewed every five years and
if not revised, either reapproved or wimdrawn Your comments aré invited elther for revision of this standard or for additional standards
and should be addressed to ASTM- Headquarters Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel'that your gomments have not recelved 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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qﬂ"’ Designation: D 3286 ~ 96

Standard Test Method for

Gross Calorific Value of Coal and Coke by the
Isoperibol Bomb Calorimeter?

This standard is issued under the fixed designation D 3286; 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 editorial change since the last revision or reapproval,

1. Scope

1.1 This test method covers the determination of the gross
calorific value of coal and coke by the isoperibol bomb
calorimeter.

1.2 The values stated in SI units are to be regarded as the
standard unless otherwise designated. The values given in
parentheses are for information only.

1.3 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. For specific
hazard statements, see Section 8.

2. Referenced Documents

2.1 ASTM Standards:

D 121 Terminology of Coal and Coke?

D 346 Practice for Collection and Preparation of Coke
Samples for Laboratory Analysis®

D 1193 Specification for Reagent Water?

D 2013 Method of Preparing Coal Samples for Analysis® .

D 3173 Test Method for Moisture in the Analysis Sample
of Coal and Coke?

D 3177 Test Methods for Total Sulfur in -the - Analysis
Sample of Coal and Coke?

D 3180 Practice for Calculating Coal and Coke Analyses
from As-Determined to Different Bases?

D 4239 Test Method for Sulfur in the Analysis Sample of
Coal and Coke Using High Temperature Tube Furnace
Combustion Methods?

E 1 Specification for ASTM Thermometers4

E 144 Practice for Safe Use. of Oxygen Combustion
Bombs?

3. Terminology

3.1 Definitions:
3.1.1 calorific value, n—the heat produced by combustion
of a unit quantity of a test spec1men ‘under specific condi-

tions. - .
3.1.1.1 Dzscusszon—lt is expressed in this test method in

| This test method is under the jurisdiction of ASTM Committee D-5 on Coal
and Coke and is the direct responsibility of Subcommittee D05.21 on Methods of
Analysis,

Current edition approved July 10, 1996, Published Septemiber 1996. Originally
published as D 3286 - 73. Last previous edition D 3286 - 91a.

2 Anpual Book of ASTM Standards, Vol 05.05. -

3 Annual Book of ASTM Standards, Vol 11.01.

4 dnnual Book of ASTM Standards, Vol 14.03.

5 Annual Book of ASTM Standards, Vol 14,02,
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calories per gram (cal/g) and can also be expressed in British
thermal units per pound (Btu/lb) or in the International
System of Units (SI), in joules per gram (J/g), when required.
The unit equivalents are given in Table 1.

3.1.2 gross calorific value (gross heat of combustion at
constant volume), Q, (gross), n—see Terminology D 121.

3.1.3 net calorific value (net heat of combustion at con-
stant pressure), Q, (net), n—see Terminology D 121,

3.1.4 calorimeter, n—as used in this test method, consists
of the bomb and its contents, the calorimeter vessel (bucket)
with stirrer, the water in which the bomb is immersed, and
the portions of the thermometer and the ignition leads
within the calorimeter vessel.

3.2 Descriptions of Terms Specific to this Standard:

3.2.1 corrected temperature rise, n—the temperature
change of the calorimeter caused by the process that occurs
inside the bomb; that is, the observed temperature change
corrected for various effects as noted in 10.4.1.

3.2.1.1 Discussion—Temperature is meastured in degrees
Celsius, Thermometer corrections shall be applied. Temper-
atures may be recorded in ohms or other arbitrary units as
the equivalent of degrees. Consistent units shall be used in
standardization and the actual calorific value determination.

If arbitrary units other than degrees Celsius are used, the -

temperature interval over which all tests are made shall not
vary so much that an error greater than 0.001°C would
result.

© 3.2.2 energy equivalent, heat capacity, or water equivalent,
n—the energy required to raise the temperature of the
calorimeter an arbitrary unit. This is the number that, when
multiplied by the corrected temperature rise, then adjusted
for extraneous heat effects, and divided by the weight of the
sample, equates the gross calorific value,

Note |—Conversion to other units is discussed in Appendix X2.
Time is expressed in minutes. Mass is expressed gras.

4. Summary of Test Method

4.1 Calorific value is determined in this test method by
burning a weighed sample, in oxygen, in a calibrated
isoperibol bomb calorimeter under controlled conditions,
The calorimeter is standardized by burning benzoic acid.
The calorific value of the sample is computed from temper-
ature observations made before, during, and after combus-
tion, and making proper allowances for heat contributed by
other processes, and for thermometer and thermochemlcal
corrections.

4.2 Ogxidation after samphng of susceptlble low-rank coal
or lignite may result in a reduction of calorific value.
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TABLE 1 Calorific Value

1 Bty =1055.06 J
1 Calorie” = 4,1868 J

A International tables calorie,

1 Btu/lb = 2.326 Jfg
1.8 Btuflb = 1.0 calfg

Unnecessary exposure of the sample to air from the time of
sampling or delay in analysis shall be avoided.

5. Significance and Use

5.1 When mutually agreed upon between the buyer and
the seller, the gross calorific value may be used to compute
the total calorific content of the quantity of coal represented
by the sample for payment purposes. ‘

5.2 The gross calorific value can be used to determine if
the coal meets the regulatory requirement for industrial
fuels.

5.3 The gross calorific value can be used for evaluating the
effectiveness of benefaction process, or for research purposes.

6. Apparatus and Facilities

6.1 Test Space—A room or area free from drafts that can
be kept at a reasonably uniform temperature for the time
required for the determination. The apparatus shall be
shielded from direct sunlight and radiation from other heat
sources, Thermostatic comntrol of room temperature and
controlled relative humidity are desirable.

6.2 Combustion Bomb, shall be constructed of materials
that are not affected by the combustion process or products
sufficiently to introduce measurable heat input or alteration
of end products. The bomb shall be designed so that all
liquid combustion products can be completely recovered by
washing the inner surfaces. There shall be no gas leakage
during a test. The bomb shall be capable of withstanding a
hydrostatic pressure test of 20 MPa (3000 psig) at room
temperature without stressing any part beyond its elastic
limit,

6.3 Balance—A laboratory balance having the capability
to weigh the sample to the nearest 0.0001 g. The balance
should be checked periodically to determine its accuracy.

6.4 Calorimeter Vessel, made of metal with a tarnish-
resistant coating, and with all outer surfaces highly polished.
Its size shall be such that the bomb will be completely
immersed in water when the calorimeter is assembled. |t
shall have a device for stirring the water thoroughly and at a
uniform rate but with minimum heat input. Continuous
stirring for 10 min shall not raise the calorimeter tempera-
ture more than 0.01°C starting with identical temperatures in
the calorimeter, room, and jacket. The immersed portion of
the stirrer shall be coupled to the outside through a material
of low-heat conductivity.

6.5 Jacket, a double-walled, air, or water-filled jacket. The
calorimeter shall be insulated from the jacket by an air space.
The sides, top, and bottom of the calorimeter vessel shall be
approximately 10 mm from the inner wall of the jacket to
minimize convection currents. Mechanical supports for the
calorimeter vessel shall provide as little thermal conduction
as possible. The jacket shall be capable of maintaining the
temperature constant to within +0.1°C of room temperature
at a calorimeter-temperature 2°C below, and 2°C or more
above room temperature throughout the determination. If a
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water-filled jacket is used, it shall have a device for stirring
the water at a uniform rate with minimum heat input.

6.6 Thermometers, used to measure temperatures in the
calorimeter and jacket shall be of any of the following types
or combination thereof:

6.6.1 Ligquid-in-Glass Thermometers, conformmg to the
requirements for ASTM Thermometers 56C, 116C, or 117C,
as prescribed in Specification E 1. The thermometers shall be
tested for accuracy against a known standard (preferably by
the National Institute of Standards and Technology (NIST)).
For thermometers 56C, the calibration should be at intervals
no larger than 2.0°C over the entire graduated scale. The
maximum difference in correction between any two test
points shall be no more than 0.02°C. For thermometers 116C
and 117C, the calibration should be at intervals no larger
than 0.5°C over the entire calibrated range. The maximum
difference in correction between any two test points shall hot
be more than 0.02°C.

6.6.2 Beckmann Differential ~ Thermometers, (glass-
enclosed scale, adjustable) having a range of approximately
6°C in 0.01°C subdivisions reading upward and conforming
to the requirements for Thermometer 115C, as prescribed in
Specification E [, may be used. Each of these thérmometers
shall be tested for accuracy against a known standard
(preferably by the NIST) at intervals no larger than 1°C over
the entire graduated scale. The maximum difference in the
correction between any two test points shall not be more
than 0.02°C.

6.6.3 Other Thermometers, of precision equal to or better
than 0.001°C, such as platinum resistance or linear
thermistor thermometers are satisfactory and may be used if
properly calibrated. A Wheatstone bridge and galvanometer
capable of measuring resistance to 0.0001 Q are necessary for
use with 25 Q platinum resistance therinometers.

6.7 Thermometer Accessories—A magnifier is required
for reading liquid-in-glass thermometers to one tenth of the
smallest scale division. This shall have a lens ‘arid holder
designed so as to introduce no ‘significant errors due to
parallax. ‘

6.8 Sample Holder—An open crucible of platinum,
quartz, or acceptable base-metal alloy. Base-metal alloy
crucibles are acceptable if, after a few preliminary firings, the
weight does not change significantly between tests.

6.9 Ignition Wire—The ignition wire shall be 100 mm of
0.16-mam diameter (No. 34 B & S gage) nickel-chromium
alloy, Chromel C alloy, or iron wire. Platinumn wire or
palladium, 0.10-mm diameter (No. 38 B & S gage) may be
used, provided constant ignition energy is supplied. The
length or mass of ignition wire-shall remain constant for all
calibrations and calorific value determinations.

6.10 Ignition Circuit, for ignition purposes shall provide a
6 to 16 V alternating or direct current to the ignition wire.
An ammeter or pilot light is required in the circuit to
indicate when current is flowing. A step-down transformer,
connected to an alternating current lighting circuit, or
batteries, may be used.

6.11 Buret, used for the acid titration, shall have 0,1-mL
divisions,

6.12 Automated Controller and Temperature Measuring
Accessories, may be used for measuring temperatures before,
during, and after combustion of the sample; ignition of the

PRO_00103872



Case 1:13-cv-01215-TSC Document 198-22 Filed 10/07/19 Page 108 of 120

flh D 3286

sample; and calculation of results provided that they meet
the minimal functional specifications in Sections 6 and 10,

7. Reagents

7.1 Purity of Reagents—Reagent grade chemicals shall be
used in all tests. Unless otherwise indicated, it is intended
that all reagents shall conform to the specification of the
Committee on Analytical Reagents of the American Chem-
ical Society, where such specifications are available.® Other
grades may be used, provided it is first ascertained that the
reagent is of sufficiently high purity to permit its use without
lessening the accuracy of the determination.

7.2 Reagent Water, conforming to Type II of Specifica-
tion D 1193, shall be used for preparation of reagents and
washing of the bomb interior,

7.3 Benzoic Acid (CsHsCOOH), shall be NIST certified
benzoic acid. The crystals shall be pelletized before use.
Commercially prepared pellets may be used provided they
are made from NIST certified benzoic acid or made from
benzoic acid that has been calibrated against NIST certified
benzoic acid. The value of heat of combustion of the benzoic
acid for use in the calibration calculations shall be in
accordance with the value listed in the NIST certificate
issued with the standard.

7.4 Methyl Orange, Methyl Red, or Methyl Purple Indi-
cator, may be used to titrate the acid formed during
combustion. The indicator used shall be the same for both
calibration and calorific value determinations.

7.5 Oxygen, shall be free of combustible matter. Only
oxygen manufactured from liquid air, guaranteed to be
greater than 99.5 % pure, should be used, Oxygen made by
the electrolytic process may contain a small amount of
hydrogen rendering it unfit without purification, ’

7.6 Sodium Carbonate Standard Solution, sodium car-
bonate (Na,CO;) should be dried for 24 h at 105°C. Dissolve
3.76 g in water and dilute to | L. One millilitre of this
solution is equivalent to 1.0 cal in the nitric acid (HNO;)
titration.

8. Hazards

8.1 .The following precautions are recommended for safe
calorimeter operation. Additional precautions are given in,
Practice E 144, Also consult the calorimeter equipment
manufacturer’s installation and operatmg instructions before
using the calorimeter.

8.2 The mass of coal or coke sample and the pressure of
the oxygen admitted to the bomb shall not exceed the bomb
manufacturer’s recommendations,

8.3 Inspect the bomb parts carefully after each use and,
after 3000 firings, check the bomb for thread wear on any
closures. If an inspection reveals any wear, return the parts to
the factory for further testing or réplacement of the defective’
parts, It is good practice to return the bomb to the manufac-
turer for inspection at yearly intervals,

§ Reagent Chemicals, American- Chemical Society Specifications, American
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Society, see dnalar Standards for Laboratory
Chemicals, BDH Ltd., Poole, Dorset, UK., and the United States Pharmacopeia
and National Formu/ary us. Pllarmacopexal Ccnvemlon, Inc, (USPC),
Rockyille, MD.
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8.4 The oxygen supply cylinder shall be equipped with an
approved type of safety device, such as a reducing valve, in
addition to the needle valve and pressure gage used in
regulating the oxygen feed to the bomb. Valves, gages, and
gaskets must meet industry safety code. Suitable reducing
valves and adaptors for 3 to 4-MPa (300 to 300-psi)
discharge pressure are obtainable from commercial sources
of compressed gas equipment., The pressure gage shall be
checked periodically for accuracy.

8.5 During ignition of a sample, the operator shall not
permit any portion of her or his body to extend over the
calorimeter.

8.6 When combustion aids are employed, extreme cau-
tion shall be exercised not to exceed the bomb manufactur-
er’s recommendations and to avoid damage to the bomb. Do
not fire loose fluffy material, such as unpelleted benzoic acid,
unless thoroughly mixed with the coal sample.

8.7 Do not fire the bornb if the bomb has been dropped or
turned over after loading, or there is evidence of gas leakage
when the bomb is submerged in the calorimeter water.

8.8 For manually operated calorimeters, the ignition cir-
cuit switch shall be of the momentary double-contact type,
normally open, except when held closed by the operator. The
switch should be depressed only long enough to fire the
charge.

9, Sample

9.1 The sample shall be the material pulverized to pass a
250-um- (No. 60) sieve, prepared in accordance with either
Practice D 346 for coke, or Method D 2013 for coal.

9.2 A separate portion of the sample should be analyzed
simultaneously for moisture content in accordance with
Method D 2013 and Test Method D 3173, so that calcula-
tions to other bases can be made.

9.3 Sulfur analysis shall be made in accordance with Test
Methods D 3177 or D 4239.

10. Standardization

of benzoic acid.

10.2 Determine the energy equivalent as the average of a
series of ten individual test runs. To be acceptable the
relative standard deviation of the series shall be 0.15 % or
less of the average energy equivalent (see Table 2). For this
purpose, any individual test may be discarded if there is
evidence of incomplete combustion. If, after considering the
possibility of outliers utilizing criterion established in ASTM
E 178, this limit is not met, one should review operation of
the calorimeter for any assignable cause which should be
corrected before repeating the series.

10.3 Procedure:

. 10.3.1 Regulate the weights of the pellets of benzoic acid
in each series to yield approximately the same temperature
rise as that obtained with the coals tested in the same
laboratory. The usual range of masses is from 0.9 to 1.3 g.
Weigh the pellet to the nearest 0.1 mg in the sample holder
in which it is to be burned, and record the weight as the
mass. ‘

10.3.2 Rinse the bomb, invert to drain, and leave undried.

Add 1.0 mL of water to the bomb prior to assembly for a

determination.

10.1 The calorimeter shall be standardized by combustion’
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TABLE 2 Standard Deviations for Calorimeter Standardization4

Colurmn A Column B Column ©
Standardization Energy Equivalent Code to 2449
Numper (cal/°C) (Cotumn A-2449) (ol Bf

1 2450 ! 1 1

2 2448 =1 1

3 2453 4 16

4 2449 0 ‘0

5 2447 —2 4

8 2448 -1 1

7 2446 -3 9

8 2452 3 9

9 2450 1 1

10 2447 -2 4
SUM 5471 490 0 78

Average = X = 2449-24 490/10

2 Column C —~ [(EColumn B)Z/n]
-1
Standard deviation = § = «/varlanc =511 =

a1

Variance = §2 =

2.26

A In this example the values of gnergy equivalent are typical for a calorimeter
calibrated so that, If the energy equivalent is multipfied by the temperaturs rise in
degrees Celsius per gram of sample, the calorific value of the sample will be
obtalned in British Thermal units per pound.

10.3.3 Connect a measured length of ignition wire to the
ignition terminals, with enough slack to allow the ignition
wire to maintain contact with the sample.

10.3.4 Assemble the bomb and charge it with oxygen to a
consistent pressure between 2.5 to 3 MPa (25 to 30 atm).
This pressure must remain the same for each calibration and
each calorific-value detérmination. Admit the oxygen slowly
into the bomb so as not to blow powdered material from the
sample holder. If the pressure exceeds the spemﬁed pressure,
do not proceed with the combustion. Instead, detach the
filling connection and exhaust the bomb in the usual
manner, and discard the sample,

10.3.5 Fill the calorimeter vessel (bucket) with the mea-
sured (or weighed) quantity of water adjusted from 1.0 to
5.0°C below the jacket temperature, but not lower than 20°C.,
Use the same mass of water in each test weighed to £0.5 g.
For 2000-mL calorimeters, the proper quantity can be
obtained by use of a volunietric flask calibrated to deliver
1980 to 2020 mL with +0 5 mL repeatability. As the density
of water varies with temperature, make suitable corrections if
the water temperature varies from the temperature at which
the flask was calibrated. Place the asscmbled Jbomb in the
calorimeter vessel. Check that no oxygen bubbles.are leaking
from the bomb. Place the calorimeter vessel -in the jacket;
connect the electrodes; place the stirrers, thermonmeters, and
cover in position. Start the stirrer(s) and continue to operate
it (them) throughout the determination. Examine the ther-
mometers for liquid separation and correct any separation
before proceeding. The starting temperature shall be within
+0.5°C of that used in the analysis of coal or coke samples.

10.3.5.1 The initial temperature adjustment will ensure a
final temperature slightly above that of the jacket for
2000-mL.calorimeters. Some operators prefer a lower initial
temperature so that the final temperature is slightly below
that of the jacket. This procedure is also satisfactory.
Whichever procedure is used, the same procedure shall be
used in all tests, including standardization. A small heater
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may be built into the-calorimeter so that the desired stamng
temperature can be easily attained.

Note 2—Check all liquid-in-glass thermometers at least daily for any
defects, for example, cracked glass, etc.

10.3.6 Allow 5 min for attainment of equilibrium; then
record the calorimeter temperature at 1-min intervals for 5
min or until the rate of change has been nearly constant for 5
min, Use a magnifier when using ASTM Bomb Calorimeter
Thermometers 56C, and estimate all of the réadings (except
those during the rapid-rise period) to the nearest 0.002°C.
Estimate ASTM Thermometers 115C, 116C, or 117C read-
ings t0 0.001°C, and 25  resistance thermometer readings to
the nearest 0. 0001 Q. Tap mercury thermometers (for
instance with a pencil) just before reading to avoid errors
caused by mercury sticking to the walls of the capillary.
Ignite the charge at the start of the sixth minute and record
the time, 7, and the thermometer reading, z; (Note 6). Take
the next two readings 0.5 min and 1 min after firing because
of the rapid rise. Record subsequent readings at 1-min
intervals on the minute until the difference between succes-
sive readings has been constant for 5 min. If the final
temperature is above the bath temperature, the temperature
rises to a maximum and then begins to fall, Record the time,
/. and the thermometer reading, #; after the rate of change
has become uniform. The calorimeter water temperature
shall be at the same temperature (£0.05°C) for every
determination, at the time of ﬁnng, if the Bureau of Mines
method for radiation correction is to be.used. See Annex
Aljs.

10.3.7 Open the cover and remove the bomb, Release the
pressure at a uniform rate, such that the opera‘uon will
require not less than 1 min, Open the bomb and examine the
bomb interior, Discard the test if any unburned sample or
sooty deposits are found. Wash the interior of the bomb with
distilled water containing the titration indicatar until the
washings are free of acid, and titrate the washmgs with
standard sodium carbonate solution.

10.3.8 Remove and measure, or weigh, the combined
pieces of unburned ignition (firing) wire and subtract from
the original length or weight to determine the wire consumed
in firing. If the wire is weighed, remove the ball of oxidized
metal from the end of each piece of wire before weighing.

10.4 Calculation:

-10.4.1 Temperature Rise-~Using data obtained as pre-
scribed in 10.3.6, compute the corrected temperature rise, f,
as follows:

t=t—1t,+C,+ Co+ C, (1)

where;

t = corrected temperature rise, °C,

4 = initial temperature reading at time of firing,

iy - = final temperature reading, °C,

C, = thermometer, emergent stem correction, if requlred
(see 10.4.1.1 and Annex Al.4),

C, = thermometer setting correction, if required (see
10.4.1.1 and Annex Al.3), and

C, = radiation correction (see 10.4.1.1 and Annex Al 5.

10.4.1,1 With all mercury-m-glass thermometers, it is

necessary to make corrections if the total calofific value is

altered by 2.7 cal/g (5 Btu/lb) or more. This represents a
change of 0.001°C in a calorimeter using approximately 2000
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g of water. Beckmann thermometers also require a setting
correction and an emergent stem correction (see Annex Al.3
and Al.4). Solid-stemm ASTM Thermometer 56C does not
require emergent stem corrections if all tests, mbludmg
standardization, are performed within the same 5.5°C in-
terval. If operating temperatures range beyond this limit, a
differential emergent stem correction (see Annex Al.4) must
be applied to the corrected temperature rise, ¢, in all tests,
including standardization. A radiation correction must be
made in all tests, including standardization.

10.4.2 Thermochemical Corrections (see Appendix X1)—
Compute the following for each test:

e; = correction for the heat of formation of HNO;, cal,
Each millilitre of standard Na,COj is equivalent to
1.0 cal, and

e, = correction for heat of combustion of firing wire, cal
(Note 2).

0.23 cal/mm (1.4 cal/mg) for 0.16-mm d1ameter (No.
34 B & S gage) Chromel C wire.

0.27 cal/mm (1.8 cal/mg) for 0.16-hm diameter (No
34 B & S gage) iron wire,

Note 3——There is no correction for platmum or palladmm wire
provided the 1gn1t10n energy is constant. , .

10.4.3 Compute the calorimeter energy equ1valent E, by
substituting in the followmg ‘

=[gH)+e +el/t @

where:
E = calorimeter energy equivalent,
H = heat of combustion of benzoic.acid, as stated in the
.. NIST certificate, cal/g in air, ‘
g = mass (weight in air) of benzoic acid, g,
¢; = ftitration correction (10.4.2), -
e, = fuse wire correction (10 4.2), and
i .= corrected temperature rise (10.4.1).

'10.5 Repeat the procedure for a total of ten deter—

minations. Compute the standard dev1at10n as 1]lustrated in
Table 2. .

11. Restandardization

11.1 Make checks on the energy equivalent value after
changing the oxygen supply, after changing any part of the
calorimeter, and at least once a month otherwise. -

11.1.1. If a single new determination differs from the old
standard value by 4 cal/"C (6 Btu/°C) the old standard value
is suspect, thereby requiring a second fest. -

11.1.2 The difference between the two new determina-
tions must not exceed 5 cal/°C (8 Btu/°C), and the average of
the two new determinations must not differ from the old
standard by more than 3 cal/°C (4 Btu/°C). If these require-
ments are met, do not change the calorimeter standard.’

11.1.3 Ifthe requirements given in 11.1.2 are not met, run
two more determinations. The range of the four values shall
not exceed § cal/°C (14 Btu/°C), and the average of the four
new determinations shall not differ from the old standard
value by more than 2 cal/°C (3 Btu/°C), If these requirements
are met, do not change the calorimeter standard.

11.1.4 If the requirements given in 11.1.3 are not met, run
a fifth and sixth determination. The range of the six new
determinations shall not exceed 17 Btu/°C, and the average
of the six values shall not differ from the old standard value
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TABLE 3 Summary of Numerical Requirements
NoTE—Test values exceeding table limits require additional runs.A
Maximum Difference

Maximum Range

Number of Buns of Results between X, and X,2
cal/°C calf°c
1 AN *4
2 5 +3
4 8 +2
6 10 +2
10 12 &1

A X, = average of original standard, and X, = average of check runs.

by more than 2 cal/°C (2 Btu/°C). If these requirements are
met, do not change the calorimeter standard.

11.1.5 Ifthe requirements given in 11.1.4 are not met, run

four more determinations to complete a series of ten runs,
The range of these ten results shall not exceed 12 cal/°C (20
Btu/°C), and the average of the ten new values shall not differ
from the old standard by more than | cal/°C (1 Btu/°C). If
these requirements are met, do not change the calorimeter
standard.
" 11.1.6 Ifthe requirements given in 11.1,5 are not met, the
average value from the ten new values shall be used for the
new standard energy equ.lvalent provided that the standard
deviation of the series does not exceed 3.6 cal/°’C (. 5
Btu/°C).

11.2 The summary of the numerical requirements at each
stage of restandardization is given in Table 3.

12. Procedure for Coal and Coke Samples

12.1 Thoroughly mix the analysis sample of coal or coke
in the sample bottle and carefully weigh approximately 1 g
0.1 mg of it into the sample holder. Make each determina-
tion in accordance with the procedure described in 10 3. 2
through 10.3.8,

12,2 For anthracite, coke, and coal of high ash content
that do not readily burn completely, one of the following
procedures are recommended. (7) The inside of the sample
holder is lined completely with ighited:asbestos in a thin
layer pressed well down into the angles, and the sample is
then sprinkled evenly over the surface of the asbestos.
(2) The mass of the sample may be varied to obtain good
ignition. If the mass is varied, it will be necessary to
recalibrate the calorimeter so that the water equivalent will
be based on the same temperature rise as that obtained with
the new sample weight. (3) A known amount of benzoic acid
may be mixed with the sample. Proper allowance shall be
made for the heat of combustion of benzoic acid when
determining the calorific value of the sample

12.3 ‘For the calorific value of coke, it is riecéssary to use 3
MPa (30 atm) pressure for both standardlzatlon and analysis;

12.4 Determine the sulfur content of the sample by any of
the procedures described in Test Methods D 3177 or D 4239,

13. Calculation (Note 1)
13.1 Compute the corrected temperature rise, ¢, as shown
in 10.4.1.
13.2 Thermochemical Corrections (Appendix X1)—Com-
pute the following for each test:
e; = correction for the heat of formation of HNO;, cal.
Each millilitre of standard sodium carbonate is
equivalent to 1.0 cal,

PRO_00103875



Case 1:13-cv-01215-TSC Document 198-22 Filed 10/07/19 Page 111 of 120

b b 3286

correction for: heat of combustion of ignition wire,
cal,

0.23 cal/mm (1.4 cal/mg) for 0.16-mm diameter (No.
34 B & S gage) Chromel C wire,

0.27 cal/mm (1.8 cal/mg) for 0.16-mm diameter (No.
'34 B & S gage) iron wire (Note 3), and

correction for difference between heat of formation
of H,80, from the heat of formation HNO;, cal,
13.17 times percent of sulfur in sample times weight
of sample, g.

=)

5]

14. Calorific Value (Note 4)

. 14.1 Gross Calorific Value—Calculate the gross calor_iﬁc
value (gross heat of combustion at constant volume) Q,
(gross) as follows:

Q, (gross) = [(1E) — e, — &, — &;}/8 3)

where: ‘

Q, (gross) = gross calorific value, cal/g,

t = corrected temperature rise as calculated in
13.1,

E = energy equivalent calculated in 10.4.3,

ey, €, €3 = correctiong as prescribed in 13.2, and

g = mass of sample, g,

Note 4—This calculation gives calorific value in calories per gram.
To obtain calorific value in joules per gram or British thermal units per
pound, see Appendix X2,

14.2 Net Calorific Value—Calculate the net calorific value
(net heat of combustion at a constant pressure), Qp (net), as
follows:

Qp (net)ar =0, (.gross)a, -572 (Har X 9) “4)
where:

Q, (net),, = net calorific value at constant pressure, cal/g,
Q, (gross),, = gross calorific value at constani volume,
as-received basis, cal/g, and
H, = total hydrogen, as-received basis, where hy-

* drogen and oxygen include hydrogen and
oxygen in sample moisture, %.

Note 5—Example for converting from the as-determined (air-dried)
sample basis to the as-received net calorific value basis:?
Calories per gram, as-determined (cal,) = 7506
Calories per gram, as-received (cal,,) = 7056
Moisture, as-determined (A,,,) = 213

¢ .
7 For a comprehensive derivation of caloulatiots for converting gross calorific
value at constant volume to net calorific value at constant pressure, refer to
Research Report D05-1013.
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Moisture, ds-received (M) = 8.00 '
Hydrogen, as-detérmined (H,,) = 5.00, '
To convert H ad to Ha,a

100 = Ma, i
0= Mt 1 o.1119M,,

H, = (- 011190, %
| [( d 'd) 100 = Mad

i

100 - 8.00

= [(5.00 - 0.1119 X 2.13) X —————| 4+ 0.1119 X 8.00
[oro-onxamx iG]
H, = 537 ‘
0, (net),, = 7056 — 3.72 (5,37 x 9)

= 7056 -~ 276
= 780 cal/g (International T4ble Calones)
= 12204 Btu/lb £
= 28382 J/g
= 28.38 MI/kg

15. Report

15.1 The results of the calorific value may be reported on
any of a number of bases, differing from each other in the
manner that moisture i3 treated.

15.2 Use the percent mmsture in the sample passing a
250-um (No. 60) sieve, Test Method D 3173, to calculate the
results of the analysis sample to a dry basis.

15.3 Procedures for converting the value obtained on the
analysis sample to other bases are described in Practice
D 3180.

16. Precision and Bias

16.1 The following ctiteria should be used for judging the
acceptability of results (95 % probabﬂlty) on spht 250-um
(No. 60) sarnples.

16.1.1 Repeatability—Duplicate results by‘ the same labo-
ratory using the same operator and equipment, should not be
considered suspect unless they differ by more than 28 cal/g
(50 Btu/Ib) ofi a-dry basis.

16.1.2 ‘Reproducibility—Thé results submltted By two or
more laboratories (different equipment, operators, date of
test, and different portions of the same pulp) should not be
considered suspect unless the two results differ by more than
56 cal/g (100 Btu/Ib) on a dry basis.

16.1.3 Bias—The equipment used in this test method for
measuring gross calorific value has no bias because the
equipment is standardized with a compound having a known
heat of combustion. Since there is no acceptable reference
material for determining the bias for the procedure in this
test method, bias has not been determmed

)

17 Keywords

17.1 bomb célonmeter, calorific value,

calorimeter;
isoperibol bomb calorimeter -
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" ANNEX

(Mandatory Information)

Al. THERMOMETRIC CORRECTIONS

Al.1 Thermometer Corrections

Al.1.l It is necessary to make the following individual
corrections if not making the corrections would result in an
equivalent change of 28 cal/g (5.0 Btu) or more.

Al1.1.2 Calibration Correction, shall be made in accor-
dance with the calibration certificate furnished by the
calibration authority.

Al.1.3 Setting Correction, necessary for the Beckmann
thermometer. It shall be made in accordance with the
directions furnished by the calibration authority.

A1.1.4 Differential Emergent Stem Correction, the calcu-
lation of differential stem correction depends upon the way
the thermometer was calibrated and how it is used. Two
conditions are possible:

Al.l.l4.1 Thermowmeters Calibrated in Total Immersion
and Used in Partial Immersion—This emergent stem correc-
tion is made as follows:

Correction = C, = K (t,—~ 1) (t,+ 4, - L~ T)  (ALI)

where:

emergent stem correction,

0.00016 for thermometers calibrated in °C,

scale reading to which the thermometer was 1m—
mersed,

mean temperature of emergent stem, °C,

initial temperature reading, °C, and

final temperature reading, °C.

nmut

TN RO

[ |

NoTE Al.1: Example—Assume the point L, to which the thermom-
eter was immersed was 16°C; its initial reading, £, was 24.127°C, its final
reading, ¢, was 27.876, the mean temperature of the emergent stem, 7,
was 26°C;

Differential stem correction, C,
= 0.00016 (28 — 24) (28 + 24 — 16 — 26)
= 0.0064°C.

Al.1.4.2 Thermometers Calibrated and Used in Partial
Immersion, But at a Different Temperature than the Cali-
brated Temperamire—This emergent stem correctlon is
made as follows:

Correction = C, = K (¢;— 1) (t, — t,)

(A1.2)
where ‘
C, = emergent stem correction,

K = 0.00016 for thermometers calibrated in °C,

t; = initial temperature reading, °C,

iy = final temperature reading, °C, ¢

i, = observed stem temperature, °C and

1, = stem temperature at which the thermometer was

calibrated, °C.
Al1.1.5 Radiation Corrections—These are used to calcu-

late heat loss to the water jacket, They are based on the
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Dickinson formula,® the Regnault-Pfaundler formula,® or
the U.S. Bureau of Mines method.'° The same method of
determining the radiation correction must be used consis-
tently in calibration and test measurements.

Al.1.5.1 Dickinson Formula:

~r(=)=r,(f-b)

(A1.3)

where:

C, = radiation correction,

i rate of rise in temperature per minute in the prelimi-
nary period, °C,

1

ry = rate of rise of temperature per minute in the final pe-
riod (if temperature is falling, r, is negative), °C,
t; = firing temperature, °C,
Iy = final temperature, being the first temperature after
which the rate of change is constant, °C,

i = time at temperature, ¢;, min,

b = time at temperature, ; + 0.60 (t,— £,), min, and

S = time at temperature, ¢, min.

ALLS2 Regnault- Iffaundler Formula:
‘ C. = nry + kS (Al.4)

where :

C, = radiation correction,

n. = number of minutes in the combustion

: period, \

k = (rp— R =1,

S = b= 1+ (1/2) (t; + tp nt',

¢ = average temperature during the pre-
liminary period, °C,

" = average temperature during the final
period, °C,

Il ty. o000 t, = successive temperature recorded dur-
ing the combustion penod °C, and

t,— 1 sumof ty, ty ta o ovuunn

Al.1.5.3 Bureau of Mines Method—A. table of radlanon
correction can be established so that only the initial and final
readings are required to determine the heat value of any fuel.
This may be done by carrying out a series of tests utilizing
the procedure described in Section 10, using the following
conditions. Regulate the amount of sample burned so that a
series of determinations is made in which different tempera-
ture rises are obtained. For all determinations, keep the
water jacket temperature constant, fire the bomb at the same
initial temperature, and have the same time, /' — i, elapse
(%2 s) between the initial and final readings. Determine the
radiation corrections for each of the series of temperature
rises using the Dickinson method (see Al.1.5.1), or the
Regnault-Pfaundler method (see Al.1.5.2). These correc-
tions are constant for a given temperature rise. From the

® Dickinson, . C., Bulletin, National Bureau of Standards, Vol 11, 1951, p.
189 - ‘

¢ Pfaundler, L., Annalen der Physik (Leipzig), Vol- 129, 1866, p. 102.
10 “Methods of Analyzing and Testing Coal and Coke” Bulletin. 638, U.S,
Bureau of Mmes, 1967, pp. 16-17.
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series of readings a table or graph is plotted to show radiation
correction versus temperature rise. Once the table or graph is

established, the radiation corrections can be obtained from it
until there is a major change in the equipment,

APPENDIXES

(Nonmandatory Information)

X1. THERMOCHEMICAL CORRECTIONS

X1.1 Energy of Formation of Nitric Acid—A correction,
e;, (10.4.2 and 13.2) is applied for the acid titration. This
correction is based on the assurnptions (/) that all the acid
titrated is HNO; formed by the following reaction: %2 N,
(gas) + ¥4 O, (gas) + ¥» H,0 (liguid) = HNO; (in 500 mol
H,0), and (2) that the energy of formation of HNOj; in
approximately 500 mol of water under bomb conditions is
—59.0 kJ/mol.!!

X1.1.1 A convenient concentration of Na,CQ4 is 3.76 g
Na,CO53/1000 ml which gives e, = V, where V'is the volume
of Na,CQy in millilitres. (One millilitre of this solution is
equivalent to 1.0 cal in the acid titration.) This vatue (V =
ml) is to be used for calculating calorific value in calories
per gram. For other units se¢ Table X2.1. When H,SO, is
also present, a part of the correction for H,SO, is contained
in the e, correction and the remainder in the e; correction.

X1.2 Energy of Formation of Sulfuric Acid—By definition
(see Terminology D 121) the gross calorific value is obtained
when the product of the combustion of sulfur in the sample
is 8O, (in grams). However, in actual bomb combustion
processes, all the sulfur is found as H,SO, in the bomb
washings. A correction e; (see 13.2) is applied for the sulfur
that is converted to H,SO,. This correction is based upon the
energy of formation of H,SO, in solutions, such as will be
present in the bomb at the end of & combustion. This energy
is taken as —293.0 kJ/mol.*?> A correction of 2 times 59.0
kJ/mol of sulfur was applied in the e, correction, so the
additional correction necessary is 295.0 — (2 times 59.0) =
177 kI/mol, or 5.52 kJ/g of sulfur in the sample (55.2 J times
weight of sample in grams times percent sulfur in sample).
This causes e; to be 23.7 times weight of samples in grams

1 Calculated from data in National Bureéu of Standards Technical Note 270-3.
12 Caleulated from data in National Bureau of Standatds Circular 500.

times percent sulfur iit sample for calculating calorific value
in British thermal units per pound. The factor 13.17 for e,
(see 13.2) is to be used for calculating calorific value in
calories per gram, For other units, see Appendix X2. The
values above are based on a coal containing about 5 % sulfur
and about 5 % hydrogen. The gssumption is also made that
the H,S0, is dissolved entirely in the water condensed
during combustion of the sample, '*

X1.2.1 If a 1-g sample of such a fuel is burned, the
resulting H,SO, condensed with water formed on the walls
of the bomb will have a ratio of about 15 mol of water to 1
mol of H,S0,. For this concentration the energy of the
reaction SO, (gas) + ¥ O, (gas) + H,O (liquid) = H,S0, (in
15 mol of H,0) under the conditions of the bomb process is
—295 kJ/mol.'? Basing the calculation upon a sample of
comparatively large sulfur content reduces the possible
overall errors, because, for small percents of sulfur, the
correction is smaller.

X1.3 Fuse (Ignition) Wire—Calculate the energy contrib-
uted by burning the fuse wire in accordance with the
directions furnished by the supplier of the wire. For example,
the energy of the combustion of No. 34 B &S gage Chroniel
C wire is 6.0 J/mg or approximately- 0.95 J/mm. For
calcuiating e, for use in Eqs 2 and 3, these give ¢, = 0.41
times length (mm) of wire or ¢, = 2.6 times weight (mg) of
wire, The energy required to melt a platinuim wire is constant
for each experiment if the same amount of platinum wire is
used. As the energy is small, its effect is essentially cancelled
out in the relationship between the standardization: experi-
ments and the calorific value determinations, and it can be
neglected. The factors listed above for e, (10.4.2 and 13.2)
are suitable for calculating calorific value in calories per
gram. For other units, see Appendix X2,

13 Mott, R. A,, and Parker, C., “Studies in Bomb 'Caloximetry [X—Formation
of Sulfuric Acid,” Fuel, FUELB, Vol 37, 1958, p. 371.

X2. REPORTING RESULTS IN OTHER UNITS

X2.1 Reporting Results in Joules per Gram:

X2.1.1 The gross calorific value can be expressed in joules
per gram, calories per gram, or British thermal units per
pound. The relationships between these units are given in
Table 1. . ‘

X2.1.2 Because the energy of combustion of the reference
material is measured and certified by NIST in joules per
gram, the most straightforward usage of the reference mate-
rial would lead to the calorific value of the fuel in joules per

330

gram, To carry out this procedure, make the changes
outlined in X2.1,3 through X2.1.5,

X2.1.3 For calculating energy equivalent, substitute Eq
X2.1 for Eq 2: o

E =[(gH)+e' +e&)’]/t (X2.0)

where the meanings of the symbols in Eq X2.1 are the same
as'in Eq 2 except that:
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E = energy equivalent, with units of joules TABLE X2.1 Alternative Thermochemical Correction Factors
per temperature unit, (Units in Joules)*
4 — * .
H = hpat qf combusugn of reference mate-  goection ’h:ﬁultlpllcation Multicly By
rial, with units of joules per gram weight actor
in air (J/g from the certificate for the e;" (HNQg) 20 J/mL ml. of 0.34 N NazCO,
NIST benzoic acid), 83’ (Ha80,) 85.2 JfcgS percent'cvfI sulfur in sample times mass of
N . . . sample in grams
& = mass (weight in air) of anZOIC acid, g, ey’ (fuse wire)  0.95 Jfmm length (mm) of 0.16-mm diameter (No. 34 B
t = corrected temperature rise (see 10.4.1), & S gage) Chramel C wire
. or
P p , and . ith . £ ioul ey’ (fuse wire) 114 Jfmm length (mm) of 0.16-mm diameter (No. 34 B
e, e, and ey’ = corrections, wit units of joules (see &S gage) Iron wire
© Table X2.1). : oo’ (fuse wire) 6.0 J/mg mass (mg) of Chromel C wire
2.1.4 For calculating gross calorific value, substitute E or
X o g8 0 ’ ) . q 8y’ (fuse wirg) 7.4 Jj/mg mass (mg) of iron wire

X2.2 for Eq 3:.

0, (gross) = [(tE") - ¢,/ — &' — &)l/g

(X2.2)

where the meanings of the symbols in Eq X2.2 are the same

as in Eq 3 except that: :

4 To be used in Egs X2.1 and X2.2 only.

X2.1.5.1 Repeatability—Duplicate results by the same
laboratory, using the same operator and equipment, should

@, (gross) = gross calorific value with units of joules  not be considered suspect unless they differ by maore than
per gram (weight in air), 120 J/e.
E = energy equivalent, with units of joules X2.1.5.2 Reproducibility—The results submitted by two

e’ e, and ¢’

X2.1.5 Preéi;ion.'

it

per temperature unit, and ’
corrections, with units of jolles (see
Table X2.1).

or more laboratories (different equipment, operators, date of
test, and different portions of the. same pulp) should not
be considered suspect unless the results differ by more than
240 J/g. o ‘

The American Socisty for Testing and Matarials takes no position respecting the validity of any patent rights assertsd In connection
with any ftem mentioned in this standard. Users of this standard are expressly edvised thet determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entlrely their own responsibility.

This standard is subject to revision at any time by the responsibie technical committeé.and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your camments are invited either for revision of this standard or for additional standards
and shouid be addressed to ASTM Headquarters Your comments will receive careiul consideration at & meeting of the responsible _
technical comnmittes, which you may attend. If you fee] 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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Qdﬂl») Designation: D 3371 - 95
]

A
INTERNATIONAL

Standard Test Method for

Nitriles in Aqueous Solution by Gas-Liquid

Chromatography '

This standard is issued under the fixed designation D 3371; the number immediately following the designation indicates the year of
ariginal 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 (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers nitriles that can be sep’u'ated.

and detected quantitatively at a limit of approximately 1 mg/L

by aqueous injection on a selected gas- liquid chromatographic ..

column.
1.2 This test method utilizes the procedures and precautions

as described in Practice D 2908. ; v

1.3 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 , o
2.1 ASTM Standards:
D 1129 Terminology Relating to Water®
D 2908 Practice for Measuring Volatile Organic- Matter in
Water by Aqueous-Injection Gas Chromatography?

3. Terminology

3.1 Definitions—For definitions of terms used in this test
method, refer to Terminology D 1129.

4. Significance and Use

4.1 Nitriles at concentrations of a few rmlhgrams per htre
are potentially toxic to aquatic life. Nitriles in waste water
discharges should be detected and controlled. EEN

4.2 Gas-liquid chromatography (GLC) can detect and deter—
mine mixtures of nitriles at levels where wet chermical proce:
dures are not applicable, .

5. Special Comments o .
5.1 Itis recommended that samples that cannot be analyzed

immediately, be quick frozen for preservation. Samples should"

be neutralized to pH 7 at the time of collectlon to rrunmnze
hydrolysis of the nitrile groups ‘

! This test method is under the jurisdiction of ASTM Committee D-19 on Water
and is the direct responsibility of Subcommittee D 19,06 on Methods for Analysis
for Organic Substances in Water.

Current edition approved Dec. 10, 1995. Published February 1996. Originally
published as D 3371 - 74 T. Last previous edition D 3371 — 79 (1990).

2 Annual Book of ASTM Standards, Vol 11.01.

# Annual Book of ASTM Standards, Vol 11.02.

5.2 Samples of nitriles to be employed as standards should
be considered to be unstable Storage in a freezer is recom-
mended.

5.3 Tt is not always practical to translate operating condi-
tions directly from one GLC instrument to another. An operator
should optimize his instrument to a particular procedure, for
example, injection and detection temperature, flow rates, etc.

6. Typical Chromato'grams

6.1 The following instrument parameters were used to
obtain the typical chromatograms (See Fig. 1 and Fig. 2).
6.1.1- Column—'% in. outside diameter stainless steel, 8§ ft

long packed with a porous styrene divinylbenzene polymer.

Note 1—"Chromosorb” 101, 50/60 mesh, was used for the typical

,chromatograms

6.1.2 . Detector, ﬁame 1omzat1on
6.1.3 Tempemtures :

Injection port 240°C
Detactor 240°C
Oven, Isothermal 130°C
Qven, programmed at 110°C to max
10°C/min of 200°C. L o

'6.1.4 Carrier Gas, helium at 25 mL/min,
6 1.5 Sample Szze . Vo

T igotherinal § pL
. programmed 3uL '

. 6. 1 6 Recorder % in. /min chart speed and 1 mV full—scale
response.

6.2 Kovats Index Values N

I .+ Relative Kovats + »

Compounds oo o v Retentlon ‘ Index »
Acetonitrile R Pt 1.00 © 470
Acrylonitrile 1.25 512
Proprionitrile 1.67 5§70
Methoxyacetonitrile 2.21 6355
Butyronitrile 2.60 678
Isovaleronitriie = . - Voot 304 7409
Valeronitrile 3.38 788 ¢
Hexanenitrile 4.25 905 5
Benzonitrile 5.42 990

4 Gas Chromatographic Data Compilation, ASTM AMD25A, 1967.

Copyright © ASTM Internetional, 100 Barr Harbor Drive, PO Box C700, West Conshohacken, PA 19428-2959, United States,
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METHOXYACETRONITRILE

BUTYRONITRILE

WATER

RESPONSE

ACRYLONATRILE
© ACETONITRILE

PROPEONITRILE

[ 2

RETENTION TIHE [N HINUTES
(Chart speed 3/4~Inch per minute)

Column Packing - Chromasorb 101, 50/60 mesh

Carrler Gas - Helium at 26.mL/min

Termperature - Isothermal-operation of the column at 130°C

Sample Size - 5 microfitres containing

10 mg/L of each nitrile

FIG. 1 Isothermal Chromatographic Analysis of Nitriles in Aqueous Solution

7. Precision and Bias

7.1 An interlaboratory study was canducted in 1972 with
participation from four laboratories and seven operators: Trip-
licate analyses of three concentrations in distilled water were
contributed by all operators; see Table 1 for statistics from
distilled water data Three operators also did triplicate recov-
eriés of thrée concentrations spiked into 4 river water of their
choice; see Table 2 for the statistics from the river water
recovery data.

7.2 The precision of this test method within the range from
10 to 60 mg of standards/L in distilled water may be expressed
as follows:

3 Kovats index values estimated from relative retention data because standard
compound was not readily available.

Compound .
Acetonitrile &= 0.182x+0.194
S, = 0.023x + 0.038
Proprionitrile 8, = 0.100x~ 0.817
. 8,=0.020x+0.348,,
Methoxyacetonitrile S, = 0.260x + 0.263
! ! o 8y = 0.026x 4 0.671
Butyronitrile 8, = 0.107x- 0,487

8, = 0.036x+0.202

where:
S,
S,
X

Il

overall precision,
single operator precision, and
concentration of the specification compound, mg/L

1l

8. Keywords

8.1 flame ionization; gas-liqui& chromatography; GLC; iso-
thermal chromatographic analysis; Kovats index
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Hexanenitrile

Yaleronitrile.
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Isovaleronitrile

Butyronitrile

Hethoxyacetonitriie

Proplonitrile

Acrylonitrile

Acetonitrile

WATER

RESPONSE

Column Packing - Chromosorb 101, 50/60 mesh

Carder Gas - Helium at 25 mL/min

8

.6

+RETENTION TIME [N MINUTES
(Chart Speed 3/h-Inch per minute}

Ternperature - Programmed operation at 10°C/min from 110°C to & maximum of 200°C
Sample Size - 8 microlitras containing 1 500 mgy/L of each nitrile

FIG. 2 Proposed Temperature Chromatographic Analysis of Nitriles in Aqueous Solution

TABLE 1' Recovery for Reagent Water

Amount Amaunt i Statistical
Compound Added, Found, n S, A Bias % Bias Significance,

mg/L mg/L 95 % CL
Acetonitrile 60 50.7 21 1.87 11.0 -9.3 ~16.8 yes
30 24.4 21 1.10 5.90 -5.6 -18.7 yes
10 842 21 0.57 1.86 -1.58 -16.8 yes
Proprionitrile 60 56.6 15 1.64 5.20 -3.4 =57 yes
. 30 28.8 15 0.98 1.35 -1.2 -4.0 yes
10 9.66 15 0.54 0.56 -0.34 -3.4 yes
Methoxyacetonitrile 60 62.8 18 2.21 15.8 2.8 4.7 no
30 31.6 18 1.48 8,85 1.6 53 ho
10 9.88 18 0.91 2.50 ~0.12 -1.2 no
Butyronitrile 60 57.9 21 243 6.08 -2.1 -35 no
30 28.9 21 1.12 2.48 -1 =37 no
10 9.31 21 Q.68 0.78 -0.6¢ -6.9 yes
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TABLE 2 Recovery for River Water

48 p 3371

Amount Amount Statistical
Cormpound Added, Found, n 8, 8, Bias % Bias Significance,

mg/t mg/l. 98 % CL
Acetonitrile 60 a8.7 9 2.83 17.4 -21.3 -35.8 yes
30 16.3 9 1.59 9.94 -13.7 -45.7 yes
10 4.32 9 112 4.58 ~5.68 -56.8 yes
Proprionitrile 60 57.8 9 1.25 3.11 -2.2 -37 no
30 29.6 9 0.64 2.67 -0.4 ~-1.3 no
10 9.77 9 0.24 0.45 -0.23 2.3 no
Methoxyacstonitrile 60 85.4 9 1.63 21.7 25.4 42.3 yes
30 44.4 9 1.83 12,68 14.4 46.7 yes
10 14.3 9 0.08 5.36 4.3 43.0 yes
Butyronitrile 60 62.5 9 1.68 8,78 2.5 4.2 yes
30 29.9 9 076 1.38 -0.1 -0.3 yes
10 976 - 9 0.64 0.90 -0.28 -2.5 yes

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any itern mentioned in this standard. Users of this standard are expressly advised that determination of the valfdity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the résponsible technical committes and must be reviewed every five years and
IFnot revised, either reapproved or withdrawn. Your comments ara invited elther for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will recelve careful consideration at a meeling of the responsible
technical committee, which you may attend. If you feel that your comments have not received a falr 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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