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qﬂm Designation: D 1266 — 98

1P¥
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9F PETAOLIRL

Designation: 107/86

Standard Test Method for

Arn Amerlcan National Standard

Sulfur in Petroleum Products (Lamp Method)'

This standard is issued under the fixed designation D 1266; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision, Anumber in parentheses indicates the year of last reapproval. A
supersoript epsilon (€) indicates an editorial change since the last revision of reapproval.

This test method has been adopted for use by government agencies to réplace Method 5201 of Federal Test Method Standard No. 7916

1. Scope

1.1 This test method covers the determination of total sulfur
in liquid petroleum products in concentrations from 0.01 to 0.4
mass % (Note 1). A special sulfate analysis procedure is
described in Annex Al that permits the determination of sulfur
in concentrations as low as 5 mg/kg,

Note 1—The comparable lamp method for the determination of sulfur
in liquefied petroleum gas is described in Test Method D 2784. For the
determination of sulfur in heavier petroleum products that cannot be
burned in a lamp, see the bomb method (Test Method D 129) the quartz
tube method (JP 63), or the high-tempefatuie method (Test Method
D 1552).

1.2 The direct burning procedure (Section 9) is applicable to
the analysis of such materials as gasoline, kerosine, naphtha,
and other liquids that can be burned completely in a wick lamp.
The blending procedure (Section 10) is applicable to the
analysis of gas oils and distillate fuel oils, naphthenic acids,
alkyl' phetiols, high sulfur content petroletm products, and
many other miaterials tht cannot be bumed Sat1sfactor11y by the
direct burning procedure

1.3 Phospliorus compoinds nétmally present in commercial
gasoline do ot ititerfere/ A correction is giveri for the small
amount of ‘acid ‘vesulting “from the combustion of the lead
anti-knock fluids in gasolines. Appreciable concentrations of
acid-forming or base-forming elements from other sources
interfere when the titration procedure is employed since no
correction is provided in,these cases.

1.4 The preferred units are acceptable metric units.

1.5 This standard does not purport to address all of the
safety concerns, if any,.associaied, 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 prlor to usé. For specific hazatd
statements, see Note 3.

! This test method is under the jurisdiction of ASTM Comumittee D-2 on
Petroleum Products and Lubricants and is the direct responsibility of Subcommittee
D02.03 on Elemental Analysis.

Current edition approved Feb. 10, 1998. Published April 1998, Originally
published as D 1266 — 69 T. Last previous edition D 1266 —91 (1995).
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2. Referenced Documents .

2.1 ASTM Standards:

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

D 1193 Specification for Reagent Water®

D 1229 Test Method for Rubber Property——Compression
Set at Low Temperatures*

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

D 2784 Test Method for Sulfur in Liquefied Petroleum
Gases (Oxy-Hydrogen Burner or Lamp)®

E1l Speciﬁcation for Wire-Cloth Sieves for Testing Pur-
poses®

2.2 Institute of Petroleum Standard.”

1P 63 Sulfur Content — The Quartz Tube Method

3. ‘Summiary of Test Méthed

3.1 The sample is. burned in a closed system, usmg a
suitablé lamp (Fig. 1) and an artlﬁmal atmosphere compg ‘d of
70 % carbon dioxide and 30 % oxygen to prevent forin ’
nitrogen oxides. The oxides of sulfur are dbsorbed ‘and oxi-
dized to sulfiric acid by means of hydrogen peroxide solution
which is then flushed with air to remove dlssoived carbon
dioxide. Sulfur as sulfate in thé absorbent is determined
acidimetrically by titration with statdard sodium hydroxide
solution, or gravimetrically by prec1p1tat10n as barlum sulfate
(see Annex A2). o

3.2 Alternatively, the sample tnay be burned 'in "4it, the
sulfur as sulfate in the absorbent being deterniined by precipi-
tation as barium sulfate for weighing (sée Aninex A2).

Nott 3—in the absence of acid-forming or base:forming elements,
other than sulfur, results by the volumetric and gravimetric finishes
described are'squivalent within the limits of precision of the method.

3.3 For sulfur cortents below 0.01 miass % it is necessary to

2 Annual Bocok of ASTM Standards, Vol 05.01.

3 Annual Book of ASTM Standards, Vol 11.01.

* Annual Book of ASTM Standards, Vol 09.01,

3 Annual Book of ASTM Standards, Vol 05.02.

S Annual Book of ASTM Standards, Vol 14,02,

7 Available from the Institute of Petroleum, 61 New Cavendish St., London, W.I.,
England.
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FIG. 1 lllustrative Sketch of the Assembled Lamp Unit

determine the sulfate content in the absorber solution turbidi-
metrically as barium sulfate (see Annex Al).

4, Significance and Use

4.1 This test method provides a means of monitoring the
sulfur level of various petroleum products and additives. This
knowledge can be used to predict performance, handling, or
processing properties. In some cases the presence of sulfur
components is beneficial to the product and meonitoring the
depletion of sulfur compounds provides useful information. In
other cases the presence of sulfur compounds is detrimental to
the processing or use of the product.

5. Apparatus

5.1 Absorbers, Chimneys, Lamps, and Spray Traps (Fig. 1)
as required are described in detail in Annex A3. The standard
flask and burner (Fig. A3.1) as shown is not suitable for
burning highly aromatic mixtures without blending. The flask
and burner for aromatic samples (Fig. A3.1) permits burning
these samples directly without blending and may also be used
to burn nonaromatic samples, with this lamp, a second port
with control valve in the burner manifold is required.

5.2 Cotton Wicking—Clean, unused, uniform, twisted white
cotton yarn of good quality.® For the burner to burn aromatic
samples use long staple, fine-spun, commetcial fire grade.’

5.3 Manifold System consisting of a vacuum manifold with
regulating’ device, valves, and so forth (Fig. 2 ) and a dual
manifold (burner and chimney) supplying a gas mixture of
approximately 70 % carbon dioxide (CO,) and 30 % oxygen
(O,) at regulated pressures. The vacuum manifold shall be
connected to a pump of sufficient capacity to permit a steady

® Yarn, white, 4-strand (2 to 3 mg/em/strand), available from Koehler Insttument
Co., 1595 Sycamore Ave., Bohemia, NY 11716, or the type marketed by various
suppliers in the United Kingdom as 13s/14 ends, scoured, and bleached has been
found suitable for this purpose.
. ? Available from Thomas Scientific, P.O. Box 99, Swedesboro, NJ 08085-0099.
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gas flow of about 3 L/min through each absorber and to
maintain a constant manifold pressure of approximately 40 ¢cm
of water below atmospheric. The gas mixture in the chimney
manifold shall be maintained at a nearly constant pressure of 1
to 2 ¢cm of water and the burner manifold at approximately 20
cm of water. A suitable arrangement is shown in Fig, 2 and
described in Annex A3, but any other similar system can be
used. Modifications of the manifold and associated equipment
for burning samples in air are shown in Fig. A2.1 and described
in Annex A2.

6. Reagents and Materials

6.1 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,

6.2 Purity of Water—Unless otherwise indicated, references
to water shall be understood to mean reagent water as defined
by Type II or Type IIT of Specification D 1193.

6.3 Carbon Dioxide and Oxygen—The carbon dioxide
(CO,) and the oxygen (O,) shall each be at least 99.5 % pure.
These gases shall meet the requirements of 9.5.

6.4 Diluent—The diluent used shall have a sulfur content
less than 0.001 mass %, be completely miscible with the
sample to be analyzed, and permit burning at a moderate rate
without smoking, Normal heptane, isooctane, and absolute
ethyl alcohol have been found suitable (Note 10).

6.5 Hydrochloric Acid (1 + 10)—Mix 1 volume of concen-
trated hydrochloric acid (HC, relative density 1.19) with 10
volumes of water.

6.6 Hydrogen Peroxide Solution (1 + 19)—Mix 1 volume
of concentrated hydrogen peroxide (H,0O ,, 30 percent) with. 19
volumes of water. Store in a dark-colored glass-stoppered
bottle,

6.7 Methyl Purple Indicator—Aqueous solution containing
approximately 0.1 % active constituent.!! (Not methyl violet.)

6.8 Sodium Hydroxide Solution (100 g/L)—Dissolve 100 g
of sodium hydroxide (NaOH) in water and dilute to 1 L.

6.9 Sodium Hydroxide, Standard Solution (0.05 My—Diluté
2.8 mL of saturated NaOH solution to 1 L (Note 3), using for
this purpose the clear saturated solution decanted after standing
long enough to permit any precipitate to settle out. Standardize
by titration against standard acid, using the methyl purple
indicator. Store in an alkali-resistant glass bottle and protect to
minimize contamination by CO, from the air. Use only pure

19 “Reagent Chemicals, American Chemical Society Specifications,” Am.
Chemical Soc., 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 Formulary, U.S. Pharmacopelal Convention, Inc. (USPC), Rockville,
MD.

" Fleisher Mathyl Purple Indicator, U, 8. Patent No. 2416619 may be obtained
from Harry Fleisher Chemical Co., Benjamin Franklin Station, Washington, DC
20044, or from any chemical supply company handling Fleisher Methyl Purple.
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gum rubber tubmg for connections between the storage bottles
and burets. - poer RS .

Note 3—The calculatlon of results cah e s1mp11‘ﬁed by adjusting the
molanty of the NaOH solutidh' ta ‘0 0624 *0:0001, Then [ mL of the
N4OH soliutién will be!equivaleiit £670.0010 g of sulfur, In th1s case, thi
factor 16.03M in the calculation (see 12.1) becomes, 1,000 - ;

‘ 6 10 Quahty Conl:rol (QC) Sarnple(s), preferably are’ pot-
tions of one of mote 11qu1d petroleum ‘thaterials or product
s’randards of knowx stilfur content that were not used iil' the
getieration of the instfument cahbratron curve.” These' (QC)
samples are to be uSed ‘o check the validity of the ‘testing
process as described in Section 12! An ample supply of QC
sample matefial shall be available for the intended perrod of
use, and must be homogeneous and stable under the anttcrpated

storage condmons

7. Prepdiation ot‘Apparatus Lo

7.1 When the apparatus is first assembled, charge ‘thié
absorber’ wrth 30 £ 2 ml, of water Adjust the individual valves
betweeri, the vacuum marufold ‘and spray traps §0 that approxi-
mately 3 L of ait per minute will be dtawn through each
absoiber when the chmmey outlets aré opeh to the atmosphere,
whlle mamtammg the ressure in the vacuum manifold at
approx1mate1y 40 ¢m'of water below atmosphemc When all
adjustments have. beer, made, move the water from theé
absorbers. The helght of rhe 11qu1ds in t' ressure and vacuuﬁt
regulators is indicated"in Fig, 2, and durmg operatron q slow
1eak of gas should be mamtamed through them”‘“

Note 4—In use, place 300 to 400 mL of H,0, solution (1 + 19) in the
scrubber. Since the manifold manometer also serves as a scrubber.at the
end of the test to remove CQO, from the absorbent use H ,0, solution
(1 + 19) ‘as:-the manomettic liquid. Replace -weekly' ot whenever the
volume becomes apbreclably less“than the orlgmal

12 Neutrallze the H202 solution (l + 19) nnmedrately be—
fore use. A% 30 ‘mLof the'solution. is néeded, tiansfer to'a
beaker multiples. of 30 mL sufficient for the number “of
absorbers to be used simultaneously. ‘Add. 1, drop of methyl
puiple indicator solution for each 100 mL of H,0; solution and
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Heater
FIG 2 Schematic Diagram of €00, Supply Manitold and Ldmp System

T From OgSupply '
- Cylinder '

e From C02 Supply .
Cyllnder '

]

then add 0 05 N NaOH solution dropwise until the color
ohanges from. purple to light green.

"7.3 Introduce 30 = 2 mL of the freshly neutrahzetl 0,0,
solution (1 +19) into the larger Bult of each absorber. Tn
addition, for each set of samples burned, prepare an extra
absorber for use as a control blank. Atach the spray traps and
chlmneys and conmect theth 'to their respecuve tnatifolds’ by
means of sulfur—free rubber tubmg Close the" clumney open-
mgs By means of corks.

7.4 With 'the burner control valves closed, the valve to the
vicutim regulator fully opén, aild the préssure in the vacuum
manl.fold adjusted to approxunately 40 cm-of water "bélow
atmiosphieric, turn on the CO , and O, supplies (Warmng——see
Note 5). Adjust the chimney tiiahifold' Coritio] vatve §o that, at
the required rate of flow through the absorbers, only a small
stream of CO -0, gas escapes at the pressure regulator, a small
streaini of aif entets at the vacuum regulator and the pressure in
the chimnéy manifold is 1 to 2 ¢ ‘of Water. Minir ad;ustment
of the vacuuiti regulator and' vactum: conitrél valve inay be
necessary to achiéve this condition (Note 6). :

Norg, 5—Warning: A hazardous (explosive) condition can resylt 1f the
CO, supply is mterrupted and the O, flow is contmued whlle samples are
being bumed The mstallatron of sultable wammg or control equlpment is
recommended B

“Ngte G-It is éonvenient 1o baldnct the gas flo system by réguldiing
the pressure iy thé: vaciufi mafifold. This i doné by: ralsmg orlloweting
the aif inlet tube in the vacuum regulator by, sliding itdn-

-+ 7.5 Cit the wicking to 30- -om Tengths! Use the number of
lengths dictated by the sample (see Section 8); fold the wickiig
oncé to give a 15-cm'long biindle for threadmg the' ‘Burners.
Thréad the requlred nurnber of burners by inderting the looped
ends’ ‘into ‘the top of the inner tubie'of the birner. Draw the
wicking through by means of a metal hook: Trim the wick: as
close as possible to the top of the burner with a pair of sharp
scissors. It is essential that thoroughly oleaned bumers and new
kamg be used ot each lest ‘

‘,Wl"; T S
v

8. Control of Combustion o ‘ Tl

EEREERET]

8.1 -Most types of liquid samples bum w1th a lummous

PRO_00094679
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yellow flame, the size and shape of which is dependent on the
gas flow to the burner, the volatility of the material, the
tightness of the fit of the wick in the burner tube, and the
position of the top of the wick relative to the top of the burner,
It is preferable that the latter two variables be fixed with
relation to the first before burning is started so that the flame
can be controlled by variation in the rate of CO,-O, flow.

8.2 Highly volatile samples require a tight-fitting wick, the
top of which can need to be several millimetres below the top
of the burner, and in extreme cases may have to be cooled in
ice during the burning. Less volatile materials require a more
loosely fitting wick and can require warming. ‘

8.3 After trimming, draw the wick down until the trimmed
edge is flush with or just a little below the top of the burner.
With the burner for aromatic samples, the distance from the top
of the burzer to the top of the wicking should be 8 mm or more
for benzene and 4 mm for toluene; a slight heating of the upper
end of the burner will be helpful in starting vaporization of
heavier materials, ‘

8.4 To use the standard lamp, light the wick and then slowly
admit combustion atmosphere to the burner to obtain a
smoke-free flame. To use the burner for aromatic samples,
introduce a small amount of combustion atmosphere into the
flask to provide sufficient vapor for lighting the burner. After
lighting the burner, introduce combustion atmosphere directly
into the burner to prevent smoking and to adjust the flame size.
If the flame is accidentally snuffed out, relight.

8.5 A short burning period (1 to 2 min is usually sufficient)
at low flame height is necessary to allow combustion to reach
equilibrium before the flame size can be increased without
causing a smoky flame. In adjusting the standard lamp, the
entire control is at the burner. For the burner for aromatic
samples, first adjust the flow of gas to the flask and then reduce
the flow of gas to the burner as required. In any case, it is
essential that the flame burn smoothly and symmetrically and
without jets in the inner cone or smoke on the outer fringes.

8.6 Satisfactory combustion of materials difficult to bum
can sometimes be obtained by increasing the O, content of the
combustion atmosphere. Never increase the O, content of the
combustion atmosphere to more than 40 %.

8.7 Before extinguishing the flames, allow the sample to
burn until the flask and wicking appear to be dry and the flanie
has reduced considerably in size; frequently the flame contin-
ues to burn a short time after the flask appears dry because of
the sample in the wick. For example, for gasoline samples,
which burn with a high flame, the flame should be extinguished
when it is only 3 to 4 mm high, If the flame is permitted to burn
until it goes out, partially oxidized substances (probably
organic acids) are produced; as a result broad, indistinct end
points are obtained. When samples are not burned until the
flask is apparently dry, erratic results may be obtained. In the
case of volatile samples, any unburned sample will escape
from the burner during weighing. When elemental sulfur is
present, it is particularly important that the sample be burned to
apparent dryness and that the wick be maintained flush with the
top of the burner to ensure complete combustion. With mix-
tures containing light and heavy hydrocarbons, the more
volatile materials seem to burn first, possibly concentrating
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sulfur compounds in the material remaining behind.

9. Procedure for Direct Combustion of Liquid Samples
(see also Annex A2)

9.1 By means of an appropriate pipet, introduce into the
flask of each lamp an approximate quantity of sample as
indicated in Table 1. Stopper the flasks with clean, numbered
corks. Weigh each flask and its burner to the nearest 0.005 g,

Note 7—While the stoppered flasks and prepared burners can all be
weighed separately, it is usually mare convenient to place each flask and
its burner on the balance pan and obtain the combined weight in a single
weighing.

9.2 Handling each lamp individually, insert the burner in the
flask. As soon as the sample has risen by capillary action to the
top of the wick, connect the side tube of the burner to the
burner manifold by means of sulfur-free rubber tubing. Light
the burner with a sulfur-free flame (such as an alcohol lamp)
and insert into the chimney, pinching off the conmnection
between the chimney and the chimney manifold during the
insertion if the flame tends to be blown out. At the same time,
adjust the gas flow to the burner so that the flame is maintained

at a point just below smoking and has a steady symmetrical '

appearance. Continue in this marmer until all lamps have been
placed in the chimneys. Make any minor adjustment of the
chimney manifold control valve necessary to maintain- the
required pressure (see Section 7). During the burning, and
particularly during the latter stages when the flame becomes
small, decrease the CO,-O, supply to the burners in order to
prevent extinction of the flames. . '

Note' 8—When incoriiplete combustion occurs, the absorber liquid will
foam excessively. ‘ ‘

9.3 When the buming of -each sample is complete, as
evidenced by the flame becoming small owing to depletion of
the sample, remove the burner and flask from the chimney,
extinguish the flame, shut off the CO,-O, supply to the burner
and stopper the chimnsy opening. Immediately reweigh the
flask, burner, and numbered cork. When all combustions have
been completed, turn off the CO, and the O , supplies, close the
chimney control valve, and close the connection to the vacuum
regulator; this will cause-air to be drawn into the chimney
manifold through the manometer. Allow air to be drawn
through the absorbers in this mamner for 5 min to remove
dissolved CO, from the absorbent; then close the vacuum
control valve,

Nore 9—Ifit is desired to conserve the combustion atmosphere, the gas
flow through each individual absorber can be turned off upon completion
of the burning period. To accomplish this, pinch off the rubber tubing
connecting the spray trap to the vacuum manifold, reduce the flow of
mixed gases at the rotameters proportionately, and readjust the vacuum
control valve and the chimney control vatve, When the burning of all
samples has been completed, it is necessary to remove the pinch clamps
and readjust the vacuum control valve in order to draw air at the required
rate through the absorbers for remaoval of dissolved CO,.

TABLE 1 Sample Size for Direct Combustion of Liquid Samples

_ Sulfur Content, Bample Size
mass percent g mb
Under 0.05 1010 15 20
0,05 t0 0.4 5t0 10 10

PRO_00094680
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9.4 Rinse the chinineys and spray traps thfee tiniss, Using
about 10 mL of water each time, When. the sample containg
lead anti-knoek fluids, use hot water to rinse the chimneys. Add
the mnsmg to the absorbers, and tltrate as dlrected in Sect1on
11,

9.5 Blank-—Leave the chimney of the blank: absorber (8ee
7.3) stoppered; and allow the CO -0, stream to pass through
that absorber ntil 41l satples started at ohe time have finished
burning. Turn, off the CO, and the O, supplies and aerate the
blank absorber in the same manner as the sample absorbers
(see 9.3). Titrate the absorber liquid as directed in Section 11.
Normally, the combustion atmosphere blank will be small; but
if the titration’ requires-more than 0.1 ‘ml. of 0.05 N NaOH
solution discard the detemunatlon and replace the. COz cylin-
der.

10. Procedure for Blending and Combustlon of L1qu1d
" Samplés

10.1 Add 6 mL of sulfur fres diluent to ‘cach flask. Stopper
the flasks with numbeted corks and weigh to the nearest 0.005
g By means of a pipet, introduce into the flask of each burner
ar, approx1mate quantity of sample as mdmated in Table 2;
swirl to mix; thoroughly, and reweigh.

Note 10—Altérnatively, maks a quantitative 40 %.blend of the’ sample
in'sulfur-free diluent and proceed as described in Séction 9.

10.2 ‘Insert the burnér and burn as desctibed in 9.2. Remove
each lamp from its chimney as the flame neéar$ extinction and
“gxtinguish the flame, Add 2 mlL of diluent, allowing the diluent
to rinse down the walls of the fldsk. Burn the additional diluent
and repeat the addition of diluent and burning one more time so
that a total of 10 mL of diluent has been burned.

* Note' 11=n this éase, it is désirable that # 1041L diluent blank be run;
the titration 'of the absorbef solution from-this blatk, shall not.exceed 0.1
ml. of 0,05 M NaOH solutiort.

" 10.3 After ‘all lamps have completed burhing; tvirn oﬂ“ the
CO, and Qy supplres ‘closé the connection to the vacuum
regulatot; draw air through the absorbers for 5 min, 4nd finally
close the vacium control valve. Rinse the chimneys and spray
traps threé times, tsing about 10 mls of water each time. Add
the rrnsmgs to the absorbers, and titrate as drrected in Sectron
1w v 2

11, Titration of Absorbent Solution

11.1 Add 3 to 4 drops of methyl purple indicator solution to
the liquid in each absorber, Titrate the absorbent solution by
introducing 0.05 N NaOH solution from a buret into ‘the
smaller bulb of the absorber, Use a 10-mL microburet if less
than 10 mg of sulfur is expected to be present in the absorber.
Stir during the. titration by applying suction intermittently to
the top of the larger:bulb.

Note 12‘—Whenv1‘ncomplete combustion of the sample occurs, the air
drawn through the absorber during thie titration will have a charactensnc

taste or odor and the end pomt w111 be broad. In these cases, discard the
determmatlon ‘

TABLE 2 Sample slze for Testing Blended Liquid Samples '

Sulfur Content, ) . SampleSize - .
mass percent 'mk.
_0.4 and under YY) . _ B
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12. :Caleulations -
12.1 Caleulate the sulfur conﬁent of liquid samples, as
follows:

Sulfur content, mass percent = 16.03 M X (A/lO w) (1)
whete! . ‘

A = mrlhhtre's of NaOH sclution required to titrate the
-a¢id in the absorbent soliition from the burned
v sample, T

M .= molarity of the NaOI-I solutron (see Note 3), and

W = grams of sample burned.

12,2 When it is required by speciﬁcatrons to correct the
sulfur content (Note 13) for lead antiknock fluids, calculate the
corrected values as follows: i .

Corrected sulfiit content, mass percent = S — LF (@3]
where
F 0 0015 if the sample contains av1at1on lead antiknock
fluid or 0.0035 if the sample contains tetraethyllead,
tetramethyllead, or the mixed lead alkyl antiknock

fluid,

L = lead content g/U.S. gal, and
S = sulfur content mass %.
NoTE. 13--These corrections are baged on experiments of bummg fuels

blended with antiknock fluid containing tetracthyllead and ethylene halide
in commonly-used combmatlons Tetramethyllead and the mixed lead
alkyl antiknock fluids eontam the same ethylene halide combinatioh as the
tetraethyllead fluid,

1 Note 14—To convert giams of lead per Imperial gallon into grams per
1.8, gallon, multiply by 0.8326. Multiply by 3.7853 to convert grams of
lead per litre into grams per U.8. gallon

13 Report

. 13.1- Report the results of the test to the nearest 0. 01 % for
sulfur at a level of 0. 05 % and hrgher, and the speclﬁc test
procedure used. ‘ :

14, Quality Control,

14.1 Confirm, the performance of the apparatus or the
procedure, or both, each day it is in use by analyzing a QC
sample (6.10) that is representative of samples typically
analyzed, Inerease the analysis frequency of the QC sample if
a large number of samples are analyzed. Analysis of .the
result(s) from the QC sample(s) can be camed out usmg
control chartsu, or other statistically equwalent techmques, 1o
ascertain the control status of the total testing progess. Any out
of control data, should trigger mvestlgatlon for root cause. The
QC sample pre01s10n shall be checked against the ASTM
method precision to ensure data quality.

15. Precision and Bias

15:1 The precision of this test is not known to have been
obtained:in accordance with qurrently accepted guidelines (for
example, in Committee D-2 Research Report RR-D-2-1007,
“Manual on Determining Precision Data. for ASTM Methods

e

[

12 ASTM Manual 7, Manual on Pra.s’entatton af Data and Control Chml
Analysis; 6t edition, avsilable from ASTM Headquarters.
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on Pefroleum Products and Lubricants”).!?

15.1.1 Repearabilit—The difference between two 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 following values only in one case
in twenty:

Repeatability . 0.008

15.1.2 Reproducibility—The difference between two single
and independent results obtained by different operators
working in different laboratories on identical test material

'3 Annual Book of ASTM Standards, Vol 05.03.

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:

Reproducibllity 0.010 +0.0258

where: ,

§ = the total sulfur content, mass percent, of the sample.
15.2 Bias—It is not practicable to specify bias of Test

Method D 1226 for measuring sulfur becuase the responsible

subcommittee, after diligent search, was unable to attract

volunteers for an interlaboratory study.

16. Keywords
16.1 lamp; sulfur

ANNEXES

(Mandatory Information)

Al, TEST METHOD OF TEST FOR TRACE QUANTITIES OF SULFUR

Al.l Seope

Al.1.1 This annex describes a procedure for extending the
lamp method of test for sulfur to the analysis of samples having
sulfur contents as low as 5 ppm (Note Al.1): The procedure is
not applicable for the determination of less than 300 mg/kg of
sulfur in liguids containing lead antiknock compounds.

Al.1.1.1 Only by the exercise of the most scrupulous care
and attention to details can reliable results be obtained by this
method. Before placing new glassware into use and thereafter
as required, wash the glassware with. concentrated nitric acid.
Rinse three times with tap water, followed by three rinsings
with deijonized distilled water. Reserve units of glassware for
use in this method alone.

Al.2 Summary of Test Method

Al.2.1 A sample of suitable size is burned as described in
Section 9. Sulfate ion in the absorber solution is determined by
precipitation as barium sulfate and measurement of the
turbidity of a suspension of the precipitate. The suspension is
stabilized by the addition of alcohol and glycerin, and its
turbidity is measured by use of a spectrophotometer or filter
photometer.

Al.3 Additional Apparatus

Al.3.1 Photometer— Preferably a spectrophotometer
having an effective band width of about 50 nm and equipped
with a blue-sensitive phototube for use at 450 nm, or
alternatively a filter photometer equipped with a’ color filter
having a maximum transmission at approximately 450 nm.

Al.3.2 dbsorption Cells having optical path lengths of 5
cm are preferred. With use, the cells may become coated with
a film, To remove this film, wash the cells with a detergent
using a soft brush. Rinse thoroughly with deionized water
following cleaning,

Note Al.l—The procedure as written assumes an absorbance change
of about 0.100 for each 0.1 mg of sulfur in 50 mL of solution measured

471

in a 5-cm cell. Photometers employing cells of shorter optical paths give
proportionately poorer precision.

Al.3.3 Scaop, capable of dispensing 0.30 =*
barium chloride dihydrate as specified in Al.4.2.

Al1.3.4 Magnetic Stirrer, equipped with tetrafluoroethylene
covered stirring bars about 32 mm (1%4in.) long.

Al1.3.5 Lamp Assembly, as described in Annex A3, Reserve
complete units consisting of flask, burner, chimney, absorber,
and spray trap for use in this procedure only.

Al4 Additional Reagents

AlA1 Alcohol-Glycerin Mixture—Mix 2 volumes of
denatured ethyl alcohol conforming to Formula No. 3A of the
U.S. Bureau of Internal Revenue or ethyl alcohol (95 % by
volume) with 1 volume of glycerin.

Al14.2 Barium Chloride Dihydrate (BaCly2H,0)—
Crystals passing an ASTM E 11 20-mesh sieve or a BS
18-mesh sieve and retained on an ASTM E11 30-mesh sieve or
a BS 30-mesh (See Specification E 11).

Nore Al.2—The crystal size of the BaCl,2H,0 is an 1mportant
variable that affects the development of trbidity.

Al.4.3 Hydrochloric Acid (I + 12)—Add 77 mL of
concentrated hydrochloric acid (HCL, sp gr 1.19) to a 1-L
volumetric flask and dilute to the mark with deionized water.

Al.4.4 Hydrochloric Acid (1 + 215)—Add 60 mL of
1+12 HCI to a 1-L volumetric flask and dilute to the mark
with deionized water.

Al4.5 Sulfuric Acid (I mL = 0.100 mg S)—Dilute 6.24=%
0.01 mL of 1 N sulfuric acid (H,SO ,) to exactly 1 L with
deionized water. Check the dilution by titration against
standard NaOH solution of about the same normality and
adjust the concentration, if necessary, so that each millilitre of
this solution is equivalent to 0.100 mg of S.

0.01 g of

!4 For Purity of Reagents, see 6.1.
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Al.4.6 Water, Deionized Distilled—Percolaté water through
2 column of inixed anion and ¢ation. exchange reging. &

Note Al.3—A means for determining when fo replace the exchanoe
tesing should be supphied. Use of a simple electiical coniductivity meter
has been found satisfactory for this purpose.

ALS, Calibration S

Al5.1 Into 50-mL volumetric flasks introduce, by means of
.aburet 0.25, 0.50, 0.75, 1.00, 1.50, 2.00,3,00, and 5. 00,mL of

2804 a ml 0,100 mg S), Add 3.0 mL of HCL (1 +12) to
each flask, dilute to volume with water, and mix thoroughly
Prepare a reagent blank standard in a similar way, ormttmg the
H,80,.

A1.5.2 Pour the entire contents of each ﬂask mto a lOO«mL
beaker, add by means of a pipet 10 = 0.1 mL of alcotiol-
glycerin mixture, and mix for 3 min on the magnetic stirrer.
Select a stirring speed just below that which might cause loss

gty

of sample through splashing. Maintain this speed throughotit

the entire procedure.

Al1.53 Allow the solution to stand undisturbed for 4 firin! -

Transfer to an absorptron cell and measure the m1t1a1
absorbance, using water 4s referénce; ' L/ M
A1.5.4 Return the solution to the beaker and add 0.30== 0. 01
g of BaCly 2H,0 ctystals; sithier by weighing this amouiit orby
use of the scoop. Stir with the mégneétic stitrer for exactly 3
tin, Alléw to sfand forfan additional 4 inin; transfer 16 the cell,
and again measure the absorbance: relative’to water. <. su
1 Ali§i5 Following steps described inAl1.5.2-A1.5.4, obtama
reagent blank readmg by subtracting the initial absorbance:of
‘thie redgent blank standard frer that obtainéd after.additioh of
BaCl,2H,0. This readitg should not exceed:0.005. - /e
Al.5.6 Obtain the netsabsorbance for edch standard by
subtracting the initial absorbance and reagent blank reading
from the absorbance obtained in accordarice with Al 5.4, Plot
the miet absorbance of éhch ‘standird against mrlhgrams of
“glilfir contdined iii 50 L of solut1on, atd dratv a smooth eurve
thirough thé points: +° © - oo
Al5.7 Check the callbrauon ciirve darly by makmg sifiglé
Vdetermmauons to detect possrble slufts ‘

VA1.6 Procedure for Combustmn ofESamples X

Al.6.1 Prepare the combustion dpparatus andibumn between
5 and 30 g of sample dependmg on the expected sulfur level
| cedures .. déscri

Sections 7 8 and 9 of the main method The requlrements for
mmal neutrahianon of the H20 2 soluuon (see 7. 2) and for

one absorber of a sét fo serve a3 4 blatk on the pur1ty of this

atmosphere Reserve all glassware excluswely or usé with this

trace procedure. to avord ang' possible contammatlon from other
ber, §

jﬁrom the § sp;ray trap’ and clumne (s‘ée 9.4 to a 250 mL'
tinise the absorber two or thre it i thl, po

CALGLT A Samiple size that wrll yleld betWeen 0.
mg of sulfur in the absdibet’ mist be selected. This will tllen
allow subsequent direct application of the procedures described

in Al1.6.3 and A1.7 and will avoid the necessity for using less

.10.3), may be, omrtted Draw combustlon atmosphere [ ough \

472

than a one-fifth aliquot of the absorber solution for anialysis.
Whenithe sulfur level of thé samplé is about:15 mglkg orléss,
at least 30 of sanple must be burnied: To  hecominodats: the
large. samiple ‘sizes, a burner flask : of: suitable size ‘must be

‘fabricated jto replace’ the ‘standard:254mL flask, In tecognition

of the-larger size of the flask, it is preferable to use 18 cm of
wicking rather than the 15 cm specified in 7.5. Tovatioid
excessive depletion of absorber liquid caused: by the longer
burning time for larger samples, it is preferable to charge the
absorbers With'-50 mlL- of ' the hydrogen peroyude solutton
mstead of thie 30 ml specified in'7.2.

- A1:6:2 ' Redii¢s thévolime 6f the absorber solutron 10! about
20 mL by evaporation on a hot plate. Quantitatively transfer the
resulting solution to a 50-mL volumetric flask, rmsmg the
beaker with several small portions of Watet. Add 3 'ml, of HCl
(1 +12) to the flagk, make up to volume with water, and mix
thoroughly.

"7 iA1,6.3 If the sulfur content of the absorber solution is

known to be less than 0.5 mg, use the entire contents of the
volumettic flagk for analysis. If the approximate suifur content
is unknown or is expected to exceed 0.5 mg, transfer a 10-mL

s aliqliots to *a 'sédond 50°mlY Yolumetric flask and dilute the

solution in both flasks to volume with HCI (1 + 215). Use the
more dilute solution first and, if less than 0.05 mg of sulfur is
found, then use, the: more, congentrated. solution: Prepare a
dllutlon of the combus ioti atmosphere blank similar o, the

111A17 P

Al 7 1 Pour the enure contents of the 50 mL volumemc
ﬂask containing;the-solution. to be-analyzed -into:;a 100:mL
beaker -and .proceed as ditected in -A1.52-AkS5.4. t-the
combustion: atmbsphers: blank, in the safe way and:pbtaina
combustion atmosphere-reagent blank réadifig’ by subtracting
its initial absorbance from that obtained .after .addition.of
BaCl,-2H,0.

Note Al.4—Should .the blank readmg exceed: 0. 020 the prectsxon
obtamab]e will be impaired. In tlus event, mak n analys1s of the reagents
alone to détermine whether the atmosphere agenfs aré at fa‘, A
30 mL of fhe H';0,(i:5 perdetit) in the 50- )
the niark With HCL 1+ 215), and proceed 4 dedoribed i A1.5
tEagetit blaiil reglling sxceeds 0:010; results ‘Shonld tiot be conmderable
religble,: -, 550 i Pt PR o p e .

A1.7.2 Obtain the net absorbance of the analysis §olution by
subtracting the initial absorbance-and :the combustion
atmosphere-reagent blank, reading from that. obtamed +after
addition,of BaCL2H ,0. < .., .

L AL 3 Conyert net absorbance 1o mrlhgrams of sulfur hy
usmg the calrbratron carve. , . . -

R LT it
A18 Calculatmnu h . '

A8 Calculate the amount of sulfur i the! sampler as

followsts « i it M 5

'ylz

o e e

JSe 1Y

Ol Sohtent, ma/ks & (ANE) X IOOO

anrrniy o

wher ‘.
4. : lr‘fgrams of sulfur read from ‘thé cal1brat1on cur\fe,

RN
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grams of sample burned, and
aliquot fraction of the sample solution used for

analysis.

w
F

i

A1.9 Precision and Bias

A1.9.1 The following criteria should be used for judging the
acceptability of results (95 % confidence):

A19.1.1 Repeatability— Duplicate results by the same
operator should be considered suspect if they differ by more
than the following amounts:

Sulfur Conteht, mg/kg
51080
Qver 80 1o 280

Repeatability
0.116 X mgkg S
(0.01 x mgrkg 5) + 8.5

- Al1.9.1.2 Reproducibility— The results submitted by each of
two laboratories should be considered suspect if the two results
differ by more than the following amounts:

Sulfur Content, mg/kg Reproducibility
510125 0.145 X mg/kg 8
Over 125 to 280 (0.508 x mg/kg 5)—45.4

Note Al.5—For the determination of trace quantities of sulfur by a
rapid burning method see Test Method D 2785,

A1.9.2 Bias—TIt is not practicable to specify the bias of Test
Method D 1266, Annex Al for measuring trace quantities of
sulfur because the responsible subcommittee, after diligent
search, was unable to attract volunteers for an interlaboratory
study.

A2. AIR BURNING OF SAMPLE, GRAVIMETRIC FINISH

A2.1 Scope

A2.1.1 This procedure is recommended only for analyzing
liquid petroleum samples that can be burned with a wick lamp.

A2.2 Apparatus

A2.2.1 The mainfold system described in 5.3 may be used
with only a slight modification. Substitute filtered air for the
C0,-0, supply train and add a second sintered-plate scrubber
to the incoming air line as shown in Fig, A2.1.

A2.3 Additional Reagents

A2.3.1 Barium Chloride Solution (100 g/L)—Dlssolve 100
g of barium chloride dihydrate (BaCl ,2H,0) in water and
dilute to. 1 litre,

A2.3.2 Hydrochloric Acid (relative density 1. 19)—
Concentrated hydrochloric acid (HCI).

A2.3.3 Hydrogen Peroxide Solution (30 %, )v—Concentrated
hydrogen peroxide (H,0,).

A2.3.4 Sodium Hydroxide Solution (100 g/L)—Dissolve
100 g of technical grade sodium hydroxide (NaOH) pellets in
water and dilute to 1 L.

A2.3.5 Sulfurie Acid (1 + 16)—Mix 60 mL of concentrated
sulfuric acid (H,SO , sp gr 1.84) with 960 mL of water.

Pressure

A2.4 Preparation of Apparatus

A2.4.1 Place 300 to 400 mL of NaOH solution in the first
scrubber (Fig. A2.1) and the same amount of H,0O ,-H,SO,
solution (300 mL of H,0, 30 mL of H,SO, (1 + 16), and 30 mL
of H ,0,(30 %)) in the second scrubber. For apparatus in daily
use, replace these solutions two times each week or whenever
the volume becomes less than two thirds of the original,

A2.4.2 Make other preparations as described in Section 7,
except that the H,O, solution (1.5 %) need not be neutralized.

A2.5 Procedure for Combustion

A2.5.1 Burn the sample as described in Section 9,
controlling combustion as described in Section 8, Use a sample
size as prescribed in Table A2.1. Analyze the absorber
solutions from the samples and blank as described in A2.6.1,

A2.6 Procedure for Analysis of Absorber Solution

A2.6.1 Transfer the absorber liquid to a 400-mL beaker.
Rinse the absorber and chimney thoroughly with water and add
the rinsings to the beaker. Filter the solution to remove any
foreign material, receiving the filtrate in a 400-mL beaker
having & mark to indicate 75 mL. Add 2 mL of HC], heat to
boiling, and add 10 mL of BaCl, solution, either in a fine

y ; Re uquor '~ vacuum
Vacuum Mamfold-\ 9 Manometer Regulator’
iz \ Air Control
: . Valve
Vacuum .
Supply
x / ’ Cooler '
J |~ Furnace
= rat—— ( (O psi }
___J . (0.70kg per sgem)
Z \\-‘—Coqrse Compressed -3 o
~ Control Burner Sintered Air Supply
Valve Manifota - Plate S

FIG. A2.1 Schematic Diagram of Purified Air Supply Manifold and Lamp System
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TABLE A2.1 Sample Size for Air Burning of Liquid Samples
. Sulfur Content, r Sample Size. .. ‘
weight percent g e by
0.5 and under ) 5t010 o
Qver 0.5 -

Btos" i 5

T

stream or dropwise. St1r the solution durmg the addmon and
for 2 min thereafter.

A2.6.2 Cover the beaker with a fluted watch glass and
continue boiling slowly tntil the sotutioh has evaporated toa
voluine of dpproximately 75 mL, a8 indicatéd by the mark on
the beaker. Remove the beaker frof the hot plate’ (or other
soutce of heat) and allow to cool 1'h before filtering:’

A2.6.3 Filter the supernatant liquid through a close-texture,
ashless filter paper. Wash the precipitate with water, first by
decantation and then on the filter paper, until free of chloride

ion. Transfer the paper and precipitate to a suitable weighed -

crucible, and dry at low heat until the moisture hasevaporated,
Char the paper completely without 1gn1tmg it, and finally ignite
at a bright red heat until the precrp1tate is butned white (Note
A2.1). After 1gmt1011 is complete, allow the crucible to cool to
foom. temperature and We1gh

Note A2.1—A satisfactory means of accorplishing these operatlonsss
to place the uncovered crucible, contammg the wet ﬁlter paper ina coId
clectric muffié furnacé and turn on the current. Drymg, charring, and
ignition usually occur at the desired rate.

A2.7 Calculation ;
A2.7.) Calculate the sulfur content of the sample a8 follows

Sulfur content mass percent [(w b) by 13 73]/W (A2:1)
where: . R L .
w = grams of bar'rum sulfate (BaSQ,) precipitate in the
absorber solution from the burned sample,
b = grams of BaSO, precipitate from the corresponding
blank-absorber solution (Note A2.2),"and
W = grams of sample burned.

Note A2.2—The determination should be discarded if the blank
correction used in the caloulation exceeds 1.5 mg of BaSO,. Frequently,
impure reagents are the cause of this difficulty.

A2.8 Precision .
" A2.8.1 See Section 15 for recomumended datal -

A3 APPARATUSDETAIL . .

A3l I‘lask and Burner for Nonaromatic Samples

A3.1.1 Alamp of chemically resistant glass, consisting of a
25-mL Brlenmeyer flask and a burner that conforms to the
dimensions shown in Fig. A2.1, shall be used. The burner
consists of two coficéntric glass tubes, the external tube having
a sidearm and standard-taper glass joints for connection with

- the flask 4nd thie thitney. The upper ends of both burnet fibes
shall be polished and shall have plane surfaces that are in the
same horizontal plane. The burner shall have a 1-mm opening
near its base to allow equaltzatron of pressure between the
chimney and the ﬂask When confiected with the chnnney, the
lamp shall be held i in posmon by rubber bands of metal springs
stretched between glass hooks on. the ﬂask and chtmney '

A3.2 Flask and Bu"i‘ner' for Aromatic Samples

A3.2.1 Alamp of chemically resistant glass, consisting of a
25-mL Erlenmeyer flask with a side-arm:and a burner that

conforms to the dimension shown in Fig. A2. 1 shall be used. .

The burner consists of two concentric glass tubes, the exteérnal

tube having a sidearm and  standard-taper glass’joints for ,
connecting the burner with the flask and the chitihey. The

upper ends of both burner tubes shall be pohshed and shall

have plane surfaces that are in the same horizontal plane, When
connected with the chimney, the lamps shall be held in position -
by rubber bands or metal springs stretched between glass hooks ;

on the flask and chimney.

A3.3 Chimney | ‘
A3.3.1 A chimney of chen:uoally tesistant glass, conformmg

to the dimensions shown in Fig. A2.1-and provided with

standard-taper glass joints for connectton w1th the burner and

absorber, shall be used. o

A3.4 Absorber L

A3.4.1 An absorber of chemlcally resxstant glass
conforming to the dimensions shown i in th A3 i
with standard—taper glass joints * for “éonnection with ‘the
chimhey "and ‘spray trap, shall e tiged: A7 fritted digk with
avetage pore diameter from 150 to 200 ym shall'be séaléd in
the larger of o bulbs of the absorber. The frittéd disk’ shéuld
be of such a pOIOSlty that, whén 50 mlL'of watet'is placed ii the
abisorber and air is passéd through at the fate of 3.0 L/min in
the forward direction, the pressure différential betWeen thie two
sides of the absorber is Between 15 and 23 ottt of water and the
air is dispersed unifortnly. v

A3.5 Spray Trap

A3.5.1 A spray trap of chemrcally resistant . glass
conformmg to the dimensions shown in Fig. A2.1 and provided
with ‘4 standard—taper glass joint for comnection with the
absorbet, shall be used

;r

. A3.6 Manlfold System

A36.1 A satisfactory: vacuurand combustion atmosphere

E mamfold and supply system. for supplying the required CO,-O
L2 mtxture to the lamp assemblies is shown diagrammatically in
‘Fig, 2¢ The gases ate supphed from commercial cylinders, the

pressure of each. gas being adjusted to 10 + 2 psig (0.70 + 0.14

._tkg/cm 2) by means of two. single-stage regulating valves to

ensure.constant pressure at the flow-regulating needle valves. It
ig ne¢essary to pass the CO, through a heat exchanger installed

" ghead of the regulating valves to prévent freezing of the valves.
- The gases are passed through a metefing system consisting of

two calibrated rotameter flow meters: to indicate the proportion
of the two gases mixed ini.the surge tank, Any number of lamp

- ;assemblies can be:operated as a unit, the throughput of the flow

474
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Annular Space 82
1340, \
15 0.0, (Max) 27? Y TRA
! %i4/10
- k CHIMNEY
o phy.  Theex Small Glass Beud
f ~su pports Sea!:d.m ;:m Fose
Inner and Oster Tubes F
o 6 0.0,
a8 ¥i4/10
20 -4 4Bk
4‘.22 0.240, 0.0,
Annulor Spage. 180
15 | Olam Hole L3014
(Dritleg) (K80.D. I)m 302%'
108 e 6 i
i A
PYEX
28401 Flask 0 37
anl Flay
with Glass Hooks 491 22| |
(8Q% Apart 58
8 0.6 8t08 0.0, (3
83 i2 514710 4103 1.0,
};z_ 8409 Solid Rod 1
STANDARD FLASK 8 BURNER Heldin Pasitlon
™ by any Sultabt
Support !

ABSORBER

25wl Flosk with
Glass Hooks
180° Apart

All Dimensions in Millimeters

FLASK AND BURNER
FOR AROMATIC SAMPLES

Note 1—Standard tapers 14/10, 24/40, or equivalent.
Note 2-—The fritted disk shown in the drawing of the absorber shall be of such a porosity that, when 50 mL of water is placed in the absorber and
air is passed through at the rate of 3.0 litres/min in the forward direction, the pressure differential between the two sides of the absorber is between 15

and 23 cm of water and the air is dispersed uniformly.
FIG. A3.1 Detailed Drawing of Combustion and Absorption Apparatus

meters being chosen accordingly. The tubing that connects the  a capacity of about 1 litre.
chimoey manifold to the chimneys should have an internal
diameter not smaller than 6.4 mam (V% in.) in order to prevent
unnecessary restriction in gas flow. The scrubber should have
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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 exprassly advised that determlnatlan of the validity of any such
patent rights, and the risk of infnngement of such rights, are enttrely their own respanslblllty

This standard is subject 16 rvision, at afy time by the respons;ble technlcal commmee and must be raviewed every five years and
ifnot revised, efther rsapproved orwithdravn. Your comments are invited eithe} for'revision of this stanclard or for addlitional standards
and should be addressed-to ASTM Headduarters. Yoisr comments wl(l rece/vs cateful consideration at a meating of the responsible
technical committag, Which you may &ttend. If you feel that your coifimeénts have nat received a faif-hgating you should make your
views known to thé ASTM Comm/ttee on Standam!s, 100 Barr Harbor Drlve, West Conshohocken, PA 19428

‘
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(IHno Designation: D 129 — 95

IPY

THE INSTIVUTE
OF FTAOLEUM

Designation: 61/99

Standard Test Méthod for

An Amerlcan National Standard
British Standard 4454

Sulfur in Petroleum- Products | (General Bomb Method)1

This. étémdé:"d is fssued, \;ﬁder the fixed deéxgnéuon D’129. ﬁe number immediatsly followx}lg thé dééignatxon ﬁicixcétss‘ the year, of
original adoption.or, in the case of revision,-the year of last revision. A number in parentheses mdlcates the year of last reapproval, A

superscript épsilon (e) indicates an editorial change since the laac rev,\sxon or, reapproval o

s
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This test method has been adopted for use by government agencies to replace Method 5202 of Federal Test Method No. 791 b

1. Scope

1.1 This test method covers the determination of sulfur in
petroleum products, including lubricating oils containing addi-
tives, additive concentrates, and lubricating greases that cannot
be burned completely in a wick lamp. The test method is
applicable to any petroleum product sufficiently low in vola-
tility that it can be weighed accurately in an open sample boat
and containing at least 0.1 % sulfur.

Note 1—This test method is not applicable to samples containing
elements that give residues, other than barium sulfate, which are insoluble
in dilute hydrochloric acid and would intetfere in the precipitation step.
These interfering elements include iron, aluminum, calcium, silicon, and
lead which are sometimes present in greases, lube oil additives, or additive
oils. Other acid insoluble materials that interfere are silica, molybdenum
disulfide, asbestos, mica, etc, The test method is not applicable to used oils
containing wear metals, and lead or silicates from contamination. Samples
that are excluded can be analyzed by Test Method D 1552.

1.2 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. See 3.2 for specific
precautionary directions incorporated in the test method.

2. Referenced Documents

2.1 ASTM Standards:

D 1193 Specification for Reagent Water?

D 1552 Test Method for Sulfur in Petroleum Products
(High-Temperature Method)®

E 144 Practice for Safe Use of Oxygen Combustion
Bombs?

' This test method is under the jurisdiction of ASTM Committee D-2 on
Petroleum Products and Lubricants and is the direct responsibility of Subcommittee
D02.03 on Elemental Analysis.

Current edition approved Aug, 15, 1995, Published October 1993, Originally
published as D 129 — 22. Last previous edition D 129 - 91,

This test method was adopted as a joint ASTM-IP standard in 1964,

In the IP, this test method is under the jurisdiction of the Standardization
Committes,

2 Annual Book of ASTM Standards, Vol 11,01,

3 Annual Book of ASTM Standards, Vol 05.01.

* Annual Book of ASTM Standards, Vol 14.02.

Copyright ® ASTM, 100 Barr Harbor Drive, West Conshahocken, PA 19428-2059, United States.
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3. Summary of Test Method

3.1 The sample is oxidized by combustion in a bomb
containing oxygen under pressure. The sulfur, as sulfate in the
bomb washings, is determined gravimetrically as barium sul-
fate.

3.2 Warning— Strict adherence to all of the provisions
prescribed hereafter ensures against explosive rupture of the
bomb, or a blow-out, provided the bomb is of proper design
and construction and in good mechanical condition. It is
desirable, however, that the bomb be enclosed in a shield of
steel plate at least 13 mm thick, or equivalent protection be
provided against unforseeable contingencies.

4. Apparatus and Materials

4.1 Bomb,>S having a capacity of not less than 300 mL, so
constructed that it will not leak during the test and that
quantitative recovery of the liquids from the bomb may be
achieved readily. The inner surface of the bomb may be made
of stainless steel or any other material that will not be affected
by the combustion process or products. Materials used in the
bomb assembly, such as the head gasket and lead-wire insula-
tion, shall be resistant to heat and chemical action, and shall not
undergo any reaction that will affect the sulfur content of the
liquid in the bomb.

4.2 Sample Cup, platinum, 24 mm in outside diameter at the
bottom, 27 mm in outside diameter at the top, 12 mm in height
outside, and weighing 10 to 11 g.

4.3 Firing Wire, platinum, No, 26 B & S gage, 0.41 mm (16
thou), 27 SWG, or equivalent,

Nore 2—Caution: The switch in the ignition circuit shall be of a type
which remains open, except when held in closed position by the operator.

4.4 Ignition Circuit, capable of supplying sufficient current
to ignite the cotton wicking or nylon thread without melting the
wire, The current shall be drawn from a step-down transformer
or from a suitable battery.

4.5 Cotton Wicking or Nylon Sewing Thread, white.

% Critetia for judging the acceptability of new and used oxygen combustion
bombs are described in Practice E 144,
% A bomb conforming to the test specifications in IP Standard IP 12 is suitable.
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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 Purity of Water—Unless otherwise indicated, references
to water shall mean water as defined by Type II or III of
Specification D 1193.

5.3 Barium Chloride Solution (85 g/litre)—Dissolve 100 g
of barium chloride dihydrate (BaCl,-2H,0) in distilled water
and dilute to 1 liter.

5.4 Bromine Water (saturated).

5.5 Hydrochloric Acid (sp gr 1.19)—Concentrated hydro-
chloric acid (HCI),

5.6 Oxygen, free of combustible material and sulfur com-
pounds, available at a pressure of 41 kgficm 2 (40 atm).

5.7 Sodium Carbonate Solution (50 g/litre)}—Dissolve 135 g
of sodium carbonate decahydrate (Na,CO;-10H,0) or its
equivalent weight in distilled water and dilute to 1 litre.

5.8 White Oil, USP, or Liquid Parafiin, BP, or equivalent.

6. Procedure

6.1 Preparation of Bomb and Sample— Cut a piece of firing
wire 100 mm in length, Coil the middle section (about 20 mm)
and attach the free ends to the terminals. Arrange the coil so
that it will be above and to one side of the sample cup. Insert
between two loops of the coil a wisp of cotton or nylon thread
of such length that one end will extend into the sample cup.
Place about 5 mL of Na,CO, solution in the bomb (Note 3) and
rotate the bomb in such a manner that the interior surface is
moistened by the solution. Introduce into the sample cup the
quantities of sample and white oil (Note 5 and Note 6)
specified in the following table, weighing the sample to the
nearest 0.2 mg (when white oil is used, stir the mixture with a
short length of quartz rod and allow the rod to remain in the
sample cup during the combustion).

Note 3—After repeated use of the bomb for sulfur determinations, a
film may be noticed on the inner surface. This dullness can be removed by
periodic polishing of the bomb. A satisfactory method for doing this is to
rotate the bomb in a lathe at about 300 rpm and polish the inside surface
with emery polishing papers Grit No. %6, or equivalent paper,® coated with
a light machine oil to prevent cutting, and then with a paste of grit-free
chromic oxide® and water, This procedure will remove all but very deep
pits and put a high polish on the surface. Before the bomb is used it shall
be washed with soap and water to remove oil or paste left from the
polishing operation.

7 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 Formulary, U.S. Pharmaceutical Convention, Inc. (USPC), Rockville,
MD.

% Bmery Polishing Paper Grit No. %bcan be purchased from Norton Co., Troy, N.
Y.

® Chromic oxide may be purchased from J. T, Baker & Co., Phillipsburg, N. I.
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Nore 4—Caution: Do not use more than 1.0 g total of sample and
white oil or other low sulfur combustible material or more than 0.8 g if the
IP 12 bomb is used.

Sulfur Content Waight of Weight of
percent Sample, g White Oil, g
5 or under 0.6t0 0.8 0.0
Over 5 0.3to 0.4 0.3 to 0.4

Note 5—Use of sample weights containing over 20 mg of chlorine may
cause corrosion of the bomb. To avoid this, it is recomnmended that for
samples containing over 2 % chlorine, the satmple weight be based on the
chlorine content as given in the following table:

Chlorine Content Woelght of Weight of
percent Sample, g White OIl, g
2t05 0.4 0.4

Qver § to 10 0.2 0.6
Cver 10 to 20 0.1 0.7
Qver 20 to 50 0.05 07

Note 6—If the sample is not readily miscible with white oil, some
other low sulfur combustible diluent may be substituted. However, the

combined weight of sample and nonvolatile diluent shall not exceed 1.0 g

or more than 0.8 g if the IP 12 bomb is used.

6.2 Addition of Oxygen—Place the sample cup in position

and arrange the cotton wisp or nylon thread so that the end dips
into the sample. Assemble the bomb and tighten the cover
securely. (Caution-—See Note 7.) Admit oxygen slowly (to
avoid blowing the oil from the cup) until a pressure is reached
as indicated in the following table:

Capacity of Minimum Gage Maximum Gagse
Bomb, m! Pressure,” kgflom?2(atm) Pressure, kgffcm?2(atm)
300 to 350 39 (38) 41 (40)

350 to 400 36 (35) 38 (37)

400 to 450 31 (30) 33 (32)

450 to 500 28 (27) 30 (29)

4The minlmum pressures are specified to provide sufficient oxygen for com-
plete combustion and the maximum pressures reprasent a safety requirament,

Note 7—Caution: Do not add oxygen or ignite the sample if the bomb
has been jarred, dropped, or tilted.

6.3 Combustion—Immerse the bomb in a cold distilled-
water bath, Connect the terminals to the open electrical circuit.
Close the circuit to ignite the sample. (Caution—See Note 8.)
Remove the bomb from the bath after immersion for at least 10
min. Release the pressure at a slow, uniform rate such that the
operation requires not less than 1 min. Open the bomb and
examine the contents. If traces of unburned oil or sooty
deposits are found, discard the determination and thoroughly
clean the bomb before again putting it in use (Note 3).

Note §—Caution: Do not go near the bomb until at least 20 s after
firing.

6.4 Collection of Sulfur Solution— Rinse the interior of the
bomb, the oil cup, and the inner surface of the bomb cover with
a fine jet of water, and collect the washings in a 600-mL beaker
having a mark to indicate 75 mL. Remove any precipitate in
the bomb by means of a rubber policeman. Wash the base of
the terminals until the washings are neutral to the indicator
methyl red. Add 10 mL of saturated bromine water to the
washings in. the beaker. (The volume of the washings is
normally in excess of 300 mL.) Place the sample cup in a
50-mL beaker. Add 5 mL of saturated bromine water, 2 mL of
HCI, and enough water just to cover the cup. Heat the contents
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of the beaker to just below its boiling point for 3or4 fitin and

add to the beaker contaitiing the bomb washings. Wash the
sample cup and the 50-mL beaker thoroughly with' water.
Remove any, precipitate in thé cup by mears of a rubber
policeman. Add the washings from the cup and the 50-mL
beaker, and the precipitate, if any, to the bomb washings in the
600-mL beaker. Do not filter any of the washings, since
filtering would remove any sulfur present ds insoluble material.

6.5 Determination of ‘Sulfur—Evaporate the combined

washings to 200 mL on a hot plate or other source of heat.
Adjust the heat to maintain slow boiling of the solution and add
10 mL of the BaCl , solution, either in a fine stream or
dropwise, Stir the solution during the addition and for 2 min
thereafter. Cover the beaker with a fluted watc¢h glass and
continue boiling slowly until the solution has evaporated to a
volume approximately 75 ml.‘as indicated by a mark on the
beaker. Remove the beaker from the. hot plate (or other source
of heat) and allow it to cool for 1 br before filtering. Filter the
supernatant liquid through an ashless; quantitative filtér paper
Note 9). Wash the precipitate with water, first by decantation
and then on the filter, until free from. chloride. Transfer the
paperand precipitate to a weighed erucible and dry (Note 10)
at a low heat until the mdisture has evaporated. Char the paper
completely without ignitirig it, and finally ignite at.a bright red
heat until the residue. is .white sin: color,, After ignition is
complete, allow the crucible to cool at room temperature, and
weigh. .

Notz 9—A weighed porcelain filter crucible (Selas type) of 5 to 9um
porosity may be used in place of the filter paper. In this case the precipitate
is washed free of chloride and then dried to constant weight at 500 %
25°C,

Note 10—A satisfactory means of dtying, charring, and ignititg the
paper and precipitafe is to'place the crucible containing the wet filter-paper
in a ¢old electric muffle fumace and «to tim on thé current, Diying,
charrmg, and ignition usually will occyr at the desired rate.

6.6 Blank—Make a blank deterhination whenever new
reagents, white oil, or other low-sulfur combustible material

are used. When running a blank on white ¢il, use 0,3 to0 0.4 g

and follow the normal procedure.

7. Calculatlon . -
7.1 Calculate the sulfur content of the sample as follows:
‘ Sulfur, weight ‘per_cerlt =
where:
P grams of BaSO4 obtamed from sample
B grams of BaSO, obtaiiied from blank, and
w grams of sample used.

i

8. Report 2 '
8.1 Report the results of the test to the nearest O 01 %.

(P — BI3A3W - oy

9. Precision and Bias 1 !

9.1 The precision of this'test is not known to have been
dbtaited in abébrdance with currently accepted guidelings for
examiple in Committee D-2 Résearch Report, “Matwual -on
Détermining Piecision Data for ASTM Methods on Petroleumv
Products and Lubricants”)™!, -

9.1.1' Repeatability—The difference between two test rée-
sults, obtained by the same opetator with the same appatatus
under constant operating conditions on identical test miaterial;
would in the long run, it the ndrmal and correct operation of
the test method, exceed thefollowing; values only iti one: case:
in twenty:

9.1.2 Reproducibility—The difference between two smgle
and independent resulfs obtained by différent operators: work-
ing in different laboratories on identical test matérial would, in
the long run, in the normal and cotrect opera.tio‘n of the test
miethod, exceed the following values only in one ¢ase in

twenty:
Silfur, ) s '

weight percent Repeatability Repraducibility

' 01%005 0.04 0.05
0510 1.0 0.06 0.09
1.0t0 156" 0.08 0.15

, 1.5t020 0.12 0.25
20t05.0 0.18 0.27

Nore 11—The precision shown in the above table does not apply to
samples containing over 2 % chlorine because an added restriction on the
amount of $ariiple which can be ignited is imposed.

Nots 12—THis iest methdd Kas been cooperanvely tested only in the
range of 0:1t0"5:0-% sulfur."

" Notz 13-The following information on the precision of this method
has been developed by the Institiite of Petraleum (London);

(@), Results, of daplicate -tests should. not differ, by more than the
followma g amounts: .

F{epeatab(llty ' . Reprodugibllity, .

» 0,016 i+ 0.06 0.087 x4+ 618"

whete x'is the mean of duplicate test results, ‘

(b) These precision values were obtained in 1960.by stansncal exami-
nation of interlaboratory test results;'? No limits have been established for
additive concentrates.

9.2 Bias—Results obtamed in one Iaboratory by Test
Method D 129 on NIST Standard Reference Material Nds.
162OA 1621C, and 1662B were found to be 0, .05 mass %
h1gher than the accepted reference values

10. Keywords :
10.1 bomby, sulfur :

S

" 19 Syuppolting data is avallable from ASTM Heddquarters, Request RR:D02-
1278,

' Annual Book of ASTM Standards, Vol 05.03.

12 IP Standards for Pettoleum and Its Products, Part I, Appendix E.

ThaAmarlcan Socuaty for Telting dnd Mater/als takes no pos/llon re,spect!ng the valldlty af any patent tights asserted in connection
with any itaém méntioned in this standard; Users of this standard are exprassly adyised that determination of the validity of any such.
patent rights, and the rlsk-of Infringement of such,rights; are entirely the{r owp. responsibihty )

This stafidard is subject to révision at any time by the réstionsible techinical ommilitée and must be reviswed évéry five yéars and
if not revised, oither reapproviéd or withdrawn. Your coriments are Invited either for rovision of this standard or for additional standards
and shoyld be addrassed to ASTM Headquarters. Your comments will reCeive careful consideration af & meeting of the responsible
technical commlttee, whichi you inay attend If you fael that | your comments have not received a fair hearing you should make your
viaws known to the ASTM: Committee on’ Srandards, ‘100 Barr Harbor Drive, West Conshohdcken, PA 19428.
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This standard Is copyrighted by ASTM, 100 Barr Harbor Drive, 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@asim.org (e-mail}; or through the ASTM wabsite (http://www.astm.org).
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MPMS Chapter 9.1

An Amarican National Standard

Petroleum Products by

mber 1mmed1ately followmg the desxgnatron iridicates ttie year of
n, A number in paremheses mdwates the year of last redpproval, A

Cafy

AT T : ,
Standar Test Method for
Densny, Relative Density (Specific Gravity), or. API Gravnty
‘of Crude-Petroleum and Liquid
Hydrometer Method
superscnpt epsnlon (e) indicates an edxtonal‘ change sngce the, 1ast rev:szon or, reapprgval
1. Scope

1.1 This test method covers the laboratory determination
using a glass hydrometer, of the density, relative density
(specific gravity), or API gravity of crude petroleum, petroleum
products, or mixtures of petroleum and nonpetroleum products
normally handled as liquids, and having a Reid vapor pressure
of 101.325 kPa (14,696 psi) or less. o

1.2 Values are measured on a hydrometer at either the
reference temperature or at another convenient temperature,
and readings corrected to the reference temperature by means
of the Petroleum Measurement Tables; values obtained at other
than the reference temperature being hydrometer readings and
not density measurements.

1.3 Values determined as density, relative density, or API
gravity can be converted to equivalent values in the other units
at alternate reference temperatures by means of the Petroleum
Measurement Tables.

1.4 Annex Al contains a procedure for verifying or certify-
ing the equipment for this test method.

1.5 This standard does not purport to address all of the
safety concerns, if any, assoclated 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 97 Test Method for Pour Point of Petroleum Products?

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

! This test method is under the jurisdiction of ASTM Committee D-2 on
Petroleurn Products and Lubricants and is the direct responsibility of Subcommittee
D02.02 on Static Petroleun Measurement.

Current edition approved June 10, 1999. Published August 1999, Originally
published as D 1298 — 53, Last previous edition D 1298 — 85 (1990)*1.

2 Annual Book of ASTM Standards, Vol 05.01.

Copyright ® ASTM, 100 Barr Harbar Drive, West Conshchacken, PA 19428-2959, United States.

482

D 1250 Guide for Petroleum Measurement Tables®

D 2500 Test Method for Cloud Point of Petroleum Oils?

D31 173 Test Method for Wax Appearance Point of Distillate
Fuels

D 4057 Practice for Manual Sampling of Petroleum and
Petroleumn Products®

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

D 5854 Practice for Mixing and Handling of Liquid
Samples of Petroleum and Petroleum Products®

E 1 Specification for ASTM Thermometers®

E 100 Specification for ASTM Hydrometers®

2.2 Institute of Petroleum StandardsS

IP 389 Determination of wax appearance temperature
(WAT) of middle distillate fuels by differential thermal
analysis (DTA) or differential scanning calorimetry (DSC)

IP Standard Methods Book, Appendix A, Specifications — IP
Standard Thermometers

2.3 ISO Standards”

ISO 649-1 Laboratory glassware — Density hydrometers for
general purpose — Part 1: Specification

3. Terminology

3.1 Definitions of Terms Specific to This Standard:

3.1.1 density, n—the mass of liquid per unit volume at 15°C
and 101.325 kPa with the standard unit of measurement being
kilograms per cubic metre.

3.1.1.1 Discussion—Other reference temperatures, such as
20°C may be used for some products or in some locations. Less

3 Annual Book of ASTM Standards, Vol 05,02,

* Annual Book of ASTM Standards, Vol 05.03.

% Annual Book of ASTM Standards, Vol 14.03.

S Available from Institute of Petroleurn, 61 New Cavendish St., London, W1M
8AR, UK.

7 Available from American National Standards Institute, 11 W 427 St., 13" floor,
New York, NY 10036,
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preferred units of measurement; for example, kg/L or g/mL are
still in use.

3.1.2 relative density (specific gravity), n—the ratio of the
mass of a given volume of liquid at a specific temperature to
the mass of an equal volume of pure water at the same or
different temperature, Both reference temperatures shall be
explicitly stated.

3.1.2.1 Discussion-——Common reference temperatures in-

clade 60/60°F, 20/20°C, 20/4°C., The historic deprecated term *

specific gravity may still be found.
3,1.3 API gravity, n—a special function of relative den51ty
(specific gravity) 60/60°F, represented by:

° API = 141.5/(sp gr 60/60°F) — 131,5 1)

3,1.3.1 Discussion—No statement of reference temperature
is required, as 60°F is included in the definition.

3.1.4 observed values, n—values observed at temperatures
other than the specified reference temperature. These values are
only hydrometer readings and not density, relative density
(specific gravity), or API gravity at that other temperature.

3.1.5 cloud point, n—temperature at which a cloud of wax
crystals first appears in a liquid when it is cocled under specific
conditions.

3.1.6 pour point, n—lowest temperature at which a test
portion of crude petroleum or petroleum product will continue
to flow when it is cooled under specified conditions.

3.1.7 wax appearance temperature (WAT), n—temperature
at which waxy solids form when a crude petroleum or
petroleum product is cooled under specified conditions.

4, Summary of Test Method -

~ 4.1 The sample is brought to a specified temperature and a
test portion is transferred to a hydrometer cylinder that has
been brought to approximately the same temperature, The
appropriate hydrometer, also at a similar temperature, is
lowered into the test portion and allowed to settle. After
temperature equilibriom has been reached, the hydrometer
scale is read, and the temperature of the test portion is taken.
The observed hydrometer reading is reduced to the reference
temperature by means of the Petroleum Measurement Tables. If

necessary, the hydrometer cylinder and its contents are placed

in a constant temperature bath to avoid excessive temperature
variation during the test.
5. Significance and Use -

5.1 Accurate determination of the density, relative density
(specific gravity), or API gravity of petroleum and its products

is necessary for the conversion of measured volumes to

volumes or masses, or both, at the standard reference tempera-
tures during custody transfer.

5.2 This test method is most suitable for determmmg the
density, relative density (specific gravity), or API gravity of
low v1sc031ty transparent liquids. This test method can. also be
used for viscous liquids by allowing sufficient time for the
hydrometer to reach equilibrium, and for opaque 11qu1ds by
employing a suitable meniscus correction.

5.3 When used in connection with bulk oil measurements,

volume correction errors are minimized by observing the

hydrometer reading at a temperature c]ose to that of the bulk 011
temperature.

5.4 Density, relative density (specific gravity), or API grav-
ity is a factor governing the quality and pricing of crude
petroleum. However, this property of petroleum is an uncertain
indication of its quality unless correlated with other properties.

5.5 Density is an important quality indicator for automotive,
aviation and marine fuels, where it affects storage, handling
and combustion.

6. Apparatus

6.1 Hydrometers, of glass, graduated in units of dens1ty,‘

relative density, or API gravity as required, conforming to
Specification E 100 or ISO 649-1, and the requirements given
in Table 1. .

6.1.1 The user should ascertain that the instruments used for
this test conform to the requirements set out above with respect
to materials, dimensions, and scale errars. In cases where the
instrument is provided with a calibration certificate issued by a

-. recognized standardizing body, the instrument is classed as

certified and the appropriate corrections listed shall be applied

to the obsetved readings. Instruments that satisfy the require-’

ments of this test method, but are not provided with a
recognized calibration certificate, are classed as uncertified.

6.2 Thermometers, having range, graduation intervals and
maximum permitted scale error shown in Table 2 and conform-
ing to Specification E 1 or IP Appendix A,

6.2.1 Alternate measuring devices or systems may be used

provided that the total uncertainty of the calibrated system is no
greater than when using liquid-in-glass thermometers,

6.3 Hydrometer Cylinder, clear glass, plastic (see 6.3. 1), or
metal. The inside diameter of the cylinder shall be at least 25
mm greater than the outside diameter of the hydrometer and the

height shall be such that the appropriate hydrometer floats in_

the test portion with at least 25 mm clearance between the
bottom of the hydrometer and the bottom of the cylinder.
6.3.1 Hydrometer cylinders constructed of plastic materials

shall be resistant to discoloration or attack by oil samples and
shall not affect the material being tested. They shall not become

opaque under prolenged exposure to sunlight.

6.4 Constant-Temperature Bath, if required, of dimensions

such that it can accommodate the hydrometer cylinder with the
test portion fully immersed below the test portion liquid

surface, and a temperature control system capable of maintain-
ing the bath temperature within 0.25°C of the test temperature

throughout the duration of the test.

6.5 Stzrrmg Rod, optlonal of glass or plastic, approx1mate1y

400 mm in length, i

TABLE 1 Recommended Hydrometers

Unitg Range Scale Meniscus
Each ‘ .
Total Unit Interval  Error.  Corrsction
Density, kg/m® at 16°C 600 - 4100 20 0.2 *0.2 +0.3
600 - 1100° 50 0.5 +03 | +Q0.7
600 - 1100 50 1.0 + 0.8 +1.4
Relative density (specific 0.800 - 1.100 0.020 . 0.0002 * 0.0002 +0.0003
gravity) 60/60°F 0.600 - 1,100 0.080 0.,0005 = 0.0003 +0.0007
0.080 0.001 =* 0.0006 +0.0014

) 0.600 - 1,100
Relative density (specific ‘
gravity), 60/60°F 10,650 - 1.100" '0.050
API © o ~1-4101 12 © 04

0,0005 +0.0006
= Q.1
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WL 44102 1

petroleum tmd petroleum products shall ‘b taken 'by _the
procedures descrlbed 1n Practlces D 4057 and D 4l77

samplmg\ ooy ‘
1.3 Sample szmg—may ‘b e

leum'or petroleum products contaimn Water of s‘" dirti
both, or. the heatmg of wa.xy volat1le crude

s 3 2 ‘Waxy Crude Petroleum—If the petroleum has a‘ pour

point above 10°C; or a cloud point.or, WAT above15°C, warm

the sample tc 9°C above the pour; point, or 3°C above,the cloud
point or WAT, prior to miixing:, Whenever possible; mix the

sample in its original closed. container:in order to'minimize the.

loss of::light components: I i
.33 Waxy Dzstzllate—~Wa1m the fsample to
cloud point or WAT prior to.mixingt: .o o

2134 Residual; Fuel, Oils—Heat; the,sa.mple ;

'temperature prior to mixing (see 8. L1 and Note: 4) il

oo
32C above 1ts

i, 1YY,
7.4 Additional information on the mixing and handlmg of
liquid samples: will be found-in Practice D 5854:

8, Procedure "’

" 81 Temperaturé of Test:,
'8,1.1 Bring the satniple t6 the fest temperature which shall be

such that the sample is sufﬁcrently fluid but not so high as to

cause the 1oss of lrght components, nor o low as fo result in, the

appearance of wax i, the test portlo -

Nore Z—The denstty, relatlve densxty or API grawty determined by the
hydrometer is most accurate at or near the reference temperature

Note 3—The volume and density, the relative densrty, ;and the API
corréctions in the Pétrolelim Measiirerent Tables are bised ofi the aveiage”

484,

expansionis of a fwmber of typical tnaterials, Since the, same coefficiénts

were used in compiling each set of tables, corrections made over the,same

temperature, interval mlmrmze gtror ing. fram, possrble dxfferenoes
fHici taine

pnate to the physxco-chemrcal charactenstlcs of the matenal undér »test. :

This temperature is preferably close to the reférence femperature; o when
the-vahie is used in. conjunction-with bulk oil measurements, within.33C
of the bulk temperature (see 5.3) e o
+8.1:2 For: ¢rude; petrol um, ‘brmg the. sample close to the
reference temperature; or,if wax- is, present, to 9°C above its
pour point or 37C above dts cloud point or WAT, whichever is
hlgher

i e

sosk

' ot

Noru 5-—-For crude petroleum an 1nd1cat.lon of the WAT can be found
usmg‘ 1P 389, with the mod1ﬁcat10n of usmg 50 uL £3 5 pL of sample The
i of WAT for crude petrole m usii

9 Apparatus Veriﬂcatmn or,! Certiﬁcation

91 Hydrometersuand thermometers :shall~. bet vertﬁed in
accordance with-the procedures inuArnex Al \

10 Procedure —
\Brmg the hydrometer cylmder and thermometert

lower b01lmg constituents of more volatrle samples.

e R

Nors 6—Warmng. Extremely ﬂammable Vapors may cause ﬁash ﬁre'

omng by mouth could result in mgesuon of

s Y

A A

1 Samples contammg alcohol or it water:goluble
materlals shotild be: placed* inito: the- eylinder by siplioning.
104 'Remove’ any’ aif bubbles formed. after they have-col-
lecte o' the surface of the test: -portion; by touching them with
a‘piece of ‘clean filter paper before insérting:the hydrometer.
©'10:5Place the cylindér containing: thie test porticn i 4
vertical position in a location free from #ir ciirrerits and where

n b

o

the temperature of the surrounding medium does. notvchauge

oughout the hy-
drometer cylmder Record the temperature of the sample to the
nearest 0,1°C and remove the thennometer/temperature mea-,
suring ‘device and stxmng rod from the hydrometer cylmder ‘

ensure umform temperature and dens1ty ’

- Note 8—If & 11qu1d-1n~glass thermometer is, used, this,is. commonly
used as the-stirring | rod.,, :

10,7 Lower thé appropriate: hydrometer mto the 11qu1d dnd’
release when in a position of equilibrium, taking care to avoid

PRI T
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wetting the stem above the level at which it floats freely. For
low viscosity transparent or translucent liquids observe the
meniscus shape when the hydrometer is pressed below the
point of equilibrium about 1 to 2 mm and allowed to return to
equilibrium. If the meniscus changes,. clean, the hydrometer
stem and repeat until the meniscus shape remains constant,

10.8 For opaque viscous liquids, allow the hydrometer to
settle slowly into the liquid.

10.9 For low viscosity transparent or translucent liquids
depress the hydrometer about two scale divisions into the
liquid, and then release it, imparting a slight spin to the
hydrometer on release to assist in bringing it to rest floating
freely from the walls of the hydrometer cylinder, Ensure that
the remainder of the hydrometer stem, which is above the
liquid level, is not wetted as liquid on the stem affects the
reading obtained.

10.10 Allow sufficient time for the hydrometer to come to
rest, and for all air bubbles to come to the surface. Remove any
air bubbles before taking a reading (see 10.4).

10.11 If the hydrometer cylinder is made of plastic, dissi-
pate any static charges by wiping the outside with a damp
cloth.

Note 9-—Caution: Static charges often build up on plastic cylinders
and may prevent the hydrometer from floating freely.

10.12 When the hydrometer has come to rest floating freely
away from the walls of the cylinder, read the hydrometer scale

reading to the nearest one-fifth of a full scale division in:

accordance with 10,121 or 10.12.2.

10.12.1 For transparent liquids, record the hydrometer read-
ing as the point on the hydrometer scale at which the principal
surface of the liquid cuts the scale by placing the eye slightly
below the level of the liquid and slowly raising it until the
surface, first seen as a distorted ellipse, appears to become a
straight line cutting the hydrometer scale (see Fig. 1).

10.12.2 For opaque liquids record the hydrometer reading at
the point on the hydrometer scale to which the sample rises, by
observing with the eye slightly above the plane of the surface
of the liquid (see Fig. 2).

Note 10—When testing opaque liquids using a metal hydrometer

cylinder, accurate readings of the hydrometer scale can only be ensured if
the liquid surface is within 5 mm of the top of the cylinder,

10.13 Immediately after recording the hydrometer scale
reading, carefully lift the hydrometer out of the liquid, insert
the thermometer or temperature measurement device and stir
the test portion vertically with the stirring rod. Record the
temperature of the test portion to the nearest 0.1°C. If this
temperature differs from the previous reading (10.6) by mere

than 0.5°C, repeat the hydrometer observations and thermom- -

eter observations until the temperature becomes stable within
0.5°C. If a stable temperature cannot be obtained, place the
hydrometer cylinder in a constant temperature bath and repeat
the procedure from 10.5.

10.14 If the test temperature is higher than 38°C, allow all
hydrometers of the lead shot-in-wax type to drain and cool in
a vertical position. o
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HORIZONTAL PLANE
SEE DETAIL- SURFACE OF LIQUID
——1- BOTTOM OF MENISCUS
Liquid
' HORIZONTAL PLANE
‘READ SCALE SURFACE OF LIQUID
AT THIS POINT K

——— MENISCUS

T T

DETAIL

FIG. 1 Hydrometer Scale Reading for Transparent Liquids

11. Calculation

11.1 Apply any relevant thermometer corrections to the
temperature reading observed in 10.6 and 10.13 and record the
average of those two temperatures to the nearest 0,1°C,

11.2 For opaque samples, apply the relevant meniscus
correction given in Table 1 to the observed hydrometer reading
(10.12.2) as hydrometers are calibrated to be read at the
principal surface of the liquid.

Note 11—The meéniscus correction for a particular hydrometer in use is
determined by observing the maximum height above the principal surface‘
of the liquid to which hquld rises on the hydrometer scale when the
hydrometer in question is immersed in a transparent hqu1d having a
surface tension similar to that of the sample under test. For hydrometers
specified in this test method, the corrections in Table 1 are approximate.

11.3 Apply any hydrometer correction to the observed
reading and record the corrected hydrometer scale reading to
the nearest 0.1 kg/m® in density, 0.0001 g/mL, kg/L or relatlve
density, or 0.1°.APL ‘ ‘

11,4 If the hydrometer has been calibrated at a temperature
other than the reference temperature, use the equatlon below to
correct the hydrometer scale reading:

pt '
1-[23%10° (t-1 -2 X 10° t-n?

pr =

@
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HORIZONTAL PLANE
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) oy ‘1~ BOTTOM OF MENISCUS
Liouin .
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SURFACE OF, LIQUID

1Y IIII‘RHL

; READ:SCALE,
AT THIS POINT

e

MENISCUS

lnl-lll

|
|

QETAIL

/FIG: 2 Hydrometer Scale Reading for Opague Fluids -,

i
.

where

[N hydrometer readmg at the reference temperature, °C
and | .

;. hydrometer readm on the hydrometer sca]e whose

.- reference temperature 1s tC.
11. 5 "Convert. the corrected hydrometer scale readmg to
dens1ty, relative densuy or API grav1ty usmg the approprtate
parts of the Petroleum Measurement Tables in Guide D 1250
accordmg tor the: natore of the materials uiider test. Table 3
gives sofme’ examples Gf relevant table furiibefs m the Petro»

t

1125.1 The stiictly’ correct procedure for the conversron is' to i

use the computer 1mp1emer1tat1on procedures contamed in. the
Petroleum Measurement Tables and not the prmted tables, If
the prmted tables i sed ensure that all errata dlscovered
smce orrgmal pubhca on have been mcluded in the vers1on"
used. The tables include corrections for soda-lirie glass’e expan-
s1on aud contractxon of the hydrometer over, the temperature

pERL T .
TABLE 3 Example PMT Table Numbers ;; .. ;

iy,
" . i

Materlal Density at 15°C Density at 20°C Relative Density *AFI

o o kgl el - kg/m® _at 60/60°F
Orude petrolourt " 53A 59A 28A 5A
Petroleurn products 538 598 208 5B
Lubrleating olls 63D 59D - 5D

range, and thus the observed hydrometer reading is added
diréctly aftér correction: (1:1:2-11.4) as necessary

11.5.2 To conwert densities expressed i 1n kg/m® to densmes

expressed in g/mL or kg/L, divide by 10°.

“11.5.3 To convert hydrometer readings from one unit to‘j

another; Tables 51-(density at 15°C), 21 (relative density at
60/60°F) or 3 (API gravity), contained i in Guide D 1250, are
appropriate.

12, Report

12.1 Report the ﬁnal value as density, i in lalogra.ms per cubtc
metre, at the reference temperature, to, the nearest 0,1 kg,/m -

12.2 Report the ﬁnal value as density, in kilograms per litre.
or.grams per millilitre at the reference .temperature, to the
nearest 0.0001. .

12.3 Report the final value as relative densrty, with no
dimensions, at the two reference. temperatures, to the nearest
0.0001. o
12.4 Report the ﬁnal value as API gravity to the nearest 0:1°
APL

13, Precision and lilas ‘

13.1 Precision—The precmon of the mefhod as determined
by 'statistical exarmnatron of mterlaboratory results " is as
follows:

13.1.1 Repeatability—The difference between two test re-
stilts, obtained by thé samie operator with the same apparatus
uitder constant operating cénditions on identical test material,
would in the long run, in the norinal and correct operation of
the test method, exceed the values | in Table 4 only in one ¢ase
in twenty, = t

13:1.2 Reproduczbzlzty-—-—'Ihe dlfference between two smgle
and independent results obtained bty- diffefent operators work=
ing in different laboratories on identical test material-would, in
the long run, ini the ‘normal and-carrect: o‘peration of theé test
niethod, &xceed the followmg values only in ote. case in
twenty. '’ :

13.2 Bias—Bias for thls test method has .not been deter-
mined. However, there should be no bias from. absolute
measurements, if the calibration of the hydrometer and the
thermometer is traceable to International Standards, such as
supplied by the National Institute of Standards and Technology.

14 Keywords I

Petroleum Measurement Tables, pétroléiim. products relatlve
densrty, spec1ﬁc gravity  ”

TABLE 4 Preclslon Values

Tempsrature

- , ‘ - Repeat- , Repro-
Proguct ‘Parame‘ter Rarzg:), °C .Unlts ‘abillty  duclbilty
" Density b, Kofw® 05 12
[ranaparen (229 _2;”6? kg/lorg/mL 0.0005 . 0.0012
Liauids:: Y Relative density o none 0.0005 00012
quids:o APlgravity  (42-78)" APl ' 0.1 03

" Density pog ke 06, 15

kg/l.or g/mL 0, 0006  0.0015

Opaque llauids  geranve denstty @978 ™ Tone 00008  0.0015
APl gravity (42 - 78) °API 0.2 0.5

486
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ANNEX

(Mandatory Information)

Al. APPARATUS

Al.1 Apparatus Verification and Certification

Al.1.1 Hydrometers, shall either be certified or verified.
Verification shall be either by comparison with a certified
hydrometer (see 6.1.1) or by the use of a certified reference
material (CRM) specific to the reference temperature used.

A1.1.1.1 The hydrometer scale shall be correctly located

within the hydrometer stem by reference to the datum mark. If
the scale has moved, reject the hydrometer.

Al.1.2 Thermometers, shall be verified at intervals of no
more than six months for conformance with specifications.
Either comparison with a referenced temperature measurement
system traceable to an international standard, or a determina-
tion of ice point, is suitable.

The American Society for Tesling 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 detarmination of the validity of any such

patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subjact to ravision at any time by the responsible technical committee and must be reviewed every five years and
ifnot revised, aither reapproved or withdrawn. Your comments are invited either for revision of this standard cr for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meelting of the responsible
technical committee, which you may attend. If you fee! that your cornments 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, .

Thiz standard is copyrighted by ASTM, 100 Barr Harbor Drive, West Conshohockan, PA ‘19428-2959, United Statés. Individual
reprints (single or multiple copies) of this standard may ba obtained by contacting ASTM at the above adldress or at 610-832-9585
(phone), 610-832-9558 (fax), or service@astm,org (e-mall); or through the ASTM website (http://www.astm.org).

487.

PRO_00094763



o
S

W

it
o

o

-

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

wmmm

By Authority Of
" THE UNITED STATES OF AMERICA |

Legally Binding Document

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

binding upon all citizens and residents of the United States of America.
HEED THIS NOTICE: Criminal penalties may apply for noncompliance.

Document Name: ASTM D1335: Standard Test Method for Tuft Bind of
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an’ Designation: D 1335 — 67
(Reapproved 1972) ‘

Standard Method of Test for

Amarican National Standard 1.14.221-1973 (R-1968)
: Reaffirmed-Aug. 10,1973
By American National Standards Institute

‘TUFT BIND ‘OF PILE FLOOR covenmes -

[N

This Standard is issued under the fixed desngnatmn D 1335; the number immediately tolluwmg the designation indicates the
year of original adoption, or,, m the case of revision, the year of last revision, A number in parentheses indicates the year of

last rcappmval

Lty

1. Scope . .

1.1 This method covérs the determination
of the force required to pull a tuft completely
out of a cut pile floor covering or to pull one
or both legs of a loop free from the backing of
looped pile floor covering.

NoTE |—For the determination of other proper-
ties of pile floor coverings refer to Methods D 418,

2. Applicable Documents

2.1 ASTM Smndards

D 76 Tensile Testing Machines for Textile
Materials?

D 123 Definitions -of Torms Rt,latmg to
Textile Materials?

D 418 Testing Woven and Tufted Pile

Floor Coverings®

D 1776 Conditioning Textiles and Textile :

Products for Testing?

3. Definitions

3.1 tuft, n.—the cut or uncut loops forming
the face of a tufted or woven pile floor cov-
ering.

3.2 tuft bind, n.—the force requxred to pull
a tuft from a cut pile floor covering or. o pull

free one leg of a loop fmm a'looped pile floof”

covering,
3.2.1 The tuft bind, force is. gcnerally ex-
pressed in pounds—force but see alsoid,l. -
3.3 pile floor covering, n.—a pilé fabric in=
tended for use as a floor covering, The pile

may be in the form of cut loops or loops, ot .
both., Both the cut loops and the loops ‘n;iay o

vary in height.

3.4 looped pile floor covering, n.--a pile. .
ﬂoor covering in which the pile is compmed ot g

uncut loops only.
3.5 cut pile floor covering, n.—a pile floor

covering in which the pl]e is compmcd of tufts
inthe form of cut-loops:

3.6 For definitions of other tcxtllc terms
used in this methaod, refer to Definitions D 123,

4. Summary of Method

4.1 The force required to pull a cut loop
from a cut pile floor covering or to pull one or
both legs of a loop from a looped pile floor
covering is détermined by means of a tensile

" testing machine. The required load or force is

reported in pounds-foree (Ibf) or kilograms-
force (kgl) or newtons (N).

5. Uses and Significance

- 5,1 The satisfactory performance of a pile

‘floor coveririg depends to a considerable ex-

tent on the maintenance of its original appear-
ance. In a cut pile floor covering an inade-
quate tuft bind may result in complete loss of
pilé' in. areas exposed to severe wear. In a
looped pile floor covering with inadequate tuft
bind the pile loops may be pulled out to form
unsightly long tufts or ox,casmnally hazardous

~Toops. L

W) The Wlda rdngq of capduty of tensile
u,stmg machines is spcuﬁcd to cover the ap-
phcatlon of the method to intermediate prod-
Wéts (without back coating). which might have
a tuft bmd of less than | 1b and also to cover

.~ UThis method is under the iurlsdidtion of ASTM Com-
mittee D-13 on Textiles, and is the direct responsibility of
&ubcnmmlttec D13.21 on Pile Floor Coverings

Ciutrent edition effective Sopt. 8, 1)67 Ogngmally mSucd
I)54 Réplaces D 1335 < 60°T.

21974 Annual Book of ASTM Standards, Parts 32 and

33,
* 1974 Annual Book of ASTM Standards, Part 32.
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the use of the method when. it is desired to
determine that the tuft bind exceeds a speci-
fied value of 3 to 4 b, for example, without
taking the time to pull the tuft out completely.

5.3 In cases when a floor covering contains
both cut and uncut pile, an equal nuraber of
each type of pile should bhe tested.

6. Apparatus

6.1 Tensile Testing Machine, conforming to
Specifications D 76, with a capacity selected
such that the force required to complete the
test falls within 20 to 80 percent of full scale.
Full-scale loads ranging from 1 to 25 1b (0.5 to
Il kg) are generally adequate. The testing
machines must be operable at the specified

rates; for constant-rate-of-traverse (CRT) and .

constant-rate-of-extension (CRE) types—12
0.5 in. (305 = 10 mm)/min. For constant-
rate-of-load (CRL) type, the full load of the
tester shall be applied in 20 s,

Note 2—The level of test results obtained with
different types of testing machines is not always the
SaAme.

6.2 Cylindrical Specimen Holder, Cut-
Away Type, consisting of a 6-in. (152-mm)
length of 1.5-in. (38-mm) outside diameter
tubing with a section 2 in, (51 mm) long
having half of the tubing cut away. See Fig. I.
This specimen holder should be constructed in
a manner that will permit clamping the test
specimen in the nonmeasuring, pulling clamp
of the tensile testing machine or replacement
of the nonmeasuring clamp by the specimen
holder.

6.3 Tuft Clamp, for use only with cut pile
floor coverings, consisting of a tweezer-like

clamp that can be used to grip a single tuft
tightly enough to assure removal of the whole
tuft from the fabric without slippage of the
tuft in the clamp, Alternatively, a hemostat®
can be used.

6.4 Loop Hook, for use only with looped
pile floor coverings, consisting of a hook
~ which can be readily passed through the loop
and hooked under the top of the loop. The
hook should be made of wire having a diam-
eter of at least Y%, in, (0.8 mm) and should be
so constructed that it will not cut the loop
during the normal test procedure. The shank
of the hook should be so constructed that it
can be clamped in the measuring clamp or can
replace the measuring clamp of the test ma-

231

chine,

NoTE 3—Because the tuft clamp or loop hook is
attached to, or replaces, the usual measuring clamp
of the test machine, it is necessary to compensate
for the effect of the altered weight of the clamp to
retain the previous calibration of the testing ma-
chine.

7. Sampling

7.1 Take a lot sample and a laboratory
sample as directed in the applicable material
specification or as agreed upon by the pur-
chaser and the seller. In the absence of such a
specification or prior agreement, select a sam-
ple representative of the roll or piece to be
tested and of sufficient size so that five speci-
mens each about 6 in, (150 mm) wide and
about 8 in, (200 mm) long can be cut from it.

Note 4—1f the pile floor covering is back coated,
exercise care in handling the sample in order that
thebb(ziwk coating is not broken or otherwise dis-
turbed.

8. Conditioning

8.1 Bring the specimens to moisture equi-
librium for testing in the standard atmosphere
for testing textiles approaching equilibrium
from the dry side. Determine that moisture
equilibrium for testing has been attained as
directed in Method D 1776,

9. Preparation of Apparatus

9.1 If required, replace the nonmeasuring
clamp of the test machine with the specimen
holder described in 6.2.

9.2 Replace the measuring clamp of the test
machine with, or attach to the measuring
clamp of the test machine, the tuft clamp de-
scribed in 6.3 or the loop-hook described in 6.4,
depending upon which is required for the type
of pile floor covering under test (Note 3),

10. Procedure

10.1 Test the conditioned specimens in the
standard atmosphere for testing textiles,

10.2 Adjust the constant-rate-of-traverse
(CRT) or the constant-rate-of-extension
(CRE) type testing machine to operate at a
rate of 12 + 0.5 in, (305 =+ 10 mm)/min. Ad-
just the constant-rate-of-load (CRL) type
tester so that the full load is applied in 20 s,

v

* Hemostats suitable for this purpose can be obtained
from the Fisher Scientific Co., Catalog 63, Catalog No. 8-
907, Forceps, Kelly Hemostatic.
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10.3 Cut Pile Floor Coverings: _

10.3.1 Mount the test specimen on the spec-
imen- holder with the rows of tufts at a right
augle to the long axis of the holder in such a
position that the tuft to be tested i is approxi-
mately centered over the cut-away portion of
the specimen holder. Adjust the tension so
that the specimen presents an undistorted cy-
lindrical surface over-the cut-away section of
the specimen. holder, :Locate the tuft to. be
pulled directly below the center of. thc pullmg
clamp or hook.’ .

- 10.3.2 Select only one Luft for teqtmg from
any ‘onc row of tufts and allow at least 1 in.
(26 mm) between any tuft tested and the edge
of the specimen.

10.3.3 Using the tuft clamp grip one leg
(side) of the original loop.- Make certain that
all fibers forming the tuft are securely gripped
by the tuft clamp. Take care not to. pinch,
“preak the back,” or otherwise deform the
carpet in the selection of, and attachment of
the clamp to, the tuft under test.

10,34 Determine tuft bind in pounds-force
or kllogmmsnforw to the nearest 0.1 1bf or 50
gf requlred to puli out the tuft from the pile
floor covering. ‘

10.3.5 Repéat this proccdurc on two addi-
tional tufts from different rows of tufts.

10.4 Looped Pile Floor Covering:

10.4.1 Mount the test speumen on the spec-
imen holder as déscribed in 10,3.1.

10.4.2 Select a location where three adja-
cent loops are formed by the same’ end. Cut
‘completely through the first and third loops
and test the center loop (Note 5) See Fig. 2.

Notr 5—1f this proccdure is not followed, a spu-

" rious value may be obtained {l one or both énds.of
the loop under test is buried in the back construction
for a nummber of constriction unit repeats.

10.4.3 Insert the loop hook in the loop.to
be tested. Determine the pounds-force or kilo-
grams-force to the nearest 0.1 Ibf or 50 gt Te-
quired to pull at least one leg of thc loop from
the plle floor covcrmg

i

10.4.4 Repeat this procedure -on two addi-
tional loops from other rows of loops.

11:: Calculations :
11.1 Calculate the average force required

for all specimens tested for a scimplc to tlu,
nearest 0.1 Ibf (50 gf). =

12. Report .., | -

12.1 State that the tests were performed as
directed in ASTM Méthod D 1335, Describe
the product-tested and the method of sampling
used. :
12.2 Report the followmg information:

12.2.1 Average tuft bind in pounds-force or
kllogram‘;*forcc, to the nearest 0.1 lbt or 50 gf
value of the test results,

12,2.2 Number of specimens tested,

"12.2.3 Type of floor covering tested, and

12.2.4 Type of tensile testing machme on

which thc tests were performed.

T n

13. Precision and Accuracy

13.1 WithimLaborawry Premionw”[ he
within-laboratory precision, at the 95 pcrccnt
probdblllty level, of the average of three repln»
cates is. expected to be within =7 percent of
the average tuft bind.

13.2 BetweenuLabomtory Precmoanhe
pmcismn at the 95 percent probability level,
of the difference between two laboratories, each
makmg three measurements, is cxpccted 1o be
within = 15 percent of the average tuft bind.

. NotEe 6-—These values of precision are based on
mu,rlabommry testing by three laboratories on a

series of samples that represent mosl styles of cur-
rent]y produud carpms

13.3. Ace uracy——No justifiable statement on
the accuracy of Method D 1335 for the mea-
surement of the tuft bind of pile floor cover-
ings can be made since the true value of the
property cannot be detcrmmed by an accepted
referee mc,thod . A
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CUT HERE "CUT HERE

FIG, 1 Specimen Holder, Cut-Away Type. FIG. 2 Arrangement of Hook and Loops for Testing.

By publicaiion of this standard no position is taken with respect 1o the validity of any patent rights in connection there-
with, and the American Society for Testing and Materials does not undertake to insure anyone utilizing the standard
againsi liability for infringement of any Letters Patent nor assume any such liahility.
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QHIM Designation: D 1412 - 93 (Reapproved 1997)

Standard Test Method for

Equilibrium Moisture of Coal at 96 to 97 Percent Relative

Humidity and 30°C’

This standard is issued under the fixed demgnanon D 1412 the number 1mmed1ate1y fallowing 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 determination of the equilib-
rium moisture of coal intan atmosphere over a saturated
solution of potassium sulfate at 30°C.

1.2 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.

L y

2. Referenced Documents

2.1 ASTM Standards:

D 121 Terminology of Coal and Coke?

D 388 Classification of Coals by Rank®

D 2013 Method of Preparing Coal Samples for Analy81s3

D 2234 Test Methods for Collection of a Gross Sample of
Coal® x

D 3173 Test Method for Mmsture m the Analysis Samplé -

of Coal and Coke®

D 3302 Test Method for Total Moisture in Coal®

D 4596 Practice for Collection of Channel Samples of Coal
in the Mine3?

3. Significance and Use

3.1 This test method affords a means of estimating the
bed moisture of either coal that is wet and shows visible
surface moisture, or coal that may have lost some moisture.
It may be used for estimating the surface, or extraneous
moisture of wet coal, such moisture being the difference
between the total moisture as determined by Test Method
D 3302 and the equilibrium moisture.

!'This test method is under the jurisdiction of ASTM Comumittee D-5 on Coal
and Coke and is the direct responsibility of Subcommittee D05.21 on Methods of
Analysis.

Current edition approved July 15, 1993. Published September 1993, Originally
published as D 1412 - 56 T. Last previous edition D 1412 -89,

2 For information concerning the experimental work on which this test method
is based, see the following papers:

Stansfield, Edgar and Gilbart, K. C., “Moisture Determination for Coal
Classification,” Transactions, American Inst. of Mining and Metallurgical Engi-
neers, Coal Division, TAMCA, Vol. 101, 1932, pp. 125-43,

Rees, O. W,, Reed, F. H,, and Land, G. W., “A Study of the Equilibration

Method of Determining Moisture in Coal for Classification by Rank,” Report of

Investigations No. 58, Hinois State Geological Survey, ILGIA, 1939, pp. 34,

Krumin, Peter, “The Determination of Forms of Moisture in Coal,” No. 195,
Ohio State University, p 92, 1963.

Kreulen, D. J. W, “The Adsorption Water of Coal,” Chemische en
Pharmaceutische Techniek (Dordrechy), CHPHA, Vol. 7, 1951, pp. 23-4.

Selvig, W. A,, and Ode, W, FL, “Determination of Moisture-Holding Capacity
(Bed Moisture) of Coal for Classification by Rank,” Report of Investigations No.
4968, U.8. Bureau of Mines, XMBUA 1953,

3 Annual Book of ASTM Standards, Vol 05,05,

3 2 When samples are collebted in conforrmty with Clas-
sification 1D 388, the equilibrium moisture is considered to
be equal to bed moisture with the exception of some low
rank coals that yield equilibrium moisture values below bed
moisture.

4. Apparatus

4.1 Water Bath or Insulated Air Cabinet—The bath or
cabinet shall be of sufficient size to accommodate several
wyaguum-type desiccators, and shall be provided with a
temperature regulator to maintain a uniform temperature of
30.0 = 0.2°C.

.42 Moisture Oven—The oven shall be so constructed as
to have.a uniform temperature in all parts and a minimum

-“of ait space. It may be of the type shown in the Apparatus

section of Test Method D 3173. Provision shall be made for

\ reheVan the air (or, if desired, dry oxygen-free nitrogen for

214

'subb1tummous and lignitic coals) in the oven at the rate of
- twoitimes per minute, wlth the air dried by passing it through

H;80, (sp gr 1.84).

4.3 Mechanical Vacuum Pump.

4.4 Crusher, laboratory, coffee-mill type.

4.5 Sieve, 8-in. (203-mm) diameter, with 1.18-mm (No.
16) openings.

4.6 Shaking Machine.

4.7 Desiccator—Small vacuum-type desiccator, 160 mm
in diameter (see Fig. 1),

4.8 Wezghmg Bottles, glass, low-form, flat-bottom, cylin-
drical, 70 mm in diameter, with well—ﬁttmg covers.

4.9 Filter Pump, aspirator.

4.10 Buchner-Type Funnel, approximately 2% in. (64
mm) in diameter.

5. Technical Hazards

5.1 In collecting, containing, handling, reducing, and
dividing the gross moisture sample, all operations must be
done expeditiously and in a manner which attempts to
preserve the original sample moisture integrity.

5.2 If the gross sample is too wet to allow reduction and
division, spread sample in a thin layer and expose to the air
of the laboratory. Dry no more than necessary to enable
satisfactory reduction and division of sample.

3.3 Take particular care not to overdry low rank coals,
especially lignites. Drying will accelerate oxidation and can
also result in shrinkage of pore size and volume which will
affect the moisture holding capacity.

6. Collection of Gross Samples

6.1 Samples shall not be taken from outcrop, weathered,
or oxidized coal.
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Manometer

/.

/ Sarnple

K280 4 crystals

K380,

{saturated solution) EFJ’-J .

FiG. 1 Vacuum-Type Desiccator

amount of water to transfer the coal to the filter. After

~ transfer of the coal, close the funnel with a rubber stopper

6,11 Mine Samples—mTake mine samples in accordance‘

with Practice D 4596.
6.1.2 Tipple or Shipment Samples—Collect a representa-

tive gross sample of coal in accordance with Test Methods

D 2234, If only the equilibrium moisture is desired, use the
General Purpose Sampling Procedure. If the surface mois-
ture of wet c¢oal is to be determined, use the procedure for
sampling the special total moisture subsample described m
Test Methods D 2234,

7. Preparatlon of Laboratory Samples ; "
7.1 Crush the gross sample to No. 4 (4 75~ mm) sieve size

in‘accordance with Method D 2013; however, it is important ;

to also observe the technical hazards stated in Section 5 of
this test method. .
7.1.1 Divide sample in accordance with Method D 2013.
7.1.2 Rapidly stage-crush the divided sample to pass a No.
16 (1.18-mm) sieve by means of a coffee-mill type crusher.

This stage crushing produces a minimum amount of fine.
material; however, it -increases segregation so the crushed

sample shall be thoroughly mixed..

7.1.3 Divide out the equilibration moisture subsample to ‘

be used for testing.

8. Procedure

8 1 Place 20 to 25 g of the crushed coal mto a 250—mL?
Erlenmeyer flask and add 100'mL of recently boiled, cooled,

distilled water (Note 1). Shake the flask mechanically for 30
min, and then place it in the constant-tetnperature bath for 3
h at 30°C. At the end of the wetting period, remove the
excess water from the coal by filtering on.a Bilichnér-type
funnel approximately 2%: in. (64 mm) in diameter; using
suction supplied by. a water filter pump. Use a minimum

21%

fitted with a glass tube through which air saturated with
water vapor is-passed to prevent drying of the coal. Thor-
oughly mix the wet coal in the funnel with a spoon and place
about 5.0 g in a uniform layer in a weighing bottle of known
weight. Place the uncovered weighing bottle in the small
vacuum-type desiccator containing a saturated solution of
K,S0, for maintaining the relative humidity of 96 tc 97 %.
An excess of crystalling K,SO, shall extend above the

solution level, Evacuate the desiccator to an absolute pres--

sure equivalent to about 30 mm Hg by means of a
mechanical vacuum pump, and then totally immerse in a
constant-temperature water bath or place in an insulated air
cabinet, maintained at 30 £ 0.2°C for 48 h for all coals higher
in rank than lignite.  Lignite - will requrre 72 h to reach
equilibrium for practical purposes. c :

Note 1—Mine samples and certain coals that deteriorate when
treated with .water may be equilibrated directly without wetting;

provided the samples are collected and prepared with a minimum loss of .
moisture. Unwetted coals should be equilibrated for varying periods of .

time, in umts of 24 h, in order that equilibrinm may be attamcd

8.2 After equilibration of the coal, restore the pressure in
the desiccator to atmospheric, with the desiccator still i in the
bath, by slowly admlttmg dry air for a period of not less than

15 min. Admiit the air to the inlet tube of the desrccator afterh“
passing it through a train consisting first of a bubbler-
containing HZSO4 (sp gt 1,84), then a capillary tube with one;

end drawn out to a tip having a suitable bore for regulatmg
the rate of air flow, and finally a coiled copper tube placed in
the constant-temperature bath. Remove the desiccator from
the bath and. open immediately. Quickly close-the weighing
bottle, and -weigh to -the nearest 0.2°mg. Uncover the

weighing bottle, place it in the moisture oven preheated to
105°C, and heat for 1% h. Then remove the:weighing bottle:
from the oven,;cover, cool 30 min over HzSO4 Gsperl. 84) it

a des1ccator and welgh EEH

i

9. Report ‘
9.1 Report the equlhbnum or bed morsture to the nearest

0.1 % "as'the percentage loss in weight of the equ111brated}‘

coal.

A

10. Precision and Bias

10.1 Reproduéibility—QT he ‘-permissible differences be- '
tween two or more determinations shall not exceed the

following values: |

Equilibrium Permissible Differences . .
Moisture, Same Different
% Laboratory Laboratones ‘
Under 5 0.3 05
5to 15 0.5 1.0
Qver 15 1.0 1.5

10.2 Bias—Certified standards or. absolute methods are

not available for this test, thercfore bias of results cannot be"

Sk

determined.
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APPENDIX

(Nonmandatory Information)

X1. PRACTICE FOR COMPARING THE RELATIONSHIP BETWEEN INHERENT AND
EQUILIBRIUM MOISTURE

X1.1 The purpose of the equilibrium moisture test is to
provide an estimate of the inherent (bed) moisture. How-
ever, evidence has shown that equilibrium moisture restlts
on many low rank coals, including most lignite coal, are
often lower than inherent moisture. The procedure described
in this appendix can be used where there is a question about
the applicability of .the equilibrium meisture result as an
estimator of inherent moisture. The method is straightfor-
ward, and has proven effective in many situations for
examining this moisture relationship.

X1.2 Special coal samples, collected at their inherent
moisture- level, are analyzed for both total (inherent) and
equilibrium moistyre. The results are then compared to see if
differences exist between the two moisture parameters, and
the end user(s) can then determine whether such differences
have any pracncal significance. This procedure does not
directly yleld inberent moisture values for an entire coal
sedm or mine, because the samples are not. necessarily
representatwe of the full seam as would be the case for face
channel samples (Practice D 4596). Nevertheless, the proce-
dure does provide a tool for evaluating the relat10nsh1p
between inherent-atid equilibrium moisture for a given area.*

X1.3 The mdst critical step in evahiating this relationship
is the collection of samples containing their full complement
of inherent mdisture, Occasionally, it may be difficult to
obtain a channel'sample that contains no surface moisture.
Also, obtaining a channel sample from thick coal seams,
such as those insthe Western U.S.; is genérally. impractical,
especially from a safety standpoint, Howevér, the collection
of fresh, unfractured pieces of coal without visible surface
moisture is usually feasible. Such samples are considered to
contain only inherent moisture (Terminology D 121, Classi-
fication D 388).

Note X1—The collection of coal at its inherent moisture levels
requires some degree of,judgement and the sampler should have the
necessary experience. For increased confidence, multiple comparisons
are recommetided fo define the variability of the data.

X1.4 Characteristics and Conditions of Sampling Local-
ity—Samples should be obtained from freshly exposed,

unweathered mine faces. Avoid coal that exhibits any signs:

of moisture loss or weathering. There is no single test to
determine the degree of weathering of codl under field
conditions. However, when an obvious indication of weath-
ering is observed, the sample should be obtained from a
different locality or sampling postponed until suitable, fresh
coal is dvailable. Collecting a substandard sample simply
because it was the best material available will not vield vatid
results.

4 Luppens, J. A, and Hoeft, A. P., “Relationship Between Inherent and
Equilibtium Moistiire Contents it Coal by Rank,” Journal Coal Quality, Vol 10,
No. 4, 1991, pp. [33-144,
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NoTe X2—Obvious indicators of weathering include, but are not
limited to: (1) any discoloration of broken coal surfaces or cleats, 2)
presence of sulfate minerals resulting from' the oxidation of pyrite, (3)
presence of gypsum (CaSO,) crystals, and (4) presence of dust, dried,
crazed, or fragmented condition of the coal blocks resulting from
moisture loss from the coal.

X1.5 Use heavy equlpment such as a backhoe, front end
loader, or continuous miner (with spray turned off) to expose
a fresh, unweathered coal seam face. Immediately after
exposure, collect pieces of coal either by picking from the
face or from coal pulled from the face by the machine. The
pieces must be solid and unfractured and must exhibit no
visible surface moisture. The nominal size of the p1eces
should be 8 cm (3 in.) to 25 em (10 in.). Larger pieces
minimize any effects of surface drying that could reduce the
inberent moisture, If there is any doubt that the coal
contains its full complement of inherent moisture, select
larger pieces (1 foot or more in diameter), and collect the
sample material from the center portion of the larger pieces.
Each sample should be comprised of multiple pieces totaling
a minimum mass of 8 kg (17.6 1b). Where practical, collect
pieces from various positions in the seam rather than
concentrating on a particular horizon. Avoid layers or pieces
that are excessively high in mineral matter content, espe-
cially clay.

X1.6 An alternative procedure for collecting the pieces is
10 obtain them from freshly shot coal at the toe of a coal face
as the coal is being loaded out. Be especially alert to obtain
pieces that were not lying on the surface of the pile of shot
coal, and do try to obtain pieces that were well covered by
other coal before outloadmg

X1.7 Break each piece with a hammer to 1nspect for any
intérnal ‘moisture-filled fractures. Discard any pieces with
visible surface moisture. Remove any fine particles adhering
to the coal chunks by wiping or brushmg the surfaces.

X1.8 Promptly put the pieces in a polyethylene bag at
least 0:2 mm (4 mﬂ) thick, Perform the operation in a
manner that minimizes drying of the pieces. Samples should
not be left sifting in direct sunlight during collection or
transporting. It is recominended that the sample be double-
bagged for added protection. Promptly ship the samples to
the laboratory for analysis, Freezing conditions can affect the
pore structure of the coal and therefore, samples should be
protected from freezing during shipment to the laboratory.

X1.9 The samples should be processed immediately upon
receipt by the laboratory. Inspect the sample bag for punc-
tures occurring during transit which could cause moisture
loss. Discard any samples where this has occurred. Record
the weight of the coal and the bag.

X1.10 Most' freshly-collected samples will exhibit visible
moisture which has desorbed from the coal and condensed
on the coal surfaces and the inside of the bag. To account for
this desorbed inberent moisture, weigh the bag containing
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the sample. Then, open the bag and allow the coal and bag to
air dry at room temperature for 15 minutes or just until all
visible moisture has evaporated. Use caution to prevent
overdrying, as that can result in shrinkage of the pore
structure, thereby reducing the moisture holding capacity.
Reweigh the coal and bag, and record this initial air-drying
loss. Also, clean and weigh the bag(s) separately so that the

air-drying 1oss can be calculated as a percentage of the coal

weight.

X1.11 Following the reweighing, immediately reduce the
sample to minus 4,75 mm (No. 4) using an enclosed crusher.
Work rapidly to minimize moisture loss during this and
subsequent handling steps. Use an enclosed riffle to divide
the sample into at least two splits (A and B) with a minimum
mass of 4000 g (8.8 Ib) each.

X1.12 Analyze split A for total moisture usmg Test

Method D 3302, Be certain to include the initial air-drying -

loss (section X 1.8) in the calculation of the total moisture.

Note X3—Although only total moisture is required for comparison
with equilibrium moisture, a proximate analysis (Test Method D 3172),
a sulfiir content analysis, and a calorific value analysis should also be
performed. This will allow comparison of the quality of the sample to
the quality of the coal from the entire seam or typlcally shipped from a
mine.

X1.13 Analyze split B for equilibrium moisture using Test
Method D 1412,

Note X4—To ‘ensure that a true equilibrium condition has been
reached, it is recommended that, at least for the first few comparisons,
portions of split B be equilibrated for longer than the 2 to 3 days as
specified in Test Method D 1412.

NOTE X5—As a quality assurance tool, it has been found useful to
measure the moisture in the sample just prior to the start of
equilibration.* To determine this “zero-day” moisture, prepare an exira
weighing bottle (equilibration dish) containing 5 g of the sample and
immediately measure the moisture using the same procedure as for the
equilibrated sample, The zero-day result for wetted samples provides
insight as to the amount of excess moisture remaining in the samples
after the washing and filtration procedures. This can give an indication
of the time required to reach equilibration or detect samples that have
been overly dried during filtration that can lead to anomalously low
equilibrium moisture values. For non-wetted samples, the zero-day
result is useful in monitoring moisture loss during sample preparation as
well as identifying suspect inherent (total) and equilibrium moisture
data,

X1.14 The difference between inherent (total) moisture
and equilibrium moisture (if any) is obtained by subtracting

the total moisture value obtained in X1.10 from the equilib-

rium moisture value obtained in X1.11. The acceptable
range of the difference at which equilibriurn moisture may
still be considered equivalent to inherent moisture depends

on the specific purpose and circumstances. This final dec1-

sion is left to the user(s) to agree upon.

The American Soclety for Testing and Materlals takes no position respecting the validity of any patent rights asserted in connectloh'
- with any item mantioned 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 r/ghts, are ent/re/y their own responslblllty . .

This standérd 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 elther for revision of this standard or for additional standards
and shauld be addressed to ASTM Headquarters. Your comments will receive careful consideration at & meeting of the responsible i

" technical committee, which you may attend. If you foel that your comments have not recelved a falr hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbar Drive, West Conshohacken, PA 19428,
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QHT” Designation: D 1480 — 93 (Reapproved 1997) : ©

Standard Test Method for

An American National Standard

Density and Relative Density. (Specmc Gravity) of Vlscous
Materlals by Blngham Pycnometer1

This standard is issued urider the fixed demgnatlon D 1480 the numbér 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 revxston or reapproval. ;

1. Scope

1.1 This test method describes two procedures for, the:
measurement of the density of materials which are fluid at the
desired test temperature. Its application is restricted to liquids
of vapor pressures below 600 mm Hg (80 kPa) and viscosities
below 40 000 cSt (mm®/s) at the test temperature. The' method
is designed for use at any temperature between 20 and 100°C.
It can be used at higher temperatures; however, in this case the
precision section does not apply. ‘

Note 1—For the determmatlon of density of materials whrch are ﬂIlld
at normal temperatures, see Test Method D 941 or where greater precision

is desired see Test Method D 1217,

1.2 This test method provides a calculation procedure for
converting density to spec1ﬁe gravity. 3
1.3 The values stated in acceptable SI units dre to be
regarded as the standard.

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. applzca— .
bility of regulatory limitations prior to use. For spe(nﬁc
precauuonary statements: ‘see Note L, Note 2 and Note' 3. ¢

2. Referenced Documen s] s

2.1 ASTM Standards: " R ;

D 941 Test Method for Density and Relatlve Densrcy (Spe-
clﬁ;:2 Gravity) of Liquids by Lipkin Bicapillary Pycnom-
ete

D 1217 Test Method for Density and Relative Density
(Specific Gravity) of Liquids by Bingham Pycnometer”

E 1 Specification for ASTM Thermometers?

LT e

3. Terminology

3.1 Definitions:

3.1.1 density—the weight in a vacuum (that is, the mass) of
a unit volume of the material at any given temperature.

'This test method is under the jurisdiction of ASTM Committee D-2 on
Petroleum Products and Lubricantsand is the direct responsibility of Subcommittee

D02.040n Hydrocarbon Analysis.

Current edition approved Feb, 15, 1993, Published May 1993. Originally

published as D 1480 —57 T. Last previous edition D 1480 —91.

In 1962, this test method was adopted as standard without revision.
2 Annual Book of ASTM Standards, Vol 05.01.
3 Annual Book of ASTM Standards, Vol 14.03.
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’ 3.‘1.2 relative 'density (specific gravity)—the ratio of the
mass (weight in a vacuum) of a given volume of material at a
temperature, #; to-the mass of an equal volume of water at a
reference tempeérature; £,; or it is the ratio of the density of the
thaterial at ¢, to the density of water atiz,, When the reference
temperature is 4°C (the temperature at which the relative

* density of water is unity), relative density (specific gravity) and

density are niimerically equal.

4. Summary of Test Method

4.1 The liguid sample is introduced into the pycnometer,
equilibrated to the desired temperature, and weighed. The
. density or specific gravity is then calculated from this weight
~and the previously determined calibration factor, and a correc-
fion i§ appliéd for the buoyancy of air.

5. Significance and Use
5.1 Density is a fundamental physical property that can be

~used in conjunction with other properties to characterize both

of troleum and 1o assess the

the light and, hea
quality. of crude oils.:.
5.2 Determination of the densuy or relatwe dens1ty of

e petroleum and its products is necessary fot the conversion of

-.measured volumes to: volumes at, the tandard temperatures of
+15°C:: oo

5.3 The determmanon of densmes at the elevated tempera-
tures of 40 and 100°C is particularly useful in providing the
data needed for the conversion of kinematic viscosities in
centistokes (mm?/s) to the corresponding dynamic viscosities
in centipoises (mPa-s).

6. Apparatus

6.1 Pycnometer4 Bingham-type of 10-mL capacity (as
shown in Fig. 1), constructed of heat-resistant® glass.

Note 2—Pycnometers having capacities of 2 to 25 mL are available but
have not been cooperatively evaluated,

6.2 Constant-Temperature Bath, provided with suitable py-
cnometer holders and means for maintaining temperatures
constant to +0.01°C in the desired range. Water-glycerin
mixtures can be used for temperatures up to 100°C.

4 Available from Reliance Glass Co., 220 Gateway Rd.,
60106-0825,
5 Borosilicate glass has been found satisfactory for this purpose.

Bensonville, 1L,
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% /25

Callbration Mark
/ (thin line)

8 mm OD .}

2 mm ID ML

Bulb of Varying Dimension:
to Hold Approx 2, 3,5, 10 or
25 ml {See Nota 2)

A

\_/

FIG. 1 Bingham-Type Pycnometer

6.3 Bath Thermometer, graduated in 0.1°C subdivisions and
standardized for the range of use to the nearest 0.01°C (ASTM
Saybolt Viscosity Thermometers 17C to 22C, conforming to
the requirements in Specification E 1, are recommended). For
most hydrocarbons the density coefficient is about 0.0008
units/°C, and therefore an error of *£0.013°C would cause an
error of =0.00001 in density.

6.4 Thermal Shields, as shown in Fig. 2 to hold ‘the
pycnometer and syringe during the filling procedure, con-
structed of two aluminum shells with suitably spaced viewing
ports, the upper bored to hold a 30-mL hypodermic syringe and
the lower bored to hold a 25-ml Bingham pycnometer. A
winding of No. 26 Chromel“ A” wire, insulated from the
shields with mica, covered with insulating tape, and having
resistances connected in series of 25 ) on the upper shield and
35 ) on the lower produces controlled heat to the shields by
means of a variable transformer. A stand is necessary to support
the shields in such a manner that the center of the wells may be
aligned, and the upper shield raised 180 to 200 mm and swung
through 45°.

6.5 Hypodermic Syringes, 2 to 30-mL capacity, of chemi-
cally resistant glass, equipped with a 170-mm, 16-gage (0.065
in.) filling needle made from ‘stainless-steel tubing, as shown in
Fig. 3.

6.6 Draw-off Needle, made of stamless steel tubmg, as
shown in Fig. 3.

6.7 Solvent Cleaning Assembly, as shown. in Flg 4,

6.8 Chromic Acid Cleaning Apparatus, similar to that
shown in Fig. 5 .

6.9 Balance, capable of reproducing weighings within 0.1
mg when carrying a load of 30 g. The balance shall be located
in a room shielded from drafts and fumes and in which the
temperature changes between related weighings (empty and
filled pycnometer) do not cause a significant change in the ratio
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Sheel Cork Gasket, Cement

@“h 7/16" dia Drill Thru with 1 1/3" dia
VQ g! Counterbore 4 3/4" Deep
[ Al

Saw Cut Clamp after Drill and
Counterbore for No. 6+32 Knurled

IL'W—G-"‘ Head Screws
Ter

2"
5/8"
| _J_ T ]
11/4"
e o il
1
1
AN
i 5 3/8"
! Line Drill 1/4"
! Sight Hole
L { i
m X 3/4"
T
Line Drill Slot

1/2" Long x 1/4" wide

-
el T

-

71/4"

L1 1/42" dta
prili 6 3/8*
Deep

-

L.

—|

Shietd Material: Alumlnum

Metric Equivalents

in. mm in. mm fn. mm ., in mm
Vb 32 - 5% 16.9 14 31.8- 4 102
Va 6.4 Ya 19.1 1% 36.5 4% 121
e 1.4 1Vk2 26.2 17 47.6 5% 138
Yo 127 1va 28.6 2 50.8 6% 162

TVa 184

Note 1—Cover shields with mica or insulating cement. Wind with No.
26 gage Chramel “A” wire; Upper block 60 in. (1.52 m) (25.4(}), lower
block (85 in. (2.16 m) (35.00) wound vertically. Caver with insulating
tape ot insulating cement and connect heaters in series, Insulate shields
from stand with Y4-in. Transite.

FIG. 2 Details of Thermal Shields for 30-mL Synnge and 25-mL

Pycnometer

of the balance arms, The same balance shall be used for all

related weighings.
'6.10 Weights, whose relatlve values are known to the

nearest 0.05 mg or better. Use the same set of weights for the
calibration of the pycnometer and the determination of densi-
ties. \

7. Reagents and Materials
7.1 Acetone—(Warning—See Note 3).
Note 3—-Warning: Extremely flammable, Use adequate ventilation,
7.2 Isopentane—(Warning—See Note 4).

Note 4—Warning: Extremely flammable. Avoid build up of vapors
and remove all sources of ignition, especially non-explosion proof
electrical apparatus.

7.3 Chromic Acid (Potassium Dichromaie/Cone. Sulfuric
Acid)—(Warning—See Note 5). - ‘
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Auach thxs er . L
""" o, vacuum j

3

Hypodermic needle i
Hub 22 ga used
with Luer-type
syringe

Stalnhess steel

6.4 mm (1/4 in.) OD X No.
ga (0.9 mm (0.035 1n .)) seamless
soft drawn copper tublng

No. 15 ga (1.6 mm (0.065 in.) OD)

hypodermlc tubing

20 Stubs

i

No. 16 ga (1.6 mm (b.oss iizfn.) oD)
Stainless steel |
hypodermic tubing -

3.2 mm (1/8 in.) OD X No. 20 Stubs
ga (0.9 mm (0.035 in.)) seamiess
soft drawn copper tubing.

.‘ Draw-Off Needle

r---—-—--*"- 170 nm —
k rmmg Needle

o be used with a 30'ml Yale B-D' Lek-Syringe
Becton-bxckmson and Co.. Ruthcrford N. 3" .

FIG. 3 Accessorles for Bingham-Type Pycnometer
gk CHNES B RN Y I A

Note S_Warning Causes severe bums Arecogmzed carcmogen Do
not get m eyes, on skm br: cldthmg

8 Preparatmn of Apparatus oty RN
§.1 Cléan the pycnometer thoroughly with hot chromw acid
cleaning solution. by, means .of the, assembly shown in Flg 5
(Warning—See Note 5). Chromm acid solution is the most
effective cleansing agent. However, surfactant cleansing fluids
have also been used successfully Mount the appmatus ﬁrmly
and connect the trap 16 the Vacinim, Wa
amount of cleaning acid in the beaker, place
the cround Jomt “and evacuaté by o e;mng e
vagtum, F111 the pycnomete Wlth ‘ by tummg the
cack, and either repeat sevéral times, or'rémove the fi
pycnometer and allow it to stand for several hours at 50"
60°C. Remove the acid from the pycnometer by. evaguatlon,
empty the acid from the trap, and ﬂush the pycnometer with
distilled water. Clean irl this manmer wheneéver the pycnometer
isito baicalibrated orwhenever liquid fails:to drain cleanly from
the walls of the pycnometer or its. capillary. Ordinarily, the
pycnometer may ‘be cleaned between determinations by wash-
mg “with a stiitable 'solvet, 'nnsmg yith pure, ‘dry -acétone,
Yotlowed by 1s0pentane, ‘and Vacim drying.’ (Warm g—See
Note3 and Note 4.) T
“ 8.2 Tratisfer the pyenometer to the Cleatier assembly shown
in Pig. 4, with vacuum line and ttép dttdched:to thié side tube
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B T P L " i st [T

ér on fhe cleanér with' the
‘g upward mto ﬁhe pycnom—

pycnometei' eavmg ] é pycnometer in place, drdw air through
it until it'is dry. Clean the hypodenmc sy1 mge w1th the same
appamtus .

‘wg ‘ri_‘ i

SRR SO

9, Cahbratmn ‘of Pycnometers

. 9 I, Wewh the ﬁclean, dry pycnometer to 0.1 mg
-ﬂxm?% gt - ‘

0l s;u“‘ Lo

Nomt6—1t igrcohiveniert: to: use the hghtest oﬁ»a set of pycnomete(s as
a tare For best results the treatment and environment of both pycnometer
and tare should be, 1denpca1 [for some tlme prxor to -weighing. -

9.2 With a syringe of suitable size, transfer freshly boxled
and cooled distilled watet:to the pycnometer through the filling
figedle’ Note. 9).. Avoid frapping ait bubbles in theé" ilb: or
capillary of the pycnometer, removing bubbles, as 'they-forrh,
withyihie syringe, when possible, Also rérhove any.water above
th¢" calibkation . mark: and® dry:ithe ‘ overflow : chamber. and
eapillary: with a cottonsfiber pipéscleaner ofcotten:swab. which
has been ‘moistergd. slightly with .acetone. Do' not-touchithe
plunget of the syringe or-hypodermic needle with fingérsias
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No. 16 ga (1.6 mn (0.088 in.).oD)

Stainless steel
f;’ hypodermic tubing
6.4 mm (1/4 in.) OD ¥ No. 20 Stubs
ga (0.9 mm (0.03% in.)) gseamless
soft drawn copper tubind g
E
<
<
——
A l 4
Attach this end ° h :io. 11 Rubber
to vacuum lin | opper
ang trap

]
e |

i :
Shelf-type suppart =g ” (oo =
7,& \

Solder

Immerse this
end in solvant

3.2 mm (1/8 in.) OO X No. 20 Stubs
ga (0.9 mm (0.035 in.)) seanless
Roft drawn aopper tublng

L——?Omm

FIG. 4 Cleaner Assembly for Bingham-Type Pycnometer -

L~ T 7/35

i7s

2mm Pyrex
No, %380
stopcock \

To vae

.. Hot cleaning .

uum .
- / acid or water

@
(2] '
ﬂ_‘_ All dimensions in mm

UTT T

= L trey o

Schematic Diagram of ‘ ' .
Cleaner Assembly

FIG. 5 All-Glass Pycnometer Cleaner Assembly for Use with Hot Chromic Acid Cleaﬁing Solution

minute quantities of oil transferred this way would cause faulty
drainage in the capillary neck of the pycnometet.

9.3 Close the pycnometer with the glass stopper and im-
merse it to a point above the calibration mark in the constant-
temperature bath adjusted to a constancy of £0.01°C at the
desired temperature (Note 7). Periodically, or before the liquid

expands into the overflow chamber, remove the stopper, raise
the pycnometer sufficiently to expose the calibration mark to
view, and readjust the liquid level to the mark by withdrawing
liquid through the steel draw-off needle until expansion has
stopped, indicating that the liquid has reached the temperature
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of the thermostat, To minimize errors caused by faulty drain-

age, do not allow the liquid to expand more than 10 mm above
the calibration mark at any time. Allow the contents” to~

equilibrate an additional 10 min and draw the level down
exactly to the calibration line, avoiding parallax and using a

magnifier, if necessary, to obtain good visibility. Rethove afy "

liquid adhering to the walls above the calibration mark, with
the draw-off needle or pipe cleaner, depending upon. the
volatility of the sample. Portions in the overflow bulb can be
removed with a cotton swab moistened with acetone.

Note 7—For temperatures above 80°C calculate the volume from the
coefficient of expansion of:the glass bseived: ﬁom cahbratlons iade at
60, 70, and 80°C. : NS ‘

9.4 Replace the glass stoppet, remove the pycnometer from -
the bath, wash the outside surface with acetone, and dry -

thoroughly with a chemically clean, lint-free, slightly damp
cloth, Place the pycnometer in or near the balance case for 20
min and weigh to the nearest 0.1 mg.

Note 8—In atmospheres of low humidity (60 % or lower);-drying the
pycnometer by rubbing with a dry cotton cloth will induce static charges
equivalent to 2 loss of about 1 mg in the weight of the pycnometér. This
charge may not be completely dissipated in less than 30 min. The use of
about 0,1 mg of radium bromide- or polonium-coated foil in the balance

case, or maintaining the relative humidity at 60 percent or higher, alds in.

reducing weighing dlfﬁcultlcs due to static charges.

9.5 Calculate the pycnometer cahbratmn factor, F,, from the
equation:

F, = (density of water at 1°C)/
(weight of water in pycnometer at (°C)

9.6 Duplicate determinations should not show a variation
greater than 0.2 mg in the net weight of the water in the
pycnometer.

[

10. Procedure for Viscous Liquids
10.1 Weigh the pycnometer as directed in Sgction 8.

TABLE 1 Vacuum Corrections to be Applied to Densities
Observed in Alr of Various Densities

Observed Alr Density ;
Density 0.00116 0.00118 =+ - : 20.00120; 0.00122
Corfedtions to bé Added - . .
0.60 0.00046 000047 . 000048 ° . 0.00049.
0.65 0.00040 000041 50.00042 ;  0.00042
0.70 0.00034" 0.00035 ‘0.00086: 1 000038 .
0.75 0.00029 % 0.00029... ... 0:00080 S~ 0.00030. ...
0.80 0.00023 0.00024 000024 000024
0.85 0.00017 0.00018 000018 1 0/00048
0.90 0.00011 0.00012 0.00012 . .. 000012
0.95 0.00005 0.00006 0.00006 0.00008
1.00 0 0 0 0
____ Gorrections tobe Subtracted
1.05 0.00005 0.00006 0.00006 "0.00008
140 000011 0.00012 0.00012  0.00012
145 C 000017 7 080098 < 0.00018 1 <H0,000987
. 4.20. 000023 . - .0,00024,  .0.00024 - .0.00024 .

'Notg" 1—-Interpolafe Ilnearly for interrmadiate sample dengities.. v

Note-2—For air densities outside thig table the vacuum. correction: shall be
calculated from the, equation C = d,[1,- (F W,)]. Uy bemg ihe denglty of the aff in
thé balarice ¢ase in grams per milliitie. ‘568 Seouon 10 of' Test Methdd D 12176r
calculating the air density.
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M
See Table 2 for the density of water between’0 and 1002C;:

temperature and weigh to the ne

11. Procedure for Melted Solid

TABLE 2 Density of Water”

Temperature, Density, Temperature, Density, Temperature, Density,
Cooec g/ml. °G g/ml. °C g/mL
0 © o 0,999840 21 0.897991 40 0.992212

8 0999984 22 0.997769 45 0.990208
G4 0.999972 23 0.997537 50 0.988030
B 0.999964 24 0.997295 55 0.985688

10 0.999699 25 0.997043 60 0.983191

15 @ 0.999099 26 0.996782 65 0.980546
15,58 .- 0.999012 27 0.996511 70 0.977759

18, - 0.998943 28 0.996231 75 0.974837

17 0.998774 29 0.995943 80 0.971785

18 0.998595 30 0.995645 B5 0.968606

19 0.998404 35 0.994029 90 0.965305

20 0.998203 37.78 0.993042 100 0.958345

» # Densities conforming to the International Temperature Scale 1990 (ITS 90)
were extracted from Appendix G, Sa‘andard Methods for Analysis of Petroleun and
Related Products 1991, institute of. Petroleurn, :London.

510.2, Wann, in an oven or convenient warming chamber, the
pycnometer, syringe with needle, and sample to a convenient

. working temperature consistent with the fluidity and volatility

of'- sample Draw the requisit amourit of sample into the
syringe and immediately fill ariied pycnometer taking
care to avoid occluding air bubbles in the pycnometer bulb or
capﬂlary Continue the addition of sample, withdrawing the
filling needle gradually s¢-that the tip reniding immersed in the
sample, until the: sample has been added to a depth of 10 or 20
mm in the expansmn chamber above the capillary, depending
upon the amount of contraction expected.

10.3 "Timuherse' the pycnometer bulb in the constant-
temperature bath. As the sample contracts continue sample

“addition before the, level recedes into the capillary or until a
“sufficient amotnt has ‘been added to maintain the meniscus

slightly above the calibration mark at the reference
temperature. AIlow to equ1hbrate to reference temperature.

Note 9—Equ111brat10n tlme ‘depends upon the viscosity and
temperature of the sample at the time of filling. Usually this is three to four
times that required for a fluid sample. A safe criterion is to allow 15 min
more equilibration timé after the riieniscus remains stationary.

10.4 Remove excess sample with the 16-gage mneedle
attached to a vacuum, lme, warming the needle if necessary.
Swab the capillary above the calibration mark and the overflow
chamber several times with a pipe cleaner or small cotton swab
slightly moistened with a suitable solvent. Follow with a dry
swab. FinAl ad_]ustment to'the miark may be done by picking out

. ample with a small'probe, splinfer, or wire.

: 10.5 Remove the, pycnonietel from the bath, wash the outer
surface with a suitable solvent followed by acetone and dry
thoroughly with a clean, hnt-free, shghtly damp cloth. Observe
the same cleamng procedure ‘as Used in calibrating the
pycnometer in the bath, Allow the pycnometer to come to room
0.1 mg.

¢ High Temperature

11.1" Place the.sample in 2 heat<resistant contaiher and bring
to a temperature § to: 12°€" above its meltmg pomt in- anJ
explosion-proof oven.

11.2: Insert - the: pycnometer, prev1ous1y welghed vto the
nearest 0.1 mg, in the lower chamber.of the thermal shield ang
lightly clamp the. syrihge: in the uppes chamber so . that ithe
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filling needie is inside the pycnometer, Apply power to the
shields until the temperature is 2 to 3°C above the melting
point of the sample, then reduce the voltage until the shield
temperature increases less than 0.5°C/min.

Nore [0—1In the absence of a thermal shield, an oven can be fitted with
a rack to support the pycnometer and hypodermic, and the whole
operation of charging the syringe and filling the pycnometer performed in
the oven, Weights applied to the syringe plunger reduce the filling time.
An internal light and glass door for the oven are aids in this procedure.

11.3 After thermal equilibrium of sample, pycnometer, and
syringe has been established, raise the upper shield, swing to
one side, and quickly charge the syringe.

11.4 Quickly wipe the needle, swing the syringe over, and
lower into the pycnometer. Fill the pycnometer in the usual
manner, as given in 10.2. Remove the syringe and needle and
place the pycnometer in the bath for temperature equilibration.
Remove excess sample with a thin strip of filter paper or heated
draw-off needle, taking care not to remove sample below the
calibration mark.

11.5 Close the pycnometer with the glass stopper and
immerse it to a point above the calibration mark in the
constant-temperature bath, adjusted to the desired temperature
within £0.01°C. Periodically, or before the liquid expands into
the overflow chamber, remove the stopper, raise the
pycnometer sufficiently to expose the calibration mark to view,
and readjust the liquid level to the mark by withdrawing liquid
with thin strips of filter paper. Continue in this manner until
expansion has stopped, indicating that the liquid has reached
the temperature of the bath. To minimize errors caused by
faulty drainage, do not allow the liquid to expand more than 10
mm above the calibration mark at any time. Allow the contents
to equilibrate an additional 10 min and draw the level down
exactly to the top of the calibration line, avoiding parallax and
using a magnifier, if necessary, to obtain good visibility.
Remove any liquid adbering to the walls above the calibration
mark with filter paper or a pipe cleaner, barely moistened with
a suitable solvent if necessary.

11.6 Replace the glass stopper, and proceed as directed in
10.5.

12. Calculation
12,1 Calculate the depsity of the sample, corrected to
vacuum, by the following equation:

Density in vacuum (d)), g/mL = (F)(W) + C 2)
where:
F, = calibration factor of the pycnometer at °C,
W, = weight of sample, g, i pycnometer at °C, and
C = vacuum correction, obtained from Table 1.

12.2 Calculate the relative density (specific gravity) of the
sample by dividing the density, as obtained in 12.1, by the
density of water at the reference temperature obtained from
Table 2.

13. Precision and Bias

13.1 The precision of the test method as obtained by
statistical examination of interlaboratory test results is as
follows:

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, in the normal and correct
operation of the test method, exceed the following value only
in one case in twenty:

Pycnometer Yolume, mL Repeatability, g/mL

10 0.00008

13.1.2 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 followmg value only in one case in
twenty: ‘

Pycnormeter Yolume, mL Reproducibility, g/mL

10 0.00014

Note 11—If pycnometers of other than 10 mL in volume are used, or
if the temperature of test exceeds 100°C, this precision statement may not
apply.

13.1.3 Bias—The difference of results from the established
value when compared to pure reference materials is not

~expected to be more than 0.00014 g/mL. Specific bias has not

been established by cooperative testing.

14, Keywords
14.1 density; gravity; pycnometer; relative dellslty, specific
gravity

The American Socisty 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 expressly advised that determination of the validity of any such .
patent rights, and the risk of infringement of such rights, are entirely their own respons:bl//ry

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are Invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive 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 should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohacken, PA 19428,
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Designation: D 148193 (Reapproved 1897)/ -

H -
.
e T T T IR AT NCRN I A (e T

E‘MJV

i+ This"standard is

Lo Seopen. o Lovgur w0 o o ;
1,1 Thistest method covers! the determmatmn ,of the dens1ty
of oils more viscous than 15 ¢St at 20°C (mm?s), and 0fi
viseous:oils and:melted waxes at eleVated témiperaturés, buthot
at'temperatites atwhich the -saniple 'would. liave. a. vapor:
pressure of: 100 T I—Ig (13'kPa) or-above: = v i

1 K

‘ To determme ifie densltles of less' v1scous "llqulds at 366"
255C 'ugé Test Method T 941 o¢ Test Method T r1217 ‘ L

1.2 This, test method provides a calculauon procedure for
converting densuy fo relative density (spemﬁc gravity).

1.3 The values stated in acceptable SI units are to be
regarded.as the standard. .. ..., . N

1.4 This standard does;, »
safe{y CONCErns;. zf -GN assoczaz‘ed ,wzth 'zz‘s use§ Jt is the
responsibility of the, user of thzs standard to establish appro-.
Driate safety, and health pmgtzces and determme the applzca-
bility of regulaz‘ory limitations prior to use.

2. Referenéed Docuiments
2.1 ASTM Stavidards.
. D941 ,Test Method for Density. and Relative, Densrcy (Spe-
- gific.Gravity) of Liquids by Lipkin Bicapillary, Pyonoms;
eter? sy
17.-Test Method - for, Density . and Relative D@I;sﬁy
Sravity) of Liquids by Bingham, P

E! i

3. Terminology
3.1 Definitions: "
. 3.1.1. density-—the. weight in.a yacuum (that is, the mqss) of
a umnit volume of the material at any given temperature. .
3.1.2 relative density (specific gravity)—the ratio of the

mass (weight in.a vacuumy) of a.given, yolume, of ms
temperature, #; to the mass.of an equal volume ‘of water
reference temperature, ¢,; or the ratio of thé defisity ‘of th
material at #, to the density of water at #,.

Petroleum Products and Lubricantsand is the direct responsibility of Subcommittee
D02.0don Hydrocarbon Analysis.

Current edition approved Feb. 15, 1993. Published June 1993. Originally
published as D 1481 —57 T. Last previous edition D 1481 —91.

2 Annyal book of ASTM Standards, Vol 05.01.

Densn’y and Rela ve' D:’”‘nsny} (Speclflc Grawty) of Vlscous
'|pk|n Blcaplllary Pycnometer‘\ SRES I I

sueds undel"‘the fisad: destgnauon D 1481 the ,numbef 1mmedxately followmg thie' demgnatlon mdlcates the yeaﬁ of ‘
original adoptmn or, in the case of rewsnon, the year of Tast revision. A nuiiiber in parénlheSes mdlcb.tes the yedt of last feapproval A" R

aterialata ,
s

An American National Standard
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I Crandagtn oy Ceodd

Si

4 Summary of Test Method 3 ‘

“4;1-The ‘Hquid- isdrawn. into- the b1cap111ary pyonometer
through the femovable siphon 4rm and adjusted to: volume at
the rtemperature of test,'in. such 'alfifnner-that- there s
practically no: drainage’insthe unfilled tubing. After equilibra-;
tion: at the test tetiperature, liquid levels are read, and -the
py¢hometér is removed from. the thermostated biith;, cooled to
toom temperature, and weighed.

4.2 Density orrelative density (specific grav1ty), a8 desued
is‘then"calculated froni the volume:at the:test temperature)and
the weight of theisample. The effect offair buoyancy is mcluded
m the calculanons. i

5., Slgmﬁcance :argd Use |

"&il: Density is a- fundamemal physlcal property that cam be
usediin conjunctioniwith other properties’to charac‘cemze both
the:light and heavy fraotions of petroleumrand 10 -acdess.ithe
quallty of crude oils.: i . ST

152 Determination: of the densﬂy' or xelatlve densrcy of
petroleum. dnd 1S ‘products is necessary.for- the .conversion of
measured volumes to. volumes ‘at the standard temperatures. of
159€: 3 SLELLEL Y Gy T
5.3 The determmatlon of densities;at the: elevated tempera-
tures of 40 and 100°C: is' pamcularly\ nsefulidn providing the
data: fieeded - for ‘the “conversionsof kinematic -viscosities in
centistokes (mm?/s) to the correspondmg dynamlc v1Scos1t1es
in' centipoises {(InPasg)y = eyl b i L

‘wv,u .

6. Apparatus
6.1 Pycnometer’—A side-arm type of pycnometer cofiforn-
ing to the dimensions givén in Fig. 1-and made of borosilicate
glass. The weight shall not.exceed 35: g without-the side; arm.
6.2 Rac/c—A rack to use m ﬁllmg the pycnometer (see Fig.

1] V‘én for use in filling
the pycnometer Any bven capable of holdmg thie filling rack,

- eand.of, mamta1mn<r a temperature of approxmately 100°C, can
=0 beused ‘
e

UThig test method is under the juriédiotion of ASTM 'Cormrnittee D2vod > ¥

v

antnTempémture Bath—-A mlxtufe ‘of water and

el

3 For 2 more complate discussion of this procedure see Lipkin, M. R., Mills, L.
W., Mattin, C. C., and Harvey, W. T., dnalytical Chemistry, ANCHA, Vol 21, 1949,
p. 504,

“ Pycnometers available from Reliance Glass Co., 220 Gateway Rd., Bensen-
ville, IL 60106-0825 have been found satisfactory.
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glycerin, or oil bath having a depth of at least 305 mm (12 in.)
and provided with heating, stirring, and thermostatmg devices
adequate to maintain desired temperatures in the range from 20
to 100°C with an accuracy of *0.01°C.

6.5 Bath Thermometers—Thermometers graduated in 0.1°C
subdivisions and standardized for the range of use to the
nearest 0.01°C (ASTM Saybolt Viscosity Thermometers 17C
to 22C are recommended). For most hydrocarbons, the density
coefficient is about 0.0008 units/°C, and therefore a tempera-

545

ture error of 0.013°C would cause an error of £0.000 01 in
density.

6.6 Pycnometer Holder—A holder, as shown in Fig. 3, is
recommended for supporting the pycnometer in the bath. A
single clamp device may be used.

6.7 Balance—A balance able to reproduce welghmgs within
0.1 mg when carrying a load of 35 g or less on each pan. The
balance shall be located in a room shielded from drafts and
fumes and in which the temperature changes between related
weighings (empty and filled pycnometer) do not cause a
significant change in the ratio of the balance arms. Otherwise,
weighings shall be made by the substitution method in which
the calibrated weights and pycnometer are alternatively
weighed on the same balance pan. The same balance. shall be
used for all related weighings.

6.8  Weights—Weights shall be used whose relative values
are known to the nearest 0.05 mg or better: The same set of
weights shall be used for the calibration of the pycnometer and
the determination of the densities, or the sets of we1ghts shall
be cahbrated relatlve to each other.
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7. Reagents and Materials; - s Do

7.1 Acetone—Warnmg—Extremely ﬁammable Use ad-
equate wentfilation." : B ‘

72 Isopentane—WarnmgwExtremely ﬁammable oid
bulldup of vapors and remove all sources of 1gn1t1on espec1ally
ndnexplosmn-proof eletrical apparatus. 1 - X

7.3 Chromic dcid: (Pdtassium: chhromate/Conc Sulfurie
Aczd)«—Warnmg—Oauses severe blirns: A recogmzed carcmo—
géni, Do not’ get in-gyes, o skiii Of clothmg S
7.4 Benzene—Warmng—Pmson Kiiown' carcmogen Ex-

L
o

WY

t‘remely ﬂaminable Avoid contact w1th' skm and eyes

8 Preparatlon of Apparatus B

- 8 Thoroughly clean the pycnometer and s1de arm w1th hot
chrom1c acid cleaning solution (Wakning=—See7.4.) Cliromic
acidr solution is-the' maost -effective cleaning agent; However,
surfactant cleading  fluids: have also:been used. successfully.
Rinse well with distilled waters;and ‘dry’at.105 to 110°C for at
least 1iH; preferably-with a slow current of filtered: air passing
through the pycnometer. Cleaning shall be; done. ini thismanner
whenever the pycnometer is to be calibrated or whenever liquid
fails to drain cleanly from the walls of the pycnometer or its
capillary. Ordmanly, fhe py¢nometer may be cléaned between
detetmintidhs by washmg with a suitable solvent such as
isopentane or; benzene, and vaculih drymg If dcetone is; used
as the wash liquid, the pycnometer, should then be rlnsed with
isopentane or. benzene P l

9. Calibration of Pycnometer ¢

9.1 Weigh the clean, dry pycnometer (w1thout the s1de arm)
to the nearest 0.1 mgyahd: record the weight..

9.2 Fill the pycnometer with freshly boiled. d1st1lled water
‘This may be conveniently dcne by placmg the pycnometer un
the holder with the side arm depmg into. a sample clp
containing water. Allow the Tpycnon’uet 17. to fill: by siphoning.
Break the siphon by removmg the\mde arm when! thie. l1qu1d
level in the bulb arm of the pycnometer reaches 6ot the scale.

9.3 Remove the s1de arm iwhichi Was used to fill the
pycnometer and.remove excess liquid fro;n thé caplllary tip'by
wiping with'a & Jsfnall plece ‘of absorbent papen

94 Place the“ pycnometer m the holder mu the constant—
emperature t Wlth the hquld levcl 1n the

scale to the nearest 0.2 Sméfll d1v1510n at the 11qu1d level in eal:h
arm, After 5 mnr read the 11qu1d level_ agam If} the sum of the

record. o o l
9.5 Remove the pycnometer from the bath and allow itito
come to room temperature, Rmse “the” oufer surface with
distilled water, with acetonel, then wifh: red1st1lled benzene,)and
dry thoroughly with a chemically clean lint-free cloth, slightly

damyp with-water. Allow to and a few mmutes, and then weigh
0 nearest 0.1 mg

NOTE 2—In atriidspheres ef low humtdlty 60 % or lower) dryinig the
pycndiheter by rubbing w1th.dxjy cotton cloth will induce static chiarges
equivalent..to. .a. loss.of.about 1 mg. or ‘more. in the weight of .the
pycnometer. This chargeimayi not be.completely dissipated in less than V2

546

h and can be detected by touching the pycnometer to the wire hook on the
balance and then drawing it aw: ‘slowly If the pycnometer exhibits an
attraction for the w1re hook ady'be cons:dercd to have a static charge.

4 t break thie siphon when water has
reached ‘the 3'mark in the bulb atm, dnd in the next experiment,
at the 0 mark in the bulb arm. Obtait the apparent volume for
each filling" by 'dividing ithe welght of water Held by the
pycnometer.in.each.experiment by the density of water at the
calibration temperature . Calibration shall be made at 20, 40,
and 50°C. Prepare a calibration’ curve for 20°C by plotting the
sum of the two scale readings versis the apparent volume at
20°C. If the-cutve is tiot a straight line, and future checks do
not corféct it, discard the pycnometer The line shall not be
more than 0.0002 mL/unit from any one determined point.
9.7 Corresponding cahbratlon cutves shall be made for 40
and 50°C. These cal1brat10n curtfes are checked using the
following equation;, -

= Vl(l + o) 4]
where: ;oA o
V, = apparent volume 4t test tetnperatiire,
¥, = apparent volume &t 20°C, and
¢ = cubical coefficient of expangion of borosilicate glass

9.9 X 107¢/°C).

The calculated and determined curves at 40 and 50°C should
check to within +0.0002 ml./unit at all points. The calibration
curves for higher temperatures shall beobtained by calculatlon
10. Procedure -~y - . -

10.1 Weigh the clean, dry pycnometer w1thout the s1de arm,
to 0.1 mg and record the weight, - .

10.2 Place a.10-mL" §ample beaker i ‘the wooden rack (Fig.
2): Before. attachmg the sidesarm. to"the pycnometer, drain a
few drops of sample through the.side.arm to wet.the inside
surface atid teduce the chance of trapping air bubbles in-the
caplllary during the ﬁllmg operation. Place the Side atin; on.the
pycriometer “and place the assembly on the rack with the side
arm dipping into the sample beaker as shown ifi. Fig..4 .

103 In filling the(lpycnometer with very viscous oils or
hlgh«lneltmg waxes, place the whole filling assembly ina
hot-air dven to fac111tate filling. An oven at app10x1mately
100°C is usually’ hot enough for this purpose. ;

1044 Apply gentle suctlon to-thie bulb arm of the pycnometer
it -starf the: siphoning - Action, The. suétion. must; be- wgentle to
the .formation of bubbles After 31phon1ng i§ started,
‘allow-fillifiy by siphoning to Goritinué il the hqmd level in
the bulb arm ceases to rise. Then remove the pycnometer from
the rack and place,in the thermostated bath, .in,the same tilted
position, until the oil ceases to confract. At this pomt place the
pycnometer in an upright position, and allow the liquid level in
the bulb arm, to. reach the.upper portion of ;the calibrated
capillary, but not above 6.4, Stop s1phon1na by removing the
side arm. o

Note 3—With viscous oils, it will réduce drainage stiors to fill to the
6.0 to 6.4 matk; and it may be necessaty to apply aditdesuction to thé long
arm. during cooling to prevent the méniseis in-the bulb-arm from falling,
Maintain the meniscus at about the same level in the long arm throughout
the W 1ole determmahon .

lO 6 . After removmg the 31de @I cap from the shcrt arm \of
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FIG. 4 Pycnometer Filling Assembly

the pycnometer, wipe the tip and ground joint of the
pyenometer, and adjust it to an upright position in the
thermostated bath. The bath liquid level shall be above the 6
mark on the pycnometer and below the ground glass tip of the
pycnometet.

10.6 Allow 15 min for equilibrium to be obtained. After the
stated 15-min time for coming to equilibrium, read the
meniscus levels in both arms of the pycnometer to the nearest
0.2 of the smallest scale division. Wait 5 min and check
readings. If the sum of the readings at the two different times
do not agreé to within +0.04, repeat at 5-min intervals until
checks are obtairied. Record the sum of these readings and also
record the corresponding apparent volume from the calibration
curve for the same temperature, ‘

Note 4—The final level of oil in the pycnometer should not be more
than 5 mm below the tip of the ground glass end of the pycnometer, and
the Jevel in the long (bulb) side of the pycnometer should be na lower than
it has been at any time during the procedure. With these precautions,
drainage error (which is important with very viscous samples)-is entirely
eliminated.

10.7 Remove the pycnometer from the bath and tilt it so that
the liquid moves down in the short arm and up in the bulb arm.
Clean and dry the outside of the pycnometer as described in the
calibration procedure (Section 9). Allow to come to balance
room temperature. Weigh to the nearest 0.1 mg. Subtract the

weight of empty pycnometer, Wi‘t‘hout”vrhe ‘s‘ide, arm, o get the
weight of sample. ’ ‘

11. Calculation . ‘ o
11.1 Calculate the demsity of the sample, corrected to
vacuum, by the following equation:

Density in vacuum, d,, g/mL = (W/V) + C )

where: :

W = weight of sample in air, g;

¥V = apparent volume, mL; and

C = vacuum correction, obtained from Table 1.

547

11.2 Calculate the relative density (specific gravity) of the
sample at ¢,/t, by dividing the density, as calculated in 10.1, by
the density of water at the reference temperature, #, as
obtained from Table 2 . Relative density (specific gravity) at
1,/15.56°C (#/60°F where ¢ is expressed in degrees Fahrenheit)
can be changed to the conventional 15.56/15.56°C (60/60°F)
relative density (specific gravity) by use of the appropriate
Table 23 in Guide D 1250, provided that the glass expansion
factor has been excluded.

11.3 In reporting density, give the test temperature and the
units (for example, density at 40°C = xxxxx g/mL). In
reporting relative density (specific gravity), give both the test
temperature and the reference temperature, but no units (for
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TABLE 1 Vacuum Corrections

Correction? Plus Corraction® Plus

070 0.000 36 0.85 0.000 18
0.71 0.000 35 0.86 0.00017
0.72 0.000 33 0.87 0.000 16
0.73 0.000 32 0.88 0.000 14
0.74 0.000 31 0.89 0.000 13
0.76 0.000 30 0.90 0.000 12
0.76 0.000 29 0.9 0,000 11
0.77 0.000 28 0.92 0.000 10
0.78 0.000 26 0.93 ~0.000 09
0.79 0.000 25 0,94 0.000 07
0.80 0.000 24 0.95 0.000 06
0.81 0.000 23 0.96 0.000 05
0.82 . 0.000 22 0.97 0.000 04
0.83 0.000 20 0.98 0.000 03
0.84 0.000 19 0.99 0.000 01

AThis table applies for all air density values between 00011 and 0.0013 g/mL,
For air denslties outside this range, the vacuum correction shall be calculated from
the equation C = (d;/0.998 23) X [0.998 23 ~ (W/W)]d, being the density of the air
in the balance case in grams per millilitre.

example, relative density (specific gravity), 40°C/
15.56°C = x.xxxx). Carry out all calculations to five figures,
and round off the final results to four figures.

12. Precision and Bias

12.1 The precision of the method as obtained by statistical
examination of interlaboratory test results is as follows:

12.1.1 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 following value only
in one case in twenty:

Pycnometer Volume, mL Hepeatability, g/mL

10 0.000 15

12,12 Rep;oduczbzhty—The difference between two smgleV

afid ‘mdepeéndent ‘results, obtained by dlﬁ‘erehf ap

a
vi ANV I

TABLE 2 Density of Water?
Temper- Density, Tempera- Density,  Tempera- Density,
ature,° C g/mL tura, °C g/mL ture, °C g/mL
0 0.999 840 21 0,997 991 40 0.992 212
3 0999864 22 0.997 769 45 0.990 208
4 0999972 23 0.997 537 50 0.988 030
5 0999964 24 0.997 295 55 0.985 688
10 0999699 25 0.997 043 60 0.983 191
15 0999099 ‘26 0.996 782 65 0.980 546
15.56 0989012 27 .. 0.996 511 70 0.977 759
16 0968943 28 . 0,098 231 75 0.974 837
17 0998774 29 0,995 943 80 0.971 785
18 0998595 80 0.995 645 85 0.968 606
19 . 0.998 404  35° 0.994 029 90 0.965 308
20 0998203 87.78 0.993 042 100 0.958 345

ADensities conforming to the international Temperature Scale 1990 (ITS 90}
were exiracted from Appendix G, Standard Methods for Analysis of Petroleum and
Related Praducts 1991, Institute of Petroleurm, London,

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 value only in one case in
twenty:

Pycnometer Volume, mL Reproducibility, g/mL

10 0,000 35

Note 5—If pycnometers of other than 10 mL in volume are used, this
precision statement may not apply.

12.2 Bias—The difference of results from the established
value when compared to pure reference materials is not
expected to be mote than 0.000 35 g/mL. Specific bias has not
been established by cooperative testing.

“Keywords
13.1 density, graVIty, pycnometer relative densrry, Speclﬁc
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Designation: D 1518 ~ 85 (Reapproved 1998)’

. A

‘\,‘ INTERNATIONAL

Standard Test Method for

Thermal Transmittance of Textile Materials’

‘}’ This standard is issued under the fixed designation D 1518; the number immediately following the designation indicates the year of

! original adoption or, in the case of wevision, the year of last revision. A number in patentheses indiontos the year of last reapproval, A
i superscript epsilon (€) indicates an editorial change since the last revision or reapproval,

€' Now—Editorial changes were made throughont June 1998,

1. Scope

1.1 This test method covers the determination of the overall
thermal transmission coeflicients due to the combined action of
conduction, convection, and radiation for dry specimens of
textile fabrics, battings, and other materials within the limits
specified in 1.2, Tt measures the time rate of heat transfer from

a watm, dry, constant-temperature, horizontal flat-plate up

through a layer of the test material to a relatively calm, cool

atmosphere.

] 1.2 Tor practical purposes, this test method is limited to

\ determinations on specimens of fabrics, layered fabric assem-
blies, and battings having thermal transmittances (U,, as

| defined in 3.1.2) within a range of 0.7 to 14 W/m?K and

1@ thicknesses not in excess of 50 .

/ 1.3 The coefficients obtained apply strictly only to the

‘ particular specimens tested and for the specified thermal and

# envitonmental conditions of each test, This test method gives

) values that are valid for comparison under the same conditions

i of test, that is, with the specified air velocity, temperature

! difference between the watm plate and the cool air, and air gap

i for measuring cool air femperature,

: 1.4 The values stated in metric units are to be regarded as
the standard. Conversion factors, for thetmal conductance and
canductivity and thermal resistance and resistivity, to other
units in common use are given in Tables 1-5

1.5 This standard does not purport to address the safety
concerns associated with its use. It is the responsibility of
whoever uses this standard to consult and establish appropri-
ate safety and health practices and determine the applicability
of regulatory limitations prior to use.

2. Referenced Documents
2.1 ASTM Standards:
D 123 Terminology Relating to Textiles?
D 1777 Method for Measuring Thickness of Textile Mate-
tials®

! This test method is under the jusisdiction of ASTM Committee D-13 on Textiles
and is the direct respensibility of Subcommitivs 113,51 on Chemical Conditioning
and Performance.

Current edition approved July 26, 1985, Published September 1985, Originally
published as 1 1518 — 57T, Last previous editton 1 1518 —77.

® Annual Book of ASTM Standards, Vol (701,

3. Terminology

3.1 Definitions:

311 bulk density, n——apparent mass per wnit volume,

3111 Discussion—In testing the therimal transmittance of
fabrics, bulk density is calculated from the fabric weight per
unit area and the thickness value used to calculaie thermal
conductivity.

3.1.2 clo, n—unit of thermal resistance defined as the
insulation required to keep a resting man (producing heat af the
rate of 58 W/m®) comfortable in an environment at 21°C, air
movement 0.1 m/s, or roughly the insulation value of typical
indoor clothing,>* (Syn. intrinsic clo).

3.1.2.1 Discussion--Numerically the clo is equal to 0,155
K-mw., ‘

313 heat transfer coefficient, n—see thermal transmit-
tance.

3.1.4 intrinsic clo, n—see clo.

3.1.5 specific clo, n—the specific thermal resistance in clo
units per unit thickness. ‘
3.1.6 thermal conductance, n——see thermal transmittance.

3.1.7 thermal conductivity, n—time rate of unidirectional
heat transfer per unit area, in the steady-state, between parallel
planes separated by unit distance, per unit difference of
temperature of the planes.

3.L.7.1 Discussion—Numerically, thermal conductivity
equals the product of the heat transfer coefficient and the
distance separating the planes. Thus, &, the thermal conductiv-
ity of the fabric only, is the product of U, and the fabric
thickness. Units of thermal conductivity are W/m-K.,

3,18 thermal resistance, n—eciprocal of therimal transmit-
tance. ‘ _

3.1.9 thermal resistivity, n—reciprocal of thermal conduc-
tivity.

3.1.10 thermal transmittance, n—time rate of uniditectional
heat transfer per unit area, in the steady-state, between parallel
planes, per unit difference of temperature of the planes (Syn,
thermal conduoctance, heat transfer coefficient).

3.1.10.1 Discussion—Thermal transmittance is expressed as
walts per square metre of test specimen per kelvin difference

* American Society of Heating, Refrigerating, and Air-Conditioning Engineets,
“Gagge, A. P, Buton, A. C., Bazett, H, C., Science, Vol 94, Nov. 7, 1941, pp.
428430,

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box G700, Wast Conshohacken, PA 19428-2959, United States.
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TABLE 1 Conversion Factors for Thermal Ccmcluctivity

To Convert
Thermal Con- Muitiply by
ductivity
From B s ! ] "~ Kgiealiom/ " T Bl
to Wim.K W-emfm?i W/(,jm K ‘ c??l/sj?fn K ‘ kg»cal/h e h‘mg_K €_(3}u/!1 ﬂ-‘v“‘l‘"{ hARF ln/clo mm/clo
WimK 1. 1, % 10 1L.X1072 2388 %10 8598 x 107 85098 < 101 5778 x 107 6,994 6.098 1,548 X 102
W.cm/ 1. x 1072 1. 1, % 107 2888 X 105 8568 X 10 8598 X 10~ 5778 X 107® 6.934 X 10? 6,098 X 107 1.548
mK . : C e ‘ ‘ . R ;
Wom-K 1% 102 . A x 10 Aen L CRB88-X107T (8,608 X 10MT 8.598 X 100 5778 X 10" 6.884 X102 8,088 % 102 1.548 x 10+
cal/semK 4,187 X 10" 4187 X 10" 4.187 1. 86107, 3.6x10™ 2418 X 1072 2803 X 10%* 2,551 X 10 §.480 X 10*
kg-calf . .
hmK 1.168 1463 X 10" 1,168 X 102 2778 X 102 1, 1. X 10+2 6720 X 107 8.064 7.087 1.8 % 10+%
kg-cal-am/
hm?K 1.168 X 1072 1.163 1163 x 10 2778 X 1075 1.x 102 1, 6.720 X 1072 8.064 % 1072 7,087 X 1072 1.8
Btuvft-°F 1.781 1,781 X 10 1731 X 102 4.134 X 107, 1,488 1,488 X 102 1, 1.2 X 10% 1,065 % 10*1 2,679 X 10*2
Btu-in/ o ‘ )
hofi2oF 1,442 X 1071 1.442 % 10*7  1.442 X 10" 3445 X 101 1.240 X 10~ 1,240 x 10!~ 8,883 x 10* 1, S 8788 % 1071 2,282 X 10+
infoto . 1,641 X 107 1,841 X 10*" 1,641 x 10°%  3.920 X 10-% 1411 % 107 1411 % 107 9.482 X 102 1,138 1. 2.540 % 10+
mm/clo” 6,467 X 107 6,481 X 1071 BAGT X '10"‘*‘ 1.548 X 10 5.666 X 10"® 5.586 X 10~ 8,738 x 10-% 44ao><10”93937x10-? 1.

AUnits are glven in terms of: (1) 1he absolute joule per aecond or watt (2) the caloris (Intematlonal Tabla) 4, 1663 J; (3) the Britiah thmrmal unlt (Intwnaﬂonal
Table) = 1056.06 J; arid (4) the clo {unit of clothing resistance) ='0.158 K. m YW,
FRacoimmended (S1) units.

TABLE 2 Conversion Factors for Thermal Transmittance”

To Convert- | :
Thetmal - -4 ., ) Muitiply by
, Transmittance o ) ‘

F:gm W2 K2 : W/emAK s calfsemPK kg-calihm2K “ Btuh-HEoF Coelot
WK 1. 1.xA0* 2.388 % 1078 8.598 X 10~ 1,761 x 1071 C 154 %107
Wiem®K 1. X 10 1. 2.388 x 1077 8.508 x 10+° 1,761 X 102 1548 X 10"
cals-cm®K 4,187 x 10*4 4,187 1. 3.6 x 10+ C 7878100 . B:A480-% 10+
kepcalh-m?K 1.163 1.163 % 107 2778 X 108 . -, . 2,048 % 107! S 1exau!
Biu/h-ft2-°F 5.678 5678 x 107 1.366 % 104 4.882 I P . 8.788 X 107!
glo™? 6.461 8.481 X 10 1.543 X 10" 5.556 1.138 O

Alifts are given in terms of (1) the absolute josile per second, or watt; (2) the calorie (Inwmational Tabls) = 41868 J: (3) the Brifish tharmal Unit (irtsrnational
Table) = 1055.06 J; and (4) the clo (unit of clothing resis’(anoe) - 0.185 K- m2NV R : : B :
fRecommendad (S1) units.

between.tlle hoty plate and the cool. atmosphere.(Wlmz'K). . 3.2 Definitions. of Terms, Specrﬁc to I hz.s Standard L
: 3.2,1. effective. insulation rario, n-+indicates the | ,mcwase in
nmulauon afforded by. the fabric in comparison to the vncev-
ered test plate under specified conditions of  test. .
3.2.2 mean. temperature; n—the average of the hot plate
Lempemture and the temperature of the calm, cool- air that
prevailed. during the test.

Thermal transmittance for three differ em wses s deter-
mined in this method:

v, = ‘combi dvthermal transmittance of the test specnnen
Y and a ‘
Uy ~="thertmal transmittance of the plate without fabric
- covér (“barg plate”), This property reflects the in-
stramedit ‘constant and 1s used to standardize the
‘plate; and, ‘in” ¢onjunction with Uy, is used in the
_ caleulation of U, 4.1 The thermal transmittance of a fabric or battmg is. of
Uy = thermal ‘transmittance of fabric only This value considerable importance in determining its suitability for use in
corre%ponds to the C value (W/m K) defined and fabricating cold weather protective gear and ‘clothing. The
“lised By ASTM and ASI{RAL* In the caleulation of thermal interchange between man and His enviconment is,
“thi§ value the assumption is madethat the bolindary however, an eXtrémicly complicated subjedt ‘which involves
* layers of the bare plate: and ‘the botindary layers‘of = many factors in addition to the equilibrium insulation valués of
the fabric-are egoal.” Bxpetimental results indicate©  fabrics and battings. Therefore, measured thermal transmit-
+ that the U, vilues are valid when tested Wlthin the tance coefficients can only mdlua(c m]atwc mu'lt ot a pmtlculm

4. Significance and Use

“lithits specified in'Section 1. f aterial.’ ,
3.1.11 total clo, n—the intrinsic clo plus the thermal resis- 4.2 "The measurement of heat transfer coeﬂicmnts is a vel:y
tance from:the: air boundary... . .-~ 4 difficult and: highly, technical field, and it-is not practical in a
3.1.12 For définitions of ofher textile terms -used” m lms test method of this scope to éstablish details sufficient to cover:
wethod, tefer to Terminology D 123, all contingencies. Departusis Trof the instractiohs of “Test
388
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TABLE 3 Conversion Factors for Thermal Resistivity"

To Convert

Thermal Multiply by

Resistivity?

From 5 3 ! ) mK-hfkg- o 2R/
to KW m*.K/W.om om4wW cmeiKes/oal meKehvkg-cal al.om it-°F-h/Btu Biin clofin clo/mm

mKmw 1. 1. %102 1, % 10%2 4187 X 10" 1,163 1,188 % 1072 1,781 1.442 % 10! 1.641 X 107" 6.461 x 103
m2 KAV 1, % 10*2 1. 1, X 10%4 4187 X 10" 1,163 % 10*2  1.163 1.731 % 10*2 1.442 x 101 1.641 X 107" 6.461 x 10!

am
oKW 1. %102 1. x 10 1, 4,187 1163 X 1072 1,163 3 107 1,731 X 1072 1,442 X 107% 1,641 X 107% 8461 x 10-5
om-K-s/cal 2388 x 107 2.388 x 106 2388 X 10-' 1. 2778 X 1077 2,778 X 1078 4134 x 107 3.448 X 107+ 8.920 x 10~ 1.543 X 106
m-Kdkg- 8598 x 107" 8598 x 10° 8598 X 10+ 26X 10"  {, 1, x 1072 1.488 1.240 % 10~" 1,411 x 10! 5.556 X 108

cal
m?Khikg- 8,599 10" 8508 x 1077 8608 X 10" 3.6 % 10™ 1. 102 1. 1,488 X 10*2 1,240 X 10*" 1.411 x 10*! 55856 x 10!

calhom
ftorhBlu 5778 107" 5778 X 10 B.778 X 10" 2419 % 102 6.720 X 10~1  6.720 % 10-® 1, 8,333 X 102 9.482 ¥ 1072 3.733 x 10-°
f2oEh 6.934 6,934 X 102 6,934 X 10"® 2,903 X 10*® 8064 8.064 X 1078 1.2x 10" 1, 1.138 4.480 x 10~

Btun
olo/in 6.093 6.093 X 1072 8,093 X 10*2 2,551 X 10* 7,087 7.087 X 1072 1.0856 % 10*! 8.788 x 10~ 1, 8.087 % 102
clo/mm 1.548 X 10" 1.548 1.648 X 10™ 6480 x 10" 1.8 x 10%2 1.8 2,679 X 10"2 2.232 x 10*1 2.840 x 10*' 1,

A Units are given in terms of: (1) the absolute joule per sacond, or watt; (2) the calorie (Intemational Tabls) = 4,1868 ,J; (3) the British thermal unit (International -

Table) = 1055.08 J; and (4) the clo (unit of clothing resistance) = 0.155 K-m?/w,
SHecommended (1) units.

TABLE 4 Converslon Factors for Thermal Resistance”

To Convert
Thatmal Multiply by
Resistance
F:gm maKmwe e KAV cm?K.sfcal m2Khikg-cal ft2.Fh/Bhu ¢lo

m2 KW 1. 1, % 10+ 4,187 X 10+ 1.163 §.678 6.461
emZKW 1.x 10" 1. 4.187 1,168 x 104 5.678 X 10™* 6.461 % 10-¢
em2K.sfoal 2,388 x 109 2.988 X 1071 1. 2,778 X 10-° 1,356 % 10" 1.548 X 10~
nmi-K-hikg-cal 8.508 % 10~! 8.598 X 10+2 3.6 X 104 1, 4,882 5,558
ft2.°F.h/Biu 1.761 % 10! 1,761 X 108 7.378 % 10*¢ 2.048 X 10~ 1. ' 1.138
clo 1.548 % 10 1.648 X 10+® 6.480 x 10*° 1.8 x 107" 8.788 x 10~ 1,

“Units are given in terms of: (1) the absolute joule per second, or walt; (2) the calotie (Intemational Table) = 4.1868 J; (8) the British thermal unit (iIntermational

Table) = 1056.06 J; and {4) the clo (unit of dlothing resistance) = 0,155 K-m2/W.
BRecommended (SI) units.

TABLE 5 Miscelianeous Conversion Factors
Te Convert from

To a Value

Properties ‘;r\:;ge;ii Ea); Exprossed as Multiply by
Mass per unit ozlyd? o/m? 33.91
area mg/em? m? 10.0

Thickness in. mm 25.4
11000 In, {mif) mm 0.0254

Bulk density (oA kgm?® 16,02
(oziyd2)in kg/m?® 1.835
{ofm®)/rm kg/m® 1.0

Method 1> 1518 may lead to significantly different test results.
Technical knowledge concerning the theory of heat flow,
temperature measurement, and testing practices is needed to
evaluate which departures from the instructions are significant,
Standardization of the method reduces, but does not eliminate
the need for such technical knowledge. Any significant depar-
tures are to be reported with the results.

4.3 Test Method I 1518 for the determination of the ther-
mal transmittance of textile materials is considered satisfactory
for acceptance testing of commercial shipments of textile
materials because the test method has been used in the trade for
acceptance testing, And it is the best test method known for this
purpose.

43.1 In case of a dispute arising from differences in
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reported results when using Test Method D 1518 for accep-
tance testing of commercial shipments, the purchaser and the
supplier should conduct comparative tests to determine if there
is a statistical bias between their laboratories. Competent
statistical assistance js recommended for the investigation of
bias, As a minimum, the two parties should take a group of test
specimens which are as homogeneous as possible and which
are from a lot of material of the type in question, The test
specimens should then be sent to each laboratory for testing,
The average results from the two Jaboratories should be
compared using Student’s ¢test for paired data and an accept-
able probability level chosen by the two parties before testing
is begun. If a bias is found, either its cause must be found and
corrected or the purchaser and the supplict must agree to
Interpret future test results with consideration to the known
bias.

5, Apparatus (Fig. 1, Fig, 2, and Fig. 3)

Norz 1—The drawings and illustrations are intended as suggested
designs only, The final design of equipment, including necessary witing,
will be dictated by the choice of the electrical measuting and control
equipment,

5.1 Hot Plate—A guard ring flat plate composed of a test
plate, gnardring, and bottom plate as follows, each electrically
maintained at a constant temperature in the range of human
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- glement shall consist of patallel wires, preferably of constantan

Thermocouple Wires'

to Potentio« »
me(er/j/

[
Loy

Haod As‘s‘émby ‘
(Fabric Covered)

le—— Approx. 22"'“—-34

/ Open on
Bottom '

Containing
Thermocouple
Wires, Power
Ete.

Hot lee Assembty \ ~Wood Frame
Bottom Plate

B — — —— ———— — —

.

Enfire Assembly to be Locufed in o Calm
Atmpsphere, 40 f6 7OF Temperature
' Fluctuuuona L.ess Thon + 2,5F

FiG. 1 Guard Ring Hot Plate For Thermal Transmittance Test

Inatall Thermocouples B
Flush with Outside Surface;
Thermistors Flush with
Inside Surface.

Tharmo-

1 cou!::a/

FIG. 2 Hot Plate Top View, 8howlng Locatlon of Thermietcrs and
Thermocouples on Test Section and Guard Ring

skin-temperature [33 to 36°C (914 to 98.8°F)].

' .8:1.10 Test Plate—The test plate portion of the hot plate shall
be at least 150 num (6.0 in.) square and shall be placed at the
center Of the-upper suxface of the hot-plate assembly. Jt shall be

rpade ~of ‘alumintm - or copper  and..painted a dull. black to

approximate: the emissivity of the human. skin. The heating

"insulating ‘material approximately.3-mm. (0 1-40) " wide, ’I‘hct

metal, insulated from, but mounted ‘within 3 mm (0. 1 in.) of thc
upper plate,

5.1.2 Cuard Ring—The guard rm}a bordering Lhe tast plate
shalk be'at least 63:5 mm (2.5 i) in widthi'and shall be of the
same thickness, ‘composition, and type of constructiont ag the

{est platc It shall be coplanar with the test plate; and shall be

sepacated from it by means of a strip of cork or other suitable

guard ring shall be designed to prevent latel 4l loss of heat. from
the test pldte ‘

5.1.3 Bottom Plate—The botmm plate ‘shall be of the same
thickness, compcmuon and type of céndtruetion as the test

“‘Plate and guard rig, The bottom"plate shall be in a plane
. parallel to. the test plate-and guard ring, and at a digtance of.at

leagt 25 mm (1.0 in.) but not in éxcess - of 75 infn (3.0 iny)

“bencath them. It shall be.separated from'the test plate and

guard ving by & wosdeh framework and-the 8t pocket formed
thereby, or by other means of causing air entrapment. The
dimensions offered as suggested design gpcmﬁc'\tlons are

“shown in Fig. 3. The purpmc of the bottom plate is to prevent

a downward loss of heat from the test plate and guard fing.
5.2 Temperature Control--Separate control of the tempera-
tures of the three sections of the hot plate (test plate, guard ring,
and bottom plate) shall be established by independent adjust-
ments of the heater currents through adjustable transformers,
variable impedances, or intermittent héating cycles, Automatic
tegulation of temperatures is recommended. Use a constant
voltage supply, contmlled to *1 %to minimize ﬂuctuaniom

temperature, . .

390

5.3 Power-Measuring Ina truments—One of any of ihe f()ln
lowing instruments shall be used for measuring power:

5.3.1 Waitmeter,

5.3.2 Wait-hour meter and ‘clock;

5.3.3 Voltmeter and ammeter; or

53.4 Hither a voltmétsr or an ammeter can be used 1f the
test plate. beater resistance at operating tetperature. is exactly
known, These devices shall be operated in accordance with
standard practice and shall be calibrated to measure power twith
an accuracy. of *2 %.

5.4 Clocks~-When héiter power is suppllcd on an mLermlt-
tent basis, a running-time clock, energized in synchronisr with
the heater, shall be used to indicate the total time of heating.
Another similar clock ,shall be used to indicate either the total
ume ot ume clm ing whxch ‘the hﬁater is not, ener g,1zed
tota,l limit of error of such clocks sha,ll be less thdl’l L % L}nder
service condmons , r .

55 Equipment for Mea,surmg thg, Seveml Plam Temperaf
tures: o,

5.5.1 [hermocouplesMThc tesLVplate, guard ring, and b0t~
tom plate shall each contain: dne or-more thermocouples made
of a junetion of wires of copper and constantan, each of B & S
Gage No. 30 [0.255 mm (0.01 in)]. After calibration, these
thérmocouples shall be positioned -within the material of the
plates as close to-the -external plate surfaces rast physically
possible [1.6 mm (0.06 in.)] to measure the tempemturus ol the:
respective surfaces, ..o ,
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FIG. 3 Apparatus for Measurement of Thermal Transmittance, Showing Dimensions

5.5.2 Ive Bath, as a reference junction for the thermo-
couples, or equivalent device.

5.5.3 Potentiometer, accurate within 2.5 uV, to measure
the thermocouple emf’s.

5.5.4 Switch—A thermocouple selector switch for sepa-
rately connecting to each set of thermocouples,

5.6 Test Chamber-——A chamber to house the hot plate that
can be maintained at selected temperatures between 4.5 and
21.1°C (40 to 70°F) with a constancy of £0.5°C (£ 2.5°F),
The walls of the test chamber shall not be highly reflective, and

the wall temperature shall be equal to that of the air in the

chamber. The chamber shall be equipped with the following
instruments for maintaining the refative humidity at 50 30 %
for maintaining the air temperature, and for controlling the air
velocity at the approximate rate of 0.1 m/s (0.33 ft/s). The hood
for maintaining nearly still air conditions, shown in Fig. 1, is
needed.

5.6.1 Relative Humidity Measuring Fquipment—D¥ither a
wet-and-dry bulb psychrometer or a calibrated humidity-
sensitive electrical conductor.

5.6.2 Air Temperature Detector-—A thermocouple similar to
those in the plates is suspended with the measuring junction
exposed to the ait at a point 500 mm (20.0 in.) above the center
of the test plate, inside hood,

5.6.3 Air Velocity Indicator—Any calibrated means of mea-
suring air velocity at the specified rate,

391

6. Sampling

6.1 Lot Sumple—ifor acceptance testing take a lot sample as
directed in the applicable material specification, or as agreed
upon between purchaser and supplier. In the absence of such a
specification or other agreement, take a laboratory sample as
ditected in 6,2,

6.2 Take a laboratory sample from each roll or piece of
fabric in the lot sample. The laboratory sample should be full
width and at least 600 mm (24 in,) long and should not be taken
any closer to the end of the roll or piece of fabric than 1 m (1
yd).

6.3 Sample shipments of garments or other textile materials.

as agreed upon between purchaser and seller,
64 Test three specimens from each laboratory sample,
unless otherwise specified in the material specification,

7. Preparation of Test Specimens

1.1 Modification of a Thick Material to Facilitate Testing—
Materials more than 25-mm (1—-in.) thick, such as some fibrous
battings, require an extremely long period for reaching equi-
librium, In such a case, if the specimen has a homogeneous
structare, and it is physically possible to slice through the
material in such a manner as to split it into two or more
uniform layers thinner than the otiginal, one of the thin layers
may be tested and its coefficient determined. (This is not
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applicable to 1abnc assemblles or-to otherwmc hcterogc;m,om 1

materially

7.2, Speczmen Pnparatwnw(i‘ut the . test ‘specimens. large:
enough to cover completely the entlre sarface of the hot plate -

and the guard p atcb, or about 510 tm (20 §n.) square. Remove
any wtinkles from the test specimens by allowing:to hang free
or by ironing. _For quilted l’abl 1cs.01 batts, sew ot “seal the edges
or use retaining § slats during the testing.

73 CondztmmngwAllow the test specimens to come into

9.4 After the assembly reaches equilibrium conditions,

record measurerents for each of ihe following conditions at

least-every 3 min. The averag,e of -these measurements taken

Tover & pcuod of 30 snib shall be sufﬁcmnt to determine the

*" combined transmittance ooofﬁ.mmt of the spcumm plus the
- air, Uy,

equilibritiin “with the atmosphere of the testitig chatnber. -

Moisture equilibtium for testing is.consideted as having been
reached when the rate -of incréase in, mass of a sample or

specimen does not exceed that spccmed for the mdtenal bemg'

tested.
7.3.1 In the absence of a specified ralc, an increasc of 1es<:

than 0.1 % of the sample mass after a 2-h. expmurc is

considered satisfactory.

8. Preparation and Standardization of ’Appamtus

8.1 Tast Conditions—Unless otherwise specified in the de-
tail specification, use the folléwing test conditions:

8.1.1 Temperature of the Test- Plate, Guard Ring, and
Bottom Plate—Seleot a temperature in the range from 33 to

36°C (91.4 to 98°F) th be mamtdmod for the duration of the test
for the test plate, guard ring, and the bottom plate.

8.1.2 Maximum Difference in Temperoture—Maintain and
stabilize the test equipment to have a maximum temperature
difference between either the guard ring or bottom plate and the
test plate of £0.3°C.

8.2 Temperature of Test Chamber (Exteral to the Hood)—
Maintain the average temperature of the test chamber at a
specified temperature between 4.5 add 21.1°C (40 to 70°F)
with a range in temperature not to exceed =0.5°C (£2.5°F).

8.3 Relative Humidity Within the Test Chamber—Maintain
the relative humidity within the test chamber at a selected level
b@tw en 20 and 80 % WIth a mm,e not to exceed 35 %,

9 "Procedure s e

9.1 Déteinine the thickriess of the omgmal specimen and, if
necessary (see 6.1), the component layer to be tested to within
0. 3 min’ (O 01 m) at & lmdmg pressure of 0.07 kPa (0.01 psi)
as dlrccted in Mc:lhod D 1)7’77 Tse any suitable tlil(,kne% fiage
havmg a presser. foot diameter q)f at least 30 mimm (2 iit.).

9.2 Sprad the test specimen flat on the hot plate with the
finished side up, unless otherwise specﬂwcl Ensure good
thiextial contact by Smoothmg aut any abhormal wiinkles or ait
pockets between the specimien’ andthe plate ‘surface. Unless
othertvise specified, usé no supplt,mcmtd] loadmg beyond the
intrinsichass Of ihe specimen.

9.3 Bring the hot plate to the operating temperature and
allow the system (spcmmen plus Plate) to réach ethbmlm,
defined as that state in which the test-plate temipetature and the

poweiinput.remaing constant. The temperature: shall be held:

within -« 20,5°C | and. the: average - temiperature . shall not.'be
allowed to.drift: more thani #0,05°C during-a period of 30 min.
To etisure 4 copstant power-input for-the duration of the test,
the . temperature - equilibrium. shall. be maintained usging..an
on=off ratio for;power of 50 t0.60.% of the time requued to-
complete: the test. . ‘
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.9.4,1 Test plate tempemture,

9.4.2 Test plate heater wattage, * -~ &
9.4.3 Air temperature, "

9.4.4 .Guard ring teraperature,. and
9.4.5 Bettom, plate temperature.

Norm 27 thie foregolng obseivations are not uomistem with equilib-
riom conditions; the tost shall fiot be valid and shall be 1epcated after

establistmont of cquxhhnum. .

9.5 Bare Plgte—WNe: asure the barc—plata tmns'mlttance coef-
ﬁcuent Uy in the same manner-as that for Uy «,xwpt that the
hot plate shall be uncovered during this mwasurmnent
10, Calculations ‘

10,1 Calculate the combmccl transmittance of the specimen
plus thc air, . Ul, to- w1thin 0.005 Wim? Ky usmg BEq 1:

P/[AX(] -1y L
where: ! '
P poweu Joss fmm mst plate, W,
A = area of test plaw, m, :
7, = test plate tempetature, °C, md

air tempc,rature eC,

10.2 Calculate the bar e-plate transmittance, Uy @8 for Uy in
10.1.

103 Caleulate the mtrmsu, transmittance -of the fabric
alone, Uy, using Bq 2 or Fq 3:

U, = (14U})

“« 5

— (1/Uyy) @

or "
U = (pr 1)/(Ul)pﬁ ) . 3)

10.4 Calculate the intrinsic thermal conductlvuy of the
fabric alone, &, using Eq 4.

nnnnn = Uy X 11000~ “@

whcre‘ o

b= thlckmqs /01 the speumen, min, at 0 0”7 kPa prcss.‘uw
10.5 Calculate 'the intrinsic thermal. resmtance of the 1abrio

dlonc, R (Note 3), using Eq 5: .
= 1/(12 ©)
i N(ms 3—The t\dchtwn ot values of R meRsur ed mdependonﬂy tnr two
or ioe fabeics (one fabric af which is less than 1,3 mim thick) to calénlate
tHe tertnal resistance of an énsemble, is often invalid, dui to e ihflusnce
of ohe fabric’ ofr the thetmal resistaitce assoctated with the othier., Ror
example, a fleece-lined windbreaker affords far more insulation, in
moving air; than the sumi of the insulation of the lining and outel fnbm
taken. separately. ...,

10 6 Calculdte Lhc mtmmlc themml mqigtwuy of the fabl’lc

10.7 Calculdle the 1ntrmsw thennal, 1esmtance m Clo umts
using equation (7): Co .

b e

anrmsm Clo =17 H’Z/U
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10.8 Calculate the specific thermal resistance in Clo units
using equation (8);

Specific Clo = 1,137k [¢))

10.9 Calculate the bulk density, B, of the fabric, using Bq 9;

B = Mit [}
where:
B = bulk density, kg/m®,
M = mass/unit area of fabric, g/m?, and
t = thickness of fabric, mm.

10.10 Calculate the split-specimen coefficient, U, for the
thin section in accordance with 10.1, 10.2, and 10.3, Calculate
the U, of the original section by multiplying the thin section
coefficient by the thickness ratio of the thin section to the
original section, using Eq 10

Uy = Uy X (1/t) (Lo
where:
U,, = original split-specimen coefficient,
U, = thin section, split-specimen coefticient,
t = thickness of thin section, and

ty = thickness of the original section.

10.11 Calculate the mean temperature, T, for each deter-
mination using Eq 11:
Ty = (T, + T,)2 an
whete:
T, = atmosphere temperature, and
T, = plate surface temperature.

10.12 Calculate the effective insulation ratio, 7, using Fq
12:
I, = Uy JU, (12)

10.13 To convert heat transfer quantities from SI to mixed,
engineering, or clothing units or vice-versa multiply by the
appropriate factor from Tables 1-5,
11. Report

11.1 State that the specimens were tested as directed in
ASTM Test Method D 1518, Describe the materials or prod-
ucts sampled and the method of sampling used.

11.2 Report the following information:

11.2.1 Mean temperature of the test,

11.2.2 Average heat transfer coefficient of the bare plate
alone, U,

11.2.3 Average of the heat transfer coefficient of the plate
and fabric combined,U;,

11.2.4 Thermal conductance of the fabric, U,

11.2.5 Fabric weight, thickness, and bulk density, and

11.2,6 Thermal conductivity, resistance, and resistivity of
the fabric, as required.

11.2.7 The temperature and relative humidity used.

12. Precision and Bias

12.1 Summary—In comparing two single observations for
the thermal transmittance expressed as U,, the difference
should not exceed 4.5 % of the average of two observations in
95 out of 100 cases when both observations are taken by the

393

same well-trained operator using the same picce of testing
equipment and specimens randomly drawn from the same
sample of material. Laiger differences are likely to occur under
other circumstances.

12,2 Interlaboratory Test Data~—An interlaboratory test was
run in 1980 and 1981 in which randomly drawn samples of five
materials were tested in each of five laboratories. Two apera-
tors in each of the five laboratories tested two specimens of
each material. The components of variance for the thermal
transmittance results are shown in Table 6. Components of
variance expressed as coefficients of variation were calculated
as follows:

TABLE 6 Components of Varlance

2.2 % of the average
10.7 % of the average

Single-operator scomponsnt
Between-lahoratory componeni

12.3 Critical Difference—For the components of variance
reported in Table 6, two averages of observed values should be
considered significantly different at the 95 % probability level
if the differences equal or exceed critical differences shown in
Table 7.

TABLE 7 Critical Difference for the Components of Variance

Critical Difference, % of Grand Average
for the Condition Noted**
8ingle Operator Betwoeen Laboratory

Number of Obser-
vations Ih Each

Average Pracislon Precislon
1 6.2 29.7
5 2.8 13.2
10 2.0 9.4

ATha eritical differences were calculated using f= 1.960, which Is based on
Infinite dagraes of freedom,

To convert the values of critical differences to units of measure, multiply the
ctitical differance by the average of the two spaciflc sets of data being compared,
then divide by 100.

12.4 Confidence Limits—VFor the components of variance in
Table 6 single averages of observed values have 95 % confi-

dence limits (Note 4) in Table 8.

TABLE 8 Confidence Limits

Width of 95 % Contiidence Limits, % of

Number of Ohser- Grand Average for the Condition Noted

vations in Each Single Operator Betwsen Laboratory
Average Pracision Precision
1 4.4 20.9
5 2.0 9.4
10 1.4 6.6

Nots 4—The tabulated values of the critical differences and confidence
limits should be considered to be a general statement, particularly with
tespect to between-laboratory precision. Before a meaningful statement
can be made abont two specific laboratories, the amount of statistical bias,
if any, between them must be established, with cach comparison being
hased on recent data obtained on specimens randomly deawn feom one
sample of the material to be evaluated.

12.5 Bias—The valve of the thermal transmittance can only
be defined in terms of a specific test. Within this limitation Test
Method D 1518 has no known bias.

13. Keywords
13.1 batting; textile fabrics; thermal twansmittance
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The American Society for Testing and Malerials fakes no position respeciing the validity of ariy patent rights asseited in connection
. with any ltem mentioned in.this standard, Users of this, standard are exprossly advised that detormination of the validity of any.such
palem righlzs émd fhe zisk of infﬂngemant of such n’ghtﬁ are éntiraly thelr own responsibillty.

This standard lo subject to revision at any time by the fesponisible teohnical committes and must be mwaw&d every flvm Yearsand. .
~ If not fevised, aither reapproved or withdrawn. Your coniments are invited alther for revision of this standard or for additional standards
_and should be addressed to ASTM Headqqaﬂers Your comments wifl receive careful consideration at 8 mesting of the responsible
technical comimittas, which you may attend, If you feel that your comments have not receivad a falr hearing you should make your
vigws knowir' ta ?hé ASTM Committes on: Standards, 100 Barr Hatbor Drive, Waest Conshohocken, FA 19428,

3

Thls standard Is capyrightscl by ASTM, 100 Bair Harbbr Drive, West Conshohocken, PA 19426-2959, United Statos. Individual
reprints (single or multiple coples) of this standard may be obtained by contaciing ASTM at the above address ‘or at 610-832-0585
(phonis), 610-832-9565 (fax), or service @astm.org (e-mall); or through the ASTM website (htip:/www.astm.org).
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QHW Designation: D 1535 — 89

Standard Test Method for

Specifying Color by the Munsell Sysst«awm1

This standard is issued \m(ler the fixed designation D 1535; the number nmmedxately following the designation indicates the year of
P orlgitial adnlmon air, in thé easd of revisiony, the year d1ast revision. A numbel in parentheses iﬂdmms thigiyear of last re;tppmval A
superseript epsilon () indicates an editorial change since the last revision or reapproval. W S o i ey,

) RN LN et o ;."" PR PRI
1. Scope

[,1 This test method provides a means of specifying the
colors of objects in terms of the Munsell color order system,
a system based on the color-perception attributes hue,
lightness, and chroma. The test method is limited to opaque
objects, such as painted surfaces viewed in daylight by an
observer having normal color vision. This test method
provides a simple visual method as an alternative to the
more precise and more complex method based on
spectrophotometry and the CIE system (see Method E 308
and Practice E 1164). Provision is made for conversion of
CIE data to Munsell notation.

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

2. Referenced Documents

2.1 ASTM Stondards:

D 1729 Practice for Visual Evaluation of Color Differences
of Opaque Materials®

E 284 Definitions of Terms Relating to Appearance of
Materials?

E 308 Method for Computing the Colors of Objects by
Using the CIE System®

E 1164 Practice for Obtaining Spectrophotometric Data
for Object-Color Evaluation®

3. Terminology

3.1 Descriptions of Terms:

3.1.1 Munsell swrface-color perception solid, n-z spatial
representation of colors in the form of a cylindrical coordi-
nate system based on the three perceptual attributes: hue,
lightness and chroma, as shown in Fig. 1.* This solid forms
the basis of the Munsell notation in which Munsell hue
corresponds to hue, Munsell value corresponds to lightness,
and Munsell chroma corresponds to chroma. The central,
vertical axis dimension representis neutral colors, ranging
from black at the bottom, through a gradation of grays, to

! This test. method is under the jurisdiction of ASTM Cormmittee E-12 on
Appearance of Materials and is the direct responsibility of Subcommittee E12.09
on Color Order Systems USTAGTC 187,

Current edition appraved Oct, 27, 1989, Published December 1989, Originally
published as I» 1535 — 58 T, Last previous edition D 1535 - 80.

2 dnaval Rook of ASTM Standards, Vol 06.01,

3 dnnnal Book of ASTM Standards, Vol 14,02,

4 Taken from Nimeroff, 1., “Colovimetry,” Monograph 104, Nat. Bureau
Standards, NBS, January 1968,

-

d

TR T O ;"’ ) : . 4

whxte at the top The hg,htness of a colol percewcd as
chromatic (not gray) is represented by the distance above the
base plane. Hue is represented by the angular position about
this axis (see 3.1.1,1), Chroma is represented by the perpen-
dicular distance from the central axis. If the observer has
normal color vision, is adapted to daylight, and views the
specimen illuminated by CIE source ¢ or D65, against a
medium gray to white background, the Munsell value of the
specimen correlates well with the observer’s perception of the
lightness of the color. Under the same conditions, the
Munsell hue correlates well with the observer’s perception of
hue and the Munsell chroma with the perception of chroma.

3.1.1.1 Discussion—Although the original system pro-
posed by Munsell was a left-handed coordinate system, the
system. is often represented as a right-handed system because
it facilitates comparison to the CIE chromaticity diagram,
taken to be right-handed.

3.2 Definitions——see also Definitions E 284,

3.2.1 Munsell notation, n—(1) the Munsell hue, value,
and chroma 'wsu;md 1o the color of a specimen by visuatly

comparing the specimen to the chips in the Munsell Book of

Color;? (2) a notation in the Munsell color system, derived
from daylight luminous reflectance factor ¥ and chroma-
ticity coordinates x and y, in the CIE system, by the use of
scales defined by the Optical Society of America Subcom-
mittee on the Spacing of the Munsell Colors.®

3.2.1.1 Discussion—The Munsell notation is written as a
combination of letters and numbers by which the color of an
opague object may be specified with respect to Munsell hue
H, Munsell value ¥, and Munsell chroma C, written in the
form H# V/C.

3.2.2 hue, n—the attribute of color perception by means
of which a color is judged to be red, orange, vellow, green,
blue, purple, or intermediate between adjacent pairs of these,
considered in a closed ring (red and purple being an adjacent
pair).

3.2.3 Munsell hue, n—an attribute of color used in the
Munsell color system to indicate the hue of a specimen
viewed in daylight.

3.2.3.1 Discussion-Two systems of designating Munsell
hue are shown in Fig. 2, a letter-number system and an
all-number system. The two systems are equivalent, but the
letter-number system is preferred, because it requires no
prior knowledge or memory of the correspondence of
numbers to hues. The hue circle is graduated in steps judged

5 Available from the Munsell Color Co., 2441 N. Calvert St., Baltimore, MD
21218,

9 Newhall, 8. M., Nickerson, D,, and Judd, D, B., “Final Report of the OSA
Subcommittee on the Spacing of the Munsell Colors,” Journal, Optical Society of
America, Vol 33, 1943, p. 385,
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visnally to be approximately equal, |

3.2.4 lightness, n—the attribute of color perception by
which a non-self-luminous body is judged to reflect more or
less light,

3.2.5 Munsell value, n—an attribute of color used in the
Munsell color system to indicate the lightness of a specimen
viewed in daylight, on a scale extending from 0 for ideal
black to 10 for ideal white, in steps that are visually
approximately equal in magnitude.

3.2.5.1 Discussion—Achromatic or neutral colors are des-
ignated & followed by the value notation, thus: N 5.61/.
Strictly interpreted, the neutral N implies zero chroma, buf
the N is often used to designate colors with chromas under

0.20, the letter symbol for the nearest of the principal hues’
being included in parentheses with the chmma, as in N

8.73/(2.587, 0.12),

3.2.6 chroma, n—the attribute of color used to indicate
the degree of departure of the color from a gray of the same
lightness.

3.2.7 Munsell chroma, n—an attribute of color used in (ht,
Munsell color system to indicate the degree of departure of a
color from a gray of the same Munsell value, in steps that are
visually approximately equal in magnitude,

- 4, Apparatus

4.1 Munsell Book of Color, matte or glossy edition.”

4.2 Gray Masks, with rectangular openings the size of the
chips in the Munsell Book of Color.

4.3 Daylight Hluminating Equipment, as described in
Practice D 1729, .

5. Preparation of Test E)pcumum

5.1 This test method does not cover the preparation of test
specimens. If preparation is necessary, see other ASTM
standards covering the appropriate materials or agree among
interested parties on what the procedure shall be.

6. Munsell Notation by Visnal Means
6.1 Lighting and Viewing Conditions.: '

6.1.1 9pcumens must be examined by an observer with

normal color vision,

6.1.2 For critical applications, wse daylight illuminating
equipment as described in Practice D 1729.

6.1.3 If the lighting equipment described in Practice
D 1729 is not available, natural daylight can be used to
obtain notations having accuracy adequate for many pur-
poses.

6.2 Procedure:

6.2.1 When using daylight illuminating equipment, follow
the lighting and viewing recommendations of Practice
D 1729,

6.2.2 When determining the Munsell notation with nat-
vral daylight, select a window through which the sun is not
. shining. A north window is usually used in the northern
. hemisphere, and a south window is usually used in the

. southern hemisphere. Place a working surface at the window

. 80 the light reaches the surface from the observer’s side,

i chiefly from the sky, and at angles centering on 45° above the

. horizontal. Place a canopy of black cloth above the working

/surface to prevent errors caused by the ceiling or other

" objects being reflected from the surface of the specimens, or

by light other than daylight falling on the work surface. Place:

the specimen on a neutral medium gray to white back-
ground, where it is uniformly illuminated by daylight. View
the specimen along a direction just far enough from the
notmal to avoid reflection of your forehead. Although 45°
illumination and perpendicular viewing are recommended
by the CIE, converse conditions are equivalent if a black
matte surface is placed opposite the observer to minimize the
amount of light reflected from the specimen surface.

6.2.3 If both matte and glossy editions of the Munsell
Book of Color are available, use the one having gloss most
like the specimen. Select the two adjacent Munsell constant-
hue charts or chips between which the hue of the specimen
lies. Place one on each side of the specimen. Cover the
specimen and charts with the gray masks so the specimen
and one chip from each chart can be seen. Move the masks
from chip to chip to find the chips most like the specimen.
The glossy chips are removable. They should be removed
and placed immediately adjacent to the specimen. Estimate,
in the following order, the value, the chroma, and the hue by
interpolation or extrapolation of thé notations on the chips,
as described in 6,2.3.1 to 6.2.3.3. Interchange the positions of
the charts, repeat the estimations, and average the results.

6.2.3.1 Value—Find the chips between which the value of
the specimen lies. Estimate the value of the specimen to the
nearest tenth of the one-value-step interval between adjacent
value levels. Record the estimated Munsell value in front of
the slant, for example 4.2/,

6.2.3.2 Chroma—Move the masks to present successive

colors of the same chroma and, by intecpolation or extrapo- -

lation, determine the Munsell chroma. Pay chief attention to
the Munsell chips having values nearest that of the specimen
and secondary attention to those next nearest, Although all
Munsell chips of the same Munsell chroma are intended to
appear to have, the same perceptual chroma, a slightly
different estimate of chroma may be obtained by comparison
with the chips of the next value, In such cases, average the
estimated Munsell chromas. Note that there are usually two

chiroma steps between adjacent colurans of a chart. Estimate

chroma to the nearest fifth of the 2-chroma interval and
record the estimated Munscll chroma after the slant, for
example /6.4.

0.2.3.3 Hue—Fstimate the hue of the specimen by inter-
polation between the chips of the nearest Munsell value and
chroma in the selected hue charts. Estimate to the nearest
fifth of the 2.5-hue steps between adjacent hue charts.
Record the hue estimate in front of the value-chroma
estimate and separated from it by a space, for example
4.5R 4.2/6.4. If the value and chroma of the specimen do not
correspond closely to those of any chip, repeat the interpola-
tion of hue with the next closest pair of chips and record the
average.

7. Munsell Color Notation from CIE Measurement”

Norg 1—The CIE resulis for the specimen must he based upon color
measurements in which the specular component was excluded, and with

? Computer programs that convert CIE data to Munsell color notations are
available from the Davidson Colleagues, P.O. Box 490, Tatamy, PA 18085; the
Munsell Color Company, 2441 N, Calvert $t., Baltimore, MD 21218; and Applied
Color Systems, 1.0, Box 5800, Princeton, NT 08543,
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' calculations made using the 1931 2° sta‘ndargi observer and illuminani C

7 1 Procedure Convcrt thc, lummou‘; reﬂactance, Y, q,ud
thq chromatmty coordmates X, Y of . th,e specimen to
Munscll coiqr tiofation by u;@c; of Table | and Figs. 3 t0. 16.%

" Note —~F0r further mformatmn conéermng Fxgs ?10’7 9 11, 13
atid 15 see Newhall, et al'® For further mform'ttto i
and 10, seel Nimemﬂ"“ SRR f :

H i XTI FERAPEY | B

1.2 In Table 1; find the: value; V) equlvalent to the
luiminous reflectance, Y. Use. Figs. 3:t0 16 {0 estiraate hue
and chroma for value levéls aboverdnd beldw the value found -
and linearly intexpolate the hues and chromas for the desired

value level. If the required value level differsfrom the hearest

level by 6,05, or less, sn’nply use the hue and chmmd for thc
neare*;t 1evcl TR T ; P

NmB 3~anmpla-w(}wen the CIE dma Y 46 02 X 0 500 and y
= 0,454, find the Munsell notation, . ;. T

(1), In "Table 1, Y = 146,02 corres nds 10 Munsell value 7 2. .

“(2Y The, Value Tig et twech A a 8, 50 the hué and chroma will be
found by mtemolat “these quanﬁtlds betweefl those found i Figs. i1
and 13, On Figi 11, %= 0800 and -y = 0,454 borrespoiids t6' & hue of*
10.0YR and a. ahromaﬁot‘ 13117 On Fig 13, the same ¥and'p dorrespond
t0.a hwe just asthalk amownt-redder than 10,0YR, an amount less than
0.25:hue step,;0 the hye is,read 2 I0.0YR. The chromais, 14.6.

(3) The value. is 7.28, which is 0.28 of the way from 7 to 8, 50 the .
interpolated hue s that for, yalue 7 plus 0,28 nmm the dxﬁmcnce
betweeh the hues' found at ‘those two valus levels,” Smcc thc differe
was zero, the interpolated hue is ﬂmply the hue foithd for value 7. |
interpolated chroma is fonnd In thé swme way. The diffeteiicd in chrondia
for the two valne levels Js 146-13.1 =1,5. The differerice is multipliée -
by the mterpolauon factor: 1.5.%.0.28 = 0:42,'which may be rounded to:!
0.4..This amount is adged to, the,ehmmn for value levcl # (J 4 4 18

f==5

135, . e - e

(4) l’he Munsell notomon is 10 OYR 7.2/ 13 5

7. 3 Munsell Nomtmn of Dcuk (’Olors-_lf the Munseﬁ

Ty oL "

«# Figures's, 10, 12, 14 and 16 are enlargements of the 10\\3 ‘chroria arcas of Figs.,
7,9, 11, 13, and 15, Large-scale diagiams of Figs. 3 through’{ & are available from
the Munscli Color Corapany, 2441 N, Calvert 5., Baltimore, M 21218,

¢

value is less than 1 0 use the extensmn’ of the Munseﬂ system
to very! dark colons,?
74 Table " 1. was dCI’lVCd“ﬁ"C)m the fdllowmg relatnon—
bhlps 10
SR %09 y=uy
Fon Y = 0 9 V=

= {4Y'P) = B~ (C/(DY ~ BY: + ﬂ}
|+ {GHYM) + (JsingKY' &)}

+ M/ Ysin{MY ~ 2)])
- «-«{[P/(QY)!sm [S(Y y

wh e S
A G =00133 .. P =00037
B ,H =23 .. .0 =044
C= S =00084 7 S =128
D K=41 T =053 :,
M= 00221 U = 0.87445
LN =039

8. Report T L

8.1 Report thc notation in thc Munsell system, f,peufymg
whether the Hotation was obtained visually, Usinig thc, matte
or glosky Minsell-Bdok of Calor‘ 01 by convel‘%ion 01‘ CIE
colorimetiic data. "

8.1.1 If obtained visually, note' the soutce of 1llummauon
(artificial or daylight),

812 1If obtamed fmm colommetmc data, note the instru-
moent used. ‘

¥

9. Preclswn

9.1 'The.estimated premsmn thhm whicha color notation
can be determined by visual interpolation is 0.5 hue step,.0.1
value step, and 0.4 chroma step.

10. Keywords "

10.1 colot; Munseﬂ‘ Munsell color m‘clex‘ system; Mumell
notatmn b T

IRl PR . b
Ve
? Judd, D, B., and Wyszecki, ., “Fxtensmn of the Mynsell Renotation System
to Very Dark Colms Journal, Optical Sociéty: o/ America, Vol 46, 1956, p. 281,
10 MeCamy, C, 8., Macbeth,  Division of Kallmorgen. lnstrumcmtz; Lorporation,
pnvate commumcauon 10 A§TM Commxttec D-1, January\ 1987,

PRO_00095925



Case 1:13-cv-01215-TSC Document 198-20 Filed 10/07/19 Page 71 of 127

fh p 1535
TABLE 1 Munsell Value V for Given Luminous Reflectance Factor Y, in Percent, Relative to the Perfect Reflecting Diffuser
Y % Y v Y v Y '4 Y v
o 0.01 0.71 0.62 1.41 118 2.1 1.57 2.81 1.90
0.02 0.02 072 0.63 1.42 1,17 2142 1.58 2.82 1.90
0.03 0.03 073 0.64 1.43 1.18 2,18 1.68 2.83 1.91
0.04 0.04 0.74 0.68 1.44 1.18 214 1.59 2.84 1.0
0.0 0.04 0.75 0.66 146 1.19 215 1.69 2,85 1.92
0.08 0.058 0.76 0.67 1.46 1.20 216 1.60 2.86 1.92
0.07 0.08 077 0.67 1.47 1.20 2,17 1.60 2.87 1.92
0.08 0.07 0.78 0.68 1.48 1.21 218 1.61 2.88 1.93
0.09 0.08 0.79 0.69 1.48 1.22 219 1.61 2.89 1.93
0.10 0.09 0.80 0.70 1.60 1.22 220 1.62 2.90 1.94
0.1 010 0.81 0.71 1.51 1.23 221 1.62 2.91 1.94
012 0.1 0.82 0.72 1.82 1.24 222 1.83 2.92 1.94
013 0.1 0.83 0.73 1.53 1.24 223 1.63 293 1.95
014 012 0.84 073 1.54 1.25 2.24 1.64 2.94 1.95
0156 013 0.856 0.74 1.55 1.25 2.25 1.64 2,95 1.96
0.16 0.14 0.86 0,75 1.66 1.26 2.26 1.65 2.96 1.96
0.17 0.15 0.87 0.76 1.67 1.27 .27 1.86 2,97 1.97
0.18 0.16 0.88 0.77 1.68 1.27 2.28 1.66 2,98 197
0.19 0.17 0.89 0.78 1.59 1.28 2.29 1.86 299 1.97
0.20 0.18 0,90 0.79 1.60 1.29 2.30 1.67 3.00 1.98
0.21 0.18 0.91 0.79 1.61 1.29 231 1.67 3.01 198
0.22 019 0.92 0.80 1.62 1.30 232 1.68 3.02 1.99
0.23 0.20 0.93 0.81 1.83 1.30 2,33 1.68 3.03 1.99
0.24 0.21 0.94 0.81 1.64 1.31 2,34 1.69 3.04 1.99
0.25 n.22 0.95 0.82 1.68 1.32 2,35 1.89 3.056 2.00
0.26 0,23 0.98 0.83 1.66 1.32 2,36 1.70 3.06 2,00
0.27 0.24 0.97 0.84 1.67 1.33 237 1.70 3.07 2.01
0.28 0.25 0.98 0.85 1.68 1.33 2,38 1.71 3,08 201
0.29 0.25 0.99 0.86 1.89 1.34 2,39 1.7 3,08 201
0.30 0.26 1.00 0.86 170 1.46 2.40 1.72 3,10 2.02
0.31 0.27 1.0 0.87 1M 1.35 2,41 1.72 311 2.02
0.32 0.28 1.02 0.88 1.72 1.36 242 1.72 3.12 2.03
0,33 0.29 1.03 0.89 1.73 1.36 2.43 1.73 3.13 2,03
0.34 0.530 1.04 0.80 1.74 1.37 2.44 173 3.14 203,
0.35 0.31 1.085 0.20 1.75 1.38 248 1.74 3.18 2.04
0.36 0.32 1.06 0.91, 1.76 1.38 248 1.74 3.16 2.04
037 0.32 1.07 0.92 1.77 1.39 247 1.75 317 2.08°
0.38 0.33 1.08 0.93 1.78 139 248 1.76 3.18 2.05.
0.39 034 1.09 0.94. 1.79 1.40Q 249 1.76 3.19 208
0.40 0.85 110 0.94 1.80 1.40 2.50 1.76 3.20 2.06
04036 11 085 1.81 1.41 a5l LT .32 2.06
0.42 0.37 112 0.06 1.82 1.42 2.52 1.77 3.22 2.06
0,43 0.38 118 0.97 1.83 1.42 2.53 178 3.23 2.07
.44 0.39 1.14 0.97 1.84 1.43 2.54 178, 3.24; 2.07
0.48 0.39 1.15 098 1.85 1.43 2.85 1.78 3.26 2.08
0.46 0.40 116 0.99 1.86 1.44 2.58 1.79 3.26 2.08
0.47 0.41 1.17. 1.00 1.87 1.44 2,57 1.79 3.27 2.08 .
0.48 0.42 1.18 1.00 1.88 1.45 2.58 1.80 3.28 208
0.49 0.43 1.19 1.01 1.89 1.45 2.59 1.80 3.29 2.09
0.50 0.44 1.20 1.02 1,90 1.46 2.80 1.81 3.30 210
0.51 0.45 1.21 1.03 1.91 1.47 2,61 1.81 3.31 2,10
0.52 0.48 1.22 1.03 1.02. 147 2.62 1.82 3.32 210
0,53 0.46° 1.28 1.04 193" 1.48. 263 1.82 3.33 211
0.54 0,47 1.24 1.06 1.94 1.48, 2,64 1.82 3.34 2.1
0.55 0.48 1.25 1.08 1.98 1.49 2.65 1.83 3.35 2.1
0.56 0.49 1.26 1.06 1.96 1.49 2.66 1.88 3.38 212
0.57 0.50" 1.27 1.07 197 1.50 2.67 1.84 3.37 212,
0.58 Q.51 1.28 1.08 1.98 1.50 2.68 1.84- 3.38 218
0.59 0.62 1.29 1.08 1.89 151" 2.69. 1.85 3.39 213
0.60 0.53 1.30 1.09 2.00 1.61 2.70 1.86 | 3.40 213,
0.61 0.53 131 1.10 2.01 1.52 271 1.86 3.4 214
0.62 0.64 1.82 1.10 2.02 1.53 272. 1.86 342 214
0.63 0,58 1.33 1.1 2.08 153 273 1.86 3.43 214
0.64 0,66 1.34 112 2,04 1.64 2.74 1.87 3.44 215
0.68 0.57 1.38 1.12 2.08 1.64 275, 1.87 3.45 215
0.66 0.58 1.36 113 2.08 1.55 2.76 1.88 3.46 2.18
0.67 . 0,89 1,37 1.14 2,07 1.65 R 1.88 347 218
0.68 . 0.60 138, 1,14. 2.08 1.56 2,78 1.89 3.48 2.16
0.69 0.60 1.39 115, 2.09 1,56 2.79 1.89- 3.49 217
0.70 061 140 1.16 210 1.87 2.80 1.89 3.50 217
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Foge oo T

v n ‘ V. A 14 Y. . V.
851 217 421 a1 4.51 2.62 5.61 2.81 6,37, 2.98
3,52 248 422 2.4 492 2,82 .62 2.81 6,32 2.98
353 248 423 242 493 262 5,63 2.81 633 2.98,
354 2118 4.24 2.42 494 263 564 2.81 6,44 2,99
3.58 249 4.25 242 4.95 2.63 5.65 282 6,35 2,99
3.58 219 428 2.43 4,96 263 5.66 2.82 6,96 299
3.57 2,19 427 2.43 4.97 2.64 567 282 6.7, 29
3.58 2320 428 248 458 2.64 5.68 2,85 8.8 3.00
3.50 2.20 429 2,44 4.99 264 569, 2.83 2,39 3,000
3.60 2»1 430 2.44 5.00 2,64 .70 283 40 3.00
3.61 221 431 2.4 5.01 2.65 5.71 2.88 641, 8.00
3.62 22 433 2.44 5,02 2,64 572 284 6.42 3.0
3.68 222 4.38 2,45 5.03 2,68 573 2.84 6.43 3.01
3.84 2.2 434 245 5.04 2566 574 2.84, 6.44 3,01
3.65 222 4.38 2.45 5.08 2366 5.75 2,84 6.45 301
si6e 2123 438 246 5.06 2,66 5,76 2.85 6.46 3.01
3.67 2.8 437 248 5.07 2.66 5.77 288 6.47 3.02.
3.68 2.3 438 246 5,08 2.67 5.78 2,85 6.48 3.02.
3.69 Jda 4:89 247 5,09 2567 579 2,85 649 3.02
370 294 4.40 27 5,10 247 5.80 2.86 6.50 3.02
3.71 2.24 441 247 5.1 267 5.81 2,86 8.51 3.03
372 228 442 2148 512 288 5.82 2.88 6,52 3.08
373 2.28. 443 248 513 2.8 5.3 2,88 6.53 .09
3.74 2.8 444 2.48 5.14 2,68 6,84 2,87 6.54 3.03
3.75. 226 448 249 616 2.89 5.86 2.87 8.55' 3.04
376 2:26 448 249 8.16 2,89 5.86 2.87 856, 9.04
37 2.9¢ 4.47 2.4¢ 8147 2.9 6,87 2,87 8.57 8.04
3.78 2207 4.48 2.49 518 2,69 5.88 2,88 6.58 3,04
3.79 227 4.49 250 8.9 270 5.09 2.88 6.59 3.05
3.40" 2.28 4,50 2.50 5.20 2,70 5.90 2.88 6.60° 3,06,
3.81 228 451 2.50 §.21 270 591 2.86 6,61 3,06
382 228 452 251 5.22 270 592 2.89 8,62 3.08
383" 229 453 251 5.3 271 558 2.89 6.63 8.05
3.84: 2.29 454 251 5.94 271 594/ 289 6.64’ 3.06
3.85° 2.29. 455 251 505 .M 5.98 2.89 6.65; 3.06
3.86" 240 4.56 252 5.26 272 5.96' 2.90 466 8.08
3.87 230 4.57 252 8.7 2,72 597 2190 6.67 3.06
3881 230- 458 252 528 272 598’ 290 6.68 3.07
3.89" 2.3 488 2,53 529 2:72 599 2.90, 6.69 3.07
3.90 231 4,60 253 5.80 2,73 6.00' 291, 8.70 3.07
391 231 481 253 531 273 6.01 291 6,71 3.07
3.92 2382 462 254" 532 2,73 6,02 291, 6,72 867
3.93° 2.32 4.63 254 5,33 278 .08 2:91 6.73 3.08
3.94 232 4.4 254 5.44 274 6.04 291, 6.74 8.08
3.95 2,88 4.65 264 5,36 4 6.05° 292 6.75 3,08
3.96 2.33 466 255 5.96 274 6106 2.92 6.76 8,08
3.97 2:33. 4.67 255 5.87 2.74 6,07 292 6,77 309
3.98 2.34 468 2,56 5,38 275 6.08 292 6.78, 3,09
3.99 2.34° 4.69 256 539 275 6.09 298 6.79 309
400 2.34 470 2.56 5.40 275 8,10 293 6,3_0 ' 308
4,01 235 4.71 2.58 541 2,76 6.11 293 6.41 340
402 2.35 472 2,56 542 2,76 6,12 2.93 6.2 310,
403 2.88 4,78 2.87 543 275 .13 2.94 6.43 3,10,
404 236" 474 2587 5.44 276 814 2.94 8,44 310
448" 2.36 475 2,57 545 277, 6.15 2.94 685" 310,
4.06° 2.36 476" 258" 5.46 277 6.16 294 686" kN1
407" 237 477 258" 547 2.77 6.7 295 6.87 3117
4.08 2.37 478’ 258 548 277 6,18 295, .88, 3141
409 2.37 479 258 549 2.8 8,19 2.95° 6.89 341
410" 237 480 259" 5,50 278 6.20 2,95 6,90 3.2,
411 - 238" 4.81 259" 551, 2,78 6,21 298, 6.01 342
412 2.38' 480 2559 552 278 6.22 2,96 8.92 3.2
408 2.38 483 2,60, 5:53 2,79 6.23 298° 6,98, 8.2
414 2.39 4,84 260° 554 279 6.24, 2.98 6.94 318
415 2.39- 4.85 2060 5.58' 270 625 297 6.95 8,14
418 2.39 4,80 261 556 279, 676, 2,97 6.96. 8,18
417 2,40 4,87 261 5,57 2,80, 6,27, 2.97 6.97.. 318,
418 240 4.8 261 658 280 6.28 297, 6.98 818,
419° 240° 4.89 261 5507 2.80 .20 297 6.99" 3,14
440" a4t 4,90 262 5,60 2.80 .30 2.8 7.00. 314
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Y v Y v Y v Y v Y v
7.01 3.14 7.1 3.29 8.41 3.43 911 3.56 9.81 3.69
7.02 314 7.72 3.29 8.42 3.43 9.12 3.66 9.82 3.69
7.03 3.14 7.78 3.29 843 3.43 213 357 9.83 3.69
7.04 3.16. 7.74 3.30 8.44 3.44 9.14 3.57 9.84 3.69
7.05 3.15 7.75 3.30 8.45 3,44 915 3.57 9.86 3.70
7.06 3.15 7.76 3.30 8.46 3.44 916 3.67 9.86 3.70
7.07 315 777 3,30 8.47 3.44 9.17 3.57 9.87 3.70
7.08 3.16 7.78 3.30 8.48 3.44 918 3,68 9.88 3.70
7.09 3.18 779 3.3 8.49 3.45 9.19 3.58 9.89 3,70
7.10 3.16¢ 7.80 3.81 8.50 3.45 9.20 358 9.90 3.70
711 3.18 7.81 3.31 8.51 345 9.21 3.58 9.91 3.71
7.12 3.16 7.82 3.81 8.52 3.45 g.22 3.58 9.92 3,71
7.18 317 7.83 3.31 8.53 345 9.23 3.59 9.93 3.71
7.14 3147 7.84 332 8,84 3.46 9.24 3.59 0.94 3.71
7.18 .17 7.85 3.32 8.55 3.46 9.25 3.59 9.96 3.7
7.18 3.7 7.86 332 8.66 3.46 9,26 3,69 9.96 3.71
717 3.18 7.87 3.32 8.57 3.46 9.27 3.59 9.97 3.72
7.18 3,18 7.88 3.82 8.58 3.48 9.28 3.60 9.98 3.72
7.19 3.18 7.89 3.33 8.59 3.47 9.29 34.60 9.9¢ 3.72
7.20 3.18 7.80 3.33 8.60 3.47 9.30 3.60 10.00 3.72
7.21 3.18 7.91 3.33 8.61 3.47 9.31 3.60 10.01 3.72
7.22 319 792 3.38 8.62 3.47 9.32 3.60 10.02 3.72
7.23 318 7.93 3.34 8.63 3.47 933 3.60 10.03 3,73
7.24 318 7.04 3.34 8.64 3.48 9,34 3.60 10.04 373
7.25 3.19 7.5 3.34 8.65 3.48 9,35 3.61 10.05 3.73
7.26 3.19 7.96 3.34 8.66 348 9,36 3.61 10.06 3.73
7.27 3.20 7.97 3.34 8.67 3.48 9.37 3.61 10.07 3.73
728 3.20 7.98 3.35 8.68 3.48 9.38 3.61 10,08 3.73
7.29 3.20 7.99 3.38 8.69 3.48 9.39 3.61 10.09 a.74
7.30 3.20 8.00 3.35 8.70 3.49 9.40 362 10.10 3.74
7.3 A 8.1 3.35 8.71 349 941 3.62 10.11 3.74
7.32 a.21 8.02 3.35 8.72 3.49 9.42 3.62 10.12 3.74
733 321 8,03 3,36 8,73 349 9.43 3.62 10.18 3.74
7.34 3.21 8.04 3.36 8.74 3.49 9,44 3.62 10,14 3.74
738 3.2 8.05 3.36 8.75 3.60 8.45 3.62 10.15 3.78
7.36 322 8.06 3.36 8.76 3.50 9.46 3.63 10.16 3.75
737 3.22 8.07 3,36 8.77 3.50 9.47 3.63 10.17 3.75
7.38 3.22 8.08 3,37 8.78 3.50 9.48 3,63 1018 3,76
7.39 322 8.09 3.37 8.79 a.50 9.49 3.63 10.19 3.78
7.40 3.22 8.10 3.87 8.80 3.51 9.50 3.63 10.20 3.76
74 3.23 8.11 3.37 8.81 3.51 9.51 3.04 10.29 3.76
742 323 B.12 337 B.82 3.61 9.52 3.64 10.22 3.76
7.43 3.23 8.13 3.38 8.83 3.51 9.53 3.64 10.23 3.76
744 3.23 - 8,14 3.38 8.84 3.51 9.54 3.64 10.24 3.76
7.45 3.24 8,15 3.38 8.85 3.51 9.55 3.64. 10.25 3.76
7.48 3.24 8.18 3.38 8,86 3.52 0.56 3.64 10.26 3.77
7.A7 3.24 8.17 3.38 8.87 3.52 9.687 3.65 10.27 337
7.48 3.24 8,18 3.39 8.88 3.52 9.58 3.65 10.28 3.77
7.49 3.24 8,19 3.39 8.89 3.52 8.69 5,65 10.29 377
7.50 3.25 8.20 3.39 8.90 3.52 9.60 3.65 10,30 3.77
7.51 3.26 8.21 3.39 8.91 3.63 9.61 3.65 10.31 3.77
7.52 3.26 8.22 3.39 8.92 3.53 9.62 3.65 10,32 3.78
7,63 3.25 8.23 340 8.93 3.63 963 3.66 10.33 3.78
7.54 3.25 8.24 3.40 8.94 353 9.64 3.66 10.34 3.78
7.65 3.26' 8.25 3.40° 8.95 353 .66 3.66 10.36 3.78°
7.66 3.26 8.26 3.40 8.96 3.54" 9.66 3.66 10.36 3.78
7.57 3,26 8.27 3.40 8.97 3.54 0.67 3.66 10.37 3.78
7.58 3.26 8.28 3.4 B.98 3.54 9.68 3.67 10.38 3.79
7.59 3.26 8.29 3.41 8.99 B3.54 9.68 3.67 10.39 3,79
7.60 3.27 8.30 3.41 9.00 3.54 970 3.87° 10.40 3.79
7.61 3.27 8N M 2.01 3.54 9.71 3.67 10.41 3.79
7.62 3.27 8.32 3.41 9.04 3.88 972 387 10.42 3.79
7.63 3.27 8.33 3.41 9.03 a.55 973 3.67 10,43 3.79
7.64 3.28 8.34 3.42 9.04 3.85 9.74 3.68 10.44 3.80
7.65 3.28. 8.358 3.42 9.06. 3.55 976 3.68 10.45 3.80
7.66 3.28 8.36 3.42 9.06 B3.55 9,76 3.68 10.46 3.80
7.67 3.28 8.37 3.42 9,07 3,66 277 3.68 10.47 3.80
7.68 3.28 8.38 3.42 9.08 356 9.78 3.68 10.48 3.80
7.69 3.20 8,39 3.43 9,09 3.56 9.79 3.68 10,49 3.80
7.70 3.29 8.40 3.43 910 3.66 9.80 3.69 10.50 3.81
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10.51 381 .21 3.92 11:91 4.03 12:61 414 1831
10.52 3.81 11.22 3.92 11.02 4.08 1262 414 13,32
10:53 3.81 11:28 3.92 11:98 4.08 1268 414 1333
10:54 381 11.24 3.98 1i1.94 4.04 12,64 414 13.84
10.65 3:81 11,26 3.98 11.96 4,04 12.65 4,14 1335
10,56 3.82 11,26 3.3 1.1.96 4.04 12:66 418 13.86
10,57 8:82 11.27 398 197 4.04 12.87 418 13.97
10,58 382 11.28 3.93 11,98 4,04 12.68 415 13138
10:59 3.82 1129 3.93 11.99 4.04 12,69 448 13.30 A
10.60 a8.82 11:30 3.94 12.00 4.05 12,70 415 183:40 425
10.61 3.82 1181 3.94 12,01 4.08 12.71 416 18.44 4.26
10.62 8.63 11:82 3.94 1202 4,05 1272 418 1342 428
10.68 8.63 1183 3,94 12,03 4,08 12,78 416 13i43 4.26
10.84 3,63 13:34 3.94 12.04 4.05 1274 4.16 13144 4.26
10.85 3.83 1185 3.94 1206 4.05 1275 418 18145 4.26
10.66 3.63 11336 3.95 12:08 408 1276 4,16 13.46 426
10.87 3.3 .37 3.85 1207 4.06: 1277 416 18:47 4.26
10.68 3.84 11.38 3.96 1208 4,06 12.78 416 13.48 421
10.89 8:84 11.39 3.95 12:09 4,08 1279 416 18149 4.27
10:70 3.84; 11:40 3.95 1210 4,06, 12.80 anr 18.50 427
10.74 8.84¢ 1141 3.95 124 4.06 12.81 417 18,51 4.27
10.72 4.84; .42 396 1212 4,08. 12.82 447 13.52 427
10.73 3.84, 11,48 8,96 12,18 4.07 12,88 437 18168 4.27
10.74 4.85, 11.44 3.96 1214 4,07 12:84 417 18:54 4.27
10,76 3.86: 11.46 3.96 1218 4.07. 12,85 447 18,66 4.28
10:76 3.85 1146 3.96 1216 4.07 12.86 418 16156 4.28
10.77 3.85. 11.47 3.6 1217 4.07 12,87 4,18 13,87 4,28
10.78 3.86 11;48 3.96 1218 4.07 12,88 418 18.58 4.28
10.79 3,86 11,49 3.97 12,18 407 12.89 4.18 18.59 4.28
1080 8.85 11,80 397 12120 4.08 12,90 418 18160 4.28
16:81 3.86 1184 3.97 12:21 4,08 1294 418 13.61 4.8
10.82 3:86; 1162 3.97: 1222 4.08 12,92 418 1862 4,29
10.88 8,86 11.58 3.97 12,23 4,08 12.93 419 1368 4.29
10.84 3.86- 11.54 3.97 12.24 4.08; 12,84 419 13:84 4.28
10,86 3.86: 11;68 398 1225 4,08 12.95 4.99 13,65 409
10.86 3.86: 11.56 3.98 12,26 408 12:96 449 18:66 429
10.87 3.87 1167 3.98 12.27 4,09 12,97 449 1367 429
10:88 3.7 11.58 3.98 12.28 4.08 12198 4,19 18.68 4:29
10.89 3.87 11:69 3.98 1229 409 12.49 449 13.69 4,80
10:80 3.87 11.60 3.98: 12.80 4:09. 18,00 4,20 13.70 4130
10.91 3.87 11:81 3,98 1281 4.09 1304 4.20 1871 4.50
10.92 8:87. 11;62 3,99 12.82 4.09 18.02 4200 18,72 480
10:98 3.88. 11:88 3.99 12.38 4.10: 13:08 4.20 18,78 430
10:04 3.88¢ 11184 3.99 12,84 4,10: 18.04 4.20 1874 4:80
10.96 388 11.85 3.99: 12.88 440 13.05 4.20. 18.76 4:30
10.86 3,88 11.66 3.99 12.86 410 18.06 4,20 13.76 431
1097, 3,88; 11.67 3.99 12:87 440 13.07 4.21 1877 431
10:88 8,88, 11,68 4.00: 12:38 410 18:08 4.21 13.78 4.31
10.99 380+ 11.89 4,00 12:39 410 13.09 4,21 13.79 4317
11:.00 8.69, 11,70 4,00 1240 411 13.10 421 18,80 431
11.01 3.89. kP4 4.00 12,41 411 18.11 421 18,81 4,31
1102 3:89 11.72 4,00 1242 411 1812 4.21 18,82 481
1108 3.80 1178 4.00: 12,48 441 1318 421 18,68 4,32
11:04 3.89. 11,74 4,00 12,44 441 1614 4.22 18,84 4.32
11.06 8.90 1475 401 12.46 411, 18:18 4,22 18.88 4,82
13.08 3,90 11.76 4:01~ 1248 412 1818 4.22 18.86 4,32
11:.07 3,90 11,77 401 12.47 442 1847 422 18,87 432
1108 3.90, 1178 401. 12:48 4012 1318 4.22. 18:88 432
17.09 3.90 11.79 401 12,49 4.2 1319 4222 18:89 4,32
11410 3.90 11,80 401 12,50 412 13.20 4122} 13:90 4:32,
1311 3.91- 11.81 4.02: 12:6% 442 13:21 4.23 1391 4.33
1112 391 11,882 4,02 12:52 42 13122 423 13.92 438
1148 391, 11:68 4,02 12,53 443 13.23 428 13:93 4.83.
1114 393 11:84 4,02 1264 413 18.24 423 13,04 4.33
11115 3.91 11,88 402, 1266 413 13:25 4.23. 13.95 433
11,16 391 11,68 402, 12.66 413 13.26 4,28 13196 433
1147, 3,91 11,87 4,08 12.57 4,13 13.27 4.24 18:07 483
1118 392 11.88 403 12,468 413 13.28 4.24. 13:98 4:34
11,19 3.92 11,89 403 1269 4,13 13,29 4:24 1309 4.34.
11,20 ,92 11,00 4,08 12.60 414 13,30 4124 14:00 4,84
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14.01 434 14,71 4.44 18,41 4,53 16.11 4.62 16.81 4,71
14,02 4.34 14.72 444 1542 4,53 16,12 4.62 16.82 4,71
14,03 4,34 14.73 4.44 15,43 4,53 16,13 4.62 16.83 4.71
14.04 4.34 14.74 444 15.44 4,53 16.14 4,62 16.64 471
1408 4,35 14.78 4,44 15.46 4.53 16.18 4.62 16.85 4.71
14.06 4,35 14.76 4.44 15.48 4.54 16.16 4,63 16.66 471
14,07 4,35 14.77 444 1547 4,64 16.17 4.63 18.87 472
14.08 4.35 14,78 4.45 156,48 4.54 16.18 4.63 16,88 472
14,09 4,35 1479 4,45 156,49 4.54 18,19 4.63 16.89 4,72
14,10 4.38 14,80 4,45 15.50 4,54 16.20 4.63 16.90 4.72
14,41 4,35 14.81 4.45 15.51 4,64 16,21 4,83 16.91 4,72
14,12 4.36 14,82 4.46 15,62 4,54 16,22 4,68 16.92 472
14,13 4.36 14.83 4.45 15.53 4.54 16.23 4.64 16.93 4.72
14.14 4,86 14,84 4.48 18,54 4,56 16.24 4.64 16.94 4.72
14.15 4.38 14.86 448 18,55 455 16.26 4,64 16.95 473
14,16 4.36 14.86 4,46 16.66 4,55 16.26 4.64 16.98 4,78
1417 4,38 14.87 4,48 18.67 4.65 16.27 4.64 16.97 4,73
14.18 4.36 14,88 4.46 15,58 455 16.28 4,64 16.98 473
14.19 4,87 14.89 448 16.59 4,55 16.20 464 16.99 4,73
14.20 4,37 14,80 446 15.80 4.55 18.30 4.64 17.00 473
14.21 4,87 14.91 4.48 15.61 4,86 18.31 4.68 17.01 473
14.22 437 14,92 4.48 15.82 4,56 16.32 4.65 17.02 473
14,23 4.37 14.93 447 15,63 4.56 1833 4,65 17.03 4.74
14,24 497 14.04 447 15.84 4.56 16.34 - 4.65 17.04 474
14.25 4,37 14.98 447 16.88 456 16,35 4,65 17.08 4,74
14,26 437 14.96 447 16.66 4.56 16.36 4,65 17.06 4,74
14.27 4.38 14.97 447 15.87 4,56 16,87 4,65 17.07 4,74
14.28 4,38 14.98 447 15.68 4.56 16.38 4.65 17.08 4.74
14.29 4.38 14.99 447 15.89 4.57 16.39 4.66 17.09 4.74
14.30. 4,38 15.00 448 15.70 4.57 16.40 4.86 17.10 4,74
14,31 4,38 15.01 4.48 15,71 4.67 16.41 4.66 17.11 4,75
14.32 4.38 15.02 4.48 156,72 4,67 16.42 4,66 1712 4,75
14,33 4.38 16.08 4,48 15.73 457 18.48 4.66 17.13 4.75
14,34 4.39 15.04 4,48 16,74 457 16.44 4.66 17.14 4,75
14,35, 4.39 15,08 4,48 16.78 4.57 16,45 4,66 1715 4,75
14,36 4.39 15.08 4.48 16.76 4.57 16.46 4.66 1716 4,75
14,37 439 16.07 4,48 15.77 4.58 18.47 4.67 17.17 475
14.38 4.39 15.08 4.49 15,78 4.58 16,48 4,67 17.18 4.75
14,38 4.39 15.00 4.49 15.79 4.58 16.49 4.67 1719 4.76
14.40 4.39 15.10 4.49 15,80 4,58 16.60 4.67 17.20 4.76
14.41 4.40 15.11 4.49 15.81 4,58 18.61 4.67 17.21 476
14,42 440 15,12 4.49 15.82 4,58 16.52 4.67 17.22 4,76
14.43 4,40 16,18 4.49 15.83 458 16,58 4.67 17.23 478
14,44 4,40 18.14 4.49 15.84 4,59 16.54 4.87 17.24 4,78
14.45 4.40 16186 4.50 15,85 4,59 16,66 4,68 17.25 4.76
14,48 4.40 15,18 4,50 15.86 4.59 16.56 4.68 17.28 4.76
14.47 4.40 16,17 4.50 18.87 4.89 16.57 4,68 17.27 4,77
14.48 441 16,18 4.50 15.88 4,59 16,58 4.68 17.28 4.77
14,49 4.41 16,19 4,50 15,89 4.59 16.69 4.68 17.29 477
14.50 441 15.20 4,50 15.90 459 16.60 4.68 17.30 477
14.51 4.41 15.21 4.50 15M 4.59 16,61 4.68 17.31 4.7
14.52 441 15.22 4,50 15.92 4,60 16.62 4,68 17.32 477
14,563 4.41 15.23 4.51 1593 4,80 16,63 4,69 17,33 4.77
14.54 4.41 15,24 4.51 15.84 4.60 16.64 4.69 17.34 4.77
14,56 4.41 15,26 4.51 15.96 4.60 16.66 4.69 - 17.35 478
14.56 4.42 15.26 4.61 15.98 4.60 16.66 4.69 17.56 4.78
14,57 442 . 15,27 4.51 15,97 4.60 18.67 4,69 17.37 4,78
14.58 4,42 156,28 4,51 15,98 4.60 16.68 4.89 17.38 478
14.59 4.42 15.29 4.51 15,99 4,60 16.69 4.69 17.39 4,78
14.60 442 15.30 4.51 16.00 4.61 16.70 4.59 17.40 4,78
14.61 4.42 16,31 4,62 1801 4.61 16.71 4.70 17.41 4.78
14,62 4,42 15.32 4,52 16,02 461 16.78 4.70 17.42 4.78
14.63 4.43 . 15.33 452 . 18.03 4.61 18,73 4,70 17.43 479
14,64 4,43 15.34 4,62 16.04 4.61 16,74 4.70 17.44 4,79
14,85 443 15.85 452 16,05 4.61 . 16,75 4,70 17.45 4.79
14.66 4.43 15.86 4.82 16.06 481 18.76 4.70 17.46 479
14.687 4,43 16,37 452 16.07 4.61 18,77 4,70 17.47 479
14,68 443 16,38 4,53 16,08 482 16.78 4,70 17.48 4,79
14.68 4,43 16,39 4,63 16,09 4,62 16,79 4,71 17.49 479
14,70 4,43 16540 4,53 1810 4,62 16.80 4,71 17,80 479
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TABLE« 1" Confinigd
Y 4 ¥ v ¥ v Y A AN

ERYEA) 479 18.24 4.88, 1891 496 19.61 203 Sthgr

17:52 4,80: 18,22 4.88 18.92 4.96. 19.62 20.32 5T

17.68 4:80. 18.28 488 18,98 496 1968 20:38 g’

17:54 4,80, 18:24 4.88. 18,94 496 19:64 20134 &g

17.56 4;80 18:26 4.88; 1895 #97. 19:65 20:35 512"

17:56 4.80, 18.26 4.09. 18.96 4.97 19:66 20146 B2

17:57 4,80 18.27 489 1897 4.97 19.67 20.3% LEET

17:58 4,80 18.28 4.89 18:98 497 19.68 20738 513"

17.59 480, 18.29 4189 18.99 4.97° 19.69 2038 58

17.60 4,81 18.30 4:89- 19.00 4.97- 19.70 20740 LREX

17.61 481 18.31 4.89. 19:01 4,97 19:71 2041 513

17.62 481 18.32 4,89 19:02 497: 19.72 20.42 543

17:63 481, 18:53 489¢ 19.08 4987 19.78 20.43 5181

17,64 48N 18,34 489, 19.04 1,98 19.74 20:44 518"

17.66 481, 18:35 4.90 19.06 4.98 19.76 20,46 518

17.66 4.81 18,36 4907 19.06 498. 1976 20146 841

17.67 481 18.87 4:90 19.07 4,08 19.77 2047 514

17.68 4,82, 18.38 4,90 19:08 498 1978 2048 5147

17.69 482 18,39 4.80 19,09 4.98: 18478 20:49 544

1770 482y 18:40 4,90 19,10 498 19:80 2050 514"

17.71 4.82" 18.41 4,90 19.11 498 19:81 20,51 844

17.72 4.82; 18,42 490 19.12 499" 19,88 2052 A4

17.73 482, 18:43 491 19,13 4.99 19.88 20.6%

17.74 4821 18:44 491 19,14 4,99 19.84 20.64

17.75. 4.82° 18:45 491 19,15 4199 19185 20758

17:76, 483 18.46 4911 19.16 4109 19:88 20166

17.77. 4.83 ; 18.47 4.91. 1847 4,96 15187 20.57

17.78 4,83 18.48 491+ 1948 4.99: 19.88 20.58

17.79. 483 18.49 4.91 19.19 4,99 19,89 2059

17.80 483 18:60 491. 19,20 4.99 19.90 20.60

17.81 4.83 18.51 491 19.21 5.00 1991 2061

17:82 483 1852 492 19:22 5.00 19.92 20,62

17:83 483 18.63 492 1923 5.00 19.93 20.63

17.84 4.833 18.54 492, 19.24 5.00 190 20,64

17.85 4,84 18.55 492 19.25 8.00 19.95 20.68

17.86 484 18.56 492: 19:26 5,00 19:96 20.68

17.87 4.84 18.57 4.82 19.27 5.00 1997 2067

17.88, 4,84 18,58 492 19,28 5.00 19.98 2068

17489 4,84 18,89 492 19,20 501 19.99 20.64

17.90 4.84 18.60 4.93 19.80 5.01% 2¢.00 2079

17,91 4.84 ¢ 18,61 498 19.31. 8101 20.01 20174

1792 4.84 18.62 4998 19:82 501 2¢.02 2072

17.93 485 1863 493 19.33 5.01 20,08 2073

17.94 485 18.64 498 1994 501" 20.04 20.74

1795 4.85; 18.65 4.93 19.85. 5.01. 20.05 20.75

17,98 4,05 - 18.66 498 19.46 501 20.06 20.76

17:97 485 18.67 493 19:97 5,01 20.07 2677

17.98 4,85, 18,68 493 19,38 502 20,08 20.79

17.99 4,85 ; 18.69. 494 19:39 502 20.09 20,79

18.00. 4,88 1870 4,94 1940 B2 2010 20.50

18:01. 4.86 18,71 4.94, 19:41 8.02: 20,41 20.81

18.02 4.86 1872 494 19.42 5,02 2012 20.82

18.08. 4.86 1873 4.04 1943 502 2043 20,83

18:04 4,86 18.74 4.94 1944 502 2044 20.84

18,08 4,86 18:75. 4,04 19.48 502 2045 2088

18:06- 4,.86.¢ 18.78. 494 1946 5102 2016 20,86

18,07 4,861 18.77 4.95 19.47 5,08 2047 20.87

18:08 4.86:; 18.78 498 19.48 508 2018 20.88-

18.09: 4,86 1 18.79 495 19:49 5.08° 2049 20,89

18:10 87 18:80 495 ¢ 19.60 .03 20.20- 26,90

1841 Xy 3 1881 4.95; 19:61 5.09 20.21 2091

18,12 ;87 18.82 4,08 19.82 5.08 20.22 2008

18.13. B 18,83 4.95 19,68 508 * 20.28 2003

1814 4,87, 18.84. 4,95 - 19.64 6.03 20.24 20.94

18,18 487 - 1885 495 19,55 508 20,25 20,05

1816, 4,87 + 18.86. 496 19,56 5,0 20.26 20:96- 5197

1817 487 1887 4,96 19,87 5.04 20.27 20.97 549"

18,18 4,88 18:88. 4.96 . 19,88 8.04); 2028 2008 519

18149 488 18.89- 496 19:59 8.04,- 2029 20:.06: 5AG

18.20 4,88« 18.90. 496, 19:60 5,04 20.80 2100 519
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TABLE 1 Continued
Y v Y % 14 v Y v Y v
21.01 520 21.1 5.27 22.41 5,34 23.11 5,42 23.81 5.49
21.02 5.20 21.72 5.27 22.42 5.95 2312 542 23.82 5.49
21,03 5.20 21.73 5.27 22.43 6.35 23.138 542 23.83 5.49
21.04 5,20 21.74 5,27 22.44 536 23.14 542 23,84 5.49
21,05 5.20 21,75 5.27 22.45 5,35 2315 542 23.85 5.49
21.06 5.20 21,76 5.28 2246 5.356 2318 5,42 23.86 5.49
2007 5.20 2177 5.28 22.47 5.36 2817 542" 23.87 5,49
21.08 5.20 21.78 5.28 22,48 5.85 2318 542 23.88 5.49
21.09 5.20 21.79 5.28 22.49 535 2319 542 23.89 5.49-
21.10 5.21 21,80 5.28 22,80 5.35 23.20 5.43 23.90 5,50
2111 5.21 21.81 5.28 22.51 5.35 23.21 5.43 23.91 5.60
21.12 5,21 21.82 5.28 22,52 536 23.22 5,43 23.92 5.50
2118 5.21 21,88 5.28 2253 5.36 23.23 543 23.93 550
21,14 521 21.84 528 22.64 5,38 23.24 543 23.94 5.50
21.15 5,21 21.65 5.20 22.65 5.36 23.25 543 23.9% 580
21,16 5.2 21,86 629, 22.56 5.36 23.26 543 23.96 5,50
2117 5.21 21.87 5.29 22.57 5.36 23,27 543 23,97 5.50
21,18 5.21 21.88 529 22.58 5.36 23.28 5438 23.98 5.50
2119 5.21 21,89 5.29 22,69 5.38 23.29 543 23.99 550
21.20 822 21.80 5.20 22.60 5.36 23.30 5.44 24,0 5.561
21.21 5.22 21.91 5.2g. 22,61 5,36 23.31 5.44 24.1 5.52
21.22 5,22 21,92 5,28 22.62 537 23,38 5.44 242 5.563
21.23 522 21,93 5.29 2263 5,37 23.33 544 24.3 5.54
21,24 5.22 21.94 5.29 22.64 5.97 23.34 544 24.4 6566
.25 5,24 21.95 5.30 22,65 5,37 23,35 5.44 24.5 5.85
21.26 5.22 21.96 5.30 22.66 537 23.36 5.44 246 5.68
.27 522 21.97 5.30 22,67 537 23.37 5.44 24.7 6.57
21,28 522 21.98 5.30 22.68 5.37 23.38 5.44 24.8 5.58
21.28 5,23 21,99 6.30 22.69 537 23.89 5.44 24,9 5.68
2130 5,23 22.00 5.80 22,70 537 23.40 §.48 25.0 5,60
21.31 5.23 22.01 5.30 22.71 5.38: 23.41 5.48 25.1 5.61
21.32 5.23 22.02 5.30 2272 538" 23.42 545 25.2 562
2133 6.23 22.03 5.30 22.73 5.88 23.43 5.45 25.3 ‘ 5.63
21,34, 8.23 22,04 8.31 .74 5.38 23.44 545 25.4 - 5.64
21.35 5,28 22.05 5.31 22.75 5.38 23.45 545 255 £.65
21,36 523 22.08 5.31 22,76 5,38 2346 5.45 258 5.66
21.37 5.28 22.07 5.81 20,77 5.38 23.47 5.45 28.7 5.67
21,38 5,24 22,08 5,31 22,78 538 2348 5.45 25,8 5.68
21.39 5.24 2209 5,31 22.79 5.38 23.49 5.46 - 259 5.69
21.490 5.24 2210 531 22,80 538 23.80 5.46- 26.0 570
21.41 5.24 2211 5.31 22,81 5.39 23.51 5,46 269 571
21,42 5.24 2212 531 22.82 5,39 28.52 5.46 26.2 5.72
21.43 5.24 22,18 531 2283 5.39 23,58 546 26.3 673
21.44 624 22.14 5.32 2284 5,39 23.54. 5.46 26.4 574
21.45 524 2215 532 22.85 5.39 23.55 5,46 26.5 ° 6,75
21,46 5.24 22.16 5.32 22.86 5.39 23.56 5,46 26.6 575
21.47 5.24 - 2217 5.32 22,87 539 23.57 546 267 5.76
21.48 5.25 22.18 532 . 22.88 5.39° 23.58 5,46 268 8577
21,49 5,25 22.19 532 22,89 539 23.59 5456 269 5,78
21.50. 5.25 22.20 5.32 2290 5,39 23,60 547 27.0 5,79
21.51 5.25 22.21 532 22,91 540 23.61 5.A7 27.1 5.80
21.52 5.25 22.22. 5.32 2292 540 23.62 547 27.2 581
21.68 5.28 22,23 533 2293 5.40 23.63 547 27.8 5,82
21.54 5.25 22,24 5.33 2294 6.40 23.64 547 27.4 5.83
21,86 5,25 22,25 533 22,95 5.40 23.66 5.47° 27.5 5.84
21.56 5.25 22.26 5.33. 2296 5.40 23.88 547 27.6 ! 585
21.57 5.26 2227 5.33 22,97 5.40 23.87 5.47 27.7 5.86
21,58 5.26 22 .28 533 22,98 540" 23.68 547 27.8 5.87
21.59. 5.26 22,29 5.38 22,99 540 23.69 5.47 - 27.9 5.87
21.60 5,26 22,30 533 23,00 5.40 23.70 548 28.0 5.88
21.61 5.26 223 533. 28.01 541 2371 548 - 28.1 5.89
21.62: 5.28 22.32 533" 23,02 5.4 2372 5.48 28.2 5.90
21,63 5,26 22.33 534 . 23.03 541 23.73 548 28.3 5.91
21.64. 5.26 22.34 6,34 . 23.04 541" 23.74: 5.48 28.(‘4 592
21.65 5.26 2235 5.34 . 23.05 541 2375 5.48 28.5 5,593
21.66" 5,27 22:06° 5.34 23.08 5.41 23.76 5.48:" 28.6 5.04
21.67 5.27 22.37 5.34 23,07 541 23.77 548" 28.7 5.95
21.68 8,27 22.38 5.34 23.08 5.41 23,78 5.48 28.8 5.06 -
21,69 5.7 22.39 534 23,09 541" 23.79 548 - 28.9 596
21,70 5.27 22.40 5.34 23.10 542 23,60 5.49 29.0 597
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Y Vi Yy v ¥ Vi ¥ v ¥ K
29,1~ 588" 8.1 6.56 43,1 7.08° 500" 7.55 57.1" 7.97.
20.2. .99 36:2 6.873 43,2 709" 50.2 755 872 7.8
29.3- 6.00., 5.3, 6,58 433 7404 50.3. 7.56. 57,3 7.98°
20.4 8.01 36.4 6.59 434 74 504 757" §7.4° 709
205, 6,02 36.5 8.60. 438 rARS 50.5 757 875 7.99
20.6 6.08 36:6. 6.60 43,6 712 508 7.58" 87.6 8.00
20,7, £.08 387 6.61 437 742 50.7 7.59 577 8.01°
29.8 6.04 88,8 6.62". 438 743 50.8. 769 57.8 8m
299 6.05 9.9 6.63.. 439 714 50.9 7.60 57.8° 8.02
30.0 .08, - 37.0 6.63 440 714 §1.0 780 58.0 8.02
304 6.07 374 6:64 - 44.1 715 811 761 . 58.1° 8,09
30.2 6.08 47,2 6.66 . 442 7,16 51,2 7.82 58.2: 8.09
308 6.09 37:3. 6.66 44.3 7.16 51.3; 7.62% 58,3° 8.04
30.4 6.10 87.4 667 444 717 514 .63 58,4’ 8.06 .
305 6.10 . 37,5 6.67 445 7,18 515 7,64 58,5 8.0
30.8 811 37,6 6.68 46 ALK 51.6 7.64 58.8 8.08
30.7 8.12 37,7 669 . 447 7.18.. 51,7 7.65 58,7 8.06
30,8, 843 . 316, 8.70 448 7.20° 51.8 7.85 588" 8.07
30.8, 8.4 37.9 670, 449, 7.21 519 7.86. 589 8.07
31.0. .15 . 38,0 67 450, 7.21 52:0 767 59.0 8.08
311 8.18 381 672 . 45,1 722 5231 2.67 69,1 8,08
3.2 6.16 38.2 673 452" 728 62.2 7.68 - 9.2 .00
3.3 .17 383 6.73 45.3 7.2 52.3 769 69:3 810"
31.4 6.18 304 6.74- 454 7.24 524 7.69 oA 8,10
315 6.19 385 8.75 458 7.25 62,5+ 7.0 6595 8.11
31.6,. .20 38.6 6.76 488 7.26 52.6 7.70 596 811
317 8.21 38,7 6.76 . 48,7 7.06 52.7 7.1 59.7 8.12
3.8 8.21 3.8 877 - 488 7.27 523 7.72 59.8. 8,19
819, 6.22 38,9 6,785 45,9 7.27 52.9- 7.2 59.9 8.13
20 6.23 39.0 879 46,0 7.28 53:0. 7.73 80.0 8.14
821 ; .24 39.1.- 679" 46,1 7.29 531 773 60.1 8.14
a0 6.25 39,2 6,80 . 46,2 7.2 53.2: 7,74 60.2° 815
32.3. 6.26 393 6.81 463 7.30 53,3 7.5 80.3 815
324 6.27 39,4 .82 44 731 534 7.75 80.4 . 8:16
32,6 .27 496 6.2 46,8 7.31 535. 776 60,5 846
82.6. 6.28 49:6- 6.83 . 46,6 732 . 53587 778 60.6:- 817
827 8.29, 39,7, 8.84 467 7337 637 7,77 60,7 818
328 6:30 39:8; 6,865 - 46.8 7,33 53.8: 7.78 60:8 848
32.9 8.31 899, 6,85 - 46.9, 7.34 3.9 7.78 809 8.49
33.0. 632" 400, 6686 47.0 7.5 54.0. 7.79 81.0 819
33, B30 01 - 6.87, 47,1 7.5, 54,1 7.79 . 611 8.20"
33,2, 6.33- 40,2 8,67 47:2 7.86 542 7.80 . 692 820"
33,8 6.34- 40,3 6,88 473 7.37 548 7.81 648" 8.21
334, 8.35 40,4 6.89 474 7.37" 44 7.81 a4 8.1
33,5 6.36 405 6,90, 415 7:88 545" 7.82° 815 8.2
33.6 6.36. 406, 6,90+ 476 7.9 64.6 7.82 61.8 8.28
337 6.37 . 407 8.91 a7 7.39 54.7 7.83 617 823"
33.8 6.38 408 6.92 478 7.40 . 548" 7.84 618 8.04
3.9 6.39 40.9- 6,93 47.9 7.41 54.9 7.84 61.9° 8.24
34.0 6.40 . 410 5,93 48,0 741 8.0 7:85 82,0 8.25
4.1 B.41. M4 6.94 48,1, 7.42 65.1 7.95 62.1 8.25
34,2 8.41 412 6,96 . 482 743 6.2 7.86: 622 8.26
84.3 642 - M3 6,95, 48,3 7.48. 85.9.. 787" 62,3 8.26°
34.4 6.43: 44 6,96 484 744 56.4 7.87. 82.4 8:27
34,5 6.44 415 6:97 485 7.44 65.5 7.88.. 62.6: 8.7
346 6.45 M@ 6.08 486 745" 568 . 7:08.. 62,6 828
34,7 5.45 a“, 6,98 487 746 . 557 789 627 8,09
348, 6,46 Mna 6,99 488 746 58.8° 7,90 62.8. 8idg
34.9. B.A7: 419 7.00 4B 747" 55.9° 7.0 62:0 4.30
360 B.46 420 7.00, . 49:0¢ 7.48 56.0. 7.81 630¢ 8,30
359 6.49 - 421 7.0 49.1., 7.48 . 5611 7.9 831" g4t
352 6.49 422 7.02 492 749 . 66.2 792 63:2¢ g3t
353 6,50 42.3 7.03 « 498 7,80 ° 58,3 7.92 63.3 842
384 6.51 42.4 7.03, 49.4 7.50: 564. 793" 63.4 8,02
3.5 662 425 7.04 | 495 - 7.51 - 565 7.94. 63:5 8,43
35.8. 8.52, 428 7,06 49.6 7.62 . 56.6 7:94: 8356 8,393 -
a87 6.53 4257 . 706 4.7 7.52 56,7 7,95 83,7 8.34
358 6.64 4248, 7,08 49.8 7.53 56.8 7.98.5 63,8 8.34
389 6.56. > 2.9, 707 499 769 6.0 7.96 83.9" 8.35
88.0, 6.56 43,0 707 60.0. 7.54 57,0 797" a4 8,36
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14 1% Y v Y 14 Y v 14 1
84.1 8.36 71.3 8,73 78,5 9.08 857 9.41 92,9 0,72
64,2 8.37 71.4 8.74 78.6 - 9.09 85.8 ey | 93.0 8.72
64.3 8.37 715 8.74 787 9.09 85.9 942 931 9.72
64,4 8.38 718 8.75 78.8 9.10 86.0 942 93.2 9.73
64.5 8.38 71.7 8,75 78.9 9.10 86.1 943 93.3 9.73
64,8 8.39 71.8 8.76 79.0 910 86.2 943 93.4 9,74
647 8.39 71,9 8.76 79.1 9.1 86,3 943 93.5 9.74
64.8 8.40 72.0 8.77 79.2 AN 86.4 9,44 93.6 9.74
64.9 8.40 72 877 79.3 9.12 86.5 9,44 937 9.76
85.0 8.41 72.2 8.78 ° 794 9.12 86.6 9.45 93.8 9,75
65.1 8.41 723 8.78 79.5 9.13 86.7 945 93.9 9.76
86.2 8.42 724 8.79 79.6 9.18 86.8 9.46 94,0 9.76
65.3 842 725 879 79.7 914 86.9 946 94.1 9,76
65.4 8.43 726 8.80 79.8 9.14 87.0 9.47 94.2 Q.77
68,5 8.44 72.7 8.80 79.9 9.15 871 0.47 24.3 9.77
65.6 844 72.8 B.81 80.0 9,15 87.2 947 Q4.4 9.78
65,7 8.45 729 8.81 80.1 9.18 87.3 2.48 24.5 9.78
65.8 8.45 730 8.82 80.2 9.16 87.4 9.48 94,6 9.79
65,9 8.46 731 8.82 80.3 917 87.5 9.49 84.7 9.79
66.0 8.46 73.2 8.83 80.4 917 87.6 9,49 94.8 9.79
86.1 8.47 78.3 8.83 80,5 917 ar.7 9.50 94.9 9.80
66.2 847 73,4 8.84 80.8 9.18 87.8 9.50 95.0 9,80
68.3 8.48 73.5 8.84 80.7 9.18 87.9 9.50 95,1 9.81
66.4 8.48 73.6 8.85 80.8 9,18 88.0 9.5 a5.2 9.81
66.5 8.49 73,7 8.85 80.9 9.18 88.1 9.51 95.3 9.81
66.6, 8.49 738 8.86 81.0 9.20 88.2 9,52 95.4 9.82
66,7 8.50 739 8,86 81.1 9.20 88.3 9.52 96.5 9,82
66.8 8,50 74.0 8.87 B1.2 9.21 88.4 9.53 95.6 9.83
66.9 8.51 74.1 887 81.3 9.21 88.5 9.53 95,7 9.83
67.0 8.51 74.2 8.88 81.4 9.22 88.6 9.53 95.8 9.83
67.1 8.52 743 8.88 81.5 9,22 88.7 9.54 95.9 9.84
87.2 8.53 74.4 8.89 81.6 9,22 88.8 9.54 96.0 9.84
67.3 8,63 745 8.88 81.7 9,23 88.9 9.55 96.1 9.85
67.4 8.54 74.6 8.90, 81.8 9.23 88.0 9.65 96.2 9.85
67.5 .84 74.7 8.90 81.9 9.24 89.1 9.56 96,3 9.85
67.6 8.55 74.8 8.91 82.0 9.24 89.2 9.56 96.4 9.86
67.7 8.85 74.9 8.91 821 928 89.3 9.56 96.5 9.86
67.8 8.56 76.0 8.92 822 9.25 89.4 9.57 96.6 9.87
67.9 8.56 75.1 8.92 82.3 9.26 895 9.87 96.7 9.87
68.0 8.57 75,2 8,93 824 0.28 89.6 9.58 96.9 9.87
681 8.57 75.3 8,93 82,5 9.7 89,7 9.58 96.9 9.88
68.2 8.58 754 8.93 82.6 8.27 89.8 9.59 97.0 9.88
68.3 8.58 76.5 8.494 82,7 927 89.9. .59 97.1 9.89
88.4 8.59 75.6 8.94 82.8 . . 8.28 90.0 9.59 Q7.2 9.89 .
6885 8.69 78,7 8.95 829 . 9.28 801 9.60 97.3 9.89
68.6 8.60 75.8 8,95 83.0 9.29 -90.2 9,60 97 .4 2.90
68.7 8.60 75.9 8,96 83.1 9,29 90.8 9.61 97.5 9.90
68,8 8.61 78.0 - 8.96 83.2 9.30 90.4 9.61 97.6 9.91
68.9 8.61 761 8.97 93.3 9.90 a0.5 | 9.62 97.7 9.9
69.0 B.62 78.2 8.97 - 83.4 9.31 90.6 9.62 97.8 9.91
69.1 8.62 76.3 898 83,5 9.31 90.7 9.62 97.9 9.092
69.2 8.63 76.4 8.98 83.6 982 - 90.8 9,63 98.0 9.92
69.3 8.63 765 8,99 837 9.32 20.9 9.63 98.1 9.93
69.4 8.64 76.6 8.99 83.8 9,82 . 910 .64 28.2 9.93
69.5 8.64 76.7 - 800 83.9 9.33 811 9.64 98.3 9.93
69.8 8.65 76.8 - 8.00 84.0 9.33 a1.2 0.84 98.4 9.94
69.7 8.65 76.9 2.01 84.1 9.34 - 91.3 9.65 98.6 9.94
69.8 8.66 77.0 9.01 84.2 934 91.4 9.65 98.6 9.95
69.9 8,66 A .+ 9,02 84.3 . 9.85 91,56 9,66 98.7 9.95
70.0 8.67 77.2 - 9.02 84,4 935 91,6 9,66 98.8 9,95
70.1 8,67 77.3 9.03 84.5 9.36 N7 967 289 9.96
702 8.68 77.4 9.03 84.6 9.36 91.8 967" 99.0 9.96
703 8,68 77.5 9.03 84.7 9,36 91.9 9.87 991 9.97
70.4 8.69 776 9.04 84,8 9.37 92.0 9.68 99.2 9.97
70.6 8.69 7 . 9.04 84,9 9,37 921 - 9.68 99.3 9.97
70.8 870 77.8 9.05 85.0 9.38 92.2 19,69 99.4 9.98
70.7 8.70 77.9 9.05 851 9.38 928 9.69 295 9.98
70.8 8.71 78,0 9.06 . 852 - 9.39 924 9.69 99.8 9.98
709 8.71 78.1 9.06 85.3 9.39 925 a.70 99.7 5.99
71.0 8,72 78.2 9.07 85.4 9.40 92,6 9.70 99.8 0.99
711 872 78.3 9,07 86,8 940 92.7 9.71 98.9 10.00
7.2 8,73 784 9.08 85.6 9.40 92.8 9.71 100.0 10.00

13
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The American Society for Testing arxi 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 arp exprossly advised that determination of the vefidity of any such
patent rights, and the risk of infringement of such rights, are entlrely thelr own respansibility.

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, efther reapproved or withdrawn. Your comments are invited elther for ravision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will recelve careful consideration at a meeting of the responsible
technical committes, which you may attend. I you feel that your comments have not recelved a falr hearing you should make your
vigws known to the ASTM Committee on Standards, 1916 Race St., Philadelphla, PA 19103,
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QH]}’ Designation: D 1552 - 95

Standard Test Method for

An American National Standard

Sulfur in Petroleum Products (High-Temperature Method)'

This standard is issued under the fixed designation D 1552; 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.

This test method has been approved for use by agencies of the Department of Defense and for listing in the DOD Index of Specifications

and Standards.

1. Scape

1.1 This test method covers three procedures for the
determination of total sulfur in petroleum products in-
cluding lubricating oils containing additives, and in additive
concentrates. This test method is applicable to samples
boiling above 177°C (350°F) and containing not less than
0.06 mass % sulfur. Two of the three procedures use iodate
detection; one employing an induction furnace for pyrolysis,
the other a resistance furnace. The third procedure uses IR
detection following pyrolysis in a resistance furnace.

1.2 Petroleum coke containing up to 8 mass % sulfur can
be analyzed.

1.3 This standard may involve hazardous materials, oper-
ations, and equipment. 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 appropriate safety and health practices and deter-
mine the applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D 1193 Specification for Reagent Water?

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

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

3. Summary of Test Method

3.1 Iodate Detection Systemn—The sample is burned in a
stream of oxygen at a sufficiently high temperature to con-
vert about 97 % of the sulfur to sulfur dioxide. A standard-
ization factor is employed to obtain accurate results. The
combustion products are passed into an absorber containing
an acid solution of potassium iodide and starch indicator. A
faint blue color is developed in the absorber solution by the
addition of standard potassium iodate solution. As combus-
tion proceeds, bleaching the blue color, more iodate is added.
The amount of standard iodate consumed during the com-
bustion is a measure of the sulfur content of the sample.

3.2 IR Detection System—The sample is weighed into a

I This test method is under the jurisdiction of ASTM Committee D-2 on
Petroleum Products and Lubricants and is the direct responsibility of Subcom-
miitee D02.03 on Elemental Analysis.

Current edition approved Aug. 15, 1995. Published October 1995. Originally
published as D 1552 — 58 'T. Last previous edition D 1552 ~ 90,

2 Annual Book of ASTM Standards, Vol 1101,

3 Annual Book of ASTM Standards, Vol 05,01.

4 Annual Book of ASTM Standards, Vol 05.02,

special ceramic boat which is then placed into a combustion
furnace at 1371°C (2500°F) in an oxygen atmosphere. Most
sulfur present is combusted to SO, which is then measured
with an infrared detector after moisture and dust are
removed by traps. A microprocessor calculates the mass
percent sulfur from the sample weight, the integrated de-
tector signal and a predetermined calibration factor, Both the
sample identification number and mass percent sulfur are
then printed out. The calibration factor is determined using
standards approximating the material to be analyzed.

4. Significance and Use

4.1 This test method provides a means of monitoring the
sulfur level of various petroleum products and additives.
This knowledge can be used to predict performance, han-
dling, or processing properties. In some cases the presence of
sulfur compounds is beneficial to the product and moni-
toring the depletion of sulfur can provide useful information,
In other cases the presence of sulfur compounds is detri-
mental to the processing or use of the product,

5, Interferences

5.1 For the iodate systems, chlorine in concentrations less
than 1 mass % does not interfere. The IR system can tolerate
somewhat higher concentrations. Nitrogen when present in
excess of 0.1 mass % may interfere with the iodate systems;
the extent of such interference may be dependent on the type
of nitrogen compound as well as the combustion conditions.
Nitrogen does not interfere with the IR system, The alkali
and alkaline earth metals, as well as zinc, phosphorus, and

- lead, do not interfere with either system.

6 Apparatus

6.1 Combustion and Iodate Detection System

6.1.1 Furnaces—Two major types are available, the pri-
mary difference being the manner in which the necessary
high temperatures are obtained. These two types are as
follows:

6.1.1.1 Induction Type, which depends upon the high-
frequency electrical induction method of heating. This
assembly shall be capable of attaining a temperature of at
least 1482°C (2700°F) in the sample combustion zone, under
the conditions set forth in Section 10 and shall be equipped
with an additional induction coil located above the combus-
tion zone, substantially as shown in Fig. 1.

6.1.1.2 The furnace work coil should have a minimum

.output of 300 W; the minimum input rating of the furnace

569

must be 1000 W. With the correct amount of iron chips,
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weighed to +£0.05 g, the maximum plate current will be
between 350 and 450 mA.

Note 1: Warning—This type of furnace is capable of inflicting high-

frequency burns and high-voltage shocks. In addition to other precau-

tions, maintain all guards propeily. Precaution-Diséotinect thé firnace .., P

from the power line whenever electrical repairs or adjustménts are made,

6.1.1.3 Resistance Type, capable of mamta.lmng atemper- ;

ature of at least '1371°C (2500°F)
6.1.2 Absorber, as descnbed in Test Method D 1266 "

NOTE 2—Also suitable for use with either type of furnace is an
automatic titrator, specifically designed for iodometry. This combines
the functions of absorption and trtratlon to a predetermmed end pomt

6 1. 3 Buret standard 25-mL ot automa‘uo types avallable
from-the manufacturers of the specific combustion: umts, are
suitable (Note: 2). e v

.6.2 -Combustion and IR Dezectzon System, compnsed of
automatic - balance, oxygen " flow controls; drying :tubes,
combustion furnace, infrared detector and microprocessor.
The furnace ;shall ‘be capable of maintainitig a-nominal
operating temperature of 1350°C (2460°F).5 «

6.3 Miscellaneous + Apparatus--Spécific: -combustion. as-
semblies require additional equipment such as crucibles,
combustion boats, crucible lids, boat -pushers,. separator
disks, .combustion tubes, sample ingerters, oxygen ﬂow
mdlcator, and oxygen drymg trams “The additional equ1p~
ment required is dependent on the typé of furnace ‘used and
is avarlable from the manufacturer of the speci combus-
tion unit. To attain the lower sulfur concéntration given in
Section 1, the ceramics used with the 1nduct10n furtlace
assembly shall be ighited i a mufﬂe fumace at 1371°C
(2500°F) for 4t least 4 h béfore use.

6.4 Sieve, 60=mesh (250-mm). =~ 4

¢

7 Reagents and Materials

7. 1 Purlty af Reagems—Reagent grade chemcals shall be
used in ‘all fests, Unless otherwise indicated, it is intended
that all reagénts shall conform to the spe01ﬁcat10ns of theé
Committee on' Analytical Reagehts of the American’ Chern-
1ca1 Society, wheré such spemﬁca‘uons are’ available:$ Other
grades may be used, provided it is first dsceitained that the
reagent is of suﬁicrenﬂy high pur1t /6 permit its use wrthout
léssening the dccuracy of the determ ation. ‘

7.2 Purity of Water——Unless ' otheriwise mdrcated refer-
ences to water shall be understood to mean reagent water as
defined by Type II or III of Specification D 1193, S

7.3 Alundum (Al,O3).or Magneszum}Oxtde (Com-Ard)

7.4 Anhydrone (Magneszum Perchlorate) .

NOTE 3, Precautlon—ln addmon to othe precautrons, handle mag—
tiésium péerchiorate with caré, Avoid coritactifg it'with ‘acid and'organic
matenals Reactrons with fuel may be violent.

7 5 Hydrochlorzc Aczd (3 + 197)--D11ute 30 mL, of

o

5The Mddéls SC32 ‘or SCI32 mariufactured. by LECO Corporatron, k Ob
Lakéview Avenue St Joseph M149085 2396 have been fourid satlsféctoryl ‘for
this purpose; " 00y . .

6 “Reagent Chemlcals, Amencan Chemwal Socrety Specrﬁcatrons,”_ Am,
Chemical Soc., Washmgton, DC For suggesuous on the’ tésting .of reagents not
listed by the Amencan Chernical Socrety, see “Reagent‘ Cherhicals and: Standards,”
by Joséph Rosin, D, Van Nostrand Ca., Inc New York, rNY and the “Umted
States Pharmacopeia.” ) EE C . )

L
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cancentrated hydrochlonc ac1d (HCI relatlve densrty 1. 19)
to 2L with water. - S \

NotE 4 Waming—Porson Corroswe"May be fatalif swallowed
Liguid‘and vapor:cause severs buring! [

7.6 Oxygen (Extra Dry)—The oxygen shall be at' least
99.5'% pure and show no detectable sulfui by ‘blank deteru
mrhanon A

NOTE 5 Warnmg—-—-Oxygen v1gorously accelerates combustlon

7 Vi Phosphorus Pentoxzde (P205)

7 3. Potasszum Alu(n (Alummum Potasszum Sulfate)

1.9 Potassium Iodate, Standard Solution (0.06238 M ]
mL = | mg S)—Dissolve 2.225 g of potassium iodate (KIO3)
that has been dried at about 180°C to constant welght n
water and dilute to 1 L. Thoroughly mix the solution.

7.10 Potassiun Iodate, Standard Solurion. (0.006238: M 1
= 0:1 mig S)~=Measure exactly 100 mL of KIO; solution
(0.06238 M, 1 mL = 1 mg S) into a 1-L'volumeétric flask; and

diluts'to volume with: watez. Thorotughly mix thé solution,

7.11 Potassium Iodate, Standard Solution(0.01248 iM, 1
mL = 0.2 mg S)—Measure exactly 200 mL of K10, solution
(0.06238 A4, | mL = 1 mg S) into & 1-L voluthetric flask-and
dilute to volume with water. Thoroughly mix the solution.

7. 12 Ascarzte, 8.t0 20 mesh.; ; .

7:13 Special Materzalsfor InductlomType Furhaces G

i 1131 Tin (20 to 30-mesh), ; o e

not;more than 0.005 . mass %

A 14 Standard Sample—uPotassrum alum (AIK(SO4)2

IZH 0)

7:15 Starch—lodzde Solutzon—Make a paste by addlng 9 g
of soluble starch to 15 mL of water. Add this mixture, with
stirring, to 500 mL, of b0111ng water.Caol the mixture, add

15 g of potassium 1od1de (KI), and d11ute tol L with water.

7.16 Sulfuric Acid (relative dens1ty 1.84)—Concentrated
sulfuric acid (H,80,).

NOTE 6: Warmng—Porson Corrosive. Strong okidizer. -
7 17 Vanadzum Pentoxzde anhydrous, powdered VZOS,

8 Samplmg i

8.1 Take samples in’ accordance w1th the 1nstruct1
Practice D 4057, .

v

PRO_00096952



Case 1:13-cv-01215-TSC Document 198-20 Filed 10/07/19 Page 99 of 127

{f D 1552

9. Preparation of Apparatus

9.1 Induction-Type Furnace—Assemble the apparatus ac-
cording to the instructions furnished by the manufacturer.
Purify the oxygen by passing it through (I) H,S0, (relative
density 1.84), (2) Ascarite, and (3) magnesium perchlorate
(Mg(ClO,),) or phosphorus pentoxide (P,Os) (Precaution—
see Note 3). Connect a rotameter between the purifying train
and the furnace. Insert a small glass-wool plug in the upper
end of the glass tubing connecting the furnace with the
absorber to catch oxides of tin. Connect the exit end of the
combustion tube to the absorber with glass tubing, using
gum rubber tubing to make connections. Position the
absorber 5o as to make this delivery line as short as possible.
Figure 2 illustrates schematically the assembled apparatus.
Adjust the oxygen flow to 1 £ 0.05 L/min. Add 65 mL of
HCI (3 + 197) and 2 mL of starch-iodide solution to the
absorber. Add a sufficient amount of the appropriate stan-
dard KIO; solution (Table 1) to produce a faint blue color.
This color will serve as the end point for the titration. Adjust
the buret to zero. Turn on the furnace filament switch and
allow at least 1 min warm-up before running samples
(Precauntion—see Note 3).

9.2 Resistance-Type Furnace—Assemble the apparatus
according to the instructions furnished by the manufacturer.
Purify the oxygen by passing it through (/) H,SO, (relative
density 1.84), (2) Ascarite, and (3) Mg(ClO,), or P,0,
(Precaution—see Note 3). Connect a rotameter between the
purifying train and the furnace. Figure 3 illustrates schemat-
ically the assembled apparatus. Turn on the current and
adjust the furnace control to maintain a constant tempera-
ture of 1316 £ 14°C (2400 + 25°F). Adjust the oxygen flow
rate to 2 = 0.1 L/min. Add 65 mL of HCI (3 £ 197) and 2
mL of starch-iodide solution to the absorber. Add a few
drops of the appropriate standard KIQ, solution (Table 2) to
produce a faint blue color. Adjust the buret to zero.

9.3 Resistance-Type Furnace-IR Detection—~Assemblé
and adjust apparatus according to manufacturer’s instruc-
tions. Initialize microprocessor, check power supplies, set
oxygen pressure and flows and set furnace temperature to
1371°C (2500°F),

9.3.1 Condition a fresh anhydrone scrubber with four coal
samples.

9.3.2 Calibrate the automatic balance according to manu-
facturer’s instructions,

10. Standardization

10.1 For Iodate Methods:
-10.1.1 Determination of Alum Factor:
10.1.1.1 Because these rapiq combustion methods involve

Induction
Furnoce

Rotameter

Buret

i

Gombustion
Tube

Absoarbar

Purifying Tubes

Oxygen

FIG, 2 Schematic lllustration of Induction-Type Furnace .

571

TABLE 1 Sample Weight for Induction Furnace

Weight of Sample Normality of Standard
Sulfur Gontent, 3% to be Taken, mg KIQg solution for Titration
Qto2 904 0.006238
2t0 4 50 to 90 0.006238
41010 50 to 90 0.01248
Qver 10 12,11 {Note 7)

A Approximate.

the reversible reaction 250, + O, = 2804, it is not possible
to evolve all the sulfur as SO,. The equilibrium of the
reaction is temperature dependent and, in an oxygen atmo-
sphere above 1316°C, about 97 % of the sulfur is present as
SO,. To assure that the furnace is in proper adjustment and
that its operation produces acceptably high temperature,
potassium alum is employed for standardizing the apparatus.
Depending on the type of combustion equipment used,
proceed as described in Sections 10 to 13 to determine the
alum factor. Use 15 mg weighed to £0.1 mg of potassium
alur for this determination. Use the same materials in the
determination of the alum and standardization factors as for
the unknown samples. For example, V,05 has a definite
effect and should be included if used for unknowns as
recommended in the procedure with the resistance-type
furnace (Note 10). ,
10.1.1.2 Calculate the alum factor as follows:

Alum factor (4F) = (S, X W )/(100(V, — V) x C)) (1)

where:

S, = mass percent sulfur in potassium alum used,

W, = milligrams of potassium alum used,

V, = millilitres of standard KIO; solution used in deter-
mining the alum factor, B

V, = millilitres of standard KIO, solution used in the
blank determination, and

C; = sulfur equivalent of the standard KIQ, solution used

in determining the alum factor, mg/mlL.

10.1.1.3 The alum factor should be in the range from 1.02
to 1,08, If values smaller than 1.02 are observed, confirm
independently the sulfur content of the alum and the sulfur
equivalent of the KIO; solution before repeating the alum
factor determination. If values larger than 1.08 are observed,
make adjustments in the equipment in accordance with the
manufacturer’s recommendation and repeat the alum factor
determination,

10.1.2 Determination of Standardization Factor:

10.1.2.1 Because effects such as sample volatility can also
affect the relative recovery as SO, of the sulfur originally
present in the sample, it is necessary to determine a
standardization factor. Proceed as described in Sections 10 to
13, using an oil sample of similar type to the unknown
sample and of accurately known sulfur content.”

10.1.2.2 For IR detection, determine and load the micro-
processor with the calibration factor for the particular type of
sample to be analyzed (lubricating oil, petroleum coke,
residual fuel) as recommended by the manufacturer.

10.1.2.3 Calculate the standardization factor as follows:

Standardization factor (F) = (S X I/I/;)/(IOO V=V xC) (2)

" 7 Residual fuel oil Standard Reference Materials may be obtained from the
National Institute of Standards and Technology or other sources.
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m1111grams of standardlzatlon samb (& used :

‘mllhlttres of standard K103 “solu’uon used m the
“blank determmatlcn, R !
millilitres of standard Ki0, SOhlthl’l sed: m deter-

' niining the standardization factor, ahd

C'' = sulfur equivalént of the standard K10, solution used
Y in determining the standardization’ t‘actor, thg/ml. " ‘

10.1.3 ' Quality Control—Run a suitablé analytical quality
¢ontiol sample several times daily. Whén the observed Vallle
lLies ‘between' acceptable’lifits on a quallty centrol chart
proceed with sample determlnatrons

ot

11. Preparation of Coke i,

11.1 It is assumed that a representatwe sample has been
received for analys1s

11.2 Grind and sieve the sample recelved so as, to pass a
60-mesh (250-mm) sieve. ., . ‘ ; ,

11.3 Dry the sieved matenal to constant we1ght at 105 to
110°C: o e TR

[T
FERN

12.. Procedure with Inductioh—’l"ype Furnac}ec D

12.1 Sample 'Preparation=-Add a:3.2 ‘to 4:8-mm (% to
3e-imi) ldyer of alundum or magnesium dxidé to a sathple
crucible. Make @& depression in: the bed with :theiend of a
stifting rod. Weigh:theé crucible to 0.1 mg. Weigh into.the
depression the proper amount of sample according to Table
I'{12,1.1) (Note. 7). Cover- the sainple with.a separator disk
(Noté '8). Placeon: the separator:diskthe predetermined
amount: of iron chips necessaty to -obtain ithe: required
temperature (6.1.1.2), This is usually between:l.2:and. 2.0 g,
but should be held constant with £0.05 g Sprinkle about 0.1
g-of tin-on the iron. Gover the crucible with a hd and place
oh the furnace;pedestal. Ny

12.1.1. Under;ino conditions: shall an orgamc sample larger
than 100 mg be burded in an 1nductlon-type furnage.... .1

" Note 7--Moré concentrated KIO3 soluuons ‘suh as the 0.06238 N
solutton, may bé found more Gohvenient for samples Contaihing foré
than 10 % "sulfur. The sample size and KIO4 éoricentration should be
chosen so that not more than 25 mL of trtrant are deeded.. e

NOTE 8-—The use of the separator drsk Is opuonal

12.2 Combuistion and. thratzon—Turn on: the plate cur=
rent -switch: ‘After about 1. min: for warimsup, raise' the
pedestal and lock into-:position, ; The  plate .current will
fluctuate for a few seconds and should’ gradually rise 10 a
maximum value. Add the appropriate standard KIO, solu-
tion.(Table. 1) to the absorber to maintain the blue color.
Should the absorber solution becomé completely: colorless,

572

TABLE 2 Sampla Weight for“neeist,a’nde, Eurnace v . .-

. 'zz‘,‘N“ormallty of Standard
KO, solution for Titration,,

2 ‘ 1
Sulfur Gontent % F obe T ak en, mg -

0t02 ~ . 10010200 . « . 0006288 s gy
. 28 10010200 | 0,01248 .
. Bt010, 100 10 200 £ 0:06238 "
- (Note 7) '

: (Note 7)

'(j\ler 10

T

Iy

discard the determmauon Make KIO add1t1ons as the rate
of evolution of 80, diminishes such that, when combusuon
is completed the intensity of the blue color is the same, as. the
1n1t1al intengity. Combust1on is. complete when tlns color
remains for at least.1 min and ‘the, plate current, has drop d
cons1derably Record the volume of KIO3 solutron requlred
to titrate.the S0,, evolved. | ] |

12.3 Blank Determmatlon—-Make a blauk determmatron
whenever a.new supply, of crucibles, matenals  OF reagents(“
used Follow the precedmg procedure,‘but omit,the sample

nafe s

13 Procedure Wlth Resrstance-Type Furnace ‘

13 1, Sample Preparatzon—-Wergh 1nto a combustron boat
the proper amount of sample accordmg to. Table 2 (Eootnote
8). Add 100-% 5 mg of vanadinm’ pentomde and completely
cover the mlxture with. Alundum " Rl

13; 2 Combustlon and T ztmnan——Place the boat i ‘;the
cool portion ;of the combusuon tube, néar the entrance To
proceed with.: the _combusuon, push the boat. contarnrng“t_he
sample progressively into the hotter zone of the combustion
tube wusing -the equipment provided by the manufacturers.
The boat should be advanced as rapidly as possible consis-
tent: w1th the rate of evolution of 50,; Add. the appropriate

the blue.: color: Should the, absorben solutlon become com-
pletely colorless,;: discard the determination. - Make, KIOB
additions.as the rate of evelution, of .SOj- d1m1n1shes such
that, when combustion is.completed, the intensity of the blue
color. is .the. same, as the, initial intensity. Combustion,.is
complete when. this color remains for at least 1-min. Record
the , volume of KIO3 solution requrred to. trtrate the SOZ
evolved. Py
13.3 Blank Determination—Make a blank determmatmn
whenever a new supply of combustion boats, matenals,‘ or
reagents is used. Follow the above procedure, but omit the
sample. Ce

14. Procedure with Resistance Furnace-IR Detection

14,1 Allow the system to warm up aud the furnaoe 1o
reach operating temperature. ... .53

14.2 After homogeneity of the sample i assured select the
sample size as follows: for l1qu1d samples, take ups to ( 13 g
for analys1s ‘and for solid samples, take up to 04 g for
analysis. In each case mass percent sulfur times werght of
sample must be less than 6r equal to four in the case of the
SC32 instrument, and two in the case of the SC132 instru-
ment. For other, 1nstruments, ‘consult the manufacturer’s
instructions. T

14.3 Determme and store the system blank value

2 Precision for the IR detection method was determined. in a 1985 cooperative
study (RR: D02-1231) which involved fourteen laboratories and ten samples. No
statistically sxgmﬁcant btas between the iodate and IR detector procedures was
found:- ¥ RS
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14.4 Weigh the samples into combustion boats and record
the net weights, It is possible to weigh and store several
weights in the microprocessor before beginning a series of
burns.

14.4.1 Fill the combustion boat to one-third capacity with
evenly spread MgO powder,

14.4.2 Form a slight trench in the MgO powder with a
SCO0p.

14.4.3 Place the combustion boat on the balance and
weigh an appropriate amount of the sample into the trench
in the MgO powder. Enter the weight.

14.4.4 Remove the combustion boat from the balance
and add MgO powder until the combustion boat is filled to
two-thirds capacity.

Note 9—If unacceptable repeatability is encountered for particular
oil samples, combustion promoter such as V,0; or the LECO product
Com-Aid can be substituted for the MgO. .

Notg 10—Caution—V,0; can cause deterioration of the furnace
ceramics so use it with care.

14.5 Initiate oxygen flow and load boat into furnace.

14.6 When the analysis is complete, read the result from
the microprocessor.

14.7 Remove the expended combustion boat from the
furnace.

14.8 Make repeated runs until two results differ by less
than the repeatability of the method.

15, Calculation
15.1 Calculation for Iodate Detection—Calculate the
sulfur content of the sample as follows:
Sulfur, mass % = (100 (V — V) X F; X O)/W 3)

where;

V standard KIO; solution, mL, used in the analysis,

[

Vs = standard KIOj; solution, mL, used in the blank deter-
mination,

F, = standardization factor (see 10.1.2),

C = sulfur equivalent of the standard KIO, solution used

in the analysis, mg/mL, and
W = milligrams of sample used in the analysis.
15.2 Calculation for IR Detection:
15.2.1 Report all results using the microprocessor.
15.2.2 Report the average of two results.

16. Report

16.1 In the range from 0.05 to 5.00 mass % sulfur, report
to the nearest 0.01 mass %. In the range from 5 to 30 mass %
sulfur, report to the nearest 0.1 mass %.

17. Precision and Bias ,

17.1 For Petroleum Products by Todate and IR Methods—
The precision of this test method as determined by statistical
examination of interlaboratory results is as follows:

17.1.1 Repeatability—The difference between two test
results obtained by the same operator with the same appa-
ratus 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 in
only one case in twenty:
Repeatability

Sulfur, mass-% Range Todate IR
0.0 to 0.5 0.05 0.04
0.5t0 1.0 0.07 0.07
1.0 to 2.0 0.10 0.09
2,0 t0 3.0 0.16 0.12
3.0t0 4.0 0.22 0.13
4,010 5.0 0.24 0.16

17.1.2 Reproducibility—The difference between two sin-
gle 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 following values in only one
case in twenty:

Reproducibility
Sulfur, mass-% Range Todate IR8
0.01t00.5 0.08 0.13
0.5t0 1.0 0.11 0.21
1.0 10 2.0 0.17 0.27
2.0 t0 3.0 0.26 0.38
3.0t040 0.40 0.44
4,0t0 5.0 0.54 0.49

17.2 For Petroleum Cokes by lodate and IR Methods—
The precision of the test method as determined by statistical
examination of interlaboratory results is as follows:

17.2.1 Repeatability—The difference between two test
results obtained by the same operator with the same appa-
ratus 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 in
only one case in twenty:

r=0.05X
where X is the average of the two test results.

17.2.2 Reproducibility—The difference between two sin-
gle and independent results obtained by different operators
working in different laboratories on identical test material
could, in the long run, in the normal and correct operation of
the test method, exceed the following values in only one case
in twenty:

‘ R=022X

where X is the average of the two test results.
17.3 Bias—The bias of the procedure in this test method
is being determined.

18. Keywords
18.1 furnace; high temperature; induction furnace; iodate
titration; IR detection; petroleum; resistance; sulfur; titration

The American Saciety for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentloned In this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their awn respansibillty.

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, alther respproved or withdrawn. Your comments are invited either for revision of this standard or for addftional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration et & meeting of the responsible
tachnical committes, which you may attend. If you feel that your comments have not recsived a fair hearing you should make your
views known ta the ASTM Committee on Standards, 1916 Race St., Philadelphia, FA 19103
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qm}) Designation: D 1688 ~ 95

Standard Test Methods for
Copper in Water"

This standard is issued under the fixed deslgnatlou D 1688; the number immediately following the designation indicates the year of
original adaption 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.

This standard has been approved for use by agencies of the Department of Defense. Consult the- DoD Index of Specifications and
* Standards for the specific year of issue that has been adopted by the Department of Defense.

1. Scope ‘
1.1 These test methods cover the determination of copper

in water by atomic absorption spectrophotometry. Three test
methods are mcluded as- follows: -

Concentration
o : Range- - Sections
Test Method A—Atomic Absorption, 0.05 to 5 mg/L Ttol5 =
Direct
Test Method B—Atomic Absorption, 50 to 500 ug/L 16 to 24
Chelation-Extraction : ‘
Test Method C—Atomic Absorptlon, 5 to 100 pg/L 25to 33
Graphite Furnace :

1.2 Either dissolved or total recoverable copper may be
determined, Determination of dissolved copper requires fil-
tration through a'0.45-pm (No. 325) membrane filter at the
time of collection. In-line membrane filtration is preferable.

1.3 The values stated in SI units dre to be regarded as the

standard. The values given in parentheses are provided 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 Notes 3,5,8, and 13.

1.5 Three former photometnc test methods were discon-
tinued. Refer to Appendlx Xl for hlstoncal mformatlon

2. Referenced Documents

2.1 ASTM Standards ‘
D 858 Test Methods for Manganese in Water?
. D 1066 Practice for Sampling Steam?
D'1068 Test Methods for Iron in Water2 -
" D 1129 Terminology Relating to Water?
D1192 Spemﬁcanon for Equipment for Sampling Water
and Steam in Closed Conduits?®
D 1193 Specification for Reagent Water?
" D 1687 Test Methods for Chromium in Water?
D 1691 Test Methods for Zinc in Water?
D 1886 Test Methods for Nickel in Water?
D 2777 Practice for Determination of Precision and Bias
-+ of Applicable Methods of Committee D-19 on Water?
* D3370 Practices for Sampling Water from Closed
Conduits?

" 1These test metliods are under the jurisdiction of ASTM Committee D-19 on.
Water and are the' d:rect responmblhty ot‘ Subcormmitiee D19.05 on Inorganic
Constituents in Watex
., Current Cdltl()ﬂ approved. Feb 15, 1995 Pubhshed April 1995, Ougmally
published as D 1688 — 59 T Last | prewous edition D 1688 - 90

2 dnnual Book of. ASTM Stahdards, Vol 11:01: -

157

D 3557 Test Methods for Cadmium in Water®
- D 3558 Test Methods for Cobalt in Water?
D 3559 Test Methods for Lead in Water?
D 3919 Practice for Measuring Trace Elements in Water
by Graphlte Furnace Atomic Absorption Spectropho-
. tometry?
. D 4841 Practice for Estimation of Holding Tlme for
Water Samples Containing Organic and Inorganic
Constituents?

3. Terminology

3.1 Definitions—For definitions of terms used in these
test methods, refer to Terminology D 1129.

4. Significance and Use

4,1 Copper is found in naturally occurring minerals
principally as a sulfide, oxide, or carbonate. It makes up
approximately 0.01 % of the earth’s crust and is obtained
commercially from such ores as chalcopyrite (CuFeS,).
Copper is also found in biological complexes such as
hemocyanin,

4,2 Copper enters water supplics through the natural
process of dissolution of minerals, through industrial efflu-
ents, through its use, as copper sulfate, to control biological
growth in some reservoirs and distribution systems, and
through corrosion of copper alloy water pipes. Industries
whose wastewaters may contain significant concentrations of
copper include mining, ammunition production, and most
metal plating and finishing operations, It may occur in
simple ionic form or in one of many complexes with such
groups as cyanide, chloride, ammonia, or organic ligands.

4.3 Although its salts, particularly copper sulfate, inhibit
biological growth such as some algae and bacteria, copper is
considered essential to human nutrition and is not consid-
ered a toxic chemical at concentratlons normally found in
water supplies.

5. Purity of Reagents

5.1 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 Chemical Society,
where such specifications are available.? Other grades may be

3 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 T4d., Poole, Dorset, UK, and the United States Pharmacapeia
and National I'ormulanl, U.S. Pharmaceutlcal Convennon, Ine, (USPC)
Rockville; MD, .
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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,

3.2 Purity of Water—Unless otherwise indicated, refer-
ences to water shall be understood to mean reagent water
conforming to Specification D 1193, Type L Other reagent
water types may be used, provided it is first ascertained that
the water is of sufficiently high purity to permit its use
without lessening the bias and precision of the determina-
tion, Type II water was specified at the time of round-robin
testing of this test method.

6. Sampling

6.1 Collect the sample in accordance w1th Practices
D 1066, Specification D 1192, and- Practices D 3370, as
applicable,

6.2 Samples shall be preserved with nitric acid (HN03, sp
gr 1.42) to a pH of 2 or less immediately at the time of
collection, normally about 2 mL/L. If only dissolved copper
is to be determined, the sample shall be filtered through a
0.45-um (No. 325) membrane filter before acidification. The
holding time for samples may be calculated in accordance
w1th Practice D 4841,

TEST METHOD‘.A—ATOMIC ABSORPTION,. DIRECIE

2 Scope Vel

+!7.1 This. test method covers the determination of dis-
solved and total recoverable copper/ in most waters and waste
waters. :

*.7.2 This test" meihod’ is apphcable in the range from 0.05
to 5 mg/L. of copper: The-range may be extended to
concentrations greater than 5 mg/L by dilution of the
sample o

7.3 Collaborative: test data ‘were- obtamed on reagent
water, Tiver water,"tap water, ground: water, lake water,
refinery primary -tréated’ effluent, and two -untreated waste
waters. The 1nformat10n on precmon and blas may not apply
to other waters

8. Summary of Test Method'y

8.1 Copper - detertmned by . atomlc absorption
spectrophotometry Dissolved copper in the filtered sample is
asplrated dlrectly with no {pretreatment “Total recoverable
copper in the" sample is aspirated following hydrochloric-
nitric acid dlgestlon and- ‘filtration.. The same digestion
procedure ‘may -be* used’ to - determine total recoverable
cadmium (Test Methods D 3557), chromium (Test Methods
D 1687), cobalt (Test Methods D 3558), iron (Test Methods
D 1068), lead (Test Methods D 3559), manganese (Tcst
Methods D 858), nickel (Test Methods D 1886), and zinc
(Test Methods D 1691) .

9, Interferences

9.1 Sodium, potassmm sulfate ‘and chloride (8000 mg/L
each), calcium and magnesium (5000 mg/L each), nitrate
(2000 mg/L), iron. (1000 mg/L), and cadmium, lead, nickel,
zing, cobalt, manganesc,, nd, .hrormum (10 mg/L each) do
not interfere, - ot «

9.2 Background correctlon ora chela‘uon extractl,on pro-
cedure (see Test Method B) may be fecessary to determine

low levels of copper in some waters.

NoTE |—Instrument manufacturers’ instructions for use of the
specific correction technique should be followed.

10. Apparatus

10.1 Atomic Absorption Spectrophotometer, for use at
324.7 nm.

Note 2—The manufacturer’s instructions should be followed for all
instrumental parameters. A wavelength other than 324.7 nm may be
used if it has been determined to be equally suitable.

*10.1.1 Copper Hollow-Cathode Lamp—Multielement
hollow-cathode lamps are available and have been found
satisfactory.

10.2 Oxidant—See 11.6,

10.3 Fuel—See 11.7,

10.4 Pressure-Reducing Valves—The supphes of fuel and
oxidant shall be maintained at pressures somewhat higher
than the controlled operating pressure of the instrument by
suitable valves,

11. Reagents and Materials

11.1 Copper Solution, Stock (1.0 mL = 1.0 mg Cu)—
Dissolve 1.000 g of electrolytic copper contained in a
250-mL beaker in a mixture of 15 mL of HNO; (sp gr 1.42)
and 15 mL of water. Slowly add 4 mL of H,SO, (I+1) and

heat until SO5 fumes evolve, Cool, wash down the beaker

with water, and dilute to 1 L with water.

11.2 Copper Solution, Standard (1.0 mL = 0,1 mg Cu)—
Dilute 100.0 mL of copper stock solution to | L with water.

11.3 Hydrochloric Acid (sp gr 1.19)—Concentrated hy-
drochloric acid (HCI). ,

Note 3—If a high reagent blank is obtained, distill the HCI or use a
spectrograde acid. Caution—When HCI is distilled an azeotropic mix-
ture is obtained (approximately 6 N HCI). Therefore, whenever concen-
trated HCI is specified for the preparation of a reagent or in the
procedure, use double the volume specified if distilled HCL is used.

11.4 Nitric Acid (sp gr 1.42)—Concentrated nitric acid
(HNO).

NoTE 4—If a high reegent blank is obtained, distill the HNOQ; or use
a spectrograde acid.

11.5 Nitric Acid (1+499)—Add | volume of HNO; (sp gr
1.42) to 499 volumes of water.

11.6 Oxidant:

11.6.1 Air, which has been passed through a suitable filter
to remove oil, water, and other foreign substances, is the
usual oxidant.

11,7 Fuel:

11.7.1 Acetylene—Standard, commercially available acet-
ylene is the usval fuel. Acetone, always present in acetylene
cylinders, can affect analytical results. The cylinder should
be replaced at 50 psig (345 kPa).

NOTE 5: Precaution—“Purified” grade acetylene containing a special
proprietary solvent rather than acetone should not be used with
poly(vinyl chloride) tubing as weakening of the tubing walls can cause a
potentially hazardous situation.

12, Standardization

12.1 Prepare 100 mL each of a blank and at least four
standard solutions to bracket the expected copper concentra-
tion range of the samples to be analyzed by diluting the
standard copper solution (11.2) with HNO, (1+499). Prepare
the standards each time the test is to be performed.
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12.2 When determining total recoverable copper add 0.5
mL of HNO; (sp gr 1.42) and proceed as directed in 13.2
through 13.4, When determining, dissolved copper proceed
with 13.5. L

12.3 Aspirate the blank and standards and record the.
instrument readings. Aspirate HNQ; (1+499) between each
standard.

12.4 Prepare an analytical curve by plotting on linear

graph paper the absorbance versus standard concentration.

for each standard. Alternatively, read directly in concentra-
tion if this capability is provided with the instrument.

13. Procedure

13.1 Measure 1000 mL of a well-mixed acidified sample
into a 125-mL beaker or flask.

Note 6—1If only dissolved copper is to be determined, start with
13.5.

13.2 Add 5 mL of HCI (sp gr 1.19) to cach sample.

13.3 Heat the samples on a steam bath or hotplate in a
well-ventilated hood until the volume has been reduced to L5
to 20 mL, making certain that the samples do not boil,

Note 7—When analyzing samples contmmng appreciable amounts
of suspended matter, the "amount of reduction i n volume is lefi to the
discretion of the analyst.

13.4 Cool and filter the samples through a suitable filter,
such as fine-textured, acid washed, ashless paper, into.
100-mL volumetric flasks. Wash the filter paper two or three
times with water and adjust to. volume.

13.5 Aspirate each filtered and acidified sample and.

determine its absorbance or. concentration at 324.7 nm.
Aspirate HNO3 (14+499) be‘;wcen_ each sz__lmple.

14. Caleulation’ - ---

14,1 Calculate the  éondentration of Copper in each”

sample, in milligrams per litre, using an analytical curve or
alternatlvely, read dlrectly in concentration (see 12.4).

15. Precnsnon and Bxas

15.1 The ¢ollaborative test.of this test method was per-
formed by ten. laboratories,: five' of which supplied two
operators each, Each-of the 15 operators made determina-
tions at three levels on three different- days in samples of
reagent water and water of choice for a- total of 270
determinations.” ~ - ¢
© 15.2 These collaborative test data were obtamed on re-
agent grade water, river water, tap water, ground water, lake
water, refinery primary .ireated effluent, and two untreated
waste waters. For other matrices, these data may not apply.

15.3 Precision—The single-operator and overall precision
of this test method within its demgnated range may be
expressed as follows:

In reagent water, Type II:

Sp=0020X+0035 -
Sy = 0.052X + 0.123

In water or waste water:

)

. “Supporting ' data are avmlable from AbTM Headquaners Request RR:
D19-1037.

159

TABLE 1 Determination of Bias for Test Method A
: - Stafistically = -
Amount Added, Amount Found, mg
' Bias, , 95
mg Cu/L Cull. ‘ las ‘% Slgnlf:i::;\r’l‘;l 95%
B ‘ . Feagent Water .
4.0 411 +2.75 no
20 ) 2.08 +3.0 no
0.4 e 0.46 +15.0 yes
: Water or Waste Water
40 4,03 +0.75 no
- 20 2.02 +1.0 no
C 04 041 +2.5 no
=0.016X + 0.033
Sy = 0.060X + 0.039
where:

S, = single-operator precision,
ST = overall precision, and
= determined concentration of copper, mg/L.
15.4 Bias—Recoveries of known amounts of copper were
as shown in Table 1. ‘

TEST METHOD B—ATOMIC ABSORPTION,

CHELATION-
EXTRACTION ‘

16. Scope

16.1 This test method covers the determination of dis--

solved and total recoverable copper in most waters and
brines.
16.2 This test method is applicable in the range from 50 to

500 pg/L of copper. The range may be extended to concen~

trations greater than 500 pg/L by dilution of the sample.

16.3 Collaborative test data were obtained on reagent
water, river water, tap water; 50 % artificial sea water, and
synthetic NaCl brine (50 000 mg/L). The information on
precision and bias may not apply to other waters,

17. Summary of Test Method

17.1 Copper is determined by atomic absorption spec-
trophotometry. The element, either dissolved or total recov-
erable, is chelated with pyrrolidine dithiocarbamic acid and
extracted with chloroform. The extract is evaporated to
dryness, treated with hot nitric acid to destroy organic
matter, dissolved in hydrochloric acid, and diluted to a
specified volume with water. A portion of the resulting
solution is then aspirated into the air-acetylene flame of the
spectrophotometer. The digestion procedure summarized in
8.1 is used for total recoverable copper. The same che-
lation-extraction procedure is used to determine cadmium:
(Test Methods D 3557), cobalt (Test Methods D 3558), iron
(Test Methods D 1068), lead (Test Methods D 3559), nickel
(Test Methods D 1886), and zinc (Test Methods D 1691).

18. Interferences
18.1 See Section 9.

19. Apparatus :
--19.1 All apparatus described in Section 10 are required.

20. Reagents and Materials
20.1 Bromphenol Blue Indicator 'Solution (1. g/L)—
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Dissolve: 0.1 g of bromphenol blue in 100 mL of 50 %
ethanol or isopropanol,

20.2 Chlorgform (CHCly).

20.3 Copper Solution, Stock (1.0 mL = 1.0 mg Cu)~—
Dissolve 1.000 g of electrolytic copper contained in a
250-mL beaker in a mixture of 15 ml, of HNO; (sp gr 1.42)
and 15 mL of water. Slowly add 4 mL of H,SO, (1+1) and
heat until SO, fumes evolve. Cool, wash down the beaker
with water, and dilute to 1 L with water.

20.4 Copper Solution, Intermediate (1.0 mL = 10 pg
Cu)—Dilute 10.0 mL of copper stock solution and 1 mL of
HNO, (sp gr 1.42) to 1 L with water.

20.5 Copper Solution, Standard (1.0 mL = 1.0 ug Cu)—
Immediately before use, dilute 10.0 mI. of copper interme-
diate solution to 100 mL with water, This standard is used to
prepare working standards at the time of analysis.

20.6 Hydrochloric Acid (sp gr 1.19)—Concentrated hy-
drochloric acid (HCI) (see Note 4).

20.7 Hydrochloric Acid (14+2)—Add 1 volume of HCI (sp
gr 1.19) to 2 volumes of water.

20.8 Hydrochloric Acid (1+49)—Add 1. volume of HCI
(sp gr 1.19) to 49 volumes of water.

20.9 Nitric Acid (sp gr 142)—Concentrated nitric acid
(HNO,) (see Note 4).

20.10 Pyrrolidine Dithiocarbamic Acid-Chloroform Re-
agent—Add 36 mL of pyrrolidine to 1 L of CHCl,. Cool the
solution and add 30 mL of CS, in small portions, swirling
between additions, Dilute to 2 L with CHCl;. The reagent
can be used for several months if stored in a cool, dark place.

! ‘Nortc 8: Wammg—All componenyts.o‘f this reagent are highly toxic.
Carbon disulfide is also highly flaminable. PrecautxonHPrepare and use
in a well-ventilated hood.

©20.11 Sodium Hydzjoxide _Sblm‘ion (100 g/L)—Dissolve.
100 g of sodium hydroxide (NaOH) in water and dilute to 1

20.12 Oxidani—See 11.6.
20.13 Fuel—See 11.7.

Standarduatlon

21 1 Prepare a blank and sufﬁment standards containing,

from 0.0 to 50.0: pg. of copper by diluting 0.0 to 50.0-mL
portions of standard copper solution (20.5) to 100 ml, with
water. '
21.2 When - determmmg total recoverable copper, use
125-mL beakers or flasks, add 0.5 mL of HNO, (sp gr 1.42)
and proceed. as directed .in: 22.2 through 22.15. When
determining dissolved: copper, use 250-mL separatory fun-
nels and proceed as directed in 22,5 through 22.15.

21.3 Construct, an_analytical curve by plotting the ab-
sorbances of standards versus micrograms of copper. Alter-
natively, read directly in concentration if this capability is
provided with the instrument,

22. Procedure

22,1 Measure a volume of a well-mixed acidified sample
containing less than 50.0 ug of copper (100 mL maximum)
into a 125-mlL, beaker or flask and adjust the volume to 100
mL with water.

Note 9—If only dissolved copper is to bé determined measure a
volume of filtered and-acidified sample containing less than 50.0 pg of
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copper (L00-mL maximum) into a 250-mL separatory funnel, and begin
with 22.5.

22,2 Add 5 mL of HCI (sp gr 1.19) to each sample.

22.3 Heat the samples on a steam bath or hotplate in a
well-ventilated hood until the volume has been reduced to 15
to 20 mL, making certain that the samples do not boil.

Note 10—When analyzing brine samples and samples containing

appreciable amounts of suspended matter, the amount of reduction in
volume is left to the discretion of the analyst.

22.4 Cool and filter the samples through a suitable filter,
such as fine-textured, acid-washed, ashless paper, into 250-
ml separatory funnels. Wash the filter paper two or three
times with water and adjust the volume to approximately
100 mL.

22.5 Add 2 drops of bromphenol blue indicator solution
and mix.

22.6 Adjust the pH by addition of NaOH (100 g/L)y
solution until a blue color persists. Add HCI (1+49) by drops
until the blue color just disappears; then add 2.5 mL of HCl
(1449) in excess. The pH at this point should be 2.3.

Note 11—The pH adjustment in 22.6 may be made with a pH meter
instead of using an indicator.

22,7 Add 10 mlL of pyrrolidine dithiocarbamic acid-
cliloroform reagent and shake vigorously for 2 min. Warn-
ing—Sce Note 8.

22.8 Plug the tip of the separatory funnel with cotton,
allow the phases to separate, and drain the CHCl, phase into
3 100-mL beaker.

22.9 Repeat the extraction with 10 mlL of CHCl, and
drain the CHCl, layer into the same beaker.

Note 12—If color still remains in the CHCl; extract, reextract the
aqueous phase until the CHCI; layer is colorless.

22.10 Place the beaker on a hot plate set at low heat or on,
a steam bath, and evaporate to near dryness. Remove beaker
from heat and allow residual solvent to evaporate without
further heating.

Norte 13: Precantion—Perform in a well-ventilated hood.

22.11 Hold the beaker at a 45° angle, and slowly add
dropwise 2 mL of HNO; (sp gr 1.42), rotating the beaker to
effect thorough contact of the acid with the residue,

22.11.1 If acid is added to the beaker in a wvertical
position, a violent reaction will occur accompanied by high
heat and spattering. ‘

22.12 Place the beaker on a hotplate set at low heat or on
a steam bath and evaporate to near dryness. Remove beaker
from heat and allow residual solvent to evaporate without
further heating,

22.13 Add 2 mL of HCI (1+2) to the beaker, and heat,
while swirling, for 1 min.

22.14 Cool and quantitatively transfer the solution to a
10-mL volumetric flask and adjust to volume with water.

22.15 Aspirate each sample and record the scale reading
or concentration at 324.7 nm.

23. Calculation

23.1 Determine the weight of copper in micrograms in
each sample by referring to the analytical curve or, alterna-
tively, by multiplying the direct read-out concentration of
copper by 10 mL. (See 21.3.) Calculate the concentration of
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TABLE 2 Determination of Bias for Test Method B
Statisticaliy
Amount Added,  Amount Found, o o
ug Cull ug Cu/L Blas, % Slgmﬂf:xl 95 %
Reagent Water
300 290 -3.3 no
100 112 +12.0. . no
20 65 +225 yes
Water or Brine
300 234 —~22.0 no
100 93 -7.0 . no
20 49 +145 no

copper in the original saniple in micrograms per litre using
Eq L:

1000 x B

Copper, pg/L = 1 )]

where:
A = volume of original sample, mL, and
B = weight of copper in sample, pg.

24. Precision and Bias*

24,1 The collaborative test of this test method was per-
formed by six laboratories, two of which supplied two
operators each, Each operator performed the test at three
levels. A total of 120 determinafions were made.

24,2 These collaborative test data were obtained on re-
agent grade water, river water, tap water, 50 % artificial
seawater, and synthetic NaCl brine (50 000 mg/L). For other
matrices, these data may not apply.

24.3 Precision—The single-operator and overall precision
of this test method within -its-designated range may be
expressed: as follows:

In reagent water Type 1 -

Sp=0.119X+9
S =0247X + 47
In water or brine: -
=21

Sz = 0.270X + 42
where:
Sp = single-operator precision, ug/L,
St = overall precision, ug/L, and
X = concentration of copper, pg/L.

24.4 Bias—Recoveries of known amounts of copper were
as shown in Table 2.

TEST METHOD C—ATOMIC ABSORPTION, GRAPHITE
FURNACE

25. Scope

25.1 This test method covers the determination of dis-
solved and total recoverable copper in most waters and
wastewaters.

25.2 This test method is applicable in the range from 5 to
100 pg/L of copper. The range can be increased or decreased
by varying the volume of sample injected or the instrumental
settings. High concentrations may be diluted but preferably
should be analyzed by direct aspiration atomic absorption
spectrophotometry-(see Test Method A).

25.3. This test method ‘has been used successfully with

161

reagent grade water, filtered tap water, condensate from a
medium Btu coal gasification process, river water, lake
water, well water, and production plant process waters. It is

the user’s responsibility to assure the validity of this- test.

method in other matrices.

26. Summary of Test Method
26.1 Copper is determined by an atomic absorptlon

spectrophotometer used in conjunction with a graphite.

furnace.'A sample is placed in a graphite tube, evaporated to
dryness, charred (pyrolyzed or ashed) and atomized. Since
the graphite furnace uses the sample much more efficiently
than flame atomization, the detection of low concentrations
of elements in small sample volumes is possible. The
absorption signal generated during atomization is recorded
and compared to standards. A general guide for the applica-
tion of the graphite furnace is given in Practice D 3919.

26.2 Dissolved copper is determined on a filtered sample
with no pretreatment,

26.3 Total recoverable copper is determined following
acid digestion and filtration, Because chlorides interfere with
furnace procedures for some metals, the use of hydrochloric
acid in any digestion or solubilization step is to be avoided. If
suspended material is not present, this digestion and filtra-
tion may be omitted.

27. Interferences

©27.1 For a complete discussion on general interferences
with furnace procedures, the analyst is referred to Practice
D 3919.

28. Apparatus

28.1 Atomic Absorption Spectrophotometer, for use at
324.7 nm with background correction.

NOTE 14—A wavelength other than 324.7 nm may be used if it has
been determined to be suitable. Greater linearity may be obtained at
high concentrations by using a less sensitive wavelength,

Note 15—The manufacturer’s instructions should be followed for all
instrumental parameters,

28.2 Copper Hollow Cathode Lamp, a single element
lamp is preferred, but multiclement lamps may be used.

28.3 Graphite Furnace, capable of reaching temperatures
sufficient to atomize the element of interest.

28.4 Graphite Tubes, compatible with furnace device.
Standard graphite tubes are preferred unless extreme sensi-
tivity is required. In this instance and to eliminate the
possible formation of carbides, pyrolytically coated graphite
tubes are recommended.

28.5 Pipets, microlitre with disposable tips. Sizes may
range from 1 pL to 100 pl, as required.

28.6 Data Storage and Reduction Devices, Computer- and
Microprocessor-Controlled Devices, or Strip Chart Record-
ers shall be utilized for collection, storage, reduction, and
problem recognition (such as drift, incomplete atomization,
changes in sensitivity, etc.). Strip chart recorders shall have a
full scale deflection time of 0.2 s or less to ensure accuracy.

28.7 Automatic Sampling is recommended if available.

29. Reagents and Materials

29.1 Copper Solution, Stock (1.0 mL = 1.0 mg Cu)—See
20.3.
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29.2 Copper Solution, Intermediate (1.0 mL. = 10 pg

TABLE 3 Determination of Bias and Overall Precision for Test

Cu)—See 20.4. . Method C

:29.3. Copper . Solution, Standard (1.0 mL = 0.10 pg N A ' o * Statistically
Cu)—Dilute 10.0 mL of copper intermediate solution (29.2) mourt maunt .  Significant,
and 1 mL of HNO, (sp gr 1.42) to 1 L with water. This ~ "‘gnk® Fogoks 8 . =Bes  Basx® 805
standard is used to prepare working standards at the time of ‘Level
the analysis. . - Reagent Water

29.4 Nitric Acid (sp gr . 1.42)—Concentrated nitric acid a2 313 454 07 22 No
(HNO,). (See Note 5.) 11 1.7 1,33 +0.7 +6.4 No

29.5 Argon, standard, welders grade, commercially avail- 5 5.6 1.65 +06 . +120 . No
able. Nitrogen may also be used if recommended by the Waters of Choice
instrument manufacturer. . a2 36.3 9.15 +4.3 +134 No

: 11 12.0 257 +1.0 +9.1 No

5. 90 6.96 +40 +80.0 - No .

30. Standardization

30.1 Initially, set the instrument accordmg to the manu-
facturer’s specifications. Follow. the general instructions as
provided in Practice D 3919, .

31, Procedure

31.1 Clean all glassware to be used for preparation of
standard solutions or in the digestion step, or both, by rinsing
first with HNQOj (1+1) and then with water. Altematively,
soaking the glassware overmght in HNO3 (1+1) is useful for
low levels.

31.2 Measure 100 0 mL of each standard and well-mixed
sample into 125-mlI, beakers or flasks.

31.3 For total recoverable copper add HNO; (sp gr 1.42).
to each standard and sample at a rate of 5 mL/L and proceed
as directed in 31.4 through, 31.6. If only dissolved copper is
to be determined, filter the sample through a 0.45-um
membrane filter prior to acidification, add HNQ; (sp gr 1.42)
to each standard and sample at a rate of 5 mI/L, and
proceed to 31.6. i

31.4 Heat the samples at 95°C on a steam bath or hotplate
in a well-ventilated fume hood until the volume has been
reduced to 15 to 20 mL haking certain that the samples do
not boil. (See Note.7.)

31.5 Cool and filter the sample through 4 suitable filter
(such as fine-textured, acid-washed, ashless paper) into. a.
100-mL volumetric ﬂask ‘Wash: the ﬁltcr paper 2 or 3 times
‘with water and bnng to volume. (see Note 16). The acid
concentration at this. point should be 0.5 % HNO,,.

Note 16-—If suspended material is not present; this filtration may be-
omitted,, but the-sample must still be diluted to 100 mL.

31.6 Injecta meaSured-aliquot of sample into the furnace:
device following the' directions as provided by the particular

instrument manufacturer. Refer to Practice D 3919.

32. Calculation

32.1 Determine the concentration of copper in each‘

sample by referring to Practice D 3919,

33. Precision and Bias®

33.1 The precision and bias of this test method were‘

tested in reagent water by 16 laboratories. Thirteen laborato-
ries also. tested this test method in either boiler blowdown
water, lake water, tap water, filtered tap water, condensate,
well water, or production plant process waters as a water of
choice. One laboratory reported data for two operators.
Although multiple® injections may have been made, the
report sheets provided allowed only for reporting single
values. Thus, no single operator precision data can be
calculated. Two sets. of laboratory data were rejected from
both the reagent water series and the water of choice series
because of either the laboratory ranking test or the individual
outlier test. Bias data and overall precision data are given in
Table 3.

33.2 These data may not apply to waters of other ma-
trices, therefore, it is the responsibility of the analyst to
assure the validity of this test method in a particular matrix,

34, Keywords

34.1 atomic absorption; chelation; copper; flame; graphite
furnace; water

5-Supporting clata are available from ASTM Headquarters. Request RR:
D19-1098. :

APPENDIX

(Nonmandatory Information)

Xl RATIONALE FOR DISCONTINUATION OF TEST METHODS

X1.1 Colonmetnc Test Methods for Determination of
Copper in Wateér::. |

X1.1.1 These test methods were dlscontmucd in 1988
They were last published in their ent1rety in.the 1988 Annual
Book of ASTM Standards, Vol 1101, .- - -

X1.1.2 Former Test Method A, Necuprome (for concen-

trations of copper in the range from 0.05 to 5 mg/L):
X1.1.2.1 This test method is applicable to the determina-
tion of copper in water and waste water containing 0.05
mg/L of copper or more,
X1.1.2.2 (a) This test method is based on the measure-
ment of the intensity of the yellow color of the cuprous
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complex of 2,9-dimethyl-1, 10-phenanthroline (neocu-
proine). Full development of the color takes place over the
pH range from 2.3 to 9.0. However, a buffer solution is used
to produce an aqueous phase with a pH of 4.0 to 6.0.

(b) The copper is reduced with hydroxylamine hydrochlo-
ride and the pH of the solution is adjusted with a sodium
citrate solution. The cuprous ion is then reacted with 2,9-
dimethyl-1, 10-phenanthroline and the yellow complex ex-
tracted with chloroform. Any of the usual photometric or
visual methods may be used for measuring or comparing the
color, The test method follows Beer’s law up to a concentra-
tion of 5 mg/L of coppér. The maximum absorption occurs
at 457 nm. -

X1.1.3 Former Test Method B, Necuproine (for concen-
' trations of copper in the range from 2 to 100 pg/L):

X1.1,3,1 This test method is applicable to the determina-
tion of copper in waters such as steam condensate and
deionized water. It is specifically applicable to concentrations
of copper from 2 to 1000 pg/L.

X1.1.3.2 This test method is the same as former Test,
Method A (for high-level neocuproine), except that a choice

between chloroform and isoamyl alcohol is given as the
organic solvent used for extraction. The maximum absorp-
tion occurs at 457 nm when chloroform is the extractant and
at 454 nm when isoamyl alcohol is the extractant.

X1.1.4 Former Test Method C, Cuprethol (for concentra-
tions of copper in the range from 0.05 to 4 mg/L):

X1.1.4.1 This test method is applicable to the determina-
tion of copper in water containing 0,05 mg/L of copper or
more. Former Test Method C is preferred for relatively
unpolluted waters since it does not involve an organic
extraction step, and allows for a rapid detérmination.,

X1.1.4.2 Cupric ions form a yellow-colored chelate with
cuprethol, the trivial name for the reagent, bis(2-hydroxy-
ethyl)-dithiocarbamate. The. colored compound formed at a
pH between 5 and 6 is soluble. The maximum absorption
occurs at 435 nm and Beer’s law is valid up to a copper
concentration of 2 mg/L, Any of the usual photoelectric or
visual methods may be used for measuring or comparing the
color.

X1.1.5 These test methods were discontinued because

there were insufficient laboratories interested in participating,

in a collaborative study to obtain the necessary precision-and
bias data as required by Practice D 2777.

The American Society for Testing and Materials takes no positian respecting the vaiidity 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 stich rights, are entirely their own responsibility.

This standard Is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, elther reapproved or withdrawn. Your comments are invited either for revision of this standard or for additfonal standards
-and should be addressed.to ASTM: Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical commitiee; 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 Commitiee on Standards, 1916 Race St., Philadelphia, PA 19103.
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) QH]}V) Designation: D 1785 — 86

Standard Speclflcatlon for

Poly(meI Chloride) (PVC) Plastlc Pipe, Schedules 40, 80, and

120’

This standard s issued under the fixed desu;naticm D 1785; the number |mmcdmtcly t‘ollowmg the designation indicates the year of
original adoptlon 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,

© This specification has been appmved for use by agencies of the Depariment of Defense and for /istmg n the Do Im(ex of Specifi calwm

and Standards,

1. Scope

1.1 This specification covers poly(vmyl chloride) (PVC)
pipe made in Schedule 40, 80, and 120 sizes and pressure-
rated for water (see Appendix). Included are criteria for
classifying PVC plastic pipe materials and PVC plastic pipe;
a system of nomenclature for PVC plastic pipe, and require-
ments and test methods for materials, workmanship, dimen-
sions, sustained pressure, burst pressure, flatiening, and
extrusion quality. Methods of marking are also given,

1.2 The values stated in inch-pound units are to be
regarded as the standard. The values given in parentheses are
for information only. .

1.3 The following precautionary caveat pertains only to
the test method portion, Section 7, of this specification. This
standard may involve hazardous materials, operations, and
equipment. This staridard does not purport to address all of
the safety problems associated with its use. It is the responsi-
bility of the user of this standard to establish appropriate
safety and health pramcm and determine the applicability of
regulatory limitations prior to use. A specific precautmmry
statement is g,lven in'Note 6.

lez lePVC‘ plastic pipes, Schedules 40 and 8() which wuu
formerly included in this standard, are now covered by Specification
F441, Chlonnatcd Poly(mel Chlonde) (CPVC) Plasuc Pipe, Sohcdulw
40 and 80,2

Nore 2—The wstamcd and burst pressure 1est requirements, and the
‘pressure ratings in the Appendix, are calculated from stress values

obtained from tests made on pipe 4 in. (100-mm) and smaller, However, .

tests conducted on pipe as large as 24 in. (600 mm) diameter have
shown these stress values to be valid for larger diameter PVC pipe,

Notg 3---PVC pipe made: to this specification is often belled for use
as line pipe. For details of the solvent cement belled pipe, see
Specification D 2672 and for details of belled elastomeric joints, see
Specifications I 3139 and D 3212.

2. Referenced Documents
2.1 ASTM Standards:

D618 Methods of Condmonmg Plastics and Electrical -

Insulating Materials for Testing”

D 1598 Test Method for Time-To-Failure of Plastic Pipe

Under Constam Internal Pressure®

1> 1599 "Test Method for Short- l“ime I[ydrauhc Fallurc
Pressure of Plastic Pipe, Tubing, and Fittings”

D 1600 Abbreviations of Terms Relating to Plastics*

D 1784 Specification for Rigid Poly(Vinyl Chloride)
(PVC) Compounds and Chlorinated Poly(mel Chl()-
ride) (CPVC) Compounds®

D 2122 Method of Dc,tt,rmmmg Dlmensmns of Thermo-
plastic Pipe and Fittings®

D 2152 Test. Method for Degree of Fusion of Extruded

Poly(Vinyl Chloride) Pipe and Moldmg Fittings- by

Acetone Immersion®

D 2672 Specification for ﬂolvcnt Cnmcnt J oint Sockcte on
Belled PVC Pressure Pxpe

D 2837 Method for Obtaining [Iydrost'mc Demgn Bams
for Thermoplastic Pipe Materials?

123139 Specification for Joints for Plastic Preb.sure Pipes
Using Flexible Elastomeric Seals?

D 3212 Specification for Joints for Drain and Sewer Plastic
. Pipes Using Flexible Elastomeric Seals? .

F 412 Definitions of Terms Relating to Plastm Plpmg
Systems?

2.2 Federgl Standard$

Fed. Std. No. 123 Marking for Shlpmcnt (C1v11 A;_.,cncncs)

2.3 Military Standard®

MIL-STID-129. Mdrkmg for Slnpment and Storage

3. Terminology

. 3.1 Definitions:

~ 3.1 Geneml———DL,hmtmm are in accard'mcc with Defini-
tions ¥ 412 and abbreviations are in accordance with Abbre-
viations D 1600, unless otherwise indicated, The abbrevia-

“tion for poly(vinyl chloride) plastic is PYC.

3.2 Descriptions of Terms Specific to This Standgrd:
3.2.1 kydrostatic design stress—the estimated maximum

; 'tensd stress in the wall of the pipe in the circumferential
.orientation due to internal hydrostatic water pressure that

can be applied conlmuously with a high degree of certainty
- that failure of the pipe will not occur.

3.2.2 pressure rating (PR)—the estimated maxirnum pres-

§ “surcjthat water in the pipe can exert continuously with a high
‘degree. of certainty that failure of the pipe will not occur.

+..3.2.3 relation between dimensions, design stress, and pres-

Plastic Piping Systems and is the direet responsibility of Subcommittee FI7,25 on -

Vinyl Based Pipe.
Current edition approved Oct, 31, 1986, Published L)cccmbcr 1986, Originally
published as D 1785 — 60, Last previous edition D> 1785 - 83¢!
2 Annigal Book of ASTM Standards, Vol 08,04,
- 3 Annual Book of ASTM Standards, Vol 08.01.

T . . ) ! sure “. . s . P
!'This specification js under the jurisdiction of ASTM Commitiee F-17 on - .S?(?’C rating—the follOW{ng exgressxon, commonly known as

“ Annual Baok of ASTM Standards, Vols 08.01 and 08.04,
. Annual Book of ASTM Standards, Vols 08.02 and 08.04.
9 Available from Naval Publications and Forms Center, 5801 Tabor Ave.,

" Philadelphia, PA 19120,
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the ISO equation,” is used in this specification to relate

dimensions, hydrostatic design stress, and pressure rating;:
28/P = (Dyft) ~ 1

where:

S

i

hydrostatic design stress, psi (or MPa),

P = pressure rating, psi (or MPa),
Dy = average outside diameter, in. (or mm), and
t = minimal wall thickness, in. (or mm),

3.2.4 standard thermoplastic pipe materials designation
code—the pipe materials designation code shall consist of the
abbreviation PVC for the type of plastic, followed by the
ASTM type and grade in Arabic numerals and the design
stress in units of 100 psi (0.7 MPa) with any decimal figures
dropped. When the design stress code contains less than two
figures, a cipher shall be used before the number. Thus a
complete: material code shall consist of three letters and four
figures for PVC plastic pipe materials (see Section 5).

4, Classification
4.1 General—This specification covers PVC pipe made to
and marked with one of six type/grade/design stréss designa-
tions (see Appendix X1. 2) in Schedule 40, 80, and 120 wall
sizes,
" 4.2 Hydrostatic Design  Stresses—This  specification
covers pipe made from PVC plastics as defined by four
hydrostatic design stresses which have been developed on the
basis of long-terim tests (Appendix).

5, Materials and Manufacturer

5.1 General--Poly(vinyl chloride) plastics used: to make
pipe meeting the requiremernts of this specification are
categorized by means of two criteria, namely, (1) short-term
strength tests and (2) long-term strength tests.

NoTE 4--PVC pipe that is intended for use in the transport of
potable water should be evaluated for this purpose by a laboratory

7150 R161-1960, Plpes of Plastics Materlals for the Transport of Fluids
(Outside Diameters and Nominal Pressures) Part 1, Meiric Series.

recognized by the public health profession and by the regulatory bodies
having jurisdiction. Many public health authorities recognize National
Sanitation Foundation Standard No, 14 for Plastic Piping System
Components and: Related Matetials, as'a suitablé standard to evalnate
materials for potable water service. The seal or mark of the laboratory

" making the evaluation should be included in the marking on pipe that is

intended for the transport of potable water. A laboratory that makes
evaluations of pipe for transport of potable water is the National
Sanitation Foundation Testing Laboratories, Inc., NSF Bldg., Ann

. Arbor; MI 48106. Names of other recognized laboratories will be added

when they are brought to the attention of ASTM.

5.2 Basic Materials—-This specification covers pipe made
from PVC plastics having certain physical and chemical
properties as described in Specification I 1784.

3.3 Compound—The PVC compounds used for this pipe
shall equal or exceed the following classes described in
Specification D 1784; PVC 12454-B, 12454-C, or 14333-D,

5.4 Rework Material—Clean, rework material of the same
type and grade (cell classification), generated from the
manufacturer’s own pipe production, may be used by the
same manufacturer, as long as the pipe produced meets all
the requirements of this specification.

6. Reqguirements

6.1 Dimensions and Tolerances: ‘

6.1.1 Dimensions and tolerances shall be as shown in
Tables 1 and 2 when measured in accordance with Method
D 2122. The tolerances for out-of-roundness shall apply only
to pipe prior to shipment, .

6.2 Sustained Pressure—The pipe shall not fail, balloon,
burst, or weep as defined in Test Method D 1598, at the test
pressures given in Tables 3, 4, or 5 when tested in accordance
with 8.4,

6.2.1 Accelerated Regres'szon Test—At the option of the
manufacturer, an accelerated regression test may be substi-
tuted for the sustained pressure test. The test shall be
conducted it accordance with 8.4.1, The pipe shall demon-
strate a hydrostatic design basis prmecnon at the 100 000 h
mtercept that meets the hydrostatic design basis category
requirement (see Table 1 and Method D 2837) for the PVC

TABLE 1 Outside Diameters and Tolerances for PVC Plastic Pipe Schedules 40, 80, and 120, in. (mn)

Tolerances

Nominal Pipe Size Qutside Diameter

For Maximum and Minimum Dlameter (Out-of-Roundness)

Average Schedule 40 glzes 8% In, and Schedule 40 sizes 3 in, and less;
over; Schedule 80 slzes 8 In, Sehedule 80 sizes 6 in. and less;
and over Schedule- 120 sizes all

s Q.405 (10.29) +0.004 (0.10) +0.008 (£0.20)

Va . 0.540 (13.72) +0.004 (:0.10) +£0.008 (+0.20)

% 0.675 (17.14) +0.004 (+0.10) +0.008 (£0.20)

Va ' 0.840 (21.34) 0,004 (+0.10) ' 0,008 (+£0.20)

Wa ‘ 1.050 (26.67) +0.004 (:0.10) +0,010 ¢:0.25)°

1 1.315 (33.40) £0,008 (::0.13) +0.010 (+0.25)
1 ' 1.660 (42.16) 0,008 (£0.13) +0,012 (£0.30)
"e . . 1.900 (48.26) +0,006 (::0.16) +0.012 (:£0.80)

2 2.375 (60.32) 0,006 (:0.18) +0.012 (:0,30)
M 2.875(73.02) $£0.007 (£0.18) +0.015 (+0.98)

3 : ' 3.500 (88.90) . 40,008 (::0.20) Ve +0.015 (:0.98)
s 4.000 (101.60) . £0.008 (::0.20) +£0.080 (£:1.27) +0.015 (:0.38)

4 4.500 (114.30) #0.009 (:0.23) 0,080 (4:1.27) © 40,015 (£0.38)

5 5,563 (141.30) £0.010 (::0.285) £0,080 (::1.27) ’ +0.030 (+:0.76)

6 6.625 (168.28) +0,011 (£0.28) +0.060 (41 27) +0.035 (::0.89)

8 8.625 (219.08) +0.015 (:0.36) 40,075 (41.90) +0.046 (21.14)

10 10.750 [273.05) #0,018 (::0,88) £0.076 (::1.90) :£0.060 (:4:1.27)
12 : 12.750 (323.85) +0.015 (+0.38) £0.078 (:1:1.90) +0.060 (4:1.52)
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material used in its manufacture, (Example: PYC 1120 pipe
must have a minimum 100 000 h projection of 3830 psi
(26.40 MPa) and 83 % lower confidence limit (LCL).

6.3 Burst Pressure—The minimum burst pressures for
PVC plastic pipe shall be as given in Table 6, when
determined in accordance with Test Method D 1599,

6.4 Flattening—There shall be no evidence of splitting,
cracking, or breaking when the pipe is tested in accordance
with 8.5.

6.5 Extrusion Ouality—The pipe shall not flake or disin-
tegrate when tested in accordance with Test Method I 2152,

7. Workmanship, Finish, and Appearance

7.1 The pipe shall be homogeneous throughout and free
of visible cracks, holes, foreign inclusions, or other defects.
The pipe shall be as uniform as commercially practicable in
color, opacity, density, and other physical properties.

Nore 5—Color and transparency or opacity should be specified in
the contract or purchase order,

8. Test Methods

8.1 Conditioning—Condition the test specimens at 73.4 +

36F(23 £ 2“(3) and 50 + 5 % relative humidity for not less
than 40 h prior to test in accordance with Procedure A of
Methods D 618, for those tests where conditioning is re-
quired.

8.2 Test Conditions—Conduct tests in the Standard Lab-
oratory Atmosphere of 73.4 £ 3.6°F (23 £ 2°C)and 50 + 5 %
relative humidity, unless otherwise specified in the test
methods or in this specification,

8.3 Sampling~The selection of the sample or samples of
pipe shall be as agreed upon by the purchager and seller. In
case of no prior agreement, any sample selected by the
testing laboratory shall be decmed adequate.
~ 8.3.1 Test Specimens—Not less than 50 % of the test
specimens required for any pressure test shall have at least a
part of the marking in their central sections, The central

section is that portion of pipe which is at least one pipe
diameter away from an end closure.

8.4 Sustained Fressure Test—Select the test specimens at
random. Test individually with waier at the internal pres-
sures given in Tables 3, 4, and 5, six specimens of pipe, each
specimen at least ten times the nominal diameter in length,
but not less than 10 in. (250 mm) or more than 3 fi (1 m)
between end closures and bearing the permanent marking on
the pipe. Maintain the specimens at the pressure indicated
for a period of 1000 h, Hold the pressure as closely as
possible, but within +10 psi (£70 kPa). Condition the
specimens at the test temperature of 73.4°F (23°C) to within
3.6°F (2°C). Test in accordance with Test Method D 1598,
except maintain the pressure at the values given in Tables 3,
4, or 5 for 1000 h. Failure of one of the six specimens {ested
is cause for retest of six additional specimens. Failure of one
of the six specimens tested in retest shall constitute failure in
the test. Evidence of failure of the pipe shall be as defined in
Test Method D 1598.

8.4.1 Accelerated Regression Test—Test in accordance
with procedures in Test Method D 1598, except that re-
sirained-end fittings may be employed, A minimum of six
samples will be tested at prebsures selected to yield data
points as follows:

0.010 to 0099 h (36 s to 6 min)

0.10 t0 0,999 h (6 min to t h)

1.00 t0 9999 h

10.010 99.999 h

100 to 100+ h

0 to 100+ h (random point)
Additional points may be added if necessary to improve
projection or LCL, or both. No points shall be excluded
unless an obvious defect is detected in the failure area of the
test sample. Characterize the results using the least squares
extrapolation described in Method ID 2837,

Norg 6--Caution: Since rupture of the test specimen is expected in
quick burst and high stress regression testing, well shielded test equip-

TABLE 2 Wall Thicknesses and Tolerances for PVC Plastic Pipe, Schedules 40, 80, and 120,77 in, (mm)

Wall Thickness*

Nomg::;l”iw Schedule 40 Schedule 80 Schedule 120
. Minimum Tolerance Minimum Tolerance Miniraum " Tolerance

Vo 0.068 (1.73) +0,020 (+0.51) 0.005 (2.41) +0.020 (-+0.51)
Ya 0.088 (2.24) +0.020 (+0.51) 0.119 (3.02) +0.020 (+0.51)
% 0,091 (2.31) +0.020 (+0.51) 0.126 (3.20) +0.020 (+0.51) v v
e 0.108 (2.77) +0,020 (-+0.51) 0.147 (3.73) © 40,020 (+0.51) T 0170 (4.92) +0,020 (40.51)
i 0.118 (2.87) +0,020 (+0.61) 0,154 (3.91) +0.020 (-+0.51) 0.170 (4.32) +0.020 (+0.51)
1 0.133 (3.38) +0.020 (+0.51) 0.179 (4.56) +0,021 (+0.83) 0.200 (6.08) +0.024 (+0.61)
1V © 0,140 (3.56) +0.020 {+0.51) 0.191 (4.85) +0.023 (+0.58) 0.215 (5.46) +0.026 (+-0.66)
1 0.145 (3.68) +0.020 (+0.61) 0.200 (6.08) +0.024 (+0.61) 0.225 (8.72) +0,027 (+0.68)
2 0.154 (3.01) +0.020 (+0.51) 0.218 (5.54) +0.026 (+0.66) 0.250 (8.35) +0.030 (+0.78)
2 0.203 (5.16) +0.024 (+0.61) . 0.276 (7.01} +0,033 (+0.84) 0.300 (7.62) +0.036 (+0.91)
3 0.216 (5.49) +0.026 (+0.66) 0.300 (7.62) +0.036 (-++0.91) 0.350 (8.89) “+0.042 (+1.07)
) . 0.226 (5.74) +0,027 (+0.68) 0.318 (8.08) +0.038 (+0.96) 0.350 (8.89) +0.042 (+1.07)
4 0.237 (6.02) +0,028 (+0.71) 0.337 (8.56) +0.040 (+1.02) 0.437 (11,10) +0,082 (-+1.32)
§ 0.268 (6.55) 40.031 (+0.79) 0.375 (9.62) +0.045 (+1.,14) 0,500 (12.70) +0.080 (+1.52)
6 0.280({7.11) +0.034 (+0.86) 0.432 {10.97) +0.052 (+1.32) 0.562 (14.27) +0,067 (+1.70)
8 0.322 (8.18) +0,039 (+0.99) 0,600 (12.70) +0.080 (+1.682) 0.718 (18.24) +0,086 (+2.18)
10 0.365 {9.27) +0,044 (+1.12) 0.568 (15.06) +0.071 (+1.80) 0.843 (21.41) 0101 (+2,56)
12 0.406 (10.31) +0,049 (+1.24)- 0.687 (17.45) +0.082 (+2.08) 1.000 (25.40) +0.120 (+8.05)

A The minimum is the lowest wall thickness of the pipe at any ¢ross section. The maximum permitted wall thickness, at any cross section, is the minimum wall thickness

plus the stated tolerance. Alf tolerances are on the plus side of the rinimum requirement.
A These dimensions conform to nominal IPS dlmensdcns with the exception that Schedule 120 wall thickness for pipe slzes Va to 3% in. (12.5 to 87.5 mm), inclusive,

are specia' WC plastlc pipe sizes.

69

PRO_00100189



Case 1:13-cv-01215-TSC Document 198-20 Filed 10/07/19 Page 116 of 127

b o 1785

TABLE-3 Sustained Pressure Test Conditions for Water at 73°F
{23°C) for PVC Plastic Pipe, Schedule 40

TABLE 4 Sustained Pressure Test.Conditions for Water at 73°F

Pressure Required for Test4

Nominal Pipe - PVC1120

(23"(:) for PVC Plastic Pips, Schedule 80
: ““Pressure Required for. Test?

o Nominal Pipe PVC1120
Size PVG1220 PVC2116 PVG2112 rvC2110 Size PVC1220 - PVC2116 PVC2112 PVG2110°
) PVO2120, . p PVC2120 .
in, ; . . psi . in, - © psi
Vo 1600, 1860 - 130 930 C 2570 - 2060 © 1720 1410
Va 1640 . 1310 1090 900 Va 2370 1900 1580 1300
¥ 1310 1060 870 720 Y 1930 1540 1290 1060
o 1250- 1000 840 690 Va 1780 1430 1190 980
% ..o 1010 810 680 8§80 . Y 1440 1160 260 790
1 950 . 760 630 620 1 1320 1060 880 720
1Va 770 820 520 420 1% 1080 870 730 800
1V 690 660 460 380 1V 990 790 a60 540
2. 580 - 470 390 320 2 . - 860 680 570 460
2Va 640 . 510 430 360 KU O 890 . 710 §90 490°
3 590 440 370 300 3 790 680 520 430
Ll 500 400 340 280 K1) 730 580 480 400
4 470 870 - - 310 260 4 680 5490 450 370
5 C 410 330 270 . 220 & 610 480 400 330
6 370 300 250 200 6 590 470 390 320
8 330 260 220 180 8 520 410 340 260
10 300 240 - 200 160 10 4380 390 330 270
12 260 220 180 150 12 480 380 320 260
in. MPa in, . . MPa
9 11.85 9.38 C 779 6.4 e 17.72 14.21 11.86 9.72
Va 1131 9.03 7.62 621 Ya 16.34 a0 10,90 8.96
Ya 9.038 7.24 6.00 4.96 Y 13.31 10.62 8.89 731
o a.62 6.89 6.79 4.76 2 12.27 2.88 8.20 6.76
E7] 6.96 5.58 4.69 3.79 Wy 9.93 8.00 6.62 5,45
1 6.65 524 4.34 359 1 9.10 B ) 8.07 4.96
1V 531 4.27 3.59 2.90 1Y 7.52 6,00 §.03 414
1V 4,79 3.86 A7 262 1% 6.83 4.98 4.55 372
2 4.00 3.24 269 221 2 586 4.69 3.83 3.7
212 441 3.52 2.96 241 2k 6.14 4.90 4.07 3,386
¢ 8 407 - 3.03 265 2.07 3 545 4.34: 3.59 2,98
3. 9.45 2,76 2.84 1.93 3 5.03 . 4.00 391 2.76
4 3.24 2.86. 214 1.79 4 ‘ 4.69 372 3.10 255 -
5 283 2.28 1.86° 1.52 5 421 3.38° 2.76 2.28
6 2.55 2,07 1.72 1.38 6 4.07 3.24 269~ 221
8 2.28 179 - 1.52 1.24 g8 . - 3.59 . 283 284 . 193
10 2.07 1.65 1.38 1.10 10 3,38 2,69 2,98 1.88
.12 ,1.83 1.62 .. i 1.24 . 1.08 12 B33 2.62 2.1 1.79
A The fibér strosses used to derive these tést pressures are as follows: A The fiber stresses used to derive these test pressures are as follows:
psi MPa psi MPa
PVCH120 C a0y 29.0 PVC1120 4200 29,0
PVC1220 4200 29.0 PVC1220 4200 20.0
PVC2120 4200 20.0 PVC2120 4200 29.0
PVG2116 3360 23.2 PVC2118 3360 23.2
PVC2112 2800 - 19.3 pveC2112 2800 19.3
PVC2110 2300 18.9 PVG2110 2300 15.9

ment and, protective personal equipment should be used when con-
ducting the tests.

8.5 Burst Pressure—Determine the minimum bumt pres-
sure with 4t least five specimens in awordance with Test
Method ID-1599. The time of testing of each spemmen shall
be between 60 and 705,

8.6 Flattening—Flatten three specimens of the pipe, 2 in.
(50 mm) long, between parallel plates in a suitable press until

the distande’ between ‘the plates is 40 % of the outside

diameter of the pipe or the walls of the pipe touch, whichever
ocewrs fivst. The rate of loading shall be uniform and such
that the: compression is-completed within 2 to 3 min, On
removal of the load examine the specimens for evidence of
splitting, ¢tacking, or breaking.

- 9. Retest and Ré}Lcﬁon : ‘
9.1 If any failure oceurs, the materials may be retested to

. estabhsh conformity in accordance w1th agreement between

70:

the purchaser and the 'seller

10 -Certifi catmn

101 The seal of the National Sanitation Foundamm
Testing Laboratory, Inc. indicates that the product is tested
under the NSF certification program.

10.2 Certification and labeling, by other independent
labofatories, may be accepted if approved by the code
authority having jurisdiction.

11, Prodact Markmg

111 szlwy of Marking—The markmg shall be «pphed
to the pipe in such a manner that it remains legible (easily
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read) after installation and inspection. TABLE. § Continsed

11.2 Content of Marking: v Pressure Required for TestA
" 11.2,1 Marking on the pipe shall include the following, Nominal Pipe  pygy120 ‘
spaced at intervals of not more than 5 ft (1.5 m): Size PVC1220  PVC2116  PVC2112  PVC2110

. . . . PVC2120
11,2.1.1 Nominal pipe size (for example; 2 in. (50 mm)),
. C n, . MPa

11.2.1.2 Type of plastic pipe material in accordance with ” 4o 7 579 o
the designation code prc,sc,mbed in 4.5, for example, % 117 8.96 7.45 .14
PVC1120, 1 1041 8.27 . 6.89 5.72

11.2.1.3 Schedule (40, 80, or 120, whichever is applicable) ::2 g:gg g:g? g:zg Py
and the pressure rating in pounds per square inch 2 6.63 545 4885 , 372
(megapascals) for water at 73°F (23°C) shown as the number g"”‘ gﬁ? g?g 1‘3? - ggg
followed by psi (for example, 200 psi (1.4 MPa)). When the 31 568 441 879 308
indicated pressure rating is lower than that calculated in g g-?,; z-gg ;"»}; g-\;ig
accordance with 3.4 (see Appendix), Fhis shall be indicated - 6 598 407 350 . 2,06
by placing a star after the pressure rating, . ?0 5.24 4.21 352 - 290

11.2.1.4 ASTM designation D 1785, with which the pipe -} e o S Py

complies,
11.2.1.5 Manufacturer’s name (or trademark) and code

#The fiber stresses used to derive these test pressuras ate as follows:

.y psi MPa
nd ‘
(see Note 3), 2 PVG1120 4200 29.0
PVG1220 4200 29.0
TABLE & Sustained Pressure Test Conditions for Water at 73°F PVC2120 4200 29.0
{23°C) tor PVC Plastic Pipe, Schedule 120 PVC2116 3380 232
~ PYC2112 2800 19.3
Pressure Required for Test PVC2110 - 2300 1 5'9
Nominal Pipe PVC1120 :
Size PVC1220 PVC2116 pPvG2112 PVC2110
PVC2120 : 112,16 Pxpe intended for the transport of potable water
in. psi ‘ shall atso include the seal or mark of the laboratory making
e 2130 1710 1420 1170 the evaluation for this purpose, spaced at intervals specxﬁed
% 1620 1300 1080 890 by the laboratory.
1 1510 1200 1000 830
1% 1250 1000 830 680 : Nore 7--Manufacturers using the seal or mark of a laboralory must
1% 1130 900 750 820 obtain prior authorization from the laboratory concerned.
2 . 890 780 660 540 Nore 8--It is common practice to dual mark Schedule 40 piping for
2% 980 780 850 540 potable water and DWV usage in which compliance with cach appli-
3 . 830 750 620 810 cable standard is met.
81p 810 640 540 440
4 900 720 800 490 12. Quality Assurance
§ 830 660 550 450
6 780 620 520 430 12,1 Quality Assurance—When the product is marked
8 760 610 510 420 “with this designation “ASTM D 1785”, the manufacturer
10 7¥g ggﬂ 2;0 ggg affirmms that this product was inspected, sampled, and tested
12 4 9 80 in accordance with this specification and has been found to

meet the requirements of this specification.
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TABLE 6 Burst Pressure Requirements for Water at 73

°F (23°C) for PVC Plastic Fipe, Schedulas 40, 80, and 120
Minimurm Buyst Pressures® A o

Schedule 40 Scriedule 80 e Schedule 120
- Nominal Pipe 8ize . . oyey 120 PVC2112 PVC1120 - VG212 T pve1120 Cpveaiiz
PVC1220 PVC2116 PVC1220., . PVC2R116. L UPVCT1220 PVC2118
PVC2120 PVC211Q PVC2120 . PVG2110 - PVG2120 . PVC2110
in. psl
Vo 2580 2020 3920 3060
Va 2490 1950 3620 2830
Y 1990 1560 2940 2800 o e
Y 1810 1490 2720 2120 - 3250 2540
Ya 1540 1210 2200 1720 2470 1930
1 1440 1130 2020 1680 2300 1790
1Ya 1180 920 1660 1800 1900 - 1490 .
112 1060 830 1510 1180 1720 1340
2 890 . 690 1290 1010 1610 1180
21 ' 970 760 1360 1080 . 1490 1170
B 840 860 1200 940 1420 1110
31 770 600 1110 860 1230 960
4 710 560 1040 810 1380 " 1080
5 620 ' 390 930 720 1260 290
B 560 440 890 700 1190 930
8 500 390 790 620 1180 810
10 450 350 760 580 1170 920
12 - 420 $30 730 570 1090 850
in. ' MPa
e, 17.78 13.03 27.08 C 210
Va 1717 1346 24.96 19.62
Yo 13.72 10.76 20.27 15.86 s
Yo 1817 10.27 18.78 14,62 2241 17.62
Ya 10.62 834 15.17 11,86 17.03 13.31
1 9.93 7.79 13.93 10.89 16.86 12,34
1% ‘ 8.14 6.34 1145 8.96 13,10 10.27 .,
1. o, 31 572 1041 8.14 11.88 9.24
.2 8.4 4.76 8.88 6.96 10.41 8.14
2p 669 524 9.38 7.31 10.27 8.07
3 5.79 4.58 8.27 6.48 9.79 7.65
C BV 631" 4.14 7.65 5.93 8.48 6.62
4 4,90 - 886 7.7 5.58 ° ' 9.51 745
5 4.27 - 269 6.41 4,96 8.69 6.83
& 3.88 3.03 6.14 4.83 8.20 641"
8 3.45 269 5.45 4.27 8.00 6.27
10 3.10 2.41 8§17 4.00 8.07 834
12 2.90 228 . 5.03 399 7.52 5.86 -
A The fiber stresses used to derive these test pressures are as follows: o
‘ . psi MPa
PVC1120 6400 444
. PVC1220 6400 44.1
PVC2120 6400 44
PVC2116 5000 34.5
PYC2112 5000 34.5
PVC2110 6000 345

GOVERNMENT/MILITARY PROCUREMENT

These requirements apply only 10 Federal/Military procurement, not domestic sales or transfers.

S1. Responsibility for Inspection—Unless otherwise speci~
fied in the contract or purchase order, the producer is
responsible for the performance of all inspection and test
requirements specified herein. The producer may use his
own or any other suitable facilities for the performance of the
inspection and test requirements specified herein, unless the
purchaser disapproves. The purchaser shall have the right to
perform any of the inspections and tests set forth in this
specification where such inspections are deemed necessary to

ensure that material conforms to prescribed requirements,

Nore $1—In U.S. Federal contracts, the contractor is responsible for
inspection.

S2. Packaging and Marking for U.S. Government Procure-
ment:

82,1 Packaging—Unless otherwise specified in the con-
tract, the materials shall be packaged in accordance with the
supplier’s standard practice in a manner ensuring arrival at
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destination in satisfactory condition and which will be
acceptable to the carrier at lowest rates. Containers and
packing shall comply with Uniform Freight Classification
rules or National Motor Freight Classification rules.

§2.2 Marking—Marking for shipment shall be in accor-

dance with Fed. Std. No. 123 for military agencies.

Note 82—The inclusion of U.S, Government procurement require-
ments should not be construed as an indication that the U.8. Govern-
ment uses ar endorses the products described in this document,

APPENDIX

(Nonmandatory Information)

X1. SOURCE OF HYDROSTATIC DESIGN STRESSES

X1.1 The hydrostatic design stresses recommended by the |

Plastics Pipe Institute are used to pressure rate PVC plastic
pipe. These hydrostatic design stresses are 2000 psi (14 MPa),
1600 psi (11.2 MPa), 1250 psi (8.7 MPa, and 1000 psi (7
MPa) for water at 73°F (23°C). These hydrostatic design
stresses apply only to pipe meeting a]] the requirements of
this specification,

X1.2 Six PYC pipée materials are included based on the
requirements of Specification D 1784 and the PPI-recom-
mended hydrostatic design stresses as follows:

X1.2.1 Type 1, Grade | (12454-B), with a hydrostatic
design stress of 2000 psi (14 MPa), designated as PVC1120,

X1,2.2 Type I, Grade 2 (12454-C), with a hydrostatic

design stress of 2000 psi (14 MPa), designated as PVC1220.

X1.2.3 Type II, Grade | (14333-D), with a hydrostatic.
design stress of 2000 psi (14 MPa), designated as PVC2120.

X1.2.4 Type II, Grade 1 (14333-1), with a hydrostatic
design stress of 1600 psi (11.2 MPa), designated as PVC2116,

X1.2.5 Type II, Grade 1 (14333-D), with a hydrostatic
design stress of 1250 pst (8.7 MPa), designated as PYC2112.

X1.2.6 Type I, Grade 1 (14333-D), with a hydrostatic
design stress of 1000 psi (7.0 MPa), designated as PVC2110,

X1.3 The standard method for obtaining hydrostatic basis
for thermoplastic pipe materials is Method D 2837. Addi-
tional information regarding the method of test and other
criteria used in developing these hydrostatic design stresses
may be obtained from the Plastics Pipe Institute, a division
of The Society of the Plastics Industry, 355 Lexington Ave,,
New York, NY 10017. These hydrostatic design stresses may
not be suitable for materials that show a wide departure from
a straight-line plot of log stress versus log time to failure. All
the data available to date on PVC pipe materials made in the
United States exhibit a straight-line plot under these plotting
conditions,

X1.4 The pipe is rated for use with water at 73°F (23°C) at
the maximum internal pressures shown in Tables X1.1,
X 1.2, and X 1.3, Lower pressure ratings than those calculated
in accordance with 3.4 may be recommended, at the option
of the pipe manufacturer, in which case the SDR shall be
included in the marking. Experience of the industry indicates
that PYC plastic pipe mceting the requirements of this
specification gives satisfactory service under normal condi-
tions for a long period at these pressure ratings, The
sustained pressure requirements are related to these ratings

73

TABLE X1,1 - Water Pressure Ratings at 73°F (23°C) for Schedule
40 PVC Plastic Pipe

Pressure Ratings”

Nominal

Pipe PVC11208

Size PVC1220 PVC2118 PVC2112# PVC2110%

PYC2120

in, . . psi

Va 810 €50 500 400
14 780 620 490 390
¥ C620 500 390 310
3 600 480 370 300
% . . 480 390 300 240

1 450 360 280 220
1 370 290 230 180
e 330 260 210 170

2 280 . 220 170 140
2 o, 300 240 190 180
3 c 280 210 160 130
e - 240 190 180 120

4 220 180 140 110

5 190 160 120 100

[} : 180 140 110 90 -
8 180 120 100 80
10 140 110 a0 70
12 . 180 .10 80 70

e . MPa (bar} ¢

% - - 558 (56) - 4.48 (45) 3.45 (34) 2.76 (28)

a 538 (54) 4.27 (43) 8.38 {83) 2.69 (27)
% 4.27 (43) 8.45 (34) 2.69 (27) 2.14 (21)
Y 414 (41) 331 (39) 2,65 (25) 2.07 (21)
By 3.31 (33) 2.69 (27) 2.07 (21) 1.65 (16)
1 370 (31) 248 (25) 1.93 {(19) 1.52 (15)
114 2.56 (26) 2.04 (20) 1. 59 (16) 1.24 (12)
i) 228 (28) 1.78 (18) 148 (14) 1.17 {12)
2 1.93 (19) 1.52 (15) 117 (12) 0.97 (9.7)
2172 207 (21) 1.66 (16) 1.31 (13) 1.03 (10)
3 1,79 (28) 1.45 (14) 140 (11) 0.90 (9.0)
3 1.65 (16) 1.31 (18) 1.08 (10) 0.83 (8.9)
4 1.52 (18) 1.24 (12) 0.97 (90.7) 0.76 (7.6)
5 1.31 (13) 1.10 {11) 0.83 (8.3) 0.69 (6.9)
6 1.24 (12) 0.87 (9.7) 0.76 (7.6) 0.62 (8.2)
8 1.10 (1) 0.83 (8.3) 0.69 (6.9) 0.55 (5.5)
10 0.97 (9.7) 0.76 (7.8) 0.62 (6.2) 0.48 (4.8)
12 0.90 {9.0) 0.76 (7.6) 0.85 (5.5) 0.48 (4.8)

A These pressure ratings apply only to unthreaded pipe. The industry does not
recommend thrsading PVC plastic pips in Schedule 40 dimensions in nominal pipe
sizes B in. (160 mm}) and smaller.

2 See Appendix for code designation.

21 bar = 14.504 psi.

through the slopes of the strength-time plots of these
materials in pipe form,

X 1.5 The hydrostatic design stresses recommended by the
Plastics Pipe Institute are based on tests made on pipe
ranging in size from V2 to 212 in. (12,5 to 63.5 mm),
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(.o 1785
TABLE X1.2 Water Pressure Hatings’ at 73°F (23°C) for Schedule 80 PVC Plastic Pipe .
 Noginal P - TBvGi120, PVCI220, PVCRI20 PYGRIT6_ T Teveariz 0 7 o pycatio

o Unthreaded . Threaded . . Unthreaded . , ,  Threaded Unthrgaded ~ Threaded ~ ' Unthreaded = Threaded
) 1230 610 980 480 770 380 g0 310
a 1130 570 900 450 710 350 570 280
Ya 920 480 780 370 570 290 460 230
Y 850 420 480 340 530 260 420 210
% 690 340 650 280 430 210 340 170
1 630 320 500 250 390 200 320 160
114 520 260 420 210 320 160 260 130
12 470 240 30 - - 190 ... 200 150 240 120
2 400 200 a20 160 250 130 200 100
21, 420 210 340 S0 260 . 130 210 110
8 370 190 300 150 230 120 190 90
vz o 350 170 280 140 220 110 170 90 .
4 320 ST I 260 T1a0 P00 100 © 180 0
6 260 . 140: 230 120 180 .80 4y 70
8 280 . 140 220 110 170 ., oW o140 70
8 250 120 200 ©100 SHBO " 80 o 60
10 280 120 - 190 9 150 SR 120 60
12 £30 10 180 90 . - 140 70 1 . 60

) MPa (bar) o .o
Nognal PP PVC1120, PVC1220, PVC2120 PVC2116 PVG2112 PVC2110

i Unthreaded - Threaded Unthreaded Threaded:  Unthreaded . ‘Threaded © . Unthreaded | . Threaded .
% BAB(B5) - 4.21 (42) 6.76 (68) 388 (39): - 631 (53) - 262 (26) 421 (42 . 214 @1)
Ya 7.9 (80) 893 (39) 6.21 (62) 310 (31) 490 (49) 241 (24) 393 (40) . 1.93 (19)
Yy 6.34 (83) ‘817 (33 - 5.08(50) 255 (25) 3.93 (39) 2,00 (20) 347 (39) 159 {16)
Ye ' 5686(59) 290 (29) 4,69 (47) 2.34 (29): 366 (36)° . 1.79-(18)° 29029) . 145 (14)
Y '4.76 (48) - 2.34 (23) 3,79 (38) 198 (19) | 296.(29) . 145 (14) - . 234 (29) 147 (12)
1 434 (43) 2.21 (22) 3.45 (34) 172 (17). 289 (27) 1.38 (18) 291 (22) 110 (1)
4 ‘359(36) - 179 (19 - 2.90(20) 145 {14y 220 @20 440 (1) 1:79-(18) - 0.90(2.0) -
1 ~8.24 (32) 165 (16) 262028 131 (18 0, 2020 . 1,08.00) 166 (16) . 0.83(83).
2 "2.76 (28) 1.38 (14) 221 (22) 140 (1) . . 172,07 . 0.9040.0), 138, (14) 0,69 (6.9)
24 2.90 (28) 448 (15) 2.34 (23) 1702170 179 (1) 0 080(8.0) 146 (13) T 0.76(7.8)
3 2,56 (25) 1.31 (13) 2071 108 (100, T 150 (18) . 083(8.8) 131 (13). . ~0.62(82) -
a1 2.41 (24) A7 (12) o 1.93(19) 0970.7). .., ., 152,015 . 078(7.8 . 147 (19) ... 0.62(6.2)
4 2,21 (22) 140 (1) 479018 09000 T 7 U138 (14 T 0.69(8.9) 140 (1) . 0.56 (6.5)
5 200(20) - 097 9.7) 1.59 (18) 083(8.9)- ' 124 (12} 1 0.62(6.2) - ¢ ‘09707 " 0488y
6 188(19) 1 0.97 (97) 152(18)  OZ6(F6). o 17.(1),  0:626.2) 09707 o048 (4.8)
‘8 172 (17) 08383 - 1.38(14) ©  080(69). .. . 1.03 (10) 0.55 (5.5). 083(83), - 041(4.1)
10 169(16) . 0.83 (8.3 131(18) © 062(8.2) 1.03 (10f 048 (4.8) - 0B T 04141)
12 1.59(18) . 076(76) 124012 0620.2) 1 . 097 9.7) . 048 (4.8) 07678 0.4 (41)

LA . ‘
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fih D 1785
TABLE X1.3 Water Pressure Ratings at 73°F (23°C) for Schedule 120 PVC Plastic Pipe
psi
Nog’z'éa'i:'pe PVC1120, PVC1220, PVC2120 PVG2116 PVC2112 PVC2110

Unthreaded Threaded Unireaded Threaded Unthreaded Threaded Unthreaded Threaded
12 1010 510 810 410 : 630 320 ‘ 510 250
Ya 770 390 620 310 480 240 390 180
1 720 360 570 290 450 220 360 180
1V 600 300 480 240 370 190 300 160
11k 540 270 430 210 340 170 270 130
2 470 . 240 380 190 290 150 o4 120
2 470 230 370 190 290 150 . 230 120
3 440 220 360 180 280 140 220 110
32 380 190 310 150 240 120 190 100
4 430 220 340 - 170 270 130 220 110
5 400 200 320 160 250 120 200 100
6 aro 190 300 ‘ 150 230 120 180 90
8 380 180 290 140 230 ' 110 : 180. 90
10 370 180 290 140 230 110 180 90 .
12 340 170 270 | 140 210 110 ’ 170 80

‘ MPa (bar) )
N"'S’?'z’;a'i":"’e PVC1120, PVC1220, PVC2120 . - PVG2116 T pVGatI2 PVG2110

Unthreaded Threaded Unthreaded Threadsd . Unthreaded Threaded Unthreadad Threuded
2 6.96 (70) 3.52 (35) 5.58 (66) 2.83 (28) . 4.34 (43) 221 (22) © 3.52 (35) 1.72 (17)
E2] 5,31 (83) 2.69 (27) 4.27 (43) 214 (21) .81 (33) | 1.86 (16) . - 26927 131 (19)
1 4.96 (50) © 248 (286) 3.93 (39) C 200 (200 o810 162 (15) 2.48 (25) 1.24 (12)
1 4,14 (41) 2,07 (21) 3.31 (33) 1.65 (16) 2.56 (25) © 131 (19) 2,07 (21) 1.03 (10)
1% 3 aEn 1.86 (19) 2.96 (30) 1.45 (14) 2,34 (23) 117 (1) 1.86 (18) 0.90 (9.0)*
2 3.24 (32} 1.65 (17) 2.62(26) - 1.1 (18 20000 - 1.03 (10) 1,85 (16) © .88 (8.9).
2% 3.24 (32) 1.69 (16} 2,55 (25) 131 {(13) 2.00 20) 1.03 (10} 1.59 (16) 0.83 (8,3)
3 3.03 (30) 1.52 (15) 2.48 (24) 1.24 (12 1.93 (19) 0.97 (9.7) 1.52 {185) 0.76 (7.6)
312 2.62 (26) 131 (13) 214 (21) 1,03 (t0) 1.65 (16) 0.83 (8.3) 131 (18) 0.89 (8.9)
4 2.96 (29). 1.52 (15) 2.34 (23) 117 (12 1.86 (18) 0.90 {9.0) 1.62 (185) 1 0.78(7.6).
5 2.76 (27} 1.38 (14) cooext@y o 130 My C172(17) 08383 1.38 (14) Q. 69 ©9)
6 2.55 (25) 1.31 (13) 20721 . 1.03 (10) | 1.59 (16) 0.83(8.9) 1.31 (13) 0.62 6.2)
8 2.62 (26) 1.24 (12) 2.00 (20) 097 9.7 > 1,59 (18) £ 0.78(7.6) '1.24 (12) 0.62 6.2)
10 2.55 (25) 1.24 (12) 2.00 (20) 09707 1.69 (16) .76 (7.6) T 1.24(12) 0.62 (6.2)
12 2,34 (23) 147 (11) 1.86 (18) . 0.97 (9.7) 1.45 (14) 0.76 (7.6) 117 {11) 0.55.(6.5)

The American Sociely for Testing and Materials takes no position respecting the validity of any patent rights asserted in éonnectlon

with any item mentioned In this standard. Users of this standard are expressly advised that determination of the valldlty of emy such

patent rights, and the risk of infr!ngsmenl of such rights, are entirely their own mspons:b:hty

: This standard is subject to revieion at any time by the responsibie technical committee and must be reviewed every flve yeara and
i ot revised, elther reappraved or withdrawn, Yaur coments are Invited either far revision of this standard or for additional standards

and should be addressed Yo ASTM Headquarters. Your comments will tecelve careful consideration at a meeting of the responsible

" tachnical committes, which you may attend. If you feel that your comments have not recefved a fair hearing you should make your

views known to the ASTM Committee on Standards, 1916 Race 8t., Philaelphia, PA 19108.
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‘IH.“O Designation: D 1835 — 97

Standard Specification for *'*
Liquefied Petroleum (L.P). Gases

Page 124 of 127

An American National Standard

This standard is issued under the fixed desigriation D 1835} thenumbeliminedidtaly] following the designation indicates the year of

to 4s liquefied petroleum gases: - el a8
1.2 This spécification s applicablerto. products mtended for
use as domestic, commercial, industrialy-and: edgine fuels. i
213 This Eﬁéciﬁcatioﬁ i se in formulating specificatitns
for requxred properties of hql‘ieﬁed petroleum gaseS’ af thee- tlme'

; l Ry 5 ey Wl TR
D 1265 Prao ce for Samplmg quu fied
i Gases: (Manual Method)? :. .+ o A
1267 Test, Method,; for Gage Vapor Pressure, of, quueﬁed
" Petroleum (L.P) Gases (LP-GasMethod);, . ... .
D 1657 Test Method for Density or Relative Dens1ty of
Light Hydrocarbons by Pressute Thermohydrometer®
D 1837 Test Method for Volatility of Liquefied Petroletn "
LP) Gases?
D 1838 Test Method for Copper Stnp Corrosmn by L1que-

(LP) Gases and Propene Concentrate_ by Gas Chromatog-
raphy?
D 2420 Test Method for Hydrogen Sulfide in L1queﬁed

Petroleun (L.P) Gases! (Liead: Acetate Methed)2
D 2598 Practite for Calctildtion vt

tional AnalysiS%x

R

\(“M‘ )rl )‘

UThis specification is under the jurisdiction of ASTM Comittds D=3 on
Petroleum Products and Lubricants and is the direct responsibility of Subcommittee
D02.H on Liquefied Petroleum Gas.

Current edition approved Nov. 10, 1997. Published June 1998. Qriginally
published as D1835 — 61 T. Last previous edition DI1835-91.

2 Annual Book of ASTM Standards, Vol 05,01,

3 Annual Book of ASTM Standards, Vol 05.02,

1.1 This specification:covers those:products: rcommonly»

erties of L1queﬁed Petroleum (LP) Gases froni Compos1-”

original adoptlon o, m the case of revmon the year of Iast revmon A number in parentheses mdlcates the year of last reapproval A

Gases (Oxﬂf«Hﬁdregep Buner o "Lamp)? : i
=D 3700 Practlce for Contammg Hydmcarbon Fluld Samples

3 ‘l Four basie types of 11queﬁed peétt leum gases iite: pro-
Vlded to cover the common use apphcations, ag f‘ollows> Ea

3 1. 2 C’ommer;czal Butane—A hydrocarbon product for use'

where low volatility is required.

313 Commercial PB Mixtures—Mixtures of propane and
butane for; qse where, intermediate volat111ty is, requited.

posed chleﬂy of propane 1Wh;, h XhlbltS» eupefler antiknock
chitirdtatisticsd “Whet tsed w45+ an intetdal: combustlen efigine

4. Detai Requlrementsw

4 1 The four types of 11queﬁed petroleum gases shall con-
, o it )

P foper sarriplmg of (lqueﬁ,ed 8458
be

‘ gis, 1n ;ct1ce D 3700.
Samples for other reqmred tests should be obtained in accor-
dance with Practice D 1265.

4 Available from Gas Processors Assn., 6526 E. 60th St.,, Tulsa, OK 74143,
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{fh D 1835

TABLE 1 Detail Requirements for Liquefied Petroleum Gases
Product Designation

Commercial

Commercial Cormmercial Special-Duty . ASTM Test Mathods
Propane Butane PB Mixtures Propane® (see Section 2)

Vapor pressure at 100°F (37.8°C), max, psig 208 70 : g 208 D 1267 or

kPa 1434 483 1434 D 2598°¢
Volatile residue: ' ‘

evaporated temperature, 85 %, max, °F -37 . 38 36 ~37

°c ) ~-38.3 22 2.2 -38.3 D 1837

or ;

butane and heavier, max, vol % 2.5 D 2.5 D 2163

pentane and heavier, max, vol % 20 2.0 D 2163
Propylene content, max, vol % 5.0 D 2163
Residual matter:

residue on evaporation 100 mL, max, mL 0.08 0.08 0.05 0.05 " D2158

oll stain observation pass® pass® pass? pass® D 2158
Relative density at 60/ g & & D 1657 or

60°F (15.6/15.6°C) D 2598

Carrosion, copper, strip No. 1 No. 1 No. 1 No. 1 D 18387
Sulfur, ppmw 1856 1409 140¢ 1236 D 2784
Hydrogen sulfide pass pass pass pass D 2420
Moisture content pass e pass D 2713
Frea water content none* none’’ )

- “Equivalert to Propane HD-5 of GPA Standard 2140.
5The permissible vapor pressures of products classified as PB mixtures must not exceed 208 psig (1430 kPa) and additionally must not exceed that calculated from

the following relationship between the observed vapor pressure and the observed relative density:
Vapor pressure, max = 1167 - 1880 (relative density 60/60°F) or 1167 — 1880 (densny at 15°C)

A specific mixture shall be designated by the vapor pressure at 100"F |n pounds per square inch gage. To comply with the designation, the vapor pressure of the mixture

shall be within + 0 to = 10 psi of the vapor pressure specified.
%n case of dispute about the vapor pressure of a broduct, the value actually determined by Test Method- D 1267 shall prevail over the value calculated by Practice

D 2598.
PAn acceptable product shall not yield a persistent il ring when 0.3 mL of solvent residue mixture is added to a fliter paper, in 0.1-mL increments and examined in daylight

after 2 min as described in Test Method D 2188.
Eplthough not a specific requirement, the relative density must be determined for other purposés and should be reported Addmonally, the relative denasity of PB mlxture

is needed to establish the permissible maximum vapor pressure (see Footnote 5).
FThis method may not accurately determine the presence of reactive materials (for example HgS, 8% in l|quef1ed petro!eum gas if the product containg corroswn

inhibitors or other chemicals which diminish the reaction with the copper strip.
®The total sulfur limits in these specifications do include sulfur compounds used for stenching purpases.
HThe presence or absence of water shall be determined by visual inspection of the samples on which the relatlve densny is determlned

6. Keywords ‘ ,
6.1 butane; liquefied petroleum (LP) gases spemﬁcatmns, : SRR , CL
propane ‘ o

APPENDIX
(Nonmandatory Inforfnation)

XL S[GNIFICANCE OF ASTM SPECIF]CATIONS FOR LIQUEFIED PETROLEUM (LP) GASES
' of the needs dictates the requlred compos1t10n characteristics i m
these various applications. Since the last three uses of those
listed are in the category of specialty applications which

X1.1 General
X1.1.1 Liquefied petroleum gas products are composed of

those readily liquefiable hydrocarbon compounds which are
produced in the course of processing natural gas and also in the
course of the conventional refining of crude oil, The
composition of liquefied gases can vary widely depending
upon the source and the nature of the treatment to which the
products have been subjected. :

X1.1.2 There are many uses for hqueﬁed petroleum g gases.
Important uses are, (1) as domestic, comumercial, and industrial
fuels, (2) as a carbon source material in metal treating
operations, (3) as refinery raw materials for synthetic gasoline
production, and (4) as petrochemical raw materials. The nature

645

involve special requirements, they are excluded. from
consideration in the specifications. ‘

+ X1.1.3 In substance, the ASTM Spec1ﬁcatlons for Liquefied
Petrolenm Gases: are designed to properly define acceptable
products for domestic, commercial, and industrial uses. In
many cases it will be found that products meeting the
specifications will also be usable in applications other than the
ones for which they were designed. The following can be
accepted as a general guide in the more common use
applications of the three types of fuels: ‘

X1.1.3.1 Commercial Propane—This fuel type is adequate

PRO_00101046
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s

for domestic, commercial, and indﬁsfriél e
geographlcal areas and in seasons: wherelow ambient
temperatures are common,. .and where umforlmty of fuel is an..
imipottant consideration, Coringtcial propane i§ suitable foi'
certain low ‘severity internal ¢ombustion enging appheatlons :
X1.13.2" Commercial PB Mixtures—This fuel type, since it
covers a broad range of mixtures, permits the tailoring of fuels,

to specific’ ti¢eds. The various mixtures find application as .

domestic, commercial, and mdustnal fuel in areas and at times
when low ambrent temperature ‘conditions arg less frequently
encountered. -

X1.133 Commerczal Butane—This fuel type finds limited ,

application as a domestic firel in areas of warmer climates, It is.

similarlyu§ed in industrial applications where problems of fuel -

vaporization aré not present,

X1.134 Speczal -Duty Propcme—Thls fuel type is a special.,

liquefied pettdleum gas product tailored to méet the restrictive
needs of intefnal combustion eiigines operating under moderate .

to high’ engme severity. Fiel prodicts of this type will be’ fess -
variable in.compesition and combustion characteristics than‘“

the other products covered by thrs spe01ﬁcat10n A

G e

X1.2" Significaniée and' Use™
“X1.2:1 This specificition ‘addréses commeieial liquefied

petroleum gases, consisting , of either propane or butane or

mixtures thereof. Consequently, the important characteristics

of thede products cairbe defined and-controlled by a relatively -
few simple measurements, The specification test methods .

prov1ded achieve the desired results. The significance of fhe

various tests as they, can apply to consumer problems 1s‘ e

summarized here.

X1.2.1.1 Vapor Pressure, Volatility, and Relative Density:

(@) Vapor Pressure is an indirect measure of the most
extreme low-temperature conditions. under which initial
vaporization can be expected to take place. It can be considered
as a semiquantitative measure of the amount of the most
volatile material present in the product. It can also be used as
a means for predicting the maximum pressures which may be

experienced at fuel tank temperatures. Vapor pressure becomes ,

more significant when it is related to volatility. ’
(b) Volatility, expressed in terms of the 95 % evaporated
temperature of the product, is a measure of the améunt &f least
volatile fuel component present, in t%le product Coupled with a
Vapor pressure hm1t it ‘serves to assufe essentlally smgle—‘

the! connnermal PB-‘“"xxfure type of ﬁxels, ki
combination serves to'assuré”
mixtures ﬁor such fuels. Wheén oupled with a proper Vapor
presSure litit, th1s rrleasurement serves to assure that specxal—

i1V, by 1tse1f”has httle mgmﬁcance It
iy when relafed to ‘apo :

o [ i
.\"' A R T

646

patticilatly” in+

“foit all liquigfied Petroleurh gas products.

. X1.2,1.2 Other Product Characterzstzcs'«Whﬂe the

vaporization and combustion characteristics of commercial

© liquefied gas products are. completely defined for the normal
use apphcatlons by vapot’ pressure, volatility, “atid - télative
density, as gtven in X1.2.1.1, there are other items, whlch either
affect or might affect the results-obtained in some specific use
applications. For that reason, limits are specified for residue
content, copper corrosion, sulfur content, moisture content, and
free water content to provide -assurance- of product
dependability under the more extreme condltxons of usel

(a) Residiie is a measure ‘of the concentratlon of soluble
hydrocarbén’ materials present in the i)roduct ‘Which are
substantially less volatile than the liquefied petroleum gas
product bemg sampled. Control of residue- conitent is’ of
importance in applications where the fuel is used iri hquld or
vapor feed:systems (where fuel vapors are withdrawn from the

top of the LPG storage container). In either casé, failuté to limit

the permissible concentration of: remdue\matenals méy: rasult in

‘troublesorie. deposlts o regulating ‘equipment may become
fouled ot both: v oos

) Copper C’o;raszon hmlts are for the. purpose.’of
providing assurance that dlﬁieultres will not-be.experienced in
the deterigration of the copper and copper-alloy ﬁttmgs and
connections which are comrnonly ugéd. in many. ‘types of

wtilization, storage, and transportation equipment. The copper

corroston test will detect the presence of hydrogen Sulfide,
which is ‘hlghly toxic. The copper-corresion limits also prov1de
assurance -that -the ' LP-Gas -will- not-contain H,S8 in such
quatitities'as to présefit’a healt and safety Hazard if it is kriown
that the product does not contain corrosion inhibitors or other
chemicals which diminish the reaction with the copper strip. In
addition, Test Method D 2420 is recommended ‘4s 4 fiéld test
atid ddded safeguard 16 ensure that LP-Gas does not:contain
detectable amounts of hydrogen sulfide. SRR
(c) Sulfur Content limits are provided to more completely
define liquefied petroleum gas products because these products

-are. generally lower in sulfur content than most other

petroleum-derived fuels. The limit on sulfur content minimizes

- sulfur oxide emissions and limits potential corrosion by

exhaust gases from combustion of LPG.
'(dy Moistiire.*Conitent is -a *measure:-of the approximate
percentage saturation of the product with water. This
measurement is a requirement only on the commercial and
spec1a1 duty propane.types of hqueﬁed petroleum gas., The
pprp‘es “fmo1sturéc ritenf controll to” 2'a3s

ipm
operate consxstently without troublesome freeze—ups caused by
the separanon of dlssolved water from the product.“

(e) Free, Water Content 1s of nnportance onlj/ on the
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dih D 1835

The American Socisty for Testing and Materials takes no position respecting the validity of any patent rights asseried in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such

patent rights, and the risk of infringement of such rights, are entirely their own responsibilfty.

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 efther 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 fee! that your comments have not received a fair hearing you should make your
views known to the ASTM Gommitiee on Standards, 100 Barr Harbor Drive, West Conshofiocken, PA 19428.
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