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Standard Test Methods for
Sulfur in the Analysis Sample of Coal and Coke Using High-
Temperature Tube Furnace Combustion Methods  *

This standard is issued under the fixed designation D 4239; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

Note—Table 2 was reinstated and Table 3 was editorially revised. Editorial changes were made throughout and the year date was changed on May 17, 2004.

1. Scope D 346 Practice for Collection and Preparation of Coke

1.1 These test methods cover two alternative procedures Samples for Laboratory Analysis
using high-temperature tube furnace combustion methods for D 1193 Specification for Reagent Water .
the rapid determination of sulfur in samples of coal and coke. D 2013 Method of Preparing Coal Samples for Anafsis

1.2 These test methods appear in the following order: D 2361 Test Method for Chlorine in Coal
D 3173 Test Method for Moisture in the Analysis Sample of

Sections
Coal and Coke
"/’e’\;”"g Q—HLGR'TS“;P”NTLHQ Comgustion D 3176 Practice for Ultimate Analysis of Coal and Coke
ethod with Acid Base Titration Detec- . .

tion Procedures 6.9 D 3180 Practice for Calcu_latlng Coal and Coke Analyses
Method B—High-Temperature Combustion from As-Determined to Different Bases

Metfiod with Infrared Absorption Detec- o1 D 4208 Test Method for Total Chlorine in Coal by the

tlon Procedures - Oxygen Bomb Combustion/lon Selective Electrode

Note 1—High Temperature Combustion Method with lodimetric De- Method

Fecti_on pr(_)cedures, formally Method B in the 2000 version of this standard b 4621 Guide for Quality Management in an Organization
is still a viable method that may be used. that Samples or Tests Coal and Coke

1.2.1 When automated equipment is used to perform any of D 5142 Test Methods for the Proximate Analysis of the
the two methods of this test method, the procedures can be Analysis Sample of Coal and Coke by Instrumental
classified as instrumental methods. There are several manufac- Procedures
turers that offer to the coal industry equipment with instrumen-
tal analysis capabilities for the determination of the sulfur3. Summary of Test Methods
content of coal and coke samples. 3.1 Method A—High-Temperature Combustion Method with

1.3 This standard does not purport to address all of theAcid-Base Titration Detection Procedureg\ weighed sample
safety concerns, if any, associated with its use. It is thés burned in a tube furnace at a minimum operating temperature
responsibility of the user of this standard to establish appro-of 1350°C in a stream of oxygen. During combustion, all sulfur
priate safety and health practices and determine the applicacontained in the sample is oxidized to gaseous oxides of sulfur
bility of regulatory limitations prior to useSee 7.8 and 11.2. (sulfur dioxide, SQ, and sulfur trioxide, SE and the chlorine

in the sample is released as,ClThese products are then

2. Referenced Documents absorbed into a solution of hydrogen peroxide@) where
2 they dissolve forming dilute solutions of sulfuric §610,) and
2.1 ASTM Standards: hydrochloric (HCI) acids. The quantities of both acids pro-

duced are directly dependent upon the amounts of sulfur and
L This test method is under the iurisdiction of ASTM Commitiee DOS o C Ichlorine present in the original coal sample. Once the amounts
IS test method Is unaer the jurisdiction o ommittee on Coal : H
and Coke and is the direct responsibility of Subcommittee D05.21 on Methods on each aC'O,' present have been determined, the percentage of
Analysis. sulfur contained in the coal may be calculated.

Current edition approved May 17, 2004. Published May 2004. Originally ~ 3.1.1 This method is written to include commercially avail-
approved in 1983. Last previous as D 4239 — 83. Last previous edition approved Bple sulfur anawzers that must be calibrated with appropriate
2002 as D 4239 - 02a. " ) .

certified reference materials to establish recovery factors or a

? For referenced ASTM standards, visit the ASTM website, www.astm.org, or~>" . h
contact ASTM Customer Service at service@astm.org.Afoual Book of ASTM  calibration curve based on the range of sulfur in the coal or

Standards/olume information, refer to the standard’s Document Summary page orcoke samples being ana|yzed,
the ASTM website.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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Note 2—Elements ordinarily present in coal do not interfere in Method 5.4 Certified Reference Materiglor other commercially
A (3._1), with the exception of chlorine; results must be corrected forgyaijlable reference coals or calibrating agents with certified
chlorine content of the samples (9.1). dry-basis values must be used. The materials must be supplied
3.2 Method B—High-Temperature Combustion Method withby or have traceability to internationally recognized certifying
Infrared Absorption Detection ProceduresThe sample is organizations (Note 4).
burned in a tube furnace at a minimum operating temperature Note 4— Certified Reference Materials such as those available as the

of 1350°,C in a stream of oxygen to oxidize the sulfur. MOIStur_eStandard Reference Materials (SRMs) Series 2682 through 2685 from the
and particulates are removed from the gas by traps filled witiational institute of Standards and Technology (NIST) or South African
anhydrous magnesium perchlorate. The gas stream is passeéference Materials (SARMs) from the South African Bureau of Stan-
through a cell in which sulfur dioxide is measured by andards have proven to be suitable for calibration. Other Certified Reference
infrared (IR) absorption detector. Sulfur dioxide absorbs IRMaterials can be used provided they are supplied by an internationally
energy at a precise wavelength within the IR spectrum. Energffcognized certifying agency.

is absorbed as the gas passes through the cell body in which the METHOD A—HIGH-TEMPERATURE

IR energy is being transmitted: thus, at the detector, less energy  -oMBUSTION METHOD WITH ACID-BASE
is received. All other IR energy is eliminated from reaching the TITRATION DETECTION PROCEDURES 3
detector by a precise wavelength filter. Thus, the absorption of

IR energy can be attributed only to sulfur dioxide whoseg. Apparatus
concentration is proportional to the change in energy at the 6.1 Tube Furnace-Capable of heating 150- to 175-mm

detector:. Ort;e C?" ISI USEI’fd as bOtTfa :je_fer_znc_e a(;nd a n:jeasua%a (hot zone) of the combustion tube (6.2) to at least 1350°C.
ment chamber. Total sulfur as sulfur dioxide Is detected on § 5 syally heated electrically using resistance rods, a resis-

continuous basis. Th'.s method is empirical; thgrefore, th‘?ance wire, or molybdenum disilicide elements. Specific di-
apparatus must be calibrated by the use of certified referen?ﬁensions may vary with manufacturer's design

materials.

3.2.1 This method is for use with commercially available Note 5—Induction furnace techniques may be used provided it can be
sulfur analyzers equipped to carry out the preceding operation%"o""” that they meet the precision requirements of Section 14.
automatically and must be calibrated using certified reference 6.2 Combustion Tube-Approximately 28-mm internal di-
materials of known sulfur content based on the range of sulfuameter with a 3-mm wall thickness and 750 mm in length made
in each coal or coke sample analyzed. of porcelain, zircon, or mullite. It must be gastight at working
. temperature. The combustion may be carried out in a tapered-
4. Significance and Use end tube that is closely connected to the gas absorber by

4.1 Determination of sulfur is, by definition, part of the high-temperature tubing with gastight joints. Acceptable con-
ultimate analysis of coal. figurations include connecting the tapered-end tube directly to

4.2 Results of the sulfur analysis are used to serve a numbgtie elbow of the fritted gas bubbler or to a 10/30 standard
of interests: evaluation of coal preparation, evaluation oftaper-ground joint that is attached to a heat-resistant glass right
potential sulfur emissions from coal combustion or conversiorangle bend. The temperature at the tapered end of the tube
processes, and evaluation of the coal quality in relation t&hould be maintained high enough to prevent condensation in
contract specifications, as well as other scientific purposes. the tube itself.

4.3 The instrumental analysis provides a reliable, rapid 6.2.1 Alternatively, a high-temperature straight refractory
method for determining the concentration of sulfur in a lot oftube may be used, if available. It requires a silica adaptor (6.11)
coal or coke and are especially applicable when results must hgith a flared end that fits inside the combustion tube and serves
obtained rapidly for the successful completion of industrial,as an exit for the gases.
beneficiation, trade, or other evaluations. 6.3 Flowmeter for measuring an oxygen flow rate up to 2.0
L/min.

5. Sample . .
P ) . 6.4 Sample Combustion Boatsust be made of iron-free
5.1 The sample shall be the material pulverized to pass NQyaterial and of a convenient size suitable for the dimensions of
60 (250-um) sieve and m|xed thoroughly in accordance Withhe instrument being used.
Method D 2013 or Practice D 346. 6.5 Boat Pulle—Rod of a heat-resistant material with a
Note 3—It may be difficult to meet the precision statements of Sectionbent or disk end to insert and remove boats from the combus-
14 when high mineral content coals are ground to pass 60 mesh. When thi@n tube.
precision of analysis required cannot be obtained, it is recommended that §. 5.1 If the boat puller is to remain within the combustion
thz COZ'S be ?ml?”d tr? p%ss thrIO‘_Jgh a No-hloo (150-pm) S'eVF- Thiube while the boat is moved into the hot zone, it is necessary
reduced particle size should result in a more homogeneous sample. 1, hass the puller through a T-piece that is fitted into a rubber
5.2 A separate portion of the analysis sample should be
analyzed for moisture content in accordance with Test Method
D 3173, so that calculation to other than the as-determined :Based on the method of Mott, R. A., and Wilkinson, H. C., “Determination of
basis can be made. Sulfur in Coal and Coke by the Sheffield High Temperature Methbdg|, Fuel B,
5.3 Procedures for converting as-determined sulfur value¥°" 35, 1956, p. 6. This method is designed for the rapid determination of sulfur in
- . . éﬁl and coke. It is not applicable to coals or coal density fractions that have been
pbtameq from the anaIyS|s Sample to other bases are describ jected to treatment with chlorinated hydrocarbons because of the potentially high
in Practices D 3176 and D 3180. acidity of the combustion gases.
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stopper at the inlet of the combustion tube. The open end of thethere such specifications are availabl@ther grades may be

T-piece is sealed with a rubber stopper to permit movement afised, provided it is first ascertained that the reagent is of

the pusher and prevent escape of the oxygen that enters at thefficiently high purity to permit its use without lessening the

side limb of the T. The rubber stopper or tube should beaccuracy of the determination.

checked often to avoid leakage. 7.2 Purity of Water—Unless otherwise indicated, references
6.6 Gas Absorber or Analyzer Titration Vessel narrow  to water shall be understood to mean reagent water, Type |V,

vessel of such diameter that the end of the tube from which theonforming to Specification D 1193.

gasses exit is inside the vessel and submerged to a depth of a7.3 Aluminum Oxide (AlO;)—Finely divided and dried at

least 90 mm, when 200 mL of the peroxide solution (7.4) is1350°C.

added to the vessel. 7.4 Hydrogen Peroxide (kD,) Solutionr—One volume per-
6.6.1 Alternatively, 125-mL capacity bottles with fritted cent (50 mL of 30 % HO, with 1450 mL of water). The pH is

disk can be used for gas absorption. The bottles should be @fdjusted (using NaOH or }J30, as appropriate) to that which

such a diameter that the fritted end is covered by the peroxidis used for the end point in the titration. Solutions should be

solution to a depth of at least 50 mm. The fritted glass endliscarded after two or three days.

porosity should be 15 to 40 um. The bottles are fitted in a series 7.5 Indicator—Indicators that change color (titration end

of two to the outlet end of the combustion tube. point) between pH 4 and 5 are recommended, but in no case
6.7 Gas-Purifying Trair—Designed to be used with specific should the pH exceed 7. Adequate lighting and stirring to

instruments, or a U-tube packed with soda asbestos may kmnsure proper detection of the end point is essential. A choice

used. See configuration in Fig. 1. of indicators or use of a pH meter is permitted (Note 6).
6.8 Vacuum Source-Needed if a negative pressure is usedDirections for preparing two acceptable mixed indicators are as

to transport the gasses and combustion products through tliellows:

system. 7.5.1 Mix one part methyl red solution (dissolve 0.125 g in
6.9 Vacuum Regulating Bottleontaining mercury with an 60 mL of ethanol and dilute to 100 mL with water) with three

open-ended tube dipping into the mercury, used with a vacuurparts bromcresol green solution (dissolve 0.083 g in 20 mL of

source. ethanol and dilute to 100 mL with water). Discard the mixed
6.10 Silica Adaptor 300 mm long by 8 mm in outside solution after one week.

diameter and flared at one end to 26 mm. To be used with a 7.5.2 Mix equal volumes of methyl red solution (dissolve

straight refractory combustion tube. 0.125 g in 60 mL of ethanol and dilute to 100 mL with water)
6.11 Other Configurations of ApparatasComplete sulfur and methylene blue solution (dissolve 0.083 g in 100 mL of

analyzer assembly units designed to perform functions similagthanol and store in a dark glass bottle). Discard the mixed

to this method with automated features that perform the sulfusolution after one week.

analysis in a more rapid manner are commercially available

Th . h busti be di . ’éd\lOTE 6—Although two end-point indicators or a pH meter method are
ese instruments may have combustion tube dimensions a scribed, the use of the pH meter is accepted as more definitive of the end

oxyggn—purifying apparatus that differ slightly frpm thosle point of the titration process and considered to give more reproducible
described in this method, but are acceptable, provided equivaesults.
lent values within the precision statement of Section 14 are ; ¢ Soda-Asbesto$ to 20 mesh

: : ; if a U-tube is used.
obtained. (See Fig. 1 and Fig. 2.)

7. Reagents “Reagent Chemicals, American Chemical Society Specificatésmerican
7.1 Purity of Reagents-Reagent grade chemicals shall be Chemical Society, Washington, DC. For suggestions on the testing of reagents not

; ; indi e i ted by the American Chemical Society, sAealar Standards for Laboratory
used in all tests. Unless otherwise indicated, it is intended th hemicals BDH Ltd.. Poole. Dorset, U.K. and thdnited States Pharmacopeia

all reagent$ shall conform to the specifi_cations of t_he COmmit'and National FormularyU.S. Pharmacopeial Convention, Inc. (USPC), Rockville,
tee on Available Reagents of the American Chemical Societyyp.

Rubber Tubing Connections Flore to Sampie 28mm 1.0D.
/cu 26mm /Boo' Combustion Tube
~-Tube

To

No. 6
Atmosphere \ Stopper / /
. . ’ 17,

To Vacuum 1
-—

Fl40mm-)l Push Sched. Marker

\Somplo Boot Pusher

Adaptor Stopper, No.| Stopper
8mm 0D or Rubber Tube
V X300mm -Flow Meter Pressure Reguiatol
ond Needle Valve
\ Combustion Furnoace
Vacuum 125mt ¥ Gas Absorption
Regulotor Botties with

Fritted Disks

Asbestos
FIG. 1 Apparatus for the Determination of Sulfur Using Acid-Base Titration
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FIG. 2 Apparatus for the Determination of Sulfur by the Infrared Detection Method

7.7 Sodium Hydroxide, Standard Solution, 0.65Bissolve  then add a very small quantity (as required) of dilute sodium
2.05 g of sodium hydroxide (NaOH) in water and dilute to 1 L. hydroxide (NaOH) to reach the end point color that will be
Standardize against a primary standard. developed in the sulfur analysis.

7.8 Oxygen, 99.5 % Pure-Compressed gas contained ina g 4.1 If the apparatus with two gas absorption bottles is

cylinder equipped with a suitable pressure regulator and fised, add 100 mL of 1 % 4,(7.4) to the bottles so that at
needle valve to control gas flow\@aming—Pure 0Xygen |east 50 mm of the fritted disk is covered in the first bottle.

\\;gsgzussrl])gligcgf;?éiso;:c;rrr:;isetlgga,é(;lill.;egulators, lines, and 8.5 Oxygen FIow—Connept the oxygen supply and adjust
the oxygen flow to approximately 2 L/min with the oxygen
8. Procedure baffle inserted in the entrance end of the combustion tube. Be
sure to check manufacturer’s instructions. The flow rate at the
r%gmperature of 1350°C should be sufficient to prevent the
ormation of oxides of nitrogen. Allow the oxygen to flow

8.1 Assemble the apparatus, as directed, by the instructio
of the instrument manufacturer. Alternatively, the apparatu

shown in Fig. 1 can be assembled except do not initiall . . ) )
connect the ?ubber tube from the oxygen spupply to the SOd};jprough the combustion tube for at least 1 min before inserting

asbestos U-tube. any sample. Check the system for any possible leaks.

8.2 Calibration—Sulfur analyzers must be calibrated at 8.5.1 If a vacuum source is used, draw air through the
least once on each day they are used, following the analys@Pparatus at about 350 mL/min, then connect the oxygen
procedure outlined in Section 8, using coal or coke standardsupply to the U-tube and adjust the rate of flow of the oxygen
(5.4) with sulfur values in the range of the samples being0 300 mL/min. The flow rate is adjusted by changing the depth
analyzed. A recovery factofFj or calibration curve must be of the penetration into the mercury of the open-ended glass

established and appropriately used in each calculation. tube in the vacuum regulating bottle. The preliminary adjust-
Actual Sulfur in Standard, Dry Basis ment to 350 mL/min of air ensures that the connections at the

= “Analyzed Sulfur in Standard, Dry Basis (1) outlet end of the combustion tube are under slightly reduced

internal pressure and no leak of combustion products should

8.3 Furnace Adjustment-Raise the temperature of the fur-
nace to at least 1350°C. Bring the temperature up slowly?ccur'
allowing approximately 3d 4 h inadvance, to allow sufficient  Nore 7—A gastight combustion train must be established with an
time to come to a stable temperature. Be sure to check th&equate flow of approximately 300 mL/min of pure acid-free oxygen
manufacturer’s instructions for raising the temperature of thévefore analyzing samples on the equipment. This is best accomplished
furnace and heed any precautions for protecting heatinguring the period the high-temperature tube furnace is brought to its
elements from deterioration or thermal shock. operating temperature of 1350°C. The required gas flow may be estab-

8.4 Titration Vessel Preparation-Fill the titration vessel in  !iShed by the use of reduced internal pressure, or should the manufacturer
accordance with the manufacturer's instructions with approxiSPECify Or the operator prefer, it can be obtained by the use of a positive

. . . ressure train operated at slightly above atmospheric pressure to obtain the

mately 2_00 mL of the gas absor.ptlon fluid (h}’droge_” pero}_('qefequired oxygen flow rate. In all cases, the instructions of the manufac-
(7.4). Adjust the pH of the solution to make it definitely acidic tyrer of the equipment should be followed. This also applies to the

by adding dilute sulfuric acid. If chemical indicators (instead ofaddition of sufficient gas absorption fluid as well as to the assembly of the
a pH meter) are used, add five or six drops of the indicator andpparatus.
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8.6 Analysis Sample SizeWeigh out 0.5 g of the analysis upon prior knowledge of the coals being analyzed) is subtracted from the
sample to the nearest 0.1 mg for coals containing up to 4.0 %gercent sulfur determined. This method can be acceptable for coals of
sulfur and 0.25 g to the nearest 0.1 mg of analysis sample fd?nown chlorine content; however, for work of the highest accuracy, the

., .percentage of chlorine present in the sample must be determined analyti-
0
coals containing over 4.0 % sulfur. Spread the sample evenly i ally, and correction for its presence made by subtracting an equivalent

a CombUStior‘ boat. _ value from a value equivalent to the total acidity determined by the sulfur
8.6.1 A thin layer of AJO; can be used to line the sample titration.

boat and cover the sample to ensure complete combustion agd Calculations
reduce splattering or loss of sample. ) ] ]

8.7 Sample CombustierRemove the oxygen baffle or 9.; Some sulfur analyzer_s are'des[gned to give buret rgad—
rubber stopper or both from the combustion tube and put th&'9S in percent sulfur if the titrant is a_djust_ed and standardized
charged sample boat into the inlet end of the combustion tubl® €xactly 0.08l and the sample weight is exactly 0.500 g.
approximately 270 mm from the center of the combustion tubé\fter the observed percent sulfur has been adjusted using the
hot zone. Close the combustion tube by replacing the oxygeffCOVery factor or callbratlor_1 curve, the.n it must be corrected
baffle or rubber stopper or both and, if necessary, readjust thio" chlorine using the following calculation:
rate of flow of the oxygen. Leave the boat in this position for S = 1.603(S/1.603x F — Cl, %/3.548 )

1 to 3 min until the volatiles have been driven off. This will
also eliminate the “popping” and soot accumulation in the right
angle bend. Remove the oxygen baffle or rubber stopper an
move the sample boat slowly forward until the boat is in the
center of t_he hot zone, approximately 30 mm at the beginning tion curve for the analyzer; and

of each minute for 6 min is the suggested schedule to ensure g o, = chiorine in sample (as determined), %.

slow heating rate. Be sure to remove the boat puller from the 9’.2 On analyzers that are designed to give buret readings in
hot zone and replace the baffle or stopper after each movemenfycont sulfur, but where the normality of the titrant or sample

Allow the sar_nple to burn_ in the hot zone for _approximately 3weight may vary from that prescribed, the following calcula-
to 4 min until all sulfur in the sample is oxidized to sulfur 4" st be used:

dioxide (SQ) or sulfur trioxide (SQ). The complete sample

burning time is not more than 14 to 15 min. This heating

program has been established for all types of coal. Where it i§yhere:

shortened for a particular coal or by instruction of the manu-

facturer of a particular sulfur analyzer, results should be

checked against those obtained by using the longer heating(, normality of the sodium hydroxide;

schedule. F recovery factor or factor taken from a calibration
8.7.1 If the rubber stopper with the T-piece is used (6.5.1), curve for the analyzer;

the rubber stopper remains in the end of the combustion tubél,% chlorine in sample (as determined), %; and

and the boat puller is permitted movement into the furnaceW weight of sample, g.

where:

sulfur corrected for chlorine (as determined), %;
sulfur from buret reading, %;

the recovery factor or factor taken from a calibra-

S = 1.603 [S, X N, X F x 10) — Cl, %/3.546]W ®)

sulfur corrected for chlorine (as determined), %;
sulfur taken from buret reading, %;

through the T-piece. See Fig. 1. 9.3 When sulfur analyzers are used that have buret readings
8.8 Titration—The gasses of combustion leave the combusin millilitres of titrant, the following calculation will apply:
tion tube through the exit end and are dissolved in the hydrogen S = 1.603 [V, X N; X F) — Cl, %/ 3.546]\W (4)

peroxide in the gas absorption bottles or analyzer titration
vessel forming a dilute sulfuric acid. Titrate the contents of this Where:
vessel with 0.0B8 sodium hydroxide (7.7), backwashing the
titration vessel and inlet tubes according to manufacturer’sv
instructions. The total acidity, because of oxides of sulfur anle
chlorine, is given according to the following reactions: Cll %

SO, + H,0, - H,SO, =

Cl, + H,O, - 2HCI + O,

8.8.1 If the contents of the gas absorption bottles must bey
transferred to a suitable titration flask, be sure to wash the
bottles and inlet tube or silica adaptor with water (7.2) and addMETHOD B—HIGH-TEMPERATURE COMBUSTION
these washings and five or six drops of indicator to the titration METHOD WITH INFRARED ABSORPTION
flask before titrating with the 0.06NaOH solution (7.7). PROCEDURE

8.8.2 High-temperature combustion acid/base titration sul10. Apparatus
fur analyzers may be designed to give a buret reading directly 10.1 Measurement ApparatusEquipped to combust the
in percent sulfur content of the coal sample, but a correctior%(,jmme as described in 3.2 automatically.
still must be made for acidity caused by chlorine present in the 10.2 Tube Furnace—See 6.1.

sample using Test Methods D 2361 or D 4208. 10.3 Combustion Tube-Made of mullite, porcelain, or

Note 8—Oftenno correction is made for the presence of chlorine in the Zircon with provisions for routing the gasses produced by
sample, or a percentage value (found as a relatively invariant value bas@bmbustion through the infrared cell.

sulfur corrected for chlorine (as determined), %;
sulfur taken from buret reading, %;

sodium hydroxide, mL;

normality of sodium hydroxide;

chlorine in sample (as determined), %;

the recovery factor or factor taken from a calibra-
tion curve for the analyzer; and

weight of sample, g.
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10.4 Sample Combustion BoatsSee 6.4. material, reference coal, or calibrating agent as the container
10.5 Boat Pulle—See 6.5. becomes depleted. It is, therefore, suggested that extreme care
be used in mixing the certified reference material, reference
11. Reagents coal, or calibrating agent before removing any sample from the
11.1 Purity of Reagents-See 7.1. container and that it be discarded when less thg remain in

11.2 Magnesium Perchlorate-(Warning—Magnesium  the container.
perchlorate is a strong oxidizing agent. _DO not tr}’ to rege_nerate Note 9—When performing a single-point calibration, the technique of
the at_)sorbent' Do not allow contact with organic materials Okalibrating the instrument with the certified reference materials, reference
reducing agents.) coal, or calibrating agent corresponding to the highest sulfur value
11.3 Oxyger—See 7.8. expected for the range uses the optimum linear range available for
11.4 Certified Reference Materialsuch as SRM Nos. 2682 calibration. Single-point calibration is most linear from the point of
through 2685-Sulfur in Coal® reference coals or calibrating calibration to zero.
agents with certified dry-basis sulfur values must be used. The 12 2.2 Calibration Procedure~Make a minimum of two
materials must be supplied by or have traceability to internageterminations to condition the equipment before calibrating
tionally recognized certifying organizations, such as the Nathe system. The as-determined sulfur value of the certified
tional Institute of Standards and Technology. reference material, reference coal, or calibrating agent used for
11.4.1 All certified reference materials, reference coals, ogalibration of the instrument must have been previously
calibrating agents must have precision values of less than ®ajculated from the certified dry-basis sulfur value and residual
equal to method repeatability. Such certified reference materimoisture determined using either Test Methods D 3173 or
als, reference_ coals, or callbratlng agents must be stable with 5142, Alternately, a quantity of the certified reference
respect to moisture and be pulverized to pass 100 % throughraterial, reference coal, or calibrating agent allocated to be
0.250-mm (No. 60) USA Standard Sieve. Certified referenceised within a normal production period (Note 10) can be dried
materials, reference coals, or calibrating agents must be mixqgsing either Test Methods D 3173 or D 5142, in which case,
thoroughly before each use. the dry basis sulfur value will be used. The dried material must
12 p d be stored in a desiccator, and any remaining at the end of the
- rrocedure _ normal production period must be discarded. Weigh five
12.1 Instrument Preparation-Perform system update samples of the certified reference material, reference coal, or

checks in accordance with manufacturer’s instructions.  calibrating agent (Note 11) chosen to represent the range of
12.1.1 Balaqce Cal|brat|on—Ca]|brate !nternal balance in sulfur values being tested. Follow the calibration procedure
accordance with manufacturer’s instructions. recommended by the manufacturer. For verification of the

12.2 Calibration of the Infrared Detection SysteaBelect calibration curve, use certified reference materials, reference
certified reference materials, reference coals, or calibratingoals, or calibrating agents that bracket the range of values to
agents with known dry-basis sulfur values in the range of theye tested. All results obtained must be within the allowable
samples to be analyzed. For the initial calibration and periodigimits of the certified reference materials, reference coals, or
verification of instrument linearity, at least three such certifiedcalibrating agents. Records for all calibrations will be main-
reference materials, reference coals, or calibrating agents afgined in accordance with Test Method D 4621.
recommended for each range of sulfur values to be tested.

When performing a single-point calibration (Note 9) the . : - ,
tified ref terial f | librati an 8-h shift. Dried certified reference materials, reference coals, or
cerufied relerence malenals, rererence coal, or caliora InQalibrating agents should not be maintained beyond one day for the

agent containing the highest sulfur value for the expected ranggrposes of instrument calibratiowarning—Previously dried material
should be used for calibration. The other two certified referencehould not be redried as oxidation can readily occur.)
materials, reference coals, or calibrating agents should repre-Nore 11—Weigh to the nearest 1.0 mg. Since the sulfur content of the
sent the low and midpoints of the expected range. Wheertified reference materials, reference coals, or calibrating agents bracket
p p g
performing a multiple point calibration, two of the certified the range of sulfur values being determined from the samples, the mass of
reference materials, reference coals, or calibrating agenge certified reference materials, reference coals, or calibrating agents used
! ’ . r calibration and the samples to be analyzed should be approximately the
S#O(;JI? Il?_racke_t ;he r;’;\ nge of Sulflflr Valules tobbe. tezted Wlthbth ame so that both materials produce about the same amount of infrared
third falling within the range. Al results obtained must be ce) satyration (60 to 70 %).
within the allowable limits of the certified reference materials, o o o o
reference coals, or calibrating agents. Records for all calibra- 12.2.3 Periodic Calibration Verificatior-On a periodic
tions will be maintained in accordance with Guide D 4621. basis, verify the stability of the instrument and its calibration
12.2.1 All certified reference materials, reference coals, oPY analyzing a portion of the certified reference materials,
calibrating agents used for calibrating the instrument shouldeference coal, or calibrating agent used to calibrate the
comply with the provisions of 11.4Warning—An indicated  instrument. The value determined for this material, when used
problem with linearity of the instrument during calibration @S an unknown sample, must be within the certified value plus

could result from contamination of the certified referenceOf minus the stated precision limits of the material. If the
criteria for a successful verification of calibration in accor-

dance with Test Method D 4621 is not met, the calibration
5 Available from the Office of Standard Reference Materials, Room B314, p_rocedure of 12.2.1 must b?_repeatEd and samples analyZEd
Chenmistry Bldg., National Bureau of Standards, Washington, DC 20234. since the last successful verification must be repeated.

Note 10—A normal production period would routinely be considered
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12.3 Analysis Procedure-Stabilize and calibrate the ana- TABLE 3 Repeatability and Reproducibility for Infrared
lyzer (see 12.2). Absorption Detection

12.3.1 Raise the furnace temperature as recommended bycoal Range Repeatability  Reproducibility
the manufacturer to at least 1350°C. Weigh the sample (Note Limit (r) Limit (R)
11). Spread the sample evenly in a combustion boat and use gituminous 0.2-3.0% 0.05 % 0.09 %

Subbituminous-Lignite 03-16% 0.08 % 0.13 %

boat puller to position the sample in the hot zone of the furnace
for at least 2 min (Note 12) or until completely combusted.

Note 12—The analytical cycle should begin automatically as soon as 14.1.1 Repeatability Limit (Hthe value below which the
sulfur is detected. absolute difference between two test results calculated to a dry

12.3.2 When the analysis is complete, the instrument shoulbdasis (Practice D3180) of separate and consecutive test deter-
indicate the sulfur value. Refer to the manufacturer's recomminations, carried out on the same sample of 250 pm (No. 60)

mended procedure. coal and coke in the same laboratory by the same operator
using the same apparatus on samples taken at random from a
13. Report single quantity of homogeneous material, may be expected to
13.1 The percent sulfur value obtained using any of theoccur with a probability of approximately 95%.
described methods is on an as-determined basis. 14.1.2 Reproducibility Limit (R}-the value below which

13.2 The results of the sulfur analysis may be reported oithe absolute difference between two test results carried out in
any of a number of bases, differing from each other in thedifferent laboratories using samples of 250 pm (No. 60) coal
manner by which moisture is treated. and coke taken at random from a single quantity of material

13.3 Use the percentage of moisture in the sample passingthat is as homogeneous as possible, may be expected to occur
No. 60 (250-um) sieve to calculate the as-determined results ofith a probability of approximately 95%.
the analysis sample to a dry basis. 14.2 2.36 mm (No.8) Sample:

13.4 Procedures for converting the value obtained on the 14.2.1 Repeatability Limit ()—The value below which the
analysis sample to other bases are described in Practicabsolute difference between two test results calculated to a dry

D 3176 and D 3180. basis (Practice D3180) of separate and consecutive test deter-
o ) minations, carried out on the same sample, using the same
14. Precision and Bias riffle, determined on a single test specimen of two separate 2.36

14.1 Precision—250 um (No.60) SamplésThe precision mm (No.8) test units of coal reduced entirely to 250 pm (No.
of this method for the determination of Sulfur in the analysis60) and prepared from the same bulk sample coal in the same
sample of coal and coke is shown in Table 1 and Table 2. Thiaboratory by the same operator using the same apparatus on

samples taken at random from a single quantity of homoge-

TABLE 1 Repeatability and Reproducibility for Acid Base neous material, may be expected to occur with a probability of
Detection approximately 95%. See Table 3.

Range Repeatability Limit (r) Reproducibility Limit (R) 14.2.2 Reproducibility Limit (R}~The value below which

0.5-6.0 0.06 +0.03 XA 0.03+0.11 XA the absolute difference between two test results calculated to a

dry basis (Practice D3180) carried out in different laboratories

“Awhere X is the average of two single test results. y ’
using samples of 2.36 mm (No. 8) coal reduced entirely to 250

TABLE 2 Repeatability and Reproducibility for Infared Hm (No. 60) taken at random from a single quantity of material
Absorption Detection that is as homogeneous as possible, may be expected to occur
Range Repeatability Limit (r) Reproducibility Limit (R) with a probab|I|ty of apprOX|mater 95%. See Table 3.

14.3 Bias— Bias eliminated when the instrument is prop-
erly calibrated against certified reference standards. Proper
calibration includes comparison of instrumental results to
- . . certified sulfur values. Results for certified standards above and
precision char_acterlze_d by_repeatab|l|ty (Sr, 1) and reproducbelow anticipated analysis sample results should be within
ibility (SR, R) is described in Table AL in the Annex Al. certified precision levels for all standards over the calibration
range for the instrument.

0.28-5.61 0.02 +0.03 XA 0.02 +0.09 X4

“Awhere X is the average of two single test results.

 An interlaboratory study, designed consistent with ASTM Practice E 691, was
conducted in 1999. Twelve laboratories participated in this study. Supporting data———
have been filed at ASTM International Headquarters and may be obtained by 7An interlaboratory study, designed consistent with Practice E 691, was
requesting Research Report RBO5-1020 This report contains information on 60 conducted in 1989. Eight laboratories participated in this study. Supporting data
mesh samples from the Infrared Absorption Detection method, not for the Acid Basbave been filed at ASTM International Headquarters and may be obtained by
method. requesting Research Report RB05-1015(8 mesh).
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ANNEX

Al. Precision Statistics

Al.1 The precision of this test method, characterized by = TABLE Al.1 Repeatability (S ;) and Reproducibility (S g)
repeatability (S r) and reproducibility (% R) has been Parameters for Calculation of Precision Statement

determined for the following materials as listed in Table A1.1. Nore—This table contains information on 60 mesh samples from the
Infrared Absorption Detection Method, not for the Acid Base Method.

Al.2 Repeatability standard deviation JSthe standard Material ~ Average S Sk r R
deviation of test results obtained under repeatability condi- 91-2wb 038775 0011373 0.0248  0.031822  0.06939
tions. 91-1hvAb 1.24325 0.014004 0.030572 0.039183 0.08554

91-5hvAb 3.083 0.028888 0.060704 0.080829 0.16985
89-4hvCb 5.6125 0.080452 0.209299 0.225106 0.58562

Al1.3 Reproducibility standard deviation {sthe standard 91-4hvCb ~ 027725  0.018384  0.025722  0.051439  0.07197

P : . 90-1subB 1.442 0.015066 0.044989 0.042155 0.12588
deviation of test results obtained under reproducibility condi- g5 72 0 075475 0019184 0028152 0053677  0.07877

tions. 91-6subA 0.46825 0.023578 0.021137 0.06597 0.05914
89-6subC 0.5235 0.016595 0.023399 0.046433 0.06547
Lignite 0.666 0.210 0.0415 0.058622 0.11605

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
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