[‘IM) Designation: D 3178 — 89 (Reapproved 2002)

—~yl’
INTERNATIONAL
Standard Test Methods for
Carbon and Hydrogen in the Analysis Sample of Coal and
1
Coke
This standard is issued under the fixed designation D 3178; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope D 3180 Practice for Calculating Coal and Coke Analyses

1.1 These test methods cover the determination of total ~rom As-Determined to Different Basés
carbon and hydrogen in samples of coal or coke. Both the
carbon and hydrogen are determined in one operation. These TOTAL CARBON AND TOTAL HYDROGEN
test methods yield the total percentages of carbon and hydra. summary of Test Methods
gen in the coal as analyzed and the results include not only the 3.1 The determination of carbon and hydrogen is made by
carbon ?”d h_ydrogen in the organic matter, but also the Ca.lrbotg]urﬁing a weighed quantity of sample in a closed system and
]E;reees?rrgiguﬂng(r:aclotr::rgﬁniaﬁestr?gigrlﬁ Tg‘gggﬁé}lpggsﬁ nér'g i?f(ing the products of combustion in an absorption train after
resent as water of hp dr)alltic?n of silicatpes yarog complete oxidation and purification from interfering sub-
P y ' stances. These test methods give the total percentages of
Note 1—It is recognized that certain technical applications of the datacarbon and hydrogen in the coal as analyzed, and include the

derived from this test procedure may justify additional corrections. Thesgarbon in carbonates and the hydrogen in the moisture and in
corrections could involve compensation for the carbon present as carbo?ﬁe water of hydration of silicates.

ates, the hydrogen of free moisture accompanying the sample, and the

calculated hydrogen present as water of hydration of silicates. 4. Significance and Use

1.2 When data are converted and reported on the “dry” 4.1 Carbon and hydrogen values are used to calculate the
basis, the hydrogen value is corrected for the hydrogen presegount of oxygen (air) required in combustion processes, and
in the fre_e moisture accompanying the sample. in the calculations of efficiency of combustion processes.

1.3 This standard does not purport to address all of the 42 Carbon and hydrogen determinations are used in mate-
safety concerns, if any, associated with its use. It is th&ja| palances on coal conversion processes; also one or the
responsibility of the user of this standard to establish approgther is frequently used in correlations of chemical and
priate safety and health practices and determine the applicaphysical properties, such as yields of products in liquefaction,

bility of regulatory limitations prior to use. reactivity in gasification, and the density and porosity of coal.
1.4 The values stated in Sl units are to be regarded as the
standard. 5. Sample

5.1 The sample shall be the material pulverized to pass No.

2. Referenced Documents 60 (250-um) sieve and well mixed according to Method D 346

2.1 ASTM Standards: _ _ or Method D 2013. It may be beneficial to grind the ash, pit

D 346 Practice for Collection and Preparation of Cokegsh, calcined coke and high mineral content materials to pass a
Samples for Laboratory Analysis No. 100 (150-um) sieve.

D 1193 Specification for Reagent Water 5.2 The test sample shall be weighed just prior to commenc-

D 2013 Practice for Preparing Coal Samples for Analysis ing the analysis to minimize chance for moisture change. A
D 3173 Test Method for Moisture in the Analysis Sample of change in moisture content would introduce error in the
Coal and Coké _ _ hydrogen analysis. In order to provide the data necessary to
D 3176 Practice for Ultimate Analysis of Coal and Céke correct for the hydrogen present in the moisture and ensuing
final calculations of both the hydrogen and carbon, a separate
sample shall be weighed out at the same time for a moisture
* These test methods are under the jurisdiction of ASTM Committee DO5 on Coa@naIySiS’ and analyzed in accordance with Test Method

and Coke and are the direct responsibility of Subcommittee D05.21 on Methods dp 3173.
Analysis.
Current edition approved Sept. 29, 1989. Published February 1990. Originalls. Apparatus

ublished as D 3178 — 73. Last previous edition D 3178 — 89 (1997). e . o .
e Annual Book of ASTM Stanﬁam 05.06. (1997) 6.1 Oxygen Purifying Train consisting of the following

3 Annual Book of ASTM Standardgol 11.01. units arranged as listed in the order of passage of oxygen:
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A—Clear fused quartz section (optional) when a translucent quartz tube is used.
B—Cupric oxide filling.

C—Lead chromate or silver filling.

P,, P,, or P;—oxidized copper gauze plugs.

Note 1—All dimensions are given in centimetres. When furnace sections longer than those specified in 6.3 are to be used, changes in the above
dimensions shall be in accordance with the provisions of Note 5.
FIG. 1 Arrangement of Tube Fillings for Combustion Tube

6.1.1 First Water AbsorberA container for the solid de- thermocouple placed immediately adjacent to the tube near the
hydrating reagent. It shall be so constructed that the oxygeoenter of the tube section.
must pass through a column of reagent adequate to secureg 3 4 Combustion Tube-The combustion tube shall be
water e.quilibr'ium equal_ to that secured in the prescribedyade of fused quartz or high-silica gldsand shall have a
absorption train. A container of large volume and long path of,oing| inside diameter which may vary within the limits of 19
oxygen travel through the reagent will be found to be advang, 5 1m and a minimum total length of 970 mm. The exit end

tageous where many carbon and hydrogen determinations Afall be tapered down to provide a tubulated section for

made. : . . .
6.1.2 Carbon Dioxide AbsorberA container for solid connection to the absorption traln.. The tubglated section shall
S ; have a length of 20 to 25 mm, an internal diameter of not less
carbon dioxide absorbing agent. It shall be constructed a an 3 mm. and an external diameter of approximately 7 mm
described in 6.1.1 and shall provide for a column of reageni’h total | ' th of the reduced end shall p? q 6)(/) I.f
adequate to remove carbon dioxide completely. € totaliengtn o the reduced end shalt not excee mm. |
a translucent fused quartz tube is used, a transparent section

6.1.3 Second Water Absorbesame as specified in 6.1.1 :
6.2 Flowmeter used to permit volumetric measurement of 190-mm long, located 250 mm from the oxygen inlet end of the

the rate of flow of oxygen during the determination. It shall betube, will be found convenient (see Fig. 1).

suitable for measuring flow rates within the range from 50 to 6.3.5 Combustion Boat-This shall be either glazed porce-
100 mL/min (standard temperature and pressure). The use ofl@in, fused silica, or platinum. Boats with internal dimensions
double-stage pressure-reducing regulator with gage and needié approximately 70 by 8 by 8 mm have been found conve-
valve preceding the first water absorber is recommended toient.

permit easy and accurate adjustment of the rate of flow. 6.4 Absorption Trair—The absorption train shall consist of
6.3 Combustion Unit-The combustion unit shall consist of the following units arranged as listed in the order of passage of
three electrically heated furnace sections, individually congyygen:

trolled, which may be mounted on rails for easy movement; the 6.4.1 Water Absorberhaving a capacity for 45 chrof solid
upper part of each furnace may be hinged so that it can be ..

. . > reagent and a minimum length of gas travel through the reagent
opened for inspection of the combustion tube. The thre%f 80 mmS
furnace sections shall be as follows: ' o ]

6.3.1 Furnace Section Inearest the oxygen inlet end of the ~ 6-4.2 Carbon Dioxide AbsorberIf solid reagents are used
combustion tube, approximately 130-mm long and used to hed@r carbon dioxide absorption the container shall be as de-
the inlet end of the combustion tube and the sample. It shall b&cribed in 6.4.1. If a solution is used, the container shall be a
capable of rapidly attaining an operating temperature of 850 t¢/anier bulb.
900°C. Combustion tube temperature shall be measured by 6.4.3 Guard Tube—A container as described in 6.4.1.
means of a thermocouple placed immediately adjacent to the
tube near the center of the tube section. 7. Reagents

6.3.2 Furnace Section 2approximately 330 mm in length . .
and used to heat that portion of the tube filled with cupric 7.1.Pur|ty of Reagents—Reag_ent .gra}de Che.m-IC<’-:l|S shall be
oxide. The operating temperature shall be 850 20°C. used in all tests. Unless otherwise indicated, it is intended that

Combustion tube temperature shall be measured by means ofé réagents shall conform to the specifications of the Commit-
thermocouple placed immediately adjacent to the tube near tHg® ON Analytical Reagents of the American Chemical Society,
center of the tube section.

6.3.3 Furnace Section 3approximately 230 mm-long, and
used to heat that portion of the tube filled with lead chromate “\cor has been found satisfactory for this purpose
or S|Iver.'The operating temperature shall be 56050°C. 5 Glass-stoppered containers such as the Nesbitt, Schwartz U-tube and the
Combustion tube temperature shall be measured by means oE&tser-Norton bulbs have been found satisfactory.
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where such specifications are availabl@ther grades may be  8.2.1 Water AbsorberA container that is filled with a

used, provided it is first ascertained that the reagent is gbermissible solid desiccant by adding the required amount in

sufficiently high purity to permit its use without lessening the small portions and settling each portion by gentle tapping

accuracy of the determination. between additions. Place a glass wool plug between the reagent
7.2 Purity of Water—Unless otherwise indicated, referencesand the absorber outlet to prevent loss of reagent dust.

to water shall be understood to mean Type IV reagent water, 8.2.2 Carbon Dioxide AbsorberIf a solid reagent is used

conforming to Specification D 1193. for the retention of carbon dioxide, fill the absorber as
7.3 Oxygen 99.5 % purity or better (Note 5). described in 8.2.1. Place in the outlet section of the container
7.4 Combustion Tube Reagents a layer or cap of desiccant that is the same as that used in the
7.4.1 Cupric Oxide (CuO), wire form, dust-free. water absorber. This layer shall have a bulk volume not less
7.4.2 Fused Lead Chromat€PbCrQ) approximately 2.38 than one fourth nor more than one third of the combined

to 0.84 mm size. volume of both reagents. If a liquid absorbent is used, fill the
7.4.3 Silver Gauze99.9 % silver minimum purity, 0.84 mm, inner tube of the Vanier bulb with the same desiccant used in

made from approximately No. 27 B&S gage wire. the water absorber. Place a glass wool plug in the outlet section
7.4.4 Copper Gauze99.0 % copper minimum purity, 0.84 of the container to prevent loss of reagent dust.

mm made from approximately No. 26 B&S gage wire. 8.2.3 Guard Tube packed with equal volumes of the water
7.5 Purification and Absorption Train Reagents absorbent and a solid carbon dioxide absorbent.
7.5.1 Water Absorbert-Anhydrous magnesium perchlorate  8.2.4 Connections-To ensure a closed system from the

(Mg(ClO,),) of approximately 2.38 to 0.35 mm size. supply tank of oxygen to the guard tube at the end of the

absorption train, it is recommended that all connections by
o . ) glass-to-glass or glass-to-quartz butt joints be sealed with short
_ 7.5.2 Carbon Dioxide Absorbentlf a solid reagent is used, gngths of flexible tubing. The connection between the purifi-
it shall be sodium or potassium hydroxide (NaOH or KOH) cation train and the combustion tube may be made by means of
impregnated in an inert carrier of approximately 2.38 to 0.84; pper stopper or other suitable device. All connections shall

mm size. Use of soda lime in place of the above or inpe gas tight. No lubricant shall be used for making tubing
admixture with them is permissible (Note 3). If a solution is ;onnections in the absorption train.

used, it shall be 30 weight % potassium hydroxide (KOH). 8.3 Conditioning of Apparatus

Note 3—Trade names of the sodium and potassium hydroxide permis- 8.3.1 Newly Packed Combustion Tukbd@urn a sample of
sible solid carbon dioxide absorbing reagents are: Ascarite I, Caroxitecoal or coke as described in 9.4 except that the products of
and Mikohbite. If soda lime is used in admixture with any of the combustion need not be fixed in a weighed absorption train.
foregc_)ing_, it should not exceed 30 weight % of the total reagent. Inusing g 32 Used Combustion TubeAfter any extended shut
Ascarite it may be necessary to add a few_drqps of water to this reager&own, one day or more, test the combustion train under
to assure complete absorption of carbon dioxide. .. . . .

procedure conditions, but without burning a sample, for 40 min
8. Preparation of Apparatus with weighed absorption bulbs connected. A variation of not
a- Mmore than 0.5 mg of either bulb shall be considered satisfac-

Note 2—Trade names of the reagents are Anhydrone and Dehydrite.

8.1 Combustion Tube PackirgTo ensure complete oxid
tion of combustion products and complete removal of interfer{°Y:
ing substances such as oxides of sulfur, the combustion tubenore 5—If the blank tests for flow indicate interfering impurities in the
shall be packed with cupric oxide and lead chromate or silveroxygen supply by consistent weight-gain in the absorption bulbs, elimi-
The arrangement and lengths of the tube fillings and separatirijte these impurities by using a preheater furnace and tube, filled with
plugs shall be as shown in Fig. 1. It is recommended that thgupric oxide. Operate this preheater furnace at 8520°C and insert in
tube be placed in a vertical position (constricted end downSeres between the supply tank of oxygen and the purification train.
ward) for packing. When filling the tube with lead chromate, 8.3.3 Absorption Trair—Condition freshly packed absorber
any residual reagent adhering to the walls of the empty portiomnd guard tubes by burning a sample of coal or coke as
of the tube must be removed. When silver is used as a tubdescribed in 9.4 except that tube weights need not be deter-
filling, the required length of filling may be prepared conve-mined.
niently from three or four strips of silver gauze 150 to 200-mm  8.3.4 Standard Checkshall be made frequently, particu-
long, by rolling each strip into a cylindrical plug and inserting larly when intermittent use of the combustion train is common

the strips end-to-end in the tube. or when any changes have been made in the system. A standard
Note 4—Longer furnaces with appropriate lengths of tube packing will SUbStance of certified anqu3|s, such as benzoic acid or sucrose
be satisfactory. as furnished by the National Bureau of Standards shall be

burned as described in Section 9. A variation from the
theoretical of not more than 0.07 % for hydrogen nor more than
0.30 % for carbon shall be considered satisfactory.

8.2 Absorption Train

5Reagent Chemicals, American Chemical Society Specificatimzrican
Chemical Society, Washington, DC. For suggestions on the testing of reagents n&. Procedure

listed by the American Chemical Society, sAealar Standards for Laboratory 9.1 After the combustion tube and absorbers have been

Chemicals BDH Ltd., Poole, Dorset, U.K., and thenited States Pharmacopeia L. . . .
and National FormularyU.S. Pharmaceutical Convention, Inc. (USPC), Rockville, conditioned as prescrlbed in Section 8- conduct the test as

MD. follows:
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9.2 Absorption Trair—Bring the absorption tubes to room recommended to prevent such condensation or promote reevaporation
temperature near the balance for 15 to 20 min, vent momerfluring this flushing period.
tarily to the atmosphere, wipe with a chamois or lint-free cloth1g  calculation

in the areas where handled, and weigh to the nearest 0.1 mg. 10.1 Calculate the percentage of carbon (Note 8) in the
9.3 Sample—Weigh approximately 0.2 g (weighed to the analysis sample as follows:

nearest 0.1 mg) of air-dry sample ground to pass a No. 60

(250-um) sieve into a combustion boat.

9.4 Sample Analysis-With furnace (6.3.2 and 6.3.3) at where;
specified temperatures and positioned as shown in Fig. 1A = increase in weight of CQabsorption bulb, g, and
perform the following operations in rapid succession in the B = grams of sample used.

order listed: Note 8—It is recognized that formation of oxides of nitrogen during
9.4.1 If a conventional type of sample heating furnace ishe combustion procedure may lead to slightly high results for carbon.
used for heating (6.3.1), place it so that its left-hand edge islowever, extensive study of this effect by five laboratories led to the

about 100 mm from the oxygen inlet end of the combustiorfonclusion that error so incurred would not be significant in commercial
application. In certain research applications, where accuracy of a higher

Carbon, %= (A X 27.289/B 1)

tube. . . . order is required, means of removing oxides of nitrogen prior to water and
9.4.2 Attach the weighed absorption train to the tube: carbon dioxide absorption should be included.
9.4.3' Push the sample boat into the tube to a point within 102 Hydroger—Calculate the percentage of hydrogen in
approximately 20 mm from plu; the analysis sample (Note 9) as follows:

9.4.4 Close the tube and adjust the oxygen flow to a rate of
50 to 100 mL/min (standard temperature and pressure) being
the same as used in blanking (see 8.3.2). where:
9.4.5 Apply full heat to heating section No. 1 to bring itto B = grams of sample used, and .
an operating temperature of 850 to 900°C as rapidly asC = increase of weight of water absorption bulb, g.
possible. Move the heater slowly toward the boat so that it Nore 9—The water absorbed in the water absorption tube includes not
completely covers the boat and is brought into contact wittpnly water formed as a product of combustion, but also free water
heating (6.3.2) in a period of 10 to 20 min (Note 6). Allow it (moisture) in the sample and water of hydration of any clay minerals
to remain in this position for an additional 5 to 10 min and thenPresent
shut off the heat and return the sample heater to its original1. Report

position. Continue to the flow of oxygen through the tube for 11 1 The results of the carbon and hydrogen analysis may be

10 min (Note 7), close the absorbers under a positive pressufg,rted on any of a number of bases, differing from each other
of oxygen, and detach them from the train. Remove the, ihe manner by which moisture is treated.

absorbers to the vicinity of the balance, allow them to cool to 11 5 A separate portion of the analysis sample shall be

room temperature for 15 to 20 min, vent momentarily t0gna1y7ed for moisture content in accordance with Test Method

atmosphere, wipe them with a chamois or lint-free cloth in they 3173 in order to allow calculation of the as-analyzed data to
areas handled, and finally weigh them to the nearest 0.1 Mgihar pases.

While the absorbers are cooling, itis recommended that the ash 11 3 procedures for converting the values obtained on the
remaining in the combustion boat be examined for traces ofna\ysis sample to other bases are described in Methods
unburned carbon which, if present, will nullify the determina- 5 3176 and D 3180
tion. '

Hydrogen, %= (C X 11.19/B 2)

12. Precision and Bias

Note 6—Some variation in operating technique and heater manipula- . -
tion may be permitted here at the discretion of the analyst, provided tha 12.1 .Th? perr:]"S”SIble dlﬁerﬁn%esf t;letween t\INO _Or more
it is conducive to a gradual and controlled release of volatile matterd€t€rminations shall not exceed the following values:

Conditions that lead to visible burning (flame combustion) of the sample Repeatability, % Reproducibility, %
shall be avoided. Carbon 0.3
Hydrogen 0.07

Note 7—Since water may condense in the cooler outlet end of the ) ) )
combustion tube or in the inlet arm of the water absorber, the use of an 12.2 The bias of this test method cannot be determined at

external or internal heat conducting device (a metal heat bridge) i¢his time.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely 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, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.
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