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Standard Test Method for
Carbon and Hydrogen in the Analysis Sample of Refuse-
Derived Fuel *

This standard is issued under the fixed designation E 777; 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 E 791 Test Method for Calculating Refuse-Derived Fuel

1.1 This test method covers the determination of total _Analysis Data from As-Determined to Different Bases
carbon and hydrogen in a sample of refuse-derived fuel (RDF). E 829 Practice for Preparing Refuse-Derived Fuel (RDF)
Both carbon and hydrogen are determined in one operation. Laboratory Samples for Analysis
This test method yields the total percentages of carbon ang
hydrogen in RDF as analyzed and the results include not only’ L . )
the carbon and hydrogen in the organic matter, but also the 3-1 Definitions of Terms Specific to This Standard:
carbon present in mineral carbonates and the hydrogen present3-1-1 refuse-derived fueissolid forms of refuse-derived

in the free moisture accompanying the analysis sample as wdl€!s from which appropriate analytical samples may be
as hydrogen present as water of hydration. prepared are defined as follows A8TM STP 833:

RDF-1— Wastes used as a fuel in as-discarded form with
Note 1—It is recognized that certain technical applications of the dataomy bulky wastes removed.

derived from this test procedure may justify additional corrections. These RDF-2—Wastes processed to coarse particle size with or
corrections could involve compensation for the carbon present as carbon-. .
ithout ferrous metal separation.

ates, the hydrogen of free moisture accompanying the analysis sampl\Q’, . . .
and the calculated hydrogen present as water of hydration. RDF-3—Combustible waste fraction processed to particle

. : sizes, 95 % passing 2-inch square screening.
m;t-griz-arlhlfs; o:ﬁssvr:?cer:hgdlaggyatgre Z%gllcgzleséfn ?:yc‘%asge RDF-4—Combustible waste fraction processed into powder
y y P Eform, 95 % passing 10-mesh screening.

prepared.. RDF-5—Combustible waste fraction densified (compressed)

1.3 This standard does not purport to address all O.f theinto the form of pellets, slugs, cubettes, or briquettes.
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-4. Summary of Test Method
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.For specific

precautionary statements see Section 8.

Terminology

4.1 The determination is made by burning the sample to
convert all of the carbon to carbon dioxide and all of the
hydrogen to water. The combustion is carried out by high
2 Referenced Documents purity oxygen that has been passed through a purifying train.
The carbon dioxide and water are recovered in an absorption
2.1 ASTM Standards? . , o
D 1193 Specification for Reagent Water train. The combustion tube packing is used to remove any

. 3 - interfering substances. This test method gives the total percent-
El\igt%olijrscffgfi\nfaolrysligse;rg]'lpelgtgilnéhﬁf :TEJC;?:?;; g;}eﬁsi;—;\{lsages of carbon and hydrogen in the RDF as analyzed, including
E 790 Test Method for Residual Moisture in a Refuse_the carbon in carbonates and the hydrogen in any form of

Derived Fuel Analysis Sample water.
5. Significance and Use

* This test method is under the jurisdiction of ASTM Committee D34 on Waste 5.1 The standard sample is av‘f’“'_able to proqucers and users
Management and is the direct responsibility of Subcommittee D34.06 on Recover@f RDF as a method of determining the weight percent of
and Reuse. carbon and hydrogen in the analysis sample.

Current edition approved Aug. 28, 1987. Published October 1987. Originally
published as E 777 — 81. Last previous edition E 777 — 81.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. Afotual Book of ASTM  ———————————

Standards/olume information, refer to the standard’s Document Summary page on * Thesaurus on Resource Recovery Terminology, ASTM STRASIM, 1983,
the ASTM website. p. 72.
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5.2 Carbon and hydrogen are part of the ultimate analysis of Note 2—Combustion tube temperature shall be measured by means of

a fuel and can be used for calculations of combustion paranf thermocouple placed immediately adjacent to the tube near the center of
eters. the appropriate tube section.

6.3.2 Furnace Section-2-Furnace 2 shall be approximately
6. Apparatus 330 mmi in length and used to heat that portion of the tube filled
6.1 Oxygen-Purifying Traia-The high-purity oxygen is with cupric oxide. The operating temperature shall be 850
passed through water and carbon dioxide absorbers prior to uge°C (see Note 2).

for combustion. The oxygen-purifying train consists of the g 3 3 Furnace Section-3-Furnace 3 shall be approximately
following three units in order of passage of oxygen (see Fig. 1)230 mm long, and used to heat that portion of the tube filled
6.1.1 First Water AbsorberA container constructed so that \yith |ead chromate or silver. The operating temperature shall

the oxygen must pass through a column of reagent. Thge 5o+ 50°C
container shall have a capacity for at least 45° @h solid 6.3.4 Combustion Tubenade of fused quartz, or high-silica
reagent, and the minimum gas travel through the reagent shal| " '

. glass and having a nominal inside diameter which may vary
be at least 80 mm. A container of large volume and long pat within the limits of 19 to 22 mm and a minimum total length
of oxygen travel through the reagent will be found to be 9

advantageous where many carbon and hydrogen determinfo;lf- 970 mm. The exit end shal_l be tapered down to prqwde a
tions are made. ubulated section for connection to the absorption train. The

6.1.2 Carbon Dioxide Absorbe+If solid reagents are used tbulated section shall have a length of 20 to 25 mm, an

for carbon dioxide absorption, the container shall be aéqternal diameter Of. not less than 3 mm, and an external
described in 6.1.1. If a solution is used, the container shall bglameter of approximately 7 mm. The total length of the
a Vanier bulb. It shall provide a column of reagent adequate t(seduced enc_i shall not exceed 60 mm. If a translucent fused
remove the carbon dioxide completely. quartz tube is used, a transparent section 190 mm long, located
6.1.3 Second Water AbsorberSame as specified in 6.1.1. 250 mm from the oXygen inlet end of the tube, will be found
6.2 Flowmeter used to permit volumetric measurement of convenient (see _F'g' 2)- )
the rate of flow of oxygen during the determination. It shall be 6.3.5 Combustion Boatmade of glazed porcelain, fused
suitable for measuring flow rates within the range from 50 tosilica, or platinum. Boats with internal dimensions of approxi-
100 mL/min (standard temperature and pressure). The use offgately 70 by 8 by 8 mm have been found convenient.
double-stage pressure-reducing regulator with gage and needle6.4 Absorption Train identical to the oxygen absorption
valve is recommended to permit easy and accurate adjustmeitnain indicated in 5.1 to obtain system equilibrium. Therefore,
to the rate of flow. the absorption train shall consist of the following units ar-
6.3 Combustion Unijtconsisting of three electrically heated ranged as listed in the order of passage of oxygen (see Fig. 1):

furnace sections, individually controlled, which may be 6.4.1 First Water Absorberas described in 5.1.1.
mounted on rails for easy movement. The upper part of each g 4 2 carbon Dioxide Absorberas described in 6.1.2.

furnace may be hinged so that it can be opened for inspection : .
of the combustion tube. The three furnace sections shall be a56'4'3 Second Water Absorbeas described in 6.1.3. The

follows (see Fig. 1): second water absorber is also known as a guard tube.
6.3.1 Furnace Section-4+Furnace 1 is nearest the oxygen 7 R "

inlet end of the combustion tube, approximately 130 mm long - eagents

and used to heat the inlet end of the combustion tube and the 7.1 Purity of Reagents-Reagent grade chemicals shall be

sample. It shall be capable of rapidly attaining an operatingised in all tests. Unless otherwise indicated, it is intended that

temperature of 875 25°C. all reagents shall conform to the specifications of the American
|
07 c-_{ba;%—r-%:t t@;ﬁ e e R :L;\/I@..‘- jﬁ ~1‘E—
1 |
A
B C b JF K L
E ¥ G
A = flowmeter (6.2) E, F, G, H, | =combustion unit (6.3)
B, C, D = oxygen purifying train (6.1) E =furnace 1 (6.3.1)

B = first water absorber (6.1.1) F =furnace 2 (6.3.2)
C = carbon dioxide absorber (6.1.2) G =furnace 3 (6.3.3)
D = second water absorber (6.1.3) H = combustion tube (6.3.4)

| = combustion boat (6.3.5)
J, K, absorption train (6.4)
first water absorber (6.4.1)
carbon dioxide absorber (6.4.2)
g

uard tube (6.4.3)

, L
J
K
L

Note 1—C andK can substitute a Vanier bulb if liquid absorbent is used.
FIG. 1 Set-Up of Apparatus
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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 gauze filling

P,, P,, P; =oxidized copper gauze plugs

Note 1—When furnace sections longer than those specified in 6.3 are to be used, changes in the above dimensions shall be in accordance witt
provisions of Note 5.
FIG. 2 Arrangement of Tube Filling for Combustion Tube

Chemical Society, where such specifications are avaifable Ascarite it may be necessary to add a few_dreps of water to this reagent
Other grades may be used, provided it is first ascertained th#t assure complete absorption of carbon dioxide.

th.e reagent is of sufficiently high purity to permit its Use g po.ations
without lessening the accuracy of the determination.

7.2 Purity of Water—Unless otherwise indicated, references 81 Due to the origins of RDF in municipal waste, common
to water shall be understood to mean reagent water, Type [IF€NSe dictates that some precautions should be observed when

conforming to Specification D 1193. condgcting tests on the samples. Recommended hygienic
7.3 Oxygen with minimum acceptable purity 99.5 %. practices include use of gloves when handling RDF; wearing
dust masks (NIOSH-approved type), especially while milling

impurities in the oxygen supply by consistent weight-gain in the absorbvc\!hen possible; and washing hands before eating or smoking.

ers, eliminate these impurities by using a preheater furnace and tube, fille
with cupric oxide. Operate this preheater at 85020°C and insert in 9. Sampling
series between the supply tank of oxygen and the purification train. '

7.4 Combustion Tube Reagents

7.4.1 Cupric Oxide (CuQ), wire form, dust-free.

7.4.2 Fused Lead ChromatéPbCrQ,), approximately 2.38
to 0.84 mm in size.

7.4.3 Silver Gauzg99.9 % silver minimum purity, 0.84 mm,
made from approximately No. 27 B&S gage wire.

7.4.4 Copper Gauze99.0 % copper minimum purity, 0.84
mm, made from approximately No. 26 B&S gage wire.

7.5 Purification and Absorption Train Reagents

7.5.1 Water Absorbert-Anhydrous magnesium perchlorate
(Mg(ClQ,),) approximately 2.38 to 0.35 mm in siZe.

7.5.2 Carbon Dioxide AbsorbentIf a solid reagent is used,
it shall be sodium or potassium hydroxide (NaOH or KOH) 10. Preparation of Apparatus

impregnated in an inert carrier approximately 2.38 to 0.84 mm 10.1 Combustion Tube PackirgTo ensure complete oxi-

in size. Use of soda lime in place of the above or in admixturejation of combustion products and complete removal of
\t/)wthsghem_ |sh{3;rm|st3|ble (N%ted4). I_Ba Sﬁlgj'_?n is used, it Shallinterfering substances such as oxides of sulfur, the combustion
& 30 weight % potassium hydroxide ( )- tube shall be packed with cupric oxide and lead chromate or
Note 4—Acceptable carbon dioxide absorbing reagents using sodiunsilver gauze. The arrangement and lengths of the tube fillings
or potassium hydroxide are sold under the tradenames: Ascarite, Caroxitand separating plugs shall be as shown in Fig. 2 (see Note 5).
and Mikohbite. If soda lime is used in admixture with any of the |t js recommended that the tube be placed in a vertical position

foregoing, it should not exceed 30 weight % of the total reagent. In “S'nE(constricted end downward) for packing. When filling the tube
with lead chromate, any residual reagent adhering to the walls

of the empty portion of the tube must be removed. When silver

““Reagent Chemicals, American Chemical Society Specifications,” Am. Chemi-gauze is used as a tube filling, the required length of filling may

cal Soc., Washington, DC. For suggestions on the testing of reagents not listed ; P
the American Chemical Society, see “Analar Standards for Laboratory U.K%e prepared Convemently from three or four strips 150 to 200

Chemicals,” BDH Ltd., Poole, Dorset, and the “United States Pharmacopeia”. _mm ”? Iength, by rolllng each S'F”p into a cyllndrlcal pluQ and
5 Tradenames of this reagent are Anhydrone or Dehydrite. inserting the strips end-to-end in the tube.

9.1 RDF products are frequently nonhomogeneous. For this
reason significant care should be exercised to obtain a repre-
sentative laboratory sample from the RDF lot to be character-
ized.

9.2 The sampling method for this procedure should be based
on agreement between the involved parties.

9.3 The laboratory sample must be air-dried and particle
size reduced to pass a 0.5-mm screen as described in Practice
E 829. This procedure must be performed carefully to preserve
the sample’s representative characteristics (other than particle
size) while preparing the analysis sample to be used in the
procedures.
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Note 5—Longer furnaces with appropriate lengths of tube packing will 11. Procedure

be satisfactory. 11.1 After the combustion tube and absorbers have been

10.2 Purification and Absorption Trains conditioned as prescribed in Section 10, conduct the test as

10.2.1 Water Absorbers-Fill a container, described in follows: _ _ , o
6.1.1, with a permissible solid desiccant, as described in 7.5.1, 11.2 Absorption Trair-Bring the water and carbon dioxide
by adding the required amount in small portions and settlingPSOrDers to room temperature near the balance for 15 to 20
each portion by gently tapping between additions. Place a g|a§g|n, vent momentarily to the atmosphere, wipe with a chamois

wool plug between the reagent and absorber outlet to prevelc?lr lint-free cloth in _the_ areas where handled, and weigh the
loss of reagent dust. water and carbon dioxide absorbers to the nearest 0.1 mg.

o ) ) 11.3 Sample—After thoroughly mixing the RDF analysis
10.2.2 Carbon Dioxide Absorbersif a solid reagent iS  gample to provide the best possible mix of heavy fines with

used for the retention of carbon dioxide, 7.5.2, fill the absorbenyjieq fluff, weigh approximately 0.2 g to the nearest 0.1 mg of
6.1.2, as described in 10.2.1. Place a layer or cap of desiccagimple into a combustion boat.

in the outlet section of the container; it shall be the same as that _ - _ _ _
used in the water absorber. This layer shall have a bulk volume NoTe 6—The final milling stage may produce a suitably mixed analysis
t less than one fourth nor more than onethird of th s_ample Wlt_hout _further mixing. It is important tha_t no unwanted segrega-
no - &ion of particle sizes take place. True representation of the analysis sample
combined volume of both reagents. must be contained in the 200 mg used for the analysis.
the Vanier bulb with the same desiccant used in the watefemperatures and positioned as shown in Fig. 2, perform the
absorber. If a solid absorbent is used, place a glass wool plugllowing operations in rapid succession in the order listed:
in the outlet section of the container to prevent loss of reagent 11.4.1 If a conventional type of sample heating furnace is
dust. used for heating furnace 1, place it so that its left-hand edge is
10.2.3 Guard Tube—Pack a container, as described in 5.1.1,about 100 mm from the oxygen inlet end of the combustion
with equal volumes of the water absorbent and a solid carbofube.
dioxide absorbent. 11.4.2 Attach the weighed absorption train to the combus-

10.2.4 Connections—To ensure a closed system from the tion tube.

supply tank of oxygen to the guard tube at the end of the 11.4.3 Push the sample boat containing the weighed sample

absorption train, it is recommended that all connections pdto the combustion tube to a point within approximately 20

L e - . m from plugP; (see Fig. 2).
glass tg glass or glass-to-quartz butt joints \.N'th short Iengthgn 11.4.4 Close the tube and adjust the oxygen flow to a rate of
of flexible tubing as seals. The connection between th%

purification train and the combustion tube may be made b 0 to 100 mL/min (standard temperature and pressure), being

means of a rubber stopper or other suitable device. Al he same as used in blanking (see 10.3.2).

: i . 11.4.5 Apply full heat to heating Furnace 1 to bring it to an
connect|on§ shall be gas t|ght. No Iubrlcgnt shgll be used f°5perating temperature of 850 to 900°C as rapidly as possible.
making tubing connections in the absorption train.

Move the heater slowly toward the boat so that it completely
10.3 Conditioning of Apparatus covers the boat and is brought into contact with furnace 2 over
10.3.1 Newly Packed Combustion Tubd®urn a sample of a period of 10 to 20 min (Note 7). Allow it to remain in this

RDF as described in 11.4 except that the products of combugosition for an additional 5 to 10 min, and then shut off the heat

tion need not be fixed in a weighed absorption train. and return the sample heater to its original position. Continue

10.3.2 Used Combustion TubeAfter any extended shut the flow of oxygen through the system for 10 min (Note 9),
down (one day or more) test the combustion train undeflose the absorbers under a positive pressure of oxygen and

procedure conditions, but without burning a sample, for 40 mi _et_a<_:h them from the train. Remove the absorbers to the
vicinity of the balance, allow them to cool to room temperature

with weighed absorbers connected. A variation of not mor% r 15 to 20 min, vent momentarily to the atmosphere, wipe

than 0.5 mg of both water and carbon dioxide absorbers Shatlﬁem with a chamois or lint-free cloth in the areas handled, and

be considered se.1t|sfact(.)ry (see .I\.lote 3). finally weigh them to the nearest 0.1 mg. While the absorbers
10.3.3 Absorption Trair—Condition freshly packed absorb-  gre cooling, it is recommended that the ash remaining in the

ers and guard tubes by burning a sample of RDF, as describempustion boat be examined for tracers of unburned carbon
in 11.4, except that the absorber weights need not be detefnich, if present, will nullify the determination.

mined.
. NoTte 7—Some variation in operating technique and heater manipula-
10.3.4 Make standard checks frequently, particularly Wher?ion may be permitted at the discretion of the analyst, provided that it is

intermittent use of the combustion train is common or wherconducive to a gradual and controlled release of volatile matter. Condi-
any changes have been made in the system. Burn a standdiahs that lead to visible burning (flame combustion) of the sample shalll
substance of certified analysis, such as benzoic acid or sucroke avoided. _

as furnished by the National Bureau of Standards, as described\°Te 8—Since water may condense in the cooler outlet end of the

in Section 11. A iation f the th tical of not th combustion tube or in the inlet arm of the water absorber, the use of an
In Section 11. Avariation from the theoreucal or not more thang,ema| or internal heat-conducting device (a metal heat bridge) is
0.07 % for hydrogen nor more than 0.30 % for carbon shall b@ecommended to prevent such condensation or promote reevaporation

considered satisfactory. during this flushing period.
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12. Calculation 13.2 The numerical moisture value established by Test
12.1 Calculate the percentage of carbon in the analysidethod E 790 shall be used for converting carbon and hydro-
sample as follows: gen data on the as-determined basis to the dry basis as in Test

Method E 791.

A
Carbon, %= g X 27.289 €))
14. Precision and Bias®
where: .
A = increase in weight of CQabsorber, g, 14.1 Precision
B = grams of sample used, and 14.1.1 The standard deviations of individual determina-
27.289 = percentage of carbon in €O tions, in percent absolute, are as follows:
12.2 Calculate the percentage of hydrogen in the analysis Typical Average Within-Labora- Between-Labo-
sample as follows (see Note 7). Value, % tory, % ratories, %
c Carbon:
40 0.5 1.6
Hydrogen, %= B X 11.19 2) Hydrogen:
5.4 0.2 0.5
where: . . .
C = increase in weight of water absorber, g 14.1.2 These precision estimates are based on an interlabo-
B = grams of sample used, and ratory study conducted in accordance with Practice E 180.
11.19 = percentage of hydrogen in water. 14.2 Bias—The bias of this test method has not been

Note 9—The water absorbed in the water absorber includes not onifletermined bec_ause of the lack of a recognized standard
water formed as a product of combustion, but also free water (moisturdieference material.

in the sample and water of hydration of materials that may be contained
in RDF.

13. Report

13.1 The results of the carbon and hydrogen analysis may

be reported on any of a nu_mber Qf basc_as, differing from each ® Supporting data are available on loan from ASTM Headquarters. Request
other in the manner by which moisture is treated. RR:E38-1000.

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.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above

address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



