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Designation: E 711 – 87 (Reapproved 2004)

Standard Test Method for
Gross Calorific Value of Refuse-Derived Fuel by the Bomb
Calorimeter1

This standard is issued under the fixed designation E 711; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers the determination of the gross
calorific value of a prepared analysis sample of solid forms of
refuse-derived fuel (RDF) by the bomb calorimeter method.

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. For specific
cautionary and precautionary statements see 6.10 and Section
8.

2. Referenced Documents

2.1 ASTM Standards: 2

D 1193 Specification for Reagent Water
D 3177 Test Method for Total Sulfur in the Analysis Sample

of Coal and Coke
E 1 Specification for ASTM Thermometers
E 180 Practice for Determining the Precision of ASTM

Methods for Analysis and Testing of Industrial Chemicals
E 775 Test Methods for Total Sulfur in the Analysis Sample

of Refuse-Derived Fuel
E 790 Test Method for Residual Moisture in a Refuse-

Derived Fuel Analysis Sample
E 829 Practice for Preparing Refuse-Derived Fuels (RDF)

Laboratory Samples for Analysis

3. Terminology

3.1 Definitions:
3.1.1 calorific value—the heat of combustion of a unit

quantity of a substance. It may be expressed in joules per gram
(J/g), British thermal units per pound (Btu/lb), or calories per
gram (cal/g) when required.

NOTE 1—The unit equivalents are as follows:
1 Btu (International Table) = 1055.06 absolute joules

1 Calorie (International Table) = 4.1868 absolute joules
1 Btu/lb = 2.326 J/g
1.8 Btu/lb = 1.0 cal/g

3.1.2 gross calorific value—the heat produced by combus-
tion of a unit quantity of solid fuel, at constant volume, in an
oxygen bomb calorimeter under specified conditions such that
all water in the products remains in liquid form.

3.1.3 net calorific value—a lower value calculated from the
gross calorific value. It is equivalent to the heat produced by
combustion of a unit quantity of solid fuel at a constant
pressure of one atmosphere, under the assumption that all
water in the products remains in the form of vapor.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 calorimeter—describes the bomb, the vessel with

stirrer, and the water in which the bomb is immersed.
3.2.2 energy equivalent—the energy required to raise the

temperature (Note 2) of the calorimeter system 1°C (or 1°F)
per gram of sample. This is the number that is multiplied by the
corrected temperature rise in degrees and divided by the
sample weight in grams to give the gross calorific value after
thermochemical corrections have been applied.

NOTE 2—Temperature change is measured in thermal units. Tempera-
ture changes may also be recorded in electromotive force, ohms, or other
units when other types of temperature sensors are used. Consistent units
must be used in both the standardization and actual calorific determina-
tion. Time is expressed in minutes. Weights are measured in grams.

3.2.3 refuse-derived fuels—solid forms of refuse-derived
fuels from which appropriate analytical samples may be
prepared are defined as follows in ASTM STP 832:3

RDF-1—Wastes used as a fuel in as-discarded form with
only bulky wastes removed.

RDF-2—Wastes processed to coarse particle size with or
without ferrous metal separation.

RDF-3—Combustible waste fraction processed to particle
sizes, 95 % passing 2-in. square screening.

RDF-4—Combustible waste fraction processed into powder
form, 95 % passing 10-mesh screening.

RDF-5—Combustible waste fraction densified (compressed)
into the form of pellets, slugs, cubettes, or briquettes.

1 This test method is under the jurisdiction of ASTM Committee D34 on Waste
Management and is the direct responsibility of Subcommittee D34.03 on Treatment.

Current edition approved Aug. 28, 1987. Published October 1987.
2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or

contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Thesaurus on Resource Recovery Terminology, ASTM STP 832, ASTM, 1983,
p. 72.

1
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4. Summary of Test Method

4.1 Calorific value is determined in this method by burning
a weighed analysis sample in an oxygen bomb calorimeter
under controlled conditions. The calorific value is computed
from temperature observations made before and after combus-
tion, taking proper allowance for thermometer and thermo-
chemical corrections. Either isothermal or adiabatic calorim-
eter jackets may be used.

5. Significance and Use

5.1 The calorific value, or heat of combustion, is a measure
of the energy available from a fuel. Knowledge of this value is
essential in assessing the commercial worth of the fuel and to
provide the basis of contract between producer and user.

6. Apparatus

6.1 Test Room—The apparatus should be operated in a room
or area free of drafts that can be kept at a reasonably uniform
temperature and humidity for the time required for the deter-
mination. The apparatus should be shielded from direct sun-
light and radiation from other sources. Controlled room tem-
perature and humidity are desirable.

6.2 Oxygen Bomb, constructed of materials that are not
affected by the combustion process or products sufficiently to
introduce measurable heat input or alteration of end products.
If the bomb is lined with platinum or gold, all openings shall be
sealed to prevent combustion products from reaching the base
metal. The bomb shall be designed so that all liquid combus-
tion products can be completely recovered by washing the
inner surfaces. There shall be no gas leakage during a test. The
bomb shall be capable of withstanding a hydrostatic pressure
test to 21 MPa (3000 psig) at room temperature without
stressing any part beyond its elastic limit.

6.3 Calorimeter, made of metal (preferably copper or brass)
with a tarnish-resistant coating and with all outer surfaces
highly polished. Its size shall be such that the bomb will be
completely immersed in water when the calorimeter is as-
sembled. It shall have a device for stirring the water thoroughly
and at a uniform rate, but with minimum heat input. Continu-
ous stirring for 10 min shall not raise the calorimeter tempera-
ture more than 0.01°C (0.02°F) starting with identical tempera-
tures in the calorimeter, room, and jacket. The immersed
portion of the stirrer shall be coupled to the outside through a
material of low heat conductivity.

6.4 Jacket—The calorimeter shall be completely enclosed
within a stirred water jacket and supported so that its sides, top,
and bottom are approximately 10 mm from the jacket walls.
The jacket may be arranged so as to remain at constant
temperature or with provisions for rapidly adjusting the jacket
temperature to equal that of the calorimeter for adiabatic
operation. It shall be constructed so that any water evaporating
from the jacket will not condense on the calorimeter.

6.5 Thermometers—Temperatures in the calorimeter and
jacket shall be measured with the following thermometers or
combinations thereof:

6.5.1 Mercury-in-Glass Thermometers, conforming to the
requirements for Thermometers 116°C or 117°C (56°F or
57°F) as prescribed in Specification E 1. Other thermometers

of equal or better accuracy are satisfactory. These thermom-
eters shall be tested for accuracy against a known standard
(preferably by the National Bureau of Standards) at intervals
no greater than 2.0°C (3.6°F) over the entire graduated scale.
The maximum difference in correction between any two test
points shall not be more than 0.02°C (0.04°F).

6.5.2 Beckmann Differential Thermometer, having a range
of approximately 6°C in 0.01°C subdivisions reading upward
and conforming to the requirements for Thermometer 115°C,
as prescribed in Specification E 1. Each of these thermometers
shall be tested for accuracy against a known standard at
intervals no larger than 1°C over the entire graduated scale.
The maximum difference between any two test points shall not
be more than 0.02°C.

6.5.3 Calorimetric-Type Platinum Resistance Thermometer,
25-, tested for accuracy against a known standard.

6.5.4 Other Thermometers—A high precision electronic
thermometer employing balanced thermistors or a quartz
thermometer may be used, provided the temperature rise
indication is accurate within 6 0.003°C per 1°C rise.

6.6 Thermometer Accessories—A magnifier is required for
reading mercury-in-glass thermometers to one tenth of the
smallest scale division. This shall have a lens and holder
designed so as to introduce no significant errors due to
parallax. A Wheatstone bridge and galvanometer capable of
measuring resistance to 0.0001 V are necessary for use with
resistance thermometers.

6.7 Sample Holder—Samples shall be burned in an open
crucible of platinum, quartz, or acceptable base-metal alloy.
Base-metal alloy crucibles are acceptable if after a few
preliminary firings the weight does not change significantly
between tasks.

6.8 Firing Wire shall be 100 mm of No. 34 B & S
nickel-chromium alloy wire or 100 mm of No. 34 B & S iron
wire. Equivalent platinum or palladium wire may be used
provided constant ignition energy is supplied, or measured, and
appropriate corrections made.

6.9 Firing Circuit—A 6 to 16-V alternating or direct current
is required for ignition purposes with an ammeter or pilot light
in the circuit to indicate when current is flowing. A stepdown
transformer connected to an alternating current lighting circuit
or batteries may be used.

6.10 CAUTION: The ignition circuit switch shall be of
momentary double-contact type, normally open, except when
held closed by the operator. The switch should be depressed
only long enough to fire the bomb.

7. Reagents

7.1 Purity of Reagents—Reagent grade chemicals shall be
used in all tests. Unless otherwise indicated, it is intended that
all reagents shall conform to the specifications of the Commit-
tee on Analytical Reagents of the American Chemical Society,
where such specifications are available.4 Other grades may be

4 “Reagent Chemicals, American Chemical Society Specifications,” Am. Chemi-
cal Soc., Washington, DC. For suggestions on the testing of reagents not listed by
the American Chemical Society, see “Analar Standards for Laboratory U.K.
Chemicals,” BDH Ltd., Poole, Dorset, and the “United States Pharmacopeia.”
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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.

7.2 Purity of Water—Unless otherwise indicated, references
to water shall be understood to mean reagent water, Type III,
conforming to Specification D 1193.

7.3 Benzoic Acid, Standard (C6H5COOH)—Use National
Bureau of Standards SRM (Standard Reference Material)
benzoic acid. The crystals shall be pelletized before use.
Commercially prepared pellets may be used provided they are
made from National Bureau of Standards benzoic acid. The
value of heat of combustion of benzoic acid, for use in the
calibration calculations, shall be in accordance with the value
listed in the National Bureau of Standards certificate issued
with the standard.

7.4 Methyl Orange, Methyl Red, or Methyl Purple
Indicator—may be used to titrate the acid formed in the
combustion. The indicator selected shall be used consistently
in both calibrations and calorific determinations.

7.5 Oxygen, free of combustible matter. Oxygen manufac-
tured from liquid air, guaranteed to be greater than 99.5 %
pure, will meet this requirement. Oxygen made by the electro-
lytic process may contain a small amount of hydrogen render-
ing it unfit without purification.

7.6 Sodium Carbonate, Standard Solution (0.34 N)—One
millilitre of this solution should be equivalent to 20.0 J in the
nitric acid (HNO3) titration. Dissolve 18.02 g of anhydrous
sodium carbonate (Na2CO3) in water and dilute to 1 L. The
Na2CO3 should be previously dried for 24 h at 105°C. The
buret used for the HNO3 titration shall be of such accuracy that
estimations to 0.1 mL can be made. A more dilute standard
solution may be used for higher sensitivity.

8. Precautions

8.1 Due to the origins of RDF in municipal waste, common
sense dictates that some precautions should be observed when
conducting tests on the samples. Recommended hygienic
practices include use of gloves when handling RDF and
washing hands before eating or smoking.

8.2 The following precautions are recommended for safe
calorimeter operation:

8.2.1 The weight of solid fuel sample and the pressure of the
oxygen admitted to the bomb must not exceed the bomb
manufacturer’s recommendations.

8.2.2 Bomb parts should be inspected carefully after each
use. Threads on the main closure should be checked frequently
for wear. The bomb should be returned to the manufacturer
occasionally for inspection and possibly proof of firing.

8.2.3 The oxygen supply cylinder should be equipped with
an approved type of safety device, such as a reducing valve, in
addition to the needle valve and pressure gage used in
regulating the oxygen feed to the bomb. Valves, gages, and
gaskets must meet industry safety codes. Suitable reducing
valves and adaptors for 2 to 3.5-MPa (300 to 500-psig)
discharge pressure are obtainable from commercial sources of
compressed gas equipment. The pressure gage shall be checked
periodically for accuracy.

8.2.4 During ignition of a sample, the operator shall not
permit any portion of his body to extend over the calorimeter.

9. Sampling 5

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

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.

10. Standardization

10.1 Determine the energy equivalent of the calorimeter as
the average of a series of ten individual runs, made over a
period of not less than 3 days or more than 5 days. To be
acceptable, the standard deviation of the series shall be 6.9
kJ/°C (6.5 Btu/°C) or less (see Appendix X1, Table X1.1). For
this purpose, any individual run may be discarded only if there
is evidence indicating incomplete combustion. If this limit is
not met, repeat the entire series until a series is obtained with
a standard deviation below the acceptable limit.

10.2 The weights of the pellets of benzoic acid in each
series should be regulated to yield the same temperature rise as
that obtained with the various samples tested in the individual
laboratories. The usual range of weight is 0.9 to 1.3 g. Make
each determination in accordance with the procedure described
in Section 11, and compute the corrected temperature rise, T, as
described in 12.1. Determine the corrections for HNO3 and
firing wire as described in 12.2 and substitute into the follow-
ing equation:

E 5 [~H! ~g! 1 e1 1 e3 1 e4# 3 t (1)

where:
E = energy equivalent, J/°C,
H = heat of combustion of benzoic acid, as stated in the

National Bureau of Standards certificate, J/g,
g = weight of benzoic acid, g,
t = corrected temperature rise, °C,
e1 = titration correction, J,
e3 = fuse wire correction, J, and
e4 = correction for ignition energy if measured and cor-

rected for, J.
10.3 Standardization tests should be repeated after changing

any part of the calorimeter and occasionally as a check on both
calorimeter and operating technique.

11. Procedure

11.1 Weight of Sample—Thoroughly mix the analysis
sample of solid fuel in the sample bottle, taking care that the
heavies and lights (fluff) are distributed in the sample (Note 3).
Carefully weigh approximately 1 g of the sample directly into
the crucible in which it is to be burned or into a tared weighing
scoop from which the sample is transferred to the crucible.
Weigh the sample to the nearest 0.1 mg. Some form of
compaction may be necessary to ensure satisfactory ignition
and complete combustion.

5 ASTM Subcommittee E38.01 is currently in the process of developing
procedures for sampling RDF-3 and the preparation of an analysis sample. The
chairman of E38.01 should be contacted for details.
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NOTE 3—In the event segregation of the heavies and lights cannot be
avoided, attempt to remove sample from the bottle in such a way that a
representative sample is transferred.

NOTE 4—Perform the residual moisture determination of the sample
simultaneously using Test Method E 790.

11.2 Water in Bomb—Add 1.0 mL of water to the bomb by
a pipet. Before adding this water, rinse the bomb, and drain the
excess water, and leave undried.

11.3 Firing Wire—Connect a measured length of firing wire
to the ignition terminals with enough slack to allow the firing
wire to maintain contact with the sample.

11.4 Oxygen—Charge the bomb with oxygen to a consistent
pressure between 20 and 30 atm (2.03 and 3.04 MPa). This
pressure must remain the same for each calibration and for
each calorific determination. If, by accident, the oxygen
introduced into the bomb should exceed the specified pressure,
do not proceed with the combustion. Detach the filling con-
nection and exhaust the bomb in the usual manner. Discard this
sample.

11.5 Calorimeter Water—It is recommended that calorim-
eter water temperature be adjusted before weighing as follows:

11.5.1 Isothermal Jacket Method, 1.6 to 2.0°C (3.0 to 3.5°F)
below jacket temperature (Note 4).

11.5.2 Adiabatic Jacket Method, 1.0 to 1.4°C (2.0 to 2.5°F)
below room temperature.

NOTE 5—This initial adjustment will ensure a final temperature slightly
above that of the jacket for calorimeters having an energy equivalent of
approximately 10 200 J/K (2450 cal/°C). Some operators prefer a lower
initial temperature so that the final temperature is slightly below that of the
jacket. This procedure is acceptable, provided it is used in all tests,
including standardization. Use the same amount (6 0.5 g) of water in the
calorimeter vessel for each test and for calibration. The amount of water
(2000 g is usual) can be most satisfactorily determined by weighing the
calorimeter vessel and water together on a balance. The water may be
measured volumetrically if it is always measured at the same temperature.
Tap water may be satisfactory for use in calorimeter bucket.

11.6 Observations, Isothermal Jacket Method—Assemble
the calorimeter in the jacket and start the stirrer. Allow 5 min
for attainment of equilibrium; then record the calorimeter
temperatures (Note 6) at 1-min intervals for 5 min. Fire the
charge at the start of the sixth minute and record the time and
temperature, Ta. Add to this temperature 60 % of the expected
temperature rise, and record the time at which the 60 % point
is reached (Note 5). After the rapid-rise period (about 4 to 5
min), record temperatures at 1-min intervals on the minute
until the difference between successive readings has been
constant for 5 min.

NOTE 6—Use a magnifier and estimate all readings (except those during
the rapid rise period) to the nearest 0.002°C (0.005°F) when using ASTM
Bomb Calorimeter Thermometer 56C (56F). Estimate Beckmann ther-
mometer readings to the nearest 0.001°C. Tap mercurial thermometers
with a pencil just before reading to avoid errors caused by mercury
sticking to the walls of the capillary.

NOTE 7—When the approximate expected rise is unknown, the time at
which the temperature reaches 60 % of the total can be determined by
recording temperatures at 45, 60, 75, 90, and 105 s after firing and
interpolating.

11.7 Observations, Adiabatic Jacket Method—Assemble
the calorimeter in the jacket and start the stirrer. Adjust the
jacket temperature to be equal to or slightly lower than the

calorimeter, and run for 5 min to obtain equilibrium. Adjust the
jacket temperature to match the calorimeter with 6 0.01°C
(0.02°F) and hold for 3 min. Record the initial temperature
(Note 6) and fire the charge. Adjust the jacket temperature to
match that of the calorimeter during the period of rise, keeping
the two temperatures as nearly equal as possible during the
rapid rise, and adjusting to within 6 0.01°C (0.02°F) when
approaching the final equilibrium temperature. Take calorim-
eter readings at 1-min intervals until the same temperature is
observed in three successive readings. Record this as the final
temperature. Do not record time intervals since they are not
critical in the adiabatic method.

11.8 Analysis of Bomb Contents—Remove the bomb and
release the pressure at a uniform rate, in such a way that the
operation will require not less than 1 min. Examine the bomb
interior and discard the test if unburned sample or sooty
deposits are found. Carefully wash the interior of the bomb
including the capsule with distilled or deionized water contain-
ing the titration indicator until the washings are free of acid.
Collect the washings in a beaker and titrate the washings with
standard carbonate solution. Remove and measure or weigh the
combined pieces of unburned firing wire, and subtract from the
original length or weight to determine the wire consumed in
firing. Determine the sulfur content of the sample by any of the
procedures described in Test Methods E 775.

12. Calculation

12.1 Temperature Rise in Isothermal Jacket Calorimeter—
Using data obtained as prescribed in 11.6, compute the
temperature rise, T, in an isothermal jacket calorimeter as
follows:

T 5 Tc 2 Ta 2 r1~b 2 a! 2 r2~c 2 b! (2)

where:
T = corrected temperature rise,
a = time of firing,
b = time (to nearest 0.1 min) when the temperature rise

reaches 60 % of total,
c = time at beginning of period in which the rate of

temperature change with time has become constant
(after combustion),

Ta = temperature at time of firing, corrected for thermom-
eter error (Note 7),

Tc = temperature at time c, corrected for thermometer error
(Note 7),

r1 = rate (temperature units per minute) at which tempera-
ture was rising during 5-min period before firing, and

r2 = rate (temperature units per minute) at which tempera-
ture was rising during the 5-min period after time c. If
the temperature is falling, r2 is negative and the
quantity r2 (c − b) is positive.

12.2 Temperature Rise in Adiabiatic Jacket Calorimeter—
Using data obtained as prescribed in 11.7 compute the cor-
rected temperature rise, T, as follows:

T 5 Tf 2 Ta (3)

where:
T = corrected temperature rise, °C or° F,
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Ta = initial temperature when charge was fired, corrected
for thermometer error (Note 8), and

Tf = final temperature corrected for thermometer error.

NOTE 8—With all mercury-in-glass thermometers, it is necessary to
make the following corrections if the total heat value is altered by 12 J/g
or more. This represents a change of 0.001°C (0.002°F) in a calorimeter
using approximately 2000 g of water. The corrections include the
calibration correction as stated on the calibration certificate, the setting
correction for Beckman thermometers according to the directions fur-
nished by the calibration authority, and the correction for emergent stem.
Directions for these corrections are given in Appendix X2.

12.3 Thermochemical Corrections (Appendix X3)—
Compute the following for each test:

e1 = correction for the heat of formation of HNO3, J. Each
millilitre of standard alkali is equivalent to 20.0 J.

e2 = correction for heat of formation of H2SO4, J
= 55.2 3 percent of sulfur in sample 3 weight of

sample, g.
e3 = correction for heat of combustion of firing wire, J

(Note 10)
= 9.6 J/cm or 5980 J/g for No. 34 B & S gage Chromel

C
= 11.3 J/cm or 7330 J/g for No. 34 B & S iron wire.

e4 = correction for ignition energy of platinum or palla-
dium if measured and corrected for.

NOTE 9—There is no correction for platinum or palladium wire,
provided the ignition energy is constant.

12.4 Calorific Value:
12.4.1 Calculate the gross calorific value (gross heat of

combustion) as follows:

Hs 5 [~T!~E! 2 e1 2 e2 2 e3 2 e4#/g (4)

where:

Hs = gross calorific value, J/g,
T = corrected temperature rise as calculated in 12.1 or

12.2, °C or °F, consistent with the water equivalent
value,

E = energy equivalent (see Section 10), e1, e2, e3,
e4 = corrections as prescribed in 12.3, and

g = weight of sample, g.
12.4.2 Calculate the net calorific value (net heat of combus-

tion) as follows:

Hi 5 Hs 2 23.96 ~H 3 9! (5)

where:
Hi = net calorific value (net heat of combustion), J/g,
Hs = gross calorific value (gross heat of combustion), J/g,

and
H = total hydrogen, %.

13. Precision and Bias 6

13.1 Precision—The standard deviations of individual de-
terminations, in Btu/lb, are:

Average
Within-

laboratory
Between-

laboratories
HHV-1:

6400 27.1 135.5
5200 48.8 239.6

HHV-2:
7900 32.3 118.0
7400 38.1 227.8

HHV-3:
9700 111.3 290.4
9500 99.2 249.2
9300 40.3 67.6

13.2 These precision estimates are based on an interlabora-
tory study conducted in accordance with Practice E 180.

APPENDIXES

(Nonmandatory Information)

X1. CALCULATION OF STANDARD DEVIATIONS FOR CALORIMETER STANDARDIZATION

X1.1 The example given in Table X1.1 illustrates the
method of calculating standard deviations for calorimeter

standardizations.

6 Supporting data are available on loan from ASTM Headquarters. Request
RR:E38-1000.
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X2. THERMOMETER CORRECTIONS

X2.1 It is necessary to make the following corrections in
the event they result in an equivalent change of 0.001°C or
more.

X2.1.1 Calibration Correction shall be made in accordance
with the calibration certificate furnished by the calibration
authority.

X2.1.2 Setting Correction is necessary for the Beckmann
thermometer. It shall be made in accordance with the directions
furnished by the calibration authority.

X2.1.3 Differential Emergent Stem Correction—The calcu-
lation depends upon the way the thermometer was calibrated
and how it is used. The following two conditions are possible:

(a) Thermometers Calibrated in Total Immersion and Used
in Partial Immersion—This emergent stem correction is made
as follows:

Correction 5 K~tc 2 ta! ~tc 1 ta 2 L 2 T! (X2.1)

where:
K = 0.00016 for thermometers calibrated in° C,

0.00009 for thermometers calibrated in °F,
L = scale reading to which the thermometer was immersed,
T = mean temperature of emergent stem,
ta = initial temperature reading, and
tc = final temperature reading.

NOTE X2.1— Example—Suppose the point L, to which the thermom-
eter was immersed was 16°C; its initial reading, ta, was 24.127°C, its final
reading, tc, was 27.876°C, the mean temperature of the emergent stem, T,
was 26°C,

then:

Differential stem correction

5 1 0.00016 ~28 2 24! ~28 1 24 2 16 2 26! (X2.2)

5 1 0.006°C

(b) Thermometers Calibrated and Used in Partial Immer-
sion but at a Different Temperature than the Calibration
Temperature—This emergent stem correction is made as fol-
lows:

Correction 5 K ~tc 2 ta! ~t1 2 t°! (X2.3)

where:
K = 0.00016 for thermometers calibrated in° C,

0.00009 for thermometers calibrated in °F,
ta = initial temperature reading,
tc = final temperature reading,
t1 = observed stem temperature, and
t° = stem temperature at which the thermometer was cali-

brated.

NOTE X2.2—Example—Suppose the initial reading, ta, was 80°F, the
final reading, tc, was 86°F, and that the observed stem temperature, t1, was
82°F, and the calibration temperature, t°, was 72°F; then:

Differential stem correction

5 0.00009 ~86 2 90!~82 2 72! (X2.4)

5 0.005°F

TABLE X1.1 Standard Deviations for Calorimeter
StandardizationA

Standardization
Number

Column A
Water

Equivalent,
(Btu/lb) 3

(g/°C)

Column B
Code to

4400
(Column
A-4400)

Column C
(Column

B)2

1 4412 12 144
2 4407 7 49
3 4415 15 225
4 4408 8 64
5 4404 4 16
6 4406 6 36
7 4409 9 81
8 4410 10 100
9 4412 12 144
10 4409 9 81

Sum 92 940

Average = x̄2 = x/10 = (92/10) + 4400 = 4409
Variance = s2 = Column C − (Column B)2/n/n− 1 = 940 − (92)2/10/9 = 10.4
Standard deviation, s = Variance = 10.4 = 3.22

A In this example the values of water equivalent are typical for a calorimeter
calibrated such that the water equivalent multiplied by the temperature rise in °C/g
of sample will give the calorific value of the sample in Btu/lb.
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X3. THERMOCHEMICAL CORRECTIONS

X3.1 Heat of Formation of Nitric Acid—A correction (e1, in
12.3) of 20 J is applied for each 1 mL of standard Na2CO3

solution used in the acid titration. The standard solution (0.34
N) contains 18.02 g of Na2CO3/L. This correction is based on
assumption that all the acid titrated is HNO3 formed by the
following reaction: 1⁄2 N2 (g + 5⁄4 O2 (g) + 1⁄2 H2O (l) = HNO3

(in 500 mol H2O), and (2) the energy of formation of 1 mol of
HNO3 is approximately 500 mol of water under bomb condi-
tions is 14.1 kcal/mol.7 When H2SO4 is also present part of the
correction for H2SO4 is contained in the e1 correction and the
remainder in the e2 correction.

X3.2 Heat of Formation of Sulfuric Acid—By definition the
gross calorific value is obtained when the product of the
combustion of sulfur in the sample is SO2 (g). However, in
actual bomb combustion processes, the sulfur is found as
H2SO4 in the bomb washings. A correction (e2 in 12.4.1) of
55.2 J is applied for each percent of sulfur in the 1-g sample,
that is converted to H2SO4. This correction is based upon the
energy of formation of H2SO4 in solutions such as will be
present in the bomb at the end of a combustion. This energy is
taken as − 70.5 kcal/mol.7 A correction, of 2 3 14.1 kcal/mol
of sulfur was applied in the e1 correction, so the additional
correction necessary is 70.5 − (2 3 14.1) = 42.3 kcal/mol or
5520 J of sulfur in the sample (55.2 J 3 weight of sample in
grams 3 % sulfur in sample).

X3.2.1 The value of 5520 J/g of sulfur is based on a coal
containing about 5 % sulfur and about 5 % hydrogen. The
assumption is also made that the H2SO4 is dissolved entirely in
water condensed during combustion of the sample.8 If a 1-g
sample of such a fuel is burned, the resulting H2SO4 condensed
with water formed on the walls of the bomb will have a ratio
of about 15 mol of water to 1 mol of H2SO4. For this
concentration the energy of the reaction.

SO2 ~g! 1
1
2 O2 ~g! 1 H2O ~l! 5 H2SO4 ~in 15 mol H2O!

(X3.1)

under the conditions of the bomb process is − 70.5 kcal/mol.
X3.2.2 Basing the calculation upon a sample of compara-

tively large sulfur content reduces the overall possible errors,
because for smaller percentages of sulfur the correction is
smaller.

X3.3 Fuse Wire—Calculate the heat in SI units contributed
by burning the fuse wire in accordance with the directions
furnished by the supplier of the wire. For example, the heat of
combustion of No. 34 B & S gage Chromel C wire is
equivalent to 9.6 J/cm or 5980 J/g and that of No. 34 B & S
gage iron wire is equivalent to 11.3 J/cm or 7330 J/g. There is
no correction for platinum or palladium wire provided the
ignition energy is constant.

X4. REPORTING RESULTS IN OTHER UNITS

X4.1 Reporting Results in British Thermal Units (Btu) per
Pound—The gross calorific value can be expressed in British
thermal units by using the thermochemical correction factors in

Table X4.1 and the water equivalent expressed in
(Btu/lb) 3 (g/°C).

7 Calculated from data in National Bureau of Standards Circular 500.

8 Mott, R. A., and Parker, C., “Studies in Bomb Calorimetry IX-Formation of
Sulfuric Acid,” Fuel, Vol 37, 1958, p. 371.
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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
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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).

TABLE X4.1 Thermochemical Correction Factors (Units in BTU)

Correction
Multipli-

cation Factor
Multiply by

e1(HNO3) 10.0 mL of 0.394 NNa2CO3 solution
e2(H2SO4) 23.7 % of sulfur in sample times weight

of sample in grams
e3(fuse wire) 4.1or cm of No. 34 B & S gage Chromel

C wire
2570 weight (g) of Chromel C wire

e3(fuse wire) 4.9or cm of No. 34 B & S gage iron wire
3150 weight (g) of iron wire
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Designation: E 790 – 87 (Reapproved 2004)

Standard Test Method for
Residual Moisture in a Refuse-Derived Fuel Analysis
Sample1

This standard is issued under the fixed designation E 790; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers the measurement of the residual
moisture in an analysis sample of RDF. It is used to calculate
to the dry basis other determinations performed on the analysis
sample. It is used with the air-dry moisture results to calculate
total moisture (Note 1). The total moisture is used to calculate
as-received values or other analyses performed on the sample.

NOTE 1—In some instances RDF moisture may change during the
size-reduction steps of the analysis sample preparation procedure. This
moisture change, unless suitable corrections are made, will affect the
accuracy of the total moisture value as calculated from the air-dry and
residual moisture results.

1.2 The values stated in acceptable metric units are to be
regarded as standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. For more specific
precautionary information see Section 7.

2. Referenced Documents

2.1 ASTM Standards: 2

D 3173 Test Method for Moisture in the Analysis Sample of
Coal and Coke

E 180 Practice for Developing Precision of ASTM Methods
for Analysis and Testing of Industrial Chemicals

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 air drying—a process of partial drying of RDF to

bring its moisture content near to equilibrium with the atmo-
sphere in which further reduction, division, and characteriza-
tion of the sample are to take place. In order to bring about the

equilibrium, the RDF is usually subjected to drying under
controlled temperature conditions ranging from 30 to 40°C.

3.1.2 analysis sample—the final subsample prepared from
the air-dried laboratory sample but reduced by passing through
a mill with a 0.5-mm (0.02-in.) size or smaller final screen.

3.1.3 bias—a systematic error that is consistently negative
or consistently positive. The mean of errors resulting from a
series of observations that does not tend towards zero.

3.1.4 gross sample—a sample representing one lot and
composed of a number of increments on which neither reduc-
tion nor division has been performed.

3.1.5 laboratory sample—a representative portion of the
gross sample received by the laboratory for analysis.

3.1.6 lot—a large designated quantity (greater than the
quantity of the final sample) of RDF which can be represented
by a properly selected gross sample.

3.1.7 precision—a term used to indicate the capability of a
person, an instrument, or a method to obtain reproducible
results; specifically, a measure of the random error as ex-
pressed by the variance, the standard error, or a multiple of the
standard error.

3.1.8 refuse-derived fuels—solid forms of refuse-derived
fuels from which appropriate analytical samples may be
prepared are defined as follows in ASTM STP 832.3

RDF-1—Wastes used as a fuel in as-discarded form with
only bulky wastes removed.

RDF-2—Wastes processed to coarse particle size with or
without ferrous metal separation.

RDF-3—Combustible waste fraction processed to particle
sizes, 95 % passing 2-in. square screening.

RDF-4—Combustible waste fraction processed into powder
form, 95 % passing 10-mesh screening.

RDF-5—Combustible waste fraction densified (compressed)
into the form of pellets, slugs, cubettes, or briquettes.

3.1.9 representative sample—a sample collected in such a
manner that it has characteristics equivalent to the lot sample.

3.1.10 sample division—the process of extracting a smaller
sample from a sample so that the representative properties of
the larger sample are retained. During this process it is assumed
that no change in particle size or other characteristics occurs.

1 This test method is under the jurisdiction of ASTM Committee D34 on Waste
Management and is the direct responsibility of Subcommittee D34.03 on Treatment.

Current edition approved Aug. 28, 1987. Published October 1987. Orginally
published as E 790 – 81. Last previous edition E 790 – 81.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Thesaurus on Resource Recovery Terminology, ASTM STP 832, ASTM, 1983,
p. 72.
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3.1.11 sample preparation—the process that includes dry-
ing, size reduction, division, and mixing of a laboratory sample
for the purpose of obtaining an unbiased analysis sample.

3.1.12 sample reduction—the process whereby sample par-
ticle size is reduced without change in sample weight.

3.1.13 significant loss—any loss that introduces a bias in
final results that is of appreciable importance to concerned
parties.

4. Summary of Test Method

4.1 This test method is based on the loss in weight of an
air-dried analysis sample of RDF under rigidly controlled
conditions of temperature, time, and air flow.

4.2 The total moisture is calculated from the loss or gain in
air drying and the residual moisture as determined by this test
method.

5. Significance and Use

5.1 The treatment of the sample as specified herein is
intended for the purpose of determining the residual moisture
present in an analysis sample of RDF.

5.2 The residual moisture value is used to convert as-
determined analyses such as gross heating value, sulfur, and
ash to a dry sample basis.

6. Apparatus

6.1 Drying Oven:
6.1.1 Referee Type—The oven shall be so constructed as to

have a uniform temperature within the specimen chamber, have
a minimum excess air volume, and be capable of constant
temperature regulation at 107 6 3°C. Provision shall be made
for renewing the preheated air in the oven at the rate of two to
four times a minute, with the intake air dried by passing it
through a desiccant. An oven similar to the one illustrated in
Fig. 1 of Test Method D 3173 is suitable.

6.1.2 Routine Type—A drying oven of either the mechanical
or natural circulation type which is capable of constant uniform
temperature within the specimen chamber regulated at 107 6
3°C.

NOTE 2—Either type of oven may be used for routine determinations.
However, the referee-type oven shall be used to resolve differences
between determinations.

6.2 Containers—A convenient form that allows the ash
determination to be made on the same sample is a porcelain
capsule 22 mm in depth and 44 mm in diameter or a fused
silica capsule of similar shape. This shall be used with a
well-fitting flat aluminum cover. Platinum crucibles or glass
capsules with ground-glass caps may also be used. They should
be as shallow as possible consistent with convenient handle-
ability.

6.3 Analytical Balance, with 0.1 mg sensitivity.
6.4 Analysis Sample Containers—Heavy (minimum 4 mil),

vapor-impervious bags, properly sealed; or noncorroding cans,
glass jars, or plastic bottles with air-tight sealing covers to store
RDF samples for analysis. Containers shall be checked for
suitability by measuring weight loss or gain of the sample and
container stored for 1 week under ambient laboratory condi-
tions. The weight loss or gain should be less than 0.5 % of the
sample weight stored in the container.

7. Precautions

7.1 Due to the origins of RDF in municipal waste, common
sense dictates that some precautions should be observed when
conducting tests on the samples. Recommended hygienic
practices include use of gloves when handling RDF; wearing
dust masks (NIOSH-approved type), especially when shred-
ding RDF samples; conducting tests under negative pressure
hood when possible; and washing hands before eating or
smoking.

7.2 Laboratory sample handling shall be performed by
trained personnel. All operations shall be done rapidly as
possible to avoid sample moisture changes due to atmospheric
exposure.

7.3 Since heavy fine particles tend to segregate rapidly in
the RDF analysis sample, the analyst should exercise care to
assure that the analysis sample is well-mixed prior to perform-
ing this determination.

7.4 When the residual moisture is to be used for the
determination of total moisture, special care shall be taken to
avoid any change in sample moisture between the completion
of air drying and analysis for residual moisture. It is recom-
mended that the delay between sample preparation and the
determination of residual moisture be a maximum of 72 h.

8. Sampling 4

8.1 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.

8.2 The sample method for this procedure should be based
on agreement between the involved parties.

8.3 The laboratory sample must be air-dried and particle
size reduced to pass a 0.5-mm screen for this analysis. This
procedure must be performed carefully to preserve the sam-
ple’s representative characteristics (other than particle size)
while preparing the analysis sample to be used in this proce-
dure.

9. Procedure

9.1 Heat the empty containers and covers under the condi-
tions at which the sample is to be dried, place the stopper or
cover on the container, cool over a desiccant for about 15 to 20
min, and weigh. Mix the sample, if necessary, and dip out with
a spoon or spatula from the sample bottle approximately 1 g of
the sample. Put the sample quickly into the container, cover,
and weigh at once.

NOTE 3—If weighing bottles with air-tight covers are used, it may not
be necessary to preheat the moisture analysis container nor to desiccate it
after drying.

9.2 Remove the cover and place in a desiccator. Quickly
place the uncovered container into an oven preheated to 107 6
3°C through which is passed a current of dry air. Close the
oven at once and heat for 1 hr. Open the oven, remove, cover

4 ASTM Subcommittee E38.01 is currently in the process of developing
procedures for sampling RDF and the preparation of an analysis sample. The
chairman of E38.01 should be contacted for details.
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the container quickly, and cool in a desiccator over desiccant.
Weigh the sample and container as soon as cooled to
room temperature.

10. Calculation (see Note 1)
10.1 Calculate the percent residual moisture, R, in the

analysis sample as follows:

R 5
S 2 B

S 3 100 (1)

where:
S = grams of analysis sample used, and
B = grams of sample after heating.

10.2 Calculate the percent total moisture in the laboratory
sample, as follows:

M 5
R ~100 2 A!

100 1 A (2)

where:
R = residual moisture, %, and
A = air dry loss determined during preparation of the

analysis sample, %.
10.3 To convert other parameters determined on the analysis

sample, such as ash, sulfur, and gross calorific value, to a dry
sample basis, the following equation can be used:

Pdry 5
Pad ~100!
100 2 R (3)

where:
Pad = parameter, %“ as-determined” on the analysis

sample,
R = residual moisture, % (see 10.1), and
Pdry = parameter, % expressed on a dry sample basis.

11. Precision and Bias

11.1 Precision:

11.1.1 The standard deviations of individual determinations,
in percent absolute are as follows:

Typical Average
Value

Within
Laboratories

Between
Laboratories

2.5–4.5 % 0.15 % 0.50 %

11.1.2 The above precision estimates are based on an
interlaboratory study conducted in accordance with Practice
E 180.

11.2 Bias—The bias of this test method has not been
determined due to a lack of a recognized standard reference
material.

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).
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Designation: E 830 – 87 (Reapproved 2004)

Standard Test Method for
Ash in the Analysis Sample of Refuse-Derived Fuel1

This standard is issued under the fixed designation E 830; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers determination of the ash content
in the analysis sample of refuse-derived fuel (RDF). The results
obtained can be applied as the weight percent ash in the
proximate analysis and in the ultimate analysis.

1.2 The values stated in acceptable metric units are to be
regarded as standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. For specific
precautionary statements see Section 6.

2. Referenced Documents

2.1 ASTM Standards: 2

E 180 Practice for Determining the Precision of ASTM
Methods for Analysis and Testing of Industrial Chemicals

E 790 Test Method for Residual Moisture in a Refuse-
Derived Fuel Analysis Sample

E 829 Practice for Preparing Refuse-Derived Fuel (RDF)
Laboratory Samples for Analysis

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 refuse-derived fuel—Solid forms of refuse-derived

fuels from which appropriate analytical samples may be
prepared are defined as follows in ASTM STP 832:3

RDF-1—Wastes used as a fuel in as-discarded form with
only bulky wastes removed.

RDF-2—Wastes processed to coarse particle size with or
without ferrous metal separation.

RDF-3—Combustible waste fraction processed to particle
sizes, 95 % passing 2-in. square screening.

RDF-4—Combustible waste fraction processed into powder
form, 95 % passing 10-mesh screening.

RDF-5—Combustible waste fraction densified (compressed)
into the form of pellets, slugs, cubettes, or briquettes.

4. Summary of Test Method

4.1 Ash is determined by weighing the residue remaining
after burning the prepared analysis sample under rigidly
controlled conditions of sample weight, temperature, and
furnace atmosphere.

5. Significance and Use

5.1 This test method is available to producers and users of
RDF as a method of determining the weight percent of ash in
the analysis sample.

6. Apparatus

6.1 Electric Furnace—For determination of the ash content
of RDF, the furnace shall have adequate air ventilation and
shall be capable of temperature regulation up to at least 750 6
25°C. An air change rate of 1 to 4 furnace volumes of air per
minute has been found adequate.

NOTE 1—It may be possible to reduce the rate of air flow below the
suggested minimum without adversely affecting results of the ash deter-
mination.

6.2 Porcelain Capsules, about 22 mm (7⁄8 in.) in depth, and
44 mm (13⁄4 in.) in diameter, or similar containers.

NOTE 2—Weighing bottles of borosilicate glass may be safely used
without deformation or softening at temperatures of 600°C or less.

7. Precautions

7.1 Due to the origins of RDF in municipal waste, common
sense dictates that some precautions should be observed when
conducting tests on the samples. Recommended hygienic
practices include use of gloves when handling RDF; wearing
dust masks (NIOSH-approved type), especially while milling
RDF samples; conducting tests under a negative pressure hood
when possible; and washing hands before eating or smoking.

1 This test method is under the jurisdiction of ASTM Committee D34 on Waste
Management and is the direct responsibility of Subcommittee D34.03 on Treatment.

Current edition approved Aug. 28, 1987. Published October 1987. Orginally
published as E 830 – 81. Last revised E 830 – 81.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Thesaurus on Resource Recovery Terminology, ASTM STP 832, ASTM, 1983,
p. 72.
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8. Sampling

8.1 The laboratory sample shall be obtained in accordance
with sampling methods developed for materials of similar
physical form.

8.2 The laboratory sample must be air-dried and particle
size reduced to pass a 0.5-mm screen as described in Practice
E 829.

9. Procedure

9.1 After thoroughly mixing the analysis sample analysis
sample to provide the best possible mix of heavy fines with the
milled fluff, transfer approximately 1 g of the sample to a tared,
previously fired container (weighed to the nearest 0.1 mg) with
a scoop or spatula. Quickly weigh sample and container to the
nearest 0.1 mg. As an alternate method use the dried analysis
sample from the residual moisture determination. See Test
Method E 790.

9.2 Place the uncovered container containing the sample in
the furnace at low temperature and gradually heat to ignition at
such a rate as to avoid mechanical loss from too rapid
expulsion of volatile matter.

9.3 Finish the ignition to constant weight 960.001 g/h) at
575 6 25°C. It may be determined that a constant weight can
be routinely established by allowing a sample to ash within the
prescribed temperature range for a set period of time.

NOTE 3—Experience has shown that particles of glass and sand tend to
sinter to each other and also to porcelain crucibles at temperatures close
to 675°C. If laboratory conditions necessitate maintaining consistency in
the maximum furnace temperature used for ash tests of other fuels, the
ignition may be finished to constant weight (6 0.001 g/h) at a temperature
of 725 6 25°C. If this option is invoked, it should be also noted that
prolonged exposure to high temperatures may actually result in changes in
weight due to possible chemical reactions.

9.4 Cool in a desiccator over desiccant and weigh as soon as
possible after the container and ash reach the temperature of
the area in which weighing is performed.

10. Calculation

10.1 Calculate the ash percent in the analysis sample as
follows:

Ash as2determined, % 5 [~A 2 B!/C] 3 100 (1)

where:
A = weight of container and ash residue, g,
B = weight of empty container, g, and
C = weight of ash analysis sample, g (includes residual

moisture).

10.2 Use the numerical moisture value established by Test
Method E 790 for converting ash data on the as-determined
basis to the dry basis.

11. Report

11.1 Difficulty may be experienced in securing satisfactory
check determinations of ash in the same or different laborato-
ries for RDF rich in heavy fines. This is caused by siliceous
matter such as glass and sand as well as a wide variety of other
particles of different densities entrained in the milled RDF in
nonuniform strata. When such a condition is anticipated or
encountered, a paired set of determinations should be made,
and the results reported as an average. If one determination of
a paired set is accidentally ruined, another pair must be run. An
off or unusual value does not constitute a ruined determination.
In such cases, an additional set of duplicate determinations
should be run and all values reported as an average of the two
sets.

12. Precision and Bias

12.1 Precision:
12.1.1 The standard deviations of individual determinations

in percent absolute are as follows:
Typical Average

Value, %
Within-

Laboratory, %
Between-

Laboratories, %
20.0 0.6 1.3

12.1.2 These precision estimates are based on an interlabo-
ratory study conducted in accordance with Practice E 180.

12.2 Bias—The bias of this test method can not be deter-
mined due to the lack of a recognized standard reference
material.
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Designation: E 897 – 88 (Reapproved 2004)

Standard Test Method for
Volatile Matter in the Analysis Sample of Refuse-Derived
Fuel1

This standard is issued under the fixed designation E 897; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers the determination of the per-
centage of gaseous products, exclusive of moisture vapor, in
the analysis sample which is released under specific conditions
of the test. The knowledge of the volatile matter content assists
in predicting burning characteristics of RDF.

1.2 This test method may be applicable to any waste
material from which a laboratory analysis sample can be
prepared.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards: 2

E 180 Practice for Determining the Precision Data of
ASTM Methods for Analysis and Testing of Industrial
Chemicals

E 790 Test Method for Residual Moisture in a Refuse-
Derived Fuel Analysis Sample

E 829 Practice for Preparing Refuse-Derived Fuel (RDF)
Laboratory Samples for Analysis

3. Terminology

3.1 Definition:
3.2 refuse-derived fuel (RDF):
RDF–1—Waste used as a fuel in as-discarded form.
RDF–2—Waste processed to coarse particle size with or

without ferrous metal separation.
RDF–3—shredded fuel derived from municipal solid waste

(MSW) that has been processed to remove metal, glass, and

other inorganics. This material has a particle size such that 95
weight % passes through a 2-in. square mesh screen.

RDF–4—Combustible waste processed into powder
form—95 weight % passing a 10–mesh screen.

RDF–5—Combustible waste densified (compressed) into the
form of pellets, slugs, cubettes or briquettes.

RDF–6—Combustible waste processed into liquid fuel.
RDF–7—Combustible waste processed into gaseous fuel.

4. Summary of Test Method

4.1 Volatile matter is determined by establishing the loss in
weight resulting from heating refuse-derived fuel under
rigidly-controlled conditions. The measured weight loss, cor-
rected for moisture as determined in Test Method E 790,
establishes the volatile matter content.

5. Apparatus

5.1 Platinum or Fused Quartz Crucible, with closely fitting
cover. The crucible shall be of not less than 10 nor more than
20 mL capacity, not less than 25 nor more than 35 mm in
diameter, and not less than 30 nor more than 35 mm in height.

5.2 Vertical Electric Tube Furnace— It shall be regulated to
maintain a temperature of 950 6 20°C in the crucible, as
measured by a thermocouple positioned in the furnace.

6. Hazards

6.1 Due to the origins of RDF in municipal waste, common
sense dictates that precautions should be observed when
conducting tests on the samples. Recommended hygienic
practices include use of gloves when handling RDF, wearing
dust masks (NIOSH-approved type), especially while milling
RDF samples, conducting tests under a negative-pressure hood
when possible, and washing hands before eating or smoking.
(Warning—Exercise care when placing the sample into the
volatile furnace. The possibility of an explosion always exists
when heating samples of unknown origin.)

7. Procedure

7.1 Weigh to the nearest 0.1 mg about 1 g of thoroughly
mixed air-dried analysis RDF sample in a weighed crucible.
Close with a cover (Note 1), place on a platinum or Nichrome-
wire support and insert directly into the furnace chamber,

1 This test method is under the jurisdiction of ASTM Committee D34 on Waste
Management and is the direct responsibility of Subcommittee D34.03 on Treatment.

Current edition approved March 25, 1988. Published May 1988. Originally
published as E 897 – 82. Last previous edition E 897 – 82.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.
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which shall be maintained at a temperature of 950 6 20°C.
Lower the crucible immediately to the 950°C zone. Regulation
of the temperature to within the prescribed limits is critical.
After the more rapid discharge of volatile matter has subsided
as shown by disappearance of the luminous flame, inspect the
crucible to verify that the lid is still seated. If necessary, reseat
the lid to guard against the admission of air into the crucible.
Do this as rapidly as possible by raising the crucible to the top
of the furnace chamber, reposition the lid to more perfectly seal
the crucible, then lower immediately back to the 950°C zone.

NOTE 1—The cover should fit closely enough so that the carbon deposit
from the refuse-derived fuel does not burn away from the underside.

7.2 After heating for a total of exactly 7 min, remove the
crucible from the furnace and, without disturbing the cover,
allow it to cool on a metal cooling block. Weigh as soon as cold
(Note 2). The percentage loss of weight minus the percentage
moisture in accordance with Test Method E 790 is the volatile
matter.

NOTE 2—To ensure uniformity of results, the cooling period should be
kept constant and should not be prolonged beyond 15 min.

8. Calculation
8.1 Calculate the percentage of volatile matter on an“ as–

determined” basis, Vad as follows:

Vad 5 FA 2 B
A 3 100G2 Mad (1)

where:
A = weight of sample used, g,
B = weight of sample after heating, g, and
M(ad) = moisture (as–determined), %.

9. Precision and Bias

9.1 Precision:
9.1.1 The standard deviation of individual determinations,

in percent absolute, is as follows:
Typical Average Value, 69 %
Within-Laboratory, 0.7 %
Between-Laboratories, 2.1 %

9.1.2 The precision estimates in 9.1.1 are based on an
interlaboratory study conducted in accordance with Practice
E 180.

9.2 Bias:
9.2.1 The bias of this test method has not been determined.
9.2.2 Precision estimates are based on ASTM Report No.

RR:E 38–1000 which describes the preliminary testing and
round–robin tests.3
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.1  (Density) 

(g) (cm3) (m3) (g / cm3) (g) (cm3) (m3) (g / cm3)

1 117.101 678.15 0.00068 0.173 80.721 453.75 0.00045 0.178

2 117.187 678.15 0.00068 0.173 84.106 453.75 0.00045 0.185

3 113.633 678.15 0.00068 0.168 81.112 453.75 0.00045 0.179

4 114.374 678.15 0.00068 0.169 80.689 453.75 0.00045 0.178

0 : 100 

5 120.026 678.15 0.00068 0.177 84.066 453.75 0.00045 0.185

116.464 678.150 0.00068 0.172 82.139 453.750 0.00045 0.181

1 122.459 715.00 0.00072 0.171 74.378 432.14 0.00043 0.172

2 113.899 715.00 0.00072 0.159 72.762 410.54 0.00041 0.177

3 123.966 715.00 0.00072 0.173 74.457 432.14 0.00043 0.172

4 124.809 705.26 0.00071 0.177 81.301 453.75 0.00045 0.179

5 : 95 

5 119.674 705.26 0.00071 0.170 74.967 432.14 0.00043 0.173

120.961 711.103 0.00071 0.170 75.573 432.143 0.00043 0.175

1 97.722 660.00 0.00066 0.148 69.828 518.57 0.00052 0.135

2 93.279 660.00 0.00066 0.141 70.397 496.96 0.00050 0.142

3 117.738 660.00 0.00066 0.178 68.042 485.76 0.00049 0.140

4 93.888 660.00 0.00066 0.142 77.060 464.64 0.00046 0.166

25 : 75 

5 95.354 660.00 0.00066 0.144 62.226 432.14 0.00043 0.144

99.596 660.000 0.00066 0.151 69.511 479.616 0.00048 0.145



.1  (Density)  ( )

(g) (cm3) (m3)
(g / cm3)

(g) (cm3) (m3)
(g / cm3)

1 103.275 610.34 0.00061 0.169 56.245 345.71 0.00035 0.163

2 102.144 610.34 0.00061 0.167 56.365 367.32 0.00037 0.153

3 98.574 610.34 0.00061 0.162 56.636 345.71 0.00035 0.164

4 104.244 610.34 0.00061 0.171 54.059 345.71 0.00035 0.156

50 : 50 

5 106.202 615.50 0.00062 0.173 55.658 345.71 0.00035 0.161

102.888 611.367 0.00061 0.168 55.792 350.036 0.00035 0.159

1 78.498 660.00 0.00066 0.119 39.938 388.93 0.00039 0.103

2 87.763 683.89 0.00068 0.128 36.075 367.32 0.00037 0.098

3 87.159 678.15 0.00068 0.129 44.353 388.93 0.00039 0.114

4 77.548 678.15 0.00068 0.114 38.654 388.93 0.00039 0.099

75 : 25 

5 85.357 678.15 0.00068 0.126 37.952 388.93 0.00039 0.098

83.265 675.667 0.00068 0.123 39.394 384.607 0.00038 0.102

1 69.324 660.00 0.00066 0.105 31.486 388.93 0.00039 0.081

2 74.715 660.00 0.00066 0.113 31.320 388.93 0.00039 0.081

3 82.776 660.00 0.00066 0.125 27.973 388.93 0.00039 0.072

4 79.256 660.00 0.00066 0.120 31.301 388.93 0.00039 0.080

95 : 5 

5 82.593 693.00 0.00069 0.119 27.961 388.93 0.00039 0.072

77.733 666.600 0.00067 0.117 30.008 388.929 0.00039 0.077

1 72.545 660.00 0.00066 0.110 28.178 432.14 0.00043 0.065

2 71.552 660.00 0.00066 0.108 23.188 388.93 0.00039 0.060

3 70.971 660.00 0.00066 0.108 24.631 432.14 0.00043 0.057

4 73.288 660.00 0.00066 0.111 19.476 388.93 0.00039 0.050

100 : 0 

5 71.262 660.00 0.00066 0.108 23.516 388.93 0.00039 0.060

71.924 660.000 0.00066 0.109 23.798 406.214 0.00041 0.058



.2  (Moisture) 

 (%) 

1 52.10 52.30

2 50.30 52.50

3 51.90 50.40

4 51.90 49.00

0 : 100 

5 52.20 50.20

51.68 50.88

1 45.30 46.10

2 46.10 46.20

3 43.40 47.10

4 44.20 47.60

5 : 95 

5 47.50 45.50

45.30 46.50

1 58.67 59.22

2 58.47 55.60

3 54.51 58.53

4 60.74 58.19

25 : 75 

5 60.37 52.29

58.55 56.77

1 46.50 46.10

2 50.50 46.50

3 47.60 45.80

4 48.50 42.60

50 : 50 

5 47.70 44.40

48.16 45.08



.2  (Moisture)  ( )

 (%) 

1 65.70 61.10

2 63.50 64.00

3 65.40 64.10

4 66.60 63.20

75 : 25 

5 65.90 68.60

65.42 64.20

1 61.40 61.40

2 61.70 60.00

3 61.50 61.30

4 63.20 61.10

95 : 5 

5 61.30 61.00

61.82 60.96

1 69.20 67.40

2 68.20 67.00

3 66.80 67.00

4 67.50 66.80

100 : 0 

5 68.10 67.10

67.96 67.06



.3  (Moisture) 

 (%) 

1 8.83 2.61

2 9.22 2.59

3 9.24 2.68

4 8.87 2.61

0 : 100 

5 8.56 2.51

8.94 2.60

1 7.68 2.72

2 8.52 2.92

3 8.97 2.58

4 8.79 2.53

5 : 95 

5 8.59 2.50

8.51 2.65

1 8.63 3.67

2 8.14 3.54

3 7.59 3.53

4 8.29 3.51

25 : 75 

5 7.89 3.52

8.11 3.55

1 4.85 3.27

2 4.82 3.08

3 8.67 3.23

4 4.77 3.28

50 : 50 

5 4.69 3.53

5.56 3.28



.3  (Moisture)  ( )

 (%) 

1 4.49 2.85

2 4.41 2.81

3 1.76 2.77

4 4.32 2.72

75 : 25 

5 4.43 2.76

3.88 2.78

1 5.70 2.05

2 5.68 2.07

3 5.61 2.00

4 5.69 1.83

95 : 5 

5 5.77 2.02

5.69 1.99

1 4.58 2.47

2 4.52 2.38

3 4.52 2.46

4 4.50 2.49

100 : 0 

5 4.52 2.52

4.53 2.46



.4  (Ash content) 

 (%) 

1 41.61 58.44

2 39.18 57.48

3 39.00 58.13

4 41.45 57.88

0 : 100 

5 43.35 58.53

40.92 58.09

1 46.60 51.47

2 41.29 52.75

3 37.80 54.89

4 39.07 52.53

5 : 95 

5 40.62 53.92

41.08 53.11

1 29.10 45.19

2 33.39 47.18

3 37.74 46.84

4 31.22 47.06

25 : 75 

5 34.76 48.46

33.25 46.95

1 29.58 62.94

2 30.10 64.48

3 27.77 62.68

4 29.60 61.83

50 : 50 

5 31.49 59.24

29.71 62.23



.4  (Ash content)  ( )

 (%) 

1 19.06 45.04

2 20.84 44.66

3 20.62 44.22

4 21.03 44.18

75 : 25 

5 19.17 42.62

20.14 44.14

1 11.16 34.65

2 11.12 34.72

3 11.71 34.90

4 10.74 34.85

95 : 5 

5 10.66 33.30

11.08 34.49

1 9.08 30.25

2 9.19 30.81

3 8.92 30.26

4 9.58 30.25

100 : 0 

5 9.36 29.99

9.23 30.31



.5  (Volatile matter) 

 (%) 

1 57.62 39.42

2 61.24 42.44

3 58.14 42.95

4 59.54 41.79

0 : 100 

5 60.45 41.91

59.40 41.70

1 57.44 47.95

2 61.84 48.54

3 64.50 47.22

4 60.39 48.24

5 : 95 

5 64.12 44.28

61.66 47.24

1 70.02 47.68

2 66.01 49.36

3 69.47 50.83

4 67.39 51.75

25 : 75 

5 67.22 45.04

68.02 48.93

1 66.93 46.89

2 74.24 46.76

3 70.95 47.04

4 74.60 46.00

50 : 50 

5 73.62 47.76

72.07 46.89



.5  (Volatile matter)  ( )

 (%) 

1 74.66 38.60

2 74.96 44.08

3 81.13 50.27

4 73.78 53.13

75 : 25 

5 79.60 53.58

76.83 47.93

1 76.11 64.88

2 83.73 65.37

3 84.94 64.22

4 80.49 64.69

95 : 5 

5 84.50 62.28

81.95 64.29

1 87.62 70.10

2 87.96 69.14

3 87.69 69.85

4 87.83 69.33

100 : 0 

5 87.78 69.24

87.78 69.53



.6  (Fixed carbon) 

 (%) 

1 32.01 21.90

2 34.02 23.58

3 32.30 23.86

4 33.08 23.21

0 : 100 

5 33.59 23.28

33.00 23.17

1 31.91 26.64

2 34.36 26.96

3 35.84 26.23

4 33.55 26.80

5 : 95 

5 35.62 24.60

34.26 26.25

1 38.90 26.49

2 36.67 27.42

3 38.60 28.24

4 37.44 28.75

25 : 75 

5 37.35 25.02

37.79 27.19

1 37.18 26.05

2 41.24 25.98

3 39.42 26.14

4 41.44 25.55

50 : 50 

5 40.90 26.53

40.04 26.05



.6  (Volatile matter)  ( )

 (%) 

1 41.48 21.44

2 41.64 24.49

3 45.07 27.93

4 40.99 29.52

75 : 25 

5 44.22 29.76

42.68 26.63

1 42.28 36.04

2 46.52 36.32

3 47.19 35.68

4 44.72 35.94

95 : 5 

5 46.94 34.60

45.53 35.72

1 48.68 38.94

2 48.87 38.41

3 48.72 38.81

4 48.80 38.52

100 : 0 

5 48.77 38.47

48.77 38.63



.7  (Calorific value) 

 (cal/g) 

1 2,592.15  1,725.20

2 2,527.95  1,477.35

3 2,253.55  1,440.95

4 2,636.75  1,612.25

0 : 100 

5 2,486.80  1,633.80

2,499.44 1,577.91

1 2,672.65 2,110.85

2 2,444.50 2,229.50

3 2,628.20 2,268.45

4 2,788.25 2,395.35

5 : 95 

5 2,635.20 2,464.70

2,633.76 2,293.77

1 3,078.30 2,391.35

2 2,667.10 1,949.60

3 3,186.10 2,000.10

4 3,087.65 2,602.05

25 : 75 

5 3,170.55 2,544.75

3,037.94 2,297.57

1 3,231.05 2,545.60

2 3,096.80 2,468.90

3 3,244.55 2,262.60

4 3,244.90 2,240.80

50 : 50 

5 3,111.40 2,432.85

3,185.74 2,390.15



.7  (Calorific value)  ( )

 (cal/g) 

1 3,424.00 3,188.90

2 3,479.60 2,916.90

3 3,395.75 2,698.60

4 3,352.60 2,548.35

75 : 25 

5 3,447.00 3,139.55

3,419.79 2,898.46

1 3,525.10 4,380.80

2 3,490.00 4,338.60

3 3,537.75 4,345.05

4 3,516.10 4,281.35

95 : 5 

5 3,521.35 4,225.00

3,518.06 4,314.16

1 3,588.70 4,991.15

2 3,563.50 4,845.65

3 3,577.10 5,059.40

4 3,574.85 5,078.70

100 : 0 

5 3,579.15 5,100.75

3,576.66 5,015.13

.



















.1

 One-way ANOVA 

95% Confidence 

Interval for Mean 
Ratio N Mean

Std.

Deviation

Std.

Error Lower

Bound

Upper

Bound

Minimum Maximum

0:100 5 2499.44 149.07 66.66 2314.35 2684.53 2253.55 2636.75

5:95 5 2633.76 123.73 55.33 2480.13 2787.39 2444.5 2788.25

25:75 5 3037.94 212.81 95.17 2773.70 3302.18 2667.1 3186.1

50:50 5 3185.74 74.91 33.50 3092.72 3278.76 3096.8 3244.9

75:25 5 3419.79 48.55 21.71 3359.51 3480.07 3352.6 3479.6

95:5 5 3518.06 17.60 7.87 3496.20 3539.92 3490 3537.75

100:0 5 3576.66 9.05 4.05 3565.42 3587.90 3563.5 3588.7

Total 35 3124.4843 413.42 69.88 2982.47 3266.50 2253.55 3588.7

.2

 Duncan’s New Multiple Range Test; DMRT

Duncan a

Subset for alpha = .05
Ratio N

1 2 3 4

0:100 5 2499.44

5:95 5 2633.76

25:75 5 3037.94

50:50 5 3185.74

75:25 5 3419.79

95:5 5 3518.06 3518.06

100:0 5 3576.66

Sig. 0.073296983 0.0500844 0.184237379 0.4237342

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 5.000

99



.3

 One-way ANOVA 

95% Confidence 

Interval for Mean 
Ratio N Mean

Std.

Deviation

Std.

Error Lower

Bound

Upper

Bound

Minimum Maximum

0:100 5 1577.91 117.12 52.38 1432.49 1723.33 1440.95 1725.2

5:95 5 2293.77 139.43 62.36 2120.64 2466.90 2110.85 2464.7

25:75 5 2297.57 305.03 136.41 1918.83 2676.31 1949.6 2602.05

50:50 5 2390.15 133.01 59.48 2225.00 2555.30 2240.8 2545.6

75:25 5 2898.46 276.29 123.56 2555.40 3241.52 2548.35 3188.9

95:5 5 4314.16 61.27 27.40 4238.08 4390.24 4225 4380.8

100:0 5 5015.13 103.24 46.17 4886.95 5143.31 4845.65 5100.75

Total 35 2969.5929 1173.59 198.37 2566.45 3372.74 1440.95 5100.75

.4

 DMRT

Duncan a

Subset for alpha = .05 
Ratio N

1 2 3 4 5

0:100 5 1577.91

5:95 5 2293.77

25:75 5 2297.57

50:50 5 2390.15

75:25 5 2898.46

95:5 5 4314.16

100:0 5 5015.13

Sig. 1 0.4400077 1 1 1

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 5.000
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.5

 One-way ANOVA 

95% Confidence 

Interval for Mean 
Ratio N Mean

Std.

Deviation 

Std.

Error Lower

Bound

Upper

Bound

Minimum Maximum

R0:100 5 2499.44 149.07 66.66 2314.35 2684.53 2253.55 2636.75

R5:95 5 2633.76 123.73 55.33 2480.13 2787.39 2444.5 2788.25

R25:75 5 3037.94 212.81 95.17 2773.70 3302.18 2667.1 3186.1

R50:50 5 3185.74 74.91 33.50 3092.72 3278.76 3096.8 3244.9

R75:25 5 3419.79 48.55 21.71 3359.51 3480.07 3352.6 3479.6

R95:5 5 3518.06 17.60 7.87 3496.20 3539.92 3490 3537.75

R100:0 5 3576.66 9.05 4.05 3565.42 3587.90 3563.5 3588.7

C0:100 5 1577.91 117.12 52.38 1432.49 1723.33 1440.95 1725.2

C5:95 5 2293.77 139.43 62.36 2120.64 2466.90 2110.85 2464.7

C25:75 5 2297.57 305.03 136.41 1918.83 2676.31 1949.6 2602.05

C50:50 5 2390.15 133.01 59.48 2225.00 2555.30 2240.8 2545.6

C75:25 5 2898.46 276.29 123.56 2555.40 3241.52 2548.35 3188.9

C95:5 5 4314.16 61.27 27.40 4238.08 4390.24 4225 4380.8

C100:0 5 5015.13 103.24 46.17 4886.95 5143.31 4845.65 5100.75

Total 70 3047.0386 876.92 104.81 2837.95 3256.13 1440.95 5100.75
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.6

 DMRT

Subset for alpha = .05 
Ratio N

a b c d e f g h

C0:100 5 1577.91

C5:95 5 2293.77

C25:75 5 2297.57

C50:50 5 2390.15

R0:100 5 2499.44 2499.44

R5:95 5 2633.76

C75:25 5 2898.46

R25:75 5 3037.94 3037.94

R50:50 5 3185.74

R75:25 5 3419.79

R95:5 5 3518.06

R100:0 5 3576.66

C95:5 5 4314.16

C100:0 5 5015.13

Sig. 1 0.054863214 0.1693811 0.1538542 0.1311865 0.1301257 1 1

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 5.000
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