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Standard Test Method for
. - l
Expansion or Contraction of Coal by the Sole-Heated Oven
This standard is issued under the fixed designation D 2014; 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 during the carbonization process when evaluated in terms of

1.1 This test method covers a large-scale laboratory test fdiertinent experience with other coals and coal blends and
obtaining information on the expansion or contraction of coalProcessing conditions used in commercial-type coke ovens.

or coal blends during carbonization under specified conditions5

This test method is applicable in the examination of coals or Apparatus - _ .
coal blends intended for use in the manufacture of coke. 5.1 Test Oven Assemblgonsisting of the following: either

1.2 The values stated in Sl units shall be regarded a@ Single-chamber oven having approximately 280-mm (11-in.)

standard. Inch-pound units shall be accepted on an equivalefidth, 610-mm (24-in.) length, and 280-mm depth, or a
basis. doub_le—chambered oven with two chambers each havmg_ ap-
1.3 This standard does not purport to address all of theProximately 280-mm width, length, and depth; a heating
safety concerns, if any, associated with its use. It is thec,ystem to heat the charge(s) un|d|rgct|onally through the sole
responsibility of the user of this standard to establish appro-according to a controlled program; piston(s) arranged so that a

priate safety and health practices and determine the applicaconstant load may be applied to the top surface of the charge;
bility of regulatory limitations prior to use. and suitable instrumentation so that appropriate temperatures

and the position of the piston(s) may be measured. The

2. Referenced Documents auxiliary equipment includes apparatus facilitating the charg-
2.1 ASTM Standards? ing of the oven in a standard manner. The vertical partition of
D 2013 Method of Preparing Coal Samples for Analysis the double-chambered oven may be of 2-in. (51-mm) firebrick
D 2234 Practice for Collection of a Gross Sample of Coallile or equivalent.

D 3302 Test Method for Total Moisture in Coal 5.1.1 Carbonization Chamber o
E 11 Specification for Wire Cloth and Sieves for Testing 9:1.1.1 The sole shall be of silicon carbide tile, about 40 mm
Purposes (1.5 in.) thick, 305 mm (12 in.) wide, and extending approxi-
mately 75 mm (3 in.) beyond the carbonization chamber at the
3. Summary of Test Method front and back. Side, front, and back walls should be 40-mm

3.1 During the test, a measured thickness of coal about 108ebrick tile or equivalent. It is appropriate to key the sole to
mm (4 in.) is heated from the bottom surface while a forcethe side and back tiles. The top edges of sidewalls shall be held
corresponding to 15.2 kPa (2.20 psi) is applied to the toph an adjustable steel framework so that the walls may be made
surface through a piston. At the end of the test, the thickness ¢nd maintained precisely perpendicular to the sole. Hole(s)
the coke is measured by observing the final position of thé-35 mm (0.25 in.) in diameter shall be provided through the

piston. side of the oven to enable the placement of thermocouple(s) on
the top surface of the sole in the center of the oven chamber(s).
4. Significance and Use 5.1.1.2 In constructing the oven, the sides and ends of the

4.1 The values determined in this test method indicate t&arbonization chamber shall be surrounded with at least 200
what extent a given coal or coal blend will expand or contractm (8 in.) of insulating refractories and the whole assembly
encased in a suitable restraining structure of steel shapes and
plates designed to provide dimensional stability.
5.1.2 Sole-Heating System
;Tchii tEStd”,‘emOdd_iS “t”de' the ig_flifdic]}ig”bOfAST'\tf C%”S’;‘if;e DISISIOTI Cc?a'l 5.1.2.1 The heating system shall consist of a group of
an OKe and Is the direct responsibility of subcommittee . on Metallurgical . - e .
Properties of Coal and Coke. electrical heating elements mounted under the silicon carbide
Current edition approved April 1, 2004. Published May 2004. Originally SOle and suitable equipment to provide automatic control.
approved in 1962. Last previous edition approved in 1997 as D 2014 - 97. Heating elements may be either silicon carbide-type resistance
For referenced ASTM sta_ndards, V|§|t the ASTM website, www.astm.org, Ofelements or coils of heating wire enclosed in silica tubes.
contact ASTM Customer Service at service@astm.org.Afotual Book of ASTM . .. ..
Standards/olume information, refer to the standard’s Document Summary page or-l€Ments shall be arranged to obtain minimum variation of

the ASTM website. temperature over the area of the sole. It is desirable to
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incorporate a maximum number of supports for the silicon6. Instrumentation
carbide sole tile. The brickwork and steelwork beneath the g 1 piston Movement-The excursion of the piston from an

heating flues shall be of appropriate design to maintain rigidityitia| reference position may be measured either manually, by
of the oven under the temperature and load stresses @hserving the movement of an indicator, or automatically by
operation. ‘means of an appropriate transducer and recording system. A
5.1.2.2 The thermocouple used for temperature control igreferred form of indicator is a witness point on a silica rod
located in a position which enables the sole to be heated ifounted on the upper surface of the lower piston plate and not
accordance with the sole temperature program shown in Tablgynnected in any way to the remaining piston structure. When
1. The heating system shall be capable of reachieving the initig|sing this design of indicator, no corrections need be made for
set point temperature of 554°C within 10 min of charging theeypansion of the piston structure itself. Alternatively, the basic
oven and of heating the sole in accordance with the solgydicator may be mounted on the upper steel structure of the
temperature program shown in Table 1. _ piston. In this event, any correction for piston expansion during
5.1.2.3 The temperature control thermocouple may be inj test, if necessary, shall be determined by appropriate prelimi-
stalled in the heating flue or in contact with the sole plate. nary calibration. Measurements of the position of the indicator
5.1.3 Piston—The piston assembly shall include a massivemay be made by directly observing the witness point with a
bottom plate of metal to which an upper steel assembly igathetometer or by using a suitable mechanical or electrical
r|g|d|y attaChed. The bOttom plate Sha” be 19- or 25-mm (075'System of magnifying movement. Apparatus of the latter type

or 1-in.) cast steel or cast iron in one piece with square edgeghould be calibrated with an accurate cathetometer. Whatever
Dimensions are to be so chosen that the clearances betwegiye of indicator is used it shall be placed as close to the

piston edges and chamber walls, ends, and sides, at thometric center of the piston as possible.

conclusion of a test (upper surface of coal at 500°C) are atleast g 1.1 Thermocouples shall be provided for measuring both
3.2mm (0.125in.) but not as much as 9.5 mm (0.375in.). A10the temperature of the top surface of the sole (maximum of
to 130-mm (4.5- to 5-in.) layer of insulating refractory shall be ghout 950°C) and the temperature of the top surface of the coal
formed upon the steel plate, the sides being recessed somewhafaximum about 500°C) (Note 2). The thermowell containing
within the piston edges. The upper steel assembly shall b@e sole couple shall be placed horizontally through the hole in
rigidly fastened to the corners of the lower plate with steekne sidewall or endwall tile so that the thermowell lies flat with
supports. The upper steel assembly and corner supports shad tip near the geometric center of the sole. The thermowell
be of adequate strength to permit application of the desire@ontaining the top surface thermocouple shall be placed in the
load and shall be fitted with appropriate hardware to permitertical hole in the piston and adjusted so that its lowest point
ready placement into or removal from the carbonizationjs flush with the lower surface of the piston plate.
chamber. A vertical hole, 13 mm (0.5 in.) in diameter, piercing
the piston assembly, including lower plate shall be provided o _ - g : i
actory in these applications. Quartz or porcelain is a satisfactory material

the_ Iongltudln_al center line for a thermocouple, abom 200 m or thermocouple protection tubing. Mild steel or stainless tubing may also
(8 in.) from either the front or rear edge of the piston. be used but will require frequent replacement.

5.1.4 Apparatus for Loading Pister-Apparatus shall be )
provided so that a constant load of 15.470.35 kPa (2.20= /- Accessory Equipment
0.05 psi) calculated over the measured area of the piston plate,7.1 Auxiliary Apparatus—Necessary auxiliary apparatus in-
may be applied to the piston during the test. The manner ofludes a sole cover plate, a charging hopper, and an adjustable
applying this load is not critical. Examples of suitable proce-leveling device:
dures are ) use of a hydraulic piston as shown in Fig. 2) ( 7.1.1 Sole Cover Plateconforming to the dimensions of the
use of a hinged lever-arm system bearing on a fulcrunpiston plate and consisting of a suitable metal framework
mounted on the upper steelwork of the piston structure, @nd ( containing either a layer of insulating brick or an equivalent
placement of sufficient additional dead weights on the pistorayer of insulating refractory. It shall be placed on the sole
itself. Whatever system is chosen should be characterized tyvernight and during other short periods of nonoperation to
rapid assembly for the prompt application of force afterreduce heat losses and facilitate maintenance of proper sole
charging. temperature before the start of a test.
7.1.2 Hopper and Leveling DevieeFunctionally adequate
designs of hopper and leveling devices are shown in Fig. 2. The

Note 1—Type K Chromel-Alumel thermocouples have proven satis-

TABLE 1 Sole Temperatures Program leveling device should be constructed so as to be quickly
Time, (h) After Initial Temperature, adJUStable- L .

Setpoint of 554°C Achieved °C 7.1.3 The provision of a permanently installed crane for
0.00 554 handling the piston in and out of the carbonization chamber
;-88 gg? facilitates convenience of operation. A hood over the whole
300 840 assembly is desirable for the removal and venting of carbon-
4.00 889 ization gases.

5.00 921 .

6.00 943 8. Sampling

7.00 950 : .
from then on 950 8.1 The gross sample shall be collected in accordance with

Practice D 2234.
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FIG. 1 Sole-Heated Oven

(a) Oven Charging Device. (b) Coal Leveling Device.
FIG. 2 Auxiliary Equipment

8.2 About 30 kg (66 Ibs) of sample (sufficient for perform- until ready for testing. If required, moisture content of the coal
ing duplicate sole-heated oven tests) shall be prepared. Theay be increased by sprinkling water over the coal and
sample shall pass a 4.75-mm (No. 4) sieve and shall havihoroughly mixing the coal and applied water together to form
between 2 and 4 % total moisture content. Only oversized coa homogeneous mixture.
is to be stage crushed to prepare the sample to pass a 4.75-mm
(No. 4) sieve. If required, moisture content may be reduced by- Procedure
air drying. Heating the air is permitted provided that the heated 9.1 Maintain overnight heating levels so that the tempera-
air is =10°C above ambient conditions and never exceedsure of a thermocouple placed on the sole, under the sole cover
35°C. The prepared sample is to be placed in a sealed containglate, is near 554°C. As a preliminary to a test, adjust the
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automatic controller, if necessary, to maintain this temperature 10.2 Determine the constat from a series of caliper
and begin the test as soon as this temperature has beateasurements carried out at each 25.4-mm (1-in.) point of
achieved. height above the sole. Make five length and ten width mea-

9.2 For a single-chamber oven, weigh 1311 0.02 kg  surements, each recorded to 0.8 mm (0.031 in.) at each
(28.88 = 0.05 Ib) of the prepared sample and transfer com-5 4-mm level up to 100 mm (4 in.). Average the total data
pletely to a charging hopper. For each chamber of a dOUb|eapproximately to derive the constaft

chambered oven, weigh 6:00.02 kg (13.23 0.05 Ib) .Of the 10.3 Determine the reference elevation of the sole or” zero
prepared sample and transfer completely to a charging hopper.

Shortly before loading the hopper, collect a small sample of th oint, W'tg tthi5p1|§tokrl13 re;tlzrg; on the sole and loaded to
prepared coal for a moisture determination and place in aff®'"¢SPONd t0 1. a (2. pS|)..
airtight container. 10.4 Redetermine the “zero point” after every 5 tests;
9.3 With the sole thermocouple in position and indicatingredetermine the constaAtafter every 25 tests.
554°C, remove the sole cover plate, place the hopper contain-
ing the weighed quantity of charge over the oven, and allow thd1. Calculation
coal to fall into the carbonlzatlon_chamber. Place the automatic ., 4 Calculate the basic valuB®,, the bulk density at test
temperature program controller into operation at the instant of = """ o .
onditions in kilograms per cubic metre aiigl, the percentage

charging. Use the leveling device, which has been preadjustea . - .
to produce a level coal surface quickly without excess at eithe?kpaHSIon at the conditions of test, in percenBBY, andM,

end. A further quick adjustment of the leveling device may be?S follows:
necessary at this time. BD, = W/(A X h)) 1)
9.4 Lower the piston onto the surface of the coal charge, E, = 100(h, — h)/h )

taking care to guide it so that desired clearances are maintained

on all sides. Then adjust the piston loading apparatus to give avhere:

total loading, calculated over the actual area of the piston plateM; = moisture content of the sample as charged, %;

of 15.17 + 0.35 kPa (2.20+ 0.05 psi). Take the reading, W = Wweight of the charge, kg, recorded to 0.023 kg (0.05

defining the initial height of the piston precisely 3 min after the lb), o
discharge of the coal or blend from the hopper. Place afi = initial thickness of the coal charged, mm. This is
thermocouple in a thermowell in the vertical hole in the piston determined from the initial position of the piston on
and adjust so that the lowest point of the thermowell just the coal at the start of the test and the reference
touches the top surface of the charge. elevation of the sole or “zero point,” and

9.5 Itis informative to have a record of the excursion of the 't = final thickness of the coke. This is determined from

piston during the test. A continuous record with automatic the final position of the piston SSOO°C)_an:1I the
instrumentation is convenient; manual readings e¥ety will reference elevation of the sole or “zero point.
usually also be quite adequate. The test is considered to bell.2 Record the values &f andh to 0.25 mm (0.01 in.).
ended when the thermocouple on the top surface of the co&letermine the moisture conteritl,, in accordance with Test
indicates 500°C. Measure the position of the piston at thidvlethod D 3302.
moment and consider it as the definitive datum for the ) ) o
calculation of total expansion or contraction. Record the time NoTe 3—When working with the double-chambered design, it will be
. . . understood that values of the oven constants ldpdV,, h, andh; are
interval to this point. required for each chamber

9.6 At the end of the test, remove the piston and withdraw '
the coke. Wirebrush the piston and piston plate and scrape the11.3 Positive values d&, are denoted as expansions, nega-
chamber walls to remove any accumulated carbon or tative values as contractions. Values Bf are never reported
Replace the refractory cover plate and adjust the temperatukgithout the concomitant designation BD, and M,.

controller setting for the standby condition. 11.4 Experimental values of, at BD, and M, may be

Note 2—At times, with very fluid coals, this fluid coal exudes between adjusted by calculation to selected reference bases of bulk
the ovenwall and the piston. If this exudate cokes or becomes solid, it maglensity,BDg, and moisture contenlfl, to give a valueEg. If
bind the piston to the ovenwall. Should this exuding occur, a knife bladgt has been agreed to adjust values to mutually agreed bases,
or similar tool should be used to break such bonds so that the movemepa the following equation in calculating such adjustments:

of the piston is not impaired.
L Er(atBDg Mg) = [(BD/BD))
10. Determination of Oven Constants (100 — Mg)/ (100 — M,)] (100+ E) — 100  (3)

10.1 In order that the experimental data may be interpreted potoonce bases now in use include 55.0. 1.0 and 52.0. 2.0
properly, determine two oven constants. One constant is the T A

average area A of the carbonization chamber, expressed inll.S Calculatg the e>'<pansi0n or contraction values of ?ndi-
square metres (square feet). The second constant is the reféfdual runs retaining figures to a tenth percentage unit of
ence height of the top surface of the oven sole. Determine botfPntraction or expansion.

constants both with temperatures adjusted to the starting 11.6 Coals containing high inherent moisture should not be
condition, that is, with the top surface of the sole at aboutcorrected to a reference moisture less than the known inherent
554°C. moisture of the coal.
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12. Report 13.1.1 A pair of determinations meeting this criterion

12.1 The final value reported shall be the arithmetic meaghould be obtained.
the results of accepted determinations expressed to the nearest
whole number of percentage expansion or contraction. 14. Keywords

14.1 carbonization; contraction; expansion; fluidity; plas-

13. Precision and Bias -
et|C|ty; rheology; sole heated oven

13.1 The results of two determinations with the sam
apparatus in the same laboratory, calculated at test conditions,
shall not differ by more than 3.0 units of expansion or
contraction.
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