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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of
national standards institutes (ISO member bodies). The work of developing Inter-
national Standards is carried out through ISO technical committees. Every member
body interested in a subject for which a technical committee has been set up has the
right to be represented on that committee. International organizations, governmental
and non-governmnjental, in liaison with ISO, also take part in the work.

Draft Internationgl Standards adopted by the technical committees are circulated to
the member bodigs for approval before their acceptance as International Standards by
the 1ISO Council.

International StaTsdard ISO 502 was developed by Technical Committee ISO/T.C 27,
Solid mineral fuels.

This second edition was submitted directly to the ISO Council, in accordance with
clause 5.10.1 of part 1 of the Directives for the technical work of ISO. It cancels and
replaces the first edition (i.e. ISO 502-1974), which had been approved by the member
bodies of the follpwing countries :

Australia India Romania

Austria Italy South Africa, Rep. of
Belgium Japan Spain

Brazil Netherlands Switzerland

Chile New Zealand Turkey
Czechosloyakia Philippines United Kingdom
Denmark Poland USSR

Germany, F.R. Portagal Yugoslavia

The member body of the follewing country had expressed disapproval of the docu-
ment on technical grounds-:

France

© International Organization for Standardization, 1982 @

Printed in Switzerland
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Coal — Determination of caking power —
Gray-King coke test
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pted for the International Classification of Hard
y the United Nations Economic Commission for
Esess the caking properties of a type of coal or a
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hal Standard specifies a method of assessing the
bf coal under standard conditions.

ce

e — Determination of true relative density, ap-
density and porosity.

heated under standard conditions to a final
600 °C. The coke.résidue obtained is classified
a series of stapdard residues. If the coke residue
swollen thatitfills the cross-section of the retort
mination i§ repeated with the coal admixed with
htity of electrode carbon or equivalent material.
nly swelling coals, the Gray-King coke type is

to produce a ¢
the original co

4 Reagen

4.1
High temperat
Moisture

Volatile ma

Ash

minimum amount of electrode carbon required

al and electrode carbon mixture.

t

Standard electrode carbon (see 10.1)

ure electrode carbon :
less than 1 %
tter less than 1,5 %

less than 5 %

Bulk density at 25 °C
(see the annex)

100
Relative density at 25 °C (see 10.2) 2
Size analysis :

Retained on 212 um test sieve

Through 212 pm test sieve,
retained on~125 um test sieve

Through25 um test sieve,
retaingd on 63 Um test sieve 1

Threugh 63 um test sieve 5

5 Apparatus

5.1
and 300 mm long, with one end closed and the
plug of insulating material which is bored cen
25 mm in diameter. The winding of the furna

0 1,05 g/cm3

05 to 2,09

nil

lesg than 26 %

D to 40 %

D to 85 %

Furnace, horizontal electric, 50 mm ifternal diameter

other carrying a
rally with a hole
ce shall be such

that the middle 200 mm is at a uniform temperature within

+ 5 °C at both 300 and 600 °C. Alternatively,
be constructed from an electrically-heated al
block, with one or several bores of 25 mm di
nace shall be insulated and located in a cover
suitable material, and shall be equipped with|

mocouple, lying above the retort tube when the

tion and with the junction at the centre of thg
dicator shall be provided for showing the furn|

the furnace may
uminium-bronze
hmeter. The fur-
bf metal or other
a suitable ther-
latter is in posi-
furnace. An in-
Ace temperature

with an accuracy of + 5 °C. A suitable meaps of controlling

the energy input shall also be provided to pern
temperature at a rate of 5 c’C/mrn A multlple

hit an increase in
tube furnace to

ent. The furnace

may be of the fixed type or mounted on rails. Suitable furnaces

are shown in figures 2 and 3.

5.2 Retort tube (see figure 4) :

A heat-resistant glass or

transparent silica tube, 20 mm internal diameter and 300 mm

long, closed at one end, with a side arm,

diameter and 50 mm long, sealed in at a di

8 mm internal
stance of about

20 mm from the open end. The tube shall be smooth and either

of uniform bore, or with a slight taper (19 mm
that the open end is the larger.

5.3 Distance rod, with a flat disk at one en
packing of the coal and to indicate the free end
ple in the retort tube.

to 21 mm) such

d to assist in the
of the coal sam-
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5.4 Receiver and outlet tube : A glass vessel of adequate
size suitably supported and attached to the side arm of the
retort tube, fitted with an outlet tube leading to atmosphere or
to a piece of small bore silica tubing at the end of which the gas
leaving the receiver can be burned. The receiver may con-
veniently be a U-tube which can be immersed in water.

6 Preparation of sample
The coal used for the determination of the Gray-King coke type

is the analysis sample ground to pass a sieve of 200 um aper-
ture. If necessary i i

minimum time re
proximate equilib,

Before commenc
ple thoroughly f

means. The samj

determination is

7 Procedur

huired for the moisture content to reach ap-
ium with the laboratory atmosphere.

ng the determination, mix the air-dried sam-
br at least 1 min, preferably by mechanical
le shall be prepared on the same day as the
arried out.

7.1 Coals wi]h a Gray-King coke type within the

range A to G,
Raise the tempers

Weigh on a scooq
the retort tube (5.
enter the side arnj
allow the coal to

tube horizontally,
of the disk is 150

spread the coal i
turning. Withdra
of asbestos wool

position. Without
open end of the r
nect the receiver

in position in the
layer coincides wj|
mounted on rails
and run the furna

Raise the energy
temperature of 32
uniform rate of ri

see 10.3)
ture of the furnace until it is steady at 325 °C.

20 to 20,01 g of the sample and transfer it to
P), held in such a manner that the coal cannot
. Complete the transfer with a soft brush and
Fall to the far end of the retort tube. Hold the
insert the distance rod (5.3) so that the face
mm from the closed end of the retort tube.and
hto a layer of uniform depth by shaking and
v the distance rod and insert a flattened pad
br a notched asbestos disk to retain-the coal in
disturbing the position of the coal, close the
ptort tube with a heat-resisting/stopper. Con-
5.4) to the side arm and insert the retort tube
furnace (5.1) so that the centre of the coal
th the centre of the-furhace. If the furnace is
clamp the retorttube in a horizontal position
ce into position, ’

nput to_the\furnace in such a manner that the
5 °C issregained in 3 to 7 min and maintain a
ke_of\5'°C/min thereafter until a temperature

of 590 °C is reach

ed_At this point, regulate the energy input to

Transfer the mixture to the retort tube and proceed exactly as
specified in 7.1.

Repeat the determination if necessary, varying the amount of
electrode carbon in 20 g of the mixture, until a coke residue
of type G is obtained using the minimum mass of electrode
carbon.

8 Expression of results

Report the Gray-King coke type of a coal by reference to
i [ earance of typical coke
residues is described and illustrated. For coals, giving a coke
type with an index greater than G, the subserifjt defines the
minimum number of grams of electrode garbon gdded to pro-
duce a standard G type coke residue.

9 Precision of the method

Maximum acceptable difference
between resuits

Type of
coke Same Different
laboratory labdratories
(Repeatability) (Reprqducibility)
A to Gy One letter Ong letter
Greatér(than G4 |One unit in the subscript|One unit i the subscript

9.7 Repeatability

The results of duplicate determinations, carried oyit at different
times in the same laboratory by the same operator using the
same apparatus on the same analysis sample, shall not differ by
more than the above value.

9.2 Reproducibility

The means of the results of duplicate determinations, carried
out in each of two different laboratories on representative por-
tions taken from the same analysis sample after thp last stage of
sample preparation, shall not differ by more than the above
value.

10 Notes on procedure

10.1 It has been shown that materials other than standard

the furnace so that a temperature of 600 °C is reached, and
maintain this temperature for 15 min.

Withdraw the retort tube (or retract the furnace) and allow it to

cool. Detach the
coke residue out

NOTE — If the coal
may be affected.

7.2 Coals wit
G, (see 10.3)

receiver, remove the stopper and slide the
for examination.

has an ash greater than 10 %, the Gray-King result

h a Gray-King coke type greater than

Weigh X g of the electrode carbon (4.1), where X is always an
integer, into a weighing bottle and add (20 — X) g of the coal
sample. Insert the stopper and mix the contents thoroughly.

electrode carbon may be used, although it has not yet been
possible to define parameters to include all such materials. Any
material which has been found by experiment to produce
results equivalent to those obtained when using standard elec-
trode carbon may be used. To enable these experiments to be
carried out, the United Kingdom is willing to supply a sample of
equivalent anthracite with the following size range :

Retained on 212 um test sieve nil
Through 212 um, retained on 125 um 5t0 10 %
Through 125 pm, retained on 63 pum 20 to 25 %
Through 63 um 65 to 75 %
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10.2 Determine the true relative density using a density bottle
(see ISO 1014). To ensure complete wetting of the electrode
carbon, use a 1 % solution of a wetting agent and evacuate the
density bottle containing the electrode carbon and wetting
agent solution to a pressure of 8 kPa* in a vacuum desiccator.
Maintain this vacuum for 10 min before transferring the density
bottle to a water-bath thermostatically controlied at 25 °C.

10.3 Although there is no precise relationship between the
crucible swelling number and the Gray-King coke type, the
following table shows the broad relationship to be expected.
This will be found useful for indicating the necessity for blend-

1SO 502-1982 (E)

The above relationship is known to be applicable to United
Kingdom coals and is intended only as a general guide. Each
country should determine the correlation applicable to its own
coals.

11 Test report

The test report shall include the following particulars :

a) an identification of the product tested;

ing with electrdde carbon and the probable amount required.

Crucible swe¢lling number Gray-King coke type

0td1/2 AtoB
1104 Cto G,
41/2t06 F to G4
61/2t08 G3 to Gy
81/2t09 G5 or above

b) the reference of the method used;
c) the results and the method of expressign used;
d) any unusual features noted.during the Hetermination;

e) any operation not in¢lided in this International Stan-
dard, or regarded astoptional.

* 8 kPa = 80 mbar
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Figure 1 — Gray-King coke type
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Thermocouple

Metal shield

/— Retort

To a burner or to
outside air

Heat-insulating

material

Details of underside of furnace

l.’ r Side arm
l
i
{l
| Silica tube
I ‘q
Magnesia/asbestos N
g / + composition 7 \ o Rece
% R
Silica tube :
|| length, 300 mm |
4|l ¢int. 52 to 53 mm P
thickness of wall, 6 mm !
Heating element, Ni-Cr wire 0,6 mm !
ol \ W, .
[ A
C — )
) Scale ,
Figure 2 — Single tube furnace 150 mm
Dimension|
\e}
~
Casing of 10 mm 600 W heatingelements Thermal fuse
asbestos-cement board .
oft asbestos packing
3 600 W heating
mocouple support
~~—___ Framework of 25 x 25
angle iron

Spring clips
for tar traps

Control panel

insulating sheet —————s=t

of 3 mm thick

ver

b in millimetres

m-bronze block
/

blements

Control box and ene

Figure 3 — Multiple tube furnace

rgy regulator
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