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Introduction

An alternative method to that specified in this Interratio
given in ISO 625:1996, Solid mineral fuels — Determiinatio
hydrogen — Liebig method.

hal Standard is
h of carbon and

i
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Solid mineral fuels — Determination of carbon and
hydrogen — High temperature combustion method

1 Scope

This Interngtional Standard specifies a method of de-
termining the total carbon and the total hydrogen in
hard coal, brown coal and lignite, and coke, by a high
temperature combustion method.

The resulits| include the carbon in the carbonates and
the hydrogen combined in the moisture and in the
water of constitution of silicates. A determination of
maisture is| carried out at the same time, and an ap-
propriate cerrection is applied to the hydrogen value
obtained by combustion. A determination of carban
dioxide may also be made and the total carbon value
corrected for the presence of mineral carbonates;

2 Normiative references

The follow|ng standards <contain provisions which,
through reflerence in this text, constitute provisions
of this Intdrnational¢Standard. At the time of publi-
cation, the editions-indicated were valid. All standards
are subject to<revision, and parties to agreements
based on thié-international Standard are encouraged

SO 1015:1992, Browneoals and lignites — Determi-
nation of moisture Cecontent — Dirgct volumetric
method.

SO 1170:1977,( Coal and coke — |Calculation of
analyses tg different bases.

SO 1988:1975, Hard coal — Sampling.
180.2309:1980, Coke -— Sampling. -

ISO 5068:1983, Brown coals and lignitgs — Determi-
nation of moisture content — Indiréct gravimetric
method.

I1SO 5069-2:1983, Brown coals and lignites — Prin-
ciples of sampling — Part 2: Sample preparation for
determination of moisture content and for general
analysis.

3 Principle

A known mass of coal or coke is burnt|in a strgam of
oxygen, at a temperature of 1 350 9C, in a tube
impervious to gases. All the hydrogen i converted to
water and all the carbon to carbon dioxide. These
products are absorbed by suitable reapents and de-
termined gravimetrically. The chlorine and oxides of

1o investig -
cent editions of the standards indicated below.
Members of IEC and ISO maintain registers of cur-
rently valid International Standards.

I1SO 331:1983, Coal — Determination of moisture in
the analysis sample — Direct gravimetric method.

ISO 687:1974, Coke — Determination of moisture in
the analysis sample.

ISO 925:1980, Solid mineral fuels — Determination
of carbon dioxide content — Gravimetric method.

sulfur which are formed are retained by a silver gauze
roll at the outlet end of the tube.

4 Reagents and materials

WARNING — Care should be exercised when
handling reagents, many of which are toxic and
corrosive.

During the analysis, unless otherwise stated, use only
reagents of recognized analytical grade and only dis-
tilled water or water of equivalent purity.
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4.1 Magnesium perchlorate, anhydrous, less than
1,2 mm in size and preferably within the size range
1,2 mm to 0,7 mm.

WARNING — Due regard must be taken of local
regulations when disposing of exhausted mag-
nesium perchlorate. Regeneration of magnesium
perchlorate must not be attempted, owing to the
risk of explosion. ‘

4.2 Sodium hydroxide on an inert base, preferably

©1SO

4.9 Air, compressed.

4.10 Glass wool.

5 Apparatus

5.1 Analytical balance, capable of weighing to the
nearest 0,1 mg.

5.2 Graduated glassware, conforming to the re-
quirements for class A in the International Standards

of a coarse grading, for example 3,0 mm 10 1,5 mm,
but not finer than the grading 1,2 mm to 0,7 mm, and
preferably of the self-indicating type.

prepared by ISO/TC 48, Laboratory glassvare and re-
lated apparatus.

4.3 Alumin

um oxide (alumina), finely divided, ap-

proximately 0,1 mm in size.

4.4 Sodium tetraborate, standard volumetric sol-

ution, c¢(Na,B

Dissolve 9,63
in water and

,0;) = 0,025 molll.

4 2 g of sodium tetraborate decahydrate
dilute to 1 litre. Mix thoroughly.

4.5 Hydrogen peroxide, approximately 30 % (m/m).

4.6 Pure sjlver gauze, of mesh approximately

1 mm, made
eter.

4.7 Oxygen,

from liquid ai
prepared oxy
oxide before

4.8 Mixed i

of wire approximately 0,3 mm in diam-

hydrogen-free, preferably . prepared
r and not by electrolysis. Eléctrolytically
jen shall be passed overfed-hot copper
Ise to remove any trace of hydrogen.

nhdicator solution

4.8.1 Solution A

Dissolve 0,

125 g~ of  2-(4-dimethylaminophenyl-

azo)benzoic dcid; sodium salt {methyl red) in 100 ml

of water.

_ 5.4.1 Heating unit, an electrically heats

5.3 Two purification trains)one fg
water vapour and carbon dioxide from
used for the combustionand the other
treating the air used fof.sweeping out th
train before and afterla determination. As

r absorbing
the oxygen
for similarly
B absorption
semble each

train using a series ‘'of U-tubes or Midvalg tubes con-

taining the following reagents in the ord
the direction‘of flow:

a) magnesium perchlorate {4.1) for abso

b) . sodium hydroxide on an inert base
sorbing dioxide;

¢) magnesium perchiorate for absorbin
evolved in the reaction between ca
and sodium hydroxide.

The purification trains shall be large enou
frequent recharging unnecessary, even \
ous use.

NOTE 1
with absorbent and used in the purification tra
conditioned for subsequent use in the absorpt

5.4 Combustion assembly

furnaces, designed to carry a combustion

er stated, in

rbing water,

4.2) for ab-

J the water
bon dioxide

gh to render
vith continu-

Midvale tubes that have been freshly packed

n are thereby
ion train,

d furnace or
tube (5.4.2)

and heat it to 1 360 °C over a distance o

[ 125 mm in

4.8.2 Solution B

Dissolve 0,083 g of 3,7-bis{dimethylamino)pheno-
thiazine-5-ylium chloride (methylene blue) in 100 ml
of water. Store in a dark bottle.

4.8.3 Mixed solution

Mix equal volumes of solution A and solution B. Store
in a dark bottle. Discard the mixed solution after
1 week.

the hot zone, and yield a temperature-distribution
profile similar to that shown in figure 1. The heating
unit normally requires an auxiliary furnace to ensure
that the silver gauze roll (5.9) is maintained at the
correct temperature (approximately 600 °C to
800 °C). Suitable furnaces are, for example:

a) molybdenum or tungsten wire wound;
b) platinum or platinum-rhodium wire wound;

¢) heated by silicon carbide rods.
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Figure 1 — Typical temperature-distribution curve for furnace
NOTES deep for brown coal and lignite, capgble of with-
L standing a temperature of 1 350 °C.
2 Type c} has the lowest initial cest’and has proved satis- d P
factory in use ‘ NOTE 4 Combustion boats shouid not blister, discolour

or change in mass on heating in oxygen 1 350 °C for
3 h. A suitable boat lasts for about 10 to 20 fleterminations
and should then be discarded because of the accumulation
of fused ash. For coals with a high ash confent, it may be
convenient to line the boat with alumina befpre adding the
sample, in order to prevent fusion of the ash|to the boat.

, Uf dpplU)\illldtG;y 28 LA
external diameter, 3 mm wall thickness and 650 mm
length, made of refractory aluminous porcelain which
is impervious to gases up to a temperature of
1 400 °C. The end of the combustion tube shall be
lagged with a suitable heat-resistant mineral fibre to
prevent condensation in the tube.

5.4.3 Combustion boat, of iron-free, unglazed
porcelain, approximately 60 mm long, 12,5 mm wide
and 10 mm deep, for hard coal and coke samples and
approximately 75 mm long, 15 mm wide and 10 mm

5.5 Absorption train, for absorbing the water and
carbon dioxide evolved by the combustion of the
sample. Midvale tubes ({figure2), which provide a
large area of reaction, are used in order to reduce the
back-pressure in the apparatus, and so obviate the
danger of leakage through the rubber sleeve carrying
the pusher. Assemble the train using the following
reagents in the order stated, in the direction of flow:

a) magnesium perchlorate (4.1) for absorbing the
water evolved during the combustion;
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Indicator spot

®ext.55t06

© IS0

Dimensions in millimetres

Hollow stopper

@ ext.33to 34

Wall thickness 1,25 10 1,5

125

wall thickness 1t0 1,25

Figure 2 — Midvale tube

@ ext.5:5t0 6

Wall thickness 1,25 to 1,5

b} sodium hydroxide on an inert base (4.2) for ab- __ walier, B and C are the absorpers jor carpon dioxide,

sorbing carbon dioxide;

¢) magnesium perchlorate for absorbing the water
evolved in the reaction between carbon dioxide
and sodium hydroxide.

Place glass wool (4.10), previously dried at 105 °C for
1 h, above and below the absorbents to prevent the
carry-over of dust by the flow of oxygen, and to pre-
vent the cracking of the Midvale tube by the heat of
reaction. A typical absorption train with details of the
packing is shown in figure3. A is the absorber for

C serving as a control to indicate when the packing in
B is in need of replacement. Any water released in B
by the reaction between sodium hydroxide and car-
bon dioxide is absorbed in C.

The inlet of the water-absorption tube shall be in-
serted through the heat-resistant stopper so that it is
flush with the inner end of the stopper. All con-
nections between the tubes shall be made of glass-
to-glass, using the rubber connecting sleeves merely
as seals.
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Figure 3 — Absorptiondrain

3 Magnesium perchlorate, 1,2 mm to 0,7 mm dize

Inlet

5.6 Two fl{
rates of flow

5.7 Heat-resistant

chloroprene)
combustion t

5.8 Silicao
tube, approxi

bwmeters, both capable of measuring
up to 300 mi/min of air.

stopper f{acrylonitrile  or
or connecting the absorption train to the
Libe.

i steel_ pusher, made from rod or sealed
Mmately™8 mm in diameter and 450 mm

5.9 Silver gauze roll, for absorbing
oxides of sulfur. Roll the pure silver ga
form a plug, 75 mm long and of sufficient
ensure a close sliding fit in the comf
(5.4.2). A stout, pure silver wire is passed
centre of the roll to facilitate its remov
tube.

5.10 Bubbiler, for use when determinin
location for the silver gauze roll (see 6.2)
large boiling tube, wide-necked bottle,
bottle, containing a sintered glass disc @

chlorine -and
uze (4.6) to -
diameter to
ustion tube
through the
al from the

h the correct

It may be a
or Dreschel
f 0,015 mm

long, with a dis¢-end, 12 mm in diameter, for pushing

the boat into-thetot—zoneofthe—combustiorntube:
The pusher passes loosely through a glass or metal
T-piece, one end of which fits into the stopper which
closes the inlet end of the combustion tube, the other
being sealed by a rubber sleeve (see note 6), through
which the pusher slides. The sleeve prevents the es-
cape of oxygen which enters at the stem of the
T-piece. The pusher is usually marked from the disc
end, for convenience in ascertaining the position of
the boat in the combustion tube during pushing.

NOTE 5 The rubber sleeve should be changed period-
ically to avoid leakage.

te—0,040-mr—meaxirur—pore—size—in—the gas distri-
bution tube. The diameter of the absorber shall be
such that the disc is covered to a depth of at least
90 mm by the absorbing solution; a vessel 35 mm in
diameter and 150 mm deep is suitable. A silica
adapter, or the combustion tube fitted with a tubulure,
is connected to the bubbler.

To avoid leakage at the rubber sleeve of the inlet end
due to the resistance of the sintered glass bubbler,
the bubbler is connected to a suction-pump through
a pressure regulator adjusted to maintain slight
suction at the inlet end of the combustion tube.
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A convenient assembly of the apparatus for this pur-
pose is illustrated in figure 4.

5.11 Heat-resistant wire, approximately 2,5 mm
thick and 450 mm long, with a bent end to transfer
the used boat from the combustion tube onto a rigid
refractory sheet.

6 Preparation of the apparatus

© SO

oxides of sulfur by the silver gauze roll. Use this exact
location in all subsequent determinations.

Disconnect the bubbler, pressure regulator (see 5.10)
and suction-pump. Using the bent heat-resistant wire
(6.11), withdraw the used combustion boat ontc a
thick sheet of suitable refractory material.

The roll tends to shrink with continual use and it is
important to check its diameter to ensure a close
sliding fit in the combustion tube.

\When-the—combustior-tubeisretinuse; protsct the

6.1 Prepallation of the combustion tube

Insert the cdmbustion tube {5.4.2) into the furnace
(see 5.4.1) sq that it projects 75 mm at the exit end.
Wrap this prdjecting portion with mineral fibre to pre-
vent condengation of water in the tube. Insert the
rubber stopper carrying the silica or steel pusher
(56.8) at the |nlet end of the combustion tube and
connect the purified oxygen supply (see 4.7 and 5.3)
to the limb of the glass or steel T-piece.

NOTE 6 The|distance the combustion tube projects from
the furnace mdy be reduced to about 40 mm if an auxiliary
furnace is fitted.

6.2 Location of the silver gauze roll

insert the silver gauze roll {5.9) into the exit end of the
combustion fube (5.4.2) to a distance of about
75 mm., With| the main furnace at its working-tem-
perature of 1 B50 °C and the auxiliary furnace\if fitted)
at the temperature required to give a femperature-
distribution cyirve as shown in figurel,)connect the

bubbler (5.10
hydrogen per
bustion tube
switch on the

Bun 0,5¢
2 % (m/m) of
8.2 (but excl

containing a 3 % (m/m)) solution of the
bxide (4.5) to the exit end of the com-
ising a heat-resistant stopper (5.7), and
suction-pump)(see figure 4).

of a c¢éa)’ containing 1 % (m/m) to
sulfur.using the procedure described in
idinig ‘the absorption train). Wash the

silica adapter|

(see 5.10) and the contents of the

silver gauze roll from atmospheric contgmination by
sealing both ends of the tube.

NOTE 7  The silver gauze roll can:absorb sulfur equivalent
10 7 % {m/m) of the sample; forfhigher sulfur [contents, the
mass of the test portion shoUld be proportionally reduced.
The roll should be periodicélly tleaned by boilifg in water (to
remove silver sulfate), in.concentrated ammonja solution (to
remove silver chloride) and finally in water, after which it
should be dried. Jhe total sulfur content of sgmples exam-
ined between two, cleanings of the roll shouid not exceed
0,035 g.

6.3 “Conditioning the absorption train

At the start of each working day, the Midvale tubes
should be conditioned by purging them with purified
air for 10 min whilst connected to the apparatus. After
purging, the Midvale tubes should be segled, cooled
for about 20 min in a draught-free enclopure, wiped
carefuily with a lint-free cloth and weighpd with the
minimum of handiing. Repeat this procedlire until the
change in mass of each tube is less than|1 mg.

7 Preparation of test sample

Prepare the test sample for general analysis in ac-
cordance with ISO 1988, ISO 2309 or ISQ 5069-2, as
appropriate. Ensure that the moisture coftent of the
sample is in equilibrium with the taboraLory atmos-
phere, exposing it, if necessary, in a thin layer for the

bubbler into a 250 ml conical filtration beaker, add 2
to 3 drops of the mixed indicator solution (4.8} and
measure the amount of chlorine and oxides of sulfur
passing through the silver gauze roll by titration of the
hydrogen peroxide with the sodium tetraborate sol-
ution (4.4} to a neutral steel-grey colour.

Move the silver gauze roll forward in 5 mm stages
and repeat the test until a position is found where the
volume of the sodium tetraborate solution corre-
sponding to the end point is not more than 0,2 ml,
which will represent at least 99 % retention of the

minimum time required to achieve equilibrium.

Before commencing the determination, thoroughly
mix the test sample for at least 1 min, preferably by
mechanical means.

After weighing the test portion (see clause 8), deter-
mine the moisture content using a further portion of
the test sample by the method described in ISO 331,
ISO 687, I1SO 1015 or ISO 5068, as appropriate. A
further portion should be set aside if the determi-
nation of carbon dioxide {(ISO 925) is required.
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. the bubbler is replaced by the absorption train and the suction-pump

NOTE — During the test sample determination procedure

is disconnected.

Figure 4 — Arrangement of apparatus for the location of the silver gauze roll
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8 Procedure

8.1 Initial operations

Raise the temperatures of the furnace or furnaces
(see 5.4.1) so that the requirements of the
temperature-distribution curve shown in figure 1 are
met and confirm that the silver gauze roll {5.9) are in
its correct position. Admit the purified oxygen (see 4.7
and 5.3) to the apparatus about 30 min before the
temperature reaches 1 350 °C and adjust the rate of
flow to 300 i

8.2 Combustion of the test portion

Weigh, to the nearest 0,1 mg, about 0,5 g of the test
sample and $pread evenly over the bottom of a clean,
dry combustion boat (5.4.3). Completely cover the
sample in the combustion boat with about 0,5 g of the
aluminium okide (4.3) (with care, 0,5 g of aluminium
oxide can bg made to completely blanket the sample

© IS0

over of unburnt carbon particles. For such coals, the rate of
pushing should be reduced according to the following pro-
cedure,

Insert the charged boat so that its centre is 240 mm
from the centre of the hottest zone. After 1 min,
move the boat forward 20 mm. At the end of each
of the next eleven 1 min intervals, move the boat
forward by 20 mm. Allow the boat to remain in the
hottest zone for a further 4 min.

For unreactive cokes, for example those with less
; i ; of pushing
should also be reduced as described-abgve.

NOTES

in the boat)
weighed ab
boat into th
end soO that
the hottest :
withdrawn,

to pass the
300 mi/min.
40 mm. At

Connect a previously conditioned and
orption train (5.5) and insert the charged
combustion tube (5.4.2) from the inlet
its centre is 240 mm from the centre of
one. With the silica or steel pusher fully
eplace the rubber stopper and continue

After 1 min, move the boat forward
the end of each of the next five 1 min

periods, pugh the boat forward about 40 mm),. with-

drawing the
prevent dist
the boat shd
{see 8.3). All
for a further

8.3 Comp

silica or steel pusher (5.8) each time to
brtion; after the last push, thé\centre of
uld be at the centre of the hottest zone
bw the boat to remain in the hottest zone
4 min.

letion

Disconnect

he absorption train {5.5) connect it to the

purified oxygen through at a rate of

9 ‘Midvaie tubes, used particularly for the

carbon dioxide, cool slowly and-tp to 60 mir
lowed before weighing. When not connecte%to the appar-

atus, the Midvale tubes should be p
atmospheric contamination by closing the t
guard seals of plugged rubber tubing to the
is usual to weidgh the absorption tubes witho

absorption. of
should be al-

tected from
ps and fitting
open limbs. It
it guard seals,

after wiping. f{at any time the increase in mjass of tube C

exceeds 0,08'g, the contents of tube B shoul
and the tube repacked.

10 “Under certain conditions of humidity,
sarbers with a cloth may induce a static ch
gignificant, could affect the weighing. The
eliminators should therefore be considered.

9 Blank test

Carry out a blank test using the same
described in clause 8, including the
omitting the test portion.

If the increase in mass of a Midvale tul

blank test is consistently greater than

contents shall be discarded and the tubg

H be discarded

viping the ab-
brge, which, if
use of static

brocedure as
alumina but

e during the
0,001 g, the
repack&d.

air purificatign train_{see 5.3) and purge it for 10 min
with purifigd ait~at a rate of 200 ml/min to
250 mi/min.|Disconnect the absorbers A, B and C,
close the ta ide-arms and allow to

10 Expression of results:

10.1 Total carbon content

cool in a draught-free enclosure {see note 8).

Wipe the Midvale tubes (see 5.5) carefully with a
lint-free cloth, remove the guard seals and weigh the
absorbers (see note 8) with a minimum of handling
(see note 9).

Using the bent heat-resistant wire (6.11), withdraw
the used combustion boat onto a thick sheet of suit-
able refractory material.

NOTE 8 For certain coals which liberate volatile matter
at & high rate, the early stages of heating may give a carry-

The total carbon content, we, of the sample as ana-
lysed, expressed as a percentage by mass, is given
by the equation
my = my

m

we = 27,29 x

where
m, is the mass, in grams, of the test portion;

m, is the increase in mass, in grams, of ab-
sorbers B and C, determined in the test;
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