


FUEL RESEARCH INSTITUTE OF SOUTH AFRICA

REPORT N0, 9 OF 1972

AN TNVESTIGATION INTO THE
IGNITICN PROPERTIES OF
SOUTH AFRICAN PULVERIZED COAL

INTRODUCTION

The process of pulverized fuel combustion has assumed an
important position in the field of power generation, and
for new installations the problem of selection of a
suitable coal arises. Unexpectedly high carbon-in-ash
losses recently observed for certain South African

_wsw<mHHNma coal emphasize the need to supplement the

existing basis of selection with data obtained under
conditions more closely related to the practical
situation than is the case with currently available com-
parative data, _

The present study is confined to investigation of the

ignition phase of the combustion process and deductions
must be seen in that light.

IGNITION TEMPERATURE AS COMPARATIVE BASIS

When a dispersion of pulverized coal in air is caunsed to
flow through a hested mgﬁbmom. it is found that for
every fuel/air ratio, within a reasonable range, there
exists a furnace temperature which will cause the dis-
persion to ignite only at the furnace exit. It stands
to reason that at lower furnace temperatures ignition
cannot yet occur at this point, while at higher furnace
temperatures ignition will occur before reaching the
exit.
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The ignition temperature of pulverized coal, at a
specific fuel/air ratio, is, therefore, defined as that
furnace temperature which will cause the dispersion to
ignité only at the furnace exit.

It may be deduced from the foregoing that the ignition
temperature depends on the residence time within the
furnace and is, therefore, a relative index of the
ignition aptitude of the fuel. To be of significance,
the ignition temperature of a specific coal must there-
fore be compared to that of other coals, determined
under identical conditions. Moreover, the ignition
temperature depends, inter alia, on the particle size
~distribution of the coal and comparison should thus be
based on some standard particle gize distribution.

The particle size distribution is a function of the
friability of the coal and to obtain a predetermined,
or standard, particle size distribution by means of
controlled crushing is impossible in practice,. The
method adopted was to prepare the sample according to a
standardi #d crushing procedure¥* and to determine the

* A bulk sample of about 40 kg of the coal to be studied
was air-dried and then crushed to minus 30 mesgh.
The minus 30 mesh material was divided into two re-
presentative samples. Both sanmples were sep@rately
crushed to minus 60 mesh in a hammer-mill.
One of these samples Qﬁ%@ used as such and for
brevity was termed the "coarse" sample. The other
sample was crushed again in a laboratory hammer-mill
to approximately minus 170 mesh and was termed the
"fine" sample.



ignition temperature of the sample. The ignition
temperature of a sample of the same coal, having a
standard particle size distribution, may then be com-
puted from the ignition data of the experimental
sample. {See Section 8).

EXPERTMENTAL APPARLTUS

In essence, the apparatus consists of a vibrated storage
hopper from which the pulverized coal is extracted by
means of a variable speed screw extractor. The coal
stream is passed through a vibrated screen to render a
smooth coal flow, and is passed to a mixer in which the
coal ig dispersed in the primary air. '

Compressed air is admitted to the mixer at a constant
rate and in the form of a high speed jet to promote
turbulent mixing of the air and the pulverized coal.

A side effect of the compressed air jet is the intake
of atmospheric air into the mixer along the coal intake
passage. The primary air thus consists of compressed
alr plus entrained atmospheric air, As the coal flow
to the mixer is increased so the free area of the coal
intake passage, along which the atmospheric air enters,
decreases, resulting in a total primary air rate
decrease with an increase in the coal feed rate.
Within the coal feed rate range employed, the primary
alr supply rate can be represented by the following
egquation:

G, = 26,6 - 0,24 M

/where GP e ear s



where Gp is the total primary air supply rate (g/min)
M is the coal feed rate (g/min).

From the mixer the coal 1s pneumatically conveyed to the
electrically heated, cylindrical, down-draught furnace
and enters the furnace as a co-axial downward jet.

The secondary air is supplied at a fixed rate of

78 g/min and in the form of eight equi-spaced jets
around the central jet of primary air. Both primary
and secondary air ducts are water-cooled upstream from
the furmace.

The furnace has a heated length of 450 mm and an
internal diameter of 170 mm. The temperature of the
furnace is measured by means of a thermocouple em-
bedded in the inner lining of the furnace and positioned
midway between the furnace ends. The furnace is _
directly connected to a water-cooled exhaust section
which serves to quench any combustion which may other-
wige occur downstream from the furnace exit.

The furnace vents to atmosphere through a stack fitted
with an a2ir ejector which ensures a constant pressure
reduction of 2 mm W.G. below atmospheric pressure with-
in the furnace,

The cccurrence of ignition is monitored by means of an
ignition detector positioned axially at the furnace exit.
The detector consists of a bare and ggsheathed thermo-
couple connected in opposition. For slowly changing
temperatures, such as occurring during the cooling of
the furnace, both thermocouples are essentially at the
same temperature, maintaining a constant output from

/the detector ..... .



_the detector. When ignition occurs, causing a rapid

temperature increase, the bare thermocouple responds
more rapidly than its sheathed counterpart and the
detector output is subjected to a rapid deflection

signifying the occurrence of ignition.

EXPERIMENTAL PROCEDURE

During the flow of cooling water and =2ir, the furnace
is brought to its maximum temperature of 1050°C and is
maintained at this temperature for a period of three
hours. This period is considered sufficient for
thermal equilibrium to be achieved. The current to
the furnace is subsequently switched off and the fur-
nace is allowed to cool through at least 150°C before
any ignition temperature determinations are attempted.
This is done to ensure that localized thermal gradients
within the furnace wall stabilize,

During the slow cooli : of the furnace the coal feed is
commenced and the feed rate ig gradually increased from
zero until an "ignition" is recorded. The furnsace
temperature is noted and the coal feed rate is deter-
mined from a 30 —-second intercepted sample. The
furnace temperature is allowed to cool through approxi-
mately 10°C and the process 1s repeated, In this way
a number of ignition temperature determinations, at
various coal feed rates, are possible during a single
cooling. cycle of the 1 rnace.

The individual %0 - second intercepted samples are com-
bined and the bulk san le is used for analysis.

/5. IGNITION .....
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IGNITION. CURVE

Experience has taught that the ignition temperature of
a pulverized coal depends on the fuel/air ratio and
generally decreases as this ratio is increased.

Evaluation of the fuel/air ratio is uncertain even
though the supply rates of pulverized coal and air to
the furnace are known. The central jet of pulverized
coal/primary air will progressively entrain secondary
air so that the fuel to air ratio will change with
progress through the furnace.

It may, however, te inferred that since the total air
supply to the furnace remains virtually constant, at
various coal feed rates, the effective fuel/air ratio
increases as the pulverized coal supply rate to the
furnace 1s increased. It is, therefore, more conve-
nient to present the change in ignitiorn temperature with
the change in the fuel/air ratio by a plot of the ig-
nition temperature versus the coal feed rate to the

furnace.

Such a plot is termed the ignition curve of the parti-
cular pulverigzed coal at the specified particle size
distribution. As an illustration a typical set of
ignition curves for a coarse and a fine sample of the
same coal is reproduced in figure 1, which also
illustrates the dependence of the ignition temperature
on the size distribution of the pulverized coal. The
difference between the particle size distributions of
the coarse and fine samples are shown in figure 11.
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6. COALS STUDIED

The various coal samples studied were selected. from

collieriegs in the Transvaal, Natal, and the Orange

Free State so as to cover most of the rank range.

A summary of the coals studied is given in table 1.

(One sample of "foreign coal" was included for the

gsake of interest).

TABLE NO, 1
A summary of the coals studied.
Rank Sample inalysis (air dry basis)
designa- Origin
%G : —

(d.2.7.) tion % C % V.M. % Ash
88,5 L Natal 64,8 21,3 | 12,9
86,3 A Natal 57,4 30,4 10,8
86,1 F Natal 54,2 21,5 22,4
85,1 H Natal 55,3 3%,4 9,3
84,2 E Natal 52,9 27,2 18,1
83,1 C Transvaal 53,2 24,0 - 20,4
82,8 M Transvaal 38,0 25,0 34,6
82,6 B Transvaal 58,7 29,0 9,5
82,2 D Transvaal 58,4 26,5 12,5
81,8 I Natal 56,2 31,8 g,1
81,6 J Natal 50,6 25,2 20,9
81,5 G Transvaal 52,1 24,7 21,2
77,0 N 0.F.8. 44,9 21,8 26,8
75,9 K G.F. 3. 42,3 22,6 31,1
85,1 Silkstone United Kingdom 60,9 34,5 3,4

/7. STANDARD ...
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STANDARD DISPERSION

It has been proved that the ignition temperature of a
pulverized coal depends, inter slia, on the particle
size distribution of the coal and, therefore, compari-
son of the ignition temperatures of different pulverized
coals should be based on sOme "standard" particle sirze
distribution.

The particle size distribution which is normally 1)
encountered in pulverized fuel used in firing power
stations was selected as the standard. For the sake
of brevity a dispersion heving this standard particle
size distribution, will be termed a standard dispersion
of the particular coal. The standard particle size
distribution is given in table 2.

TABLE NC, 2

Particle size distribution of a

standard dispersion.

Partigéitsize Cumulstive mass
percentage
micron telow size
76 €9
104 81
152 97
295 99,7

/8. CONVERSICN ....



CONVERSION OF IGNITION TEMPERATURES

A number of equaticns have been developed by means of
which it is possible to compute the ignition temperature
of a standard dispersion from the experimentally deter-
wined ignition curve of a sample of the same coal which
has a different particle size distribution.

As the development of these equations is involvedq only
the final equations and the method of application will
be given.

The equations are:

4
PFT |
5% 5-0,24W = QUASI-CONSTANT (1)

wherein T is the ignition temperature (absolute, in X)
M is the coal feed rate (g/min.)

The factors P and F are defined by the following
equations:

p o Mq/5 + 10X
26,6-0, 24M+ M2 450X o (ii)
with
1/3 n

v 2,850 26,6-0,24M] L (Ai/(IOi_5)2) (1i1)

[ % N ‘ 3] 173

M : (&,/(201-5)")

=
1 _ A

F=5[ § Cosa exp (-QY/Cosh) a4l 4y (iv)

(o] 0

/with seweneeennn
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with
n . .

Q= [2,6m 2 (&) Ki/(lOi—B))J/(26,6—O,24M) (v)
. _

wherein Ca is the mass fraction of partiecles within
the size range 0-20M sicwiy

AE is the mase fraction of particles within
the size range 20-40f »vcsows .
ete.
K= 2,2
K2 = 1,1
K3,4....n = 1
(Wa) = () | (vi)

The subscripts ¢ and s refer to the experimental and
standard dispersions, respectively.

These equations are based on the following simplifying

agsumptions:

(a) The coal particles are spherical and non-volatile
within the pre-pyrolysis stage, implying that all
the radiant energy retained by the particle is
utilized in raising the particle temperature;

(b) The physical properties of the particles and the
air remain unchanged within the pre-pyrolysis

stage;

/(c) Compared ......
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(¢c) Compared to air the particles are perfect conduc-
tors of, heod,

(d) The heat transfer within the gas phase takes place
by conduction only. The validity of this may be
suspect as conduction is obviously augmented by
eddy transfer processes. However, it mustbe
borne in mind that the flow relative to such
small particles is low enough for eddy transfer
to be small. The experimental work on forced
conwyection indicates that eddy transfer becomes
appreciable only at Reynolds numbers (Re)
exceeding a value of 2. Generally, Re is less
than 2 for particles smaller than 100 micron.

The assumptions restrict the validity of the equations
to the pre-pyrolysis stage. Nevertheless, it will be
‘shown in Section 9 that the equations may be used to
predict the ignition temperature of a dispersion.

The application of these equations is best explained
as follows:

Assumi%g the ignition temperature of a standard dis-
persion, of which the ignition curve at a different
particle size distribution is known, 1s required at a
spegified feed rate. Since the particle size distri-
bution is known the factors P and F, for the standard
‘dispersion, may be evaluated at the specified feed rate.
These may be substituted into equation (i) and the
ignition temperature of the standard dispersion, at the
specified coal feed rate, may be computed if the magni-
tude of the quasi~constant is known.

/The value .......
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The value of the quasi-constant is evaluated as follows:
Using equation (vi) it isg possible to determine the coal
feed rate of the experimental dispersion, for which the
ignition curve is known, which corresponds to the speci-
fied feed rate of the standard dispersion. At this
corresponding feed rate the factors P and F for the
experimental dispersion may be evaluated and the igni-
tion tempereture obtained from the ignit}on curve.

By substitution of these into equation (¥) the value of
the guasi-constant may be evaluated.

The evaluation of equation (iv) for the factor F is

laborious. Different values of F versus Q have been
evaluated and fre graphically pfesented in figure 3.

ACCURACY. OF EQUATIONS

The equations may also be used to compute the ignition
temperature of a fine sample (i.e. a high proportion of
minus 20 4 material) from the experimentally determined
ignition curve of a coarse sample of the same coal.

The accuracy of the equations may thus be ascertained
by comparing the computed ignhition temperature with that
determined experimentally. The results of such calcu-
lations (for coals of which the ignition curves of both
fine and coarse samples, respectively, are known) are
sumearized in table 3. |

/TABLE NO- 3 LI LB B
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TABLE NO. 3

. A comparison between the computed and

observed ignition temperatures of

fine samples of a number of coals.

Rank Ignition temperature of fine sample
Coal 0 '
% C degignation c
(d.a.f.) Computed Observed

86,3 A 831 835
86,1 F 880 865
84,2 E 793 793
82,8 M 808 794
82,6 B 839 830
82,2 D 179 785
81,8 I 784 785
81,5 G 878 875
75,9 X 699 704

It 1s obvious that the agreement between the computed
and observed ignition temperatures is good and that the
maximum difference is of the same order as the
experimental error (see figure 1).

10. COMPARISON OF IGNITION DATA

The ignition temperatures of stardard dispersions of the
various coals studied are compared as follows:

/10.1 Constant .....
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Constant coal feed rate

It has been shown that the primary air supply rate varies
with the coal feed rate. Thus, if the ignition tempera-
tures are compared on the basis of a constant coal feed
rate both the primary and secondary air supply rates are

the same for the different coals and it may thus be

deduced +that the mean fael/air ratio is the same for
the different coals studied.

The feed rate selected was 28 g/min. since at most other
feed rates the ignition curve of one or more of the fine
samples (from which the ignition temperature of the

standard dispersion is computed) required extrapolation.

The ignition temperatures of standard dispersions of
the various coals studied are plotted against the dry-
ash-free (d.a.f.) carbon content and this plot is re-
produced in figure 4.

It can be seen that the ignition temperature increases
with increasing d.a.f. ¢ -bon content.

Congtant volatile matter supply rate

The ignition temperatures of standard dispersions of the
various coals gtudied may be compared at different Feedrates
selected in suchawaythat the supply rate of volatile

matter to the furnace is constant.

The volatile matter supply rate selected was 6 g/min,
which corresponds roughly to a coal supply rate of

28 g/min. The reason for this is the same as that
given in section 10.1. The results of such computa-
tions are reproduced in figure bH.

/10.% Constant .....
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10.% Constant tar supply rate

It has been reportedg) that the amount of tar produced

on pyrolysis is affected by the heating rate and increases
as the latter increasges. It stands to reason that the
effective tar content of a coal must be evaluated under
the conditions pertaining to this study. Due to the
complexity thereof this is beyond the scope of the

present study. In order to ascertain the importance of
the tar content on ignition, one has to resort to other
methods by which the effective tar content can be more

readily obtained.

In the absence of any proof to the contrary it will be
assumed that the tar yield is directly proportional to
the rate of carbonization and that the constant of
proportionality is the same for all coals. For this
comparative study, therefore, the tar contents of the
various coals will be taken as those determined by the
Gray-King method.

Previous studies* have indicated that the d.a.f. tar
content of the majority of South African coals can be
correlated against their d.a.f. hydrogen content.
Accordingly the following correlations were established:

Tar content (d.a.f.) = K1 (d.a.f. hydrogen content - K2)

where K1
K1

7,72 and K2 = 3,5 for Transvaal coals
10,0 and K2 = 4,0 for Natal coals.

Ik

/With the vovrierenn.

* Unpublished work performed at the Fuel Research
Institute of South Africa,.
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With the exception of coals K and N (both from the
Orange Free State coalfields ) and the foreign coal,
for which the tar contents were determined by
experiment, the tar contentswere evaluated by using
the foregoing correlations. The tar contents of the
various coals studied, are listed in table 4.

TABLE NG. 4

Tar contant of the coals gstudied,

Coal Tar content Coal Tar content
degignation % designation %

A 10,3 I 7,1

B 6,7 J 5,5

C 6,0 K 2,6

D 6,6 5 L 8,0

E 9,6 % M 7,8

F 4,5 ] N 2,4

G 3,9 | Silkstone 12,7

H 12,0 §

The ignition temperatures of standard dispersions of
the various coals were compared at feed rates selected
in such a way that the tar supply rate to the furnace
remained constant, The selected tar supply rate was

2 g/min. and this rate was chosen for the same

reason as given under section 10.1.

The plot of ignition temperature versus d.a.f., ecarbon

content is reproduced in figure 6.

/10.4 Constant ....
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Constant vitririte vlus exinite

Coal is composed of macerals which are organic compo-
nents distinguishable by microscopic inspection.
Generally speaking, macerals can be divided into two
groups, viz., the reactive macerals and the inert
macerals. The two most important members belonging
to the reactive macerals are vitrinite and exinite.

Vitrinite was produced by the gradual alteration of
plant cell substances. It is the maceral component
of vitrain which is the material in coal comprising
the shiny black bands that display brilliant lustre
and a vitreous appearance. Vitrirites of low and
medium rank contain a high proportion of volatile
matter. As the rank increases a corresponding de-
crease in the volatile matter is noticeable.

=]
Exinite is the collective name for spgre coats, pollen
grains, and cuticles. Exinites of low and medium rank
contain high amounts of volatile matter which also

decrease with an increase in rank.

Inertinite ig the collective name for a number of
macerals of which semi-fusinite and fusinite are the
most common. The inertinites are characterized by
their high carbon and low volatile matter content.

The exinite plus vitrinite content** of the various
coals studied is listed in table 5.

/TABLE NO. 5 .....
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** This petrographic work was undertaken by the Coal Petro-

graphy section of the Fuel Research Institute of South

Africa.
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TAELE NO., 5

Vitrinite plus exinite content of the

different cozls studied

Vitrinite & Exinite
Coal content
designation »

68,5
45,7
45,7
37,6
72,7
61,0
56,1
66,4
61,4
49,6
51,8
65,9
65,2
45,8
Silkstone 89,

EEHANgHEmERHDODQE >

The ignition temperatures of standard dispersions of
the various coals were compared on the basis of a
constant vitrinite plus exinite supply rate to the
furnace. The selected vitrinite plus exinite

supply rate was 15 g/min.

The resulting ignition temperatures are plotted

against d.a.f. carbon content and‘gg'illustrated in

figure 7.
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COMPARISON OF CORRELATIQONS

The different correlations presented may be compared
most effectively by means of the reépective coeffi- .
cients of linear correlation. In the evaluation of
the correlation coefficients, the foreign coal was
excluded, The correlation coefficients are listed
in table 6.

TABLE NO. 6

Comparison of various correlation coefficients.

Coefficient of
Correlation bhasis linear
correlation

Constant feed rate 0,65
Constant volatile matter

supply rate 0,56
Constant tar supply rate 0,89
Constant vitrinite plus

exinite supply rate 0,76

Of the various correlations presented, the one based
on a constant tar supply rate to the furnace, is the
best. It may thus be concluded that the tar,
liberated during pyrolysis, is an important factor
as regards the ignition temperature of coal.

/The liberated ....
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The liberated tar (or more likely its products of de-
composition)has a lower ignition temperature

(of the order of 300°%C) than that of other permanent
gases (H, :- 580°0C, €0 :- 644°C, CH, :- 650°0)3)
evolved during pyrolysis. Accordingly, the tar will
ignite before the permanent gases and these may,
therefore, be regarded as diluents of the more im-
portant tar as far as ignition 1s concerned.

The volatile matter content of the coal includes tar
and permanent gases. Thus, when comparing the
ignition temperatures on a basis of a constant
volatile matter supply rate, the dilution (which
varies from one sample of coal to another) of the
more important tar by the other gases will tend to
make the correlation appear less effective when com-
pared to the one based on tar only.

If the ignition temperatures are compared on the basis
of a constant vitrinite plug exinite supply rate, it is
to be expected that this correlation should be better
than that based on a constant volatile matter supply
rate, In this case the effect of the inertinite has
been eliminated which contributes towards the supply

of volatile matter, while its contribution towards the
gquantity of tar liberated is insignificant. It may
thus be visualized that the detrimental dilution effect
would not be as severe as in the case of a constant
volatile matter supply rate.

/12, THE ..vueueus



12,

- 21 -

THE EFFECT OF THE ASE CONTENT OF A COAL ON ITS
IGNITION TEMPERATURE

The mineral matter present in a coal can influence its
ignition temperature in one, or more, of the following

ways:

(i) By acting as an inert diluent;

(ii) By acting as a thermal load; and

(iii) By acting as = component that alters the

permeable structure of the coal and, therefore,
obstructs the process ofﬁ%blatilization.

If the mineral matter acts merely as an inert diluent
it follows that for the correlation, where the tar
supply rate is constant, the effect of the ash con~
tent will be eliminated. This correlation should,
therefore, be unaffected by the ash content of the
coal.

That this is indeed the case may be seen from figure
6. Compare, for example, coals B and M. Coal B

has an ash content of 9,5% as gpposed to 3%4,6% of coal
M. Similarly, coals I (9,1% ash) and C (20,4% ash),
as well as coals A (10,8% ash) and T (22,4% ash),
testify to this.

It may thus be concluded that zlthough a large pro-
portion of the mineral matter is intimately associa-
ted with the coal (a general property of South African
coal), it merely acts as an inert diluent in so far

as the ignition is concerned.

/That the ..... e
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That the mineral matter may act as a heat sink is
possible although this probably exerts a negligible
effect on the ignition temperature, The mineral
matter is subjected to the same heat transfer pro-
cesses applying to the coal and it is doubtful
. Siohd e

whether its thermal properties differ s&gﬁgiéean%¥§
from those of the organic substance to affect ig-

nition significantly.

It may also be concluded that the ash content does not
obstruct the volatilization process significantly

prior to ignition. If the opposite were true then

the ash content would seriously affect the correlation
of the ignition temperatures, as based on a constant

tar supply rate, especially in the case of coal M having
an ash content of 34,6%.

The mineral matter may, however, be of considerable
importance in the combustion proper. It is con-
ceivable that as the particle size is reduced by com-
bustion, the mineral matter will alter the permeable
structure which will be detrimental to the diffusional
processes. At extremely high combustion temperatures
fusion of the ash may even occur to form an isolating
layer around the carbonaceous residue and so prevent
its complete combustion. These aspects were not
studied as the present research programme was confined

to a study of the ignition phase only.

/1%, THE +ovesun..
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THE EFFECT OF THE CONCENTRATION CF LIBERATED

VOLATILE MATTER

When a dispersion of coal is exposed to a furnace
temperature, egual to its ignition temperature, the
liberated volatile matter concentration and the
dispersion temperature at the furnace exit are

sufficient for ignition to occur.

Suppose this dispersion is diluted with a non-volatile
diluent, having the same size distribution as that of
the pure fuel, but maintaining the total particle
concentration. Tf this diluted dispersion is exposed
to the same furnace temperature as that of the pure
fuel the dispersion temperature at the furnace exit
will be identical to that of the pure fuel. .

However, the liberated volatile matter concentration
at the furnace exit will have been reduced to a value
below that of the pure fuel, If the concentration
of the liberated volatile matter is of importance,
ignition of the diluted dispersion cannot occur,

If the furnace temperature, to which the diluted dis-
persion is exposed, is increased above that of the
ignition temperature of the pure fuel the heating
rate, and consegquently the pyrolysigs rate is in-
creased. The liberated volatile matter concentra-
tion again reaches a "critical" value (at the new
exit temperature) and ignition once again occurs.

It follows that the ignition temperature of the dilu-
ted dispersion will be greater than the corresponding
ignition temperature of the pure fuel if the volatile
matter concentration is of importance,.

/A similar c..e..s
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A similar argument applies to low volatile. content
diluents (e.g. anthracites) as these also effectively
reduce the volatile matter content of the dispersiomn.

The validity of the foregoing was demonstrated ex-—
verimentally by comparing the ignition curves of pure
coal with that diluted with electrode carbon; and by
comparing the ignition curves of different mixtures

of the same coal with a sample dijuted with an
anthracite. These are illustrated in figures 8 to 11.

The graphs of the respective particle size distribu-
tions- -are included to demonstrate that the difference
in ignition temperature is not due to differences in
the particle size distribution. (Compare figures

1 and 2). ’
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A similar difference will exist between the ignition
temperature of a raw coal and the corresponding
ignition temperature of its washed product. The
removal of the higher specific gravity fractions
results in an effective increase in the vitrinite
content which, having a relatively high volatile
matter content, effectively increases the volatile
matter content of the washed product.

The raw coal may thus be visualized as being the
"diluted" form ofﬁs}oduct obtained by washing.
Consequently, the raw coal should have a higher igni-
tion temperature than that of its lower specific
gravity product. This is illustrated in figures 12

and 1%, figure 13 serving to indicate the insignifi-
cance of the difference in the particle size distri-
bution.

/14. CONCLUSIONS ....
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CONCLUSIONS

With reference to the ignition curve (see figure 1)
the following conclusions can be drawn:-

(i) The ignition temperature of a dispersion generally
decreases as the fuel/air ratio (codl feed rate
to the furnace) ig increased.

(ii) The ignition curve is concave, i.e., the slope
of the ignition curve becomes legs negative as
the fuel/air ratio is increased.

(iii) The ignition temperature of a dispersion is af-
fected by the particle size distribution of the
coal. At any specific fuel/air ratio the ig-
nition temperature of a dispersion, composed
of relatively coarse particles, is higher than
that of a dispersion composed of comparatively
finer particles of the same coal.

Mathematical equations have been presented by means of
which it is possible to convert the ignition tempera-
ture of a coal, having a particular particle size
distribution, to that applying to any other particle
sige distribution. The accuracy of the equations has
been demonstrated by comparing the observed ignition
temperature of a fine sample with that computed from
the ignition data of a coarse sample of the same

coal,

/I‘t has LI B I B BB B |
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It has been demonstrated that the ignition tempera-
ture is a function of the particle size distribution
of the coal. The effect of this variable may be
eliminated by using the equations presented to con-
vert the ignition data of the various coals studied
to those pertaining to a standard particle size
distribution. On this bagis the ignition tempera-
tures of the various coals were correlated against
the dry-ash-free carbon content in the following ways:

(i} On a basis of a constant coal feed rate to the

furnace;

(ii) On a basis of a constant volatile matter supply
rate to the furnace;

(iii) On a basis of a constant vitrinite plus exinite
supply rate to the furnace;

(iv) On a basis of a constant tar supply rate to the
furnace.

Each of the different modes of correlation indicates
that the ignition temperature increases as the rank,
or dry-ash~free carbon content, increases. By com-
parison it was found that the fourth mode of correla-
tion is the best. It may, therefore, be concluded
that the tar liberated during pyrolysis is an im-
portant factor Insofar as ignition is concerned.
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From the correlation of the ignition temperatures,
based on a constant tar supply rate, it may be de-
duced that for coals of equal rank the ignition
temperature, at a constant fuel/air ratio, decreases
as the tar content increases.

From the correlation of ignition temperatures, on

the basis of a constant tar supply rate, it was also
possible to deduce that the mineral matter contained
within a coal has no effect on its ignition tempera-
ture other than behaving as an inert diluent.  Any
detrimental effects of the ash, that may arise during
the progress of combustion, are thus not reflected by
the ignition temperature of the coal.

With reference to figures 10 and 12 it may be conclu-
ded that the ignition temperature of a coal, at a
specific fuel/air ratio, may be altered by any of the
following processes:-~

(a) blending, and (b) washing.

The ignition temperature of a high volatile matter
content coal will be increased by blending it with a
low volatile matter content coal to obtain a "balanced"
volatile matter content fuel. The disadvantage

(i.e. increase in ignition temperature) may, however,
be offset by the advantage of the creation of an
outlet for the low volatile matter content coal.
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As opposed to this the ignition temperature of a
coal may be reduced by the removal of the higher
specific gravity fractions as achieved during
washing.

(SIGNED) T.C. Erasmus
PRINCIPAL RESEARCH_OFFIGER
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