Synopsis

This research establishes the combustion characteristics and efficiencies of
South African coals of different qualities and their impact on the
performance of a grate spreader stoker boiler. Four different coal samples
were tested in the particle size range 6.25 x 25 mm. A detailed investi-
gation involving the boiler operating conditions associated with the
physicochemical characteristics of the coals, petrographic properties, and
temperature profiles from a thermal camera was conducted. The thermal
analysis indicates that there is a strong correlation between thermographic
data (combustion behaviour and maximum flame temperatures) and
petrographic composition of the coals. This association is not reflected in
calorific values and proximate analyses of the coals. In terms of
combustion efficiencies, all coals yielded relatively high amounts of
unburnt carbon in the fly ash (about 36.90%). The highest steam output
obtained was 41.76 t/h at the highest combustion efficiency of 79.13%.
The thermographic results obtained from this study led to the conclusion
that South African low-grade Gondwana coals undergo delayed ignition
and burn at unusually high temperatures (1500-1800°C), which is in
contrast to the original belief that the combustion temperature is around
1400°C.
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Introduction

There are about 6000 industrial-scale boilers
in South African industries today, all using
lower grade coals than they were initially
designed for (Johns and Harris, 2009). The
travelling grate spreader stoker boiler is one of
the oldest combustion technologies that have
been in use since the beginning of the
twentieth century (Giaier and Loviska, 1997).
However, these traditional coal-fired boilers
are still widely used for electricity generation
in South African industries. The pulp and
paper, sugar, cement, and many other
industries use steam to generate power,
consuming approximately 9 Mt of coal per
annum (SANEDI, 2013). Numerous investi-
gations have also been conducted on the
competitiveness of using existing convectional
coal-fired utilities, such as grate stoker boilers,
in firing and co-firing a wide range of fuels
(Li, et al., 2009; Thai, et al.,, 2011; Sheng et
al., 2012). Despite having been in the market
for many years, coal-fired spreader stoker
technology still presents challenges in regard
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to inefficient combustion of coal (Lin et al.,
2009). This has always been regarded as a
technical operational problem, rather than
being due to the inherent characteristics of
coal. This investigation is aimed at the study
of feed coals utilized in a specific boiler and
the effects of their properties on the efficiency
of combustion.

Most of the previous research in the field
of industrial stoker-fired boilers, including
spreader stokers, has been undertaken in
Europe and America (Falcon, 2010).The
results of these studies reside with boiler
manufacturers, who rarely publish their
findings. The only published results that can
be found locally using South African coal
(SAC) are limited to investigations conducted
mostly by the sugar, pulp, and paper
industries (Falcon, 2010). These studies focus
mainly on the effect of operating conditions on
boiler performance, and not specifically on the
impact of coal quality. There is thus little or no
knowledge on the compatibility of SACs and
stoker fired boilers in this country. There is
virtually no published information which
clearly draws the relationship between coal
quality, technical operational conditions, and
the efficiency of spreader stoker boilers for
SACs. In addition, the characteristics of coals
should also be well understood if retrofitting of
the existing boilers is to be successful (Falcon
and Ham, 1988). It is important that this
standpoint be fully embraced, especially in the
South African context because the majority of
the old boilers were designed by overseas
manufacturers (mostly American and British),
using their own types of coal and hardly any
local coals (Falcon, 2010). This implies that
original designs of most of the old boilers did
not necessarily match SAC types.
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This paper attempts to refine the current understanding of
the effect of varying coal qualities and operating conditions
on boiler efficiency in one particular travelling grate spreader
stoker boiler. The study focuses on the combustion character-
istics of four different coal samples and their impact on boiler
efficiency. An advanced thermographic visual testing system
in the boiler is used to interpret the results, together with
petrographic techniques and conventional physical and
chemical analyses (proximate and ultimate analyses).

Experimental

Coal selection and sample preparation

Four coal samples, identified as A, B, C, and D, of similar
calorific value and different abrasive indexes, were used in
this study. The coals were sourced from separate mines in the
Witbank area of South Affica, except for coals A and D which
were both from the same mine. The coals were crushed to the
standard designed size specified for a spreader stoker boiler
at 6.25 x 25 mm. The coal samples were sampled in
accordance with ISO 18283:2006 (E) guidelines in order to
obtain the most representative coal fed into the boiler
furnace. The particle size distributions (PSDs), Hardgrove
indexes (ASTM D3402), and abrasive indexes (Eskom
standard) of the samples are presented in Table I. The design
coal specification for the spreader stoker boilers utilized in
this study is 6.25 x 25 mm size fraction. The PSDs (Table I)
below indicates that coal D has the lowest proportion of finer
particles at 16.47% <6.25 mm, while coal A contained the
highest amount of finer particles at 29.62% <6.25 mm.

Physicochemical analyses

Proximate analysis was conducted to determine the total
moisture (ISO 589: 2008); inherent moisture (SABS
925:1978); volatile matter (ISO 562: 1998); ash content (ISO
1171: 1997); and fixed carbon (by difference). The ultimate
analysis (ASTM D 5373), along with the calorific value,
which is the measure of the heat content, was determined in
accordance with ASTM D5865-04. The total sulphur (ASTM
D4239:1997) and species of sulphur (ISO 157) were also
determined. Both the bottom ash and fly-ash samples were
analysed for unburnt carbon (UBC) using the standard ASTM
D4239:199 to determine the total carbon concentration. Ash
fusion temperature (AFT) was determined for all samples in
accordance to ISO 540, and the results are shown in Table II.

Petrography and analysis of combustion gases
The coals were prepared according to ISO 7404/2 (1998). A

Table |

Particle size distributions (wt%), HGI, and Al of
coal samples

Coal A Coal B Coal C Coal D

%

<6.3mm 29.62 26.60 21.87 16.47
HGI 52 61 59 70
Al 246 149 99 94
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Leica DM4500P petrographic microscope was used for the
optical determination of the organic, inorganic, and
associated components by analysing the microlithotypes,
including the carbominerites and minorities analyses. The
rank, as indicated by the mean random reflectance, Rr%, is of
the order of 0.61 to 0.76%, as seen in Table IIL. In terms of
rank, all coals are of the bituminous C category, with coals A
and D slightly lower in maturity. The flue gas was analysed
using an Orsat apparatus. The gases measured were carbon
dioxide (COy), carbon monoxide (CO), and oxygen (05). The
concentration of other gases, such as NOx and SOx, in the
flue gas was analysed using a gas chromatograph in the
laboratory after capturing the flue gas in a gas pipette and
Tedlar bags.

Thermography with furnace camera

The thermographic furnace camera is the main analytical tool
in this study. The technique uses infrared radiation to acquire
and analyse thermal information using a non-contact thermal
imaging device. This provides the capability to differentiate
between the thermal characteristics of different coal samples
during combustion. The furnace temperature profiles and the
sample flame morphology were studied to understand the
thermal behaviour of the samples according to different
colours emitted during combustion. The video (DURAG type
D-VTA 100-10 series) and thermography system utilized
allows for the analysis of the furnace conditions and the
visualization of the flame temperature profiles during coal
combustion in real time. In addition, the camera provides for
temperature determinations at individual points; such as
thermal analysis of local temperature distribution, classifi-
cation of temperature-definable measuring windows and
lines, referred to as regions of interest (ROIs). The thermo-
graphic camera D-VTA100-10 has the following technical
output:

Optical field of view 72° horizontal, 54° vertical, and 90°

diagonal

Thermography from a total radiation range: 1000-1800°C

Cooling water volume 350 1/h

Compressed air volume max. 25 Nm3/h.

The location of the thermal camera field of view with
reference to the boiler furnace is depicted in Figure 1. The
figure illustrates a typical arrangement of the thermographic
system for data capturing in the boiler furnace and
conveyance to a programmable logic controller (PLC) system

STRUCTURE OF THE SPREADER STOKER

Camera’s field of view

Figure 1 - Location of thermal camera with reference to boiler furnace
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for operator control and monitoring. In order to perform a
thermographic test for furnace temperature profiling, the
positioning of the video camera was first defined and used as
a reference to the extent of the optical field viewed and of
data captured. The camera was placed about 1 m above the
boiler grate level and from the furnace arch where the coal
was fed into the boiler (Figure 2). This arrangement allowed
for coverage of almost the entire furnace area of interest,
based on an optical field of view of 72°.

The spreader stoker boiler study

The water-tube spreader stoker boiler used in this investi-
gation has a heating surface area of 169.5 m2, mean height
0f 9.98 m, width of 4 m, effective length of 4.8 m, a grate
area of about 19.3 m, and sample feed rate capacity of about
42.43 t/h. The boiler has a steam generation capacity of 45
t/h, producing saturated steam at 31 bar gauge (barg)
pressure. The boiler consists of a negative pressure furnace
house, an economizer, and an electrostatic precipitator (ESP)
for capturing particulates as seen in the layout shown in
Figure 3. The full details of the spreader stoker boiler have
been reported elsewhere (Taole, 2015). The coal is fed
through coal feeders at the front of the furnace. Lighter coal
particles burn in suspension and the heavier ones fall onto
the grate, burning on it. The grate travels from the back of
the furnace towards the front, where the ash is discharged.

The boiler was operated under a steady load conditions as
far as possible during the test period, 7.e. operations were
allowed to stabilize at least an hour prior to commencement
of the tests. Steady-state conditions were determined from
the analysis of combustion gases in the flue gas stream. All
boiler operating conditions, Z.e. the grate speed, coal feeder
stroke rate, and the under-grate air (UGA) system, which
conveys primary combustion air to the overlying coal bed,
were kept constant during the trials, in order to establish the
impact of coal quality on combustion performance. The tests
were performed under full-scale operation. Fluctuations in
operating conditions were occasionally experienced, mostly
the grate speed. This led to tests being run on each sample
over a two-day period to constitute two separate sample
batches for the same coal in order to allow for repeatability of
the results.

THERMOGRAPHIC VISUAL TESTING SYSTEM

Results and discussion

Physciochemical properties of the coal

The calorific value (CV) of the coals ranges from 25.54 to
27.00 MJ/kg. Coal C has the highest CV of 27 MJ/kg and
lowest volatile matter content of 23.50%. All four coal
samples are considered to be of reasonably low ash, ranging
from 14.70 to 17.30%. All the coals utilized contain about
0.02%. sulphate sulphur. Pyritic sulphur is higher in coals A
(0.78%) and D (0.71%) compared to coal B (0.13%). The
highest fraction of organic sulphur is also found in coal A at
0.66%, while coal B has the lowest proportion at 0.24%. The
ultimate analysis results show that the fraction of nitrogen
for the four coals is fairly similar, with the lowest value being
1.59% for coal D and the highest being 1.66% for both coals
A and C. This indicates that coals A and C are likely to
produce higher proportions of fuel NOy contributing to the
total NOx emissions.

The HGI values for the coals in this study range from 52
to 70, while the Al values vary from 54 to 246. Coal A was
the hardest sample, with an HGI of 52 and Al of 246, while
coal sample D was the softest with an HGI value of 70 and Al
of 54. It was noted that coal A and coal C, with an HGI of 52
and 59 respectively, have similar HGI values but clearly
different Al values of 246 for coal A and Al of 99 for coal C.
This distinctive difference in Al might be a positive influence
on the grindability and thermal shattering of coal C in the
freeboard of the spreader stoker furnace, compared with coal
A.

The propensity of the four coals to slagging and clinker
formation on the grate and furnace heat transfer equipment
was also investigated. The flow ash fusion temperatures
(AFTs) for the four coals ranged from 1400°C to 1500°C. The
highest values were recorded for coals A and C, both at
1500°C, while the lower ash fusion temperatures were
detected in coals B and D at around 1400°C.

Petrography

The overview of the petrographic results for the four coals is
presented in Table III. Coals A and D are vitrinite-rich, at 47%
and 44%, respectively, whereas coals B and C have signifi-
cantly high proportions of inertite at 68% and 70% respec-

Figure 2 - Location of thermal camera in the spreader stocker boiler
furnace
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EQUIPMENT LIST SAMPLING POINTS LIST

BL-01: Spreader Stoker Boiler SFC-01: Feed Coal Sample

AB.01: Ash Bin SBA-01: Bottom Ash Sample

ESP-01: Electro-static Precipitator SEP.01: Fly Ash Sample at ESP discharge

ST.01: Boiler Stack
SF.01: Steam Flow Meter

SFA.01: Combustion Gas Sample

Figure 3 - Coal, ash, and flue gas flow diagram showing sampling
points
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Table Il
Physicochemical properties of the feed coals
Coal A Coal B Coal C Coal D
Proximate: (Ar%)
% fixed carbon 50.40 54.50 58.10 48.60
% moisture 4.8 3.4 3.7 45
% volatile matter 29.20 24.60 23.50 30.20
% ash 15.60 17.30 14.70 16.70
CV (MJ/kg) 26.13 26.42 26.90 25.54
Ultimate:
% carbon 65.86 65.13 67.36 61.58
% hydrogen 3.97 3.61 3.44 3.68
% nitrogen 1.66 1.62 1.66 1.59
% oxygen 6.65 8.56 8.63 8.76
Sulphur species
% mineral 0.78 0.13 0.15 0.71
% organic 0.66 0.24 0.34 0.51
% sulphate 0.02 0.01 0.02 0.01
AFT (T, °C)
Deformation >1500 1351 >1500 1320
Flow >1500 1403 >1500 1400
HGI 52 61 59 70
Al 246 149 99 94
Ar: as received; AFT: ash fusion temperature; HGI: Hardgrove
grindability index; Al: abrasive index

tively. Total reactive macerals for the four coals range from
54 to 64%. Coal D has the highest proportion of total reactive
macerals at 64%, while coal C shows the lowest fraction at
54%. Coal D appears to have a slightly higher proportion of
abnormal (weathered) constituents than the other three coals,
at 25%. This indicates the organic components in coal D are
more extensively cracked, weathered, and oxidized than in
the other three coals. The mean random reflectance values
(Rr%) for the four coals range between 0.61 to 0.76%. In
terms of rank, all coals are the bituminous C, with coals A
and D slightly lower in maturity.

Boiler performance related to rates of steam output,
combustion efficiencies of the coals, and determi-
nations of boiler efficiency

Table IV presents the results obtained from the performance
of the test equipment in the form of the rates of steam output
and combustion efficiencies of the coals. Sampling was
performed throughout the testing period as the boiler loading
or operating steam output was confirmed steadied for about
three hours. This test provides an insight into the conditions

Table Il
Maceral composition (vol.%) and coal ranks
Coal A Coal B Coal C Coal D
Maceral analysis (Y%ommf)
% total vitrinites 47 28 24 44
% total liptinites 4 4 5 9
% total reactive inertinites | 12 24 25 11
% total reactive macerals | 63 56 54 64
Rank:
% random reflectance (Rr) | 0.61 0.70 0.76 0.63
Standard deviation (3) 0.066 0.075 0.099 0.064
% total inertites 49 68 70 47
% total inert macerals 37 44 45 36
% inertites 24 33 40 20
% abnormal (weathered) |14 19 22 25

of flue gas exiting the boiler furnace and before entering the
economizer section, in terms of exit temperatures and
combustion gases. The readings recorded indicate averaged
values over the four-hour testing period for each coal sample.
The indications are that coal C, with the highest O, content
and the lowest CO, fraction of the flue-gas, exhibits poor
combustion as evidenced by the relatively high amounts of
unburnt carbon (UBC) reported in the ash. Coal D, with the
lowest O, content and the highest proportion of CO; in the
flue gas, displays improved combustion considering the
comparatively low amount of UBC in ash.

The impact of the physicochemical properties of the coal
samples utilized in this study on the boiler performance and
efficiency is further elucidated in Figure 4. The performance
of the boiler during the combustion of each coal sample was
determined by monitoring the proportion of carbon loss in the
fly ash as well as the steam output. Figure 4 also depicts how
the physical and chemical properties of coal, namely the
calorific value and volatile matter content, possibly affected
the coals during combustion. It was observed that the
combustion efficiency increases with decreasing amounts of
unburnt carbon in the fly ash and increasing volatile matter
content, but does not appear to correlate with the calorific
value. Increasing combustion efficiency correlates with
increasing volatile matter and decreasing fixed carbon, and
inversely with the unburnt carbon.

However, the petrographic analysis provides vital
information for the holistic understanding of the combustion
behaviour of the coals. The analyses and associated

Table IV
Boiler exit flue gas temperatures, steam outputs, and oxygen content (averages)
Parameter Coal A Coal B Coal C Coal D
Flue gas temperature at furnace exit/ economizer inlet (°C) 300.06 306.42 295.64 306.03
Flue gas temperature at economizer outlet (°C) 181.06 179.74 177.98 176.16
Steam output (t/h) 38.59 37.79 34.56 41.76
Flue gas Oy content at furnace exit (% ) (Orsat analyser readings) 10.9 10.5 11.7 9.5
Flue gas CO; content at furnace exit (%) (Orsat analyser readings) 10.0 111 8.8 11.6
Unburnt carbon (UBC) in fly ash (%) 30.13 42.76 42.81 31.90
UBC in bottom ash (%) 16.97 22.70 21.62 16.26)
Calculated heat loss corresponding to total % UBC detected (%) 4.92 8.92 12.04 6.70
> 1162 DECEMBER 2015 VOLUME 115 The Journal of The Southern African Institute of Mining and Metallurgy



The impact of coal quality on the efficiency of a spreader stoker boiler

combustion profiles of the four coals are illustrated in Figure
5. The results indicate that higher combustion efficiency is
correlated with higher vitrinite content and total reactive
macerals. Coals D and A had higher combustion efficiencies
of 79.13% and 77.98%, and total reactivities of 64% and
63%, respectively, compared to coals C and B. Coal D
produced the highest steam output (41.76 t/h) and
combustion efficiency (79.13%), while coal C yielded the
lowest steam output (34.56 t/h) and lowest combustion
efficiency of 71.05%. It was also noted that higher amounts
of unburnt carbon corresponded with higher quantities of
inertinite and lower combustion efficiency.

Boiler performance related to proximate analysis,
calorific value, and petrographic composition

The primary objective of this investigation was to establish
the combustion characteristics and efficiencies of four coals
and their impact on the performance of one specific spreader
stoker boiler. In seeking to determine the dominant
parameters influencing combustion efficiency and boiler
performance, a detailed investigation involving the boiler
operating conditions associated with physical and chemical
characteristics of the coals, petrographic properties, and
thermographic data as observed in the boiler was conducted.
From Table V, it is noticeable that coals B and C, with the
highest calorific values and lowest volatile matter contents,

yielded the lowest steam outputs and combustion efficiencies.

In contrast, coals A and D, with the lowest calorific values

CV and Volatile Matter vs Combustion Effeciency ,UBC and Steam Output

ook o

 Calorific Value (Mifkg) |

ccE88888388

Coal B Coal C
264 69 255

m Volatile Matter (%) 292 46 235 302
B Fly Unbumnt Carbon (%) 013 | 476 481 319
u Combustion Efficiency (%) 7798 [ 7554 7105 7913
wSteamOutput(t/h) | 3858 | 3279 | 345 4176

Figure 4 - Influence of physical and chemical characteristics on coal
combustion

Petrography vs Combustion Effeciency , UBC and Steam Output
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® Combustion Efficiency (%) 7798 75.54 7105 79.13
® Steam Output (t/hr) 3859 37.79 3456 4176

Figure 5 - Influence of petrographic characteristics on coal combustion
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and highest volatile matter contents, produced higher steam
outputs and combustion efficiencies. It was also observed
that for coals with the closest similarities in physical and
chemical properties, such as coals A and D, there were
noteworthy differences in the boiler performances under
matching operating conditions, as marked by varying steam
outputs and combustion efficiencies. The superior
performance of coals A and D, compared to coals B and C,
may be attributed partly to higher volatile matter contents, as
this would imply the coals were easier to ignite. In terms of
boiler performance based on proximate analyses, the highest
steam output of 41.76 t/h and highest combustion efficiency
of 79.13% was observed for coal D, which had the highest
volatile matter content and lowest fuel ratio (FR) value. The
lowest steam output at 34.56 t/h and lowest combustion
efficiency at 71.05% were yielded by coal C, with the lowest
volatile matter content and highest FR value. However, the
high steam output correlated with high volatile matter and
high combustion efficiency, but correlated inversely with fuel
ratio and unburnt carbon, as shown in Table V. The fuel ratio
is determined from the ratio of fixed carbon to volatile matter
and is used to approximate the ease of ignition and burnout
for a given coal sample.

The results in Table VI indicate that increasing
combustion efficiency correlates with increasing total
reactivity. Conversely, high combustion efficiency proves to
be inversely proportional to the amount of unburnt carbon
and total inertinite. With regard to steam production, the
highest steam outputs correlate with high vitrinite content,
higher combustion efficiency, and lowest unburnt carbon.
Coal D, with the second highest vitrinite content of 44% mmf
and lowest inertinite content of 47% mmf, produced the
highest steam output at 41.76 t/h. The association between
steam output and petrographic composition was also
consistent for the other three coals B, C, and D, which yielded
steam outputs paralleling their respective petrographic
compositions in terms of total reactive and inert maceral
contents. These results show that the impact of petrographic
characteristics is crucial in understanding the combustion
behaviour of coal. It can further be asserted that for
combustion behaviour of any particular coal sample to be
wholly known, there has to be an equally comprehensive
study of the petrographic characteristics of the coal

Comparison of thermographic characteristics of the
four coals

The investigation into the combustion behaviour of the four
coals tested was based on thermographic analysis and
temperature profiling of the furnace during combustion.
Thermography provides insight into the thermal behaviour of
the different coals tested by showing maximum combustion
temperatures in the flames and the characteristics of ignition
combustion. A summary of the thermographic temperature
profiles is presented in Figure 6, and the behaviour of each
coal is illustrated in terms of flame characteristics and
associated temperature readings. All four coals showed
significantly different combustion characteristics despite
having comparable calorific values, volatile matter contents,
and ash contents. The results indicate that there is a strong
correlation between combustion efficiency, unburnt carbon,
and petrographic composition of the coals. There is a
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Table V

Combustion efficiencies, proximate analyses, flame temperatures, and boiler performance

Coal Proximate analysis (% ad) and fuel ratio Combustion efficiency, % UBC, thermograhic flame temperature, and boiler
output
VM FC FR cv £ (%) (%) UBC/ | Flame T (°C) | Flame T (°C) Average
(fly ash) Lowest ROI1 | Highest ROI5 | steam output (Ozin flue
gas, %)
D 30.2 48.6 1.61 25.5 79.13 31.90 1771 1793 41.76
(16.97) (10.27)
A 29.2 50.4 1.73 26.1 77.98 30.13 1509 1549 38.59
(16.97) (11.5)
B 24.6 54.7 2.22 26.4 75.54 42.76 1709 1779 37.79
(22.70) (11.4)
C 235 58.1 2.47 26.9 71.05 42.81 1616 1722 34.56
(21.62) (11.7)

ad: air dry basis; VM: volatile matter; FC: fixed carbon; CV: calorific value; UBC: unburnt carbon; ¢ : combustion efficiency; FR: fuel ratio = % FC/% VM; ROI1:
region of interest 1 (flame temperatures at highest parts of the furnace);
ROI5: region of interest 5 (flame temperatures at lowest parts of the furnace)

Table VI
Coparison of petrography, flame temperatures, and boiler performance
Coal Petrographic analyses (% mmf) Combustion efficiency, % UBC, thermograhic flame temperature, and boiler
output
Total vitrinte | Total reactivity | Total inertinite | Rank RoVr% e (%) (%) UBC/ Flame T°C Flame T°C Average
(%) (%) (%) (Fly ash) Lowest RO1 | Highest RO5 |steam output
(Oz2in flue
gas %)
D 44 64 47 0.63 79.13 31.90 1771 1793 41.76
(16.97) (10.27)
A 47 63 49 0.61 77.98 30.13 1509 1549 38.59
A A Al (697 115 A
B 28 56 68 0.70 75.54 42.76 1709 1779 37.79
(22.70) | (11.4)
C 24 54 70 076 Y 71.05 42.81 * 1616 1722 34.56
(21.62) (11.7)
ad: air dry basis; VM: volatile matter; FC: fixed carbon; CV: calorific value; UBC; unburnt carbon; ¢ : combustion efficiency = [(Fuel - Heat input - Stack
losses)/Fuel - Heat input] x100

correlation between the combustion efficiency and the total
reactive macerals, Z.e. the highest combustion efficiency and
the lowest unburnt carbon correlate with a high content of
reactive organic materials. Low combustion efficiency and
high unburnt carbon correlate with high-inertinite coals. This
association is not reflected in calorific values or data from the

SUMMARY AND COMPARISON OF
COMBUSTION CHARACTERISTICS

A: Excollont, on grate and in fireball —1549°C

Figure 6 - Summary of thermography profiles for the four coals
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proximate analysis. In addition, according to Table V, there is
a correlation between the combustion efficiency, fixed carbon,
and volatile matter. The lower the fixed carbon of the
samples, the higher the combustion efficiency, and the higher
the volatile matter, the higher the combustion efficiency The
different thermographic trends observed in coals A and D
from the same colliery illustrate the lack of a clear correlation
between flame temperature, calorific value, combustion
efficiency, and ash and volatile matter content. Despite
having fairly similar proximate analyses and calorific values,
the two coals burnt at notably different flame temperatures
under similar operating conditions. Coal A burnt with the
lowest maximum flame temperature of all the four coals at
ROI5 = 1549°C, while coal D recorded the highest maximum
flame temperature amongst the four coals at ROI5 = 1793°C.

Coal A, with 14% weathered oxide content, has similar
petrographic properties to coal D, which is relatively fresh and
unaltered and therefore is likely to burn in its normal
condition. Coal B was noted as the coal with the second
highest flame temperature at ROI5 = 1741°C. Although this
coal possesses the highest calorific value, its flame character-
istics did not exhibit good combustion or ignition as the

The Journal of The Southern African Institute of Mining and Metallurgy
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flame burnt irregularly and was segregated to discrete parts
of the furnace. This observation further confirms that there is
no correlation between flame temperature, calorific value, and
proximate analysis data. With the exception of coal B, which
produced highest temperature in the middle of the furnace
(the desirable combustion zone), all other coal samples
tended to yield higher flame temperatures both on the grate
and in the upper fireball zones of the furnace where the
boiler heat-exchangers (steam drum) are located. This
indicates delayed combustion at the back end of the boiler.
Such conditions are undesirable as they imply loss of
efficiency due to combustion in regions outside of the furnace
heat transfer zones, leading also to fouling of the heat
exchange surfaces and blocking of convective passes by ash
deposits. High flame temperatures pose a greater risk of soot
formation due to volatile matter components of the coal,
especially tar, undergoing secondary reactions at high
temperature (Fletcher e al., 1997).

Conclusion

This research compared the combustion performance of the
four coals with their physicochemical properties and their
petrographic characteristics. This information provided
valuable insight into the differences in combustion
behaviour.

» The quality of coal proved to significantly influence the
combustion performance in the stoker boiler under
investigation. This was best reflected in the
petrographic composition of the coals and the thermor-
gaphic results as indicated by flame temperatures and
combustion flame characteristics

» The most relevant results were observed fro the
combustion performance of coals A and D, both from
the same colliery. These coals had the same proximate
analyses, calorific values, and ash contents, but
differed significantly in combustion temperatures,
flame shapes, as well as petrographic composition

» In terms of efficiency, coal A produced the second
highest combustion efficiency and steam output, and
burnt at the lowest flame temperatures of all four coals.
Coal D, on the other hand, while producing the highest
steam output and combustion efficiency, burnt at the
highest flame temperatures of all four coals, with a
massive flame that encompassed virtually the entire
freeboard above the grate as well as on the grate.
Under these conditions, extensive thermal damage of
boiler plant equipment could be expected

» The reasons for the difference in combustion
performance between coal A and coal D were revealed
in part by petrographic analyses, which showed that
coal A was a fresh coal and coal D comprised 25%
oxidized and weathered organic matter. This was
supported by an unusually high Hardgrove index (soft
grindability), a particularly low abrasion index (Al),
and a lower than normal ash fusion temperature (AFT)
relative to the values found in coal A

» The massive fireball and high temperatures in the
freeboard produced by coal D are interpreted to be due
to the presence of friable weathered coal material that
underwent intense thermal shattering as the particles

The Joumnal of The Southern African Institute of Mining and Metallurgy

entered the hot zone and were lifted up and thrown
across the boiler chamber

» The combustion characteristics of coals B and C were
found to differ significantly from those of coals A and
D. Both coals exhibited limited ignition, reduced
flames, and poor burnout characteristics leading to
higher unburnt carbon contents in the fly ash. These
results occurred despite these coals having the highest
calorific values and nominal ash contents. The lower
combustion efficiencies of these coals can be attributed
to increased proportions of relatively inert forms of
organic components (inertinite)

» Coal A would be the preferred feed for the boiler under
investigation, owing to its lower propensity to slagging
due to the lowest flame temperatures of all four coals,
its high AFT, second highest combustion efficiency and
steam output, and the lowest flame temperatures of all
four coals.
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