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Laboratory testing of the self-heating propensity of coal, using crossing-point 
temperature and differential thermal analysis techniques, involves the frequent 
recording of several temperatures. The volume of data and the desire for high 
accuracy of measurements motivates an automated recording system. The data 
which are recorded must be adjusted for calibration factors and the results 
presented in both graphical and tabular form. 

The paper describes hardware and software features of a computerised 
.<;ystem which is being used to establish the relative propensity to self-heating 

of a wide variety of coals. 

Introduction 

Self-heating has long been recog

nised as a serious hazard in coal 

mining. In South Africa this 

phenomenon has been isolated as the 

cause of approximately 60% of the 

fires occurring in the underground 

workingo of collieries. 1 

All cDals oxidise on exposure to 

air, even at ambient temperatures. 

However, some coals react more 

readily with oxygen than others, 

and in the process generate greater 

amounts of heat. These reactive 

coals are thus more susceptible to 

self-heating if situated in a 

suitable environment. Such an 

environment would be one providing 

sufficient oxygen to perpetuate the 

yet simultaneously reaction, 

inhibiting the dispersal of heat 

generated. 

The first step in advising 

colliery management of the safety 

precautions required in order to 

minimise the risk of self-heating 

is to identify those coals which 

are most susceptible to the 

phenomenon. For this purpose a 

laboratory programme of research 

was initiated at the University of 

the Witwatersrand, sponsored by the 

Explosion 

Committee. 

statutary 

Hazards 

This 

duty to 

Advisory 

body has a 

advise the 

Government Mining Engineer in all 

matters regarding the prevention of 

explosions and fires in mines. 

Overview of experimental tests 

Several laboratory techniques have 

been used to establish the relative 

self-heating 

rent coals. 

liabilities of diffe

Ignition temperature 

techniques, comprising crossing

point tests 2 and DTA (differential 

thermal analysis) 3 are often used 
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this purpose. The research for 

group devised an apparatus for the 

simultaneous performance of the two 

experiments, details of which are 

published elsewhere. 4 In brief, the 

experiments 

follows. 

can be described as 

Crossing-point temperature tests 

Samples of coal are crushed and 

placed in a sample container. An 

identical container is filled with 

calcined alumina, a thermally inert 

oxide. The sample containers, 

joined by an air-supply manifold, 

are placed in an oil bath the 

temperature of which is raised at a 

linear 

coal 

rate. The temperature of the 

and inert material 

regularly monitored. 
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Initially the coal temperature is 

seen to lag behind that of the 

inert. This is due to the cooling 

effect of the evaporation of 

moisture inherent in the coal. Once 

all the moisture has evaporated, 

the coal temperature increases at a 

rate faster, than that of the inert 

due to exothermic oxidation of the 

coal. The crossing point is that 

temperature where the coal and the 

inert are at the same temperature. 

Figure 1 illustrates the concept. 

The lower 

temperature 

the crossing-point 

the more readily the 

coal will undergo self-heating. 

Differential thermal analysis 

This technique considers the 

dynamic thermal behaviour of the 
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FIGURE 1. Cross-point temperature test 
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coal as a function of temperature. 

The same data is required as for 

crossing-point tests, but is 

expressed differently. 

A graph is produced of the 

difference between the coal and 

inert material temperatures (/I, T) 

versus T, the temperature of the 

inert. This graph, called a thermo

gram and illustrated in Figure 2, 

is characteristic of the coal's 

thermal behaviour. 

Coal thermograms show three 

distinct phases. 3 The initial stage 

depicts endothermicity due to 

evaporation of inherent moisture. 

Stage 2 commences from the lowest 

negative /I, T (the point of greatest 

heat absorption by the coal) and 
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represents predominantly exothermic 

reactions taking place as the coal 

oxidises. A point is reached where 

the thermogram slope increases 

rapidly into stage 3, at which time 

the coal is on the point of igni-

tion. 

stage 

The 

2 

steeper the slope of 

and the lower the 

transition temperature from stage 2 

to stage 3 the more liable is the 

coal to self-heating. 

A 

system 

data 

Data capture 

computerised data capture 

was used as the volume of 

required for a test ruled out 

any manual system. High accuracy of 

the measurements and ease of 

presentation of the results were 
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INERT TEMPERATURE 

FIGURE 2. Stages of a coal thermogram 
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two other incentives for a computer 

based system. 

data capture system is The 

divided into two sections 

interfaced with an AID (Analog to 

Digital) converter. 

system is used to 

temperature into 

The analog 

convert the 

the correct 

voltages for the AID converter. The 

digital system controls the AID 
converter and 

data obtained 

stores and displays 

from it. A block 

diagram of the system is shown in 

Figure 3. 

Analog system 

Platinum Resistance 

(PRTs) are used as 
Thermometers 
temperature 

sensing elements 

extremely stable 

as they are 

with time and 

conform within 0,2°C of a standard 

curve. The PRTs were connected to 

SINEAX V 920 transmitters to create 

o to 10 Volt outputs over the 

temperature range 0 to 300°C. 
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Table 1 shows the calibration 

details of the PRT and transmitter 

system. 

Analog to digital converter 

A South African manufactured Analog 

to Digital and Digital to Analog 

Converter Card (A/D-D/A) was used 

for data conversion. The digital to 

analog section is not currently 

TABLE 1. Calibration details 

of SINEAX V 920 transmitters 

Thermometer Equivalent Output 

resistance temperature voltage 

( ohms) ( °C) (volts) 

100,00 0 0 

109,73 25 0,8333 

119,39 50 1,6667 

128,98 75 2,5 

138,50 100 3,3333 

157,31 150 5 

175,84 200 6,6667 

194,08 250 8,3333 

212,03 300 10 

DISPLAY 

16 

CHANNEL 

COMPUTER 

AID 

CARD 

KEYBOARD 

7 PRTs FIGURE 3. Block diagram of data capture system 
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required but could be used for 

future automation of the measuring 

process (e.g. Air flow control 

through each sample). 

The A/D converter has a 12 bit 

resolution over the 0 to 10 Volt 

scale with a conversion time of 

35 microseconds. In the temperature 

range 0-300 °c resolution is 0,07°C 

with ap accuracy of 0,14°C. 

Digital system 

An IBM-compatible personal computer 

was used to capture and display the 

data from the A/D converter. The 

computer is configured with two 

floppy disk drives, 640k Bytes of 

memory, colour graphics card and a 
monochrome display. The A/D-D/A 

card is installed into the computer 

and connected by means of cables to 

the outputs of the PRT transmitters 

(Figure 3). 

Data capture software 

The software for the data capture 

system was written in Turbo Pascal. 

The screen management library (SML)5 

was modified to use Turbo Pascal's 

graphic modes, and additional 

routines for checking correct data 

entry were added to the package. 

Procedures from the software 

supplied with the A/D-D/A card were 

modified and 

controlling of, 

from, the A/D 

software, written 

system, prompts 

every stage 

used for the 

and reading data 

converter. The 

as a menu-driven 

the 

of 

operator at 

the testing 

procedure. The screen is divided 

into two areas, namely the graphics 

display and the operator interface 

(see Figure 4). All comments and 

prompts for the operator are 

FIGURE 4. Data capture screen display 

displayed on the lower portion of 

the screen, the top portion being 

used to present a graphical display 

of the temperatures measured. 

Seven temperatures (i.e. 3 coal 

samples, 3 inert oxides and the oil 

bath) are measured simultaneously 

at 15 second intervals and stored 

in an ASCII file on disk and 

displayed on the Status Line of the 

screen. The graphic display, 

divided into two sections, is 

updated at 1 minute intervals. 

The left hand section of the 

screen displays the full 

temperature range (0 to 300°C) and 

the right hand section displays the 

temperature range 150 to 250°C. The 

latter is the expected range of the 

crossing points and may be changed 

to give a more expanded view once a 

more accurate pattern of these 

temperatures has been established. 

When the test is complete and 

stopped the data stored on disk can 

be replotted on the screen at any 

time for further inspection. A 

facility enables the operator to 

page through all the data (plotted 
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FIGURE 5. Graphical data replay screen (expanded plot) 

at 15 

to 1 

examine 

second intervals as opposed 

minute intervals) and closely 

the cross over points (see 

Figure 5). 

To avoid 

bath being 

output line 

any chance of the oil 

overheated, a digital 

from the AjD-DjA card 

controls a solid state relay and 

switches off the oil heater when 

anyone of the seven temperatures 

exceeds 250°C. 

Data processing 

Thermometer calibration 

Before commencement of experiments 

the PRTs were calibrated against a 

high precision mercury thermometer. 
A bundle of seven PRTs and the 

glass thermometer was suspended in 

the oil bath at ambient temperature 

and all temperatures recorded. The 

mercury 

manually, 

was used 

resistance 

thermometer was read 

whilst the microcomputer 

to read the platinum 

thermometers. The oil 

bath was heated to a nominal 5°C 

above ambient 

stabilise at 

and 

that 

then allowed to 

temperature for 

several minutes. The heater used, a 

JULABO HC5, is thermostatically 

288 

controlled with a display accuracy 

of O,l°C. Temperature stabilisation 

could thus be observed to exist 

when the heater LED display and 

echo messages on the computer 

screen of the PRT readings remained 

static. The process was repeated at 

nominal 10°C intervals up to 200°C, 

the limit of a mercury thermometer. 

An ASCII data file was manually 

created containing all the recorded 

temperatures, and this was imported 

into the package STATGRAPHICS™. 

Using the simple linear regression 

module of this package, and 

considering PRT readings to be the 

dependent variables and the corres

ponding glass thermometer readings 

to be the independent variable, 

calibration formulae were derived 

for each PRT. Table 2 presents the 

resulting formulae. 

Correcting test data 

The ~SCII file produced during a 
test contained 

unadjusted for 

raw 

the 

data, i.e. 

calibration 

formulae. This adjustment was 

performed by means of a brief BASIC 

program called SPLITFIX. This 

program not only calibrated the 

data but also calculated the 

crossing-point temperature for each 

coal and added a time stamp to each 

set of records comprising one scan 

of the A:D card (to facilitate 

plotting). Furthermore only every 

fourth line of data was retained, 

as additional values were found to 

be superfluous for plotting 

purposes. 

Plotting of results 

The corrected and abridged data 
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TABLE 2. Calibration factors for platinum resistance thermometers 

Thermometer Intercept Slope Coefficient Standard 

of correlation error estimate 

PRT 1 0,4660 0,9817 0,999973 0,4094 

2 0,9199 0,9816 0,999972 0,4187 

3 0,5419 0,9788 0,999971 0,4239 

4 1,3073 0,9803 0,999974 0,4029 

5 0,8532 0,9796 0,999979 0,3648 

6 0,7373 0,9800 0,999971 0,4282 

13 0,9845 0,9877 0,999944 0,5927 

7 1,4440 0,9825 0,999969 0,4030 

8 1,4646 0,9824 0,999963 0,4359 

9 1,0542 0,9819 0,999963 0,4393 

10 1,5200 0,9849 0,999963 0,4376 

11 1,7855 0,9812 0,999961 0,4517 

12 0,9666 0,9865 0,999962 0,4459 

14 1,2020 ° 9804 ° 999960 ° 4548 

~xa~Ele 

Considering thermometer PRTl 

True temperature = reading X 0,9817 + 0,466 ~ 0,4094 

If reading = 200°C temperature = 196,4 to 197,2°C 

file was loaded into STATGRAPHICS. 

Format fields were specified so as 

to result in each PRT log and the 

time stamp being identified as 

separate variables. These variables 

could then be plotted against one 

another in various ways. Plotting, 

for 

of 

example, 

coal 

the temperature logs 

sample 1 and the 

corresponding inert oxide against 

the variable 'time' produced the 

crossing-point graph, Figure 1. The 

D.T.A. thermogram in Figure 2 was 

produced by plotting coal 

oxide temperature MINUS inert 

temperature 

temperature. 

against the inert oxide 

The zero baseline was 

created by plotting inert MINUS 

inert (i.e. zero) against inert. 

STATGRAPHICS permits the user to 

customise the graphs produced by 

specifying titles, legends, axis 

sub-divisions, etc. This feature, 

together with the flexible manner 

in which variables may be handled, 

makes this package ideal for the 

analysis and presentation of 

experimental data. 

Further work 

The results of the computerised 

system described above will be a 

series of 

thermograms 

temperature 

each of 

analysed 

approximately 100 DTA 

and crossing-point 

graphs. 

the coals 

Meanwhile, 

tested is 

for proximate, ultimate 

and petrographic constitution. 
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These analyses, comprising a total 

of around 30 different tests, will 

be statistically compared with the 

crossing-point temperatures and 

thermogram slopes. Each analysis 

will be univariately regressed 

against the ignition temperature 

test results in the hope of 

detecting significant correlations. 

As this process is essentially 

the same as that used for obtaining 

calibration formulae for the PRTs, 

it is intended to again make use of 

STATGRAPHICS. This analysis will be 

expanded to consider multivariate 

in an attempt to regressions 

establish a formula 

those components of 

describing 

coal which 

contribute to self-heating. 

Conclusions 

The automated data capture system 

described in this paper has 

improved confidence ~n the use of 

ignition temperature testing 

techniques for predictions of the 

self-heating propensity of coal. 

Measurements can be taken more 

frequently and more accurately than 

has previously been possible. 

Computerised analysis of experi-

mental data has made it possible to 

consider large numbers of tests in 

the minimum time period as well as 

enhacing the presentation and 

interpretation of results. 
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