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ABSTRACT
The Coke Ovens Laboratory at Australian
Iron & Steel, Port Kembla has been involved
in the analysis of seam gases and mine airs
(20) This

period has seen many developments and changes

for approximately twenty years.

in the techniques used to the point when the

current techniques are equal to other labora-

tories involved in similar analyses. The
laboratory has NATA registration for the
analysis of mine airs and gases.

Apart from routine testing of seam

gases, ventilation airs and gases emmitted
from coal bore cores a number of projects
have been undertaken. These have served a
twofold purpose, one to provide information

to the customer, generally Collieries

Research and Technology and secondly in
developing the skills and capabilities of the
Coke Ovens Laboratory.

This paper discusses the development
and services available at the Coke Ovens
Laboratory for the analysis of gases and airs

from collieries.

Senior Chemist
Coke Ovens Laboratory
Australian Iron & Steel Pty Ltd

INTRODUCTION
One of the criteria in the evaluation
of mining operations is the analysis of the
gases in both ventilation systems and seam
emissions. Generally the components analysed

for are oxygen, nitrogen, methane and carbon
dioxide. However, the range of components for
which analysis can be carried out is not

limited to these four components.

A great amount of effort has been put
into ensuring that the results obtained by
the technique in use at the time have been of
the highest possible standard. Naturally with
the introduction of new technology, as it has
become available, accuracies and limits of
detection have improved. The laboratory has
always been at the fore front in gas analysis
and the current status is such that it is
able to cater for the needs of the collieries

and coal geology departments.

All gas analysis carried out by the
Coke Ovens Laboratory
All

is by means of gas

chromatography. comments on techniques

are made in relation to procedures in

operation at. the AIS Coke Ovens Laboratory.

DEVELOPMENTS IN ANALYTICAL TECHNIQUES

Techniques for gas analysis have seen

marked improvements over the years. To go
back to pre 1952, gas analyses were carried
out by the solution absorbtion techniques

such as Orsat. These systems required a great
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amount of care and operational skill to
produce results of reasonable accuracy.
However, since the initial development of the
gas chromatography by James and Martin in
1952 there has been a rapid and continuous

increase in the techniques.

The basic principle of the gas chroma-
tography is one of absorption/desorbtion of
the components in the mixture upon the
surface of the column packing material. A
carrier gas is used to move the mixture
through the column. As the adsorption/desorb-
tion rate is not the same for each component
the various constituents separate from one
another. Under controlled temperatures and
gas flow conditions the separations are
reproducible and can be utilised for the
quantitative analysis of a mixture. Selection
of column packing material is important and
can influence the way in which the mixture is
separated. Generally, molecular sieve (arti-
o+ N, CH,, CO
separations whilst Forapak (porous polymer)

ficial zeolite) is used for 0O

is used for 002. The choice of carrier, gas is
also critical as it can increase or decrease
the response depending upon the relative

thermal conductivities of the carrier gas and

Chromatogram

the components in the sample.
Thermostats

Enlarged Cross Section

Drawing of a Gas Chromatograph

R

Developments have taken place in all
phases of the analytical technique. Apart
from the natural improvements in circuitry
through the introduction of integrated
circuits perhaps the most significant

developments have been in detector sensi-
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tivities and data handling.

There are two main detectors used by
the Coke Ovens Laboratory for mine gas
analysis viz 1) Thermal Conductivity and 2)
Flame Ionisation,

Thermal conductivity has the greater
application to routine gas analysis of the

components 02, N2, CH 002. Developments in

s
stability and cell ;ilume have enabled the
coverage of component ranges from the ppm
range through to 100%. This of course is
dependant upon the proper choice of instru-

ment conditions.

Flame ionisation detectors are used for
the detection of organic components in
relation to mine gases, CH4 and higher
hydrocarbons. By improvements in the detector
geometry, stability and detector limits have
been improved to the point where levels of

0.01 ppm can be confidently quoted.

The relevance of these low levels to
mine gases is not particularly great.
However, the technique is available if
required. Of course the detector is not
limited to only very low levels, it can also

be used on higher concentrations.

As with detectors data handling has

seen dramatic improvements. Originally
potentiometric chart recorders were used for
measuring the detector output which was
related_Egbﬁhe peak height. At times steps
R
were taken to improve the accuracy by
determining the area under the peak by such
methods as square counting, planimeters or
even cutting out the recorded detector
response and weighing the paper. These
methods gave way to the mechanical disc

integrator which was some improvement upon
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the other area measurement techniques.
Nevertheless the disc integrator was still
difficult to use and for this reason peak
height was retained as a measurement of
detector response. Care had to be exercised
in the selection of the analytical conditions
to obtain a symmetrical response peak so that
the relationship between peak height and peak

area could be used.

Electronic integrators are now in use
in the laboratory for measurement and pro-
cessing of the response data from the
detectors. These intruments are quite
sophisticated and give a reliable and
consistent interpretation of the data. The
electronic integrator has not eliminated the
need for personal interpretation of the
chromatographic data. Although they have
certain preprogrammed methods the units are
sufficiently flexible so as to permit changes
to the method to enable the best assessment

of the data, as determined by the operator.

The Coke Ovens Laboratory has a Spectra
Physics 4000 Central Processing Unit linked
via Data Interface Modules to five chroma-
tographs and a Spectra Physics 4100 single
channel unit with Basic programming
facilities. Tape storage is also included in
the 4100 system as is a visual display
terminal for rapid data entry and retrieval.
The capabilities of the units are such that
they not only analyse the detector response
but calculate the results in accordance with
previously entered standards- and give a
printed report. This is certainly a far cry
from counting squares to obtain peak areas or

measuring peak heights.

STANDARDS

No matter how good the instrumentation
or how skilled the analyst, it is all to no
avail if reliable standards are not avai-
lable. Many systems have been looked at for
the production of gas standards within the
laboratory which would be suitable to NATA
requirements. Currently standards prepared by
CIG are used for standardisation of the
instrumentation. The laboratory has a number
of mixtures to cover the expected ranges of

components in mine gas samples.

Two grades of standards are available
from CIG.

1 Primary gravimetric standards which
have a certified accuracy of better
than 0.1% of the component. As the name
suggests they are prepared gravi-
metrically on a 10Kg capacity balance
with a sensitivity of 0.0lg.

2) Certified mixtures which have a quoted
accuracy of +1% of the component in the
10-50% range and +2% of the component
for less than 10%. CIG issue analysis
certificates with both types of

standards.

Experience has shown that the certified
mixtures are quite satisfactory for routine
testing. This also represents a considerable

cost saving.

SAMPLING = : T—
Another important factor determining
the value of a gas analysis is whether or not
it is representative of the total bulk of the
gas. No matter how the sample is taken there
is always a risk of contamination. In most
cases the contaminant is air and although the

analysis can be calculated back to an air
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free basis undesirable errors can be intro-
duced. This is particularly the case if the

air contamination is high.

Routinely gas samples are taken in
glass sampling tubes of approximately 130ml
capacity. Prior to use the sampling tubes are
washed and the taps cleaned and greased. The
size of sampling tube has been found to be
satisfactory to handle by the operator and
still provide sufficient sample for analysis.
As far as possible samples are analysed with

a minimum of delay after the sample is taken.

EFFECT OF STORAGE

To investigate the

possibility of
reaction in the glass sampling tube altering
the composition a test programme was set up.
Five each of seam gas, diluted gas and air
were taken in the normal sampling tubes. One
sample of each set was analysed on the day of
preparation. A sample from each set was then
intervals with the

analysed at weekly

following results.

% v/v - Dry Gas

02+Ar l‘wl2 CH4 002

Seam Gas

1 0.06 2.0 18.2 79.7
2 0.03 2.0 19.0 79.0
3 0.03 2.0 18.9%9 79.1
4 0.02 2.0 19.3 78.7
5 0.09 2.3 19.9 TR
Diluted Gas

1 = E3u@e=r 47.5 7.6 31.7
2 13.2 48.2 7.6 31.0
3 13.3 47.9 7«5 31.3
4 13.3 48.2 745 31.0
5 13.5 48.1 7.4 31.0

% v/v - Dry Gas

0 +Ar N, CH, co,
Air
1 21.9 78.1 ND 0.03
2 21.9 78.1 ND 0.03
3 21.9 78.1 ND 0.03
4 21.9 78.1 ND 0.03
5 21.9 78.1 ND 0.03

ND - Not Detected

There was some slight variation within
the seam gas and diluted gas sets but nothing
to say that the oxygen and argon and methane
were decreasing through reaction with a
subsequent rise in carbon dioxide and nitro-
gen. Although this programme was run over a
four week period the maximum time between
sampling and analysis would be four days,
allowing for weekends and provided the
samples are delivered on the day they are

taken.

SAMPLING TECHNIQUE

Ideally, to reduce the possibility of
contamination, samples should be taken from a
pressurised source with a good gas flow to
adequately purge the sampling tube and to
maintain a positive pressure in the sample.
The positive pressure is not always possible
eg. with air way samples but adequate purging
is, using a small hand bellow. The glass taps
on the sample tube should be in good

condition and well greased.

Saran and-Tedlar bags—are used by some
people. Whilst these are good from a handling
point of view they still have some inherent
problems. Purging air to reduce air conta-
mination can be difficult, the bags can also
be punctured by rough handling. These bags

are expensive ($20). If bags are used a
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