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of the apparatus is shown in DIAGRAM 1. Later the water 

bath and the fittings listed in this paragraph, plus 

the Jalabo VC1 circulator, were duplicated. A further 

six bombs were also bringing the ni'mber of bombs 

up to twelve.

3.1.3 Gas Supply

Methane supply is from an A1 cylinder of 98,0% pure 

thane initially supplied at 17 MPa (Item 12). A 

Harris 87-2500A regulator for inflammable gas with a 

bottle pressure (Item 13) and outlet pressure (Item 14) 

gauges is coupled to it via a left hand thread. A 2m 

Parker SSOH-4 SAE 100 R high pressure flexible ho«e 

leads from the regulator to an inlet Whitey needle 

valve. The same system is used for helium supply. The 

helium is 99,5% pure and the coupling to the regulator 

is via a right hand thread (PLATE 6 ).

The inlet valves are connected to 0,25", 1 mm thick 

stainless steel tubing. There is a T piece leading to a 

1000 cc Whitey HDF-1000-304 sampling cylinder (Item 8) 

rated to 12,4 MPa working pressure. Three further T 

pieces lead to the three gauges, a 0 to 16 MPa (Item 5) 

and a 0 to 1600 kPa (Item 4) pressure guage and a 0 to 

-100 kPa vacuum gauge (Item 3). Finally Swagelok 

SS-4H0-6-S 4 flexible metal hose leads via Swagelok 

quick-connections and Whitey valves to the bombs.

3.1.4 Test Sample Container (Bomb)

For each sorption apparatus there are 6 bombs. Each 

bomb comprises of three parts as shown in DIAGRAMS 2 

AND 3 and PLATE 3 . The top stainless steel grade 316 

section, (Item 5), has a Duran sintered disc filter of
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Dlag ram 1

1)
Kelvlnator fridge with copper cooling col

2) Julabo VC circulator

3) Vacuum gauge

4) Low pressure gauge

5) High pressure gauge

6) Labotec 40 litre bath

7) Bomb

8) 1 litre drawn gas cylinder

9)
Pfeiffer vacuum pump

10) Helium cylinder

U )
Methane cylinder

12) Internal gas cylinder pressure gauge

13) External release gas pressure gauge

Dlag ram 2

1)
Whitey needle valve

2) Swagelok quick connect

3) 0,25" OD 1mm wall stainless steel tubing

4) Nuts supplied with valve

5)
Top centre section of bomb

6) Top outer section of bomb

7) 42 x 4 "0" ring

8) 60 x 4 "0” ring

9) Duran sintered disc filter

10) Bottom section of bomb

U )
Crushed coal

Dlag ram 3

Exploded view of the components of the bomb, showing 

dimensions.
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porosity 2 at the bottom, (Item 9), to prevent fine 

coal powder from being blown out during desorption or 

being sucked out during evacuation (not shown In PLATE 

3 as this was taken before this modification was made). 

This top section is thieaded on top for coupling to the 

stainless steel tube which leads to the Whitey needle 

valve and Swagelrk quick-connect body.

The outer sectlou, (Item 6), was initially also made of

stainless steel (PLATE__3) but It was found that even

with Dows Corning 7 thread lubricant, the threads could 

bind. These outer sections were consequently remade 

using brass. Holes were drilled in the body to accept a 

special spanner for tightening and loosening it.

The bottom section, (item 10), is also made of 

stainless steel with two flats at the bottom for being 

fitted In a vice. It can comfortably accept 35,0 g of 

powdered coal and a special tamping piece was made to 

compress the powdered coal in an attempt to loed the 

cylinder with a 50 g charge. The mass of powdered coal 

was measured using a laboratory Mettler balance (PLATE

15) with a range of 0-1100 g and accuracy of 0,1 g. 

Filling of the cylinder reduces the amount of free gas 

desorbed and increases the amount of adsorbed methane. 

The free gas forms the bulk of the gas released and 

results In tedious, time consuming work. The additional 

adsorbed methane makes the results more accurate.

3.1.5. Vacuum Pump and Water Trap

The Whitey pressure release needle valve can be coupled 

up to a reinforced PVC pipe after the excess gas at 

high pressure has been bled off. This PVC pipe leads to 

a side port on the thick wall 2 litre vacuum flask. 

Inside the flask is a perforated brass cylinder with a
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ping pong ball Inside. If water is sucked into the_ 

flask it will act like a child's snorkel tube and block 

the outlet to the vacuum punao before water can be 

sucked into it an had once happened prior to fitting 

the in line water trap. This ruins the very expensive 

vacuum pump oil and can cause damage to the pump if it 

is not switched off immediately. The layout of this 

apparatus is illustrated in DIAGRAM 1 and PLATE 10.

The Pleiffer DUO 004A two stage vacuum pump, (Item 10), 

is capable of better than 2 x 10”2 kPa without 

ballast, but it was always operated with gas ballast to 

prevent any vapour in the gas from condensating in the 

vacuum pump oil. In ballast mode it is also capable of

2 x 10“2 kPa vacuum pressure. The pumping rate is 4,2 

m3/h (■ 70 1 min).

3.1.6 Coolers

Initially a domestic refrigerator was used. The 

Kelvinator R816 fridge had holes drilled through the 

tack where PVC flexible hosing is lead through to a 

copper coil imersed in water in the fridge's vegetable 

tray. The 149W motor was found to be sufficient to keep 

the water temperature in the Labotec bath down to 20° 

C even in summer but cannot reach down to 10° C even 

in winter.

For this reason the Labotec 432 flow through cooler was 

purchased. It has a circulation pump which is rated at 

10 1/min which matches the Jalabo VC head. It has its 

own thermostat and the compressor will only switch in 

if extra cooling is required. This can be set by the 

black knob in the centre of the dial. The cooling 

arrangements are shown In Itb.-n 1 in DIAGRAM 1 and 

PLATES 7 and 8.
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3.1.7. Didgi-quartz Barometer

This extremely accurate unit is showi. in PLATE 9 and is 

capable of discerning Dressure difference if moved up 

or down bv less tUan 30 centimetres. However the 

readout is a L.E.D. number related to pressure and a 

L.C.D. number in kilo Ohms, related to the internrl 

resistance of the circuitry, which is sensitive to 

temperature. There are ten calibration factors which 

have been determined for the calibration of this unit. 

The L.C.D. and L.E.D. numbers are entered into a 

program and the readout gives barometric pressure in 

kilo Pascals. The calibration factors and program are 

given in Appendix A.

3.1.8. Desorbed Volume Measuring Apparatus

This apparatus is illustrated in DIAGRAM 4 and PLATE 

11. After the valves on the bomb have been closed and 

the excess pressure b.ed off, the quick-connects on the 

bombs are disconnected and the bomba taken out of the 

bath.

Then the bombs are connected to the quick-connect 

nipple on the tubing and this is led under a 1000 cc 

laboratory measuring cylinder which ha3 been filled 

with water before being inverted. As the valve is 

carefully opened he gas is released and so lowers the 

water level until finally all the gas has been 

desorbed. The bottom miniscus is read against the 10 cc 

intervals in the cylinder graduation.

Water temperature is measured using a 310 mm Labotec 

0 - *0°C mercury thermometer, graduated in 0,10oc 

intervaIs.
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Diagram 4

1)
Clamp

2) Retort stand

3) lOOOcc measuring cylinder

4) Discharge coupling

5) Bomb

6) Plastic basin

Diagram 5

1) Stainless steel cylinder

<0 Removable stainless steel cap

3) Whltey needle valve

4) 0.25" 0D, 1 mm thick wall stainless 

tubing with plastic *nd tube

5) Coal core

steel
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3.2 Methane Sorptiou Test Apparatus - Direct Method

A large stainless steel cylinder was made to insert 

coal cores (DIAGRAM 5) (PLATE 12). The top section was 

threaded onto the bottom section and had a rubber "0" 

ring to form an airtight seal. This top section had a 

handle and a Whitey needle valve fitted. The stainless 

steel tubing had a plastic tube fitted to the end of it 

and this could be inserted under the measuring 

cylinder.

3.3 Permeability Test Apparatus

3.3.1 Coring Apparatus a.. *1 Dessication Vessel

Permeability testing involves the use of cores rather 

than crushed material. The coring apparatus can oe used 

to drill cores at any angle into a block of coal (PLATE

16). This enables the production of cores parallel and 

perpendicular to the bedding plane or any other 

orientation deemed necessary. The coring unit is a 

Matheys OPT 11 and the diamond saw used to cut the 

cores to length is a Diamond Boart DB 20 (PLATE 17). An 

in-house built lapping machine (PLATE 18) then ensures 

the ends of the cores are smooth, perpendicular and 

parallel to each other.

As the coring process is very time consuming it i3 

normal to produce batches of cores from the same block. 

Only one core can be tested at one time so the rest 

have to be stored in an environment in which they will 

not deteriorate prior to being tested. A nor ii 

dessication vessel with silica gel crystals inside, id 

its lid modified to have an inlet and outlet port. In 

this way the air can be purged out with nitrogen 

supplied by an A1 sized cylinder (PLATE 23).
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After designing a frame and apparatus to apply triaxial 

loading, it was found that an existing piece of 

apparatus could be modified. It is a more accurate 

unit, purpose built for axial tension or compression, 

and for radial loads too. This apparatus is shown in 

DIAGRAM 6.

The Clockhouse A 13 axial loading test machine, (Item

1), (PLATE 19) is driven by a highly geared electric 

motor. It has fast up or down travel for positioning 

the base, which can move through 63,4 cm. If this range 

of travel is not enough the crosshead can be unbolted 

and moved to a new position.

The loading is then done using the slow down position 

for compression. Also a slow up for tension or a 

constant rate of tension or compi’ession could be preset 

using the dial on the panel, (Item 2), which could be 

set between 6,35 mm/min - 0,005 mm/min. However neither 

the tension aspect nor the constant load rate 

facilities are used for this work.

The Clockhouse D 35 constant pressure apparatus (PLATE 

22) provides the confining pressure using hydraulic oil 

pumped by a pressure pump driven by a three phase 

electric motor. This oil is fed to a piston in a 

precision bored cylinder. Weights are mounted on the 

shaft of this piston which must balance the upward 

force of the viscous oil flowing between the piston and 

the cylinder walls. The confining pressure is 

determined by the amount of weight applied to the shaft 

of the piston and is accurate to within 2%. This 

press ire is read off using the guage on the front panel 

of the D 35.

3.3.2 Clockhouse Triaxial Stress Loading Rig
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The oil for confining pressure Is led by a high 

pressure hydraulic hose and Parker Hannifin quick 

connect coupling to the Hooke cell.

3.3.3 Hooke Cells

We have four Hooke cells (DIAGRAM 7) for AX,BX,NX, and 

TNX size cores. Usually only the smallest cores are 

used. It comprises of a bass, (Item 4), which has been 

remade to have a platten at the bottom and a gas outlet 

pipe. The top sliding piece, (Item 1), has also been 

remade to have a similar platten, with a gas inlet, and 

an articulating ball Joint to ensure the load is 

applied axially.

The top screw cap, (Item 2), cylindrical body, (Item

3), and rubber *nner sleeve, (Item 5), as well as the 

male screw on coupling, (Item 6), are standard. All 

inner parts of the cell must be very thoroughly cleaned 

as any fine dirt can allow the oil past the rubber 

inner sleeve and contaminate the core. This inner 

rubber sleeve is compressed against the core by the 

hydraulic oil fed into it to simulate radial 

confinement.

3.3.4 Pressure Transducer

The transducer, as shown in PLATE 19 and DIAGRAM 6, is 

called a Calculus System Projects ES 2000 loadcell 

indicating controller. The display can be either 3 1/2 

didgit LCD with 12,7 mm character height oi 4 1/2 

didglt LCD with 8 mm character height, with selectable 

decimal point. It is accurate to within 0,05% of a 

division of Indicated value, and Is temperature stable 

within 0,05% per 10° C. It also has many other



124

DIAGRAM 7
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Diagram 6

1) Axial load Clockhouse A13 rig

2) Radial load Clockhouse pump

3) hooke cell

4) Calculus System Projects ES 2000 pressure 

transducer

5) Low pressure guage

6) High pressure guage

7) Gas flow rate measuring pipette

8) Dessicatlon vessel

9) Compressed air A1 cylinder 

10) Nitrogen A1 cylinder

Diagram 7

1) Gas inlet

2) Top platten

3) Top outer section

4) "0" ring

5) Middle section

6) Rubber sleeve

7) Core

8) 011 inlet

9) Oil outlet

10) Bottom outer section

11) "0” ring

12) Base section Including bottom platten

13) Gas outlet
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features not used for our setup.

3.3.5. Compressed Air Supply

It was decided to pass compressed air through the core, 

rather than methane as this is far cheaper. A slight 

correction can be made for the different viscosities of 

the two gasses.

The compressed air is normal i.on-drled air supplied in 

an A1 cylinder at 17 MPa. This is coupled via a left 

hand thread to a OGM 10 regulator rated up to 1 MPa. 

The Harris 87-2500A regulator from the methane cylinder 

us9d in sorption tests can be coupled up instead of 

this unit, for high pressure gas output to verify the 

Kllnkenberg effect (PLATE 20).

The pressure of the gas coming in is regulated by the 

regulator mounted on the compressed air cylinder and 

the in-line CPI needlo valve. This pressure feed is 

measured by one of two Wika master pressure guages, one 

for high pressure 0-6000 kPa and one 0-1000 kPa in the 

same manner as for the sorption apparatus. There is 

also a bleed off valve for releasing gas pressure 

before disconnecting the Hooke cell when testing is 

complete.

This compressed air is led to the Hooke cell's top 

platten. The compressed air then pa3ses through the 

coal core to the bottom platten from where it is led to 

the flow rate measuring apparatus.
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3.3.6 Flow Rate Measuring Apparatus

A PVC pipe from the bottom platten Is connected to an 

Inlet port at the bottom side of the modified pipette

(DIAGRAM__6 and PLATE 21) where a flow thumb screw would

normally be. '*hat Is normally the bottom outlet of the 

pipette, has a rubber end similar to one used on a 

bottle for eye drops. This contains a soapy solution 

and when }t is squeezed this makes a soap I .bble above 

the Incoming gas. The rate that this bubble rises up 

the pipette Is measured with a Ptop watch. Thus the 

amount of gas and the time it takes to escape, can be 

measured.
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4. EXPERIMENTAL PROCEDURE AND DATA PROCESSING

4.1 Methane Sorption Testing - Indirect Method

4.1.1 Sampling Procedure

In order to obtain reasonably reliable data from a 

programme of manageable size, it was decided to take 

three samples from each mine. The three sites were 

chosen to give the best spread of geographical location 

and depth, and include a sample from methane problem 

area if there was one.

Three lumps, each about fist size, are chipped out from 

the seam using a geological hammer, one near the top of 

the working seam, one near the rriddle and one near the 

bottom. Also if it could be seen that there were some 

bright bands, a piece roughly in proportion to the 

amount of bright band was taken. Fairly large lumps are 

taxen to minimise the effect of oxidation which reduces 

the adsorbative capacity of the coal.

Simultaneously the dry bulb temperature was taken or it 

was obtained from recent measurements taken by the mine 

ventilation officer. The mine section, heading number 

and date Is labelled on the plastic sampling bag. The 

seam name, surface elevation, overburden and coal seam 

thickness and any other relevant details were obtained 

from the survey and mine ventilation departments.

4.1.2 Sample Preparation

Pieces were chipped off the lumps roughly in proportion 

to the relative lump sizes. These chips were then 

placed in the crucible, which, in turn was then placed 

in the Seibteohnik disc mill and run for two minutes.
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The 200-300 g of finely crushed coal was placed In a 
labelled plastic bag which was rolled to remove as much 
air as possible, as it was not known how fast the 
oxidation of the fine coal takes place.

The crushed coal waf. measured into *.wo 35,0 g samples 
on a Mettler laboratory balance which was accurate to 
0,1 g (see Plate 2). These samples were then placed in 
three bombs after these bombs had been cleaned out with 
plcohol and the threads and rubber "0" rings lightly 
lubricated with Dows Corning 7 compound. This means 
that while three of the bombs are desorbing, the other 
three will be adsorbing methane, so doubling the output 
of results.

The remainder of the sample lumps were sent to 
Maclachlan and Lazaar assaying laboratories for 
proximate and I1GI analyses.

4.1.3 Adsorption Process

The bombs were evacuated to remove any air. Then -ee 
bcmbs and the Whitey sampling cylinder were pressur -*d 
to 10,0 MPa with metha.ie.

After about 5 minutes the pressure readings o: t *,e 
pressure gauges stabilised and excess gas is bit*: off 
or gas was let in if there was a shortfall. The . ^lano 
VC head was uoed to keep the water at th«- set 
temperature (10°C, 20°C or 30°C). Tt»
adsorption process was run for at least 3 boars . v u l  
more than sufficient time for the me.hane to he 
adsorbed to a point of equilibrium.
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ihe valves for the three bombs and the sampling 
cylinder were closed and the pressure in the tubing 
bled off. The bombs were then disconnected and 
reconnected to a section of tubing.

The water in the basin was set as closely as possible 
to the bath temperature. Boiling water was added to 
bring the temperature up or ice cubes from the 
refrigerator ice tray used to reduce the temperature. 
This was done to minimise any error arising from the 
gas either expanding or compressing slightly as it 
passes through the water.

Water tiom the basins was used to fill the measuring 
cylinders which were then inverted in the basin. The 
tubing from the bomb r?as led under the cylinder and the 
valve on the bomb was opened to release the gas.

At pressures over 1,0 MPa, more than lOOOcc of gas was 
typically released. Thus the gas was allowed to desorb 
until the lOOOcc mark was reached when the valve was 
closed. The temperature of the water was taken and then 
the measuring cylinder refilled and the process 
repeated until all the free gas was desorbed. The 
barometric pressure was also taken. Program 1 in 
Appendix A was used to obtain the barometric pressure 
from the readout of the didgl-quartz barometer.

For methane the last part of the desorption process was 
slow and was allowed to continue until 3 hours had 
elapsed from starting desorption. Finally all the 
temperatures taken during the process were used to 
obtain a weighted valuo of mean temperature.

4.1.4 Desorption Process
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(eg for say 3,0 MPa test at 3 0 0 C then for lOOOcc at
31,91°C and lOOOcc at 31,23°C + 652cc at
24,35°C, T - 30°C + [(1000 x 1,91)+(1000 x 
1,23)-(652 x 5,65)1/2652 - 29,8°C).

4.1.5 Dead Space Determination

Between 70 and «0% of the methane released during the 
desorption process was not adsorbed methane but methane 
compressed In the voids between the powdered coal 
particles and the void above the coal and In the 
tubing. To ascertain the volume of this "dead space" 
helium was used since it is art and has been shown 
(64) that it Is not adsorbed by coal.

The same process as described in 4.1.3 and 4.1.4 was 
repeated but only 20 minutes for pressurIsatlon and 20 
minutes for desorption is necessary. The difference in 
compressibility between helium and methane was 
compensated for by using a relative compressibility 
factor. Program 2 is given An Appendix B. The slight 
difference between the barometric pressure when the 
methane was desorbed to when the helium was desorbed 
was also compensated for in Program 2 although this 
effect is very minor.

4.1.6 Sorption Data Processing

The raw data was ertered onto a P.C. and Program 3 
listed in Appendix C was written to tabulate the 
results and perform all calculations. Boyle's law was 
used to take basin temperature Tw and barometric 
pressure B.P. Into account.
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4.1.7 Methane Sorption Testing - Direct Method

The direct test cylinders were delivered to the 
laboratory as soon as possible. However more than 24 
hours had elapsed from intersecting the coal seam to 
commencing lesorbing. TABLE 11 lists all the pertinant 
data supplied by Messrs A.M. Sanford and R.D. 
Saunderson of Anglovaal Ltd. TABLE 12 lists the test 
results.

The graphical method was used to determine the lost gas 
Qi. Examples of graphs of the gassiest of the samp.>3 
tested, namely the two cylinders, Gus/top and 
Gus/bottom of core K20P are given in FIGURES 67 and 68.

From FIGURE 67 for Gus/top, Ql is 165 cc and Q2 is 
2490 cc Thus Ql + 02 is 2655 cc. Similarly from 
FIGURE 68 for Gus/bottom Ql is 145 cc and Q2 is 
2875 cc. Therefore for the Gus seam iu total (Gus/top + 
Gus/bottom) Ql + Q2 combined equals 5510 cc. The 
mass of coal in the 2 cylinders Is 1.64 (relative 
density) x 1.39 (seam thickness of Gus/top + Gus/bottom 
combined) x /4 x (75)2 * 10071 g.










































