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This invention relates to & process and appa-
ratus for the quantitative determination of com-
bustible gas in gas milxtures, more particulerly
in soll gas for exploration of deposits containing
hydrocarbons according to German Patent Spec-
ification No, 567,698.

Ag stated in German Patent Specification No.
573,579, the process consists In burniug any hy-
drocarbons or combustible gases present by means
of an electrically heated catalytic wire in com-
bination with a galvanometer In the electric cir-
cult of the heated wire, to measure the variations
in the resistance of the wire caused by the com-
bustion., Whilst it hag already been suzgested to
employ a balllstic galvanometer in such methods,
according to the present process an ordinary
highiy sensitive galvanometer is employed.

In the method described In German Patent
Specification No. 573,758 the soil gas is Introduced
in a quiescent condition into the reaction cham-
ber containing the catalytic wire. In this proce-
dure, certaln disadvantages are encountered,
therefore, according to the present invention the
soll gas Is caused to flow past the catalytic wire
whereby any hydrocarbens or other combustible
substances present are burmed, Of course, the
same electrical measuring devices can also be
used with gas mixtures In a quléscent condition.

In German Patent Specification No. 573,759
it has been shown possible to use a bridge sys-
tem. This invention utillzes this knowrn idea in
that the catalytle wire forms one arm of a Wheat-
stoné Bridgé system.

In contradistinction to the known methods, ac-
cording to the present Invention the soll gas 1s
measured by catalytic combustlon by means of
the catalytic wire twice, firstly In that it is caused
to flow past the catalytic wire in the unaltered
gtate, and secondly, it is caused to fiow past the
catalytic wire after the hydrocarbons or other
combustible gases are removed from the mixture,
the resistance of the wire being medsured In each
case, and the difference In the reslstance of the
catalytic wire during both measurements, serves
as 8 measure of the amount of hydrocarbons or
other combustible substanices present in the soil
gas,

By this means, in addition to a particularly
simple and convenlent construction of the de-
vice, an absolute comparison of the preselce of
hydrocarbons or the like is possible,

This feature is particularly important as com-
perisolt- measurements are always necesyary in
catalyttc methods- for the determination ‘of hy-
drocatbons: -
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In the cdase of measurements of soll gas, at-
mospheric afr cannot be used for comparison as
the soil gas usually has a different composition to
atmospheric air and would, therefore, give dif-
ferent value to the resistance of the catalytic
wire, which would give rise to wrong measure-
ments. Alse, varlations caused by different mois-
ture and carben monoxide contents of the sofl gas
at different points are not taken into account,

The process, which completely obviates all these
orrors, is preferably carried out by aspirating the
soil gas before measurement in the unaltered
state through the reaction chamber, without
switching in the catalytic wire into a receiver,
from which after switching in the catalytic wire
it 1s fed through the reaction chamber, whilst in
the second case the s0il pas is passed over the
fully heated catalytic wire in the first passage
whereby any hydrocarbons present are burned, so
that during the second passage of this air from
the container through the reaction chamber, the
gas freed from hydrocarbons Is measured,

When switched in, the catalytic wire ig pref-
erably heated so that ifs femperature i3 about
1000°C. so that all hydrocarbons or other com-
bustible substances present In the soil gas are
actually burned. It ls also preferable that the
aspiration and respiration of the soll gas Into and
out of the recelver is effected by ralsing and low-
ering- & separate vessel filled with mercury,

The invention alsc relates to a sultable con-
struction of a device for carrying out the process.

In the drawing one constructional form of a
device according to the invention is 1llustrated in
diagrammatic form,

Fig. 1 showsthe electrical system,

Fig, 2 shows the apparatus for receiving and
meaguring the soll gas.

In Figs. 1 and 2, the reaction chamber is In-
dicated at M. It consists of a tubular casing with
two sealed covers S and 8° between which the
catalytic wire | 1s held in a cartridge-like con-
tainer (not shown in the diagrammatic {llusira-
tion).

The catalytic wire may be composed. of plat-
inum or other suitable substahceé whicli can be
stretched out: lerigthwise or arranged In.-gany oth-
er suttable position, for example, as a coil In a
correspondingly shaped and arranged carfridge.

The catalytic wire | forms one branch A of
the Wheatstorie Bridge systerd, whilst the other
brenches B, C, ard D consist of variable re-
sistances' which are preferably divided up into
small units in ordef to ensable better regulstion
of ‘the-balance of the bridge, and to produce good
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ventllation to enable a temperature balance to
be obtalned rapidly, E indicates the galvanome-
ter of the bridge system, F 1s the heating bat-
tery, and G the heating resistance. In parallel
with the catalytic wire | in branch A of the
bridee, 1s arranged a substitute resistance H. A
switch J enables either the catalytic wire or this
substitute resistance H to be switched on the
bridge circuit., In serles with the catalytic wire
is a heat regulator K which allows the catalytic
wire to be switched In or out in a gradual man-
ner In order to spare it and prolong its life as
ruch as possible,

A second reaction chamber M’ similar to the
reaction chamber M can be arranged in parallel
with the heating battery F.

According to Fig. 2, a collecting device 2 which
can be constructed as described in German Patent
Specificatlon No. 567,689, 1s inserted in a bore-
hole 2. From the bore-hole 2 through a cock
4 and a pipe 3§, sofl gas 1s supplied to the reaction
chamber through the three-way cock 6. From
the reaction chamber the soll gas passes through
a cock 1, plpe 8 and three-way cock 8 into the
receiver 10 which is connected by a flexible pipe
11 and a cock 12 to a vessel 18, partly fllled with
mercury (4, and capable of being closed at the
top by & cover 15. When the second reaction
chamber M’ Is used, this is connected by pipe
16 to cock 4 and through a second pipe (T to an
ctherwise free connection 18 to the recelver 18,

With the device described the following meas-
urements are made, and as previously mentioned
preferably in a current of gas.

The bridge is first connected to the catalytic
wire In the reaction chamber and the galvanom-
eter adjusted to a zero position by aitering the re-
sistances in the branches B, C, and D of the
bridge. The vessel 13 filled with mercury is then
ralsed and after opening the cock 12 the air is
forced out of the recelver (0. For this purpose
the three way cock 8 1s s0 adjusted that the alr
can escape outwardly through the connection 18.
After closing the three-way cock § the mercury
vessel 13 is lowered and after the remaining cocks
are opened or adjusted correctly, sofl gas 1s aspl-
rated through the reaction chamber M into the
receiver 18 under the action of the sinking mer-
cury. It is preferable to arrange the mercury
vessel 13 In such & form that the surface of the
mercury Is as large as possible, By this means a
high initial or final velocity of the gas current
is avolded.

It is also preferable, apart from the absolute
uniformity of motion during the lift of the vessel
13, to arrange fully automatic valve devices at the
cocks, junctions, and the like, to ensure absolute
uniformity of the current of gas. In order to
drive the sofl gas out from the receiver 10, after
setting the cock 8, the mercury vessel I3 is raised
and the gas Is forced through the reaction cham-
ber M in the reverse direction and escapes into
the open alr.

The soll gas is measured by catalytic combus-
tion by means of the catalytic wire twice. The
difference between the measured values obtained
by these two measurements forms a direct absolute
measurement of the hydrocarbon content of the
soll gas,

The one measurement consists In that the soil
gas is asplrated through the reaction chamber
and Into the recelver 18 without the catalytic wire
being heated. In this case the substitute reslist-
ance H is switched in. The sofl gas thus remains
unaltered, that ls, any hydrocarbons contained
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therein are not burned. During the forcing of
the soll gas out through the reaction chamber 9,
the catalytic wire is switched in so that any hy-
drocarbons bresent can be burned, and the altera-
tion set up in the temperature and resistance
causes the galvanometer to vary from the zero
position. The measurement is carried out sev-
eral times unti! a uniform value is obtained, and
an average value cen be calculated for normal
soll gas,

In the second messurement the catalytic wire
is switched in during the first passage of the soil
gas through the reaction chamber. Any hydro-
carbons which may be present In the soil gas are
thus burned durlng the passage into the receiver,
and the receiver therefore, receives and contains
purifled gas, When this is passed back through
the reaction chamber Into the open air, the cat-
alytic wire is switched in, the throw of the gal-
vanometer is again measured, but it will he dif-
ferent from the throw during the first measure-
ment depending on the presence of hydrocarbons
or other combustible substances In the soil gas.
This difference as stated Is a direct measure of a
function of the hydrocarbon content.

In the second measurement the gas is burned
during the aspiration through the reaction cham-
ber into the receiver 10, and can thus be de-
scribed as ‘pre-burned’, whilst in the first meas-
urement it may be designated ‘unburned’ gas. If
hydrocarbons or other combustible substances are
present In the soil gas, the measurement for the
unburned gas 1s more or less different from that
of the preburned gas whilst they may well have

- the same value when no hydrocarbons or other

combustible substances are present.

The velocity of the gas during the passage
through the reaction chamber must have a defi-
nite value. It must not be too great or too small.
Above all furbulence must be avoided in the re-
actlon chamber. For this purpose the inlet and
outlet openings of the cocks 8 and T to the cham-
ber must have definite proportions.

The catalytic wire and its eartridge like casing
are arranged to be rotatable, so that the gas can
be arranged to flow over it in the best position
for the measurement, and the galvanometer throw
can be adjusted. For this purpose a cover S or
8’ is rotatably arranged with a scale and indi-
cator and can be fixed in a definite position by
callbrating the wire.

The catalytic wire can also be arranged in the
reaction chamber as shown In the drawing, i, e.
suspended. It can also be stretched by sultable
devices, e. 2. a spring, or by 1ts own weight or by
stretching in the Incandescent state.

The method can also be carried out by col-
lecting from the bore-hole at one time and in one
large container, all the gas required to make the
Individual measurements, which have to be made
at the bore-hole, This may be accomplished by
air displacement or by first emptying the con-
tainer of air. The container cen then be taken
to any desired place, e. g. the laboratory, where
only the quantity of air required for each indi-
vidual measurement can be taken out. In this
manner the measurements can be made independ-
ently of the weather conditions prevailing at the
bore-hole.

In practice it has been shown that the produc-
tion and handling of usable catalytic wires, in par-
ticular when as proposed in German Patent Speci-
ficatlon No. 573,759, a compensating treatment is
carried out, is extramely difficult, ‘Therefore it
is a great advantage of the Invention that only
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one catalytic wire is used in the bridge, as a cali-
bration of a number of wires is almost Impossible,
as thelr properties often alter during measure-
ments,

With the use of this one wire the bridge can be
calibrated to it without difficulty, Purther, this
wire which can be Inserted in a cartridge can be
replaced easily and quickly.

In order to avoid the residue of both kinds of
gases passed through the reaction chamber re-
maining in dangerous spaces In the tube 8 and
cock 9, so that it can only be removed by re-
peated rinsing, the following method is adopted.

A second chamber M’ which can onhly be used
as & combustion chamber, is employed. This is
similar to the reaction chamber I, and also con-
tains a catalytic wire, which can be switched in
and out at will.

The soil gas is first fed from the tap 4, through
the tube 16 into the combustion chamher M’ and
from here, after preburning or non-burnihg of
the air current, is passed through the tube 11 into
the receiver 10. Tube B is not used in this
method. FProm the container 10 the air is passed
through the actual reaction chamber M and there
measured. This form of the process has the ad-
vantage that the catalytic wire f in the reaction
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chamber M is actually used for measurement
only, and the gas 1s passed over it in one direc-
tion only, so that no alterations occur in the wire.
As the wire arranged In the second chamber M’
which only serves as a combustion chamber, is
only used for burning any hydrocarbons or other
combustible material present in the soil gas, it is
not necessary that it should have exactly the same
properties as the wire | in the reaction cham-
ber M.,

It is thus possible to make the auxillary re-
sistance H as a catalytic acting wire and to effect
the combustion of the hydrocarbons or the lke
so that In this case the actual catalytic wire | is
preserved.,

Should it be required, under certaln circum-
stances, to measure 8 quiescent mixture, then
the auxlliary resistance H can be reduced down
to the equivalent of the wire resistance used.

o¢ The method of measurement is then as follows:
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once preburned and once unburned soil gas are
fed through the chamber M’ into the chamber M
and there enclosed, and after closing the switch
J which is specially provided therefor, and the
galvanometer throw Is determined in both cases.

REINHOLD WEBER.





