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3. HYDROGEN IN HYDROGEN-NITROGEN MIXTURES.

{Vol. 18

The data given in Table 5 were obtained with manually-operated

equipment calibrated for use in a synthetic ammonia plant. The
gas mixtures of variable composition passed through one thermal-

conductivity cell and pure hydrogen was used as the comparison gas.

TABLE 5.—Analyses of Hydrogen-Nitrogen Mixtures.

Average of volu-
metric analysis,

per cent H2 .

Analysis by thermal conductivity apparatus. 1

Unit
No. 1.

Unit
No. 2.

Unit
No. 3.

Unit
No. 4.

Unit
No. 5.

Unit
No. 6.

67.58

Per cent
H 2 .

67.58
69.85
72.67
75.44

Per cent
Ho.
67.58
69.88
72.67
75.52

Per cent
H2 .

67.58
69.69
72.67

Per cent
Ho.
67.58
69.69
72.67

Per cent
H2.

Per cent
H2 .

69.63
72.67
75.43... 75.41

74.00
71.40
76.50

74.00
71.40
66.50
42.48 42.48

44.75
47.62

44.65
47.62

1 Uncorrected reading of instrument with linear scale adjusted at two points.

4. TOTAL IMPURITY IN HYDROGEN.

The thermal-conductivity method was applied to the purpose

of recording the purity of hydrogen made in an experimental

plant by the thermal decomposition of oil. The percentage of each

of the three principal impurities present in the gas was a rapidly

changing function of time, and of the rate at which hydrogen

was produced. It would have been quite impossible to follow

the significant changes in the composition of the gas, and espe-

cially to determine accurately the effect of changes of plant oper-

ation by ordinary methods of gas analysis. The recorder indi-

cated the direction of such changes within 20 seconds and the

adjustment to a new condition was probably complete within a

minute. Figure 11 shows a typical record from one of the experi-

mental runs replotted on an extended time scale.

The recorder was calibrated with analyzed mixtures of nitrogen

and hydrogen. The conductivities of the principal impurities,

nitrogen, carbon monoxide, and methane, are, in comparison

with hydrogen, rather close together. The recorded purity of

the hydrogen was, therefore, quite accurate regardless of the

relative proportions of these impurities. Frequent analyses of

the hydrogen produced in the plant were made by the combustion

method in a good volumetric apparatus of the Orsat type. The

results of a number of typical analyses are given in Table 6,
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together with the reading of the recorder at the time the sample

was taken. In some cases the composition of the gas was changing

rapidly, and some of the differences between the volumetric and

conductivity analyses were probably caused in part by small

differences in the time of sampling.

Duration of Run (Mfnutey

Fig. 11.

—

Effect of rate of production on purity at different stages.

TABLE 6.—Typical Analyses of Hydrogen from Oil.

Sample number.

Volumetric analysis.

Recorder

N2 CO CH4 H2

reading.

1 0.5
.0

.8

.9

.7

.2

1.2

.5

.3

.5

.1

.2

3.2
5.4
2.5
5.5
5.6
2.3
5.2
2.1
2.9
1.9
1.8
2.6

0.0
7.9
.0

2.3
.0

1.2
3.7
.6

.0

.3

.6

.4

96.3
86.7
96.7
91.3
93.7
96.3
89.4
96.8
96.8
97.3
97.5
96.8

96.2
2 86.8
3 96.8
4 92
5 93.5
6 96.0
7 89.2
8 97.4
9 97.2
10 97.3
11 97.7
12 96.8

This recorder gave great satisfaction under plant conditions
;

indeed, it would have been almost impossible to carry out the

investigation of this process of manufacturing hydrogen without

the aid of the recorder.
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#22 Platinum Wire

Hard Rubber

Platinum Sleeve and Wire
Sec/led to Glass

Protecting Oajb-

Lead Glass-

Gold Soldered-

,05mm. Platinum Wire

Spring Made of
*30 Copper Wire

Bushing -

*I6 Copper Wire

Outlet For Gas

Tin Sobered

Silver Soldered

flnlet For Gas

/Coppe*>r Tube

Fused

Silver Soldered

Tin Soldered

FiG. 22.

—

Section of thermal-conductivity cell.
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of the platinum wires when heated by electrical currents. The
other ends of the fine platinum wires are gold soldered to platinum

wires of No. 22 A. w. g., 3 cm in length. This construction con-

centrates the resistance in the platinum wires and renders the con-

nections to the ends of the wires permanent and free from objec-

tionable thermal emf

.

The gas chambers in which these wires are stretched consist of

cylindrical holes, 10 mm in diameter, drilled lengthwise through a

metal bar 12.5 mm square and 125 mm long. Inlets and outlets

are provided for the circulation of gas. Rolled brass and copper

are suitable metals when noncorrosive gases are used; cast metal

should not be used because of its probable porosity. To minimize

the effect on the calibration of any possible displacement of the

active wires and to reduce the power required to produce a given

temperature difference between the wire and the walls of the

chamber, the diameter of the cells is made the maximum permis-

sible. Experiments have shown that when the diameter much
exceeds 1 cm, convection currents cause unsteady readings. This

unsteadiness appears rather suddenly as the diameter of the cell

is increased, and the value of the limiting diameter is in somewhat
striking agreement with the thickness of the stationary conducting

gas film assumed by Langmuir n in his discussion of the loss of

heat by conduction and convection from a cylindrical surface.

The copper terminal of the active wires is soldered to a bushing

which closes the bottom of the cell, while the platinum terminal

is insulated from the walls of the cell by a small glass sleeve fused

to it. Rigid and gas-tight connection to the cell is secured by first

fusing a small platinum tube over the outside of the glass sleeve

and then soldering it to a bushing hermetically closing the top of

the cell. A metal cap protects the glass-platinum seal from

injury.

Use has also been made of an insulating joint devised in the

Geophysical Laboratory of the Carnegie Institution, 12 and pri-

marily intended for introducing thermocouple leads into high-

pressure bombs. Its construction is shown in Figure 23. A hole

about 5 mm in diameter is bored part way into the brass or

copper bushing, which is used to close the top of the cell, and a

cylinder of soapstone or talc is turned to fit this hole. Through

the soapstone is drilled a hole of the same diameter as the copper

11 Langmuir, Phys. Rev., 34, p. 401; 1912.

12 Johnston and Adams, Am. J. Sci., 31, p. 506; 1911.
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terminal wire, which is then threaded through this hole. A small

hard fiber sleeve is placed in the bushing to insulate the terminal

wire where it emerges from the cell. The soapstone cylinder is

inserted in the bushing and rammed firmly into position by
applying a force of several tons; this force is communicated

through a small hardened steel plunger of the same diameter as

the stone cylinder. The plunger is drilled so as not to injure or

interfere with the terminal wire. In order to insure a gas-tight

joint around the wire, either one of two procedures can be fol-

lowed. The soapstone cylinder may be made in two or more

Fiber S/eeve

.347*>f. D/cr.

JO Tficfo fxsrifi.
J

Meter/

ftOmm. Dio.

.73mm P#c/r

To/c or Soap-stone

Fiber Cop'
^22 Copper Wire

FlG. 23.

—

Talc insulating joint.

parts and the holes for the wires staggered slightly, or powdered

talc may be pressed into place instead of the cylinder. Finally,

a thin washer of fiber may be inserted under pressure to prevent

particles of talc from becoming loosened and later dropping into

the cell. If a suitable press is not available, an ordinary bench

vise may be used for applying sufficient force to ram the soapstone

or talc into a tight joint.

This type of insulating joint permits a form of construction

illustrated in Figure 24 in which a separately mounted platinum-

wire system is inserted as a unit into the gas chamber. A No.

30 A. w. g. copper wire, 5 cm long, is fused to one end of a plati-
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num. wire of 0.05 mm diameter, and 100 mm in length and is then
wound into a helical spring. To the other end of the platinum
wire is attached, by fusion, a short length of No. 20 A. w. g. copper
wire. For fusing the copper leads to the small platinum wires a
small gas-air flame from a laboratory blast lamp is ordinarily

employed. A small bead of molten metal is

formed on the copper wire, and the end of the

platinum wire is inserted before the bead solidi-

fies. Only the tip of the platinum wire is allowed

to enter the flame, and the joint is removed as

quickly as possible. The whole operation requires

only a few seconds.

The free end of the copper helix is next sol-

dered to the end of the insulated terminal wire

previously prepared as described above. The
encasing tube, t, is then screwed tightly to the

bushing, the platinum wire placed under tension,

and the lower copper terminal wire soldered to

the bottom plug. The arrangement may now be

inserted into the gas chamber, the open portion

of the encasing tube being turned toward the

inlet and outlet openings so that there will be no

restriction to the passage of gas through the cell.

A gas-tight seal at the top of the cell can be easily

secured by soldering the bushing with a low-

melting alloy, such as Wood's metal.

A cell, in which only glass is exposed to the

gas, has been developed for use in the analysis

of mixtures containing a highly corrosive gas,

such as chlorine. One form of this cell is shown

in Figure 25. It consists essentially of a thin

walled glass tube, A, of small diameter closed

at one end and at the other expanded and

sealed to a larger tube, B. This outer tube

has an internal diameter of 10 mm and

forms the chamber through which the gas for

analysis is passed. / and O serve as inlet and outlet tubes,

respectively. Two enameled copper wires are led through and

cemented to a fiber bushing. One of these wires extends to the

bottom of the inner glass tube, A, and has the fine platinum wire

wound around, but insulated from it by the enamel coating except

r-T-i-H

Fig. 24.

—

Separable

mountingfor con-

ductivity cell.
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at the lower end where the wires are soldered together. The

other end of the platinum spiral is soldered to the second copper

terminal wire. A split metal tube, attached to the fiber bushing,

slips over the outer glass tube, B, so as to keep the wires in place.

The space between the wires and the inside oeKhotinsky cement

of the glass tube is filled with oil and the

cell is immersed in an oil bath maintained at

a constant temperature. This particular

cell has a lag of about one minute; about

the same length of time is required to com-

pletely sweep out the cell with gas.

3. INDICATING AND RECORDING INSTRUMENTS.

In general, the types of indicating and

recording millivoltmeters, potentiometers,

and balanced Wheatstone bridges which

have been developed for use in pyrometry

can be easily adapted for use with the

thermal-conductivity method for gas analy-

sis. The choice of the instrument to be

used in any particular case is governed

by considerations of price and quality in

addition to the suitability of the instru-

ment with the electrical circuit used. A
complete and detailed description of the

instruments made by American manufac-

turers in another publication of the Bureau of Standards 13

renders further description here unnecessary.

4. SOURCE AND ADJUSTMENT OF CURRENT.

Since the wires in the two cells of a thermal-conductivity unit

are usually surrounded by gases of different thermal conductivities,

the ratio of their resistances will not remain constant with varia-

tions in current strength. It is, therefore, important that either

the emf across the bridge or the strength of the current through

the bridge be maintained at a certain definite value. To avoid

the necessity for frequent adjustment, a storage battery should

be used as the source of current. The use of a storage battery

requires some provision for recharging or for always keeping it

13 Foote, Fairchild, and Harrison, Pyrometric Practice, B. S. Tech. Paper No. 170; 1921. For sale by
Superintendent of Documents, Government Printing Office, Washington, D. C. Price 60 cents.

57033°—24 4

Fig. 25.

—

Glass cellfor use

with corrosive gases.
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in a fully charged condition. If the apparatus is of the recording

type and is used continuously, it is advantageous, both with

respect to the amount of attention required and the life of the

battery, that the latter plan be adopted. When a source of

direct current is available a lamp bank affords a simple and

inexpensive means of regulating the charging current. The dia-

gram in Figure 26 shows a suitable connection. The current

through the lamps should be slightly in excess of that required by
the gas-analysis apparatus, but not sufficient to cause frothing,

violent gasing, or overheating. In case an alternating current is

//o 1/0/ts DC

Switch

Fuses

Rheostat

W"

//Ol/o/ts. 40Watt
Incandescent Lamps

JCe//-Ty/>e At Sdison Storage-
Battery or 2 Ce//-zo Ampere
Hour Lead Storage Battery.

HO Volts AC.

V-Switch

) —Tf^Fuses

Rectifier

M-

Rheostat-^%

y Thermo/ Conductivity^
' Measuring Circuit

Resistance
Co//

Fig. 26. Fig. 27.

Figs. 26 and 27.

—

Connections for floating storage battery from direct and alternating

current supply.

the only source of supply available, a thermionic rectifier, such

as the "Tungar" or "Rectigon," or some form of vibrating

rectifier can be used to convert the alternating to direct current.

Figure 27 is a diagram of the connections that may be used. The
charging current is limited to any desired value by means of the

resistance unit connected in series between the battery and the

output side of the rectifier. By floating the battery in either of

the ways just described the emf of the battery will risr until the

battery is fully charged, after which it will remain very constant,

even though the supply voltage fluctuates over a considerable

range. The voltages actually supplied to a measuring circuit for
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gas analysis by a battery floated from a direct current and from

an alternating-current lighting circuit with various line voltages

are shown in Table 13.

TABLE 13.—Effect of Variations in Line Voltage on Voltage Supplied to Gas-Analysis
Bridge.

Voltage Voltage
Line supplied to Line supplied to

voltage. gas-analy- voltage. gas -analy-
sis bridge. sis bridge.

D. C. A.C.
118 2.80 123 2.80
110 2.80 110 2.80
100 2.80 100 2.80
90 2.80 90 2.78
85 2.80 85 2.77

2.70 2.70

The readings were taken in each case five minutes after the

line voltage was varied. Rapid fluctuations in the line voltage,

amounting to 30 per cent, produced no effect on the battery

voltage that could be observed with the voltmeter.

The remarkable characteristics of iron-wire ballast resistances

afford another convenient method for automatically .controlling

the current or emf supplied to the gas-analysis apparatus. In

Figure 28 a typical potential-current curve of a ballast resistance

of this type is plotted. The current is at first nearly proportional

to the voltage, then increases more slowly, becoming practically

constant for a considerable increase in potential; finally, as the

wire begins to glow, the current again increases as the potential

is raised. The sudden rise in the curve is especially interesting,

since it indicates that for a certain value of the current the poten-

tial drop may have any value over a considerable range. This

value of the current is the proper operating value for the ballast.

Because of the lag of these ballasts they do not afford satisfac-

tory control when the voltage fluctuates rapidly.

The best value of the constant emf (or current) to be used

with the gas-analysis apparatus depends upon the gases of which

the conductivities are to be compared. It was shown in Figure

2 that with gases of low conductivity the temperature of the wires

will be much higher for a given emf (or current) than with gases

of high conductivity. If the temperature rises too high, it may
be expected that the wires will undergo secular changes, or, in

certain cases, cause reactions to take place between constituents

of the gas mixture. On the other hand, the curves show clearly

that there is a marked increase in the sensitivity with the in-
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crease in temperature. For most work an emf of 2.5 or 3.0

volts across the bridge has been found to give sufficient sensi-

tivity without heating the wires to excessive temperatures.

In order to determine whether the emf (or current) is correctly

adjusted to the value for which the apparatus is calibrated, a volt-

meter (or ammeter) may be used as an indicator. The introduc-

z.o

/.a

1.6

/.*

t.2

\«
.a

.6

.4

1

1

1

G/oyv-

^^t*-*
^

O / .2 .>? .4 .f .6

Amperes
Fig. 28.

—

Potential-current curve of ballast resistance.

tion of an additional indicating instrument can, however, be

avoided in each of the three electrical arrangements mentioned.

In the case of an unbalanced Wheatstone bridge with a deflection

instrument, the indicator may be switched, by means of a key,

across a drop coil connected in series between the battery and the

bridge, as shown in Figure 29 (a), so as to determine the current

strength, or across the terminals of the bridge in series with a

resistance coil, as shown in Figure 29 (6), so as to determine the
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applied emf. Adjustment can then be made by varying the

resistance of a rheostat in the battery circuit until the deflection

of the pointer of the indicator reaches a certain mark on the scale.

Similarly, in the case of the unbalanced Wheatstone bridge

with a potentiometer, the potentiometer can be switched as shown

in Figure 30, and the rheostat adjusted until the potentiometer

indicates a predetermined emf across the drop coil.

>/Rheostat

h5 USousco of Constant

Assistance Cotf

of ConstantCtAF.

Fig. 29.

—

Unbalanced bridge with deflection instrument.

When the balanced Wheatstone bridge arrangement is used a

somewhat different procedure is necessary. One method which

has proved especially satisfactory for adjustment to constant

emf makes use of the different current-resistance relations of un-

treated carbon and tungsten filament lamps. A bridge is arranged

as shown in Figure 31 (a) in which two arms are manganin-

resistance coils and the other two are low-voltage carbon and tung-

Fig. 30.

—

Unbalanced bridge with potentiometer.

sten filament lamps, respectively. The resistances of the man-
ganin coils are of such value that the glavanometer gives no deflec-

tion when the desired voltage is applied to the terminals of the

bridge. Any change in the voltage will then alter the current

through the lamps and produce a deflection of the galvanometer.

By means of the key shown in the diagram one galvanometer can

be connected in turn with either the voltage-adjustment bridge or

the gas-analysis bridge. If the lamp-bridge arrangement is placed
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in series with the battery as in Figure 31 (b) , the current can be

adjusted to a constant value in a similar manner. Because of

the relatively large fall of potential across such an arrangement,

the device is generally used for constant potential rather than

constant current adjustment. Even very small changes in poten-

tial or current will produce a considerable deflection of the gal-

vanometer when a suitable bridge and an ordinary portable gal-

vanometer are used. Since the loss of heat from the filaments

of the lamps is mainly by radiation, the device is not appreciably

affected by changes in room temperature. 14

Thermal Co/iductii/ity
— Cell -^

Extension Coil

Resistance
Co//

Res 1stance
Coil

•Source of Constant
E.M.E

'Go/vonometor
Carbon Lamp

Tunasten Lamp

'Rheostat

Source of Constant
E.M.r.

Fig. 31.

—

Balanced bridge arrangement.

Rheostats designed for regulating the filament current of radio-

receiving vacuum tubes are now available in a large number of

forms and can be used very satisfactorily to vary the resistance

of the battery circuit.

5. MAINTENANCE OF CONSTANT TEMPERATURE.

The rate at which heat is conducted through the gas in the

cells of the thermal-conductivity unit depends not only on the

conductivity of the gas, but also upon the difference in tem-

perature between the wire and the walls of the cell. The fact

14 This device is essentially the same as the old Howell indicator. Other applications of a similar lamp
bridge are mentioned by T. H. Amrine in his paper on " Incandescent lamps as resistances," Proc. A. L
E. E.,31, p. 1247; 1912.
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that a comparison of the temperature of two similarly mounted

wires is made in all applications of the thermal-conductivity

method assures considerable compensation for the effects of changes

in room temperature. If the cells are carefully constructed, no

further compensation for changes in temperature is needed in

many cases, especially when a high degree of accuracy is not

essential. Frequently, however, an additional compensator is

necessary or means must be provided for the maintenance of the

thermal-conductivity units at a constant temperature. In the

laboratory a constant temperature is easily secured by mounting

Thermo- Regulator

Thermomaf&r

£no View Removed From Tank

Side View or Tank Wim Sioc Cut Avuw

Fig. 32.

—

Oil-bath thermostat.

the units in an electrically-heated oil or air-bath thermostat.

A simple thermostat of the former type, which was employed in

obtaining the data given in' Figures 2 and 3, is shown in Figure

32. The tank is made of sheet metal and is filled with transformer

oil. Since the temperature of the room in which the apparatus

is located may vary between wide limits during the course of

the year, it is advisable to maintain the bath at a temperature

which is always higher than that of the room, as it is usually

easier to heat than to cool the bath. Temperature regulation

may be automatically controlled by means of any one of a number
of types of thermoregulator. A simple mercury thermometer
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type of thermo-regulator, with which it has been possible to

hold a bath temperature constant to o.i° C, is shown in Figure

33, together with a diagram of the electrical connections of the

thermostat.

When it is impractical to employ an oil-bath thermostat, a

suitable bimetal thermoregulator may be used as a means for

Ughtinq Circuit

Fig. 33.

—

Diagram of thermostat connections.

controlling the temperature. Figure 34 illustrates one simple

method by which this may be accomplished. Two bimetal

strips (brass and steel) , fitted with platinum contacts, are attached

to a metal plate screwed to the casting that clamps the con-

ductivity cells. The bimetal strips are insulated from the plate

by mica and fiber. A heating coil is wound noninductively
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41

C

s

ml

* 1

Fig. 34 (a).

—

Thermostaied unit.
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/

Fiber Bushi. ,yS >

Platinum
Contact Po/nte^^

around a fiber core, inserted in a hole drilled in the clamp, and is

surrounded with paraffin. The heating coil is connected in

series with the bimetal strips to a source of current. When the

strips are cold, the contact points are in electrical connection and

current flows through the heating coil. As the heat from the

coil raises the temperature of the clamp, the bimetal strips also

rise in temperature and bend so as to

break the connection between the

contact points when the unit is

heated to the desired temperature.

When the clamp cools slightly, con-

nection is again made and current

again flows through the heating coil

as before. In this manner the tem-

perature of the unit is kept substan-

tially constant. A small incandes-

cent lamp is frequently connected in

series with the heating coil to limit

the heating current and to provide

an indication of whether the thermo-

regulatoris functioning. Adjustment

of the regulator is effected by means
of the screw which presses against

one of the bimetal strips.

In some instances it has been

found advantageous to use the ther-

mal expansion of the unit as a means

of controlling its temperature. A
bowed strip of invar is attached

directly to the unit with a screw

motion at one end for the adjust-

ment of the bow. Platinum contact

points, insulated with glass-platinum

seals, are fastened to the invar strip

and to a bracket attached to the

unit. The heating coil is wound noninductively around the unit

The construction may be seen in Figure 35. When the unit is

cold the contact points touch one another and current flows

through the heating coil. As the heat from the Coil raises the

temperature of the unit, the elongation of the metal bends the

invar strip so as to open the circuit between the contact points.

rJ-

%
!

Brass Wosher

Fig. 34 (b).—Detail of thermo-

regulator.
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It is possible to control the temperature to about i° C. by this

regulator. Because of the possibility of changes in the thermal

properties, some metals and alloys are unsuitable for an expansion

type of regulator. Well-annealed copper, however, is quite

satisfactory, though the adjustment of the regulator should be

checked frequently with a thermometer.

Invar Str/Jo

Insulated P/ofinum
Contort Point

ffeating Coil

Lock Screw
^

Adjustment <5*crew°

Fig. 35.

—

Thermostated unit with bow regulator.

It is sometimes convenient to maintain a thermal-conductivity

unit at a constant temperature by surrounding the unit with a

jacket through which wet steam is discharged at atmospheric

pressure. An arrangement of this kind is especially desirable

when water vapor is an important constituent of the gas mixture

undergoing analysis and steam is readily available. Figure 36

shows a construction that was used with a recording instrument

in an investigation extending over a period of several months.
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The thermoregulators which have been described here are all

simple contrivances which have been found convenient for the

rough adjustment required by this method.

6. REGULATION OF FLOW OF GAS.

It has been pointed out that some heat is carried away by the

current of gas when there is a flow of gas past the wires of the ther-

mal-conductivity units. However, unless the apparatus is

— r^tr ^~ i^j?i .

Jtea/n inlet

Cos inlet

Thermal Conductivity UnD

Washer

Gas Outlet-

Qubber CosAe

Metal Diaphragn

Drain

Fig. 36.

—

Steam jacketfor unit.

especially designed for high sensitivity no appreciable cooling

occurs with rates not exceeding 20 cc per minute. To reduce the

lag between a change in the composition of the gas undergoing

analysis and the corresponding indication of the analytical

apparatus, it is sometimes advantageous to sweep out the sampling

line with a strong current of gas and to by-pass what is needed

for analysis. By means of liquid seals the rate of flow can usually

be kept sufficiently constant in spite of small fluctuations in the
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pressure. A differential manometer affords a ready means for

observing the rate of flow. Figure 37 illustrates one convenient

form in which the difference in the heights of the liquid indicates

the rate at which gas is passing through the capillary. A. F.

Benton 15 has discussed the factors entering into the design of

such flow meters for small rates of flow.

Cement

mi
Fig. 37.

—

Flow meter.

7. EFFECT OF PRESSURE.

Although the thermal conductivity of a gas is independent of

its pressure over considerable ranges of variation, it does not follow

that the resistance of a wire mounted in a thermal-conductivity

cell will be unaffected by changes in the pressure of the surrounding

gas. In fact, the data plotted in Figure 38 show that the dissipa-

tion of heat from an electrically heated wire surrounded by air

Benton, Jour. Ind. and Eng. Chein., 11, p. 623; 1919.
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in a thermal-conductivity cell increases as the pressure is raised.

The increase in the power expended in keeping the wire at a con-

stant temperature is probably a result of the correspondingly

greater thermal convection following a rise in the pressure of the

gas. This is indicated by the unsteadiness of the readings at high

pressures. Fortunately, however, the effects of variations in

pressure amounting to several centimeters of mercury are not
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Relation between the power expended in maintaining a wire at a constant resist-

ance and the pressure of the surrounding gas.

sufficiently great to materially affect the accuracy of the thermal-

conductivity method unless they are accompanied by great

variations in the rate of flow of gas past the heated wires.

8. CALIBRATION OF INDICATORS AND RECORDERS.

Because one can not calculate the significance of the indica-

tions obtained by the thermal-conductivity apparatus, some
method must be employed for making an empirical calibration
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which will hold under actual service conditions. This usually

involves the preparation and careful analysis of gas mixtures

having compositions similar to those with which the apparatus

is to be used. Such mixtures can be prepared by forcing known
quantities of the pure components into a suitable container.

When a mercury-sealed gasometer is used to store the mixture, the

heights of the drum afford a sufficiently accurate measure of the

relative volumes of the various gases admitted. Care must be
taken, however, that the holder is gas tight, for even small orifices

may result in considerable changes in the percentages of the

constituents caused by differences in their rates of effusion. A
water-sealed holder is usually unsatisfactory as a container for

gas mixtures to be used for calibration purposes. In case the

equipment is available, a mixture may be prepared having very

closely the desired composition by compressing the gases into a
small steel cylinder fitted with a needle valve. The relative

volumes of the gases admitted to the cylinder are best measured

by means of a pressure gauge. In no case has it been found

feasible to make up mixtures with sufficient accuracy as to render

subsequent analysis unnecessary.

The construction of a type of needle valve, which has been

found very useful in handling gases under pressure up to 150

atmospheres, together with the fittings for attaching it to com-

pressed gas cylinders, is shown in Figure 39. Some of the labora-

tory uses of a somewhat similar pressure-reducing valve have

been pointed out elsewhere by S. W. Parr. 10 In the use of a gas

mixture made up to a considerable pressure, sufficient time l7

for thoroughly mixing by diffusion should be allowed to elapse

before making an analysis.

It happens frequently that the limit of variation of a desired

constituent of a gas mixture is such that the indications of the

thermal-conductivity apparatus are approximately linear functions

of the volume percentages of the constituent. In such instances

it is only necessary to locate experimentally two points on the

scale and then make a uniform subdivision. If, as is frequently

the case, a measuring instrument is employed which already has a

uniformly divided scale, it is generally possible to make adjust-

16 Parr, Jour. Ind. and Eng. Chem., 11, p. 768; 1919.
17 The diffusion of one gas into another takes place with considerable rapidity under ordinary conditions.

The rate is inversely proportional to the total pressures of the two gases, and approximately proportional

to the square root of the absolute temperature. The effect of increased pressure is very noticeable if a

mixture of two gases, for example, nitrogen and hydrogen, be made by successive compression of the two
gases into a cylinder, particularly if the cylinder be in a vertical position and the lighter gas be introduced,

second. If, however, the cylinder be disposed in a horizontal position, diffusion is almost complete on

standing 12 to 24 hours.—Greenwood, Industrial Gases, p. 9; 1919. Van Nostrand.



Palmer
Weaver

Thermal-Conductivity Method for Gas Analysis. 95

ments of electrical resistances which will make the existing scale

indicate gas compositions directly. In other cases the displace-

ment of the indicator on the scale is not a linear function of gas

composition and several gas mixtures are required in order to

determine the proper subdivision of the scale.

The calibration of apparatus for the determination of the purity

of electrolytic oxygen will suffice to illustrate the methods that

may be employed with the various forms of electrical arrangement.

Analysis at frequent definite intervals of oxygen manufactured

by the electrolytic method is generally recognized as a necessity

for the proper safeguarding of life and property against the

*> A
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Fig. 39.
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Needle valve and fittings for attaching it to compressed gas cylinders.

hazardous conditions that may arise in the production, collection,

and storage of this gas, owing to possible contamination with

hydrogen. The standard of purity specified by the Underwriters'

Laboratories is:
18 "For industrial purposes oxygen shall not con-

tain more than 1 per cent by volume of impurities which form

explosive mixtures with it, such as hydrogen." Although fre-

quent chemical tests may be conducted to insure that the gas

conforms to the above standard of purity, the desirability is obvious

for automatic equipment, which not only provides a continuous

record of gas purity, but which also can be arranged to sound an

alarm and to shut down the plant by opening the circuit breaker

in the electrolyzer circuit whenever the purity falls to a harardous

lB Underwriters' Laboratories, tentative standards.
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point. For these purposes the thermal-conductivity method can

be readily adapted.

Since in this application we are dealing with mixtures contain-

ing only the two components oxygen and hydrogen, measurements

of changes in composition are most simply made by a comparison

of the conductivity of the mixture to be analyzed with that of a

standard reference gas. Inasmuch as air has very nearly the

same thermal conductivity as oxygen, it is convenient to use it

as the comparison gas. Compensation for variations in water-

vapor content is easily secured by keeping the gases in both cells

of the unit saturated. The range of the instrument scale need

not cover more than o to 2 per cent of hydrogen in oxygen or a

purity of 98 to 100 per cent of oxygen. As a source of pure

oxygen, gas from an electrolytic generator, freed from hydrogen

by passage over a glowing platinum wire or through a combustion

furnace containing copper oxide or hopcalite may be used. A
mixture of 2 or slightly less than 2 per cent of hydrogen in oxygen

is also required. This mixture should be carefully analyzed by
combustion or absorption of the oxygen.

The unbalanced bridge with deflection instrument arrangement

may be connected as was shown diagrammatically in Figure 19.

R is a coil of manganin wire and R f
is an adjustable resistance.

The cell B is filled with air saturated with water vapor at atmos-

pheric pressure. Pure oxygen is allowed to flow through the

cell A at a rate not exceeding 20 cc per minute. The rheostat

is then adjusted until the voltmeter indicates the emf value which

has been chosen for the operating potential. While this potential

should not be high enough to result in combustion 19 of hydrogen

at the surface of the platinum wire, it should not be so low as to

require the use of an exceptionally sensitive or expensive deflec-

tion instrument. The curves of Figure 2 indicate that with 2.50

volts applied to the bridge terminals (with a consequent drop in

potential across the wire of each conductivity cell of about 1.25

volts) the wires will be heated to a temperature not greater than

150 C. when surrounded by oxygen. The temperature will be

somewhat lower when the gas contains hydrogen. As this tem-

perature is not excessive, 2.50 volts may be tentatively selected

as the value for the emf to be supplied to the bridge. The resist-

ance of R' should now be varied until on closing the circuit through

19 By coating the platinum wire with a thin film of gold deposited electrolytically, the possibility of

combustion at the surface of the wire is rendered very remote. Disappearance of the protective coating

by volatilization or alloying does not occur at the low temperatures employed. The coating can be made
so thin that no appreciable change is made in the resistance of the wire.
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the detecting instrument there is no deflection of the needle. A
manganin coil adjusted to have the same resistance as the value

of R' just found may be substituted for the variable resistance.

An adjustable resistance, S, is next connected in series (or par-

allel) with the indicator and the mixture of oxygen and hydrogen

previously prepared and analyzed is passed in a slow stream

through the thermal-conductivity cell A. When the system has

been thoroughly swept out with the gas mixture, the resistance

of S is varied until the deflection of the pointer of the instrument

indicates a scale reading corresponding to the purity of the oxygen.

A manganin coil of the proper resistance may now be substituted

for the adjustable resistance in 5. No further adjustment of the

apparatus is necessary, since over the range of gas variation a

uniformly divided scale gives sufficient accuracy. Intermediate

calibration points can be easily determined, however, if it is

thought desirable. The sensitivity required of the indicating or

recording instrument depends upon the change in emf between

e and e
f following the maximum variation in gas composition for

which analysis is to be made. Table 14 shows that this change

in emf varies somewhat with the resistance of the measuring

instrument. Consequently an instrument must be selected which

will give a full-scale deflection on the unbalanced voltage available

at the particular value of the resistance between e and e
f

. An
increase in the operating potential increases the change in emf
across the indicator terminals with alterations of gas composition,

and permits the use of a less sensitive indicator.

TABLE 14.—Effect of Resistance of Indicator on Unbalanced Potential.

2.5 VOLTS SUPPLIED TO BRIDGE.

Gas.
Resistance

of
indicator.

Millivolts
across

indicator
terminals.

Pure oxygen
93.1 per cent oxygen.

0.0
7.1
7.0
7.0
7.0
6.9
6.6
6.0

3.0 VOLTS SUPPLIED TO BRIDGE.

Pure oxygen 0.3
11.1

500 11.0
400 10.9
300 10.8
200 10.7
100 10.2
50 9.5

57033°—24-
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When the unbalanced bridge is used with a potentiometer as

the measuring instrument, the connections may be made as was
shown schematically in Figure 20. R is a manganin coil and R f

is an adjustable resistance, the cell B is filled with air saturated

with water vapor at atmospheric pressure, and the gas for analysis

flows through cell A. Just as, in the case of the unbalanced

bridge with a deflection instrument, cell A is first filled with pure

oxygen, the bridge is supplied with current at the proper oper-

ating potential, and R f
is adjusted so that the potentiometer

indicates no difference in potential between e and e
f

. A manganin
coil accurately adjusted to the same resistance is then substituted

for the variable resistance in R' . Further calibration consists

only in noting the potentiometer readings when A is filled with

mixtures of oxygen and hydrogen and marking the potentiometer

scale in terms of purity of the oxygen.

The use of a balanced bridge arrangement possessing the direct

reading feature involves a somewhat different procedure in cali-

bration. The arrangement of the apparatus is that shown in

Figure 40. By making the extension coils of the slide-wire of

the proper resistances, the position of the sliding contact with

respect to a uniformly divided scale indicates directly, and

with considerable accuracy, the percentage of the desired con-

stituent of the gas mixture being analyzed when the bridge is

adjusted to give no deflection of the galvanometer needle. Con-

sequently the process of calibration consists mainly in determining

the proper resistance values for the two extension coils. The
calibration of recording apparatus for the determination of the

purity of electrolytic oxygen will suffice to illustrate the method
employed for finding the value of the end resistances.

R and R' are resistance boxes. R f should be adjustable to 0.1

ohm, or better still to 0.01 ohm. Cell B is filled with air saturated

with water vapor at atmospheric pressure, and the gas for analysis

flows through cell A as in the other cases. With the contact set

at the end of the slide-wire marked 100, pure oxygen is allowed

to flow through cell A at a rate of 20 cc per minute. When the

cell has been thoroughly swept out the battery circuit is closed,

the setting of the rheostat is varied until the voltmeter indicates

the proper operating potential across the bridge terminals, and

with one resistance box, for example, R, set at a definite value,

the other resistance, R', is adjusted until the galvanometer gives

no deflection. Care must be taken that the emf across the bridge
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is correct when the final adjustment is made. The settings of the

two resistance boxes are noted, and by increasing the resistance

in J? by regular steps and obtaining the corresponding values of

R' for a zero reading of the galvanometer, a series of values of

correct end resistances is secured for the upper limit of the purity

of the oxygen.

A mixture of approximately 2 per cent of hydrogen in oxygen,

previously prepared and carefully analyzed, is next allowed to

flow through A. With the contact of the slide-wire set at the

scale division corresponding to the oxygen content of the mixture

&attery

Rheostot
/vwwwv

Fig. 40.

—

Calibration of balanced bridge arrangement.

as found by the analysis, another series of correct end resistance

values for the lower limit of the purity of the oxygen is secured.

Choosing the resistances of one box as ordinates and of the

other as abscissas, end resistance curves corresponding to the

upper and lower limits of variation of oxygen are plotted. The
intersection of these curves gives the values of the end resistances

to be used for this range of variation in the purity of oxygen

when contaminated with hydrogen, and manganin coils of these

resistances may be substituted for the resistance boxes.

It is advantageous both for the purpose of securing high sensi-

tivity and for the sake of uniformity of electrical characteristics

to have the resistances of the extension coils of the same order of
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magnitude as the resistances of the thermal-conductivity cells.

Since, for two slide-wires having the same number of divisions,

the same readings correspond to the ratios

R'2 R2 S2

in which R and R' are the resistances of the extension coils and

S the resistance of the slide-wire, it is only necessary to shunt

the slide-wire to some suitable value in order to bring the ex-

tension coils to any desired magnitude.

9. MULTIPLE OPERATIONS.

By the use of a suitable switch the same deflection instrument,

potentiometer, or slide-wire, and galvanometer may be employed

in connection with any desired number of thermal-conductivity

units. Multiple-point recorders are also available for each of

the three types of electrical arrangements.

Washington, October 30, 1923.


