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This .invention.. rélates - to. the qua;ntitatlve

‘analysis-of gases by. means of catalysts, and

[
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&
<

especially -to thé- determingtion of carbod mon-
oxide ‘in. air, ‘particularly of air vitiated by ex-
haust gases from:internal combustion -engines.
A'particular application of apparatus for quan-
titative -analysis -of -constituents:. of gases ig:in
the detérmination of carbon monoxide in ain
This -is important,- foranta.nce ‘where: air may
be contaminated by -exhaust gases from internal
combustion -engines, :as in - passenger- busses,
where the air may hecome vitiated by leakage of
exhaust gas into the bus, especially .in. the. case
~ of bus compartments heated by exhaust from the
engine. ~Alsp, persons- carried by aireralt may
be exposed to dangerols concentration of carbon
monoxide resulting flom the  exhaust gases. of
their engines. ‘
There have been ava11ab1e apparatus for. quan—,

titatively measuring carbon monoxide and other

combustible- constituents of . gases, which: make
use of catalysts: . The heat change due to cata-
lytic action is used as a quantitative measure of
the proportion of constituent, and it is measured
by means of one or more thermocouples asso-
ciated with the catalyst as a hob junction.. The
cold junction hasbeen composed of any material
which does not cause’ heat change when: in con-
“tact with the gas, pumice.bsing the material

9 ustiaily used. -Apart: from: the “limitation  just

mentioned, no- attenuon has been paid to” the

cold  junction material. " In-such apparatus: the

direction -of gas flow has-ususlly” ‘been ‘straight

through a body of pumice or the like (cold Junc-'

- tion) in contact with the catalyst.bed. .
Apparatus of catalytic type avaﬂab‘e hereto-
fore has been satisiactory for some - purposes;
. but experience has shown that under-some ¢on~
ditions it .doss noct function pr operly. -Thus:it

. is not suitable for use in. determining -carbon

monoxide in-airplane cabins. or cockpits, ete.,
where operation of the craft subjects it-to 'famd

~ changes 0f tempel rature and atmospheric: prés-

sursas the craft un.anges sltitude rapidly. Under
these and other. cn”ﬂumstances Dprict apparatus

fimctions  inaccur atnly, either  -indicating the

- presence. of carbon tonoxide when it is not actu-

"glly ‘present, or in’ amaunts -different from that

actually present. Such inaccuracy may entail
- serious results. Nor has there been available a

portable apparatus for determining. such. con-

stituents. with. high adcuracy. over. wide ranges.

of concentration; or under Wldely varylng oper-
ating conditions: ;
I40is among the obJeets of ‘this invention to

. (CL 23—238)

provide an 1mproved method of ‘and apparatus

for the quantitative determination of & combus=:
tible constituent of a gas by means of catalysts,
- which are simple, readily used, do not requlre
complicated apparatus, are -adapted for highly

accurate: determination of very small coneentra- -

tions; as well as large amounts, of such constitu=
ents, and are adapted to provide accurate results:
neapectlva of and under WIdely varylng oper-
ating conditions.

A particular chject is to promde a method and’

spparatus of the type descrived which:are espe- .

cially adapted for use in determining the pres--
ence and extent of carpon:menoxide vitiation of:
air By internal combustion exhaust gasns espﬂ-
cially for portable use in aircraft.

The invention is illustrated in the accompany-

ing ‘drawings, which represent its preferred em-.

bodiment; and in'which Fig. lis-a diagrammatic
representation of .the apparatus; Figs. 2 and. 3
lohgitudinal sections through elements of the ap-
paratus shown in Fig. 1; Fig. 4 a fragmentary.
section  of & portion of: the apparatus shown in
Tig.'3; taken on lne ITfT==IIT; Fig. 5 a fragmen-
{ary. section taken oh line V—V, Fig. 1; Fig. 6
a graph representative of the-relation between

.’5;,

10-

the potential developed in the apparatus and the'
rate of gas flow through it; and Figs. 7 and 8 wir-

ing diagrams of the apparatus shown in Fig. 1.

The temperature rise due to:the catalytic coms=: 3

‘pustion of such constituents, especially when 'in
air, is generally quite small; so that-its inaecuraste
measurement may cause substantial inaccuracy it
the result. - We have discovered that the inability
of these appatatus to function: satisfactorily as
previously constructéd is due to the fact: that
the true temperature changes in the catalyst bed
cannot . always  be measured exactly.. For . in-
stande; they cannot accurately function: undet
varying operating conditions;such as exXperienced
by aircraft,  “We-have found this to be due to the
fact that the hot ‘and  cold:‘junctions of the
catalyst do not-changein temperature at the
same rate-when the apparatus is exposed to a-
change in tempeiature. - Thus, the catalyst, con=
stituting the hot junction of the thermocouple,
changes temperature at a rate different from that
of the pumice or other material tsed- as the cold:
junction.. ‘This difference in rate of heat trans-
fer between the atmosphere on the one hand and
the ‘hot and. cold junctions on the other:-as the.
apparatus is subjected to changing temperatures
causes the thermocouple: to-indicate. a false result;:

- since the 'instrument has- been: calibrated for

constant: relative relatlon of ‘the cold and ‘hot

'
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junctions. For instance, if an airplane equipped
with such apparatus rises from the earth to a
high altitude, and the cold junction material loses
heat more rapidly than the catalyst material, the
thermocouple will not indicate the true tempera-~
ture in the catalyst, and quanitative measurement
of carbon monoxide actually present is not
possible.: -

This factor has not previously been recognized,
any indifferent cold junction material being used
on apparatus in which the gas passes directly
through catalyst and cold junction beds a further
source of inaceuracy has been due to transfer of
heat from the catalyst to the cold junction ma-
terial. 'The effect of this is, of course, to cool the
former and heat the Iatter, rendering the thermo-
couple readings- inaccurate. This is especially
serious because of the low temperature gradient
between the two junctions, which may not exceed
1° C. with some concentrations of CO.

We have discovered further, and it is upon this
that our invention-is predicated in part, that
these disadvantages may be overcoine, and highly
accurate results assured under widely varying
operating conditions, by providing hot and cold
junctions of substantially the same thermal prop-

erties. In dccordance with the invention, there- *

fore, the hot and cold junctions change tempera-

ture at the same rate when the apparatus is’

exposed to changing temperature; and this main-
tains correct relationship between the two junc-
tions. ' This provides for continuous accurate

“measurement of the temperature change eaused

by the action of the catalyst upon a.combustible
constituent in the gas passed through it, irre-
spective of changing external conditions.

We have discovered alsothat the sensitivity and
accuracy of the apparatus may be further im-
proved by minimizing heat transfer between the
hot and cold junction materials, This is accom-
plished in accordance with this invention by ar-
ranging the hot and cold junction materials as
separate elements, and preferably also by inter-
rupting direct flow between the two beds, most
suitably by passing the gas through the elements
in opposite directions, in contrast to the straight
through flow of prior apparatus. !

Catalyst. and  cold junction' beds having the
same thermal properties may be provided in va-

‘Tious ways, but the most satisfactory results are
-obtained by using as.the cold junction a bed of

the catalyst material in an inactive or spent con-
dition. In this manner the hot and cold _junc-
tions of ‘the thermocouple are embedded in the
same material, the former being ' catalytically
active, and the Ilatter catalytically inactive,; to
the constituent to be determined. ' Thus they are
of the same thermal conductivity, and by making
the beds of substantially the same size, they have
the same heat capacity.

The rate of heat transfer is governed in part

by the conductivity of a material, so that this
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‘factor-appears to be of importance here. How-

ever, the heat capacity appears to play a part also.
In the absence of definite information as to
which, if either, of these properties is controlling,
the term “thermal properties” is used herein for
brevity of reference. : : .

The invention provides also an apparatus for
the practice of the method Jjust described, and in
addition this apparatus embodies other features
presently to be described, which constitute an im-
provement upon prior apparatus of this type.
The method may be understood further, and the
apparatus described, with reference to the accom-

1,092,747

panying drawings, which represent the
embodiment of the invention.

Having reference now to the drawings a pump
1 operated by a motor 2 draws gas to be tested
into a sampling line 3, provided with a manometer
4 for use in measuring the rate of flow, and con-
nected to a drier 5. The exhaust side of the drier
is connected by a pipe 6 to the catalyst cell 1,

preferred

-from which it flows through a line 8 to pump 1

which exhausts the gas to the atmosphere through
an exit line 9 and check valve 9a.

Drier 5 preferably comprises an ordinary gas
mask canister, Fig. 2, preferably of relatively large

capacity, having inlet and outlet couplings 10 and

11, and containing a granular drying agent 12,
such as caleium chloride, or calcium chloride and
activated alumina, held between wire screens 13
in the manner customary in sué¢h devices. TIts

-purpose is to prevent poisoning of the catalyst by

moisture.

"In accordance with the invention the gas is’

passed through a catalyst cell ‘which contains
separate beds of catalyst and cold junction ma-
terial of substantially the same thermal prop-
erties, and in which there are embedded respec-
tively the hot and cold junctions of a thermo-
couple. - The beds are separated to prevent heat
transfer from the catalyst to the cold junection
bed, most suitably by so constructing the cell
as to cause the gas leaving the cold junction bed
to change its direction of flow and pass through
the catalyst bed in the opposite direction.

The embodiment .of cell 7 shown comprises a
tubular casing 14, Fig. 3, provided with inlet and
outlet coupling members 15 and 18 connected re-
spectively to lines 6'and 8. Disposed within cas-
ing 14 is a tube 17 spaced from the shell by a ring
18 of any suitable- material. Tube 17 is divided
transversely into two compartinents by means of
a disk 19, preferably of heat insulating charac-
ter, held in_ position by screws fastened to @
shoulder 20 interiorly of the tube. . On opposite
sides of disk 19 there are connected to the tube
rings 21 which hold a tubular screen member 22
in fixed position spaced from the interior wall
of -the tube. The ends of the casing are closed
by caps 23 threaded into the casing, as shown.

In this construction the cell contains annular
passages 24 and 25 hetween the casing and tube,
which are separated by ring 18, Passage 24 cpens
into- inlet coupling 15, and into the adjacent
chamber™ 24¢ of the tube. Opposite screen 22
at the base of chamber 24¢ is a perforation in

the wall of the tube, connecting the chamber

with passage 25, and this latter opens into the
chamber 25a¢ formed in tube 17 by dise 19. Ex-
haust coupling 16 is connected to chamber 25a,
as shown. ' , S

A deep bed of inactive, or spent, catalyst is
disposed in chamber 24a, to act as cold junction
material, and chamber 25¢ is filled with the same
material in a catalytically active condition. The
beds contain approximately the same amount of
material, 5o as to be of like thermal properties.
The catalyst preferably comprises hopcalite
where CO is to be determined, and for the cold
junction spent hopecalite- may be used, or the
activity of hopcalite may be destroyed for this
purpose. - ,

The beds of catalyst and cold junction mate-
rial are maintained in position by means of
screens 27 urged inwardly by springs 28 acting be-

tween the screens and caps 23. Dust, oil and the,

like may be rerdoved from  the gas before it
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reaches the cata,lyst by a filter :29° of ga,uze held
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‘plurality of couples connected in seriés.
artangement is shown in Figs. 3 and. 4, in-which.

in place by a screen 29g¢, as shown.:
In order to’ determine the ‘temperature chenfre

caused by the action of the:catalyst Upon-a coms= -
“bustible constituent: of the gas, such as CO, a.
"thermocouple is motunted in: the cell Wlth its cold
" junction in the inactive material in chamber. 244,

and. itshot junction in:the catalyst Dependent
upon theé accuracy required; cneor more thermo-
couples. may be. used, .the sensitivity being in-
creased by the u1se. of -5 thermoecuple unit of -a
‘Such an

a plate 31, of mica or the like sealed in-disc*19,
through which it passes; acts as a support for a

plurality - of thermocouples.: cohnected ‘in. senes_’
and-having their opposue ends embedded as de-

scribed.

In:the preferred embod1ment the. thermocou-
ples ‘comprise Chromel wires:32 and Constantan
wires 33, Fig: 4. -By;the: use.ef. a thermocouple
of thistype comprising fif ty-five ‘such- coiiples:in
series, and using Hopcalite as: the catalyst, ithe
apparatus is capable of determining up:to about
0.15 percent.of CO with an accuracy of 0. 91 per-

‘cent of CO..: By appropriately .increasing: or- de-

creasing the number. of thermocouples, the ‘sensi-

-tivity and range of the a,pparatus may be changed

according to need. .
~The .construction shown and descmbed pro-
vides.for flow of gas through the cold ! junction

-and thence to the catalyst in a’ counterdirection,

ds indicated by the arrows. in Fig. 3. Asthere

shown, dried gas from drier 5 enters through cou-.

pling 15° into annulay.space: 24 and ‘fAlows through

“theinactive bed 24¢q; Whence it passes-out throucn :
- “sereen 22 and cpening 26 into- annular space 25
»The' gas’ then“

cn the opposite side ofiring 18.
flows.through catalyst bed 254, where the CO is’

vox1d1zed and it leaves through outlet coupling 18:

Forilse asa portable instrument, or-in-a perma-
nent installation, sichiagina vehicidar tunnel; or

‘on an aircraft, the ends of the:thermocouples: are:’

connected to-leads 34 .and 35 connected 't0-a

,' galvanometer-36:. haV‘ng its* scale. graduated to

read directly in percentageof CO. -If desired, the
theérmocouple-may “be -connected to a signalling

“-device, such- as'a bell 37, or to a graphic recorder,
- of which several types are available: 5 ‘
Drier 5 prevents aceess of moisture to the cata-

lyst from thesinlet erd of the apparatus, and for.

the sarae: purpose’ purap.1.is provided with an:
‘sutomatic’ check valve which closes the exhaust
line when the apparatus ismot in‘use..~One form
- .of valveisshown in Fig. 5. It comprises’ a ‘hol-
- 1ow housing 38 connected to: exhaust pipe.9; and:.

within the ‘housing “there-is alight® weight disc

39 When the pump is operating, disc 39.is forﬂed‘
upwardly: against studs: 40 formed on mwardly‘.
y. extending ‘flahges 38¢, pelmlt ting the gas: ‘to be:
LWhen-the -pump .

exhausted 1o the atmosphere.
ceases to- opera‘“e the disc falls.and closes the. ex-
haust line, - Gua,fd members 41- prevent external
injury to disc. 30,

AThe aecuracy and sensmwlty of the determma-'
tzons are also dependent upon the rate of flow. of:
‘gas through the apparatus,-and this may be'in¥

fluenced by variation lin atmospheric: pressire.

An instance of this is-in the: testing “of air'in an-
. aireraft cabin, cock]gnu ot the like ‘space;, W
'the craft changes altltude rapidly, with conse-
quent. sudden: change in pressuré:-and. gas - flow..
We have found that by regula,tmg the: rate of:
flow' Wlthm certain ‘limits ‘the -effect ot ‘such’
“‘changes-in- pressure may be mlmmlzed or. elimi~:

where

-of:flow:increases.

’ varyme conditiotis

- such:batteries. -

limits

‘the.grease.:

nated Having reference to ng 6, the variation

ot thermocouple =M. P with the rate -of : flow

‘g

of ‘gasithreugh the catalyst. was ‘plotted for-a- '

given concentramo*a of CQ in'air,’ With low.rates

of flow the &

in;“altitudewould -seriously - affect the results.
However, ‘our: tests demonstrated, as Fig. 6
shows; thai within certain ranges of flow rate its

variation :does not. exert any substantial change’

in- potential recorded by the théermocouple. - “We

have ‘found ‘thas, in general rates.of ﬂow fromg

about 3.5 ‘to 5. liters per  minufe satisfactorily

- .cvezcome the difficulty referred uo a rate- of 41/2

liters per. minute being preferred..

Inorder to instre constancy. of flow: rate under
pump - 1. preferably com- "

prises ‘a; rotary positive pressure - blower type;
Wor this use the blower duty is hot heavy, so that
it-may he operated by means.of a motor Tun from

an: ordlnary siz voltistorage. cell, thus making it

oML T increases rapidly as fhe.rate
~Under such conditions changes: -

10

15

possible:to provide a- portable type apvaratus;

sinice” most automotive vehicles-and aircraft use

cell 7. Regulation of the flow rate within the
‘given,. to maintain- sabutant-al constancy
of flow, is provided for by means of the manomete*‘
4, its:scale bemg ‘graduated. appropriately.

- In the: use. of this anpalaws at high altltudes-

‘Being used -as-an exhaust pump, -
the inlet.of the blower is connscted to the cutlet of

25

30 -

i. 6. ab low temperatures, it has Been found that. =
the: blowe"‘ “gtarts slucglshly, owing %o chiliing of i

This may-be.gvercome- by providing
the blower: with'a heating element.

from:a" current source 42 by means.of a lead. 43,
and a lead: 44 connected to one pole of & double-

“throw ngle-pole switeh' 45, the other pole being’
connec»ed by a-lead 46 tothe other side of the

motor. - In-order. to control the ‘heating cireuit,

“Jead 44-i§ also connected; to one pole.of -ancther:

The wiring
-disggram: for the motor and heating elément ‘are- 85.
shown in Fig: 7. - Current is supplied to ‘motor 2

]
o

40

switch 460 which controls 2 heating element 47
arranged ‘to heat the gregse in pump 1, this cir~- °

“cuit returning to the.current source by.a lead 48.
‘. The indicating circuit is shown:in Fig. 8, in.

which thermocouplé lead 34 from cell 7 is. con-
nected to galvanometér 36 through one-terminal

‘of -jack:49:The other lead, 38,-is connected 0

ona side of ‘a:doltble~pole double-throw switch 50

‘conneécted by.a lead 51:.to the.other side of the

galvanometer. ~A shunt:52. connects lead-35 also

£0. one . pole on-the opposite side of:the switch,

‘the:other pole being- connected b by.a lead 53 to

the other terminal of the jack.

“Where ‘the apparatus is.embodiedin a nonao’e'

55

instriment galvanometer ‘36 forms a-permanent -

part thereof. +J. ack 49, howeve provides for con-:
niécting the.celitoa xecordel aJarm 31gnal or- the'

luce according to need.

60

; Inthe use of the apparatus gas to: be annalyzed is

drawn continuously. into sampling. line 3; :and
:passes through drier- to.cell 7, where the com-
“bustible constltuent which#is. to be determined
“is burned by the catalyst.- The rate of iflow is’
“yegulated Teadily by observation of ‘manometer.

65

4:9nd: regulation: of ‘the pump operation accord-,‘;

‘ingly. Changes:in the: opera,tmg conditions, such

as-sudden variationsin temperature, are vzlthout o

effect upon the results obtained, because upon the
oceurrence of g chahge in temperature both the.
Kot and cold junctions. absorb.or give off heat, as

70

the: case may- be; at: substantially the same rate o

and the accuracy of-the rea.dmg is.not affected

“so that their relative condition remains. constant -

RCE
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Also, the elimination of dlrect flow through and
separation of the junction beds insures the reten-

tion of heat of combustion . in the hot Jjunction

bed, providing for accurate results.

Moreover, because the potential reading. is" in- -

dependent of change in rate of flow. within the
optilmum- range, this factor does not affect the
results. Thus, the invention renders it possible
to obtain’ highly gccurate determinations of a
constituent under widely -varying and rap1d1y

‘changing operating conditions.

The invention has particular value m connecu

"vtlon with carbon. monoxide control in aircraft,

although it may be used equally with automotive
vehicles, vehicular tunnels, and in other locations:.
Because the apparatus is simple, and portable, it

‘may.- be used readily with airplanes to determine

the presence of CO, in its cabin, etc., as a basis
for designing; or redesigning, such craft to -avoid
CO contamination -of the air which reaches. its
passengers. . Likewise, in passenger busses; large

© passenger alrplaqes dirigibles, or the like; it: ‘may

.25

be mounted in fixed position and operated ‘con-
tinuously, the occurrence in the air of 3 fixed
minimum percentage of CO actua.tmg alarm sig-
hal 37. -

According to the prov1510ns of the patent stat-
utes, we have explained the principle -and mode
of operation of our invention and have illustrated
and described what we now consider to represent
its best embodiment. However, we desire to have

- ‘it understood that, within the scope of the ap-
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pended. claims, the invention may- be -practiced:

otherwise than as speulﬁcally ustrated and de-
scribed. - :

- Weclaim:

1. In g method of quanmtatwely determlnmg a
combustible. constituent of a gas; the steps com-
prising passing said gas suceessively through sep-
arate  bodies of  material - ther mally -insulated

from each other and-havingsubstantially the.

same thermal properties, one of said bodies bheing

- catalytically inactive and the other catalytically

active to said constituent, and measuring the tem-

peraturechange due to catalytic action by thermo--

couple having its hot and cold junction associated
respectively in said active and inactive bodies

.2, Ina method.of quantitatively determmmg a
combustible constituent of:a gas, the steps com-~
prising passing said gas through a body of ma-
terial catalytically inactive o said constituent;
and then passing it through a body of oxidizing
catalyst separate and thermally insulated from

said -inactive- material, $aid bodies having sub--

stantially the same thermal properties, and meas-
uring the temperatire change by a-thermocouple

having its hot junction in contact with. said cat-.

alyst material, and its cold: Junctlon in contact
with said inactive material:

3. A continuous method of ‘determmlng a con-’
stituent of a gas, comprising drying the gas and:.
- passing it continuously through a body of ma-- -

terial- catalytically inactive to said’ constituent,
and then passing it in countercurrent direction
through'a separate bed of the same material in a
condition to catalytically: cause a change of said

constituent, said beds being of substantially the -
same thermal properties and being thermally in=:.
sulated from each cther, and measuring the tem--

perature change in the catalytically active bed

by a plurality of thermocouples connected in se-:
- ries and having their hot and cold junctions.em- N

bedded respectively in the cata,lytlcally actlve and

- inactive beds.

4 A method’ of quanmtatwely determlmng a

1, 992 747

combus‘able constituent in a gas, comprising pass-
ing the gas successively through separate beds of
an oxidizing catalyst respectively in catalytically
inactive and catalytically active condition with
respect to said combustible constituent, said beds
being thermally insulsied from each -other and

of substantially -the same thermal properties, -

measuring the temperature change in said active
material by a thermocouple having-its hot and
cold junctions embedded respectively in-said ac-
tive and inactive material; and regulating the

‘rate of flow to render the temperature effect in'

the active bed- 1ndependent of changes in .the
pressure of the gas.
5. A method of quam1tat1vely determmmg a

combustible constituent of a gas, compr ising pass~

ing said gas successively through separate bodies

of an oxidizing catalyst respectively in catalyti-:

cally inactive -and catalytically active condition,
said bodies being thermally insulated from each
other and having substantially the same thermal
properties, measuring the temperature change in
said -active body by a plurality of thermocouples
having  their hot and cold- junections associated
respectively in'said active and inactive ‘bodies; and
regulating the rate of flow within the range in
which' the tempelatm\. effect in:-said active body
is independent of changes in pressure of the gas.

6. Apparatus for quantitatively detérmining a
constituent of a gas comprising a container pro-
vided with -a gas inlet. and a gas outlet, separate
hodies. of the sameé material in catalytically inac-
tive and catalyhcally active conditicn with respect

10

20

25

30

to said eoz nstituent arranged in the path of the .

gas-in the container adjacent said gas inlet and

‘outlet-respcotively for successive passage of the

gds therethrough, said bedies being of substan-

‘tially like thermal properties, a partition between

said bodies separating and heat insulating them

"from each other, means for passing the gas from

the inactive to the active body, and means for

having their hot and- cold ‘junctions embedded
respectively in said active and inactive material:
7. Apparatus for quantitatively determining a

constituent of a gas comprising a container pro--

35

40

~measuring the temperature in'said sctive bed in- -
cluding a- plurality of thermocouples in series.

vided with a gas inlet and a gas. outlet, a cata- )

lytically inactive material arranged in-the path
of gas adjacent said ‘inlet, a separate body of
catalyst active with respect .to said constituent
arranged in the path of -the gas adjacent said

outlet, & partition between said bodies separating

and heat insulating them from each other, means
for: passing. gas from said -inactive. material

through said catalyst in countercurrent-direction,

and means for measuring the temperature in the
catalyst bed including a thermocouple having its
hot and cold junctions embedded respectively in

-said catalyst and inactive.material, said bodies

being of substantially-like thermal properties.
“8. Apparatus for quantitatively determining a

constituent of a gas comprising a container pro-

vided with a gas inlet and a gas outlet, a body of

-“inactive catalytic material arranged in the path

of gas adjacent said inlet, a separate body of the
same material "in catalytically active condition
with respect to said constituent arranged in the
path of the gas adjacent. said outlet, said bodies

“being-of substantially like thermal -properties, a

partition separating and heat insulating said
inactive and active catalyst- podies from each

other, means for passing gas from said inactive

material through said active material in counter-
current direction, and means for measuring the
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temperature-in the catalyst bed including a plus
rality of thermocouples in series having their hot
and eold junctions embedded respectively in sald
active catalyst and inactive material.” o

9. ‘Apparatus for ¢ontinuously and quantita-
tively ‘determininhg a constituent of.a gas, com-

- prising a container provided with-a gas inlet and

a gas outlet; means for drying gas passed to said
container, a body of inactive catalyst in the path
of gas adjecent said inlet, :a body of the same
material in catalyticaily: active condition with
respect to said constituent in the path of gas ad-
jacent said 'inlet, said bodies being of substan-
tially. the same thermal properties, a partition
separating and heat insulating said bodies from
each other; means for passing the gas in counter-
current directions through said bedies, means for
measuring the temperature in said catalyst body
comprising & thermocouple having - its ‘hot and
cold junctions embedded respectively in-said ac-
tive and inactive material, and a positive pressure
blower associated with said outlet to draw .gas

' through the container at a substantially uniform

30

. .-rate of flow, .
26 1 _ ‘
‘ a-combustible’constituent of a'gas, the steps com-

10. In a method of quantitatively determining

nrising passing.a sample of said gas successively
through separate bodies of (1) material catalyti-
cally inactive with: respect to said ‘combustible
constituent and (2) an oxidizing catalyst, said
hodies being thermally insulated from each other
and. having substantially the same thermal ca-

‘ .pacity, and'measuring the temperature change in
‘said active body due to its catalytic action onsaid
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constituent by a plurality of thermocouples con-
-nected in series and having their hot and cold. -
" junctions associated respectively with said active

and inactive bodies.” : )
11.  Apparatus for quantitatively determining
a constituent. of -a gas comprising a container
provided with a gas inlet and a gas outlef, sep-
arate beds of material respectively in catalyti-

“cally inactive and catalytically active condition’

with respect to said constituent and of substan-

“tially identical thermal properties arranged in

the path of the gas in the container adjacent said
gas inlet and -outlet. respectively for successive
passage of the gas therethrough, a partition sep-
arating and heat insulating said beds from each
other; means for passing the gas from.said in-
active to said active body, and means for meas-
uring the temperature in the active bed includ-
ing a thermocouple having its hot and cold junc-
tions embedded respectively in said active and in-
active beds.. - ' L SR
19. Apparatus  for quantitatively determining
a constituent of a gas .comprising’ a container
through which said gas is passed, separate beds of
material catalytically jnactive and catalytically
active with respect to said constituent and of sub-
stantially identical thermal properties arranged
respectively in the path of gas ‘through the 'con-
tainer for successive passage of the gas there-
through, partition means separating and heat in-
sulating said beds from-each other, means. for
meagstiring the temperature change in the active
bed including a thermocouple having its hot and
cold junctions embedded respectively in said ac-
tive and inactive beds, and a rotary positive blow-
ér connected to said coutainer to draw-said gas
therethrough at a substantially uniform rate. .

13. In a method of quantitatively determining:

a_combustible constituent ' of a gas, the sbeps
comprising passing said gas through a body of

material catalytically inactive to said constituent,

then ‘passing the gas in the opposite direction
through s separate Body of active oxidizing cata~

rial, said bodies being of -substantially the same
thermal properties, and measuring the tempera-
ture change in the catalytically active body by a
thermocouple. having its cold and hot junctions

yst thermally insulated from said inactive mate- -

(214

embedded respectively in said inactive and cata-

1yst bodies.. o

14, In & method of quantitatively determining
5, combustible constituent of a gas, the steps com-~
prising passing said gas first through a body of
oxidizing catalyst in inactive condition, then pass-

‘ing the gas in the oppesite direction through a

separate catalytically active body of the catalyst
thermally insulated from said inactive material,
gaid bodies being of substantially the same ther-
mal properties, and measuring the temperature
change in the catalytically active body by a plu-
rality of thermocouples having their cold and hot
junetions embedded respectively in said inactive
and active catalyst bodies. ’

15. In a method of quantitatively determining

10
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carbon. monoxide in air, the steps comprising '

‘passing the air-through a bed of inactive oxidiz~

ing catalyst, then passing the same air in the op-~
posite dirsction through a separate body of said
catalyst in active condition and thermally insu-
1ated from said inactive material, said bodies be-
ing of substantially the same thermal properties,
and measuring the temperature change in the
catalytically active body by & plurality of thermo-
couples. having their cold and hot junctions em-
bedded respectively in said inactive and catalyst
bodies. L : -

16.. A continuous method of quantitatively de-

termining a constituent of a gas, the steps com-~

prising continuously passing said gas through a
body of ‘material catalytically inactive to said
constituent, then passing the same gas in the op-
posite direction through a separate body. of the
same materialin a condition to catalytically cause
4 change of said constituent, said bodies being
thermally insulated from each other and -being
of substantially the same thermal properties, and
measuring ‘the temperature change in the cata-

Jytically active body by a thermocouple having its

cold and hot junctions embedded respectively in
said inactive and catalyst bodies.
17. A method of quantitatively determining a

- combustible Aconstituent in mixture with air, com-

prising ‘passing the air through a body of oxidiz-
ing catalyst in inactive condition, then passing

the same air in the opposite direction through a.

separate body of the same material in catalytical-
1y active condition with respect to said combusti-
bis constitient, said bodies being thermally insu-
lated from each other and having substantially

the same thermal properties, measuring the tem-
perature -change due to catalytic action by a
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plurality. of thermocouples . connected in series:

‘and having their hot and cold junctions associ-

ated respectively with said active and inactive
bodies, and regulating the rate.of flow within the
range in which the temperature effect in said ac~
tive body is independent of changes in atmos-
pheric pressure. :

18.-A ‘method of quantitatively determining
carbon monoxide in. air, comprising drying the
air and passing it through a body of oxidizing
catalyst in inactive cendition, then passing the
same aif in the opposite direction through a sep-

arate hody of said catalyst in catalytically active’

condition with respect to carbon monoxide, said
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bodies being thermally insulated from each other
and having substantially the same thermal prop-
erties, measuring the temperature change due to
catalytic action by a plurality of thermocouples
connected in series and having: their hot and

cold junctions associated respectively with said

active and inactive bodies, and regulating the

rate of flow within the range in which the tem-
perature change in said active body is independ-
ent of changes in atmospheric pressure.
. ELIAS W. GILLILAND.
STANLEY D. PRICE.



