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5 Claims. 
The present invention relates to the detection 

of gases in gas mixtures; more particularly, it 
relates to an apparatus for detecting and deter 
mining the concentration of toxic gases, e. g., 
hydrocyanic acid gas, in air mixtures. 

Various means of detecting the presence of 
gases such as hydrocyanic acid gas in air mix 
tures have been previously proposed. These 

, means, which generally require the use of liquid 
-‘ ‘ test solutions or test papers, are not entirely sat 

isfactory for general application outside the lab 
oratory. The use of test solutions‘ is inconvenient 
and requires considerable experience in order to 
obtain reasonably accurate results, while the use 
of test‘ paper is not always reliable, especially 
when quantitative determinations are required. 
There is a very de?nite need of a reliable, sim 

ple apparatus for determining whether or not 
toxic concentrations of hydrocyanic acid gas are 
present in atmospheres of 
previously fumigated. Although the general 
practice is to ventilate premises thoroughly after 
fumigation, there is always the possibility that 
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spaces which are not easily ventilated. Further 
more, even though a room which has been fumi 
gated with hydrocyanic acid gas is subsequently 
ventilated, toxic concentrations of the gas fre 
quently remain near substances which absorb the 
gas. Thus, in the fumigation of grains, thor 
ough aeration of the material to remove hydro 
cyanic acid gas is difficult and there always re 
mains the possibility that human beings may 

_ enter spaces enclosing the grains before the hy 
drocyanic acid gas has been completely removed. 
Hydrocyanic acid gas has been known to be pres 
ent in grain storage rooms weeks after fumiga 
tion has been completed. As far as I am aware, 
there never has been developed a successful ap 
paratus for rapidly and reasonably accurately 
‘determining the, concentration of hydrocyanic 
acid gas in air mixtures, so that the presence 
or absence of toxic concentrations may be ascer 

_ tained in a convenient, practical manner. 
A major object of the invention is to provide a 

compact, simple apparatus which‘ is especially 
well suited for rapidly determining concentra 
tions of gases, e. g., hydrocyanic acid gas in mix 
ture with air, and which is convenient and re 
liable in use. Other objects will be hereinafter 
apparent. ' 

The invention will be described with refer 
ence to the accompanying drawings which repre 
sent a desirable embodiment and in which Fig. 
1' is a side elevational view of the apparatus; 
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spaces which have been . 

toxic concentrations of the gas may remain in , 

(01. 23-254) 
Fig. 2 a longitudinal sectional view taken on line 
11-11 of Fig. 4; Fig. 3 a sectional view on line 
III-III of Fig, 1, shown partially in elevation 
with trigger and ratchet pawl omitted; and Figs. 
4 and 5 rear and front elevational views, re 
spectively, with the aspirator bulb not shown. 
Having reference now to the drawings, the em 

bodiment shown comprises a body, or frame, 
member 10 through which a bolt ll extends lon 
gitudinally to serve as a removable shaft around 1 
which a magazine l2 may be rotated within body 
It. Magazine l2 includes rear and front cir 
cular end plates I3 and M, respectively, which 
are provided with apertures I5~tapered from the 
inside to receive the rubber sleeve extensions [6 
of the glass detector tubes or cartridges H. The 
rubber sleeve extensions l6 protect the ends of 
the detector tubes 11, permit their removal from 
the magazine, and insure a gas-tight ?t of the 
tubes against the sides of the apertures l5. Aper 
tures 15 are so made that upon rotation of the 
magazine [2, adjacent pairs of apertures on end 
plates l3 and M are successively aligned with a 
pair of aligned rubber washers l8 situated one 
at the rear end of the body l0 and the other at 
the inner end of an inlet tube l9 mounted in the 
forward end of the body, as shown in Fig. 2. 
When any pair of ‘said apertures is so aligned, 
ori?ce 20 in the rear end of body l0 permits 
the aspiration of gas from inlet tube l9 through 
the detector tube positioned between the aligned 
pair of apertures, upon manipulation of the 
aspirator bulb 2| connected to ori?ce 20. Bulb 
2| is provided with a valve 22 which functions 
to regulate the ?ow of gas 
tube in one direction only, from front to back, 
upon manipulation of the aspirator bulb 2|. In 
let tube I9 also serves as an adjustment means 
by which the end plates l3 and M of magazine 
l2 are maintained tightly against rubber washers 
It so as to form a continuous gas-tight passage 
for the gas mixture from the inlet tube through 
the aligned detector tube into bulb 2|, and to 
this end- tube I9 is threaded through frame l0 
so that any degree of tension of end plates [3 
and M against washers l8 may be maintained. 

Trigger 23, together with ratchet wheel 24 and 
ratchet pawl 25, provides a means for rotating 
magazine l2. Trigger stop 26 functions to arrest 
the rotation caused by each pull of the trigger 
when each successive detector tube is brought 
into proper alignment with inlet tube l9 and 
ori?ce 20. Trigger spring 21 functions to re 
turn the trigger tovits normal resting position 
after each pull thereof and pawl spring 28 serves 
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to maintain the ratchet pawl in operative con 
tact with the teeth of ratchet wheel 24. Ele 
ment 29 is a handle which may 'or may not be 
a part of the apparatus, since its use is more 
a matter of convenience rather than a necessity. 
The apparatus illustrated by the drawings is 

simple to operate. The detector tubes I‘! are 
?lled with an appropriate detector composition 

' 3U, suitably a granular absorbent material im 
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pregnated with a reagent which changes color 
upon contact with the gas to be determined, as 
described more fully hereinafter. Composition 
3D is held in position in the 
3|. The ?lled tubes then are inserted into the 
magazine and the rubber sleeves adjusted so 
that the tubes are held snugly in position. Inlet 
tube l9 then is placed in the gas mixture to be 
tested and the aspirator bulb is squeezed the 
required number of times in order to draw 
through the detector tube the desired amount 
of the gas mixture. Thus, if a volume of 600 cc. 
is desired and the aspirator bulb has a capacity 
of 60 00., ten. squeezes will be necessary. The 
distance from the front of the detector com 
position in the detector tube which changes color 
is an indication of the concentration of the gas 
to be determined in the'gas mixture being tested. 
By comparing the length of travel of coloration 
in the tube with a similar length of travel ob— 
tained using corresponding detector tubes and 
gas,v mixtures containing known concentrations 
of the gas to be determined, a quantitative meas 
ure of the concentration of the gas in the gas 
mixture is obtained. 

After one determination as described above, 
the trigger is pulled to bring into proper align 
ment a second detector tube. The apparatus 
then is ready for use to make a second deter 
mination. The apparatus may be employed re 
peatedly until all of the detector tubes in the 
magazine have been used.. The magazine then 
may be re?lled with new detector tubes or the 
old tubes may be removed and re?lled for fur 
ther use. Although. not illustrated in the draw 
ings,.the detector tubes may be calibrated so that 
concentrations may be read directly in per cent 
or parts per million. 

may be ‘provided with a calibratedscale posi 
tioned in close proximity to the detector tube in 
use, from which the concentration may be read 
directly in any desired unit. 
The purpose of ori?ce 20 is to prevent anysub 

stantial back ?ow of spent gas through the de 
tector tube ‘upon squeezing bulb 2|, and also to 
prevent gas from being drawn too . rapidly 
through the‘detector tube when the bulb is per 
mitted to assume its original shape after being 
squeezed. In order for accurate results to be ob 
tained,.the gas should be passed‘ through the de 
tector tubes at a rate no faster than the maxi 
mum rate at which the gas to be determined is 
completely adsorbed by the composition in the 
tubes. The size of ori?ce that .should be em 
ployed canbe readily, determined by a few tests. 

I have illustratedan apparatus which contains 
eight detector tubes or cartridges in the maga 
zine. -It is to be understood that the :magazine 
and apparatus may be so constructed as to con 
tain a greater or lesser number of cartridges 
without: departing~fromthe spirit of my inven- - 
tion; Other modi?cations may likewise be made. 
Thus, instead of using a bulb and handle as il 
lustrated in the drawings, the handle may be 
omitted entirely, or a rubber handle which serves 

tubes by cotton plugs - 

If desired, the apparatus . 
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both as an aspirator and as a handle may be used 
with good results. 
My invention is not to be restricted by the 

drawings, examples, or procedural details here 
in set forth, which are intended to be illustrative 
and not restrictive in nature. 
Although various types of color change rea 

gents may be used in the practice of this inven 
tion, those disclosed in my copending application 
Serial No. 139,332, ?led April 27, 1937, of which 
this application is a division, now Patent No. 
2,l76,462,>granted October 17, 1939, are particu 
larly suitable. ‘- Such reagents comprise granular 
adsorptive material coated or impregnated with 
a reagent which changes color upon contact with 
the constituent to be determined in a gas mix 
ture. 

Likewise, the present invention affords a sat 
isfactory means for practicing the method dis 
closed in the aforesaid parent application. That ‘ 
method involves passing a known volume of a 
gas mixture containing a gas whose concentra 
‘tion in the mixture is to be determined, through 
a column of a granular adsorptive material coat 
ed or impregnated with a color-forming agent 
which is sensitive to the gas constituent being 
determined. The length of travel of coloration 
in the column of granular adsorptive material is 
proportional to the concentration of the gas be 
ing determined in the gas mixture, provided the 
cross-section of the column is uniform through 
out its length. By observing the length of travel 
of the coloration through the column and com 
paring it with the corresponding length of travel 
in a similar column employed using a gas mixture 
having a known concentration of ‘the gas being 
determined, it is possible to measure quantita 
tively the concentration of the gas in the mixture 
being tested. Such method may be practiced 
using various types of equipment, but the appa 
ratus disclosed and claimed herein is especially 
well suited for practicing the method. 
The term “color-forming agent” is used in the 

ensuing description and in the appended claims 
to mean a substance or composition which de 
velops a distinct .color, or undergoes a distinct 
color change, when contacted with the gas whose 
concentration in a gas mixture is being deter 
mined. The term “granular adsorptive materi~ 
a1” is used to designate a granular material which 
is a good adsorbent for the gas whose concen 
tration is being‘ determined. 
Various chemical compounds are known to be 

come colored, or to undergo a distinct color 
change, when they are contacted with certain 
gases. Thus, o-tolidine is sensitive in this man 
ner to chlorine; p-amino dimethyl amidine'hy 
drochloride to hydrogen sul?de; thiocyanate to 
iron carbonyl; p-rosaniline hydrochloride to 
formaldehyde; and benzidine acetate and numer 
ous other substances are sensitive to hydrocy 
anic acid. I have discovered that such color 
formingsubstances may be employed effectively 
to determine quantitatively various toxic gases 
in gasmixtures if they are uniformly coated 
over,‘ or impregnatedinto, granular adsorptive 
materials instead of being used in the form of 
solution or on test papers as they have been em 
ployed ‘heretofore. 
The ‘column of granular material which is 

coated or impregnated with the color-forming 
substance may be conveniently prepared by pack 
ing the material in a glass tube having a suita 
ble diameter.’ In order for the results to be rea 
sonably accurate, it is essential that the tubes 
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employed have a substantially uniform diameter 
throughout their entire length. In order to pre 
vent channelling of the gas mixture through the 
column of granular material, the particles of 
granular material should be of substantially uni 
form size and not too large. On the other hand, - 
the granules should not be so small as to in 
crease appreciably the resistance of the column’ 
to the flow of gas therethrough. Particles hav 
ing a size corresponding to 20 to 40 mesh may be 
used in most instances with good results, al 
though I have found that it is generally prefer 
able to employ particles having a size within the 
range of 30 to 34 mesh. For ordinary use, tub 
ing having an inside diameter of 6 to 9 milli 
meters is generally satisfactory, although small 
er or larger size tubing may be employed de 
pending upon the concentration of the gas be 
ing determined in the gas mixtures. 

It is essential that the color-forming agent be 
stable in contact with the granular material upon 
which it is coated. It is also essential that the 
agent be not sensitive to more than one con 
stituent of the gas mixture. I have found that 

' for most determinations that are required in con 
nection with fumigation with hydrocyanic acid 
gas, the use of a composition containing benzidine 
acetate and cupric acetate as the color-forming 
substance is very satisfactory. Similarly, for the 
determination of chlorine, o-tolidine is especially 
suitable, while p-rosaniline hydrochloride may be 
used with good results for the determination of 
formaldehyde vapors in gas mixtures. Other 
color-forming agents may be employed, in ac 
cordance with my invention, for the determina 
tion of the above gases, and it is to be under 
stood that the illustrations herein set forth are 
merely illustrative of my invention. 
A suitable method for preparing the detector 

mixture, i. e., the granular material impregnated 
with the color-forming agent, for use in the de 
termination of hydrocyanic acid gas is as fol 
lows: 
A saturated solution of benzidine acetate in 

methyl alcohol is prepared, as well as a second 
solution containing 14 grams of cupric acetate 
in 200 cc. of water. ‘Each of the above solutions 
are ?ltered to remove insoluble materials there 
from. 50 cc. portions of each solution then are 
added to 100 cc. of methyl alcohol and the re 
sulting mixture diluted with 500 cc. of water. 
After standing for about ?fteen minutes, the so 
lution is ?ltered to remove the dark precipitate 
that is formed, whereby a clear, greenish colored 
solution is generally obtained. If a clear solution 
is not obtained, ?ltration should be repeated. 
The clear solution then is poured over 30 grams 
of the granular adsorptive material, e. g. alumina 
gel, contained in a small Buchner funnel ?tted 
with a ?lter paper and the liquid drawn off at 
once. The treated granular material is then 
placed upon paper to dry. Drying is continued 
until the material is just wet enough to be picked 
up upon contact with the ?nger tips without ex‘ 
tra pressure from the hand. The treated granu 
lar material then is placed in stoppered, air-tight 
containers for storage until required for use. 
Alumina gel of 30v to 34 mesh was treated in 

the above manner and then packed into 3-inch 
lengths of 6 millimeter glass tubing so as to form 
several compartments of uniform length in each 
tube, the individual compartments being sep 
arated from each other by plugs of absorbent 
cotton. The following table illustrates the ac 
curacy with which hydrocyanic acid gas may be 

determined in air in accordance with my inven 
tion: ' 

Number of 
compartments 
penetrated by 
the coloration 

Known con 
Volume of test sample centration 

' of HON 

Percent by 

110mm; 
.0 ,... C no» 

Repeated laboratory tests have shown that check 
results may be obtained withgas mixtures con 
taining known concentrations of hydrocyanic 
acid and that the length of travel of coloration 
in a tube of a given cross section is proportional to 
the concentration of hydrocyanic acid in the gas 
mixture when equal volumes of gas are used in 
the determinations. It is not essential that the 
material be divided into compartments; equally 
satisfactory results have been obtained using a 
continuous column of the granular material im 
pregnated with the color-forming agent. 
Such reagent tubes may be employed to de 

terminehydrocyanic acid over a wide range of 
concentrations. Thus, I have vfound that the 
method described‘ is applicable to determine con- 
centrations ranging from 1 part per million to 1 
part per hundred by volume with a satisfactory. 
degree of accuracy. The determinations are 
rapid and reliable since the color formed is a 
bright blue and can be easily detected even by 
inexperienced operators. Results which are ac 
curate Within 10 per cent and. generally within 5 
per cent are readily obtainable. 
Such detector tubes are applicable also in the 

determination of other gases, it being only neces 
sary to employ a granular adsorptive material 
which is coated or impregnated with an agent 
that forms a distinct color or color change when 
contacted with the gas Whose concentration is 
to be determined. Thus, the granular adsorbent 
may be impregnated with an aqueous solution of 
o-tolidine for determining chlorine, which con 
verts the colorless granules to an intense yellow 
or orange color. Or, the impregnant may be an 
aqueous solution of p-rosariiline hydrochloride 
(suitably decolorized with sodium bisul?de) for 
determining formaldehyde. And instead of the 
hydrocyanic acid reagent described above there 
may be used aloin or a‘ methyl red-meruric, 
chloride composition. It is generally preferable 
to employ a color-forming material that is color 
less, or substantially colorless, prior to its con- ' 
tact with the gas, in order that any color that is 
developed may be readily detected. It is also 
desirable that the color developed be relatively 
permanent although this is not an essential char 
acteristic. 
In the determination of hydrocyanic acid gas, 

chlorine, or formaldehyde vapors, it is essential 
that the porous impregnatedmaterial be moist 
when used; otherwise unreliable results may be 
obtained. I have found that alumina gel which 
has been impregnated with a benzidine acetate 
cupric acetate mixture is entirely satisfactory for 
determining hydrocyanic acid even after two 
months, provided it has been stored in a vapor 
tight container. The material also may be used 
with good results even though the container in 
which it is stored is open to the atmosphere for 
several days before use. There may be some 
tendency for the mixture to assume a gray color; 
however, the intense blue oolor‘that is developed 
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in contact with‘hydrocyanic. acid is easily‘de 
tected even though the granular material has 
assumed such a gray color. The effectiveness of 
the material is not permanently destroyed by be 
coming dry, since by remoistening the dry mate 
rial, its effectiveness is restored. 

It is not always essential that the coated or 
impregnated granular material be used in a 
moistened condition. It is known that test 
papers for the dtermination of certain gas con—' 
stituents should be used in a dry rather than in 
a wet condition. Thus, picrate papers are best 
used in the dry condition ‘for the detection of 
sulfur'dioxide in air. It is to be understood, 
therefore, that my invention is not limited to the 
use of wet granular adsorptive material impreg 
nated ‘with a color-forming agent, but may be 
used either in the dry or wet state depending 
upon'the color-forming agent employed and the 
gas being determined. 
Various inert granular adsorbent materials may . 

be used as a support for the color-forming agents. 
Examples'of such granular materials are alum 
ina gel, silica gel, chipped ceramic Ware, 
shredded ‘asbestos, and the like. It is preferable 
rthat the material be white in order not to ob 
scure the color developed. It is essential that 
the granular supporting material be a good ad 
sorbent for the gas which is to be determined. 
‘The adsorbent acts to remove quantitatively the 

gas‘ constituent from the gas mixture and thus 
-to bring it into intimate contact with the color 
forming agent with which the adsorbent is im 
pregnated. It is the eifectiveness of the adsorb 
ent material in this respect which makes possible 
the obtainment of quantitative determinations by 
my method. Alumina gel is an excellent adsorp 
tive supporting material for color-forming sub 
stances to be used in the determination of hydro 
cyanic acid since it is a good adsorbent for hydro 
cyanic acid gas.‘ It is also excellent for use in the 
determination of chlorine or formaldehyde. Silica 
gel is almost as good as alumina gel although I 
prefer to use ‘alumina gel. 
According to the provisions of the patent stat 

utes I have explained the principle and construc 
tion of my invention and have illustrated and de 
scribed what I now consider to represent its best 
embodiment. However, I desire to have it under_ 
stood that, within the scope of the appended 
claims, the invention may be practiced otherwise 
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than as speci?cally illustrated and describech ' 
I claim :- ' . 

1. An apparatus for- the determination of a. 
constituent of a gas mixture, the apparatus com- ‘ 
prising, in combination, a body member, aspirat 
ing means associated with said member, and a 
magazine bearing a plurality of detector tubes - 
containing reagent which changes color upon 
contact’ with the constituent to be determined, 
said magazine being rotatably associated with 
said body for presenting a detector tube to said » 
aspirating means to pass gas mixture to be 
tested therethrough,>and for bringing successive 
tubes into such relationship for successive tests. 

2. An apparatus for the determination of a 
constituent of a'gas mixture,'the apparatus com 
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prising, in combination, a body member, aspirat- ' 
ting means associated with said member, and a 
magazine bearing a plurality of detector tubes 
containing reagent which changes‘ color upon 
contact with the constituent to be determined; 
said magazine being rotatably mounted in said ' 
body, and trigger-operated means for rotating 
said magazine to bring said tubes successively 
into. gas communication relationship with a 
source of‘gas mixture to be tested'and said as 
pirating means. ' 

3. An apparatus for the determination of a 
constituent of a gas mixture, the apparatus com- ' 
prising; in combination, a body member provided 
at its forward end with an inlet for gas'to be’ 
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tested and at its rear end with a gas outlet pas- ~ 
sage, an aspirator bulb associated with said out 
let passage; a magazine bearing a plurality of 
detector tubes containing granular adsorbent im 

said magazine being rotatablymounted in said 
body to bring said tubes into gas-communicating‘ 
alignment with said gas inlet and outlet, and" 

-pregnated with an agent which changes color up- a 
on contact with the constituent to- be determined, I 

means for rotating said magazine to bring suc-‘v 
cessive tubes into such alignment for successive ' 
tests. 

4. An‘apparatus according to claim 3, said in-‘ 
let and outlet being provided with means cooper-‘ 
ating with said tubes to prevent leakage while a - 
tube is in use. 

5. An, apparatus according to claim '3, said 
magazine-rotating means comprising a trigger 
carried by said body, and a trigger-actuated 
ratchet wheel associated with said magazine. 

ROBERT W. MoALLIS'I'ER. 
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