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ABSTRACT OF THE DISCLOSURE 

Method and apparatus for separating carrier gases from 
gas mixtures in which the carrier gas is removed from a 
?owing stream of the mixture through a permeable bar 
rier de?ning a flow channel for the gas mixture. The 
invention is particularly intended to be employed in the 
method of gas analysis in which the discharge from a gas 
chromatograph is introduced into a mass spectrometer in 
order to remove the carrier gas from the gases to be 
analyzed before they enter the spectrometer. 

This invention relates to a method in the analysis of 
gases and vaporized substances by means of a mass spec 
trometer connected to a gas chromatograph. More par 
ticularly, the invention relates to a method for separating 
the carrier gas from the gas mixture issuing from the'gas 
chromatograph in order to remove as much as possible 
of the carrier gas from the carried gas before the latter 
is introduced into the mass spectrometer. 
The combination of a mass spectrometer and a gas 

chromatograph has proved a valuable tool for the analysis 
of gas mixtures and particularly mixtures of volatile or 
ganic compounds. However, the presence of the carrier 
gas, e.g. helium or hydrogen, in the gas mixture, while 
necessary in the gas chromatograph, is objectionable in 
the mass spectrometer. If the carrier gas is allowed to 
enter the ionization chamber of the mass spectrometer 
it is ionized along with the gases to be analysed, provided 
that normal ionization potentials are used, and the ions 
produced from the carrier gas may form the major part 
of the total ion current, so that the measurement of the 
ion current produced from the gases to be analysed is 
made impossible or uncertain. 

Various means and methods have been devised to 
eliminate the adverse e?ect of the presence of the carrier 
gas in the mass spectrometer, but even though such 
method and means are provided, the amount of carrier 
gas entering the mass spectrometer should be reduced to 
a minimum. A known method of achieving this end is 
based upon the fact that if a gas stream containing mole 
cules or atoms of different weights is caused to expand, 
the lighter particles will collect in the peripheral parts 
of the stream while the heavier particles concentrate at 
the central part of the stream. Since the molecular weight 
of the carrier gas used in gas chromatography is consid: 
erably lower than that of the gases to be analysed, it is 
thus possible to separate the carrier gas from the gas 
mixture issuing from the gas chromatograph column by 
expanding the gas stream and providing an apertured 
diaphragm in the path of the expanded gas stream, the 
aperture having such size that it admits passage of the 
central portion of the stream only. The central portion 
which for the most part consists of the gas or gases to 
be analysed, is passed to the mass spectrometer, while 
the peripheral portion of the stream, which for the most 
part consists of the carrier gas, is de?ected by the dia 
phragm and withdrawn from the system by some suitable 
means. However, this method suffers from the drawback 
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that either an insufficient amount of the carrier gas is 
removed or a relatively large amount of the carried gas 
is removed as well. 

It is an object of the present invention to provide a 
method by which the carrier gas can be effectively sep 
arated from the gas mixture without any considerable 
loss of the carried substances. 

According to the invention the mixture of carrier gas 
and carried substances issuing from the gas chromato 
graph is passed through a channel which is surrounded 
by a permeable material whose permeability to the car 
rier gas is considerably larger than its permeability to the 
carried substances. When the gas mixture is passing along 
this channel the carrier gas to a large extent diffuses 
through the surrounding material so that the gas arriving 
at the exit end of the channel contains little or no carrier 
gas. From the exit end of the channel the gas is passed 
on to the inlet of the mass spectrometer. 
The material surrounding the said channel is formed 

into a tube-shaped body, and this body should be en 
closed in a chamber provided with means for keeping 
the pressure outside the body at a lower value than the 
pressure in said channel in order to accelerate the dif 
fusion of the carrier gas through the material. 
The material used for separating the carrier gas from 

the carried substances may be such that it is permeable 
only to gases having very light molecules as for instance 
hydrogen and helium, while it is completely impermeable 
to gases having larger molecules. Certain metals, for 
instance gold, platinum and other metals belonging to 
the platinum group, and particularly palladium, in the 
form of thin sheets have this property and may be used 
for the purpose of the invention. 

However, preferably the permeable material surround 
ing the gas ?ow channel consists of porous or microporous 
material such as glass and similar inorganic thermoplastic 
materials, organic thermoplastic materials, ceramic ma 
terials, or porous metallic materials. The choice of mate 
rial is determined by the required pore size, and this may 
vary within wide limits depending on the carrier gas to 
be used and the kind of substances to be analysed and 
also upon temperature and pressure and the velocity of 
the gas stream. Thus, in some instances the required pore 
size may be as large as 0.1 mm. and in other instances 
less than l0—7 mm., but usually the pore size should be 
between 10*3 and l()-7 mm. Thermoplastic organic and 
inorganic materials and ceramic material with medium 
sized and large pores as well as porous metallic materials 
with relatively large pores are available on the’market. 
Materials having very ?ne pores can be made from‘ a 
metal alloy by dissolving one of its constituents, the re 
maining constituents forming a porous material. 
An apparatus for carrying out the invention will now 

be described with reference to the accompanying draw 
ing which shows a longitudinal section of a tubing'con 
necting a gas chromatograph with a mass spectrometer. 
The gas chromatograph and the mass spectrometer may 
be of any conventional types and are not shown. 

Referring now to the drawing, the tubing has an inlet 1 
connected to the gas chromatograph column and an out 
let 2 connected to the mass spectrometer. The direction 
of the gas flow through the tubing is indicated by arrows. 
A cylindrical hollow member 3 of metal encloses two 

chambers 4 and 5 separated by a partition wall 6. A tube 
7 of stainless steel is arranged coaxially within the'cylin 
drical member 3 and extends through the chambers 4 
and 5 on either side of the partition wall 6. The wall of 
tube 7 is provided with perforations 8. A plurality of 
annular bodies 9 of a porous material is placed in a row 
within tube 7. The annular bodies 9 are separated from 
one another by thin annular metal washers 10. At both 
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ends of the column formed by the bodies 9v there are 
placed bodies 11 of a non-porous material. The central 
openings in the members 9, 10 and 11 and a registering 
opening in the partition wall 6 form a channel 12. One 
end of the channel 12 is connected by a tube 13 to the 
inlet of the system and the other end of the channel is 
connected to the outlet end. 
The chambers 4 and 5 are connected by exhaust tubes 

14 and 15 respectively to vacuum pump means (not 
shown). Preferably the pump means are arranged to 
produce a higher degree of vacuum in chamber 5 than 
in chamber 4. 
The device may also be provided with gas ?ow control 

means generally indicated at 16 and 17 in the ?gure. 
When the mixture of carrier gas and carried substances 

is passed along channel 12 most of the carrier gas diffuses 
through the porous bodies 9 and enters the chambers 4 
and 5 from where it is withdrawn through tubes 14 and 
15. The carried substances, i.e. the gases to be analysed, 
do not diffuse through the bodies 9 to any large extent 
but are passed on to the mass spectrometer through 
outlet 2. 
The separating e?Fect and the rapidity of the separa 

tion can be increased by causing the gas stream to expand 
before or after it is introduced into the channel sur 
rounded by the porous material. Such expansion can be 
brought about by giving the nozzle (tube 13 in'the draw 
ing) through which the gas is introduced into the channel 
an appropriate form. This nozzle may also be made of 
a porous material. The expansion of the gas stream causes 
the lighter molecules of the gas mixture, i.e. the molecules 
of the carrier gas, to collect adjacent to wall of the chan 
nel whereby the diffusion of these molecules through the 
porous wall of the channel is increased. To improve the 
separation effect still further the gas stream can be sub 
jected to expansion in two or more steps, the gas stream 
being compressed between the expansion steps. 

While the principles of the invention have been de 
scribed above in connection with speci?c apparatus, it is 
to be understood that this description is made only by 
way of example and not as a limitation of the scope of 
the invention. 
What is claimed is: 
1. A molecular separator or the like, comprising a 

housing; an inlet at one end of said housing and an out 
let at the other end of said housing; a transverse parti 
tion in said housing dividing the space between said ends 
thereof into ?rst and second chambers, said partition 
having a ?ow passage therethrough; apertured ?rst and 
second conduit means respectively providing ?uid com 
munication between said inlet and one side of side flow 
passage and between the other side of said ?ow passage 
and said outlet; a ?rst adjustable valve means for regu 
lating the ?ow of the gas mixture from said inlet into 
said ?rst conduit means; a second valve means adjustable 
independently of the ?rst valve means for regulating the 
?ow of the mitxure through the flow passage in the trans 
verse partition; barriers in said ?rst and second conduit 
means con?gured to de?ne passages for a gas mixture 
entering said separator through said inlet, said barriers 
being permeable to at least one selected gas in said mix 
ture, whereby said gas can escape through said barriers 
and said apertured conduit means into said chambers 
whereby said gas can be separated from said mixture; 
and means for removing said gas from said chambers. 

2. A molecular separator or the like, comprising a 
housing; an inlet at one end of said housing and an out 
let at the other end of said housing; a transverse parti 
tion in said housing dividing the space between said ends 
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thereof into ?rst and second chambers, said partition 
having a ?ow passage therethrough; apertured ?rst and 
second conduit means respectively providing ?uid com 
munication between said inlet and one side of said ?ow 
passage and between the other side of said ?ow passage 
and said outlet; barriers in said ?rst and second conduit 
means con?gured to de?ne passages for a gas mixture 
entering said separator through said inlet, said barriers 
being permeable to at least one selected gas in said mix 
ture, whereby said gas can escape through said barriers 
and said apertured conduit means into said chambers, 
whereby said gas can be separated from said mixture; 
means for maintaining the pressures in at least one of the 
?rst and second chambers lower than the pressure on the 
gas mixture ?owing through the separator and for main 
taining the pressure in one of said chambers lower than 
the pressure in the other of said chambers; and means 
for removing said gas from said chambers. 

3. A molecular separator or the like, comprising a 
housing; an inlet at one end of said housing and an out 
let at the other end of said housing; a transverse parti 
tion in said housing dividing the space between said ends 
thereof into ?rst and second chambers, said partition 
having a ?ow passage therethrough; apertured ?rst and 
second conduit means respectively providing ?uid com 
munication between said inlet and one side of said ?ow 
passage and between the other side of said ?ow passage 
and said outlet; barriers in said ?rst and second conduit 
means con?gured to de?ne passages for a gas mixture 
entering said separator through said inlet, said barriers 
being permeable to at least one selected gas in said mix 
ture, whereby said gas can escape through said barriers 
and said apertured conduit means into said chambers, 
whereby said gas can be separated from said mixture, 
there being a plurality of barriers in each of said conduit 
means, and said barriers being separated by non-porous 
members; non-porous bodies adjacent the upstream bar 
rier in the ?rst conduit means and adjacent the down 
stream barrier in the second conduit means; and means 
for removing said gas from said chambers. 

4. The separator of claim 3, wherein the barriers are 
fabricated of a porous material and wherein the pore size 
is in the range of about 10-3 to about 10-4 mm. 
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