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ELECTRON CAPTURE IDENTIFICATION 
APPARATUS 

BACKGROUND OF THE INVENTION 

This invention relates to analytical apparatus. 
Many analytical processes, whether involving merely 

the detection of one particular component in a mixture 
of substances or the complete separation and identi? 
cation of a complex mixture of substances, make use of 
the well-known process of gas chromatography. Gas 
chromatographic separation is conventionally carried 
out in columns or tubes which are packed with a solid 
adsorbent material (in gas-solid chromatography) or 
with a solid supporting material impregnated with 
liquid (in gas-liquid chromatography). 

SUMMARY OF THE INVENTION 

The present invention provides apparatus which is 
particularly applicable to the detection of one com 
ponent of a mixture of substances, and more particu 
larly applicable to the analysis of sequential samples of 
a mixture of substances. ‘ 

The apparatus of the invention will be discussed in 
this specification in connection speci?cally with the de 
tection of tracer substances employed to indicate the 
presence of an interface between two hydrocarbon 
liquids travelling in succession in a pipeline, but it will 
be apparent that its potential application is much wider 
than this. For example, the apparatus may be used for 
the detection of a conventional component of a mix 
ture; or where a succession of single substances are 
passing in sequence through a pipeline, the apparatus 
may be employed to detect an interface where one of 
the materials shows a characteristic feature which is de 

' tectable by the apparatus and in which it differs from its 
preceding or succeeding substance. 
The apparatus of the invention comprises means for 

transfering a sample of material to be analyzed, a chro 
matographic unit consisting of a plurality of chromato 
graphic columns which may be brought in succession to 
a sample injection station and to an effluent material 
detection station and a detection device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view of the gas chromato 
graphic device of this invention in its most general 
form; 

FIG. 2 is a flow diagram illustratingthe operation of 
the invention; 

FIG. 3 is a vertical section of the gas chromato 
graphic device and of the after-column; 

FIG. 4 is a horizontal section along line 4-4 of FIG. 3. 
FIG. 5 is a plan view of the top plate of the device of 

FIG. 3 along line 5-5 of FIG. 3; and 
FIG. 6 is a plan view of the bottom plate of the device 

of FIG. 3 along line 6—6 of FIG. 3. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 of the accompanying drawings shows dia 
grammatically, in vertical section, one embodiment of 
the apparatus, which comprises a sampling valve 1, a 
series of six chromatographic columns 2, and a detec 
tion device 3. Provision is also made (4) for back ?ush 
ing of the chromatographic columns with the carrier 
gas. 
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The means for transferring a sample of material to be 
analyzed to the chromatographic unit may be any suita 
ble sampling device, such as a sampling valve, and we 1 
have used with particular success sampling valves of 
the kind described in our copending British application 
Ser. No. 4476/69 , filed Jan. 27, 1969_ ._Such valves can 
be particularly useful when samples have to be taken 
from materials which are under high pressure. 
The chromatographic unit conveniently consists of a 

plurality of chromatographic columns arranged with 
their long axes parallel to and equidistant from a com 
mon axis around which the columns rotate, suitably 
driven, so that they may be brought in succession to a 
sample injection station. In the apparatus shown in the 
accompanying drawings, for convenience the series of 
chromatographic columns consist essentially of tubes 
in a cylindrical piece of metal or other suitable material 
which is rotatable on its axis. Alternatively, of course, 
conventional columns of glass, metal or other suitable 
material could be supported in a suitable fashion so 
that they could be moved to the various stations as 
necessary. The actual dimensions of the chromato 
graphic columns will, of course, be chosen with regard 
to their particular purpose and in accordance with 
known chromatographic principles. The apparatus il 
lustrated is provided with means for back-?ushing the 
columns, which allows for speedier analysis. 
The detection device may be any convenient device 

capable of detecting, with appropriate accuracy and 
speed, the required substance. Such a detector may be 
capable, for example, of detecting electron absorbing 
materials. 
Such electron capture detection devices have been 

described in the literature and are already well known 
in chromatography technology, having high sensitivity 
for certain halogenated compounds. 
The apparatus of the invention, as has already been 

mentioned, has been employed in the direction of the 
interface between two different liquid hydrocarbons 
travelling in succession in a pipeline, by the incorpora 
tion into one of the liquids, at the interface, of an ap 
propriate quantity of a suitable tracer substance. 
Asthe tracer we have used a suitably volatile com 

pound which can be detected by electron capture 
techniques. Several such tracers are known and have 
been described in the literature. They must have high 
electron affinity, should be suitably stable under condi 
tions of use, and they should not adversely affect the 
materials and equipment which they contact in use. 
Polyfluorinated compounds have found application in 
the use of the apparatus of the invention, since the 
amounts of fluorine compound used is usually so small 
that any harmful effects are negligible and sulphur hex 
afluoride has proved particularly valuable as an inter 
face indicator. 

In use, the electron capture detection device 
responds unselectively, that is to say, it detects not only 
the particular tracer substances employed but also the 
presence of other electron absorbing'materials which 
may be present in the eluate from the columns; this 
continues, of course, even when no tracer substance is 
present. ‘ 

Thus the electron capture detector responds to the 
presence of, say, oxygen, so that even when the tracer 
substance is not present in the material being sampled 
the detector indicates the presence of a material having 
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electron affinity. There is therefore, in effect, a con 
tinuous record of electron absorbing material passing 
through the detector, representing an electron absorb 
ing background material, to which is added occasional 
peaks indicating the detection of an amount of a tracer 
substance. This constant recording of a background 
material is useful in that it is an indication that the de 
tection device is operating satisfactorily. We have 
found, however, that the baseline which represents the 
background electron absorbing material is uneven, due 
apparently to variation in the retention of detectable 
materials on the different columns of the multi-column 
chromatography unit. 
A substantially even baseline has been obtained by 

passing the eluate from all the columns of the chro 
matographic unit through a further, common, column 
which retains the various detectable materials con 
tributing to the baseline reading and releases them at a 
substantially constant rate, in effect smoothing out the 
variations in individual column characteristics and 
producing a much more even baseline against which 
the detection of tracer substances can be observed. 

In a further embodiment of the invention, then, there 
is provided a common after-column into which eluate 
from the different chromatography columns passes be 
fore it enters the detector. The after-column may be 
packed with any suitable material to constitute the sta 
tionary phase. Generally the packing material will be 
similar to that in the main columns. No repeated back 
flushing of this common column occurs, except on oc 
casion when it may be desirable for periodic cleaning, 
since it operates continuously while-chromatography 
through any of the columns is going on. 

FIG. 2 is a diagram showing the flow of a tracer sub 
stance after its transfer to an analysis apparatus com 
prising the after-column. In this Figure, 11 is a nitrogen 
supply, the nitrogen serving as the carrier and flushing 
gas, 12 is a molecular sieve puri?er to remove electron 
absorbing materials from the nitrogen, 1 is the sampling 
valve, 2 is the chromatographic unit, 13 is the after 
column, 3 is the detector; 14 and 15 are the nitrogen 
lines for chromatography and backflush respectively. 
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. FIG. 3 is a vertical section through an embodiment of 45 
a valve/chromatographic unit comprising an after 
column and FIG. 4 is a section along the line 4-—4 in 
FIG. 3. The sampling valve 1 is a valve as described in 
our copending British application Ser. No. 4476/69 , 
filed Jan. 27, 1969. 
The chromatographic device consists of a cylindrical 

block of ‘Duralumin’ rotatable about its axis, in which 
are drilled six columns, each 10 cm. long and 5 mm. in 
diameter. These are packed with a' suitable adsorbent 
material 21; the choice of material will present no dif 
ficulty to the skilled man. As an example, we have 
satisfactorily employed 25 percent squalene on Celite 
545 for the separation of volatiles from hydrocarbons. 
In each column the packing is retained by a 3 mm. 
thick press-fit disc, 22, of sintered stainless steel (40 
microns porosity). Grooves 27, 28, 29, 30 in the sta 
tionary end plates 23, 26 of the cylinder direct the gas 
flow as required, allowing a 10 second analysis of the 
vapor fraction from the sampling valve 1 (grooves 27, 
29) and 20 seconds back ?ushing time (grooves 28, 
30). The column is heated by an 85 watt cartridge ele 
ment 24, in the bottom center of the unit. The cylinder 
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4 
rotates on its spindle 25, driven by an electric motor 
(not shown) synchronously with the sampling valve. 
The following sequence has been employed in the 

detection of sulphur hexafluoride tracer in mineral oil: 
the sampling valve 1 delivers, at 10 second intervals, 2 
microlitres of the oil sample, and the volatiles including 
the SP6 are carried with the nitrogen, which is delivered 
at 25 ml/min, into the chromatography column 2 which 
at that time is in the sample inlet position. The column 
is packed with 25 percent squalene on Celite 545 carri 
er. Chromatographic separation occurs in the column 
as it rotates, and after 10 seconds, during which time 
the SP6 will have passed through the column and into 
the after-column 13, the column reaches the back 
flushing position where the nitrogen stream is reversed 
so that materials retained in the columns are swept out. 
The column temperature is maintained at 50°C. 
The eluate from the column 2 enters the after 

column 13 which is packed with the same material as 
the main columns. The after-column 13 is a stainless 
steel tube 5 cm. long and 4 mm. in diameter. Variations 
in composition of the eluate, due for example to the dif 
ferences in packing, etc. of the different columns, are 
smoothed out so that the eluate from the after-column 
13 is substantially constant in its ‘background’ com 
ponent. This eluate then passes to the electron capture 
detector where the presence of electron absorbing 
material is detected and registered electronically. The 
detection of a tracer substance can be used in conven 
tional apparatus (not shown) to control automatic 
switching of hydrocarbon or liquids when the tracer has 
been used as an interface indicator. In such applica 
tions the importance of an even baseline against which 
the tracer peak can be detected with certainty will be 
apparent. 

In the apparatus described and illustrated, rotation of I 
the cylinder is continuous, direction and duration of 
gas flow through the columns being controlled by the 
grooves 27, 28, 29, 30 shown in FIGS. 5 and 6 which 
represent, respectively, the ?xed end plates 23 and 26 
located at the sample inlet and outlet ends of the 
cylinder. Alternatively, the cylinder could be made to 
rotate intermittently, so that the cylinder is stationary 
during the injection of the sample, although this ar 
rangement is not preferred. 

Apparatus as described above was used for the deter 
mination of the position of an interface between two 
different hydrocarbon oils travelling in contact in suc 
cession through a 50 cm. diameter pipeline. The tracer 
substance was 25 ml of trichlorofluoromethane and the 

‘ distance travelled before analysis was 190 Km. Samples 
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of the oil were taken at regular intervals and the posi 
tion of the tracer substance noted and the interface ob 
served. The tracer remained substantially stationary 
relative to the interface. 
What we claim is: 
1. An apparatus for detecting an interface between 

liquid hydrocarbons ?owing sequentially in a pipeline, 
said hydrocarbons being separated by a tracer material, 
said apparatus comprising: - 

a sampling valve for substantiallyv continuously 
withdrawing a sample of liquid from said pipeline; 

a revolving gas chromatographic device having a plu 
rality of chromatographic columns, said device 
being in ?uid communication with said sampling 
valve;v 
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means for continuously revolving said chromato 
graphic device at a substantially constant speed in 
timed sequence with the withdrawal of said sample 
by said sampling valve; 

a source of carrier gas, said source being in ?uid 
communication with said sampling valve, said 
source also being in fluid communication with said 
chromatographic device; 

a detector device for detecting the presence of said 
tracer material in the eluent from said chromato 
graphic device, said detector device being in ?uid 
communication with said chromatographic device; 

said chromatographic device including a stationary 
lower plate provided with ?rst and second grooves, 
said ?rst groove being in ?uid communication with 
said sampling valve for introduction of said sample 
into said chromatographic columns; 

a stationary upper plate having ?rst and second 
grooves similar to said ?rst and second grooves in 
said lower plate, said second groove being in ?uid 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
communication with said carrier gas source for 
backflushing said chromatographic columns; 

a cylindrical shaped member rotatable about its axis, 
said member being positioned between said upper 
and lower stationary plates, said member having a 
plurality of chromatographic columns spaced 
equal distance from the longitudinal axis of said 
cylindrical member, said first and second grooves 
in said upper and lower stationary plates being ar 
ranged such that any one of said chromatography 
columns is in ?uid communication with said 
second groove for substantially twice as long as 
any of said chromatographic columns is in ?uid 
communication with said ?rst groove. 

2. The apparatus of claim 1 further including an 
after-column between said chromatographic device 
and said detector device. 

3. The apparatus of claim 1 wherein said detector is 
an electron capture detector. 

* * *_ * * 


