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ABSTRACT OF THE DISCLOSURE

A flame ionization detector wherein the sensitivity is
improved by generating an electric field about the flame
and burner jet by means of an electrode located out of
the path of the flame and hot combustion gases and to
which is connected a source of DC voltage, and utilizing
the burner jet of an electrode located thereat as the
collector electrode.

This invention relates to an improved flame ionization
detector to detect and measure the conceniration of or-
ganic components of gases.

The use of flame ionization detectors to investigate or
analyze gases for their organic components, and in par-
ticular automobile exhaust gases for air pollution studies
and gases wherein the components have been separated by
gas chromatography, is an old and well-known art. In
such a flame ionization detector the variation in current
developed by the flame and measured between two elec-
trodes, one at the flame and the other some distance away,
is a measure of the concentration of the organic material
introduced into the flame. The current developed by the
hydrogen flame is very low, and even the addition of
very small quantities of organic material to the flame is
sufficient to produce a greatly increased current. Accord-
ingly, the measurement of the changes of current are
directly related to the concentrations of organic material
contained in the sample gases introduced into the flame.
. In order to measure the current developed by the flame,
an electric circuit connected across the aforementioned
electrodes is provided. Although various shapes and
geometrical arrangements for the two electrodes have been
tried, in the usual flame ionization detector one of the
electrodes is formed by the metal burner tip or jet, while
the. second electrode is a cylinder, cone or plane made
of metal gauge, wire or sheet, suspended approximately
one centimeter from the flame. To.collect and measure the
charges created by the flame, a relatively large DC volt-
age, usually negative to lessen the noise caused by thermo-
emission of the heated suspended (collector) electrode,
is applied to the burner electrode, and a suitable current
measuring device, such as an electrometer amplifier, is
connected to the collector electrode. The voltage applied
to the burner tip or electrode is a matter of geometry
and is usually from 60 .to 2000 volts DC. The flame
ionization detectors operating in the manner described
above are shown, for example, in U.S. Patent 3,039,586,
issued June 19, 1962, to L. G. McWilliams, and U.S. Pat-
ent 3,129,062, issued Apr. 14, 1964, to L. Ongkiehong
et al. ‘

Since flame ionization detectors are extremely sensitive
instruments, they are primarily used for detecting very
low concentrations of organic material, for example, in
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the parts per million range, as is found, for example, in
air or water pollution studies or as contaminants in chemi-
cal process streams. As the requirements for the detection
of smaller and smaller quantities or lower concentrations
of hydrocarbons becomes necessary, attempts are con-
tinually made to improve the sensitivity of the flame ioni-
zation detectors, and thereby enable the detection of
lower concentrations with the conventional detecting ap-
paratus. Additionally, because of the small signals which
are detected, the problem of accurately detecting the
useful signal in the presence of the electrical noise in
the measuring circuit becomes greater. Although some of
this noise may be the result of hydrocarbons of organic
material in the gases used for the flame, and consequently
may be substantially eliminated by using purer gases or
compensated for during the measurement, a significant
quantity of the noise is due to the thermal effect of the
heat generated by the flame on the collector electrode.
While it is possible by various means to reduce the elec~
trica] noise due to the thermal effects on the collector
electrode, such noise cannot be totally eliminated. Ac-
cordingly, attempts are continually made to arrive at a
flame jonization detector arrangement which tends to im-
prove the signal-to-noise ratio in the flame ionization de-
tector output signal in order to arrive at a greater usable
signal for indication of the organic constituent in the
sample stream.

This invention provides an improved flame ionization
detector whereby, through a relatively simple modification
of the conventional flame ionization detector, the sensi-
tivity of the detector is improved by a factor of about
2.5 to 3 times and the signal-to-noise ratio is increased
from about 50 to 100 times. This results in a detector
which has a usable sensitivity of about 200 times greater
than that obtainable with the conventional flame ioniza-
tion detector. Briefly, the improved sensitivity of the flame
ionization detector is achieved by generating an elec-
tric field about the flame and the burner jet by means of
an electrode located out of the path of the flame and the
hot combustion gases therefrom and to which is con-
nected the source of DC voltage, and utilizing the burner
jet or an electrical conductor located at the burner jet
but out of the flame as the collector electrode, ie., the
current measuring device is connected to the jet electrode.
With this arrangement the field set up around the flame
and burner by the electrode and the voltage supply con-
nected thereto forces the electrons and/or negative ions
back onto the burner electrode for detection. Since the
flame is only about 1 or 2 millimeters in height, the total
travel distance of the electrons and/or negative ions is
only about 1 or 2 millimeters, as opposed to the travel
distance of about 1 centimeter for the usual flame ioniza-
tion detector configuration. This reduces the recombina-
tion of the electrons with the positive ions before detec-
tion, thereby resulting in an increased signal and hence
increased sensitivity for the detector. Moreover, since
both of the electrodes are out of the path of the flame, the
heating thereof is decreased and hence the thermoemis-
sion noise is reduced.

The jet collector flame ionization detector according to
the invention and the advantages thereof will be more
clearly understood from the following detailed description
taken in conjunction with the attached figure which shows
the preferred embodiment of the flame ionization detector
according to the invention.
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Referring now to the figure, there is shown a burner
assembly 1 of conventional design and dimensions which
is mounted in a base 2 formed from a very high resistance
insulating material such as Kel-F (a monochlorotrifluoro-
polyethylene resin). The burner assembly 1 consists essen-
tially of three concentric pipes or conduits 3, 4 and §
having suitable input connections thereto through which,
respectively, the carrier gas with sample, the hydrogen,
and the air may be introduced to the burner assembly.
Although not shown, it is understood that suitable pres-
sure and flow regulators for the various input streams to
the burner assembly are provided as is common in the
art. Preferably, the entire burner assembly or at least
the outer conduit 5 of the burner assembly is constructed
of corrosion resistant metal such as stainless steel so that
the outer shell of the burner assembly may function as
one of the electrodes for the electrical detecting circuit.
It should be noted, however, that it is possible to construct
the burner assembly from other materials than metal,
for example, glass; but in such cases the instrument be-
comes more fragile and the problem of extraneous ions
released into the flame 6 by the glass becomes a problem.
However, if such a construction, i.e., glass burner, is
utilized, then according to the invention at least the tip
or jet 7 of the burner assembly should be constructed of
metal or, alternatively, an electrical conductor, such as a
coating on the outer conduit 5 or a conductive ring,
should be positioned adjacent the outlet jet or tip of the
burner assembly adjacent the flame. Such a conductor,
however, should be positioned so that it is not in the
flame or in the path of the combustion gases for the
flame and is relatively close to the flame, for example,
about one millimeter away, or approximately the distance
between the flame and the outer conduit 5 of the burner
assembly.

Also secured to the base 2 in a manner whereby it is
electrically insulated from the burner assembly 1 is a
metal electrode 8 which surrounds the flame 6 and at
least the tip or jet 7 of the burner assembly 1, ie., the
electrode 8 extends below the level of the flame. The elec-
trode 8 has a large surface area relative to the size of
the flame and the electrode formed by the burner jet and
preferably has a cylindrical or barrel shape. As shown in
the figure, the electrode 8 is arranged concentrically about
the flame and the burner jet and is horizontally displaced
therefrom, for example, by a distance of 5 or more milli-
meters, and consequently is not in the combustion zone
formed by the flame or in the path of the combustion
gases therefrom. In order to prevent solid material from
coming into contact with the burner jet and hence pos-
sibly clogging the jet, while at the same time allowing
the combustion gases from the flame to leave the detector,
wire mesh 9, for example, of Chromel, may be provided
across the opening at the upper end of the electrode 8 and
fastened thereto in any desired manner. Also mounted on
the support 2 is a grounded electrical shield 10, which
electrostatically screens the detector and which also pre-
vents false air currents from reaching the flame.

Connected to the electrode 8 by means of a conductor
11 extending through the base 2 is the high side of a
source of DC potential such as battery 12, the low side
of battery 12 being connected to a point of reference
potential, for example, ground. As shown in the drawing,
the battery 12 preferably applies a negative potential to
the electrode 8. However, it is to be understood that the
detector will operate satisfactorily if a positive potential
is applied to the electrode 8. The use of a positive poten-
tial on the barrel 8, however, usually results in more noise
in the signal than that which is obtained with a negative
potential on the barrel.

As opposed to the prior art devices, the current detect-
ing device, i.e., the electrometer 13, is connected between
hte jet collector electrode formed by the conduit 5 and
the low side of the source of reference potential 12, i.e.,
ground. A recorder 14 or other suitable current indicating
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4
device is connected to the output of the electrometer 13
to record the detected current.

The application of the voltage electrode 8 causes an
electrostatic field to be generated which, because of the
particular geometrical relationships between the electrode
8 and the flame and burner assembly 1, surrounds the
flame and the burner jet and extends from above the
flame, i.e., from outside the combustion zone, to the
burner jet. This resulting field forces the electrons and/
or negative ions resulting from the burning of the hydro-
gen and the gaseous sample back onto the jet collector
electrode formed by the conduit 5 for detection by the
electrometer amplifier 13. Since, with this configuration,
the resulting ions need only travel from the flame or com-
bustion zone to the jet collector electrode, i.e., the conduc-
tor formed by the conduit 5, the travel distance of the
electrons and ions is only about 1 to 2 millimeters. This is
opposed to the conventional flame jonization detector
using a collector electrode above or around the flame
wherein the elestrons and/or negative ions must travel a
distance of about 1 centimeter. This decreased travel dis-
tance results in less recombination between the electrons
and the positive ions and produces a greater sensitivity
for the detector. Tests using this detector have shown
that as indicated above the average senmsitivity is 212 to
3 times greater than that exhibited by previously used
flame ionization detector systems, even systems using col-
lector electrodes similar to the voltage electrode 8 of the
instant application, for example, see the above-mentioned
patent to Ongkiehong et al. Additionally, and more sig-
nificantly, with the above-described geometrical configura-
tion, wherein none of the elecirodes are in the path of
the flame, and with the electrical connections shown,
the signal-to-noise ratio is increased from about 50 to 100
times over the prior art flame jonization detectors. Thus,
the overall increase in usable sensitivity of the instrument
is greater than 200 times that of the previously used flame
ionization detectors.

It should be noted that in the present system an opti-
mum of sensitivity and accuracy results when a relatively
high voltage of approximately 90 volts is supplied to the
barrel electrode 8§ even though tests of the responses of the
present system with voltages ranging from 0 to 1000 volts
have indicated that there is substantially no variation in the
sensitivity of the detector within the range of from about
4% to 1000 volts. The relatively high potential, ie., at
least 90 volts, is preferably applied to the electrode 8 in
order that the detector maintain a linear response with
respect to relatively high concentrations of hydrocarbons
in the flame. Tt is to be understood, however, that obvi-
ously the particular value of voltage applied to the elec-
trode 8 will vary to some extent in accordance with the
geometrical dimensions of the flame ionization detector.

In order to further illustrate the improved sensitivity
obtainable with a jet collector flame ionization detector
as disclosed above, comparative data from tests comparing
the performance of a flame ionization detector according
to the invention with a high quality commercially avail-
able flame ionization detector are presented below. For the
tests, the jet collector hydrogen flame ionization detector
used was substantially as shown in the figure with a nega-
tive D.C. potential of 90 volts applied to the barrel elec-
trode 8, while the commercially available flame ionization
detector, as is conventional in the art, had the current
detecting means, i.e., the electrometer amplifier, connected
to a barrel electrode similar to the electrode 8 and a nega-
tive D.C. potential of 300 volts connected to the second
electrode adjacent the flame. The voltages applied to the
electrodes of the respective flame ionization detectors as
well as the other operating conditions for the detectors,
e.g., the flow rates of the various gases, were those sug-
gested as optimum by the respective manufacturers, and
the same column for the introduction of the sample, the
same amplifier and the same recorder were used for all
detectors tested. The respective flow rates for the gases
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to the detectors and the results of the tests, which con-
sisted of injecting the same volume of a solution of wax
in carbon disulfide into the instrument and: comparing
the signals from the two types of detectors, were as
follows: :

Jet col-  Prior art detector
lector
detector No. 1 No. 2
Flow rates, ml./min.:
70 25 25
400 250 250
70 25 25
Integrated signal, counts:
RunNo. 1. .. 82,212 32,889 31,404
85,152 24,815 25,263
85,198 26,815 34,111
Average count... 84,187 28,173 30, 259
Relative response. 1.00 0.33 0.35

It should be noted that three determinations or measure-
ments were made with each detector tested in order :to
compensate for any experimental variations; e.g., sample
size, and that two of the commercially available detectors,
one of which was newly purchased, were tested to insure
a fair comparison.

As is clearly shown from the results of the tests, the
signal amplitude response and hence the sensitivity of
the detector according to the invention is approximately
three times that of the high quality commercially avail-
able detector, i.e., the relative responses of the detectors
is 1:0.33 or 1:0.35. In order to illustrate that the difference
in response of the two types of detectors is not.due to the
different flow rates of the input gases and in particular
the carrier gas, i.e., the helium, the integrated values of
the detected signals are also shown, From the integrated
signal values, a relationship of approximately three to
one is again evident, indicating that the improved sensi-
tivity is in fact due to the improved hydrogen flame
ionization detector configuration according to the inven-
tion, ie., the jet collector flame ionization detector.

We claim as our invention:

1. A flame ionization type of detector system for the
analysis of gases comprising:

a burner assembly;

inlet means for introducing a sample of the gas to be

analyzed, hydrogen and a combustion supporting
gas to said burner assembly to sustain a flame at the
outlet jet of said burner assembly;
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an electrical conductor located at said
the flame at said jet;

2 metal electrode surrounding said flame and hori-
zontally spaced therefrom whereby said electrode is
out of the path of ‘said flame and the combustion
products therefrom, said metal electrode extending
below said flame and surrounding said electrical
conductor;

a DC voltage source connected between said electrode
and a point of reference potential; and -

an jonization current detecting means connected be-
tween said burner assembly and said point of refer-
ence ‘potential whereby said burner assembly func-
tions as the collector electrode of the flame joniza-
tion detector. )

2. The apparatus of claim 1 wherein at least the ounter
surface of said burner assembly is constructed of metal
and wherein said electrical conductor comprises the outer
surface of said burner jet:

3. The apparatus of claim 1 wherein said voltage
source is a source of negative voltage.

4. The apparatus of claim 3 wherein said voltage source
is a source of relatively high voltage,

5. The apparatus of claim 4 wherein said voltage source
is at least 90 volts.

6. The apparatus of claim 1 wherein said metal elec-
trode is cylindrical and .is concentrically arranged with
respect to said burner assembly.

7. The apparatus of claim 1 wherein said metal elec-
trode has a large surface area relative to the flame and
the surface area of said €lectrical conductor.

8. The apparatus of claim 1, wherein the distance
between said flame and said electrical conductor is small
relative to the distance between said flame and said
electrode.

jet and out of
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