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(57) - ABSTRACT

A method [is disclosed] of detecting gaseous impuri-
ties, particularly halogens, in an ambient atmosphere by
repeatediy pulsing a pair of electrodes cisposed in that
atmosphere with a voltage sufficient to cause a corona
discharge in the continuous corona region. and detect-
ing the average (d.c.) current component of such dis-
charge, changes in which correspond to changes in the
concentration of such gaseous impurities. Apparatus Lis
disclosed} for detecting such impurities 1n concentra-
tions as low as | ppm.

12 Claims, $ Drawing Figures
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GASEOUS IMPURITY DETECTOR EMPLOYING
CORONA DISCHARGE PHENOMEMNON

Matter enclosed In beayy brackets [ ] appears in the
original pateat but forms no part of this reissue specifica-
tHon; matter printed in italics indicates the additions made
by reissue,

BACKGROUND OF THE INVENTION

1. Field of the Invention
This invention relates to the detection of gaseous

impuritics in an ambient atmosphere such as air by the
use of a pulsed corona discharge.

2. Description of the Prior Ant

The effects of impurities on the electrical charactens-
tics of gaseous discharges have been recognized for
some time, and various discharge phenomena have been
employed in the detection of impurities. For the most
part, the electrical phenomena involved in different
detection methods are not well enough understood so
that one such phenomenon can be predicted from
knowledge of others. There is no satisfactory unifying
theory capable of describing gaseous discharges in all
regions and under all conditions, and hence little basis
exists for predicting the results of a given test or expen-
ment.

Known detectors whose operation involves electncal
discharge phenomena include that of Seitz (U.S. Pat.
No. 2,640,870), a detector principally for traces of nitro-
gen in argon by a constant, high intensity, high current
arc in which variations in power dissipation are mea-
sured to ascertain the impurity concentration. U.S. Pat.
Nos. 1,070,556 to Strong and 2,932,966 to Grindell re-
late to apparatus for detecting smoke. The [ormer uses
an a.c. driven spark discharge arrangement, where
sparking between the electrodes occurs in the presence
of smoke; the latter employs an electrostatic precipita-
tor modified to include a collector ¢electrode for collect-
ing the charged smoke particles so that a net ion flow
proportional to impurity concentration may be mea-
sured. U.S. Pat. No. 2,550,49810 Rice describes a detec-
tor based on ion formation caused by heating of impun-
ties by a hot platinum element, using an alternating or
unidirectional voltage source. Also relevant is an arucle
by Pitkethyl (Analytical Chemistry, August 1938, Vol.
30, No. 8, pp. 1309-1314) which describes a method of
gas chromatography employing d.c. discharge detec-
tors. A d.c.-powered leak detection system employing a
hot ion source is disclosed in U.S. Pat. No. 3,009,074, A
method of detecting rare gases is disclosed in U.S. Pat.
No. 2,654,051 to Kenty, in which a d.c. discharge 1s
employed and voltage fluctuations measured.

Other known patents include Lovelock, U.S. Pat. No.
3,046,396, (a d.c. discharge s employed in the detection
of helium) and Stokes, U.S. Pat. No. 2,933,676 (a d.c.
discharge is used in 2 manometer). Also see U.S. Pat.
Nos. 268,908: 1,231,045: 1,421,720; 1,990,706; 2,783,647,
2,996,661: 3,022,498: 1,065.411; 3,071,722; 3,076,139;
3,144,600; 3,277,364 and 3,339,136, Also, see Bntish Pat.
No. 826,195 and the following articles: “Effect of CCl4
Vapor on the Dielectric Strength of Air,” Rodine and
Herb, Physical Review, Mar. 15, 1937, pp. 508 et seq;
“Magnetic-Electnic Transducer,” K. S. Lion, Review
of Scientific Instruments, Vol. 27, No. 4, Apr. 1956, pp.
222 et seq; “A Radio Frequency Detector for Gas
Chromatography,” Karmen and Bowman, Gas Chro-
matography, Second International Symposium Held
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Under the Auspices of the Instrument Society of Amer-
ica. June 1959, pp. 65-713, (Academic Press, New York
and London, 1961]).

The above mentioned detectors are not, by and large.
satisfactonly capable of detecting halogen gases in low
concentrations, or of indicating quantitatively the con-
centration of a known impunty at low or high levels
with any degree of accuracy. Detection of halogens in
low concentration is particularly important in inspect-
ing for leaks {rom refngeration systems employing
Freon and similar halogen-containing refnigerants.
Halogen detection is also accomplished according to
th.e tcachings in U.S. Pat, Nos. 3,460,125 and 3,559,049
issued to the present applicants. Detection is carned out
in accordance with both patents based on changes in the
spark breakdown potential of the test atmosphere in the
presence of impurities, in distinct contrast 10 the method
described herein which utilizes effects occurming within
the continuous corona discharge region and does not
involve spark breakdown.

SUMMARY OF THE INVENTION

In accordance with the invention, gasecus impunnies
are detected by providing a pulsed corona discharge in
the continuous corona region, between a pair of elec-
trodes disposed in the atmosphere under test, and mea-
suring the d.c. signal component of the electrode pair.
This d.c. signal obtained in accordance with the inven-
tion is a highly sensitive indicator of the presence and
concentration of gaseous impurities including sub-
stances which behave like gaseous impunties such as
air-borne liquids and solids.

Inasmuch as some confusion exists as 10 the vanous
charactenstic regions encountered as the voltage across
an electrode pair is varied, reference is made for defini-
tional purposes to an article by Weissler and Mobhr
entitled “Negative Corona in Freon-Air Mixtures,”
Physical Review, Aug. 15, 1947, Vol. 72, No. 4:

**The characteristic curves of any point-to-plane co-
rona, plotting the gap current zgainst the apphed poten-
tial, are made up of three ranges of specific interest. The
‘dark-current’ range occurs well below the onset of any
visible corona, and the sharper the point the narrower
this range will be. It depends most strongly on the first
Townsend coefTicient a and to a lesser degree on the
secondary mechanism near the point. The latter 1s
caused chiefly by the efficiency of liberation of elec-
trons {rom the point surface by positive 1on bombard-
ment and also to some photoelectric liberation from the
cathode. The currents in this range vary from 10—
ampere to about 10—% ampere. Photo-ionization and
excitation in the gas as well as space-charge distornon
of the static electnic {iclds are negligible.

“In the ‘intermittent-corona’ range the currents vary
from 10—% to about 10—% ampere, and the corona be-
comes visible. In addition to the coeflicient a, the sec-
ondary actions at the cathode point become more prom-
inent. The most charactenstic aspect of this range 1s the
flickering or intermittent, visible corona. Associated
with it are large current fluctuations at any {ixed poten-
tial and transient space-charge pulses in the immediate
vicinity of the point. Space-charge distortion of the
clectric field occurs intermittently. The corona 1s not
self-sustaining and requires electrons from external on-
izing sources to re-initiate it

“The third range is that of the ‘continuous corona’
where the currents for a given potential are steady and
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reproducible and where the visible character is not
crratic. The corona is self-sustaining, and the currents
vary smoothly from about 10-3 ampere until this form
of discharge is finally terminated by a disruptive spark
or arc.*’

The method disclosed herein employs the continuous
corona region of the discharge. While detection is feasi-
ble with positive corona, sensitivity is much higher
cmploying negative corona; hence the latter is pre-
ferred.

Weissler and Mohr, describing the effect of halogens
on a discharge produced by constant electrode voltage,
found that:

“With mixtures of from 0.1 to one percent of
[ircon] Freon in dry air the only notable difference
occurred with the appearance in the intermittent corona
region of what might be termed a hysteresis effect.”

In other words, no effects were noted in the continu-
ous corona region, and only a large time scale (of the
order of minutes) hysteresis effect was found in the
intermittent corona region.

It is all the more surprising, therefore, that voltage
pulses in the continuous corona region provide a dis-
charge which is extremely sensitive to Freon concentra-
tions as low as one part per million (ppm).

Equally surprising is the accuracy of the method of
the invention in measuring impurity concentration at
low levels, as opposed to simply detecting impurities;
the d.c. electrode current is an accurate indicator of
such concentration.

In a negative corona detector in accordance with the
tnvention, concentrations as low as | ppm Freon 12
(CC12F3) may be detected. Even lower concentrations
of other Frecons are detectable. In general, electroposi-
tive gases such as carbon monoxide, methane, propane,
and the like increase the d.c. corona current, whereas
electronegative gases such as Freon 12 decrease it. Sen-
sitivity to clectropositive gases is adequate for detection
of 1,000 ppm on the average. The invention is well
swited for the precise measurement of carbon monoxide
in tnternal combustion engine exhaust gas, where it is
present in concentrations of about 1 to 10 percent. Car-
bon monoxide as so measured is a good indication of
combustion efficiency.

For optimal sensitivity, an asymmetrical electrode
pair is employed in accordance with the invention.
Preferably, a sharply pointed electrode opposite a hemi-
spherical plane electrode is used, free of tmpurities.

The continuous corona region is essentially current-
defined, so that impedance of a specific electrode pair
determines the voltage range appropriate for detection
in accordance with the invention. For an electrode
impedance of 50 megohms, {or exam ple, a voltage range
of about 1,800 to 2,700 volts may be employed, giving a
peak current of about 40 microamperes. Electrode im-
pedance is defined as the ratio of peak pulse voltage to
peak discharge current under the Operating conditions
(1. pulse repetition rate) employed for detection.

The particular physical properties of the discharge
determinitive of minimum and maximum pulse separa-
tion are not fully understood at this time. Sixty-cycle
alternating current permits detection in accordance
with the invention, yet sensitivity is only one-tenth as
great as when the discharge is produced by sub-mil-
lisecond pulses about 10 milliseconds apart.
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DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention will be de-
scnbed 1n connection with the accompanying drawings.
tn which:

FIG. 1 is a block circuit diagram of a2 detector in
accordance with the invention:

FIG. 2 is a graph of the mean corona current versus
clectrode voltage for d.c. and pulse electrode voltages:

FIG. 3 1s a graph of mean corona current versus
Freon 12 concentration in pants per million:

FIG. 4 is 2 schematic circuit diagram of a preferred
embodiment of the invention: and

FI1G. Sis a sci.ematic circuit diagram of an alternative
embodiment of the invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

As shown in FIG. 1, a pulse source 10 is connected to
supply negative-going pulses to the pointed one 11 of a
pair of electrodes, the other of which 12 is preferably a
small, hemispherical surface disposed as indicated about
point clectrode 11. The hemispherical elecirode is
grounded.

The pointed electrode 11 may be formed of fine wire.
i.¢. one to three mils in diameter preferably formed of a
highly refractory metal such as tungsten. The interior of
the hemispherical electrode 12 should be free of all
projections and edges which might otherwise cause

0 sparking. The interior radius of hemispherical electrode
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12 1s 3/32 inch, and it may be provided with holes or
slits to admit the atmosphere under test into the corona
region.

Voltage source 10 should be capable in this embodi-
ment of supplying negative voltage pulses between
about 1,800 and 2,700 volts peak. Preferably, the pulse
width may range from a few microseconds up to about
JO0 microseconds, with a pulse repetition rate of the
order of 100 p.p.s. The pulse length and separation are
not critical, and no sharp changes in detection charac-
teristics will result if they are varied somewhat. The
pulse rate must be fast enough to obtain adequate sam-
pling in the particular application intended (i.e. usually
at least 10 p.p.s.) and should be slow enough 10 avoid a
duty cycle greater than about 10 percent. The duty
cycle is preferably of the order of | percent.

An ammeter 13 capable of measuring average current
1$ provided in series with the voltage source and the
electrode pair for measuring the average current, or d.c.
current component, of the electrode pair. This d.c.
current 18 in accordance with the invention a sensitive
measure of impurity concentration. The ammeter
should be capable of indicating in the microampere
range.

FIG. 2 illustrates the detection capability of the de-
vice of FIG. 1 in comparison with that of a similar
device employing a d.c. electrode voltage supply. The
vertical scale is plotted in terms of numbers simply to
tlustrate the relative changes in mean corona current
under d.c. and pulsed voltage drives. For this purpose,
the tests illustrated by FIG. 2 were carried out in dry air
using Freon 12 as the impucity. In the absence of impu-
rity (the zero ppm curve), the mean corona current as a
function of voltage was plotted for both the pulse and
d.c. conditions. Although the actual mean corona cur-
rent 13 obviously different for the pulsed and d.c. dnve
condition, the two curves were plotted as one by intro-
ducing a scale factor for purposes of companson. The
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came scale factor was used in plotting the curves for the
pulsed and d.c. drive conditions at 100 ppm 1mpunty
concentration, so that these curves accurately indicate
the comparative detection capability of [the invention
and, say, a device such as that disclosed by Weissler and
Mohr, supra] an embodimént of the invention substan-
tially as shown in FIG. 4 and the same detector including
a rectifier and capacitor, across the electrodes. The two
curves plotted for 100 ppm impunty concentration
clearly demonstrate the much greater detection capabi-
ity of the method of the invention employing a pulsed
electrode voltage.

The precise explanation for this significantly im-
proved result ts not fully understood; however, it may
result from the presence of heavy ions such as C1~ and
F-. These jons form a space charge region about the
negative clectrode. In a d.c. ficld, the space charge first
tends to diminish the discharge current; then the ion
cloud moves away from the negative electrode, again
permitting current flow. Under pulsed excitation, how-
ever. lack of sufficient time for movement of the ion
cloud from the negative electrode may enhance the
effect of these heavy ions, permitting detection and
measurement at lower impurity levels than were previ-
ously feasible.

From the point of view of the electrode voltage and
current alone, it is theoretically not necessary 10 mea-
sure the mean corona current to obtain detection in
accordance with the invention; peak corona could be
measured under the pulse drive conditions descnbed
herein and would theoretically provide [as] an equally
sensitive detection. However, when employing an a.c.
(e.g. pulsed) electrode drive, stray capacitance contnb-
utes spurious currents to the measured value. It 1s there-
fore necessary tO measure COrona current in a manner
which will exclude these spurious contributions and
include only the true corona current. This 1s done in
accordance with the invention by measuring the mean
corona current, since the corona current is intrinsically
rectified, cancelling out the effects of stray currents.

FIG. 3 is a graph (with the horizontal scale plotted
logarithmically) of mean corona current measured by
the device of FI1G. 1 versus Freon 12 concentration in
parts per million (by volume).

FIG. 4 is a schematic diagram of a preferred embodi-
ment of the invention wherein an audible output signal
is provided which produces a series of clicks. As in a
Geiger counter, the frequency of the clicks increases
dramatically proportionally to the increased concentra-
tion sensed by the instrument, providing an extremely
efficient method for locating a leak, for example, from a
refrigeration system.

The voltage source in FIG. 4 is provided by a block-
ing oscillator 20 including an output transformer 21, the
output winding of 22 of which is connected to supply
negative-going pulses to the pointed electrode of elec-
trode pair 23. The blocking oscillator includes a transis-
tor 24, the collector-to-emitter »atput of which is ap-
plied to input winding 25 of the transformer. Vanabie
limiting resistor 26 is connected in series with the feed-
back winding 27 of the blocking oscillator in order to
control the maximum eclectrode voltage at a value
below spark breakdown. This is to prevent spark break-
down from occurring at the highest impunty concentia-
tions expected 10 be encountered as well as in an impun-
ty-free atmosphere. As the battery deteriorates, resistor
16 is varied to maintain substantially coanstant amplitude
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6

pulses at the electrodes, manifested (for example) by a
constant clicking rate in the absence of impunucs.

For measuring mean cOrona current, an R-C circuit
(~rmed of resistors 28 and 29 in parallel with a capacitor
10 is connected between output winding 22 and ground.
The two-pole, two-position switch 31 is employed o
cwitch the sensitivity of the device of a high sensitivity
range in which the full output of the R-C circuit 1s
supplied to the audio circuit, or 2 low-sensitivity range
wherein only a portion of the output voltage is supplied
to the audio circuitry. When switch 31 is connected 1n
the low sensitivity position, the output voltage is tapped
off between resistors 28 and 29. An additional capacitor
33 is provided as a high {requency shunt in the low
scnsitivity position,

The output voltage from the R-C circuit is fed t© the
gate of a FET 34, so that the positive gate voltage in the
absence of impurities is sufficient to nearly produce
pinch-off. The source-drain circuit of FET 34 1s con-
nected in the feedback loop of a two-transistor multivi-
brator 35 to provide control of the oscillatory (re-
quency of the multivibrator. The output of the muthvi-
brator is fed through a speaker 36 which produces a
series of clicks, preferably sounding like a Geiger
counter, descnibed above.

When FET 34 is near pinch-off, the oscillatory fre-

quency of multivibrator 35 is low. With increasing con-
centrations of impurity, as shown in FIG. 3, the mean
corona current and hence the output voltage from the
R-C circuit applied to the gate of FET 34 drops. caus-
ing the frequency of oscillator 35 1o nse. Hence, the
clicking rate, or at higher frequencies the pitch. of the
audio signal produced by speaker 36 clearly and dra-
matically indicates the existence and seventy of a leak.
A capacitor 37 may be provided between the source
terminal of FET 34 and ground to improve the tonal
quality of the audio output signal. [n the low sensitivity
position of switch 31, there may not be sufficient volt-
age applied to the gate of FET 34 10 nearly obtain pinch
off. In order to produce a sufficiently low frequency
audio output signal, therefore, an auxiliary bias supply
32 is provided which takes advantage of the high volt-
age pulses appearing on feedback winding 17 of the
blocking oscillator. Bias supply 32 includes 2 diode 38 in
series with a parallel R-C circuit formed by ca pacitor 39
and resistor 40, the variable tap of which constitutes one
terminal of sensitivity switch 31, thereby providing
additional d.c. bias current in the low sensitivity posi-
tion to the gate terminal of the FET.
" In the embodiment shown, the value of vanable limit-
ing resistor 26 is about 1,000 ohms, while in the high
sensitivity position of switch 31, resistor 28, 29 and
capacitor 39 have values of 13 megohms and 0.01 mi-
crofarads, respectively. The time constant of the R-C
circuit should be several times longer than the penod
between pulses.

FIG. § illustrates an embodiment of the invention
similar to that of FIG. 4 but with a visual rather than an
audible output, permitting more accurate measurement
of impurity concentration. The unnumbered clements n
F1G. S may be identical to those descnbed 1n connec-
tion with FIG. 4. FET 34 15 connected as one arm of a
Wheatstone bridge circuit 45, the other arms beaing
(ormed by resistor 41 and the two sides. divided by the
variable tap, of potentiometer 41. In operation, potenti-
ometer 42 is adjusted to give zero output reading on
voltmeter 43, which may be calibrated directly in terms
of impunity concentration. The incrtial ime constant of
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voltmeter 43 should be several times longer than the
time between successive pulses in the absence of impuri-
ties, to provide a constant indication for constant impu-
nty concentration.

It will be appreciated by those skilled in the art that
vanous changes and modifications may be made to the
above descnbed preferred embodiments wiathout de-
parting from the scope and spirit of the invention as
defined by the claims herein.

We claim:

[ 1. A method of detecting gaseous impurities in an
ambient atmosphere, compnsing applying voltage
pulses across 2 pair of electrodes disposed in such atmo-
sphere, the voltage being sufficient to cause a corona

discharge across said electrodes in the continuous co- 15

rona region; and detecting the mean corona current of
said discharge, which rarrent varies with impurity con-
centration.

[2. A method of detecting gasecus impurities in an
ambient atmosphere, compnsing applying wvoltage
pulses across a pair of electrodes disposed in such atmo-
sphere, the voltage thereof being sufficient to cause a
negative corona discharge across said electrodes in the
continuous corona region and said pulses being between

10

20

about 1 to 300 microseconds in length at a pulse rate 25

greater than 10/second, but not 30 great as to exceed 10
percent duty cycle; and detecting the mean corona
current of said discharge, which current varies with
impurity concentration. ]

{3. A method of detecting gaseous impurities in an
ambient atmosphere comprising applying voltage pulses
across an asymmetrical electrode pair sufficient in mag-
nitude to cause a corona discharge thereacross in the
continuous corona region; and measunng the peak true
corona discharge current, which is representative of
such impurity concentration.]

4. Apparatus for detecting [gaseous] halogen impu-
ntics tn an ambient atmosphere comprising:

an asymmetrical electrode pair disposable in such
ambient atmosphere;

a portable battery-operable source of voltage pulses
including an oscillator connected to the electrode
patr, the voltage of said pulses being sufficient to
cause 2 riegalive corona discharge across the elec-
trode pair in the continuous corona region; and

means for indicating the mean corona current of said
discharge, which is representative of the concen-
tration of such impurity.

3. Apparatus as defined in claim 4 including a limiting
resistor for preventing spark breakdown under all impu-
rity [concentration] concentrations occurring in such
ambient atmosphere.

[ 6. Apparatus for detecting gaseous impurities in an
arnbient atmosphere comprising:
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source providing negative-polanity pulses (o the
pointed electrode having a pulse width of about
one to 300 microseconds at a pulse rate greater than
10/second but not so great as to exceed 10 percent
duty cycle; and

means for indicating the mean corona current of said

discharge, which is representative of the concen-
tration of such impurity.]

[7. Apparatus as defined in claim 6 wherein said
indicating means includes an R-C circuit in series with
the electrode pair for providing an output voltage pro-
portional to the time-average discharge current.]

[8. Apparatus as defined in claim 7 wherein said
indicating means includes a voltage-controlled multivi-
brator connected {0 drive a speaker and connected to be
controlied by said output voltage, whereby the fre-

quency of the speaker output is indicative of impunty

concentration, }

[9. Apparatus as defined in claim 7 wherein said
indicating means includes an active amplifier responsive
to said output voltage, connected in circuit with an
indicating meter for indicating impurty concentra-
tion. ] |
{0. Apparatus for detecting halogen impurities in an
ambient atmosphere comprising:

an asymmetrical electrode pair disposable in such ambi-
ent atmosphere;

a source of voltage pulses connected 10 the electrode pair,
the voliage of said pulses being sufficient to cause a
negative corona discharge across the electrode pair in
the continuous corona region: and

means for indicating the mean corona current of said
discharge. which is representative of the concentration
of such impurity; wherein

said indicating means incfudes an R-C circuit in series
with the electrode pair for providing an output voltage
proportional to the time-average discharge current.
said source of voltage pulses being connected to the
electrode pair 1o produce a negative corona discharge
thereacross; |

said asymmetrical electrode pair includes a pointed
electrode disposed cpposite a substantially hemispheri-
cal electrode provided with openings to admit the
atmosphere under test into the corona regron; and

said source of voltage pulses includes a blocking oscilla-
tor having an output transformer, said output trans-
Jormer including an output winding, one side of said
ouiput winding being connected in circuit with the
pointed electrode and the other side of said output
winding being connected in circuit with the substan-
tially hemispherical electrode through socid R-C cir-
cuit.

11. Apparatus as defined in claim 10 wherein the voliage

an asymmetncal electrode pair disposable in such 55 pulses produced by said source thereof have a voltage be-

ambient atmosphere, one electrode of said elec-
trode pair being pointed;

a source of voltage pulses connected to the electrode
pair, the voltage of said pulses being sufTicient to

rween about 1800 and 2700 volts peak.
12. Apparatus as defined in claim 10 wherein the sub-

stantially hemispherical electrode has an interior radius of
about 3/32 inch and the pointed electrode is formed of a

cause a corona discharge across the electrode pair 60 fine wire.

in the continuous corona region and said pulse
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