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The count rate in Siemen ozonizer type tubes filled with dry air at
various low pressures, as measured by direct current impulse potential
passing through it, has been found to decrease with the time during
which the discharge is maintained reaching eventually a minimum
value. Tt is concluded that this decrease is due to species formed
during the discharge and adsorbed on the glags surface. Tt is also
concluded that the ionization in the gasoous phase is small, and that
the count rate occurs by a sudden release of a cascade of electrons
from tho cathode, these electrons being responsible for decay
formation through an air.atom mechanism.

1. INTRODUOTION

Earlier results of Joshi and co-worker on the time variation of new light effect
' & number of gases (Joshi 1939, 1944, 1945. Deo 1945), the marked influence
of traces of impurities and the wall offoct in olectrically excvited systoms (Joshi
1943, 1945, Rao 1945) have revealed that the nature of the electrode surface
(Joshi 1944, 1946, 1946b) represonts an important determinant of the eigate-
ofiect (light effect).

Most of the data available in the literature on the Siemen-type ozonizer
processes were based on current intensity and energy consumption measurements
using (a) a thermal junction and galvanometor. (b) a quadrant olectrometer
(Warburg 1909, 1923, 1925) and other meters sensitive to low frequencies. It
was of interest, therefore, to investigate the possible contribution of sorbed gases
i the ohserved docay of the discharge rate with an electronic scaler (SS 361 A,
Atomic Eunergy Establishment, Trombuay, Bombay) under d.c. excitation.

2. EXPERIMENTAL

Most of the experiments were done with glags-ozonizers. The two ozonizers
of different, inter-slectrode spacing and various volumes of the space compart-
ments were selooted in the presont work. For this investigation on air, the
inner and outer spaces were filled with dilute electrolytic solution (NaCl). The
middle space of both the ozonizrs filled with dry air at 1 and 10 mm of
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mercury pressure. The two columns filled with salt solution served as the two
electrodes of a discharge tube. Thoy were connected vo study potential of 1500 \
to excite the discharge (figure 1) and the current was measured with a scaler. The
experiments were done in a wooden box at room temperature (27°C) and at 165(
and external light was completely exeluded in order to avoid photo-induced effects
(Joshi 1943, Ramaiah 1961).
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Fig. 1. Circuit for the study of the offect of time on discharge pulses m air.

3. TrHE CURRENT-TIME RELATIONSHIPS ()CCURING IN AN ()ZONIZER
OR loNiziNg VESseL

The problem is conveniontly restricted to the standardized type of vessel
consisting essentially of two concentric glass or quartz tubes, the outer surface
of the outer tube and the inner surface of the inner tube being arranged to serve

as electrodes.

This arrangement constitutes a system of three condensers in series : the
condenser Cjy, of the inner wall, the capacitance C,z between the inner surface
of the outer tube and the outer surfaco of the inner tube, i.e., annular space
filled with air, and the capacitor C,, of the outer wall. Tt may, therofore, be
ropresented. in the conventional symbols, such as Cyp, Cgq and Oy, where il 1
assumed that for all practical purposes the power factor of Cygyp and Cow 810
negligibly small.

The insulating power of glass is much higher than that of the gas under the
same condition. It follows, therefore, that at a certain potential the condenser
Cyq due to gas (air) begins to leak due to icnization in the gas. The condenscrs
Ciw and C,, comparatively do not leak as the dielectric strength of glass is greater
than that of the gas. When, therefore, the gas just begins to ionize at the first
threshold potential, the gas capacitor Cyg is shunted by a fiotitous resistance
which is equal to the reciprocal of the current which flows through the gas.
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The direction of the current in an ozonizer discharge is at right angle to the
axis of the annular space, or better still it is at right angle to the length of the
gas gap. It follows, therefore, that all positive ions which start from inner
eleotrode (anode) to outer electrode (cathede) will be stopped by the glass walls
so also all the negative ions which start from the outer electrode and move towards
the inner electrode will be stopped completely hy the glass wall.

3.1 DETERMINATION OF SMALL ELEMENTARY AREA
qg = ('8'7,4

where 8V is the surge voltage, diminution in voltage on the glass electrode due
to the impact of the avalanche: ¢ is the charge associated with an individual
pulse and C is the capacitance of the wall material. This equation was used
hy Manson (1959) for finding out the charge associated with a pulse related with
the capacitance of the wall material. From this relation, Kanitkar (1967) has
recently not only obtained the value of the capacitor €, but also determined the
site area or small elementary arca. This capacitance and the average sitc area
estimated was about 3-12 pf and 0.76 ¢m? respectively. This average small
olemontary aroa is in good agreemont with the value (1 cm2) obtained by Harries

& Von Engel (1951).
4. ReEsoLTs

At a constant applied V', under a.c. or d.c. applied to the system containing
an unreactive gas, it is expected from the general physical theory (in Fleming
valve’s thermionic characteristics, the values of the current remain constant
with time at a constant potential) that the current I should be constant. It
has been observed, however, in case of an ozonizer that the current as measured

hy scaler varied with time, although the applied V was constant and the gas

used was low pressure air. Tt is of interest, thorefore, to investigate the possible

cause or causes responsible for this time variation of the current.

At a constant 1500 V.d.c.. 5 V. and 50 V discriminator bias and room tem.
perature (27°C), the table 1 shows that during the initial stage, the count rate
per three minutes in a perfect dark wooden box increases with time from an
mitial 173 to about 200 in two hours and thereafter it decreases nearly to zero
in about 13} hours. After 24 hours rest. on repetition at 50 V disc. bias Cp/3 min.
decreages progressively to almost zero with 74 hours of continuous discharge,
from 9.30 to 17.00 hours (figure 2).

The results in figure 3 show that at 1500 V. d.c.: 50 V disc. bias and 165°C,
the counts per two minutes under dark illumination in air-ozonizer at 10 mm
decreage continuously without any fluctuation from an initial of about 26,500
¥ & minimum of about zero in one hour only. A comparison of the results of
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the three series of experiments. namely figures 2 and 3, shows that the presence
of 10 mm Hg of pressure of air in an annular space, a pulsed emission decay is
the greatest in a very short continuous duration of discharge at 165°C and 50 V'
discriminator bias (figure 3). The average charge on each small elementary
area would decrease. assuming that the charge density on the walls remains un.
altered, at a given applied V. The continuous duration of discharge would.
therefore, be of shorter in time as compareed to those obtained with the fresh
tube.

Table 1. Variation of current with time,

Applied Potential : 1500 V. d.c.
Pressure of Air : 1 mm Hg.
Temperature of the system ¢ 27°C

Pulve Height. : 50V.

Current Indicator : 8. 361, A. Scaler.

(Annular surface coated with Na(Cl in H,O Solution)

Fresh Ozonizer;Tube No. 1

Time Cp/3 min. Time Cp/3 win.
(minutes) in arbitrary (minutes)  in arbitrary
Thm units Tm units
0 173 510 27
30 174 540 26
570 20
80 173 600 15
90 187 630 11
120 202 860 4
150 196 690 6
180 187 720 9
210 177 7560 10
240 172 780 7
270 156
360 65 810 1
390 83 840 1
450 42 870 0
480 41 900 0

5. INFLUENCE OF TEMPERATURE ON DISCHARGE COUNTS

A series of experiments were made to study the effect of the variation of
temperature on the magnitude of the discharge counts in dark. One of the typical
groups of results obtained by increasing the temperature of the electrolyte from
27°C to 166°C is given in table 1 and figure 3. Tt is seen that at a given applied
V and discriminator bias, Cp increases with the temperature. Thus, c.g. 8
1600 V. d.c., 50 V disc. bias, the initial and final values obtained for C per minut?
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at. 27°C and 165°C were about 57, 13.250; and 0. 1 respectively. It is quite possible
that under heavy electrical discharge during continuous aging at high tempera-
tures, admixture of gases are dissxociated and is readily sorhed by glass walls of
the discharge tube. Excited molecules and atoms of diatomic gases in air, com-
pounds such as water vapour. formed under olectrical discharge may also be
deposited on the surface of the glass walls. Thus, in effect. the poisitive and
negative eloctrode-surfaces are coated with a surface layoer consisting of atoms
and molecules when the tube is operated at high temperature and continuous
aging. As suggested by Joshi (1943. 1945, 1947) and somo other investigators
(Rao 1948, Arnikar 1952), this layer possesses a low work funetion making
photo-electric emission possible. Tt is probably on account of formation of the
houndary layers and the reduction in the site area that the contraction tube is
sensitized due to continuous aging and operation at high temperatures for the
production of current emission decay.

As explained above, the total number of small elementary area in a high
temperature increasos as a result of the decrease in area of the sites undor a steady
putential, as the total area on the electrode wall is constant. Because of this,
an increase in the total number of counts in dark in the discharge processes can
he expected.

6. CouNT RATE-TmME CHARACTERISTICS

The decay of the discharge current with time in minutes in air-ozonizers at
low pressures such as 1 and 10 mm. Hg. are plotted in figures 2 and 3 respectively.
It is seen in figure 2 that the count rate in a given time increases from the initial
value to a peak point 4. It also shows that the curve has two marked peaks.
A first marked peak, denoted by A, is formed at low values of time beyond which
(’5/3 min. diminishes, as time increases up to 660 minutes. Further increase
in time shows a gecond marked peak at high values of time. Ty, (750 minutes)
and thereafter the (’p roaches to zero with time.

Aging effect (Joshi, 1939, 1943, 1944, 1945, Deo 1945, Geol 1947, Mallikar-
Junappa 1948, Kanitka 1967) has also been studied under d.c. discharge at a
constant gas pressure, such as 1 mm, (i.e.. in the former the discharge tube was
kept excited at a fixed potential, 1500 V. d.c., for 30 hours and in latter the
opposite process as the system was stood over in the absence of discharge, un-
excited in the rest period 243 hours).  The influence of aging for 30 hours at a
typical pressure produces a vapid decrease in counts from 164 to 0 (figure 2:
curve no. IT). This remarkable effect. when compared with the observations
takon in the fresh gas ( table 1. figure 2, carve 1). does not show any similarity
This. therefore, indicates that aging produces a deposit of impurities on the walls
of the ozonizer and thus the elactrode surface seems to be permanently poisoned.
A similar obgervation is reported in SO, and (O by Deshmukh & Dhar (1949),

Deshpande (1063) respectively.
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Tn curve No. T of figure 2, the point A represents the beginning of the sudden
discharge current collapse. Cp/3 min. collapses suddenly in a time of the orde:
of about 240 minutes, after which & more or less pronounced step may or ma
not be in evidence. By about 660 minutes, the C; per minute in figure 2, i
about 1-4 and thereafter a steady state is gradually approached.
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Figure 2. Discharge rate in air at | mm. Hg. as a function of time for 50 V discriminator bias.
showing the pulsed omission decay at a constant potential (1600 V d.c.) and room
temperature (27°C). Solid curve.I for fresh and dashed curve-II for aged tube

No. 1.

Figure 3 gives the count rate in dark per two minutes as a funotion of time
The experiments were done in a closed ozonizer filled with dry air at 10 mm
pressure. Figure 3 shows that there is also a decrease in discharge rate. A
similar decay (pulsed emission decay) effect has been observed in an electrodeloss
hydrogen discharge (John ef al 1951) by the other techniques (Holt et al 1950).
The current in figures 2 and 3 is given in arbitrary units. The ozomizer discharec
system in air at a moderate pressure has only given a pulsed emission decay
characteristics as illustrated in figures 2 and 3. Tt is instruotive to note thal
the other electrode (cathode) formoed by sleeves does not show the count 1ot
omission decay phenomena in the same operating conditions. The observations
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in ozonizer discharge eliminate possibility that the decrease of the discharge
rate in air at 1 and 10 mm Hg. pressure is due to the electrical circuit, and more
specifically to such effects as polarization of the glass diclectric. offects originating
in the sodium chloride solution of the electrodes. ete.

The main general features of these curves are : (1) The usual vagaries of
surface emitters here caused more than the usual error in measuring the count
rate. since near about 120 minutes were required to obtain the decay characteristic
at room temperature (as contrasted with the few minutes required to read a scaler).
(2) The initial current increases as the size of the oxide or deposited particles on
the surface of the walls decreases. (3) The count rate emission depends markedly
on the treatment of surface of walls for the time just precceding measurcments.
(4) Aged tube exhibited less range of decay than other fresh tube no. [. This
is probably due to a more activation of the negative electrode surface. (5) Com-
parison of figure 2 and figure 3 indicates that the same composition films produced
differed decay range especially in figure 2. A probable cause for thix is that the
count rate decay with time may be proportional to the thickness of the particles
composing the negative electrode surface. Benjamin, et al (1938) investigated
the dependence of the thermionic current upon size of oxide particles and
found an increase in steady state current with decreasing particle size. (6) In
tube no. 2, the pulses show a more marked dependence on varions factors:
such as, pressure of dry air, inter-electrode spacing, temperature than exhibited
by other tube (1), which suggosts that the negative electrode surface in this tube
may have been incompletely activated. (7) The positive space charge acts to
decrease the inner electrode field (anode) and increase the outer electrode field
(cathode field). Under these conditions, there is a strong fluctuation at constant
applied field strength, say 1500 V.d.c.. by causing extinction or intermittence
of discharge. After a sequence of such interrupted discharges, the accumulated
space charge in the low field regions reduces the effective field at the inner electrode
so that discharge counts cease giving negative slope of current—time curve,
' ¢.. a pulsed emission decay. until virtually all the space charges ¢lear from the
annular space of the ozonizer in the clearing time interval. (8) In addition,
there are several time offects of a fow minutes or few seconds duration : Joule
heating, poisoning of negative electrodo by gas liberated from the positive electrode
and a decay effect investigated by Blewette (1939). (9) The pulsed emission decay
or count rate emission decay is of faster rate in an aged discharge tube at normal
Operating temperature as compared to those obtained with a fresh tube (Curve II
ol figure 2.)

7. CHEMILUMINESCENCE

The more energetic species, like ozone, and atomic oxygen, can form the
chemiluminescence. In the present. experiments, the electrodes are surrounded
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with an electrolyte. If these electrodes had been exposed for some time to di-
charge, a strong chemiluminescence may be formed. This chemiluminescence is
obviously caused by the speicies formed during the dishcharge and adsorhod
on the surface. By using air, the surface can be activated under discharge to

cause chemiluminesconce.

Since some electrical circuit is used to operate both the inner and outer
clectrodes, the olimination of the clectrical characteristics of the circuit as being
responsible for the decrease in the count rate is justified This remarkable point
gives the additional support that the surface species are responsible for the observed
decay in discharge pulses. A possible explanation for this is that the formation
of number of gpecies on the vlectrode surface is maximum at the initial continuous
aging, as the total area on the electrode wall is constant. This initial maximum
total number of species decreasos with time.

8. DiscussioN

Meek & Craggs (1953) have estimated the averagoe electron energy for
givon field strength. temperature, and pressure At higher temperatures, mole-
cules on the surface may undergo chemical change and thus be held by valence
forces. The heat of adsorption is then far greater than corresponds to van-der
Waal’s adsorption. Such adsorption does not occur at low tomperatures and
in it the reaction velocity of the chemical change may be too low  Ninee there s
an activation energy associated with each such a reaction, Taylor (1931) has
proposed the term activated adsorption for the adsorption which involves such
a chemical change. The distinction between van-dar-Waal's adsorption and
activated adsorption was pointed out by Soderbaum in 1918 and illustrated by
the adsorption of CO and of O, on platinum.

It was found (Deshmukh 1949) that the formation of the adsorption layer
becomes noticeable above threshold potential of the gas, and it has heen suggestod
that the initial step for the formation of adsorption on the glass walls is forma-

tion of positive and negative ions, radicals.

In this work, the applied potential (above starting potential) is large. and
a still large voltage will be offective in ionizing gas. In the ozonizer, we do
not have an oxternal source of eleotrons. Moreover, the discharge pulses or ioniza-
tion, under the same applied voltage, is more extensive in air at 10 mm and 165 C
than it is in the same air at 1 mm of mercury pressure, 27°C.

According to Ramaiah (1959), the walls of the ozonizor are an insulator
eusily removable electrons are not available, and the production of the olectrons
must be closely related to the gas adsorbed on the surface. Ionization of the
ges must then be much easier in the adsorbed state than in the gaseous phus:
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The ions formed remain in or near the glass surface. Our c¢xperimonts with
the ozonizer can lead to the same conchugion for the species responsible for the
deercase in count rate.  The mechanism of sudden release of a cascade of negative
ions (electrons) from the outer electrode is not obvious to us. and we are extending
our investigation in the hope of gotting some information on this quostion.

The nature of species responsible for the decrease in discharge counts is not
possible to deduce from our results. Some of its propertics, however, can he
described.  The possible explanation for the decay in count rate with time growth
ix given that the species formed in air, and responsible for the decrease in pulses,
are formed in the ozonizer discharge. The possibility that the species formed
m dry air at 10 mm, 165°C are also formed (but less sufficiently) in the same gas
at 1 mm of mercury pressure should also be considered. Deshmukh (1949) has
already shown that there is a profound influence of the surface phenomena on the
production of discharge current. Tt is observed that the rate of decay of the
counts in the ozonizer discharge is very sensitive lo the state of the (cathode)
surface, and it is proposed that under the provailing conditions the discharge
takes place extensively on the surface. The factors such as increased tempera-
ture, electron impact, surface effect, cte. vavy the discharge count rate in the
clectrodeless discharge.

9. CoNCLUSIONS AND FUTURE OUTLOOK

In this investigation, the decay of discharge count rate in dark with the time
is seen in most of the air-ozonizers at constant potential 1500 V. d.c., discriminator
hias 50 V and temperature of the system. The decroase in discharge counts is
due 10 a decrease in the rate of initiation of the discharge at the outer olectrode
ruther than to inhibition of the propagation. However, in light of above results,
a pogsible explanation is that the species formod during the discharge are adsorbed
on the surface of the walls and decrease the probability of the initiation of the
individual discharges. This surface species are formed faster when the tem-
perature of the system is high enough.

A comprohensive investigation has also been made for pulsed omission decay
using the ozonizer tubes of different dimensions under various time and tempera-
tre ranges of this phonomenon.  As the temperature is increased, the conductivity
i insreased and likowiss the dbshar goe rate is soen to inorease; as the tempera-
ture is lowered, the rato of count rate cmission decay is reduced: at normal
“borating  temperatures the decay is not detectable using sleoves method of
measurements,

It is observed that the count rate emission decay measured with an electronic

serier depends on the pressure and nature of air, the compound capacitor formed
by the ionizing vessel, type of cathode, applied potential across the electrodes,
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pulse height, temperature of the system, electro-conditioning of the discharpe
tube and lastly circuit elements etc.

These results and other results lead to the conclusion that the decay associate
with the air afterglow from the container walls, and that surface state of the
negate electrode accounts for the removal of electrons.

In the view of these factors, such as observations with an ozomizer. (1) i)
dark and, (2) under light with d.c. cxcitation, (3) at different working temperatus s,
(4) with various gas pressures, all of which require further study, there is no
incentive to attempt a conclusion regarding the mechanism of pulsed or count
rato emission decay with time or even the conditions under which pulsed
emission decay existe.
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