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ABSTRACT

Enhancing lighting intensity while reducing costs is a primary focus. Lamp illumination has been refined by ad-
justing halide concentrations and pinpointing optimal thermal zones for maximum brightness. Arc discharge, par-
ticularly in high-intensity discharge (HID) lamps, plays a pivotal role in lighting technology and system upgrades.
This study delves into the plasma processes of the ionization layers near the cathode surface, where we noticed that
as the temperature increases, both (7, A , @, ) increase, also, notice an increase in the voltage barrier as a result of
the collision between the electrons that leads to a loss of energy, and this leads to a decrease in the current density
as a result of the high energy gap. That is, the value of the work function increases As a result of the increase in the
energy of the electrons, which plays a major role in the processes of ionization and excitation, this is reflected in
an increase in the temperature of the electron and a decrease in the voltage, especially at a voltage of 20 V, mean-
ing that increasing the voltage difference from 10 to 20 V leads to a significant decrease in the voltage barrier,
especially at temperatures greater than (7 = 3800 K, and this leads to increase the temperature of the electron as
a result of increasing the energy of the electrons so, at low temperatures, we notice that the effective work function
increases in both cases (10.20) V with the decrease in the potential difference of the plasma layers at the cathode
surface proximity, and it has a maximum value at 20 V. The difference in concentration plays a crucial part in in-

creasing the temperature and decreasing the voltage barrier with the difference in the applied voltage
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INTRODUCTION

The phenomenon known as arc discharge
is a gas discharge that happens when current
flows through an air-like dielectric medium. It
is a self-sustaining discharge phenomenon that
is characterized by immediate spark production
[1]. The insulation of the surrounding gas breaks
off, creating an electric arc that causes a continu-
ous discharge and current to flow through a non-
conductive material. An electrical brief is the idea
of an electric arc [2]. There are several uses for
arc discharge in the lamp industry. It may be uti-
lized to make long-arc discharge lamps that have
a long lifespan and a long effective light emis-
sion length [3]. This is accomplished by utilizing
a luminescent tube that has distinct UV trans-
mittance in various regions, such as the central

region’s first luminous tube portion and the ends’
second and third luminous tube portions [4] Long
arc discharge lamps can also be made to reduce
thermal stress that has accumulated inside the arc
tube [5]. To do this, a hollow section of the arc
tube that is in touch with both the electrode and
the tube’s edge is created around the electrode [6]
The significance of boosting plasma discharge at
low temperatures in industrial settings was ex-
amined by the researcher Lieberman Michael A
and et al, with a focus on the production of semi-
conductors and plasma display panels for high-
definition televisions [7]. Utilizing concentration
with gases, the researcher Cornella Roca and et al
conducted an overview of the uses of electrically
produced plasma for surface treatment in materi-
als science. The production of superior nanomate-
rials with a crystalline state and certain functional
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characteristics, such as structures and nanopar-
ticles, is accomplished using atmospheric arc
discharge techniques [8]. The lightning strike in
a plasma burner was the primary focus of the re-
searcher Stoffels Eva et al. The plasma’s and the
electrodes’ thermodynamic and electromagnetic
interaction was studied using a model and elec-
trode areas, and the conclusions mostly agreed
with experimental data [9]. The researcher Li-
ang Peng et al produced low-dimensional carbon
nanoparticles, such as graphite nanosheets, using
pulsed arc discharge [10]. To address surfaces in
materials science, the researcher Coebella Carles
et al employed a review of the uses of electri-
cally produced plasma employing concentration
with gases [11]. The investigator Li, Tiah Ming,
et al employed a light. tungsten electrodes in a
long-arc discharge system that stops the emitting
material from spreading and the inner wall of the
lit tube from becoming black [12]. A long-last-
ing short arc discharge light was utilized by the
researcher Scholand, Michael et al. The lamp is
made out of a bright tube with an interior closed
section that creates a discharge gap. At the top
and lower extremities of the discharge space, the
anode and cathode are positioned in opposition
to one another. The lamp’s purpose is to keep the
illumination surface from getting too dark and
to extend its lifespan [13]. This research aims to
study the effect of the cathode temperature on the
voltage barrier and the electron temperature. The
Schottky correction was also studied for different
concentrations and to determine the appropriate
conditions for manufacturing the best light bulb
at a lower cost and a simple temperature.

THEORETICAL PART

If function U (w, d) is known, the distribution
of temperatures inside and outside the cathode
structure may be determined by figuring out the
heat conduction formula [14]:

V(KVT) =0 (1)
where: K a shift in temperature VT. The cathode
material’s thermal conductivity.

There is a boundary situation.

kL =q(T,,U) @)
where: g — energy flux density, T, — cathode sur-
face temperature, U — the low combined
voltage amid the ionization layer and the

charge sheath.
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When the limits condition, cold gas, and
arc plasma come into touch with the surface of
the cathode. in this case, n is a local orienta-
tion perpendicular to the cathode’s surface that
points away from it [15]:

T=T 3)

where: T— temperature of the cathode, within the
context of this model, the energy flow den-
sity, gp, generated by plasma at the surface
of the cathode is expressed by the formula
that follows [16]. The formula defines o as
the proportion of the mean free path for ion-
atom collisions to the ionization length [17]:

a = ECiaQia an
3 K;
“4)
8KT;, /1 1
- 5 )
T m; mg,

where: k and Q — symbolize the rate of change of
atom the gas’s ionization under consider-
ation as well as the average cross-section for
elastic ion-atom collision momentum trans-
fer, C_— refers to the average relative atom
and ion speed within the instance within the
plasma created in the single-atom pure gas
[18]. Within the context of this paradigm,
the energy flux density q, generated by plas-
ma at the cathode’s exterior is expressed us-
ing the subsequent formula [19].

dp = q; + qe — qem ®)]

where: g, — the density energy flow around the
cathode interface via ions, ¢, — the ener-
gy flow cathode Surface density by swift
electrons in the plasma. g, — density of
energy flux lost from the surface of the
cathode by thermal emission.

dCl-a=

+ k(2T + —2TW)

where: j; that the electric current density of the
ions provides the cathode surface, T, —
heavy particle temperature (ions, neutral
particles), 7 — temperature of the electrons
in the stratum close to the cathode. Z — the
rate of the number of charging ions, E —
the average of the layer’s ionization energy
near the cathode, U, — low voltage within
space charge envelop, A~ work function
(Schottky correction).
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Ge = Jo(2KT, + Agsr) (7
Gem = Jem (2KTy, + Agy) (3)

where: j,—how dense the electric current is trans-
mitted by the use of the cathode surface
fast plasma electrons, J, — electron emis-
sion density at the moment, j = e/, is the
quantity of ions that provide a voltage to
the cathode’s electrical surface, J, =eJ
is the thermionic emission current density.
Ji = Z j, is the quantity of ions that pro-
vide an electrical flow across the cathode’s
surface, which was computed with the
Schottky correction taken into account.

Indicate the electric field’s W, work above
the ions in the layer of ionization. W, is approxi-
mated as the average current of ions in the model
framework, the layer of ionization j/2, periods
U = U - U, the ionization layer voltage de-
crease (given by Equation) Equation 6 might be
rephrased as [20].

qi =Ji(ZeUp + E — ZAgsp) + W, +
+ ik (2T +Z5) = (i2kT,,) + W]

2

where: T,—heavy particle temperature (ions, neutral
particles), T — temperature of the electrons
in the stratum close to the cathode, Z — the
rate of the number of charging ions, £ — the
average energy of ionization inside the layer
near the cathode, U, —reduced voltage with-
in the space charge envelope, Aeg fwork func-
tion (Schottky correction), W, — low voltage
in the ionization layer, U, — low voltage in
the space charge envelope.

)

Equation 9 represents the flow of ions’ en-
ergy into the sheath from the ionization layer.
The total energy flow of the electric field’s
work over the ions in the ionization layer is the
second term. and of the atoms with the same
energy that is neutral and enter the ionization
layer that follows, they depart the cathode sur-
face. being generated to counteract the incom-
ing ions. All of these parameters need to be
equal in a steady. In actuality, the equation bal-
ancing the ionization layer’s heavy particle en-
ergy is represented via the state need for these
terms to be equivalent.) As a result, formula 9
should have its final word located on the right
removed, and it now has the form [12]:

qi=Ji(ZeUp+E—Z Agpp )+ W;  (10)

In actuality, the Equation the ionization lay-
er’s heavy particle energy balance is represented
by the state need for these terms to be equivalent.)
As a result Equation 9 should have its final
word located on the right removed, and it now
has the form [22]:

Je (2 KT,

e

+Up) +32 5+ jE (1)

e
jem (252 + Up) + we (12)

Here, is the ionization layer’s electrons un-
der the influence of the electric field, and is
the net electric current density that flows from
the plasma to the surface. Keep in mind that
the words located on the left refer to that flow
of energy transported by swiftly moving elec-
trons from the ionization layer into the sheath,
which are sinks of the electron in the ionization
layer’s energy. that flow the electron energy
lost within the ionization layer and the energy
moved about away with electrons departing the
layer for the main plasma. The terms located on
the right represent sources, the electric field’s
activity across the electrons inside the stratum,
and the energy delivered into the layer made
of expelled acceleration of electrons within
the space-charge sheath. Equation 5 may be
produced by substituting Equations 8 and 10,
adding the acquired connection to Equation 11,
and using the formula.

Gp = Ju— 2(Aer +32KT,)  (13)

where: e — change of electron, j — current density,
U — the low combined voltage amid the
layer of ionization and the charge sheath.

There is a clear physical meaning to the
Equation 13. The energy flux related to the plas-
ma that reaches It is the cathode surface the dif-
ference between the electrical power deposited in
the near cathode layer per unit area and the force
carried by a current carrying electrons from the
layer into the bulk plasma, the latter is computed
with consideration for the energy required to ex-
tract the cathode’s electrons. Evidently, applying
Equation 13 results from substituting Equation
10 for Equation 7. Equation 17 — the potential
energy of the electron barrier that occurs at the
junction of a semiconductor refers to the metal
as the Schottky barrier [22]. When a metal comes
into direct contact with a semiconductor, a
Schottky barrier forms, resulting in proper elec-
trical contact behavior provides the height of the

267



Advances in Science and Technology Research Journal 2024, 18(4), 265—-272

barrier, which is easily computed from the differ-
ence between the metal’s work function and the
semiconductor’s electron affinity [23]:

By = b —x (14)

where: @B — the energy barrier of the electrons.
The difference, as expressed in the equa-
tion, between the electrons’ energy barrier
and the semiconductors’ energy gap [24].

¢Bn = Egap — ¢Bn (15)

The energy gap of semiconductors is rep-
resented by, and the electron energy barrier by
¢Bn. The following formula is used to calculate
the delivery value [25]:

Jon = AT?e — 22np ( 4 )

kpT ekbT

(16)

The Equation provides the height of the voltage
barrier [25]:

b5 = KT/qin [“] (17)

where: @~ the voltage barrier k7/g — is the volt
equivalent of temperature, J, - is the satu-
ration current density.

RESULTS

This study examines the correlation between
cathode temperature (7)) and potential barrier
length (Ob), as depicted in Figure 1. At a voltage
of U =10V, electron emission initiates within
the temperature range of 20-5000. As concen-
trations (0.001, 0.01, 0.1, 0.5) rise, there is a pro-
portional increase in emitted electrons, indicat-
ing that higher temperatures significantly impact
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the density of liberated electrons resulting from
electron molecule collisions. This, in turn, re-
duces the voltage barrier. In the case of shape
(b), higher voltages (U =20 V) produce stronger
electricity, characterized by a shorter potential
barrier and increased electronic emission due to
a higher electric field. Consequently, at elevat-
ed temperatures (4000-6000), more ionization
processes occur, further reducing the potential
barrier. Moreover, with increasing concentra-
tions (0.1, 0.5), the potential barrier diminishes
due to heightened ionization processes, lead-
ing to increased collisions and, consequently,
higher electron emissions. The data presented in
Figure 2 illustrates that electron emission initi-
ates at 500° under a voltage of U= 10 V. As the
temperature escalates from 3800-5000, induced
by the ionization process, there is a noticeable
augmentation in electron temperature, leading
to intensified collisions between electrons and
molecules. Amplifying the voltage to (U=20V)
further enhances the electric field, resulting in
a temperature range of 3300-5000 and height-
ened electron emission, consequently elevat-
ing (7e). Introduction of concentrations (0.001,
0.01, 0.1, 0.5) prompts a marked rise in electron
temperature at concentrations (0.1, 0.5), as elec-
trons acquire energy from collisions with other
particles, including atoms and neutral ions. The
likelihood of collisions rises with the concen-
tration of these molecules. Increased electron
temperatures are attributable to energy transfer
during collisions, augmenting the kinetic energy
of the electrons. Figure 3 depicts the Schottky
barrier’s value for pure material, measured at 1.2
eV, when the temperature (7)) is 3000 K. This
value is notably smaller than U, which stands
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Figure 1. Voltage barrier versus the cathode temperature for all concentrations (a) U= 10V, (b) U=20V
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Figure 2. Voltage barrier versus the cathode temperature for all concentrations (a) U=10V, (b) U=20V
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Figure 3. Schottky correction and ionization voltage versus cathode
temperature for concentration (0.001) (a) U=10V, (b) U=20V

at 3.4 V, indicating insufficient thermal energy
to facilitate electron passage across the bar-
rier. Conversely, with a concentration addition
of 0.001 at 7 = 4000 K, the energy gap con-
tracts, augmenting the Schottky Correction due
to increased electron concentration. This facili-
tates electron movement across the barrier and
onto the metal surface, leading to an increased
Schottky correction of 1.5 eV attributed to ion
release activities at higher temperatures. Conse-
quently, the potential difference between poten-
tial layers near the cathode (Ui) decreases. As
voltage increases, exemplified at U = 20 V and
T = 4100 K, the barrier rises to 1.6 eV, consis-
tent with the heightened ionization layers at Ui
= 3.3 V. Furthermore, the addition of concentra-
tion leads to a rise in Schottky correction, result-
ing in a definite decrease in U, at 7 = 3500 K.
Figure 4 shows that, in pure xenon, the
Schottky value (effective work function) is small

at 1.2 €V at a certain heat of 7, = 3000 K. At
the same temperature, the potential difference of
the ionization layers (3.5 volts) increases clearly
with the small value of the function. Work when
adding the concentration (0.01), we see that at
the voltage U = 10 V, the Schottky correction
will rise as a result of collisions and the release
of electrons, which will raise the value of the cur-
rent. The Schottky value appears at (2.5 eV). The
voltage will be 2.4 V at a temperature of 4100 K.
As with the Schottky drop before concentration,
the ionization potential will rise at U=20V, and
the opposite will occur when concentrations are
added. see an increase in Schottky correction at
U =20V compared to the previous voltage U =
10V. In Figure 5, a significant difference in the
Schottky Correction value is evident between
previous concentrations, where it was 1.1 eV, a
notably low figure corresponding to a substantial
increase in the ionization potential to 3.5 eV at
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Figure 4. Schottky correction and ionization voltage versus cathode
temperature for concentration (0.01), (a) U=10V, (b) U=20V
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Figure 5. Schottky correction and ionization voltage versus cathode
temperature for concentration (0.1), (a) U=10V, (b) U=20V
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Figure 6. Schottky correction and ionization voltage versus cathode
temperature for concentration (0.5), (a) U=10V, (b) U=20V

a temperature of 7 = 3000 K. Conversely when
introducing a concentration of 0.1 mol, it may
lead to increased collision rates and higher tem-
peratures up to 7, = 3400 K, resulting in a higher
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Schottky Correction of 4.1 eV. However, with an
increase in the electric field, achieved by raising
the voltage to U = 20 V, as shown in Figure b,
there is a noticeable decrease in the ionization
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potential to 1.0 V. Additionally, with an increase
in concentration, there is an observed rise in the
Schottky Correction due to the heightened volt-
age, which raises the barrier’s height, making
it more challenging for electrons to move into
the metal compared to a voltage of 10 V, conse-
quently leading to a decrease in the ionization
potential. These two figures illustrate that for
pure xenon, the Schottky value remains relative-
ly low at both voltages of U=10 Vand U=20 V.
This is accompanied by an increase in ionization
potential due to heightened collision processes
between molecules and electrons. Consequent-
ly, there is a boost in the kinetic energy of the
electrons, enhancing their capacity to overcome
the Schottky Correction. However, when a con-
centration of 0.5 mol. is added at both voltages,
the opposite effect is observed. The addition of
concentration corresponds to an increase in the
Schottky Correction (the work function), attrib-
uted to collision and liberation processes. At U
=10V, the electrons leading to a rise in current
have a Schottky Correction value of 1.8 eV and
an ionization potential of 0.3 V. Meanwhile, at
U =20V, the Schottky Correction value stands
at 2.8 eV, with an ionization potential of 0.2 V.

CONCLUSIONS

The findings demonstrate that as the tem-
perature of the cathode surface escalates, so
does the thermal energy of its material, conse-
quently boosting the kinetic energy of electrons
within. This heightened energy prompts elec-
tron activation, with more electrons acquiring
adequate energy to surpass the work function.
Consequently, an increase in emitted electrons
occurs alongside elevated average energy and
temperature. Conversely, the impact on the
voltage barrier is contrary, as heightened en-
ergy reduces it, fostering increased ionization
processes and electron-molecule collisions.
Specifically, applying an electric field at volt-
ages U = 10 and 20 V induces a simultaneous
rise in atom temperature and Schottky barrier,
while lowering the voltage barrier.
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