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ABSTRACT

The importance of this study lies in the use of a mercury-thallium for different levels of concentration and applied
voltage mixture in arc plasma to enhance the efficiency of high-pressure lighting systems, reduce costs, and miti-
gate electrode corrosion. Mercury is the main element used in arc lamps. The addition of thallium has contributed
to improving the emitted light characteristics and stability, reducing energy loss, and extending operating life.
The NCPL model was used to interpret and analyze the physical changes in the region near the cathode surface.
This model simulates the thermal and electrical interactions that control the transfer of current and energy density,
providing accurate data that helps in optimizing high-pressure lighting systems, and measure the ratio of the ion-
ization length to the mean free path, while the THERMCAT model was used to measure the total energy released
from the cathode surface of a mixture of mercury and thallium at different concentration and applied voltage. At a
concentration of (0.5 mol) of thallium in the mixture, it contributed to improving the physical and chemical prop-
erties due to the abundance of a large number of ionizable atoms. The energy flux increases along with cathode
surface temperature, where the increase is linear at (<3500 K) and non-linear at (7, > 3500 K). When the applied
voltage is increased to (50 V), the energy flux (q) increases due to the acceleration of the charged particles in the
electric field. This enhances their energy, leading to an increase in collisions between the charged particles. Whilst
THERMCAT model The energy emitted from the cathode surface increases along with the diffusion or spot cur-
rent, where the relationship is linear between the energy emitted from the cathode surface and the spot current due
to the accumulation of charges and the rise in temperatures in the spot area.

Keywords: arc discharge, temperature of cathode surface, energy glow, ratio of the ionization length to the
mean free path.

INTRODUCTION

Plasma is a state of matter composed of
charged and neutral particles, characterized by
its interaction with electric and magnetic fields.
It occurs naturally in the ionosphere, the upper
atmosphere, stars, as well as interstellar regions,
and represents the largest proportion of visible
matter in the universe [1,2]. Arc discharge has
distinct characteristics in that the current density
is very high while the potential difference is low,
which causes high temperatures and consequent-
ly ionization of the mixture [3,4], Because arc
discharge has thermal properties and ionization
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of gas or mixture molecules, it is used in vari-
ous industrial applications, such as metal cutting,
welding, and modern materials production tech-
nologies [5]. Arc discharge lamps are a type of
advanced lighting system that is used to produce
light by ionizing gas molecules through the pas-
sage of an electric current through the mixture.
They are characterized by their high efficiency
and long life without the need to heat the fila-
ment as in traditional lamps, which makes them
a suitable choice for lighting large spaces [6,7].
This study aimed to determine the effect of add-
ing thallium to the mercury gas mixture in dis-
charge lamps and improving the energy transfer
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processes, electron emission from the cathode
surface, as well as changes in electrical and
chemical properties. The importance of the study
was to explain and analyze the mechanisms of the
reactions that occur near the cathode surface. This
study improved lighting stability, reduced energy
consumption, and prolongs the life of lamps, as
mercury has a low ionization potential, making
it suitable for ultraviolet lamps, and has a long
operating life [8].Yoon and his team developed
a dual technology that combines low-voltage arc
discharge and microwave plasma. This technol-
ogy extends the system’s life, reduces wear, and
improves stability. It is used in biomedical fields
[9]. Solikhov and his scientific team conducted
a study investigating the effect of electrode de-
sign on high-pressure plasma xenon lamps, par-
ticularly the changes in the properties and com-
ponents of the plasma [10]. A study by Timofeeva
and colleagues showed that introducing thorium
into arc discharge cathodes changes the illumi-
nation properties of high-pressure xenon lamps.
The researchers observed that this modification
significantly concentrates the emitted radiation
within the visible, infrared, and ultraviolet rang-
es of the spectrum [11]. Mercury (Hg), a heavy
metal with atomic number 80, has a relatively
stable electronic structure that gives it remarkable
resistance to oxidation compared to less reactive
metals. This element exhibits electronic behav-
ior similar to the noble gases, due to their similar
outer energy levels. Mercury is a ubiquitous ele-
ment in the environment [12]. Hg and thallium
(T1) arc lamps are used as research tools to study
the nature of plasma and gas within vacuum arc
discharges. These discharges are generated using
innovative cathodes made of scandium deuteride,
a chemical compound that combines the metal-
lic element scandium with the heavy hydrogen
isotope deuterium (which has an extra neutron).
This approach contributes to a deeper understand-
ing of the properties of both mercury and thal-
lium within plasma environments [13,14]. This
work is based on the near cathode plasma layer
(NCPL) model is a theoretical physics model that
simulates the ionizations and interactions occur-
ring in the region near the cathode surface. This
provides data for understanding the mechanisms
of energy transfer and distribution, electron emis-
sion, and recombination, enabling improvements
in the design, stability, and efficiency of arc dis-
charge systems. The THERMCAT is a theoreti-
cal physical model that was developed to analyze

current transfer mechanisms in the diffusion and
spot regions, thereby contributing to electrode
protection against corrosion at high temperatures
and minimizing energy loss. Under specific con-
ditions (temperature 300 K, cathode radius 0.001
mm, height 0.01 mm), mercury gas mixed with
different concentrations of thallium (0.005, 0.05,
0.5 mol) was used to calculate energy flux, ratio
of the ionization length to the mean free path, en-
ergy emitted from the cathode surface [15].

MODEL

The use of nonlinear surface heating to sim-
ulate current transfer to hot cathodes in high-
pressure arc discharge has become an accepted
and common practice [16]. The cathode plasma
model is used to analyze the properties of plasma
consisting of positively charged, electrons, and
neutral particles [17]. The Equation 1 used to
measure a — represents the ratio of the ionization
length to the mean free path, = ni“"/na00 repre-
sents the degree of ionization.

Naco _ acy /148 )
Mo  Cpt+2acy/1+B+a?1+P (1)

where: n_ is atomic number density, ¢, — dimen-
sion coefficient It is the compound density
of all neutrals at the edge of the ionization
layer [18].

The equations are based on the following ac-
tive parameters: Schottky barrier, potential bar-
rier, ionization energy and rate constant. The
energy needed to produce a positive ion can be
measured (E) [17]:

ki = ¥bX k" (3)

where: indices j and / are attributed to positive
ions and to neutral species, X, is the molar
fraction of positive ions, X, is the molar
fraction of a neutral species, k, represents
the rate constant of ionization of the effec-
tive neutral particle by electron impact,
kl.(l) is the rate constant of ionization of
neutral particles of a species 1 by electron

; =1 -1 .
1mp.act,- a= 5% and b S are nor
malization factors [19].
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This Equation 4 is applied to calculate ratio of
the ionization length to the mean free path («) [20]:

_ ’E CiaQia
a= 3 K; (4)

where: Q. is average cross section of the trans-
mission of momentum in elastic collisions
between ions and atoms. C,_ represents the
average relative velocity between ions and
atoms and is given by the Equation 5 [21]:

Ca = |22 (24 2) 5)

q =q(T,,,U) where T, > T, (6)

j=j,,U) where T, =T, (7)

where: ¢ is the energy flux density and is the cur-
rent flux density, 7, is the temperature of
cathode surface, U is the applied voltage,
T is the temperature of center, ¢(7, U)
and (T, U) are the functions of tempera-
ture (7' ) and applied voltage (U).

When (7)) increases, the part of the surface
connected to the plasma arc heats the surface
where the current is collected by the plasma, and
when (7)) decreases with the part of the surface
connected to the gas this region becomes electri-
cally isolated. (U). It represents the heat exchange
of the cathode with the gas in chamber which is an
air-evacuated container, it is containing mercury
gas. It is used to generate plasma and confine it
using a magnetic field [22].

Expression ¢(7, U) is calculated by analyz-
ing the thermal properties of the cathode material
and evaluating the thermal conductivity coeffi-
cient using the approved equation.

V.(kVT) =0 (8)

where: V. is del operator, it represents deriva-
tive of a function with respect to one of
its variables, k represent a thermal con-
ductivity coefficient, V7 is heat flow
direction.

With certain limitations:
oT
kS = q(T,, U) 9)

Where n represents the portion of the cath-
ode surface that is in contact with both the arc
plasma and the surrounding cold gas. This portion
remains at a relatively low temperature compared
to the arc plasma itself. The boundary condition
for this portion is:
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T=T (10)

The cathode discharge zone model is a the-
oretical construct that accurately describes the
behavior of plasma in the vicinity of the cath-
ode surface during an arc discharge. This model
shows that the plasma in this zone is the primary
source of the energy glowing toward the surface
and is also the region where the electric current is
collected. This zone consists of two main compo-
nents: the first is the electric charge shell directly
surrounding the cathode surface, and the second
is the ionization layer adjacent to this shell. The
ions that arise in the ionization layer are charac-
terized by significant acceleration under the influ-
ence of the electric field present in the vacuum
charge shell (a region characterized by the ab-
sence of ion collisions), heat the interface, togeth-
er with the fast electrons in the plasma, which are
able to cross the work function of mercury and
reach the cathode surface [22] where:

AQp = 49i T e — qem (11)

where: g — is the plasma energy flux density at
tﬁDe surface of the cathode produced. g, —
is the ions energy flux, g, — is the electrons
energy flux density, ¢, — is the thermion-
ic emission energy flux.

The energy flux density in Equation 1 can be
written as:

ZeU +E — ZAosf +

= . 12
a%=Ji|, k(ZTh +ZTe/2 B ZTW) (12)
e = (2KT, + Acyy) (13)

Gem = Jem (2KTy, + Agyf) (14)

where: j, is the current density of ions, Z is the
charge state, e is the elementary charge,
E is the average thermal kinetic energy of
ions, 4 o is the effective work function, T,
is the hot ion temperature, 7, electron tem-
perature, j, is the current density of elec-

trons emitted from the cathode surface.

Fourier’s law of heat conduction was used to
calculate the heat conduction energy (q) in Equa-
tion 15 [23]:

T
q=—k (15)

dT .
where: - gradient of temperature.
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Equation 16 used to calculate the total heat
conduction energy (q,, ), the heat flux is multi-
plied by the cross-sectional area:

ar
Geon = —kAZ (16)

When the temperature changes linearly along
the cathode:

d(Tw—T
Qcon = _kAy (17)

where: T, represents the base temperature, L rep-
resents the cathode length.

By adding Equations 14 and 17 Equation 18
is obtained to calculate total energy emitted from
the cathode surface (Q, ) [23]:

d(Tw Tbh)

(18)
The current density of ions (J) is given by

Equation 1 of the Ion Flux Saturation Law [24].
Ji = Zen;cy (19)

where: n, represents ion number density, ¢ repre-
sents the ion acoustic speed.

Qem = jem(ZkTw + Aeff) —kA——
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We use the Richardson-Dushman Equation
20 to calculate current density of emission (/).

w
Jen = ATexp (- ) (20)

where: A4 represents Richardson constant, W rep-
resents work function of material, K, rep-
resents Boltzmann constant [25].

RESULTS AND DISCUSSION

Figures 1-4 illustrates the ion energy flux (g),
plasma energy flux (q,), electron energy flux (g,)
and thermionic emission energy (g, ) of the Hg
pure and when it doped with Th at concentration
(0.005, 0.05, 0.5) mol at applied voltage (U= 20
V, U=50 V). In Figure 1, when the cathode surface
temperature (7, = 2000-3250 K) increases, the in-
crease in the plasma energy glow (q,) is large due
to the rise in the electrons emitted from the cathode
surface. At 20 V, the plasma energy glow is rela-
tively stable at (7, = 3500 K) and then begins to
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Figure 1. Plasma energy glow q, (W/m?) versus the cathode temperature at (a) Hg-Ti (0.5 mol),
(b) Hg-Ti (0.05 mol), (¢) Hg-Ti (0.005 mol)
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increase slightly at high temperatures. In contrast,
at a potential difference of 50 V, it is relatively sta-
ble at (7, = 3250 K) and then begins to increase
slightly at high temperatures. Figure la shows
when adding (0.5 mol) of thallium to mercury in-
creases the plasma energy glow by increasing the
number of excited or ionized atoms (increased col-
lisions) compared to pure mercury, where the col-
lisions are only between electrons emitted from the
cathode surface and mercury gas atoms. In turn,
Figure 1b shows that when (0.05 mol) of thallium

is added to mercury, there is a slight increase in the
plasma energy glow of the mixture, as the increase
for the mixture is at (7, = 20002750 K) and at a
high (7, > 3500 K) the behavior of the mixture
is similar to the behavior of pure mercury due to
the weak effect of thallium. Figure 1c demon-
strates that when (0.005 mol) of thallium is added
to mercury, the plasma energy glow of the mixture
is very close to that of pure mercury, as the effect
of thallium neglects in the mixture. Increasing the
applied voltage to (50 V) causes the electrons to

Table 1. Plasma energy glow ¢ (W/m’) at different concentration and applied voltage

Temperature of Hg-Ti (0.5 mol) Hg-Ti (0.05 mol) Hg-Ti (0.005 mol)
cathode surface g, (W/m?) g, (W/m?) q, (W/m?) q, (W/m?) q,(Wim?) q,(Wim?)
T, (K) U=20V U=50 V U=20 V U=50 V U=20Vv U=50 vV
2000 559.1 3852 553.2 3824 546.3 3788
2500 203400 1598000 195900 1543000 164800 1172000
3000 1.44E7 1.63E8 1.159E7 1.049E8 8861000 8.77T1E7
3500 3.064E8 2.174E8 2.332E8 3.656E8 2.265E8 3.861E8
4000 1.381E8 3.964E8 2.023E8 5.22E8 2.089E8 5.387E8
4500 1.634E8 9.59E8 1.774E8 1.094E9 1.791E8 1.119E9
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Figure 2. Ions energy flux ¢,(W/m?) versus the cathode temperature at (a= Hg-Ti (0.5 mol),
b= Hg-Ti (0.05 mol), c= Hg-Ti (0.005 mol)
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accelerate, which in turn raises their kinetic energy.
This results in a higher number of collisions with
the ions in the mixture, finally enhancing the plas-
ma energy glow, as illustrated in Table 1. Figure
2 shows the effect of temperature (7)) on the ions
energy flux (¢,) of mixture. In Figure 2a when (0.5
mol) of thallium is added to mercury at 20 V, the
ions glow energy of the mixture increases along
with the temperature of the cathode surface (7, =
2000-3500 K), and then with the increase in tem-
perature, the ions energy flux of the mixture begins
to gradually stabilize with pure mercury. At 50 V,
the ions energy flux of the mixture increases along
with temperature (7}, = 2000-3250 K), and then
with increasing temperature, it begins to gradually
stabilize with pure mercury. Figure 2b shows that
when (0.05 mol) of thallium is added to mercury at
20V, the ions energy flux of the mixture increases
along with temperature (7;,= 2000-3000 K), and
with increasing temperature, the behavior of the
mixture is similar to that of pure mercury. At 50
V, the ion energy glow of the mixture increases
along with temperature (7, =2000-2750 K), and
with increasing temperature, the behavior of the
mixture is similar to that of pure mercury. Figure
2c¢ demonstrates that when (0.005 mol) of thallium
is added to mercury, the behavior of the mixture is
similar to that of mercury as the temperature in-
creases, the only effect is the potential difference
on the ions energy flux of the mixture or pure mer-
cury, as illustrated in Table 2.

The stability of the ions energy flux at high
temperatures (7, > 3500 K) is due to the high
emission of electrons, which in turn works to re-
duce the ions energy flux and stabilize it, as the
contribution of ions to energy transfer is small
compared to electrons. This phenomenon is called
Ion Flux Saturation [24].

Figure 3 shows the effect of temperature (7},) on
the electrons energy flux (¢ ) of mixture. In Figure
3a, when (0.5 mol) of thallium is added to mercury,

at 20 V, no emission of electrons energy flux oc-
curs at low temperatures (7;,< 3550 K), the thermal
threshold. When the thermal threshold is exceeded,
the electrons energy flux increases rapidly and then
gradually stabilizes at higher temperatures. At 50 V,
electrons energy flux is emitted at (7,> 3400 K)
and increases rapidly along with temperature, and
then gradually stabilizes at higher temperatures.
Adding (0.5 mol) of thallium alters the thermionic
emission properties, increasing electron emission
and electron density. In turn, Figure 3b shows that
when (0.05 mol) of thallium is added to mercury at
20 V, the emission of electrons energy flux occurs
at a threshold of (7}, > 3550 K). With increasing
temperature, the emission of electrons energy flux
increases rapidly and then stabilizes at higher tem-
peratures. At 50 V, the emission of electrons energy
flux occurs at a threshold of (7, > 3400 K). With
increasing temperature, the emission of electrons
energy flux increases rapidly and then stabilizes at
higher temperatures. The addition of (0.05 mol) of
thallium has a weak effect on the electron emission
of the mixture. Figure 3¢ demonstrates that when
(0.005 mol) of thallium is added to mercury, the be-
havior of the mixture is similar to that of pure mer-
cury, with the effect of thallium being negligible in
the mixture due to the low concentration of thal-
lium, as illustrated in Table 3.

There is no emission of electrons energy flux
for mixture or pure mercury at low temperatures,
because the electrons do not have enough energy
to overcome the work function. This is called
sub threshold emission [26]. The stability of the
electrons energy flux at high temperatures is due
to reaching the saturation regime. i.e., almost all
electrons are emitted [27].

Figure 4 shows the relationship between the
thermionic emission energy (g,, ) and temperature
(T,). Figure 4a shows that when (0.5 mol) of thal-
lium is added to mercury, the thermionic emission
energy increases along with temperature (7, >

Table 2. lons energy flux g,(W/m?) at different concentration and applied voltage

Temperature of Hg-Ti (0.5 mol) Hg-Ti (0.05 mol) Hg-Ti (0.005 mol)

cathode surface q,(W/m2) q,(W/m?) q, (W/m2) q, (W/m?2) g, (W/m?) g, (W/m?)
T, (K) U=20 V U=50 V U=20V U=50 vV U=20V U=50 Vv
2000 604.1 3899 598.2 3872 591.2 3835
2500 221200 1620000 213700 1564000 182200 1192000
3000 1.582E7 1.654E8 1.292E7 1.07E8 1.01E7 8.964E7
3500 3.5E8 2.126E8 2.722E8 3.814E8 2.652E8 4.045E8
4000 1.294E8 1.558E8 2.4E8 2.814E8 2.516E8 2.992E8
4500 9.63E7 1.079E8 1.879E8 2.191E8 1.992E8 2.449E8
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Figure 3. Electrons energy flux ¢, (W/m?) versus the cathode temperature at (a = Hg-Ti (0.5 mol),
b =Hg-Ti (0.05 mol), c = Hg-Ti (0.005 mol)

Table 3. Electrons energy flux ¢, (W/m?) at different concentration and applied voltage

Temperature of Hg-Ti (0.5 mol) Hg-Ti (0.05 mol) Hg-Ti (0.005 mol)

cathode surface q, (W/m2) q, (W/m?) q, (W/m?) q, (W/m?) q, (W/m?) q, (W/m?2)
T, (K) U=20V U=50V U=20Vv U=50 V U=20V U=50 V
2000 0 0 0 0 0 0
2500 0 0 0 0 0 0
3000 0 0 0 0 0 0
3500 145.3 3.428E7 317.5 2.012E7 386.4 1.838E7
4000 2.165E8 4.378E8 2.057E8 4.707E8 2.04E8 4.736E8
4500 1.005E9 1.735E9 1.072E9 1.907E9 1.077E9 1.934E9

2000 K) and is slightly greater at 50 V compared to
20 V. Adding thallium at a high concentration (0.5
mol) increases the probability of collisions due to
the increased number of electrons and ions. In turn,
Figure 4b presents when adding (0.05 mol) of thal-
lium to mercury, the thermionic emission energy
increases with the rise in temperature, so that the
behavior of the mixture is slightly similar to the
behavior of pure mercury as a result of the weak
effect of thallium in the mixture. Figure 4c demon-
strates that when (0.005 mol) of thallium is added
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to mercury, the behavior of the mixture is similar
to that of pure mercury, with the effect of thalli-
um being negligible, as illustrated in Table 4. The
thermionic emission energy increases significantly
along with increasing temperature according to
the thermal emission equation (20) (Richardson-
Dushman) as a result of increasing both the kinetic
energy and the number of emitted electrons [25].
Figure 5 shows that at low temperatures (T,
< 2500 K), the a value of ratio of the ioniza-
tion length to the mean free path (o) increases
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Figure 4. Thermionic emission energy g, (W/m?) versus the cathode temperature (a) Hg-Ti (0.5 mol),
(b) Hg-Ti (0.05 mol), (¢) Hg-Ti (0.005 mol)

Table 4. Thermionic emission energy (¢, (W/m?) at different concentration and applied voltage

Temperature of Hg-Ti (0.5 mol) Hg-Ti (0.05 mol) Hg-Ti (0.005 mol)
cathode surface | ¢ (W/m?) q,,, (W/m?) q,,, (W/m?) q,,, (W/m?) q.,, (W/m?) q,,, (W/m?)
T, (K) U=20V U=50V U=20V U=50 V U=20V U=50 V
2000 44.98 47.11 44.96 47.09 44.94 47.06
2500 17860 21300 17780 21170 17420 20320
3000 1412000 2408000 1333000 2047000 1243000 1929000
3500 4.367E7 2.949E7 3.906E7 3.597E7 3.862E7 3.677E7
4000 2.077E8 1.972E8 2.434E8 2.301E8 2.467E8 2.341E8
4500 9.378E8 8.835E8 1.082E9 1.033E9 1.097E9 1.06E9
a b
700 T T T T T T T 500 T T T T T T
ot o 65T o bsmh
sim] el b
5004 | i
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Figure 5. Ratio of the ionization length to the mean free path () versus the cathode temperature
at (a)=20V, (b)=50V
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Table 5. Ratio of the ionization length to the mean free path (a) at different concentration and applied voltage

Temperature of Hg-Ti (0.5 mol) Hg-Ti (0.05 mol) Hg-Ti (0.005 mol)
cathode surface a a a a a a
T, (K) U=20V U=50 V U=20 vV U=50 V U=20V U=50 V
2000 302.5 189 260.9 167.7 279 247 1
2500 18.08 10.75 20.46 13.52 35.39 31.68
3000 2.586 1.337 5.445 4.15 9.459 5.798
3500 0.57 0.04523 1.929 0.1275 2.077 0.1498
4000 0.07023 0.03653 0.2212 0.09799 0.2579 0.1145
4500 0.05614 0.02753 0.1669 0.07849 0.1932 0.101
a b
1000 . 40 T . T T T —— T
—m—0.5Th| —m—0.5Th
950 - = 1
900 - o
#4 32 P B
850 - & —~ P
= a = n
2 800 - 528 - 1
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Figure 6. Energy emitted from the cathode surface QO ,(W) versus at (a) = - (b)=1,

significantly, especially for pure mercury. Howev-
er, as temperatures (7, > 3000 K), the ratio of the
ionization length to the mean free path (o) values
for all concentrations converge and become close
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to zero. Figure 5a shows that at a low potential dif-
ference at (20 V), the effect of adding thallium to
mercury is clear in reducing ratio of the ionization
length to the mean free path at low temperatures.
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Table 6. Energy emitted from the cathode surface O (W) at spot and diffusion current for different concentration

of Hg-Ti mixture

. Hg-Ti (0.5 mol) Hg-Ti (0.05 mol) Hg-Ti(0.005 mol)
Ly (A) [ Qg W) | T (A) | Qg W) | 1 (A) | Qg W) | 1y (A) | Qg (W) | 1y (A) | Qg (W) | 1 (A) | QW)

1 | 3190 | 6157 | 3.092 | 1537 | 3177 | 672 | 3.162 | 1588 | 3190 | 6791 | 3.256 | 17

2 | 3610 | 648.2 | 3.851 | 1659 | 3584 | 7059 | 3.958 | 17.23 | 3598 | 7125 | 4.077 | 18.37
3 | 4156 | 687.7 | 4875 | 17.99 | 4107 | 746 | 5042 | 188 | 4125 | 752.3 | 5195 | 19.94
5 | 4897 | 7378 | 6912 | 2024 | 4806 | 7948 | 7.24 | 2136 | 4828 | 800.7 | 7.463 | 22.48
6 | 5971 | 8062 | 1153 | 239 | 5798 | 856.8 | 124 | 2562 | 5833 | 863 | 12.81 | 26.66
7 | 7724 | 9106 | 3891 | 34.26 | 7425 | 946.9 | 4897 | 3877 | 7563 | 958.8 | 51.64 | 39.72

Figure 5b shows that at a high potential difference
at (50 V), the addition of (0.5 mol) concentrations
of thallium to mercury increases alpha at low tem-
peratures. as illustrated in Table 5. In Figure 6,
there is a relationship between the energy emit-
ted from the cathode surface and the current. In
Figure 6a, the relationship is linear between the
energy emitted from the cathode surface and the
spot current due to charge accumulation, mak-
ing the dark area very hot. In Figure 6b, the rela-
tionship is nonlinear between the energy emitted
from the cathode surface and the diffusion current,
where the increase is slow due to the diffusion of
electrons and charged ions. Adding thallium at a
high concentration (0.5 mol) to mercury leads to
an increase in the energy emitted from the cathode
surface, as illustrated in Table 6.

CONCLUSIONS

In conclusion, the results clearly shows a direct
relationship the between temperature (7',) and the
kinetic energy of electrons in a mercury-thallium
mixture (Hg-Ti). The addition of thallium to mer-
cury in arc discharge lamps increases the emission
spectrum, resulting in an increase in the intensity
of the emitted light. The addition of thallium also
modifies the atomic energy levels of the mixture,
resulting in improved light brightness, quality, and
durability. Adding a high concentration of thalli-
um (0.5 mol) increases the ions and electrons that
contribute to light emission and durability. It also
increases the efficiency of converting electrical
energy into light as well as reduces energy con-
sumption and material corrosion. The ionization
potential of thallium (6.11 eV) is lower than that
of mercury (10.44 eV), meaning that the energy
used in the ionization process of the mixture is
lower, and therefore the ionization of the mixture

is quicker and easier. Increasing the applied volt-
age to (50 V) accelerates the charges, res ulting
in ionization and collisions at lower temperatures,
and there is an inverse relationship between the
ratio of the ionization length to the mean free path
and the cathode surface temperature, also there is
a direct relationship between the spot current and
the energy emitted from the cathode surface. This
means that the spot current plays a significant and
fundamental role in heating the cathode surface,
resulting in high energy emission from the cath-
ode electrode. In turn, the relationship between the
energy emitted from the cathode surface and the
diffusion current is logarithmic.

These results indicate that mercury-thallium
mixture can be used in arc discharge lighting sys-
tems due to their high efficiency, and future stud-
ies can build on these results to explore the effect
of other thallium concentrations.
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