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Abstract:

A metal mandrel was designed for manufacturing the cathodes of high power
electron tube ( Tetrode ) used in broadcasting transmitting tubes type TH558 and
CQS200.The cathodes were manufactured in the present work from thoriated
tungsten wires ( 27 ThO.- W) with different diameters These cathodes were
carbonized in sequences of processes to determine the carbonization parameters
(temperature, pressure, time, current and voltage). Then the carbonized cathodes
dimension were accurately measured to determine the deviation due to the high
temperature distortion effect at about 1800°C .the distorted cathodes due to the
carbonization process was treated when it was subjected inside the vacuum chamber
and heat treated again .The carbonized cathode distortions as a function of
temperature were measured in the range of (1500°C-1800°C).The temperature was
determined using an optical pyrometer and also calculated using Stephan's-Boltzmann

relation.
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Introduction:

Vacuum tube is an electronic
device, simply consists of two
electrodes (cathode and anode).The
flow of electron from the cathode to
anode occurred through a wvacuum.
There are three main types of
electrodes in a vacuum tubes or thermo
ionic valve. The cathode, anode and
grid, all provide different but essential
functions . Their construction is
naturally different and there are some
variations depends on the design of the
tube and its applications. There is a
variety of different types of cathode
that are used in modern vacuum tubes.
They differ in the construction of the
cathode and the materials used. One of
the major ways in which cathodes can
be categorized is by the way they are
heated .The first type used is the
directly heated [1, 2]. The second type

of cathode is known as an indirectly
heated. The earliest type of the cathode
is known as a bright emitter cathode
.This type of cathode uses a tungsten
wire heated to a temperature between
2500K and 2600K[3,4]. A further type
of cathode is thoriated tungsten. This
provides more emission, lower work
function and very high life time than
pure tungsten. Typically they run at a
temperature of between 1900K -
2500K[4]. This type of cathode was
used in high power transmitting tubes
such those used for broadcasting
[5]. The other type of cathode is the
oxide coated cathode. This used a
mixture of barium and strontium
carbonate on nickel, often with a trace
of calcium .These are dissolved in
organic  solvent  After  mixing
thoroughly, the solution is sprayed
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onto nickel substrates .The coated
nickel is placed in a heated oxidizing
environment. It operates at a much
lower than the other types being in the
region of 950K-1050K [6] .Tungsten
cathode coated with a triple carbonate
suspension was also used in vacuum
tubes [7]. Thoriated tungsten (ThQ,-W)
still widely used in high power vacuum
tubes for broadcasting and some other
modern techniques such as plasma arc
also use such material as electrodes
[8]. Thoriated tungsten cathodes decay
rapidly because of thorium depletion at
working temperatures of the vacuum
tube [9]. Lots of efforts have been
made to find alternatives to the
thoriated tungsten cathodes in the past
decades. La,O3;-Mo(La-Mo in brief) as
one of the attractive alternatives has
been exhibited better performance
[10].Another alternative for thoriated
tungsten cathodes , molybdenum
doped with either a single rare earth
oxide such as La;03, Y,0; and Sc,0;
or a mixture . It has been shown that
carbonization greatly improve the
emission properties of the cathodes
[11].The vacuum carbonizing process
was introduced in the 1970's , and the
expected advantages were carburizing
time reduction ,high quality and
pollution free . This process , mainly
using methane or propane gas .The
major problem with propane gas is the
formation of soot .So an acetylene gas
was developed recently without
sooting problem .This new technology
is called acetylene vacuum carburizing
process [12,13,14,15] . Acetylene is
proved to be a promising hydrocarbon
used in thermal carbonization process
for porous silicon to produce silicon
carbide [16,17,18,19,20].

The present work was concentrated
on a thoriated tungsten cathodes
meshes used in  broadcasting
transmitting electronic tubes .These
cathodes were manufactured using a
method that gave a consistently results.
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The new cathodes sizes were
accurately measured and carbonized
.The results of distortion treatment was
successfully achieved using a home
made wvacuum chamber for these
purpose.

Apparatus Description:

The main vacuum chamber shown
in figure (1) was specially designed for
the carbonization process  of the
present work .This chamber
(L=100cm, diameter = 50cm) made of
stainless steel and cooled by chilled
water (5-10°C) supplied from main
chiller .The chamber is connected to a
vacuum system satisfying pressure
around (107-10 mbar) using diffusion
and rotary pumps. The pressure is
measured by penning and pirani
gauges. This chamber is also supplied
with a feed- through on both sides for
the electrodes .They are also cooled
with chilled water These electrodes
are used to supply the cathode with
high current and low voltage from an
AC power supply .The temperature
was measured by an optical pyrometer
through side entry quartz window
There is an inlet for the hydrocarbon
(liquid benzene) with needle valve
located in between the chamber and the
bubbling enclosure. The system is also
equipped with a computer through an
interface to control the deposition
parameters (T, P, t, T and V).
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Fig.(1): Schematic diagram of carbonization
chamber used in this work.

Carbonization Results And
Discussion Of(2 Z“ThQ,-W)Cathode :

Vacuum carbonizing furnace was
developed for the carbonizing thoriated
tungsten cathodes meshes as shown in
figure ( 1 ) .The cathode mesh was
manufactured from (0.4mm) W- wires
using the mandrel shown in figure ( 2
A ) .These meshes were spot welded
around the wire crosses. This is shown
in figure ( 3 ).The principle of
carbonization process depends on the

heating of the raw cathode to
temperature range around 1800°C-

1900°C by passing an electrical current
in vacuum at pressure about 10 mbar
or less in order to prevent oxidation of

thoriated  tungsten metal .Then
hydrocarbon vapor from benzene
introduce into the chamber .The
benzene vapor reaches to a high
temperature cathode This process

produces carbon atoms due to cracking
the benzene vapor to produce carbon
atoms .These produced carbon atoms
deposited on the new manufactured

765

cathode mesh which is fixed as shown
in figure (1 ) which must be heated in
vacuum and maintain at constant
temperature around 1800°C. After the
deposition, the carbon atoms will
diffuse from the surface into the
tungsten wire and react with it to create
a tungsten carbide at a certain depth of
the wire surface. This process will
increase its lifetime and also improve
their working characteristics used in
high power electronic tubes The
carbonization system in this work was
equipped with a computer system .This
system was used to controlled the main
deposition parameters like temperature,
vacuum pressure, time, current and
voltage .These will make the process
easy, especially when the carbon atoms
started to deposited and diffuse .These
conditions were varies from one
experiment to another. The
programmable  temperature = was
calculated according to Stephan's-
Boltzman relation..

The carbonization percentage value
has the effect on the emission
properties of cathodes .This was
determined by the change in the
resistance of the cathode before and
after carbonization process as follows
[12]:

C7Z=(R2 RI)/RIl =mmmmmmmmee- (N
Where R, and R, are the resistance of
the wire before and after carbonization
respectively. The experimental
measurements of Ry, R, from figure (4)
and the calculated (C % ) for thoriated
tungsten cathode with wire diameter
(0.4mm) are :
R=57mQ;R2=8.1mQ;C=0427.
This result should be the optimum
degree of carbonization obtained in
this work . This process creates an outer
skin of tungsten carbide on the wire
and facilitates the reduction of the
thorium oxide to metallic thoria,
stabilizes the surface resistance of the
cathode to gas poisoning .
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Fig. (2): Schematic diagram of cathode
mandrel; A) before, and B) after distortion
treatment .
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Fig. (3): Schematic diagram of cathode
mesh type (CQS200).
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Fig. (4): shows current versus voltage

Distortion Treatments Results

And Discussion For Cathodes :
The distortion of the cathodes is one

of the major problems which appear
after the carbonization process. This
reveals as size deviations through the
cathode dimensions and distortions
will cause an assembled problem in the
fixation inside the electron tube. Figure
(1) shows the position of the cathode
inside the carbonization chamber The
dimensions of the electronic tube
cathode type (CQS200) and their
measurement points are indicated in
figure (3). The dimension of this
cathode was measured by using an
accurate enlarger projector (40x) with
accuracy of one micron .So the
measurements are explained as in the
following procedure:

a) The cathode was laid horizontally
above the enlarger table and then
adjusted at zero level along x, y and
Zis

b) Measurements at three points of the
cathode along the mesh axis were
started from the top, intermediate and
bottom regions as indicated in figure
(3).

¢) The diameters at three regions
mentioned in( c¢) were measured
three times at different angles (8, =
0.0°, 6,=45° , and 03= 90° ), then the
average value was calculated .

d) The diameters were calculated at
each angle mentioned in (d) using the
relation :

Di(0<)=Dn—-2(2Dyw) ... (2)

Where Dy . ( 0y ) is the calculated

diameter at (0) = 0.0° ,45° and 90°

whenx=1, 2, 3.

D, 1s the measured diameter of
the new manufactured cathode.

D.: is the measured wire
diameter of the cathode.

Therefore, the average diameter Dy

(av.) for each region can be calculated

using the relation:
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D, (av.)= 1/3[D; (8 = 0.0°) + D (6, =
45°)+D; (8: =90°] ... (3)

Where Dy ( av. ). is the average
diameter at x .

Now the diameter deviation for each
region can be calculated from the
relation:

ADg(av.) =Dy (av.)— De ... 4)
D.: is the real diameter of the cathode
(D = 119mm).
The dimension of the cathode was
investigated after the manufacturing
and carbonization processes using the
methods mentioned above. Table (1)
shows  the  measured  cathode
dimensions and their deviations after
the carbonization. The carbonization
process produces a conical cathode
shapes .The cathode mesh in figure (3)
shows a shrinkage of the intermediate
diameter (D,) and a diameter increased
of the lower region ( D3) within (1 -2
mm) as a function of the carbonization
parameters ( temperature and time).
The interesting problem which
is relating to any heating process of
metal wires like tungsten is the
distortion at high temperatures around

2000°C. The high power electronic
tube working at 200-500kw, always
suffering from cathode distortion. This
cathode also suffers from distortion
during the heating process before and
after the carbonization. The present
work will concentrate on the treatment
of this distortion phenomena results
due to high temperature carbonization
process for (24ThO. -W) cathode
mesh.  The  distortions  effects
previously mentioned were treated to
keep it as minimum as possible
according to the present work as
follow:

Firstly; it was used a metal springs in a
strip shape to fix the cathode inside the
carbonization chamber to give it more
flexibility along the vertical axis.
Secondly; manufacturing new cathode
mandrel with conical shape instead of
cylindrical shape to overcome the
separation as shown in figure (2B) .
Thirdly; the cathode was overturned
inside the chamber after the
carbonization process and exposed to a
heating process many cycles in order to
remove the residual deviation along the
cathode.

Table (1): The measurement positions for mandrel M1 from (fig. 2ZA).

Cathode Cathode Wire Cathode ADI AD2 AD3 (mm)
Resistance No. dim.(mm) length (mm) (mm)
(mQ) {(mm)

4.25 50 0.5 26.3 0.143 0.220 0.254
4.25 54 0.5 27.0 0.128 0.180 0.397
4.15 35 0.5 27.4 0.213 0.190 0.288
((Av.=0.5 mm)) 0.161 0.197 0.313
6.6 56 0.4 278 0.041 0.061 0.271
6.45 57 0.4 275 0.170 0.040 0.210
6.45 58 0.4 275 0.170 -0.270 0.270
((Av. =0.4 mm)) 0127 | —m———-- 0.250
0144 | - 0.282

((Overall average = 0.4, 0.5 mm))

Table (2) shows the necessity of the
spring strips .The cathode dimension
was measured after the carbonization
process to investigate the residual
distortion. Table (3) shows the
experimental results for cathode using

the previous distortion treatment
methods. This method produces
successful experimental results for
high  vacuum  electronic  tubes
operation.
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Table (2): Results of cathodes produced from normal mandrel M1 from (fig. 2A).

; Before carbonization After carbonization

Cathode | Fixing ADI AD2 AD3 ADI AD2 ATV (o)
No. tvpe (mm) (mm) (mm) (mm) (mm) ;
49 e e e 0,050 0,450 1.563
30 B 0,143 0,220 0,254 0,333 0,003 0,792
52 B -0,633 0,105 0,163 -0,394 0.360 1.228
33 C -0.083 0.135 0.613 -0.925 -0.140 0.948
54 C 0.128 0.180 0.397 -0.120 0.590 340
35 B 0.213 0.190 0.288 0.740 1.180 1.890
38 B 0170 -0.270 0.270 1.250 1.440 1.800

A cathodes fixing using similar spring strips on both sides.
B: cathodes fixing using different spring strips on both sides.
C: cathodes fixing without using spring strips, but using metal connectors.

Table (3): Results of Cathodes produced from a modified mandrel M2 (fig. 2B).

Before carbonization After carbonization After treatment
Cathode Fixing A DI AD2 AD3 AD1 AD2 AD3 ADI AD2 AD3
No. type (mm) {(mm) (mm) {mm}) (mm) (mm}) (mm) {mm}) (mm)
61 C -0.475 -0.115 0.316 -0.700 -0.323 0.652 -0.110 0.140 -0.075
65 C -0.350 -0.240 0.210 -0.200 -0.040 0.290 0.500 0.160 0.150
Conclusions:
The manutacturing, carbonization 3.David, G. and Williams P.C. 1997.

and distortion treatments of cylindrical
cathodes for electronic tubes were
successfully achieved and seem to
have appropriate design for controlling
the geometrical shapes and
dimensions,  specially the mean
diameter (designed diameter) at the
final stage. The other conclusions of
the present work are

1). The cylindrical cathode was
manufactured in tapered profile and the
smallest  diameter was located at the
bottom side during the heating process.
2).The difference between the tapered
diameters depends upon the design
diameter size and cathode length.
3).The number of cathode distortion
treatments processes were directed us
to the final geometrical shape of
cathode within a minimum average
deviation values between 0.4-0.5 mm.
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