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MICROPHONICS FROM THE EDITOR

If you burn out the Fila-
ment, switch on the other!
The same tube may be used
asa201A oraPower Tube!

DEPARTMENT OF CORRECTIONS

In the last issue. we somehow reported
that Norm Wilson has been re-elected as
TCA vice president.  Well, not so; the
clectee was John Walker, well known tube
collector.  Our apologies to both parties.
Meanwhile, Norm continues to serve art-
fully as TCA Webmaster.

2013 CHARLOTTE MEET
SCHEDULED

Ihe CC-AWA Charlotte event for 2013
is scheduled for Thursday through Satur-
day, March 21-23. Some details are avail-
able at  publication  time  af
www antiqueradiocharlotte @nomestead.com
This is a well reputed, well recognizeed
meet of lTong standing. 2013 should be
another good vear. The special theme will
be “Homebrew and Kit Radios.”
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The special fila-
ment  construction
of the POWER-
TONE  SWITCH
TUBE, in conjunc-
tion with a tiny
switch in the base,
gives you a choice
of two filamenis.
Either one may he
used to operate the
tube as a 2014, so
that if you burn out
one filament, you
simply switch on
the other. Also, this
doubles the life of
the tube.

The POWERTONE
SWITCH TUBE
also may be used as
a  power (ube
Throw the switch
over to the little
contact point and
you have a power
tube.  When the
switch is "on" you
have a power tube,
unless  you have
bumed out one of
the flaments, and
then you have a
201A wbe, operai-
mg on the uvseful
section of the fila-
ment.

As a 201A the tube

is an excellent amp-
lifier, at radio or
audio frequencies,
and a very fine de-
tector,

When the tube is
used as a detector,
16z 10 45 volis
should be used on
the plate. Forradio-
frequency  ampli-
fication use from
67% to 90 volts on
the plate, and for
audio-frequency,
from 90 1o 135, with
suitable  negative
bias, usually be-
tween 3 and & volts,

As a power tube it
should be operated
with 135 volts on
the plate and a neg-
ative bias of 6 volts.
Dealers, write in for
atiractive  proposi-
tion.

MANUFACTURED BY
K. & H. ELECTRIC CORP.

41 COMMERCIAL STREET, NEWARK, N. J,
POWERTONE SWITCH TUBE
201ATYPE, SV, W A
POWER TUBE, 5 V, 44 A,

SAME TUBE USED AS ONE OR THE OTHER
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THE BARIUM AZIDE PROCESS

Abel Santoro. LUSDX]

BRIEF HISTORY

In 1904, after hundreds of experiments, the
German physicist Arthur Wehnelt found that
a filament coated with an alkaline earth oxide
is & copious low-temperature source of cleg-
trons. He devised a new technology 1o make
cathodes of low temperature for radio ubes,
based in the use of barium. calcium and
strontium.  Using these elements involved a
paste which, appropriately diluted, was ap-
phied to the filament, giving a cathode with
high electronic emission at low temperature,
Thus was born the Whenelt or oxide-coated
cathode. which could be heated directly or
indirectly,

Around 1924 the Philips Laboratories in
Eindhoven, Holland, in several subsequent
experiments, discovered & new method to
make directly heated oxide-coated cathodes
of low-power consumption for radio tubes
with better characteristics than previously
known. The electron emission versus heat-
ing power thus achicved with this process,
was better than that obtamable with thoriated
tungsten or dull-emitter cathodes.

The research was directed to increase the
electronic emission of the low temperature
filaments of the type of oxides of alkaline
earth metals, in this case specifically barium.
Used commercially in Europe this was called
the “Azide process,” “Azide vapor process,”
“nitride: process.” or “distillation cathode.”
The most correct name would be “barium az-
ide vapor process.”

The barium azide process was introduced
first to Britain in 1925 when Philips acquired
half of the Mullard company, and later in
France, when Philips purchased La Radio-
technique in 1931, although it is said that
their tube factory already used this method in
1926.

Between 1924 and 1936 millions of radio
tubes were made by this procedure.

PROCESS THEORY

Philips Laboratories discovered that the
decay of a monatomic layer of barium, ad-
sorbed on the surface of a metal wire as
filament, due to evaporation, may be greatly
delayed while the electronic emission of this
layer will be greatly increased, simply inter-

Posing a monatomic layer of oxygen between
the: barium and the wire filament.

Fig. 1. Philips A 415

PREPARING THE BARIUM AZIDE

In chemistry, “azide™ is the name given to
the anion with the formula Ny For the
manufacture of cathodes under this method
barium azide (BaN;) was used, which.
briefly, is prepared as follows: dry gaseous
hydrazoic acid was made to react with bar-
ium carbonate in aqueous suspension: using
acetone, the barium azide 1s precipitated by
this reaction. The barium azide so formed is
a chemical compound with colorless crysials,
soluble in water, which begin to disassociate
al 120°C and decomposes explosively when
heated to 275°C. It is a shemical dangerous
to use if not handled correetly because its dry

crystals are sensitive 1o shock. impact or
friction.
PREPARATION OF A FILAMENT
The manufacture of o filament under the

ium aride process may be divided into the
following steps:

= Choice of the filament core.

- Oxidiation of the filament.

- Copper-coating of the filament.

- Coating of the copper plating with the
harium azide.

- Processing of vacuumi in the tube.

Tungsten, nickel or chromium nickel may
be used as the filament core. Tungsten must
be oxidized directly. For this the filament is
heated in vacuum to about 1900°C to clean
the surface, then cooled in an oxygen atmos-
phere a few seconds until it tums biue, thus
forming an oxide layer on the ungsten.

Fig. 2. Philips B406

Another procedure is the copper-cotting of
the filament core hy an electrochemical
method.  Once eoppered. the filament is
oxidized, heating it by un electric current in

an oxidant atmosphere such air. The copper
oxide is capable of alloying very well with
barium metal.

The filament. thus prepared, is welded to
the electrode supports, and to the inner sur-
face of the anode is welded a small picce of
fine nickel mesh on which is painted o solu-
tion of barium azide and alcohol. Tubes
made this way are connected to the vacuum
pumps and baked in an oven, drawing a
vacuun in the tube. During baking the glass
envelope of the wbe is degassed while the
plale is heated by an induction heater to
decompose the barium azide into barium
metal and nitrogen, the latter being absorbed
by the pumps. [Immediately the tube is
tipped-off and the filament heated w sbout
850°C and u vohage of 50 volts is applied to
the anode.

Mow a green glow ean be viewed inside the
lube, which indicates the presence of barium
vapor, 11 reacts with the tungsten oxide or
with ¢opper oxide on the filament. a layer of
bariom oxide is formed on the filament
surface infused with barium metal. In this
way the process is finished. The rest of the
barium metal evaporated inside the tube
condensed on the other electrodes und on the
mner surface of the glass envelope, serving
as a getter. Any other getter used in the
tubes with barium azide cathodes was magne-
sium, which was evaporated immediately
prior to decomposing the barium azide, yield-
ing a mirrorlike silver appearance inside the
bulb.

A filament made by this process exhibits a
bright and clean metallic surface. Tubes with
the barium azide process gave a lite perform-
anee of thousands of hours.

A table of the manufacture of cathodes by
the “Distillation method™ or *Azide process™
by Espe and Knoll [3] is as follows:

Preparation

Process: Distillation of barium metal on the
cathode of radio tubes

Core of the cathode: Tungsten directly
oxidized or tungsten coppered and then
oxidized

Supply of Ba on anode:  Barium azide
(BaN,)

Heating of the tube in an oven with the pump
connected: Slowly to reach 180°C until no
mare N evolving



Cuthode heating:  Slowly to reach 180°C

until no more Ny evolving. 10 minutes to
700-800°C

Degassing of the anode: not

Distillation

Cathode temperature: 700°C

Anode voltage: 0V

Anode temperature by induction heating:
Around 700°C

Removing the whe from the vaeuum pump

Temperature o process the cathode: | hour
under operating conditions (800°C
Some of the first Philips tbes made with

this process were the following, All of these

were directly heated.

Tube Twpe First
SE0ES vear
AlDa Triode 1824
AlD2  Trode 1925
A208  Triode 1925
A241  Tewode 1925
Ad04 Triode 1925 f
A406  Toode 1925 324 @ &0
AdD9  Trode 1925 4 @63
A410  Triode 1924 4 @ 6l
Tube Ivpe First Filament
series year V@ mA
A430 Triode 1927
Ad35 Triode 1927
Ad4] Tetrode 1925
B105 Triode 1925
B403 Triode 1925
BdOs Triode 1926
Bd06 Trinde 1925
B409 Trigde 1925
B424 Trigde 1927
B442  Tetrode 1928
B443  Tetrode 1927
B543  Pentode 1928

Fig. | shows an A415 valve; Fig. 2 depicts
a B406, while Fig. 3 shows a B424. In these
valves can be seen the durk deposit on the
inner surface of the bulb because of the azide
process. It differs in color from the silver-
mirror deposit produced by the barium getter,

Another wbe made with the azide process
was the PX4, from the Marconi Osram Valve
Company of England in 1928. It was a
higher-power version of the P410 which, too,
was made with the barium vapor process.

The Philips-Mullard “PM” valves with the
azide process were the PM3 and PM4, The
PM3 was the first British-made azide type,
from 1925, In 1928 was released to the
market the Mullard valve PMI12 which was

codted with gold paint to disguise the thE'.k-
ening of the glass envelope from the ii?.lf:le
process, This gold paint became characteris-
tie of Mullard valves o 1938, Fig. 4 shows a
Philips B442 valve with this coating.

Philips (Dario) Miniwatt B442
TROUBLES WITH THE PROCESS

In the tube manufacture, the barium azide
process was not easy to control for several
reasons. Because of the low temperature of
decomposition of the barium azide (il begins
to decompose at 120°C), the degassing of
pipes and the envelopes of the twbes was
difficult.

The heating process w0 decompose the
material had to take place very slowly be-
cause otherwise the barium azide might
explode inside the tube and the resulting pure
barium be dispersed over all the electrodes
and the glass walls of the tube. This heating
process must be done by induction heating.
This barium dispersed on the inner elevtrodes
of the tube can cause short circuits and un-
stable operation of the whe. Barium azide
must be stored damp with ethanol.

According to the amounts of barium azide

used in cach type of twbe, at the time of
decomposition by heat, large amounts of
nitrogen (N,), can be reléased, producing a
sudden increase in the pressure in the tube
The pure barium metal taken in the process is
only the 25% of the barium azide.

A typical feature of the barium azide
method was the darkening of the internal
wills of the glass envelope of the tube, giv-
ing an unsatisfactory appearance. Another
problem of this method was the difficulty of
depositing uniform layers of barium on the
cathode.

The Valve with

the wondarful
Mullard P.M, Filement,

THE - MASTER -VALVE

construction (Fig. 3), of the type with sus-
pended supports by glass beads, for which
the barium was not easily deposited between
the eleetrodes forming short circuits with it.
and unstable operation of the tube.

The barium azide is a produet dangerous to
use, if not handled correctly il can explode
under certain conditions, This process was
very expensive for the tube manufacturers 1o
CarTy UL,

The aride process was oriented mainly to
the manufacture of tubes for battery radio
receivers. When they stopped using batteries
this process entered the end of its life which
was prior to 1930,

The lube factories
evolved to the produc-
tion of tubes with in-
directly heated cathod-
es using a coating of
barium. strontium and
calcium  carbonates,
which became the
standard oxide coating
in the modermn tube
industry,
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