
PATENT SPECIFICATION    (11) 1418 196 (21) Application No. 16021/73    (22)
Filed 4 April 1973 (31) Convention Application No. 242240    (32) Filed 7
April 1972 in   (19) (33) United States of America (US) (44) Complete
Specification published 17 Dec. 1975 (51) INT [err]  H01J 9/08 (52) Index
at acceptance HID  17A1A 17A1Y 17AY 34 4A4 4A7 4K4 4K7Y (54) FABRICATION OF
DARK HEATERS (71)   We, RCA  CORPORATION, a  in tubes using dark heaters of
the type des- corporation organized under the laws of the  cribed.
50 State of Delaware, United States of America,   It has been demonstrated
that the use of a of 30 Rockfeller Plaza, City and State of  heater outer
coating consisting entirely of a 5  New York, 10020, United States of
America, conductive material, e.g., tungsten, signifi- do hereby declare
the invention, for which  cantly reduces the arcing problem regardless we
pray that a patent may be granted to us, of the type of contact between the
heater  55 and the method by which it is to be performed,  outer coating
and the cathode. This follows to be particularly described in and by the
because the conductive coating and the cathode 10 following statement:-
are at the same potential, whereby no poten- This invention relates to a
method of  tial gradient exists therebetween. While a 



fabricating " dark " insulated heaters such as  potential difference exists
between the heater  60 are used in electron discharge tubes.      outer
coating and the heater core wire, the In various types of electron tubes
having  first layer of insulating material provides a 15 indirectly heated
cathodes, it is the practice  generally uniform  spacing between the two,
to use " dark " heaters to heat the cathode to  thereby avoiding the
creation of non-uniform electron emitting temperatures. Such heaters  and
excessively high potential gradients.  65 comprise a core wire of a
refractory metal,    While the use of insulated heaters having an such as
tungsten, a first wire covering layer  outer coating consisting entirely of
tungsten 20  of an insulating material, such as aluminum   has been
suggested in the past (see, for oxide, and an outer " dark " coating such
as  example, U.S. Patent 3,195,004. issued to particulate mixture of
tungsten and aluminum   Hassett on July 13, 1965), the use of such  70
oxide. A purpose of the first coating of such  heaters has generally not
been practical. One a heater structure is to provide insulation  reason for
this is that, in the past, as the 25  between the heater wire and the
cathode, and  percentage of tungsten in the outer coating a purpose of the
outer coating is to provide  was increased, the amount of current leakage a
relatively high thermal emissivity thereby  between the heater and the
cathode increased.  75 lowering the temperature at which the heater  This
is generally undesirable, and the prac- need operate to heat the cathode to
its  tice in the past has been to limit the ratio of 30  operating
temperature.                     tungsten to aluminum oxide in the outer
coat- One problem  with the use of insulated  ing to some upper limit,
e.g., by limiting the 



heaters, in general, is that in some electron  tungsten content to
something in the order of  80 tubes, such as color television picture
tubes, 40%. a too frequent cause 'of tube failure is elec-   - One method
generally known for applying 35  trical arcing between the heater and
cathode  various coatings to heater structures is known of the tube. The
cause of such arcing, it is  as " dip " coating. This method involves dip-
believed, is that particularly high potential  ping the heater to be coated
into and out of a  85 gradients frequently exist where the parti-  bath
containing a suspension of the particles culate and relatively rough
insulating coating  to be coated on the heater, the particles 40  of the
heater makes comparatively small area  adhering to the heater as the
emerging heater or "point" contact with the cathode. Such breaks through
the surface of the bath. If high potential gradients give rise to break-
the heater structure comprises a continuous  90 down of the heater
insulation and arcing  wire or the like which is drawn through the between
the heater and cathode. Since the  bath, the process is known as a "drag
coat- 45  outer coating of a dark heater is essentially  ing" process. The
thickness of the coating is an insulator, owing to the fact that the tung-
a function of the specific gravity and viscosity sten particles are
dispersed among aluminum   of the bath.                            95 oxide
particles, this problem of arcing exists  ' As previously noted, a problem
in the past    



2                                            1,418,196
2 using dark heaters having large percentages  to obtaining full particle
dispersio  in a coat- of tungsten in the outer coating is that the  ing
bath containing tungsten particles only, tubes  using the heaters generally
have. un-  i.e., with no aluminum  oxide, are now dis- acceptibly high
levels of heater to cathode  cussed. 5  leakage. The cause of such leakage
is that    While it is possible to purchase on the particles of tungsten
from  the outer coating  market various grades of tungsten powder, 70
somehow penetrate into the aluminum  oxide  the cost of the tungsten
material generally undercoating and provide leakage paths for  rapidly
increases with decreasing particle size current through the undercoating.
The higher  and particle size range.Thus, for reasons of 10 the percentage
of tungsten in the outer coat-  cost, it is desirable to use tungsten
material ing, the greater the amount of tungsten that  of large particle
size for the coating bath.  75 penetrates into the undercoating.
Conversely, for obtaining good control over The present invention is based
on the dis-  the thickness of the coating applied to the covery of a
principle cause of the tungsten  heater, and providing good continuity of
the 15  penetration. During the dipping operation,  applied coating for
thin coats of tungsten, according to prior art processes, relatively  small
particle size is desired. A satisfctory  80 rapid settling of the high
density tungsten    compromise is to use commercially-available particles
occurs within the bath, with the  tungsten predonantly in the  particle
size result that the ratio of tungsten to liquid  range of 0.5 to 10
microns, with the average 



20  vehicle near the surface of the bath rapidly  particle size being about
2 microns. decreases. As this ratio decreases more  and     In connection
with this discussion concern-  85 more, the fluidity of the bath near the
bath  ing particle size, it is  noted  that with this surface increases to
a point where the viscosity  selected range of particle size, It is not to
be of the bath  is so low that it readily penetrates  expected that stable,
sol-like suspensions can 25  the layer of aluminum oxide. Tungsten par-  be
obtained. That is, true sols, or colloidal tides are conveyed with the bath
into the  suspensions,  contain  particles  of  a size  90 aluminum  oxide
undercoating, thereby pro-  generally no greater than 0.2 micron. More-
viding conditions for leakage in tubes using the  over, aside from  the
comparatively  great heaters. Heretofore, by significantly limiting
expense associated with the use of tungsten 30  the amount of tungsten in
the bath, the               of such small size to prepare such a adverse
effects of penetration of the bath into  colloidal bath, the coating
characteristics of  95 the underlying layer of aluminum oxide were  such a
bath would be quite impractical, i.e. minimized. However, even with small
amounts  dipping in the bath would result in minimal of tungsten in the
bath,the use of dark heaters  coating of the tungsten onto the heater. In
35  in certain tube types in which a high voltage  spite of the relatively
large tungsten particles is applied between the heater and cathode   used,
however,it is found that by providing  100 such  as picture  tubes used  in
television  full dispersion of the tungsten particles, sub- receivers, has
not been as extensive as might  stantially  rheologically-stable baths
having otherwise be desired.                         good coating
characteristics can be provided. 



With  respect to  obtaining such  full dis- 40    A solution to this
problem  of penetration,  persion, it is noted that commercially avail-
105 as now  discovered, is the use of a bath in   able tungsten  powder
generally comprises which the viscosity at the surface of the bath
relatively large agglomerates or tightly  packed is and remains high during
a reasonably long  clusters  of individual particles of tungsten. time
adequate to perform the dipping opera- 45  tion. Stated differently, what
is required is a  ing the tungstan bath  which  is  substantially
rheologically-  for example, of dark heaters comprising  outer stable,
i.e., one in which the rate of settling  coatings of aluminum oxide  mixed
with tung- of the particles of the bath is so slow as to  sten particles,
co prises dry or wet rolling retain a high viscosity at the  surface
thereof.  the tungsten powder in a mill with no  milling 50   While
theoretically all that is required is a      media other than the tungsten
itself. It has  115 bath which is stable only during the time  it
been found that, to obtain an adequately stable takes to dip a heater into
and out of it, as        bath substantially complete deagglomeration a
practical matter it is preferred that the bath      of the tungsten  powder
is necessary, and that be'so stable as allow repeated use thereof  the
prior art technique of rolling is  inadequate. 55  over a period of hours
without constant re-     To adequately deagglomerate the tungsten stirring
and reconstitution.           powder a relatively high shearing force must
To obtain  such a  practically useful,  be applied, to the individual
tungsten par- rheologically-stable  bath  requires, further- tides. For
example, external agtation  of 



more, the use of a bath in whicih there is a  adequate force can be applied
by some suit- 60  high degree of disperion of the particles   able
mechnical means, e.g. the commercially   125 within  the bath, i.e., a full
separation  of  the    available  Kady Mill sold by Kinetic Dis- particles
from  one another, and a complete  persion  Corp.  Buffalo,  N.Y.  However,
wetting of each particle by the liquid phase.    material and solvent loss
occurs during dis- Various factors of importance with respect  persion.
Alternatively, ultrasonic    3
1,418,196                                       3 the bath can be used.
This, however, requires  performed while the apparent specific gravity a
rather large and expensive system, and  of the bath is still high, e.g.,
within 5 %  of vehicle breakdown occurs.                  the true specific
gravity. Probably the simplest and most economical    Another method of
determining when com- 5  means for achieving adequate deagglomera-  plete
dispersion is reached is by monitoring  70 tion is the use of a milling
process employing, the viscosity of the bath during the milling for
example, a high density alumina milling  operation. Maximum  dispersion of
the par- jar with tungsten carbide milling media. tides corresponds to
maximum  viscosity of Although not critical, preferred results are  the
bath. This follows because maximum 10  achieved using relatively large
media, e.g., dispersion of the particles within the liquid  75 



3/16 inch long, round ended cylinders. The  phase gives rise to maximum
particle-to- use of such a milling operation is especially  particle
interaction, i.e., maximum  internal desirable since it causes no breakdown
of the  friction. Again, penetration of the tungsten liquid vehicle and no
adverse contamination  into the underlying layer of aluminum oxide 15  of
the bath, the  materials of both the mill is substantially avoided as long
as the dip-  80 and the medi being quite compatible with  ping operation is
performed while the vis- the heater materials.                      cosity
of the bath near the surface thereof is The proper duration of the milling
opera-  high, e.g., within 5%  of the maximum bath tion for a given bath to
provide complete  viscosity. By "near" the surface is meant 20  dispersion
of the tungsten particles can be  within a few mils of the surface.
85 determined by several means.                 The degree of dispersion
can also be mea- For example, until complete dispersion of  sured using a
commercially available " fine- the tungsten particles occurs, the "
apparent   ness of grind meter " e.g., the Nipri Type specific gravity of
the bath, as measured with  G-1 Meter, sold by Precision Gauge and Tool 25
a hydrometer, is less than the "true" specific Company Dayton, Ohio.
Maximum, dis- 90 gravity of the entire bath, as determined by  persion of
the tungsten particles is reached dividing the weight of the entire bath by
the  when further milling does not result in a volume of the bath. The
reason for this is that the incompletely deagglomerated clusters 30 very
rapidly settle to the bottom of the bath    As previously noted, the
thickness of the 



and do not provide buoyancy for the hydro-  tungsten coating applied to the
heater in the  95 meter. As full dispersion  conditions are  dipping
operation is a function of, among reached, however, the  apparent  specific
other things, the viscosity and specific gravity gravity very nearly
approaches, and often just  of the bath. Depending on the particular 35
about equals, the true specific gravity.   heater being made, different
coating thick- The stability of the resulting suspension  nesses are
desired, hence different baths 100 can be conveniently defined in terms of
the  having  different  viscosities  and  specific change in the apparent
specific gravity with  gravities are used. time. For example, using a bath
comprising    An equation governing the viscosity of a 40  (by weight) 40%
tungsten and 60%  liquid  suspension of tungsten particles whose par-
vehicle, the vehicle comprising 1.68%  of  ticle size range has an upper
limit of 10  105 1000 second nitrocellulose wet 30% by weight  microns,
with an average size of 2.0 microns, by alcohol and 98.5%  of butyl
acetate, after  in a liquid vehicle is as follows: ball milling for about 6
hours, the change in 45  apparent specific gravity of the suspension,
[err] owing to settling of the tungsten, is only in the order of 2%  over a
period of 8 hours. As a  where: practical matter, for practical utility in
a normal mass production continuous heater       is the viscosity of  the
resulting system  110 50  coating  process, a  " rheologically-stable "
is the viscosity of the liquid phase, and 



bath would  typically be one in which the      is the ratio of the volume
of the tung- change in apparent specific gravity of the      sten material
in the dry powder state to bath is less than 5% in 8 hours.
the sum of the volume of the dry tung- The use of such a bath is especially
desir-   sten powder plus the volume of the  115 55  ablein automated
dipping operations because     liquid phase. the bath is so stable as to
require little atten- tion, e.g., stirring, during its useful life: The
The above equation is valid for tungsten "life " of the bath is generally
determined  particles of the specified size range and after by the rate of
evaporation of the liquid phase, full dispersion conditions are achieved,
as by 60  such  evaporation  changing  the 'coating  adequate ball milling
of the suspension. 120 characteristics of the bath. With the above-
Variations in the viscosity of the liquid phase described bath the  "life"
is about 8 hours.  [err] and the particle- size range affect the
Penetration of tungsten into the underkying  value of the constant
associated with the [err] layer of  aluminium oxide is subtstantially
factor.  This can  be  determined  experi- 65  avoided is long as the
dipping operation is   mentally.                            125    4
1,418,196                                        4 The following Table
provides data concerning different baths for use in providing 



different thickness coatings of tungsten in a dipping operation. TABLE
Weight %  Weight %      System Viscosity [err] 5                 Bath #
Tungsten    Vehicle            (cps) 1           30         70
72.5 2           40          60              82.5 3           50         50
95.0 4           60         40              120.0 10
TABLE (Continued) Vehicle Viscosity                       Coating Retention
Bath #       [err] (cps)      Specific Gravity      (gms per dip) 1
55.0                 122              2.5 x [err] 2             55.0
143               3.4 x [err] 15              3             55.0
167               5.6x [err] 4            55.0                 215
8.0 x [err] While the invention has been described in  pared in a
substantially rheologically-stable connection  with  outer coatings
consisting  form by dispersing the particles in the liquid  60 entirely of
tungsten, the invention also has  vehicle until the apparent specific
gravity of 20  utility in providing heaters having outer coat-  the bath,
as measured by a hydrometer, is ings comprising tungsten and some other
substantially equal to the true specific gravity 



particulate  insulating  material,  generally  of the bath determined from
its total weight aluminum oxide. By providing a rheologically-  and
volume, the  difference between  the  65 stable bath, as by ball milling
both the tung-  apparent and true specific gravities of the 25  sten
particles and the other insulating material  bath being not greater than 5
per cent for in a suitable vehicle, penetration of the outer  the
performance of said step of the process. coating particles into the
underlying layer of    2. A process as claimed in claim 1 wherein aluminum
oxide is avoided.                 the bath contains particles solely of
said  70 By way of example, in any of the baths  material in the liquid
vehicle. 30  listed in the table, a portion of the tungsten    3. A process
as claimed in claim 1 wherein can be replaced with aluminum  oxide, the
the bath and therefore the eventual coating same liquid vehicle being used.
The bath is  contains some particulate insulating material ball milled,
using a tungsten carbide milling  such as aluminum oxide in addition to the
75 media, until maximum conditions of apparent particles of said material
of relatively high 35  specific gravity and viscosity are achieved.
thermal emissivity. Whereas in the foregoing this invention    4. A process
as claimed in any preceding has been described using tungsten as the high
claim wherein the particle content of the bath thermal emissivity material
in the dark outer  is between 30% and 60% of the total weight 80 coating,
other such materials may be used  of the liquid and particulate contents of
the 40  instead with the restriction that they should  bath. not be
maleable. Thus particulate molyb-    5. A process as claimed in any
preceding 



denum, carbon, chromium   oxide, boron  claim wherein the bath is prepared
by ball nitride and silicon carbide are potentially  milling the particles
in the liquid vehicle  85 suitable, but not platinum  because of its  until
said apparent and true specific gravities 45  maleability. Also whereas
aluminum oxide is  of the bath are substantially equal. ' specifically
mentioned  as  the  underlying    6. A process as claimed in any preceding
insulating material,  other such materials such  claim wherein the bath is
prepared by ball as zirconium  oxide, beryllium  oxide and  milling the
particles in the liquid vehicle  90 mixed chromium oxide/titanium oxide are
also  while monitoring the viscosity and until it 50  usable.
reaches a maximum value. 7. A process as claimed in claim 5 or claim WHAT
WE CLAIM  IS: -                     6 wherein the ball milling is carried
out in 1. A  process for providing an insulated  an alumina mill using a
tungsten carbide mill-  95 heater structure with a particulate coating  ing
medium. containing particles of relatively high thermal    8. A process as
claimed in any preceding 55  emissivity material, the process including the
claim using tungsten as said material of rela- step of passing the heater
structure into and  tively high thermal emissivity. out of a bath
comprising a dispersion of the    9. A process as claimed in claim 8
wherein  100 coating particles in a liquid vehicle and pre-  the tungsten
particle size is in the range   
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4 The following Table provides data concerning different baths for use in
providing different thickness coatings of tungsten in a dipping operation.
TABLE Weight %   Weight %      System  Viscosity [err] 5             Bath #
Tungsten    Vehicle             (cps) 1           30          70
72.5 2           40          60               82.5 3           50
50               95.0 4           60          40              120.0 10
TABLE (Continued) Vehicle Viscosity                        Coating
Retention Bath #       [err] (cps)        Specific Gravity      (gins per
dip) 1             55.0                 122              2.5 X [err] 2
55.0                 143               3.4 X [err] 3             55.0
167               5.6 X [err] 4             55.0                 215
8.0 X [err] While the invention has been described in  pared in a
substantially rheologically-stable connection  with  outer coatings
consisting  form by dispersing the particles in the liquid  60 



entirely of tungsten, the invention also has  vehicle until the apparent
specific gravity of 20  utility in providing heaters having outer coat-
the bath, as measured by a hydrometer, is ings comprising tungsten and some
other  substantially equal to the true specific gravity particulate
insulating  material,  generally  of the bath determined from its total
weight aluminum oxide. By providing a rheologically-  and  volume, the
difference between  the  65 stable bath, as by ball milling both the tung-
apparent and true specific gravities of the 25  sten particles and the
other insulating material  bath being not greater than 5 per cent for in a
suitable vehicle, penetration of the outer  the performance of said step of
the process. coating particles into the underlying layer of    2. A process
as claimed in claim 1 wherein aluminum oxide is avoided.              the
bath contains particles solely of said  70 By way of example, in any of the
baths  material in the liquid vehicle. 30  listed in the table, a portion
of the tungsten    3. A process as claimed in claim 1 wherein can be
replaced with aluminum  oxide, the  the bath and therefore the eventual
coating same liquid vehicle being used. The bath is  contains some
particulate insulating material ball milled, using a tungsten carbide
milling  such as aluminum  oxide in addition to the  75 media, until
maximum conditions of apparent  particles of said material of relatively
high 35  specific gravity and viscosity are achieved.   thermal
etnissivity. Whereas in the foregoing this invention    4. A process as
claimed in any preceding has been described using tungsten as the high
claim wherein the particle content of the bath thermal emissivity material
in the dark outer  is between 30%  and 60% of the total weight 80 



coating, other such materials may be used  of the liquid and particulate
contents of the 40  instead with the restriction that they should  bath.
not be maleable. Thus particulate molyb-    5. A process as claimed in any
preceding denum, carbon, chromium   oxide, boron  claim wherein the bath is
prepared by ball nitride and silicon carbide are potentially  milling the
particles in the liquid vehicle  85 suitable, but not platinum  because of
its  until said apparent and true specific gravities 45  maleability. Also
whereas aluminum oxide is  of the bath are substantially equal.
specifically  mentioned  as  the  underlying    6. A process as claimed in
any preceding insulating material, other such materials such  claim wherein
the bath is prepared by ball as zirconium  oxide, beryllium  oxide and
milling the particles in the liquid vehicle  90 mixed chromium
oxide/titanium oxide are also  while monitoring the viscosity and until it
50  usable.                                     reaches a maximum value. 7.
A process as claimed in claim 5 or claim WHAT WE CLAIM  IS:-
6 wherein the ball milling is carried out in 1. A process for providing an
insulated  an alumina mill using a tungsten carbide mill-  95 heater
structure with a particulate coating ing medium. containing particles of
relatively high thermal    8. A process as claimed in any preceding 55
emissivity material, the process including the  claim using tungsten as
said material of rela- step of passing the  heater structure into and
tively high thermal emissivity. out of a bath comprising a dispersion of
the    9. A process as claimed in claim 8 wherein  100 



coating particles in a liquid vehicle and pre-  the tungsten particle size
is in the range    between 0.5 and 10 microns with an average  coating by a
process according to any pre- size of about two microns.
ceding claim.                                10 10. A process of coating a
heater structure using a substantially rheologically-stable bath
T. I. M. SMITH, 5  substantially as hereinbefore described.
Chartered Patent Agent, 11. An electron discharge tube including
50, Curzon Street, a cathode heater structure insulated  with
London, W1Y 8EU. aluminum  oxide and provided with a dark
Agent for the Applicant. Printed for Her Majesty's Stationery Office, by
the Courier Press, Leamington Spa 1975. Published-by The Patent Office, 25
Southampton Buildings, London, WC2A 1AY, from which copies may be obtained.


