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ABSTRACT

A summary of the results of measuring the total emittance
of some receiving tube materials is given. The resistance

heated strip method described in R59ETR-1 was used. -

Major attention is given to carbonized materials, nickel,
and converted aluminum-clad iron. The effect of certain pro-
cessing variables on total emittance was studied. Some
measurements of the total emittance of the oxide cathode are

included.



TOTAL EMITTANCE OF RECEIVING TUBE MATERTALS

Introduction

During the past few years we have made a rather extensive study of
thermal properties of receiving tubes and tube materials. In particular,
the thermal radiation broperty, total emittance (or emissivity), has =~ -
been determined for a number of materials. ¢

This report summarizes the results of total emittance measurements
made at the Receiving Tube Department Chemical & Physics Laboratory.
The resistance heated strip method described in R-59ETR-1 was used.

Section I discusses the scope of the problem.

Section II condenses much of the data into a graphical form .
that should be very useful to tube engineers.

Section III summarizes the results obtained from s nuuber of
investigations relating to aluminum-clad iron.

Section IV treats carbon-coated materials.

Section V gives results relating to Grade "A" nickel and the
effects of various surface treatments. .

Section VI gives some values of oxide cathode emittance as g
function of temperature. .



SECTION I

Scope of the Work

The purposge of this report iz to provide information relating to
the total (thermal) emittance of tube materials and the effects of
processing variables thereon, which, when coneidered along with other
properties of the material, should ensble the tube engineer to use
. more scilentific gpproach 1n the application and testing of materials
in electrcon devices. .

The study of thermal properties of tube materials is an integral
part of a program of materials research undcr way at RTD to provide
information that 1s essential to (1) the improvement of standard tube
meterials through better processing, etc.; (2) the development of new
materials; (3) e more enlightened application of materials; and (L)

a good quentitative estimate of the physical and chemical activities,
e.g., gas evolution, chemical reactions, ete., that occur under con-
ditions of tube operation. ;

It is hoped (and anticipated) that this type of information will
become increasingly helpful in the never ending quest for new electron
devices, higher religbility, more e¢ectronlc functions per unit volume,
ete.

The general problem of reducing the rates of chemical and physical
reactions that are detrimental to the stability and/or life of an elec-
tron tube is quite complex, involving a number of properties of mater-
ials. The temperature dependency of these reactions, along with the
fact that most heat generated inside a receiving tube must be transferred
by thermal radiation, mskes it evident that the total emittance of
materials is gn important factor in determining the equilibrium tempera=~.
tures of electrodes and other component parts of a tube. The gas con-
tent of a materisl and ite sorption characteristics are also very impor-
tant. (See R-60-ETR-2.)

For example, consider a specific type of polished carbonized nickel
that may be obtained from three different suppliers. Each material has
a different value of total emittance, and each usually has a different
gas content and sorption rate at any stage during its processing and
operating history. Unfortunately, in this particular case, the
material with the lowest gas content and residual rate of evolution
usually has the lowest total emittance. Since the temperature and total
emittance of the anode are usually prominent factors in the determination
of equilibrium temperatures of other tube elements, including the tube
envelope, the problem cannot be isolated from the operating environment
of the material of interest. It is therefore essential that each tube
type or each family of tubes be treated as a separate problem in apply-
ing information relating to thermal properties and gas content of a :
material. To illustrate an extreme case, even if all other properties
of a given material are superior, and the material has the highest
emittance, the lowest rate of gas evolution as a function of temperature
and time, and the lowest cost, it still may not be the best anode material
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SECTION II

Summary of Results

A resume of the results of various emittance experiments are
given on pages 5 and 6. TFigure 1 shows typical emittance versus
temperature curves for a variety of tube materials. Figure 2
presents the same information in the form of radiancy; i.e.,
power radiated in watts/cm?, as a function of temperature. Power
radiated by a source at any temperature Tj to its surroundings
may be calculated by subtracting the eppropriate values given
in Table 1. The curves in Figure 1 and Figure 2 represent the
average values obtained in measuring several samples of each
material. All told, a total of about 250 samples has been tested.

The Stefan-Boltzmann Law expresses the thermal energy radia-
ted from a solid body at temperature T1 to its environment at
temperature T2.

P/A =e1 Fg o (T4 - ToM)

Where P = Power radiated, e.g., in watts (1)
A = Surface area
el = Total emittance of source
Fg = Geometrical factor
o = Stefan-Boltzmenn Constant
= 5.67 x 10-12 yatts cm™ T4
T1 = Source temperature (absolute)
To = Sink temperature (absolute)

If the dimensions of the source are small in comparison to
those of the enclosure, Fg in equation (1) may be replaced by unity.

F/A = e1g 1t - a1 '1‘2lL - (2)

The first right-hand term of equation 2 is the radiancy of the
material as given in Figure 2.

Teble 1 gives values for the second term with temperature To
and emittance e] as parameters. The power radiated from a material
at temperature T1 to its environment at temperature T can be oOb=- - |
tained by subtracting the appropriate velue in Table 1 from the
radiancy, which can be obtained from the curves in Figure 2.

The sbove relation holds only if the source is small in com-
parison to its surrounding enclosure; otherwise, the geometrical
factor, Fg, must be included in the calculations. Fg may be de-
termined Tor concentric cylinders of infinite length from Figure
3. A good spproximation for most irregular objects or enclosures
can be obtained by lettingo<= 1. :
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SECTION III

Aluminum-Clad Iron (Steel)

Measurements of the total emittance of aluminum-clad iron and
studies of the effects of a number of processing variables have °
been made. A brief summary of the pertinent results and observa-
tions are given below.

Summary

Converted aluminum-clad iron has a total emittance that
usually occurs between 0.7 and 0.8 within the 300°C-600°C

. temperature range.

In a study involving hydrogen, dissociated ammonia, and
air furnace atmospheres, the total emittance of convertéd
aluminum-clad iron was found to be affected very little
by the composition of the furnace atmosphere during the
alloying period or thereafter.

Vacuum conversion of aluminum-clad iron produces a total
emittance 5 to 10 percent lower than atmosphere conver-
sion, unless the process is carried out extremely slowly.

The brushing process used by the manufacturers of strip
materials to remove oxide films, etc., does not normally
change the total emittance of the converted materieal.
Semples of bright brushed, bright unbrushed, stained )
brushed, and stained unbrushed, were used in making this ..

study.

The rate of formation of the sluminum-iron alloy during .
conversion in vacuum produces distinct differences in
the surface roughness, porosity, and total emittance of
the material. A rapid traversing of the eutectic tem-
perature produces a material that possesses a much lower
total emittance.

Experimental samples of nickel-plated aluminum-clad iron
were found to have total emittances ranging from that of
aluminum-clad iron to ebout 10% lower, although the mater-
ial was darker in appearance after conversion.

Experimental samples of iron-clad aluminum-clad iron pos-
sessed a total emittance 10 to 15 percent higher than
regular aluminum-clad iron.

Darkening the appearance of converted aluminum-clad iron

by tumbling in refractory granules does not change its
total emittance much, if at all.

G



10.

11.

12.

13«

k.

15.

16.

It was discovered that a vacuum converted sample of
aluminum-clad iron will turn almost black upon subse-
quent firing at 800°C in dissociated ammonia; whereas,
one that has been previously converted in dissociated
ammonia changes very little in appearance during a
second firing. The darkening of the vacuum converted
sample did not change its total emittance by more than
2 or 3 percent, however.

The new 5-ply copper-cored gluminum-clad iron, C50B1,
was found to have about the same total emittance as
regular aluminum-clad iron.

After conversion, a cycling of an aluminum-cled ircn
sample strip between room temperature and 1000°C in
vacuum does not appreciably affect the total emittance.

Samples fired in a furnace usually have a more porous
surface than their counterparts fired in vacuum.

- X-ray diffraction patterns of the converted aluminum-

clad iron vary Somewhat with the processing schedule.
However, it is difficult to determine whether the

differences are due to lattice distortions or to a

difference in composition of the alloy.

When samples of aluminum-clad iron strip material
are held together during the conversion process in

a hydrogen or dissociated ammonia furnace atmosphere,
their adjacent surfaces appeared darker, more olive
drab in color, than the characteristic gray or blue-
gray color normally obtained. '

Two samples of converted aluminum-clad nickel that
had a dark blue-black appearance were found to have

a much lower total emittance (~~ 0.5) than aluminum-
clad iron. The surface aluminum-nickel alloy films
may have been too thin to achieve the maximum total
emissivity. Further work will be necessary to settle
the question.

© Experimental samples of aluminum~-iron and copper cored

aluminum~-iron strips prepared by powder metallurgy tech-
niques were found to have about the same total emittance
as the standard material.

<J0 =



Ccmments and Recommendations

The genceral problem of processing anode materials must include
considerations of several other physical and chemical preperties in
addition to that of total emitance. In terms of controlled varia-
bles, the optimum processing schedule of a material that is used
to perform a specific function in a specific tube type can be de-
fined in terms of its environment and of its own temperature ver-
sus time processing function, which henceforth will be called the
T-P function. ¥or a given application there exists an optimum T-P
function and a family of acceptable functions which lie within the
process limits (which may or may not as yet be adequately determined).

The results given in this report serve to indicate .that the
T-P function is very important in controlling the emittance and
macrostructure of the aluminum-iron alloy. The effects of varyving
the T-P function upon the properties of the material, e.g., struc-
ture, porosity, and surface geometry of the aluminum-iron alloy,
gas absorption and evolution properties, total sublimation from the
surface, etc., are not too well known in a quantitative manner.

If further study of the processing of anode materials is
warranted, it is suggested that the T-P curve be divided into four
segments as shown below, and used for the purpose of obtaining a
superior empirical T-P preccessing function.

| Al Melting Boint _ _
L Al-Fe Eutectic

TEMPERATURE

2 5

|
T |
| |
| |
| |
{ |
| |
i |
| |
1 |
! {
U {

TIME
Illustretive Example - T-P Curve '

Section (1) is that portion of the curve prior to reaching the
Al-Fe eutectic temperature, i.e., the lowest melting point of the Al-
Fe alloy system. Secticn (2) is that portion which lies between the
eutectic point and the melting point of aluminum. Section (3) in-
cludes the maximum temperature reached, whereas section (4) is the
cool-down or annealing portion of the curve.

The slope of segment #2 portion of the curve and the peak mag-
nitude and time duration of segment #3 are of considerable interest

in the processing schedule. Other portions of the curve may also be
important.

-11-



Experimental T-P curves could be generated in a regular gas-
filled furnace by attaching a thermocouple to the msterial to be
processed, and moving the material in and out of the hot zone of
the furnace at a controlled rate. If experiments revealed any sig-
nificant improvements in the materiel, the automatic programming
of the T-P curve could be set up without undue difficulty.
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SECTION IV
Carbonized Nickel

A number of carbonized nickel materials have been tested to study
their total emittance characteristics. While the information is not
as complete as that for aluminum-clad iron materials, the following
facts have been fairly well established. .
1. Unpolished carbonized materials usually have a higher

totel emittance than polished darbonized -samples. At

LOOOC the emittance values for different types of un-

polished semples ranged from 0.70 to 0.92; whereas,

the various polished materials ranged from 0.55 to 0.75.

As a general rule, unpolished carbonized nickel
has a total emittance equal to or greater than gas
converted aluminum-clad iron, and polished carbonized
nickel has a total emittance less than or equal to .
aluminum-clad iron in the temperature range of 300°C
to 600°C.

2. The temperature coefficient of emittance, Xe, i.e.,
the slope of the emittance versus temperature curve
varies somewhat from sample to sample of the same
type of material. It veries more however among the
different types of material (see Figure 7). A speci-
fic study of the statistical distribution of the tem-
perature coefficient, X, , was not included as a
part of the experiments. Therefore, the possibility
that the variations may be due to systematic errors
cannot be ignored. However, since the range of X.'s
of other materials studied, such as aluminum-clad
iron and nickel, was much smaller. I suspect that at
least a part of the measured variations of (¢ is real.

3. Samples of the same type of polished carbonized ma-
* terial acquired from different suppliers had different
values of total emittance. (See Figure 7.)

L. The firing of carbonized nickel to temperatures
above 800°C sometimes causes a decrease in total
emittance of the sample (e.g., see Figures 7 & 8).
Obviously, if enough carbon is removed to partly
expose the metal surface, the effective emittance
will be lowered. The effect of film thickness upon
the total emittance of carbonized materials has not
been well established, however. ‘

-16-
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CARBONIZED NICKEL (POLISHED)
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SECTION VI

Total Emittance of the Oxide Cathode

The total emittance of certain oxide cathodes was determined
within the general range of T00°C to 10000°C.

As a primary objective, a comparison was made between our most
widely used cathode coating and the experimental coating, type F.
The strip resistance heating method described in T.I.S. Report No.
R-59-ETR-1 was used to obtain the data. Results are given on pages
23 and 2k . - ,

The experiment was performed using 8" x 1/2" x 0.005" type 499
nickel as a base material for the coatings.

The deposition of carbon upon the surface of the oxide coating
in the 600°C to 900°C range, caused by the residual hydrocarbon
gases in a bell jar coating unit, proved to be a maJjor problem.

The difficulty was circumvented enough to obtain good data only
after carefully cleaning and baking the system, and by using liquid
nitrogen cold trap between the oil diffusion pump and the bell Jax.

Results indicate that the total emittance of the experimental
coating is 25 to 30 percent greater than that of the regular H1-IN
coating.

The experience gained in this work has enabled us to develop
what should prove to be a very reliable method of investigating the
dependence of total emittance upon coating thickness, coating compo-
sition, coating density, base material, processing, etc. A statis-
tically designed experiment has been worked out for that purpose, |
and further work has been planned. :

. =22-
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