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This invention relates to a new and improved alloy
metallic sheath of an electric heating unit, especially of an
enclosed tubular type comprising a metallic resistance
heating element embedded in an electrically insulating
heat-conducting mass such, for example, as magnesium
oxide which in turn is encased by the metallic sheath.
More particularly the invention relates to the alloy metal
of the sheath.

It is the principal object of the present invention to
provide an alloy metal for the sheath, that will minimize
deterioration of the insulating mass at elevated tempera-
tures over extended periods of uise, while possessing satis-
factory physical qualities, and -be susceptible of com-
mercial production.

Another object of the invention is to provide additional
strength of the sheath.

The alloy metal of the sheath may have an iron base,
or it may have a nickel base where ductility and creep
strength are important considerations. In the event an
iron base is used the alloy metal will contain also alumi-
num and chromium. In the event a nickel base is used,
the alloy metal will contain also aluminum. In either case
(iron or nickel base), small amounts of other elements
are present as impurities, or commonly are added during
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Referring to the drawings, and particularly to Fig. 1,
the numeral 1 indicates a metallic resistance heating unit,
2 is an electrically insulating heat-conducting mass. 3is a
metallic sheath. 4 is a sheath outer casing.

Fig. 2 shows graphically the loss of electrical insulating
efficiency that is effected by reason of diffusion at elevated
temperatures, of commonly found oxides, for example,
oxides of aluminum and chromium, into an insulating
mass, for example, composed of magnesium oxide.

From numerous tests of various sheath materials, I have
observed that commonly found oxides which are de-
veloped at elevated temperatures upon the inner surfaces
of sheaths of various metallic constituents, when diffused
into the electrically insulating mass, will increase the con-
duction of minute currents of electricity through said
mass as the amounts of such diffused oxides increase.
Such commonly found oxides when so developed and
diffused into the insulating mass have been found to form
a well defined pattern of relative effectiveness of said
oxides in forming said electrical conduction passages
through the insulating mass.

Reduction of insulating efficiency of the insulating mass
by diffusion of oxides could be avoided entirely by use of
a sheath of precious metal such as gold or platinum, for
example, neither of which oxidizes at elevated tempera-
tures and, therefore, could not cause penetration of for-
eign oxides into the insulating mass. Were it not for other
considerations, therefore, a sheath of gold or platinum,
or with an interior plating of gold or platinum sufficiently
thick to eliminate diffusion effects of non-precious metals
of the sheath through the gold or platinum plating, would
be an ideal solution of the problem here considered. Such
a solution is impractical commercially, however, because
of the prohibitive cost of the precious metals in what
would be the required quantities.

The order of relative electrical conductivity (i. e., of
objectionableness from a viewpoint of deterioration of in-
sulation) of some commonly found oxides is as follows:

Resistivity in ohms per ce.

Temp. in Degrees C_ ... 20 200

600

750 900 1,000 1,200 1,250 1, 600

iron oxide. - oL 3.6X10?2 | 2.8X10?
chromie oxide...
nickel oxide. o oo
Zirconium oxide
silicon oxide._...
aluminum oxide.

magnesium oxide

2.8X10¢8
9X1012

the smelting process in order to carry through the usual
metallurgical reactions, and to improve heat resistivity
and mechanical properties of the alloy metal.

Mechanical strength of the sheath may be increased by
means of a sheath outer casing composed of an alloy metal
of greater ductility and creep strength than that of the
sheath metal indicated. The sheath outer casing alloy
metal may have a nickel base and contain chromium
and iron.

I have found that a heater unit sheath composed of any
of the alloy metals described above combines the primary
requisite of minmal tendency to cause deterioration of the
insulating mass, with economic and physical feasibility of
production of the sheath.

Other objects and features of my nvention will be. ap-
parent from the following detailed description and from
the accompanying drawings, wherein, .

Fig. 1 is an elevational view, partly in section, showing
by way of illustration, a heater unit of the type indicated
in a spiral form, with a sheath as described and a sheath
outer casing, although, of course, the unit may follow
any convenient form without affecting the invention, such,
for example, as straight rectangular, circular, serpentine,
labyrinthine, etc. ) ) .

Fig. 2 is a graph showing the electrical resistivity; and
hence the insulating efficiency over a range of tempera-
tures, of pure magnesium oxide, and the electrical resis-
tivity of magnesium oxide with which stated proportions
of aluminum oxide and chromic oxide have been mixed.

60

Of the foregoing oxides, those of zirconium, silicon and
magnesium are not developed in substantial quantity by
commercial alloys when used at elevated temperatures,
and therefore do not enter seriously into the problem of
providing an alloy of desirable qualities for the use herein
contemplated.

The other oxides tabulated above, viz., those of iron,
chromium, nicke] and aluminum, and especially those of

- chromium and aluminum, are developed in considerable
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amounts on the surfaces of various commercial high tem-
perature alloys when heated in air or oxygen-containing
atmospheres to temperatures ranging upward from 700°
C., and in progressively greater amounts as the tempera-

- ture is increased.

70

From the foregoing table it will be observed that at
1000° C., for example, the electrical resistivity of chromic
oxide is less than 7.5X10%, expressed in ohms per cc.,
whereas the electrical resistivity of aluminum oxide is

-+ 2.8 X 106, expressed in ohms per cc. Translated into terms

75
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of electrical conductivity, this means that if aluminum
oxide electrical conductivity at the stated temperature of
1000° C. is taken as 1, chromic oxide at the same tem-
perature has an electrical conductivity greater than 37,333.

While it is true, as mentioned above, that all metallic
oxides are characterized by electrical conductivity in dif-
ferent degrees of effectiveness as tabulated above, elec-
trical conductivity of magnesium oxide is so slight that this
material, although theoretically not a true electrical in-

- sulator, actually is the most generally used: insulator for
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installations of the type here considered. It is obvious,
therefore, that an alloy metal that would diffuse enly
magnesium oxide into the insulating mass (for example
magnesium oxide) would cause no diminution of insulat-
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casing, with proportions of constituent metals expressed
in percentages, are as follows:

Group C—High nickel shedth outer casing alloy metal

ing efficiency of the insulating mass, and so be a com- 5 . i
mercially desirable product if otherwise suitable. This l Cr| C l Si Mn‘ Ca | Ce | Zr | Fe | MNi
s%lu»tion is not practicacll, hovvevex;i betltausg, as m%ntione(% o 20l00l 26l 00l00 loo oo | 505
above, magnesintm oxide is not developed im substantial -eeeoey 14 . . . . . - 2 alance.
quantity by commercial metals. o G| B0 68| 63|68 |00 |0s | o] Bo

Consideration of btlhe fogegoing facts suggests, as”a
solution of the problem of producing a commercially . ) .. ,
superior sheath alloy metal, ascertainment cf an alioy, Ve;ﬁtg;y&iﬁgﬁﬁ%g S?rct‘:irseiléi’hé%e i:h;a:ttilslf;g?osrtycgﬁ-
(f)the1w1se §u11t151b1e, 1t1‘1at Yéﬂl dzvellop on its tmnglrrsur- der ordinary conditions. In case a stronger bond be-
ace pracnc% y ouly (‘;Xl.es o lam.lgﬂm}lz 0 the €X- 1. tween the sheath and the casing is required, as, for ex-
clusion of the more detrimental oxides in any appre- ample, where a straight heater uamit is used rather than
ciable quantity, and those in an aggregate amount sub- the more usual spiral form, or where the heater unit
stantially less than that in which heretofore kmown al-  yij} be subjected to excessive vibration, a stronger bond
loys used as heater unit sheath material develop the may be obtained by forging or rolling the sheath' ma-
more detrimental oxides, such, for example, as, prin- g4 terjal and the casing material together, or the casing may
cipally, oxides of chromium. . be welded, clad or bonded oato the sheath according

As a result of numerous studies and experiments, al- to usual metallurgical procedure.
loy metals for electrical heater unit sheaths have been In the three foregoing groups of alloy metals, indi-
found to be satisfactory with respect to insulation de- cated as Group A, Group B, and Group C, carbon, sili-
terioration when composed of the following indicated 95 con, and manganese are common metallurgical reaction
proportions of constituent elements, expressed in per- elements that are used generally in alloying processes.
centages: I have included also minor quantities, as indicated, of

Group A—~Iron base
Al Cr C 8i {Mn | Ca ] Ce | Zr Ti | Nb | Ta | Co Fe
(6 PR 501130000 0.0} 0.6 0.0]0.01]0.0 0.0] 0.0 0.0| 1.0 | Balance.
o) N 90! 50{010| 0.6/ 0.5 0.0{005[01 | 10| 30| 0.0/10.0] Do.
(3o oeee- 401220020 0.7| 0.5/ 0.0/0.4 |0.15] 0.0} 1.4{ 30| 0.1| Do.
@ 2.0|30.0]009] 1.2] 0.0} 0.4[0.0 {00 | 3.0} 0.0} 0.1} 0.0} Do
Group B—Nickel base
C st | Mn Ca Ce Zr Fe Ni
o0}l sl 07t 04 0.15| 0.4 0.0 | Balance.
0.11 0.0 0.4] 0.05[ 0.4 0.1 0.2 ] Do.
0.20 0.8 0.0! 00 0.0 0.0 0.8] Do.

1 have found that the presence of chromium in the the elements of calcium, cerium, and zirconium, because
foregoing alloys has certain advantages. T have found that these elements improve heat resistivity

It contributes to the primary requirement that the of the sheath alloy metal.
sheath alloy metal shall develop at elevated tempera- In Group A alloy metals, I have included also the
tures aluminum oxides practically exclusively on the g, elements of titanium, niobium, and tantalum because I
sheath’s inner surface. While these aluminum oxides are have found that these elements increase ductility of the
developed, of course, entirely from the aluminum con- sheath alloy metal.
tent of the alloy, I have observed that they more readily In each of the three foregoing groups, A, B, and C,
form a surface coating, and that this aluminum oxide the preferred alloy metal of that respective group is
coating is more persistently adhesive, where a chromium 55 shown as the first of the several illustrative examples
content is present in the alloy metal than where there of alloy metals found satisfactory for the indicated pur-
is no chromium. pose.

Different theories might be advanced in explanation According to the invention, ranges within which the
of this fact. As these theories are involved and confro- proportions of constituent metals of the above alloy
versial, however, discussion of them, which would have g, metals may be varied are indicated by the above illus-
to be rather long and involved to be at all adequate, is trative examples, although variations within these lim-
omitted. Suffice it to add that I have found that, within its may be made within the scope of this invention.
the limits of the above illustrative examples, as the Thus:
chromium content is increased the required proportion The sheath alloy metal with iron base (Group A)
of aluminum may be decreased without detriment to g5 preferably should contain from 2.0 to 9.0% aluminum,
the aluminum oxide formation at elevated temperatures, from 5.0 to 3.0% chromium, from 0.0 to 0.2% carbon,
during the life of the heater unit. This is due to the in- 0.0 to 1.2% silicon, 0.0 to 0.6% manganese, 0.0 to 0.4%
creased durability of the aluminum oxide coating that calcium, 0.0 to 0.4% cerium, 0.0 to 0.15% zirconium,
is developed in such cases where chromjum is present in 0.0 to 3.0% titanium, 0.0 to 3.0% niobium, 0.0 to 3.0%
the alloy metal. 70 tantalum, 0.0 to 10.0% cobalt, the balance principally

Furthermore, chrominm adds to . the strength and iron.
heat resistivity of the alloy metal, although it will cause The sheath alloy metal with nickel base (Group B)
brittleness and loss of ductility to an undesirable extent preferably should contain from 5.0 to 11.0% aluminum,
if included in larger proportion than I have indicated. from 0.0 to 8.0% chromium, 0.0 to 0.2% carbon, 0.0 to
Tn the instance of the sheath alloy metal with iron base 75 1.5% silicon, 0.0 to 0.7% manganese, 0.0 to 0.4% cal-
(Group A), where the chromium content is decreased, cium, 0.0 to 0.4% cerium, 0.0 to 0.4% zirconium, 0.0
similar physical qualities of strength and heat resistivity to 0.8% iron,-the balance principally nickel.
are supplied by the addition ¢ “cobalt. The sheath outer casing alloy metal (Group C) pref-

Ductility and creep strength of the sheath may be in- erably should contzin from 14.0 to 22.6% chromiumn,
creased further by means of a sheath outer casing of gg 0.0 fo 0.1% carbon, 0.0 to 1.6% silicon, 0.0 to 0.6%
a tough and ductile alloy metal, even though, because manganese, 0.0 to 0.4% calcium, 0.0 to 0.4% cerium,
of its factor of oxidation at elevated temperatures such 0.0 to 0.4% zirconium, 0.0 to 25.0% iron, the balance
casing material would not be suitable for use as sheath principally nickel.
material throughout. Illustrative examples of alloys that Analyses. of insulating masses of heater units with
I have found to be suitable for this purpose as a sheath 85 sheaths made of alloy metals as suggested in Groups A
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and B above, and of any commercial type of design, have
shown, after extended operation at temperatures, up to
1000° C., that as to oxides of chromium, nickel or iron,
the increase in the content of these three oxides in the
insulating mass is less than 0.2% of each of said oxides.

As a result of this more favorable factor of deteriora-
tion of the insulating mass that is obtained by heater
unit sheaths formed of alloy metals according to the
present invention, a heater unit with a sheath of any
one of said materials has a safe heat limit approximately
150° C. higher than that of 850 to 900° C. for any heater
unit of this type herectofore known, and correspondingly
longer life when used at the same temperatures as those
at which any heater unit heretofore known is used.

What I claim and wish to secure by Letters Patent is:

1. An electric heating device including a sheath, an
electric heating resistor inside of said sheath, and an
electrically insulating mass inside of said sheath and
directly contacting the inside surface of said sheath and
in which said resistor is embedded and which separates
and electrically insulates said resistor from said surface,
said sheath being made of a metallic alloy containing a
metal of the class consisting of chromium and nickel
which during the operation of said device normally would
form an oxide on said surface of greater electrical con-
ductivity than said mass and which would diffuse iato
said mass and thus lower its electrical resistivity, said
alloy countaining sufficint aluminum in proportion to said
metal to retard the formation of said oxide and to there-
by materially prolong the useful life of said device, said
alloy otherwise having a composition suitable to serve
as said sheath, said alloy otherwise than said aluminum
and the aforementioned metal of the class of chromium
and nickel consisting essentially of iron excepting im-
purities and alloys having no deleterious effect on said
action of the alwminum.

2. An electric heating device including a sheath, an
electric heating resistor inside of said sheath, and an
clectrically insulating mass inside of said sheath and di-
rectly contacting the inside surface of said sheath and in
which said resistor is embedded and which separates
and electrically insulates said resistor from said surface,
said sheath being made of a metallic alloy containing a
metal which during the operation of said device normally
would form an oxide on said surface of greater electrical
conductivity than said mass and which would diffuse into
said mass and thus lower its electrical resistivity, said
alloy containing sufficient aluminum in proportion to
said metal to retard the formation of said oxide and to

thereby materially prelong the useful life of said device, ¢

said alloy otherwise having a composition suitable to
serve as said sheath, said metal comprising a substantial
amount of chromium and said alloy otherwise than said
aluminum and chromium consisting essentially of iron
excepting impurities and alloys having no deleterious ef-
fect on said action of the aluminum.

3. An electric heating device including a sheath, an
electric heating resistor inside of said sheath, and an
electrically insulating mass inside of said sheath and
directly contacting the inside surface of said sheath and
in which said resistor is embedded and which separates
and electrically insulates said resistor from said surface,
said sheath being made of a metallic alloy containing a
metal which during the operation of said device normally
would form an oxide on said surface of greater electrical
conductivity than said mass and which would diffuse into
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said mass and thus lower its electrical resistivity, said al-
loy containing sufficient aluminum in proportion to said
metal to retard the formation of said oxide and to there-
by materially prolong the useful life of said device, said
alloy otherwise having a composition suitable to serve as
said sheath, said alloy composition consisting of from 2%
to 9% of said aluminum, from 5% to 30% chromium
comprising said metal, said aluminum being used in
amount approximately inversely in proportion to the
amount of chromium used, and with the balance iron
excepting small amounts of impurities and alloys having
no deleterious effect on said action of the aluminum.

4. An electric heating device including a sheath, an
electric heating resistor inside of said sheath, and an elec-
trically insulating mass inside of said sheath and directly
contacting the inside surface of said sheath and in which
said resistor is embedded and which separates and elec-
trically insulates said resistor from said surface, said
sheath being made of a metallic alloy containing a metal
which during the operation of said device normally
would form an oxide on said surface of greater electrical
conductivity than said mass and which would diffuse
into said mass and thus lower its electrical resistivity,
said alloy containing sufficient aluminum jn proportion
to said metal to retard the formation of said oxide and
to thereby materially prolong the useful life of said de-
vice, said alloy otherwise having a composition suitable
to serve as said sheath, said alloy composition consisting
of from 2% to 9% of said aluminum, from 5% to 30%
chromium comprising said metal, said aluminum being
used in amount approximately inversely in proportion to
the amount of chromium used, and with the balance iron
excepting small amounts of impurities and alloys hav-
ing no deleterious effect on said action of the aluminum,
said sheath being tightly enclosed by a casing made of an
alloy consisting of from 14% to 22% chromium with
the balance nickel excepting impurities and small amounts
of alloys having no material deleterious effect on the
toughness and ductility of said casing alloy, the latter
being substantially free from aluminum.
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