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'rhis invention relates to an. improved electric
resistance element; especially one for usein elec- -
tric. ‘furnaces: adapted to operate at high: tem-
peratures. '
- It 18 a well known tact that various nickel
alloys have been proposed as substitutes for the
more. expensive - resistance - -elements, »such. . as-
platinum, nichrome and chromelw Kowaver, such .
alloys have not been adopted: commercially par-
10 ticularly for electric-resistance:elements.intended :-

- to_operate: at: elevated - temperatures: especially
above 1800° F. for.a: ariety 0f .reasons: inelud-

dation .at such: high: temperatures. particularly-*

‘18- in atmospheres:which. changed in: character, such

-0 practice on:an. industrial-scale. L2

" An'.object of-theinvention- 1is to provide an
electric resistance element comprising -a heat-.
- treated chromium .plated nickel or:nickel alloy

-wire which can be operated in oxidizing OF ‘re=.:

ducing atmospheres at: elevated temperatures in‘
cluding 1800-2500° F. -

A further object of the invention is to provide :

an electric resistance element utilizing: the elec-::
. trical resistance properties; of ‘nickel ‘or-a ‘nickel-

and below 2600° -F, without destruction of the
. nickel due to oxidation. . . ~

It is also:-within. the: contemplatlon ot the
inventlon to provide a process. for heat :treating
chromium plated -nickel or :nickel: alloy :wire
- whereby an -electric- resistance. element can: be

produced in a suitable conditionfor: use in elec-

tric resistance furnaces..
Other objects -and- advantages of the 1nven-
tion will ‘become apparent from the following

40 description of a preferred embodiment of - the

invention and a procedure for. carrying the in-.

vention into practice. . -

According to the present invention an efficient:

and inexpensive: resistance heating element is
provided by utilizing the desirable features of
nickel and:nickel alloys and avolding the short-
comings thereof. - I have discovered that en-
velopment of nickel or nickel alloy with ' chro-
o mium, especially the electrodeposited type, and
. the subsequent formation of a bond of a nickel-
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chromium -alloy provides an electric resistance: -

element with a desirable temperature coefficient,
an excellent resistance to -oxidatlon and em-
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peratures and changing atmospheres including -

‘oxidizing and reducing and with a relatively.

high melting point.
A method of producing the new electric re-

80 sistan_ce -element -is to - eiectrolytically deposit

aware, has been' wholly. successful and'satisi‘ac-_' i
tory commercially, especially: when can'ied into :

.alloy at elevated temperatures above :1800° F, -

brittlement, especially at super or elevated tem-:
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thin layers of chromium about 10002’ ‘to about
+0.005’": thick, upon nickel ‘or.a nickel alloy wire
SO ‘the like.. The plated. product is. subjected to

& special heat treatment in a hydrogen atmos--
phere..: It is: preferred to-effect- the treatment.

: by ‘heating ‘the wire rapidly. by the. passage of

-an  electric - current- therethrough “The " heat.

streatment:s such-as to.cause chromium to diffuse

- into: the surface skin or layer:of: the nickel or
nickel .alloy so.as o form-an intermetallic alloy
of chromium with ‘the base metal or alloy. The
treated. wire: constitutes an ‘improveg electric
. resistance-element which can be installed in any
:type .of electric resistance hesting furnace and
will ‘function satisfactorily at. a much higher

'other base metals-or alloys: known to the ‘trade.

:art. & better -understanding: of the. invention, a

.‘preferred embodiment: and 8 preferred procedure’

-temperature:.than ‘prior. electric - resistance ele-
. ments: .composed: - of chromium-nickel alloy or
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. For. the .purpose of giving ‘those skilled in-the -

‘of making the present low priced resistance ele-.

‘ment ‘will :be-described..
; _,Nickel wire of any" suitable diameter 1s pickled
ree from-oxide,. ete. and: carefuily -cleaned ‘with

~remove: any grease or..dirt ete.” It is preferred

“to:then -clean the wire electrolytically in a 50-:

Jution’ containirig 10 per ‘cent of sodium cars

«carbon tetrachloride or sodium' tri-phosphate to -

bonate and ‘about.1 per cent of sodium hy- 5,

.droxide.. :‘The wire acts as a cathode with a

80 )

eurrent density of about 10 amperes per square. .

.. foot;
cleaned further as:cathode in a solution of about
50 Bé. sulfuric acid with -a current density of
“about 20 amperes. per square foot. - The cleaned
. wire is ﬁnally rinsed: with: water.  The wire’ is
“ coated ‘with about 0.0002’’ to about 0.005’* of

‘Following . this treatment, the ‘wire is "

‘chromium by the: electrodeposition in a chromic S

-acld bath containing approximately 250 grams
“of ‘the chromic: acid and ‘about ‘2.5 grams sul-
furic acid per-liter using a ;current density of

approximately ‘1 ampere per square ‘inch.and a:

temperature of about 115°-120° F

After this plating ‘operation, the chromium .

- plated nickel wire'is subjected to heat treatment
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by passing ‘a regulated. electric' current there-

through .so-as to maintain the wire’ temperature
. at_about 1800 to about 2000° F. for about.1 to

about 2 hours:in a hydrogen atmosphere which I~

have found to be best suited for the diffusion or
alloying of - the chromium -with the nickel. - The
- product. is then: an electric resistance heating

element capable of being used for any kind of’

an electrical - resistance: furnace. Tests have
-demonstrated that it will operate satisfactorily

any base-metal resistor; is more convenient to
-use :than non-metallic resistors -of the carborun-
dum type, and is cheaper to the public ‘
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without oxidation at a higher temperature than -
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In carrying the invention into practice, the
improved electric resistance element was sub-
jected to severe tests to demonstrate its useful-
ness and to establish its unique properties.
Some of these tests will now be described.

A rectangular furnace with a heating chamber
5 x 8’ x 14"’ was provided with a halr-pin
type of the improved electric resistance heating
element made in accordance with the procedure
outlined hereinabove by electro-depositing about
0.001 inch of chromium upon & nickel wire about
¥’’ in diameter and heat treating the same at
about 1800° to about 2000° F. .in hydrogen for
about 2 hours to alloy the chromium with- the
nickel. This furnace has been used,intermit-
tently for 40 heats of 8 hours each at tempera-
tures of 2000-2300° F. in an oxidizing atmos-
phere, and for 8 heats of 8 hours each at tem-
peratures of 2000-2100° F. in a hydrogen atmos-
phere. The heating unit was found to be in
practically as good & conditlon as-at the time of
installation.

A cylindrical furnace about 6’’ in diameter
and 10°’ high was provided with a helical unit
constituted of the present electric resistance

-element of Y4’’ diameter nic¢kel wire plated with

about 0.001 inch of chromium after heat treat-
ment in hydrogen for about two hours at-about
1800 to about 2000° F.  This furnace has been
used for 50 heats of about 4-8 hours each at
temperatures of about 2150 to about 2350° F. in

‘.g hydrogen atmosphere and for 12 heats of

40

about 8 hours.each at temperatures of about
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(b) Reheated to 2000° F. for 8 hours and
cooled over-night, : o

(¢) Reheated to 2100° F. for 8 hours and
cooled over-night, ' .

(d) Reheated to 2200° F. for .8 hours and
cooled over-night,

(e)- Reheated to 2300° F. for 8 hours and
cooled over-night,

(/) Reheated to 2500° F. for and

2 hours

cooled over-night, and :

(9) Reheated to 2600° F. for % hour, when
the wire burned out.
During the two hours at about 2500° F., a small
charge of a nickel-copper alloy sold under the
trade-mark ‘’‘Monel Metal” was placed inside
the furnace -core and melted.

A similar furnace would with a conventional
resistance element composed of gabout 15%

~ chromium and 85% nickel burn out after a few

hours at 2100-2200° F.
An examination of the burned-out chromium-
plated nickel wire after the 2600° F. exposure

showed that the nickel interior had actually

been in a molten condition inside the chromium
shell, and that the wire had operated for a time
as a molten resistor. ‘

It is to be observed that the- present applica-
tion provides an improved electric  resistance
heating element which possesses new and unique
properties and superior characteristics to prior
electric: resistance heating elements.. Some of

~the new, improved and unique properties and

2000° to sbout 2100° F. in an oxidizing atmos- -

characteristics may be appreciated from the fol-
lowing schedule:

Schedule
' ' - i : ¥ Prior alloy of 60%
New chrome - |{Prior alloy of 80%|Prior alloy of 85%, Ni . °
. : i, 25%, Feé, 119
plated nickel a Cr Ni, 16% Cr Cr,»40% Mo ?
ReSiStance. - .o oamiceiiaioance 15 miacrohms per | 100 microhms | 85 miacrohms per 105 mﬂicrohms per
cmd, ems3.
’Pemperature resmance co-eﬁiclent .0001 per °F,
Maximum ‘useful temperatu:es 1400° F,
Resistant to atmospheres._........ Poor.
Resistant to fluctuation. ... ... Fair,

phere. The improved heating unit or  electric
resistance element is in practically as good a con-
dition as when it was originally installed. '

Careful examination of the improved electric
resistance elements in both furnaces described
hereinabove showed practically no signs of de-
terioration, their electrical characteristics "have
not changed and a practically constant electric
current has continued to give the same furnace
temperatures at all times. The remarkable effi-
ciency of the novel electric resistance element
can be judged further, by comparison with the
fact that a %"’ dlameter conventional heating
unit made from an alloy containing approxi-
mately 20 per cent of chromium and about 80
per cent of nickel was used in. the cylindrical
furnace and was found to have failed due prin-
cipally to oxidation after three heats of about 4
hours each at about 2300° F. in a hydrogen at-
mosphere.

A further description of my new results will
show the remarkable performance af elevated
temperatures of my improved resistance element.
‘Some 0.051’’ nickel wire with.a heat treated
0.001 inch chromium coating was wound on a
refractory cylinder and assembled into a tube
furnace. This furnace was subjected to the fol-
lowing heating cycles in air:

(a) Heated to 1900° F. for 8 hours and cooled'

over-night,

It is also to be observed that the new and im-
proved electrical heating resistance element has a
longer life at temperatures of 2000° F. and above.
The life of the present improved -electrical re-
sistance heating element is distinctly superior to
the life obtainable with prior electric resistance

“heating elements as may bhe clearly seen ‘from the
followmg table

Table
Life at— New,zte. | Prior, cte. Pertlgr I‘;tigr,
2000° Fo ... E ‘In}dlggxrlﬁte anilgg’:lsite Hgtg{g Ilau:;&)
21000 F .o indeﬁnite 1000 57A : 47
2200° Fooel e 960 ! 22 11 14
2300°F . 240 o1 1 0

" NoTE.—Indefinite means “longer than 1680 hours or 10 weeks.”

Furthermore the present invention has been
applied to a nickel-chromium wire which was
-coated with a film of nickel having a thickness
of about 0.00025’’ to about 0.0005'' and then
plated with a film of chromium having a thick-
ness of about 0.0002’’ to about 0.0005’’.. This dou-

bly plated wire had increased life at temperatures
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in excess of 2200° . - Thus, this wire lasted from
about 24 to about 57 hours when operated con-
tinuously at 2300° P It even lasted as long as
1 hour when operated continuously at 2350° F.

~This doubly plated wire is very useful for operat-

ing at high temperatures. A satisfactory compo-
sition of the nickel-chromium alloy was found

- t0 be 50% to about 90% of nickel, 10% to about

. 959, of chromium, .1% to ~bout 25% of iron and
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especially 80% of nickel, 19.8% of chromium and
2% of iron. : '

Other advantages of my improved resistance
wire will become readily apparent to those famil-
iar .with the subject. For instance, I could
chromium _plate a chromium-nickel resistance
wire and increase its operating range to higher
temperatures, but I prefer to provide a less ex-
pensive article of manufacture by utilizing nickel,
or some of its commercial alloys, as a base prod-
uct. . ‘ -

Although the present invention has been de-
scribed in conmection with preferred embodi-
ments. it will be appreciated that variations and
modifications may be resorted to without de-
parting from the spirit and scope of the inven-
tion. For instance nickel alloys may be used.
Thus nickel alloys having the following compo-

sition may be used:

Ni Cr Fe .Mn
Percent | Percent | Percent | Percent

80 20

85 15

% 1 12 2

60 1n 25 4

" The size of the wire or element may vary de-

3

pendingv upon specific conditions. For practical
purposes the size-may vary from 0.005’" to about
1’* in diameter or thickness.

ventional types, such as rounds, flats, strip, rib-
bon or T grid.  Moreover tungsten or molybde-

num may function like chromium but are not -

as commercial as chromium.  All of these va-
riations and modifications: are to be understood:
to be within the purview of the present speci-
fication and the scope of the appended claims,

What I claim is:

1. As a new article of manufacture, a com-
posite electrical resistance heating unit compris-
ing a core constituted of a nickel-chromium al-
loy, an outer layer of chromium enveloping said
core, an intermediate layer of nickel, and diffu-
sion zones between the outer layer and the nickel
layer and between the nickel layer and the
core intimately bonding the layers with each
other and with the core, said chromium layer
being substantially more resistant to failure at
temperatures in excess of 2200° F. than said
core. :

2. As 8 new article of manufacture, a com-
posite electrical resistance heating unit’ com-
prising a core containing a ni_ckel-chror_nium-iron
alloy, an intermediate layer of nickel surround-
ing said core, an outer layer of at least one metal
of the group consisting of chromium, molybde-
num and tungsten surrounding said nickel layer,
and diffusion zones between the outer layer and
the nickel layer and between the nickel layer and
the core intimately bonding the layers with each
other and with the core, said outer layer being
substantially more resistant to failure at tem-
peratures in excess of 2200° F. than said core.

CLARENCE GEORGE BIEBER.

The heating ele-
ment may have various shapes including the con-.
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