- ‘properties t0. a, marked degree
an alioy in this preferred range, and possessing
is one eontemmﬂ

30
~ :After the alloys of the present mventmn have- _-
o -‘been melted and poured into ingots: they are usu- .
o ally hot-forged and then hot-rolled to a nominal -
- size, and then wire-drawn. It has been found,
- as g part of this invention, that the electrical
resistivity of wire ‘so produced may be greatly
“improved by subjecting 'it to a heat treatment
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ThlS mventien relates to electrmel res:.stor.'-
- e,lleys and more par tlcularly to ‘alloys wherein
‘high electrical resistivity propertles a,re com—-'

- '_:_bmed with good physmel propertles

1t is, thererere an ebject of th1s mventmn to

(Cl 75—171)

1 z A _|.|\_

By 56160131113 an agmg time early 111 this ﬂetten—"-'

-pI'UV1de an .alloy for préparing  electrical resis-

. ° tors, said ‘alloy having special electrical proper-.
. ties such -as high electrical remetlmty, low ther-
-~ mal E; M. P, against copper, and a low temper-
ature ‘coefficient of -electrical resistivity, together. -
- with good physical properties such as high ten— |
- :;elle strength and good workability. . |
- Purther objects and advantages of the ples—:"
“ent invention will be apparent in view of the .

e _ﬁ_.-ifollmmng

_ detalled chsclosure end descuptlen
- thereof.

oI genera:l thls mventmn reletes to ‘\Il—Cr-Mn -
~ alloys for electrical resmtors and to methods of
- producing such ‘alloys. - .

"It has heen found: that a,lleys hevmg compe-

- sitions defined by the ranges 50% to 70% Ni, 8%
- t0'289% Cr, and 15% to 36%

l\’rn possess all the : - sonably 1ep1d coehng AII' coelmg is suﬂiment for

ing-off sectlon one ‘can obtain a ductile wire
‘having an electrlcal resmtwlty only .shghtl:,r |
lower than the mammum ebta,ma,ble

Prolenged-_ |
aging tlmes Weuld «ebkusly produce slightly’

~higher electrical resistivity values, but weuld also
~ pring ‘about undesirable embrittlement.

- The solution treatment of the Nl-Cl-Mn 'a,lleye'

may bé carfied out ‘at témperatures in the 1500

15

20

10

F. to 2100” F, renge with' preferred temperatures -
in’ the |
~ temperature of ‘solution -treatmeént is ncreesed_ o
© from 1500° F. to 2100° ¥ the time reqmled is
- reduced from about 100 hours to about 2 seconds =
‘where the wire is small and where it has under-

~ gone'some previous Workmg and where enneahng |
Ty
QY eesed if. material is treated in east ferm or
T.1t the lnaterlel has been prewously eged to_ -
-_cause excessive. preclpltatmn

1700° .- to 2100° F. range. As the

used. Solution-t rea,tmg time must be in-

It 'is necessary

- that the solutlon treatment be follewea by rea-

;reqmred and . previously enumereted desirable

s properties of electrleal resistor alloys. -

..eompomtmns in the range. 55% t0 65% Ni, 8%

Preferred

25 times may be sharply reduced to a few seconds

to 20% Cr, and 25% to 33% ‘Mn possess these

the enume1 eted pr opertles

54, 35% N1 18. 1% Cr, and 272 -Mn.

An example of

39

consisting of a solution treatment follewed byan

. aging treatment at from about 600° F

S . to about -
. 1200° F. for a permd of from Y to 100 hours,
- Results of this- treatment shew that preferred -

| ;?*afrz.ng temperatures are from about 850“’ . to.

 apout 950° F. for -a period of from 1 to 5 hours. -

. ment, the exact holding: time will, of course, vary
B w1th the alley compomtmn but preferred holdmg
 times ¢an readily be determined eXpenmentally
. for - a partlcular a,lloy by preparing a Dplot of
L functwn of time at -
- holding- temperature. When this is done, it will
 be found that as the holding time is increased
. -the rate of mereese in eleetrlcel re51st1V1ty be--
'_comes less and the curve tends to ﬂatten out

- electrical resistivity as.

. The treatment above described produces an'alloy
- of mereaeed electrlcal re51st1V1ty Wlth only a

o -.f-sllght eeceptahle embmttlement and a smell 1m- :
eterlel less in duct111ty In the egmg tleet- o

45

fine wire although water quenching is preferreci1 o
_for wire of Y-inch dlameter or larger.

These

by solution-treating the wire- before making g

few final light wire-drawing passes and then- |
repeetmg the solution=treatment. .

A partlculer type of selutmn-treatment des1g--‘ |

-neted as strend-annea,hng, is especially effective
‘as & preliminary step in the treatment of resis-

tor a,lloys to improve the1r 1ee1st1v1ty propertlee |

 This strand-annealing Step consists of passing
the elley through a- long furnace after the alloy .

has lbeen drawn to a ﬁne WII‘e size. ThlS is done,

~ preferably, by passing the wire through the fur-
nace at such a rate that it is in the heating zone
from 2 seconds to 4 minutes, while the furnace is

..namtemed at & tempel etule ef from ebout 1700°

F to about 2100° F The rate and temperatme"

'--depend on the wire size; fhe larger the. wire
diameter the slower the rete and the hlgher ‘the

tempelature “After the strend ennee,hng steg ,

“the. aging treetment must ef course be ce,rued o
-eut | |
A compomtmn in the preferred range and con-
" taining 60% Ni, 10%..Cr, and 30% Mn has an
electrical res:'.,stlwty of about 876 ohms/mﬂ foot
‘as drawn and solution-treated at 1800° . Upon -
. aging for ebout 3 hours at 900° ' F., the eleetrleel -

- resistivity of this alloy has been mcreesea te o
'_1052 ohms/rml foot. o |

To further 111ustrete the alloys of thls mren-; .

55 tion and the method of preparing them, the fol-

lowing detailed descrlptlons are presented by way.




~ terial was wire-drawn to 0.070’’ diameter.

3 o
of example, it being understood that the inven-
tion is not to be considered as limited thereby.

Fxamnle I

‘A magnesia~lined induction furnace was used
in melting down 4.2 pounds of nickel and 0.022
‘pound of NiO, the NiO heing added to reduce
the hydrogen content of the melt. When the
nickel was molten, 2.1 pounds of electrolytic

- manganese was added. . Before being added to

the melt, the electrolytic manganese was treated
to remove hydrogen, by being heated to about

1000° F. and then cooled slowly in a heat-treat- -

ing furnace. 0.72 pound of chromium metal of
the fused-chromium type containing less than
0.06% carbon and less than 1% iron was added.
- The heat was completely molten at 2610° P, at
which time 0.042 pound of CasSi and 0.011 pound
of Si metal were added.  0.01 pound of alumi-
num was then added and the heat was poured
at 2810° . into a 5—pound ingot mold and into
a small bar mold which gave bars of 14’ and
12" diameter. These small bars were cleaned
‘up and swaged at 1800° F. to 0.125’’ diameter
without difficulty. The 5-pound ingot was
forged at 1825° F. to 11’’ square. The 113"
square stock was hot-rolled at 1800° P, to 1’
diameter. The swaged and the hot-rolled ma-
In
the 0.070’’ diameter size as solution treated for
1Y, hours at 1800° F. the electrical resistivity
- was 869 ohms/mil foot. This was increased to
960 ohms/mil foot by aging for 48 hours at 700° .

2,628,900

10

15

4

Temperature coefficients of resistivity for these
Ni-Cr-Mn alloys have been measured and, in
general, values in the range from —.000030 to
+.000020 have been obtained. It seems reason-
ably certain that a value of 4-.00004 may be set
as the maximum for the temperature coefficient

of resistivity of these Ni-Cr-Mn alloys.

Small amounts of incidental elements will not
prove detrimental to the beneficial results to
be obtained in accordance with the present in-
vention. For example, small amounts of iron

0or carbon may be present, while aluminum and
silicon in contents up to 0.5% heve been shown
.ot to be detrimental.

In view of the above disclosure end descrlp--
tion, it will now be apparent that new alloys for,
and methods of preparing electrical resistor ele-
ments have been discovered, wherefore the novel

- Ieatures are hereinafter set iorth in the attached
claims. | |

What is claimed is:
1.  An alloy for electrical resistor elements con-

- sisting of 50% to 70% Ni, 8% to 28% Cr, and

30

A 72-hour aging at 700° . produced an elec- '

trical resistivity of 990 ohms/mil foot and a-96-
hour aging at 700° F. increased the resistivity

- value to 1007 ohms/mil foot. The electrical re-

sistivity of this alloy wiredrawn, and in the so-

- lution-treated state, has been increased from

876 ohms/mil foot to as much as 1052 ohms/mil

foot by aging at 900° F. for three hours. The
alloy composﬂ:mn was ahout 60% Ni, 109% Cr,
'-and 30% Mn. |

E:cample 2

- This alloy had an mtended composition of
' 04.39% Ni, 18.1% Cr, 27.2% Mn, and 0.359% Si,
and was prepared by first melting 4.2 pounds
of electrolytic nickel and 0.022 pounds of NiO in
& magnesia-lined induction furnace.
as this material was melted, 2.1 pounds of elec-
trolytic manganese, previously annealed to re-
move hydrogen, was added. 1.4 pounds of fused-
chromium metal was added, and, when the melt

was completely fluid, 0.042 pound of CaSi and

0.011 pound of silicon metal were stirred into
the melt. At this time the temperature of the
melt was 2620° F. When the melt had been

39

As soon

G
Wi}

heated to 2710° ¥, 0.010 pound of aluminum

wire was plunged into the melt, and the meilt

‘poured immediately. The processing of this
heat was exactly the same as has been described
in connection with Example I. The electrical
resistivity after a solution-treatment at 1800° .
for 114 hours was 863 ohms/mil foot.- ThlS value
was increased as follows by aging:

(a) After aging for 48 hours at 700°

ohms/mil foot.

F-—830

(b) After aging for 72 hours at 700° F.——889 |

ohms/mil foof. .
(c) After aging for 96 hours at 700" B —-893

i - ohms/mil foot.

The above examples 111ustrete the eﬂect of the
solution treatment followed by aging in improv-

ing the res1st1v1ty Va.lues of the alloys of th1s |

invention

60

65

- sisting  essentially of about 54.359% Ni,

the balance essentially all Mn, said Mn consti-
tuting 15% to 36% of the alloy the resistivity
properties of said alloy having been improved by
solution treatment at 1500° F. to 2100° ¥. for
irom about 2 seconds to about 100 hours followed
by an aging treatment at a temperature of from
600° F. to 1200“' ¥. for a period of irom ¥4 to 100
hours.

2. An alloy for electr 1ceJ 1e51st01 elements con-

about
18.19% Cr, and about 27.29% Mn and which has
keen solution treated at 1700° . to 2100° F

for from about 2 seconds to about 100 hours fol-:

lowed by an aging treatment at a temperature

of from 850° F. to 950“ F. fer ) perled of frem
1 to 5 hours..

3. An alloy for electrical resistor elements con-

sisting of 50% to 7T0% Ni, 8% to 289 Cr, and
the balance essentially all Mn, said Mn consti-

tuting 15% to 36% of the alloy, said alloy hav-
ing been treated to improve its resistivity prop-

. erties by a strand anneal at a temperature in

the range 1700° F. to 2100° . and at a rate such
that the wire is in the heating zone for from 2
seconds to 4 minutes, followed by an aging treat-
ment at about 850° F. to 950° F. for a period of

‘50 from 1 to 3 hours.

4. An alloy for electrical reelstel ele*nents
consisting essentially of about 54.35¢, Ni, about
18.1% Cr, and about 27.2% Mn and which has
been treated to improve its resistivity properties

- by a strand anneal at a temperature in the

range 1700° . to 2100° F. and at a rate such
that the wire is in the heating zone for from 2
seconds to 4 minutes, followed by an aging treat-
meant at about 850° to 950” F for a period of
from 1 to 5 hours.

5. An electrical resistance a:.ley cemposed ef
209, to 709 by weight nickel, 8% to 289 by
weight chromium, and the balance essentially
all manganese, said manganese constituting

-frem 159% to 369 by weight of the alloy.

6.. An electrical resistance alloy composed of

' 55% to 65% by weight nickel, 8% to 20% by

70

5

weight chrommm and the bhalance essentially

all manganese, said menge,nese constituting from
259, to 33% by welght of the alloy. |

JOHN-- H. JACKSON.
CHARLES T. GREENIDGE.
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