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1. Scope—This Report presents general information on over 50 alloys in which nickel either predominates or is a
significant alloying element. It covers primarily wrought materials, and is not necessarily all inclusive. Values
given are in most cases average or nominal, and if more precise values are required the producer(s) should be
contacted. This report does not cover the so-called "superalloys,” or the iron base stainless steels. Refer to
SAE J467, Special Purpose Alloys, and SAE J405, Chemical Compositions of SAE Wrought Stainless Steels,
respectively, for data on these alloys.

2. References

2.1 Applicable Publications—The following publications form a part of the specification to the extent specified
herein. Unless otherwise indicated the lastest revision of SAE publications shall apply.

2.1.1 SAE PuBLICATIONS—AVvailable from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

SAE J467—Special Purpose Alloys
SAE J405—Chemical Compositions of SAE Wrought Stainless Steels
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TABLE 1
Key Alloy Groups Commercial Characteristics
No.* and Alloys Designations** and Applications
1 NICKEL
1A Nickel NICKEL 20013 Commercially pure, malleable nickel, containing about 99.40% nickel and including
UNS N02200 H ARDER12a 200 a few tenths of a percent of cobalt, which is counted as nickel because its effect
upon the significant properties of the alloy is not detrimental.
Applications—Electron tube cathodes and grilles, hot caustic handling equip-
ment, catalysts, printed circuits.
1B Age Hardenable Nickel! DURANICKEL1a Age hardenable, high nickel alloy with high strength and hardness as well as the
Alloy 3011 general corrosion characteristics of nickel. Alloy has good spring properties.
Applications—Extrusion press parts, molds used in glass industry, clips, dia-
phragms and springs.
[ High Purity Nickel Nicke! 2701 A high purity product containing about 99.98% nickel and maximum of 0.001%
UNS N02270 cobalt. Due to the low level of impurities, the alloy exhibits good thermal conductivity.
Applications—Cathode shanks, fluorescent lamps, hydrogen-thyratron compo-
nents, plates (anodes) and passive cathodes, heat exchangers and heat shields.
2 NICKEL-BERYLLIUM
2A 2Be—97 Ni—0.5Ti BERYLCOQa Nickel 440 Age hardenable alloy possessing high strength, extreme hardness and good
ductility. Used up to 420 °C (800 °F). Good impact and fatigue properties.
Applications—Heat resistant springs and switches, diaphragms, bellows, retainer
clips, feather valves, contact springs, electrical shunts.
3 NICKEL-MANGANESE
3A 95 Ni—4 Mn—1 Si Alloy 6672 Highly resistant to attack by the corrosive elements of intemal combustion engine
R63 alloy fuels—particularly sulphur and lead compounds.
Applications—General purpose spark plug electrode.
4 NICKEL-MANGANESE-
ALUMINUM-SILICON
4A 95 Ni—2 Mn—2 Al—1 Si NI ALsa Applications—Negative leg of ANSI Type K thermocouples; used with 90 Ni—20 Cr
T2° alloy as positive element.
ALUMEL?
5 NICKEL-COPPER
5A 70 Ni—30 Cu MONEL‘a alloy 400
11
UNS N04400 CUNEL a
2a
HARPER' 400
D-Hsa 400 alloy These alloys have high strength and hardness, good resistance to corrosion. The age
hardenable alloy contains approximately 2.75% aluminum and is non-magnetic at
5B Age Hardenable 1a temperatures down to -100 °C (-150 °F). Its mechanical properties, particularty in
MONEL  alloy K 500
70 Ni—30 Cu—2.75 Al large sections, are comparable with those of heat treated alloy steels. The free-
UNS N05500 machining alloy is suitable for use in automatic screw machines, its free machining
characteristics being achieved by a sulphur content of approximately 0.035%.
5C Free Machining MONEL1a alloy R-405 Adjustments in carbon and titanium contents of the age hardenable grade result in
70 Ni—30 Cu an alloy with improved machinability.
UNS N04405 Applications—Heat exchanger tubing, transmission oil cooler, marine engine
components. The age hardenable grade is used for fasteners, pump and propeller
5D Age Hardenable MONEL1a alloy 502 shafts, and valve stems.
Free Machining
70 Ni—30 Cu—2.75 Al
UNS N05502
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TABLE 1 (CONTINUED)

Key Alloy Groups Commercial Characteristics
No.* and Alloys Designations™* and Applications
6 COPPER-NICKEL
6A 55 Cu—45 Ni ADV ANCEsa These alloys are of the “Constantan” type and are used extensively with iron or
CUPRONsa copper as thermoelectric elements for temperature measurement and control. They
are used for electrical resistance purposes at temperatures up to 500 °C (930 °F) and
for thermocouple purposes up to 760 °C (1400 °F). Their temperature coefficient of
electrical resistivity is very small in the temperature range 20 to 100 °C (68 to 212 °F),
or higher.
Applications—Type T, J, and E thermocouples, wire wound resistors, rheostats, low
5 temperature heaters.
6B 77 Cu—23 Ni MIDOHM a
3
180 alloy
These alloys are widely used in instruments and controls where resistivity and
6C 89 Cu—11Ni 90 all oy3-5 temperature coefficient must be held within very close limits. This is accomplished by
N careful control in melting and fabricating
6D 93 Cu—6 Ni L OHMsa Applications—Radio and automotive resistors, high current edge-wound resistors,
60 all oy3 resistor leads, voltage control relays, and rheostats.
i 3.5
6E 97.5 Cu—2.5 Ni 30 alloy
7 COPPER-NICKEL-IRON
7A 60 Cu—20 Ni—20 Fe Cunife™ 418 A permanent magnet alloy used in speedometers and small synchronous motors. Itis
ductile and easily formed after heat treatment.
Applications—Permanent magnets which require ductility.
8 COPPER-NICKEL-
MANGANESE
8A 83 Cu—13 Mn—4 Ni Manganin These alloys are extremely stable with respect to electrical resistance change with
130 manganin time, and have very low temperature coefficients of electrical resistance over certain
temperature ranges. Consequently they find wide use as windings for precision and
8B 86 Cu—10 Mn—4 Ni Shunt manganin standard resistors. Shunt manganin is designed to carry high currents which cause it
Manganin (shunt) to heat-up in service. Therefore the composition of shunt manganin is adjusted so that
the temperature range, over which it possesses a low temperature coefficient of
resistance, is higher than that at which the other manganins exhibit this property.
Applications—Precision resistors, standard resistors, and shunts.
9 NICKEL-IRON
9A 70 Ni—30 Fe B ALC03a Alloy has a high temperature coefficient of resistance along with moderate resistivity
HYTEMCOsa useful in various electrical instruments.

Applications—Ballast resistors, voltage regulators, resistive thermometers, tempera-
ture compensators, low temperature heaters and ballistic devices in instruments and
controls.

9B 50 to 51.5 Ni— 152 ailoys Alloy has expansion characteristics for certain glass to metal seals, and has high

48.5t0 50 Fe NIRONaa 52 magnetic permeability for high field strengths.

Glass sealing 527 Applications—Reed switches, mercury switches, contact rectifiers, amplifier coils.
UNISEAL ? 52 Glass to metal seals for matching to lead sealing glasses.

9C 47 to 50 Ni—50 to 53 Fe 49 PERM ALLOYsa A medium high initial permeability alloy and medium high magnetic saturation alloy
SIMALLOY4a employed in manufacture of laminated magnetic cores and solid magnetic core
magnetic 50 configurations.
UNIMAG . 50 Applications—Magnetic applications in communications industry, sensitive control
Low expansion 49 devices and relays.
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Key Alloy Groups Commercial Characteristics
No.* and Alloys Designations™ and Applications
9D 46 Ni—54 Fe 146 alloy Expansion properties and inflection temperature between 50 Ni—50 Fe alloys and
Glass sealing 46 gas 42 Ni—58 Fe alloys.
free7 Applications—Terminals on vitreous enamelled resistors.
3a
NIROMET 46
9E 42 Ni—58 Fe NlROMEI'sa 42 Alloy has low expansion, matching thermal expansion of some common glasses. ltis
4a ing i .
SIMALLOY " glass used for sealing in glass and other controls at temperatures above those for which
seal 42 Invar is suitable.
UNISE ALea 42 Applications—Headlights, lamps, audio transformers, coils, relays.
5
142 alloy
Gla§7s sealing 42 gas
free
oSF 36 Ni—64 Fe Free cut Invar 367 Generally known as Invar and has the lowest coefficient of thermal expansion of any
NlRON3a 36 known alloy (up to 150C). Used extensively for thermostats and precision instrument
SIM ALLOY4a glass parts for aeronautical use, struts in aluminum pistons, and other applications for low
seal 36 thermal expansion.
UNISP. ANea 36 Applications—Thermostat and precision instrument components. Base metal on
NILE, AR53 which to solder silicon chips, bimetal component.
7a
CARPENTER invar
6a
UNISPAN " LR 35
9G | 325Ni—67.5Fe SIMALLOY 2
compensator #1 These two alloys are generally known as magnetic compensator alloys. (The
Temperature magnetism and permeability of these alloys change gradually and predictably with
compensator 32 changes in temperature.) They are used extensively in automotive speedometer
applications. Both alloys are representative of a family of alloys in this composition
oH 30 Ni—70 Fe SIMALLOY 2 range.
compensator #4 Applications—Instrumentation components.
Temperature
compensator 30
10 NICKEL-CHROMIUM
10A 90 Ni—~10Cr CHROMELza This alloy is the positive element in standard ANSI Type K thermocouples. The
T-15 negative element is basically nickel with an approximate total of 5% of manganese,
TOPHELsa aluminum, and silicon.
Applications—Thermocouple Type K.
10B 80 Ni—20 Cr NlCHROME5a v A commercially iron-free, non-magnetic alloy developed especially to give maximum
2a ” . . .
CHROMEL-? A life as electrical heating elements which are expected to standup under the most
TOPHETsa A adverse conditions up to surface temperatures of 1175 °C (2150 °F) in air. lts
7a . . - . . "~
PYROMET' 2 80-20 exceptional resistance to oxidation at elevated temperatures, high electrical resis
tivity, low temperature coefficient of electrical resistance, high tensile strength at
temperature, and resistance to chemical corrosion has given it a wide variety of
applications.
Applications—Heating elements, wire wound resistors, high temperature conveyor
belts, thermocouple wire, fumace components and thermocouple tubes.
10C 78 Ni20 Cr—1Cb—1Si | 545 alloys A special grade of 80 Ni—20 Cr. Inhibits “green rot” attack in high temperature
TOPHET -2 A+ Cb mechanical or structural applications in reducing or marginal atmospheres.
10D | 74 Ni—20 Cr—3 A— EVANOHM™2 K
2Cu—18i ,{ These alloys have low temperature coefficient of resistance up to 150 °C and high
resistivity.
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Key Alloy Groups Commercial Characteristics
No.* and Alloys Designations™ and Applications
10E 72 Ni—20 Cr—3 Al— EV ANOHMsa Sj Applications—Precision wound resistors and potentiometers.
5Mn
10F 70 Ni—30 Cr TOPHErsa 30 Excellent high temperature oxidation resistance. High resistivity and low temperature
coefficient of resistance.
Applications—Heating elements, wire wound power resistors, high temperature
conveyor belts, thermostats.
10G 50 Ni—50 Cr lNCONEL1a 671 Excellent elevated temperature liquid phase corrosion resistance; especially suitable
50 Nickel— in highly sulfidizing, high temperature environments.
50 Chromium1 Applications—High temperature and exhaust components, high temperature
baffles, supports in high sulphur atmospheres.
11 NICKEL-CHROMIUM-
IRON
11A 76 Ni—15 Cr—9 Fe SIM. ALLOY4‘ 600 Good resistance to a great variety of corrosive media, to high temperature oxidation
1a . . . .
UNS N06600 INCONEL ' alloy 600 and scaling, and to intercrystalline attack at elevated temperatures. A restricted
NIREXsa chemistry modification of this alloy is used for spark plug electrodes.
PYROMET7a 600 Applications—Heat treating, nitriding, and carburizing fixtures. High temperature
1 23 5 . .
HARPER 600 belts, screens, pickling baskets, retorts, radiant tubes, exhaust control afterbumers.
11B Age Hardenable UNlTEMPea 750 Maximum strength and resistance to oxidation at temperatures of 650 to 815 °C
73 Ni—15.5 C—8 Fe— SIM ALLOY4a 750 (1200 to 1500 °F) for gas turbine and heat engine components. Desirable spring
2.5T—0.95Cb + Ta INCONEL1a alloy characteristics at temperatures up to 540 °C (1000 °F).
UNS NO7750 x7501a Applications—Diesel exhaust valves, high temperature springs, gas turbine parts,
bolts, nuclear reactors.
11C 61 Ni—21.5 Cr—5 Fe— INCONEL1a alloy 625 High strength and toughness from cryogenic temperatures to 1090 °C (2000 °F). High
4a . - . . . .
9Mo—3.6Cb + Ta SIMALLOY 2 625 fatigue strength. Good oxidation resistance and resistance to many corrosive media.
UNS NO06625 Virtually immune to chloride stress-corrosion cracking. Good fabrication properties.
Applications—Ducting and combustion systems, thrust reversers, fuel nozzles,
afterbumers, spray bars.
11D 60.5 Ni—14 Cr—24 Fe— lNCONEL1a alloy 601 Excellent resistance to oxidizing, carburizing, and sulphur-containing environments.
1.4 Al Resistance to oxidation and scaling up to temperatures as high as 1260 °C (2300 °F).
UNS N06601 Applications—Heat treating baskets and fixtures, radiant fumace tubes, strand-
annealing tubes, thermocouple protection tubes, and furnace muffles and retorts.
Thermal reactors for controlling automotive emissions.
11E 60 Ni—16 Cr—23 Fe— NlCHROMEsa Maximum life as electrical heating elements up to 1065 °C (1950 °F) in air,
1Si TOPHETsa c non-magnetic, resists chemical corrosion, high electrical resistivity and low thermal
UNS N06004 CHROMELza c coefficient of electrical resistance.
Applications—Heating elements, rheostats, potentiometers.
11F 42 Ni—21.5 Cr—32 Fe— lNCOLOY1a alloy 825 For use in aggressively corrosive environments. Resistant to chloride-ion stress-
3 Mo corrosion cracking. Resistant to reducing acids, as well as to sulphuric acid and
UNS NO08825 phosphoric acid solutions and to sea water.
Applications—Phosphoric acid evaporators, pickling tank heaters, hooks and
equipment, propeller shafts and tank trucks.
11G 32 to 37 Ni—18to 21 This family of alloys is one of the most versatile and widely used groups of alloys
thru Cr—42 Fe—(Si, Cb) made. There are numerous modifications around the basic 35-20 analysis to produce
114 alloys for specific, highly demanding applications. Included are chemical corrosion

resistance, high temperature strength and oxidation resistance and electrical
resistance applications. Some of the specific properties of each alloy are listed next to
the names below.
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