ALLOY 400
Alloy 400 (UNS N04400/ W.Nr. 2.4360 and 2.4361) is a solid-solution alloy that can be
hardened only by cold working. It has high strength and toughness over a wide temperature
range and excellent resistance to many corrosive environments. Composition is shown in
Table 1. Alloy 400 is widely used in many fields, especially marine and chemical processing.
Typical applications are valves and pumps; pump and propeller shafts; marine fixtures and
fasteners; electrical and electronic components; springs; chemical processing equipment;
gasoline and fresh water tanks; crude petroleum stills, process vessels and piping; boiler
feedwater heaters and other heat exchangers; and deaerating heaters.
PHYSICAL CONSTANTS AN THERMAL PROPERTIES
The physical constants and thermal properties of Alloy 400 are shown in Tables 2 and 3. The
effect of temperature on modulus of elasticity in tension is in Figure 1. It will be noted in
Table 2 that the Curie temperature lies within the ambient range. It is affected by variations
in chemical composition. The values shown represent the range which can be expected from
normal production; therefore, some heats will be magnetic at room temperature and others
not. If there is a strong requirement for nonmagnetic characteristics, other alloys should be
considered.
MECHANICAL PROPERTIES
Tensile Properties and Hardness
The nominal room-temperature tensile properties of Alloy 400 are shown in Table 4.
Additional data on hardness of various tempers of sheet and strip are in Table 5. Figures 2
and 3 are based on typical data that show relationships between properties of rods and
forgings and sheet and strip. Short-time high-temperature properties of hot-rolled annealed
material are shown in Figure 4. Alloy 400 has excellent mechanical properties at subzero
temperatures. Strength and hardness increase with only slight impairment of ductility or
impact resistance. The alloy does not undergo a ductile-to-brittle transition even when cooled
to the temperature of liquid hydrogen. This is in marked contrast to many ferrous materials
which are brittle at low temperatures despite their increased strength. Table 6 shows
mechanical properties of the alloy at low temperatures.
Torsional Strength
Some torsional properties of alloy 400 are shown in Table 7.
Compressive Strength
Compressive properties, determined in triplicate on single typical melts, are shown in Table 8
along with the corresponding tensile properties and hardness. The modulus of elasticity in
compression is the same as that in tension.
Shear Strength
Room-temperature shear strength of Alloy 400 sheet is shown in Table 9. The values are the
averages of several tests. The shear strength of rivet wire at various temperatures is given in
Table 10. Shear properties were determined on 1/8-in. diameter wire in double shear. In U.S.
Navy tear tests at temperatures down to -320°F, the material showed excellent ductility and
tough fracture characteristics over this temperature range with the maximum load increasing
considerably with decrease in temperature. The data appear in Table 11.

Bearing Strength
It is possible, in riveted joints, for failure to occur by tearing out a segment of sheet instead
of by shearing the rivet. The resistance of sheet metal to this deformation is known as
bearing strength. It can be evaluated by using a hard pin or rivet to enlarge or tear a hole in
a sample of sheet metal. The data shown in Table 12 were determined with samples 0.062 X
1.25 X 2.5 in. in size having a 3/16-in. hole located so that its center was 3/8-in. from the
edge. A snugly fitted pin was placed in the hole. The maximum load for tearing out the hole
and the load required for a permanent enlargement of the hole diameter by 2% were
determined and calculated as ultimate and yield strengths, respectively, in bearing.
Impact Strength
Alloy 400 is notable for its toughness, which is maintained over a considerable range of
temperatures. Table 13 shows room-temperature Charpy and Izod impact strength values as
determined on typical material from production melts. Tension and torsion impact data
appear in Tables 14 and 15. Complete fractures occurred in the tension impact test
specimens whereas the torsion specimens remained intact. Attempts to produce fractures in
the torsion specimens by reducing the minimum area by 75% were not successful because of
the toughness of the material. The effect of decrease of temperature on impact strength
appears in Table 16. Impact tests conducted on hot-finished plate at liquid-hydrogen and
liquid-helium temperatures are summarized in Table 17. Tests were conducted on samples
representing both longitudinal and transverse orientation in the plate, and on welded
samples. No evidence of brittle fractures was shown. The welded specimens all fractured in
the weld. No significant amount of anisotropy was evidenced.
Fatigue Strength
Fatigue strength of various tempers of Alloy 400 is given in Table 18. Values for sheet and
strip are in Table 19, cold drawn wire in Figure 5, and annealed rod in Figure 6.
Creep and Rupture Properties
Alloy 400 is useful at temperatures up to and including 1000°F in oxidizing atmospheres.
Higher temperatures may be employed if the alloy is in a reducing environment. Creep and
rupture properties are shown in Figures 7-11.
MICROSTRUCTURE
Alloy 400 is a solid-solution binary alloy. As nickel and copper are mutually soluble in all
proportions, it is a single-phase alloy. It has a face-centered cubic lattice structure with a
lattice parameter of 3.534 A. Figure 12 shows the typical microstructure of the material.
In the unetched condition, a polished specimen of Alloy 400 will exhibit only randomly
dispersed non-metallic inclusions. These consist of metal sulfides or silicates. Under some
conditions, graphite particles may also be present.

CORROSION RESISTANCE
Alloy 400 exhibits resistance to corrosion by many reducing media. It is also generally more
resistant to attack by oxidizing media than higher copper alloys. This versatility makes
Alloy 400 suitable for service in a variety of environments. Alloy 400 is widely used in marine
applications. While Alloy 400 products exhibit very low corrosion rates in flowing seawater,
stagnant conditions have been shown to induce crevice and pitting corrosion. Alloy 400 is also
resistant to stress corrosion cracking and pitting in most fresh and industrial waters.
Alloy 400 offers exceptional resistance to hydrofluoric acid in all concentrations up to the
boiling point. It is perhaps the most resistant of all commonly used engineering alloys.
It is also resistant to many forms of sulfuric and hydrochloric acids under reducing conditions.
WORKING INSTRUCTIONS
Alloy 400 can be readily joined and fabricated. By proper control of the amount of hot or cold
work and by the selection of appropriate thermal treatments, finished fabrications can be
produced to a rather wide range of mechanical properties.
HEATING AND PICKLING
Thermal treatments
The material will remain bright and free from discoloration when heated and cooled in a
reducing atmosphere or quenched in an alcohol-water solution. Rate of cooling will have no
significant effect. Alloy 400 will form an adherent oxide film if allowed to cool in air after
heating. Both cold-worked and hot-worked Alloy 400 requires thermal treatment to develop
the optimum combination of strength and ductility and to minimize distortion during
subsequent machining. How thermal treatment affects properties is shown in Figure 13.
Stress equalizing of cold-worked material causes an increase in the yield strength at 0.00%
offset without marked effects on other properties (see Figure 13). Stress equalizing is done
by holding for about 3 hr at a temperature of 575°F. Stress relieving will reduce stresses
without producing a recrystallized grain structure. This treatment is recommended to obtain
minimum “walking” or distortion after metal removal. Heating for 1 to 2 hr at 1000° to
1050°F will relieve strains in either hot or cold-worked products. Stress relief
(1000°-1200°F/1 hr, followed by slow cooling) is strongly recommended as a precaution
against stress-corrosion cracking in certain environments. As shown in Figure 13, stress
relieving slightly decreases tensile strength, yield strength, and hardness and slightly
increases elongation. Annealing can completely soften work-hardened material. Time and
temperature required depend on the amount of previous cold work. In general, Alloy 400 is
annealed by the open heating method by holding at 1600° to 1800°F for 2-10 min, whereas
box annealing is done most satisfactory at 1400° to 1500°F for 1-3 hr at temperature. The
effects of heating on properties of cold-drawn and hot-rolled material are compared in Figures
13 and 14. In these tests, the cold-drawn rod developed an annealed temper after 3 hr at
temperature at 1300°F, and the hot-rolled plate, after 3 hr at about 1470°F. More data on
time-temperature-hardnesss relationships are shown in Figure 15. They may be used as
guides for establishing procedures for specific applications. Grain growth occurs when
material is heated in the upper portion of the annealing temperature range. Figure 16
indicates grain sizes which may be expected from open annealing of cold-rolled strip.
Pickling
Pickling can produce bright, clean surfaces on Alloy 400.
FABRICATING
Alloy 400 is readily fabricated by standard processes.

Hot Forming
With respect to its resistance to hot deformation, Alloy 400 is softer than many steels. It can,
therefore, be hot-formed into almost any shape. The use of proper temperature during hot
forming is important. The range of hot-forming temperatures is 1200°F to 2150°F. For heavy
reductions, recommended metal temperature is 1700° to 2150°F. Light reductions may be
taken down to 1200°F. Working at the lower temperatures produces higher mechanical
properties and smaller grain size. Prolonged soaking at hot-working temperatures is
detrimental. If a delay occurs during processing, the furnace should be cut back to 1900°F
and not brought to temperature until operations are resumed. In no case should the alloy be
heated above 2150°F; permanent damage may result. Heavy forging should not be carried
out so rapidly that the metal becomes overheated from working. The use of an optical
pyrometer is recommended. In hot-bending operations the metal should be worked as soon
as possible after removal from the furnace. Preheating tools and dies to about 500°F is
helpful to prevent chilling the material while working. A controlled forging procedure is
necessary to meet the requirements of some specifications for forged, hot-finished parts.
Both the amount of reduction and the finishing temperature must be controlled in order to
develop the desired properties. One procedure for producing forgings to such specifications
consists of taking 30-35% reduction following the final reheat.
This is accomplished as follows:
1. Reheat,
2. Forge to a section having about 5% larger area than the final shape
(take at least 25% reduction),
3. Cool to 1300°F,
4. Finish to size (5% reduction).
High-tensile forgings, as described in certain military specifications, also require a minimum
of 30-35% reduction following the last reheat.
This is taken in the following manner:
1. Reheat,
2. Forge to a section having an area about 25% larger than the final shape
(take about 5% reduction),
3. Cool to 1300°F,
4. Finish to size (25% reduction).
Grain refinement is achieved by using a temperature of 2000°F for the final reheat and by
increasing the amount of reduction taken after the last reheat.
Cold Forming
Alloy 400 is adaptable to virtually all methods of cold fabrication. The forces required and the
rate of work hardening are intermediate between those of mild steel and Type 304 stainless
steel (see Figure 17).
Machining
Alloy 400 can be machined at satisfactory rates with machine tools generally employed by
industry. In general, cold-drawn or cold-drawn, stress-relieved material is recommended for
best machinability and smoothest finish.
Joining
Alloy 400 is readily joined by conventional processes and procedures. Most of the
conventional welding processes may be used to join Alloy 400 to itself or dissimilar alloys.
The choice of welding product is dependent upon the materials being joined and the
environment to which they will be exposed.

