ALLOY K500
Alloy K500 (UNS N05500/ W.Nr. 2.4375) is a nickel-copper alloy which combines the excellent
corrosion resistance of Alloy 400 with the added advantages of greater strength and hardness.
The increased properties are obtained by adding aluminium and titanium to the nickel-copper
base, and by heating under controlled conditions so that submicroscopic particles of Ni3 (Ti, Al)
are precipitated throughout the matrix. The thermal processing used to effect precipitation is
commonly called age hardening or aging. The composition of the alloy is given in Table 1.
Typical applications for Alloy K500 products are chains and cables, fasteners and springs for
marine service; pump and valve components for chemical processing; doctor blades and
scrapers for pulp processing in paper production; oil well drill collars and instruments, pump
shafts and impellers, non-magnetic housings, safety lifts and valves for oil and gas production;
and sensors and other electronic components.
PHYSICAL CONSTANTS AN THERMAL PROPERTIES
The nominal physical constants of Alloy K500 are shown in Table 2. Thermal and electrical
properties appear in Table 3, and magnetic characteristics in Table 4. Effect of temperature on
modulus of elasticity is shown in Figure 1.
A useful characteristic of the alloy is that it is virtually nonmagnetic, even at quite low
temperatures (see Table 4). It is possible, however, to develop a magnetic layer on the surface
of the material during processing. Aluminium and copper may be selectively oxidized during
heating, leaving a magnetic nickel-rich film on the outside of the piece. The effect is particularly
noticeable on thin wire or strip where there is a high ratio of surface to weight. The magnetic
film can be removed by pickling or bright dipping in acid, and the nonmagnetic properties of
the material will be restored. The combination of low magnetic permeability, high strength and
good corrosion resistance has been used to advantage in a number of applications, notably oilwell surveying equipment and electronic components. Emittance and solar absorptance of Alloy
K500 are given in Figures 2 and 3. Alloy K500 has been found to have exceptionally good
dimensional stability, both in long-time exposure tests and in cyclic tests. Results are shown in
Table 5. This property of the alloy has led to its use in highprecision devices, such as gyros.
Age hardening causes an initial volume contraction.
MECHANICAL PROPERTIES
Tensile Properties and Hardness
The nominal range of room-temperature tensile properties and hardness are shown in Table 6.
Approximate relationships between tensile properties and hardness for rods and forgings
appear in Figures 4 and 5, and similar relationships for sheet and strip are shown in Figure 6.
Notch properties are compared with those of smooth specimens in Table 7. Short-time, hightemperature tensile properties of Alloy K500 rod in various conditions are shown in Figures 7-9.
Testing speeds for hot-rolled bar were 0.016 inch per minute through the yield strength and
0.026 inch per minute from there to fracture. The cold-drawn specimens were tested at
0.00075 inch per minute through the yield strength, then 0.075 inch per minute. Effect of
temperature on hardness of hot-finished and hot-finished, aged material is shown in Table 8.
The low-temperature properties of Alloy K500 are outstanding. Tensile and yield strengths
increase with decrease in temperature while ductility and toughness are virtually unimpaired.
No ductile-to-brittle transformation occurs even at temperatures as low as that of liquid
hydrogen. Thus the alloy is suitable for many cryogenic applications.

Properties of Alloy K500 base metal and welded sheet at temperatures down to -423°F, as
reported by the National Aeronautics and Space Administration, are shown in Figures 10-12.
Welds can be produced with the strength of age hardened base metal with no serious loss in
ductility if aging treatments are performed after welding annealed material. Welding of age
hardened material should be avoided because of greatly reduced ductility. Tensile tests on
sheet and autogenous welds by Watson et al are shown in Table 9.
Torsional Properties
Table 10 contains the results of torsional tests made on Alloy K500 bar in various tempers.
These tests were made using reduced-diameter specimens, which were 1-in.-diameter rods
turned down to 0.750-in. diameter in the gage section. For making the computations of yield
strength and Johnson’s apparent elastic limit, it was assumed that the shear stress varied
directly from zero at the center of the test piece to a maximum at the outer surface. More data
comparing tensile and torsional properties are shown in Table 11.
Shear Properties
Shear strength of Alloy K500 is shown in Table 12. Tests were made in double shear on
duplicate 0.050 x 0.250-in. specimens with the cutters set to 0.005-in. clearance. This
type of test simulates the service requirements of pins used in shackles or clevises.
Table 13 lists the shear strength of rivet wire. Properties were determined from the load
required to produce double shearing of a 0.118 x 1.00-in. wide wire specimen in a tongue and
groove jig with 0.002-in. clearance. These data show that rivets can be made to develop
exceptionally high strength by partial or full heat treatment prior to driving. The ratio of shear
strength to ultimate tensile strength decreases very slightly with increasing hardness,
indicating that the longer aging periods increase tensile strength more rapidly than shear
strength. Based on these tests, aging for 4 hr at 1080° to 1100°F followed by air cooling is
recommended for cold-headed rivets; this treatment is adequate to develop a shear strength of
about 85 ksi in the shank.
Bearing strength data are given in Table 14. These were determined with 0.062x1.25x2.5-in.
material having a 3/16-in. hole drilled 3/8-in. from the edge. The pin fitted closely into the
hole. The maximum load for tearing out of 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.
Compressive Properties
The results of compressive tests on Alloy K500, made on triplicate samples from the same
melt, are given in Table 15.
Impact Strength
Impact strength at room temperature is shown in Table 16 for typical specimens of various
tempers. Charpy V-notch impact strength of annealed and aged hot-rolled and cold-drawn rod
is in Tables 17 and 18. The effect of low temperature on bending impact and tension impact
strength, as determined by the Naval Engineering Experiment Station is shown in Table 19; all
samples showed ductile fracture. Charpy impact test results down to -320°F may be found in
Table 20.

Fatigue Strength
Fatigue strength (108 cycles) at room temperature of various tempers of Alloy K500 are given
in Table 21. The data on rod were developed on high-speed (10,000-rpm) rotating-beam
machines using polished specimens and represent average values of a number of tests. Data on
strip were reported by Greenall and Gohn. Specimens were subjected to alternate back-andforth bending as a flat spring; specimens were cut with the longitudinal direction parallel to the
direction of rolling. Fatigue strength of wire is shown in Figure 13.
Table 22 shows fatigue of aged Alloy K500 at 1000°F. At low temperatures, fatigue strength
increases (see Table 23). The material used in these tests was 0.051-in. sheet, cold-rolled halfhard and aged, with a tensile strength of 182.0 ksi. Tests were in flexure (R = -1) at 1800 cpm
except those at -423°F, which were at 3450 cpm.
The effect of surface finish on fatigue strength has been studied. Table 24 shows the
detrimental effect of an oxidized surface. These tests indicate that it is advisable to use
polished surfaces for parts subject to cyclical stresses. The oxide surface was produced by age
hardening in air.
Low-Cycle Fatigue
Cyclic strain fatigue of Alloy K500 is shown in Figure 14. The curve represents a best fit for
data on material in different initial conditions but having received the same age hardening
treatment (1080°-1100°F/16 hr, F.C. 15°-25°F/hr to 900°F). Also, since data from both axial
and completely reversed bending were used to derive the curve, it would be conservative when
pure bending is being considered. In Figure 14, S , stress amplitude, was calculated from

where
= total strain range applied to the specimen after shakedown, and
E = Young’s modulus of the specimen.
Spring Properties
Alloy K500 is useful for corrosion-resistant springs at temperature up to 500°F. Typical usage
stresses are shown in Table 25. The recommended aging treatment after cold coiling is
1000°F/10 hr; or 980° to 1000°F/6 hr followed by cooling to 900°F at a rate of 15° to 25°F/hr.
Some effects of heat treatment on properties of springs are shown in Table 26. The springs
were coiled on standard automatic equipment, cold-pressed to solid height several times, and
heat-treated. Relaxation of Alloy K500 springs at 500°F is shown in Figure 15. Using a criterion
of 5 to 6% relaxation in 7 days, these data indicate a maximum useful temperature of 500°F.
Creep and Rupture Properties
Typical creep and rupture properties of aged Alloy K500 are shown in Figures 16 and 17.
Bolting Applications
Alloy K500 is approved by the ASME Boiler and Pressure Vessel Code as an acceptable material
for use as bolting. Allowable stresses for Section VIII, Division 1 usage up to 500°F are
presented in ASME Code Case 1192, latest revision.

MICROSTRUCTURE
Alloy K500 is produced by adding aluminium and titanium to the basic nickel-copper
composition. Suitable thermal treatments produce a submicroscopic gamma prime precipitate
throughout the matrix. Typical microstructure of hot-rolled, as-rolled Alloy K500 is shown in
Figure 18.
CORROSION RESISTANCE
The corrosion resistance of Alloy K500 is substantially equivalent to that of Alloy 400 except
that, when in the age hardened condition, Alloy K500 has a greater tendency toward stresscorrosion cracking in some environments. Alloy K500 has been found to be resistant to a sourgas environment. After 6 days of continuous immersion in saturated (3500 ppm) hydrogen
sulfide solutions at acidic and basic pHs (ranging from 1.0 to 11.0), U-bend specimens of age
hardened sheet showed no cracking. Hardness of the specimens ranged from 28 to 40 Rc. The
combination of very low corrosion rates in highvelocity sea water and high strength make Alloy
K500 particularly suitable for shafts of centrifugal pumps in marine service. In stagnant or
slow-moving sea water, fouling may occur followed by pitting, but this pitting slows down after
a fairly rapid initial attack.
WORKING INSTRUCTIONS
HEATING AND PICKLING
Thermal Treatments
Two types of annealing procedures are performed on Alloy K500: solution annealing and
process annealing. The treatments are different in both their purpose and procedure.
Solution Annealing - Alloy K500 is hardened by the formation of submicroscopic particles of a
secondary phase, Ni3(Ti,Al). Formation of the particles takes place as a solid state reaction
during an age hardening (or precipitation hardening) heat treatment. Prior to the aging
treatment, the alloy component should be solution-annealed to dissolve any phases that may
have formed in the alloy during previous processing. Solution annealing is normally performed
by heating hot-finished products to 1800°F and cold-worked products to 1900°F. To avoid
excessive grain growth, time at temperature should be kept to a minimum (normally, less than
30 minutes). Heating (ramp) and cooling times must be kept to a minimum to avoid
precipitation of detrimental phases. Cooling after solution annealing is normally accomplished
by quenching in water.
Process Annealing - During mechanical processing in production and subsequent forming of
Alloy K500 products, intermediate process annealing may be required to soften the product.
Such anneals recrystallize the structure and are typically conducted at temperatures between
1400°-1600 °F. While higher temperatures will anneal the product, intermediate process
annealing temperatures are limited to avoid excessive grain growth. Time at temperature must
be limited to avoid the formation of secondary phases which can compromise the hardness of
the aged Alloy K500 product. Holding for one hour after the part has reached the set
temperature and equalized is normally sufficient to soften the alloy product during processing.
The user is cautioned that exposure at temperature for times greater than 1.5 hours is not
recommended. Excessive exposure can result in the formation of titanium carbide (TiC). This
compound is stable at the aging temperatures used to harden Alloy K500 such that the titanium
cannot participate in the hardening reaction, the formation of Ni3(Ti,Al). Thus, the strength and
hardness can be compromised. Obviously, it is best to avoid the formation of the titanium
carbide phase. If, however, the phase is formed as a result of improper processing, solution
annealing at 2050°F for 30 minutes is required to dissolve the particles.

It should be noted that this heat treatment will result in a large grain size which can somewhat
compromise formability. However, the high-temperature solution treatment is necessary if the
component is to develop full hardness and strength during the aging treatment.
The Federal Standard for Alloy K500, QQ-N-286, addresses only solution annealing. In-process
annealing is left to the discretion of the heat treater. The stated solution annealing temperature range in Revision F is 1600° to 1900°F. Thus, if an Alloy K500 component must be
solution annealed at 2050°F because of the presence of titanium carbide, it must subsequently
be reduced in section thickness before final heat treatment (solution annealing + age
hardening) to comply with the requirements of the specification. Revision G has amended the
solution annealing requirement to a minimum annealing temperature of 1600°F. Thus, material
solution annealed at 2050°F can be aged without further reduction in section thickness and is
acceptable if it meets the other requirements of the specification (mechanical properties, etc.).
For optimum aging response and maximum softness, it is important to obtain an effective
water quench from the heating temperature without delay. A delay in quenching or a slow
quench can result in partial precipitation of the age hardening phase and subsequent
impairment of the aging response. Addition of about 2% by volume of alcohol to the water will
minimize oxidation and facilitate pickling. The effect of water quenching from various
temperatures is shown in Figure 19.
The following age hardening procedures are recommended for achievement of maximum
properties.
1. Soft material (140-180 Brinell, 75-90 Rockwell B).
Hold for 16 hr at 1100° to 1125°F followed by furnace cooling at a rate of 15° to 25°F per hr to
900°F. Cooling from 900°F to room temperature may be carried out by furnace or air cooling,
or by quenching, without regard for cooling rate. This procedure is suitable for as-forged and
quenched or annealed forgings, for annealed or hot-rolled rods and large cold drawn rods (over
1½ in. diameter) and for soft-temper wire and strip.
2. Moderately cold-worked material (175-250 Brinell, 8-25 Rockwell C).
Hold for 8 hr or longer at 1100° to 1125°F, followed by cooling to 900°F at a rate not to exceed
15° to 25°F per hr. Higher hardnesses can be obtained by holding for as long as 16 hr at
temperature, particularly if the material has been coldworked only slightly. As a general rule,
material with an initial hardness of 175-200 Brinell should be held the full 16 hr. Material close
to the top figure of 250 Brinell (25 Rockwell C) should attain full hardness in 8 hr. These
procedures are applicable to colddrawn rods, halfhard strip, cold-upset pieces and intermediate
temper wire.
3. Fully cold-worked material (260-325 Brinell, 25-35 Rockwell C).
Hold for 6 hr or longer at 980° to 1000°F followed by cooling to 900°F at a rate not exceeding
15° to 25°F per hr. In some instances slightly higher hardnesses may be obtained (particularly
with material near the lower end of the hardness range) by holding 8 to 10 hr at temperature.
This procedure is suitable for spring-temper strip, spring wire or heavily cold-worked pieces
such as small, cold-formed balls.

NOTE: Cooling may be done in steps of 100°F, holding the furnace 4 to 6 hr at each step. For
example, procedure 1 could be 16 hr at 1100°F + 4 to 6 hr at 1000°F + 4 to 6 hr at 900°F.
Procedures described under 1, 2, and 3, however, will usually give higher properties. Effects of
furnace cooling and step cooling on yield strength of cold-drawn rod are compared in Table 27.
In some instances it may be desired to decrease heat treating time, either for cost saving or for
obtaining intermediate properties. It is difficult to make specific recommendations which would
cover the full range of possibilities. The best procedure is to make pilot tests on specimens
which duplicate the cross section of the material to be hardened. Table 28, showing the effect
of short-time aging at 1100° and 1000°F, can be used as a guide. More information is given
later under “Cold Forming”.
Material which has been heated for any appreciable length of time in the temperature range
1100° to 1400°F will be overaged to an extent dependent on time and temperature of
exposure. Overaged material will have lower mechanical properties than properly aged metal,
and the properties cannot be raised by subsequent aging treatments. In order to strengthen
overaged material, it must be solution-annealed (1800°-1900°F) to re-dissolve the age
hardening constituents, and then re-aged. All benefits of cold work are lost in annealing. The
highest strength obtainable is that corresponding to the annealed and aged condition. Material
that has been age hardened to produce maximum hardness will not show an appreciable
change in properties if again heated to or held at any temperature up to that at which the
original heat treatment was carried out. There may be a small increase in properties if the rate
of cooling in the original heat treatment was too rapid between 1050° and 800°F. If the
hardened material is subsequently heated above 1100°F and then cooled, there will be a
decrease in properties. Hardened Alloy K500 has been subjected to long continued heating at
800°F. A further slow aging occurred during the first month of exposure, but continued heating
caused no further significant change in properties. Average data for three typical heats are
shown in Table 29.
Hot Forming
Proper temperature during deformation is the most important factor in achievement of hot
malleability. Maximum recommended heating temperature for hotworking Alloy K500 is
2100°F. Metal should be charged into a hot furnace and withdrawn when uniformly heated.
Prolonged soaking at this temperature is harmful. If a delay occurs, such that the material
should be subjected to prolonged soaking, the temperature should be reduced to or held at
1900°F until shortly before ready to work, then brought to 2100°F. When the piece is uniformly
heated, it should be withdrawn. In the event of long delay, the work should be removed from
the furnace and water-quenched. The hot-working temperature range is 1600° to 2100°F.
Heavy work is best done between 1900° and 2100°F; working below 1600°F is not
recommended. To produce finer grain in forgings, the final reheat temperature should be
2000°F and at least 30% reduction of area should be taken in the last forging operation. When
hot working has been completed, or when it is necessary for Alloy K500 to cool before further
hot working, it should not be allowed to cool in air but should be quenched from a temperature
of 1450°F or higher. If the piece is allowed to cool slowly it will self-heat-treat (age harden) to
some extent, and stress will be set up that may lead to thermal splitting or tearing during
subsequent reheating. In addition, quenched material has better response to age hardening,
since more of the age hardening constituent is retained in solution.
The surface of the material will be oxidized to a lesser degree and will be easier to pickle if it is
quenched in water containing about 2% by volume of alcohol.

Cold Forming
In the annealed condition, Alloy K500 can be cold-worked by standard procedures. Although
the alloy requires considerable power to form, it has excellent ductility. Its increase in hardness
with increasing cold work, in comparison with other materials, is shown in Figure 20. Figure 21
shows the effect of cold work and cold work plus age hardening on tensile strength and
hardness.
Pickling
Pickling is a standard method for producing a clean surface on Alloy K500.
Fabricating
Alloy K500 is readily fabricated by standard commercial procedures.
Machining
Heavy machining of Alloy K500 is best accomplished when the material is in the annealed
condition or hot-worked and quenched condition. Age hardened material, however, can be
finish-machined to close tolerances and fine finishes. The recommended practice, therefore, is
to machine slightly oversize, age harden, then finish to size. During aging, a slight permanent
contraction (about 0.0002 in./in.) takes place, but little warpage occurs because of the low
temperatures and slow cooling rates involved.
Joining
Alloy K500 products may be joined by conventional processes and procedures.

