INCOLOY® alloy 925 (UNS NO09925) 1s an age-
hardenable nickel-iron-chromium alloy with additions
of molybdenum, copper, titanium and aluminum. The
alloy’s chemical composition, listed in Table 1, 1s
designed to provide a combination of high strength and
excellent corrosion resistance. The nickel content is
sufficient for protection against chloride-ion stress-
corrosion cracking. The nickel, in conjunction with the
molybdenum and copper, also gives outstanding
resistance to reducing chemicals. The molybdenum aids
resistance to pitting and crevice corrosion. The alloy’s
chromium content provides resistance to oxidizing
environments. The titantum and aluminum additions
cause a strengthening reaction during heat treatment.

INCOLOY alloy 925 1s wused 1n various
applications requiring a combination of high strength
and corrosion resistance. Because of the alloy’s
resistance to sulfide stress cracking and stress-corrosion
cracking in “sour” (H,S containing) crude oil and
natural gas, 1t 1s used for down-hole and surface gas-
well components including tubular products, valves,
hangers, landing nipples, tool joints and packers. The
alloy 1s also useful for fasteners, marine and pump
shafting and high-strength piping systems.

Table 1 - Limiting Chemical Composition (UNS N09925) of
INCOLOY alloy 925, %

Physical Properties

Some physical constants of INCOLOY alloy 925 are
given 1n Table 2. They are room-temperature values
except for the melting range. Table 3 provides physical
property data for INCOLOY alloy 925 at elevated
temperatures. Coefficient of expansion and specific heat
data over a range of temperatures are in Table 4.
Elevated temperature thermophysical properties are given

in Table 5.

Table 2 - Physical Properties of INCOLOY alloy 925
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Table 3 - Elevated Temperature Dynamic Young s Modulus
and Shear Modulus Values for INCOLOY alloy 925
(hot rolled raad, solution-armealed and aged)
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1500 816 21.0 145 7.9 54 0.335

1600 | 871 20.1 139 I 7.6 52 0.330

1700 927 19.2 132 72 50 0.326
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Table 4 -Thermal Properties of INCOLOY alloy 925

Mechanical Properties
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Table 6 -Tensile Properties of INCOLOY alloy 925

Tensile Strength

Form/Condition
ksl MPa

Round/Solution-Annealed 99.3 685
Round/Solution-Annealed

167.3 1154
and Aged
Cold Drawn Tubing/Solutim-

19725 1189
Ammealed and Aged

Yield Strength (0.2% Offset) Elongation Hardness*
ksi MPa % Rockwell
3953 gl 56 76 B

120.6 832 27 32: €
120.4 830 2 35 ¢

*All values meet the requirements of NACE Standard MR0175.

Table 7 - Mechanical Property Limits for INCOLOY alloy 925, Solution-Amealed and Aged Material (9MC intemal specification HA 46)

Tensile Yield Strength Elongation in 2 | Reduction of Impact 2
: o : i Hardness
Diameter S trength (0.2% offset) in (50.8 mm) or Area Strength et
Condition | minimum minimum 4D min. minimum min. average ERGIRSILS 1
n m m ksd MPa ksi MPa % % I  kgf m min. max.
5/8 15.9
Cold Worked 140 965 105 724 18 25 85 4 .85 26 38
3.0 |t 76.2
. 25.4
Hot Worked 140 965 110 758 18 25 35 4 .85 26 38
to 10 to 254

1Charpy V-Notch - Inpat tests performmed at -75 F (-60 C), in accordance with ASTM E23. Capability of meeting the stragths shown at room tenperature is

guaranteed.
*Hardness testing in accordance with ASTM E 18.
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Figure 2. Rotating beam fatigue data for INCOLOY alloy 925 ard
MONE L alloy K-500.

Stress, MPa

120 800
100 — | | | | 700
i oo &
E 80 Seawater | ' | | 0}
= 500 ig
g 60
a 400 &
= 5
e | | | | 1 | | —|200
20 200
10° 10’

Gycles to Failure

Figure 3. Mean axial stress vs. cycles of fatigue for INCOLOY alloy
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Metallurgy

INCOLOY alloy 925 1s an austenitic nickel-iron-chromium
alloy made precipitation hardenable by additions of titanium
and aluminum. The precipitation-hardening (age-
hardening) heat treatment causes precipitation of gamma
prime phase, Ni; (Al, T1). The phase greatly increases both
the hardness and strength of the alloy.

Exposure to elevated temperatures also causes
formation of other phases, including eta and sigma. Figure 4
1s a time-temperature-transformation diagram, and Figure 5
shows effects of the phases on 1mpact strength of the
solution-annealed plus aged alloy.
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Figure 4. Time-teamperature-transformation diagram for initially
solution-annealed INCOLOY alloy 925 material.
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Figure 5. Efect of high-temperature exposure on impact strerngth
of solution-amnealed INCOLOY alloy 925 material. Base impact

strergth was 236 £t 1Iif (320 J).

Corrosion Resistance

INCOLOY alloy 925 has a high level of corrosion
resistance. In both reducing and oxidizing environments, the
alloy resists general corrosion, pitting, crevice corrosion,
intergranular corrosion and stress-corrosion cracking. Some
environments in which INCOLOY alloy 925 is particularly
useful are “sour” (H,S containing) crude o1l and natural gas,
sulfuric acid, phosphoric acid, and seawater.

The performance of INCOLOY alloy 925 under
conditions representing sour gas wells 1s indicated in Figure
6 and Tables 8, 9 and 10. Figure 6 shows resistance to stress-
corrosion cracking in a sour environment at high pressure
and temperature. Table 8 shows that the alloy resists sulfide
stress cracking, a form of hydrogen embrittilement. The tests
involve exposure of stressed C-ring specimens (made from a
portion of tubing cross section) to a solution containing
hydrogen sulfide, sodium chloride and acetic acid.
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Figure 6. Results of autoclave C-rirg tests in a solution of distilled
water containing 25% sodium chloride, 0.5% acetic acid and 1 g/1
sulfur with pressure of 120 psi (827 kPa) hydrogen sulfide. Test
stresses were 100% of yield strength (0.2% of f==t).
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