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52.5Ni - 19Cr - 3.0Mo - 5.0Cb - 0.90Ti - 0.50Al - 18Fe
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Solution Heat Treated, Precipitation Hardenable
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1.

1.1

1.2

2.1

SCOPE:

Form:

This specifica

strip 0.080 in

Application:

These produg

creep and str

tion covers a corrosion and heat resistant nickel alloy in the fornof s
h (2.03 mm) and under in nominal thickness.

ts have been used typically for parts requiring resistance to low-cycle

(982° C), particularly those parts which are superplastically or.otherwise formed or

and then healt

applications.
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uality/Assurance Sampling and Testing, Corrosion and Heat Resistar]
nd &Hoys, Wrought Products and Forging Stock

jentification, Carbon and Low-Alloy Steels, Corrosion and Heat Resist

treated to develop desired properties, but usage is not limited to such

olerances, Nickel, Nickel Alloy, and Cobalt Alloy Sheet, Strip, and Plate

heet and

fatigue,

bss-rupture up to 1300 °F (704 ° C), and oxidatiopyresistance up to 1800 °F

welded

ein. The
hs shall be

hnd Plate
S
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and Alloys, Sheet, Strip, Plate, and Aircraft Tubing
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2.2 ASTM Publications:

2.3

3. TECHNICAL R

3.1
(R)

Available from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.

ASTM E 3
ASTM E 8
ASTM E 8M
ASTM E 18
ASTM E 21
ASTM E 112
ASTM E 139

ASTM E 290
ASTM E 354

ASTM E 384

U.S. Governn

Available fromp DODSSP, Subscription Services Desk, Building 4D, 700 Robbins Ay

Philadelphia,

MIL-STD-163

Composition:

Shall conform
methods in aq
methods accH

Preparation of Metallographic Specimens
Tension Testing of Metallic Materials
Tension Testing of Metallic Materials (Metric)

Rockwell Hardness and Rockwell Superficial Hardness of Metallic Materials

Elevated Temperature Tension Tests of Metallic Materials
Determining the Average Grain Size

Conducting Creep, Creep-Rupture, and Stress-Rupture Tests of Metallic

Materials
Semi-Guided Bend Test for Ductility of Metallic Materials
Chemical Analysis of High-Temperature, Electrical, Magnetic, and O

her

Similar Iron, Nickel, and Cobalt Alloys
Microhardness of Materials

ent Publications:

PA 19111-5094.
Steel Mill Products, Preparation for Shipment and’Storage

FQUIREMENTS:

to the percentages by weight shown-in Table 1, determined by wet ch
cordance with ASTM E 354, by spectrochemical methods, or by othe
ptable to purchaser.

enue,

emical
analytical
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3.1.1 Check Anal

3.2 Melting Practi

3.3

Alloy shall be
consumable ¢

Condition:

Cold rolled, s

atmosphere

TABLE 1 - Composition

Element min max
Carbon -- 0.05
Manganese -- 0.35
Silicon -- 0.35
Phosphorus -- 0.015
Sulfur -- 0.002
Chromium 17.00 21.00
Nickel 50.00 55.00
Molybdenum 2.80 3.30
Columbium 4.75 5.25
Titanium 0 65 118
Aluminum 0.20 0.80
Cobalt -- 1.00
Tantalum -- 0.05
Boron -- 0.006
Copper -- 0.30
Nitrogen -- 0.01
Iron remainder

ce:

sis: Composition variations shall meet the requirements of AMS 226P.

multiple melted using vacuum induction melting practice followed by
lectrode practice in the remelt cycle:

Dlution heat treated, and{ unless solution heat treatment is performed
vielding a bright finish, descaled having a surface appearance comparable to the

in an

following commercial corrosion-resistant steel finishes as applicable (See 8.1), except that

product 0.010Q

comparable

3.3.1 Sheet No.

stripfinish.

inch (0.25 mm)-and under in nominal thickness shall have surface agpearance
a 2B finish.

j
D finish.

3.3.2 Strip: No. 1
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3.4 Solution Heat

Treatment:

No specific heat treating instructions are specified but it is recommended that the product be
solution heat treated by heating in a suitable protective atmosphere, preferably in hydrogen or
argon or in a vacuum at 10™ Torr or less (See 8.2), to a temperature within the range

1700 to 1825 °F (927 to 996 °C), holding at the selected temperature within +25 °F (£14 °C)
for a time commensurate with product thickness, and cooling at a rate equivalent to an air

cool or faster.

3.5 Properties:

Product 0.080 inch (2.03 mm) and under in nominal thickness shall conform to the following

requirements:

3.5.1 As Solution

3.5.1.1 Tensile Pr
ASTM E 8

3.5.1.2 Hardness:
accordand
impractica
shall not G
determine
hardness

Heat Treated:

operties: Shall be as shown in Table 2, determined in accordaneé&-with
or ASTM E 8M.

TABLE 2A - Tensile Properties, Inch/Pound Units

Tensile  Yield Strength Elongation i

-

Nominal Thickness Strength  at 0.2% Offset 2 Inches or 4D
Inch ksi, max ksismax %, min
Up to 0.010, incl 185 155 report
Over 0.010 to 0.080, incl 185 155 20

TABLE 2B - Tensile\Properties, Sl Units

Tensile Yield Strength Elongation i

Nominal Thickness Strength at 0.2% Offset  50.8 mm or 4D

h

Millimeters MPa, max MPa, max %, min
Up to 0.25;.incl 1276 1069 repor
Over 0.25 to 2.03;Incl 1276 1069 20

Shall be not higher than 34 HRC, or equivalent (See 8.3), determine
e with ASTME 18; for thin gages where superficial hardness testing i
I, microhardness testing in accordance with ASTM E 384 may be use
e rejected on the basis of hardness if the tensile properties of 3.5.1.1
d on‘specimens taken from the same sample as that with nonconform
br-from another sample with similar nonconforming hardness, are acc

d in

D

. Product

ing
bptable.
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3.5.1.3 Bending: Product shall withstand, without cracking, bending at room temperatu

rein

accordance with ASTM E 290 through an angle of 180 degrees around a diameter equal

to three times the nominal thickness of the product with axis of bend parallel to
direction of rolling.

3.5.1.4 Average Grain Size: Shall be ASTM No. 10 or finer, determined in accordance

ASTM E 112.

3.5.1.5

the

with

Surface Microstructure: Metallographic examination on the unetched and etched

specimen cross-section of product 0.080 inch (2.03 mm) and under in nominal thickness,
shall disclose no alloy depleted surface layer (See 8.4.1), intergranular attack, or other

detrimental surface conditions greater than 0.0005 inch (0.013 mm) for product

0.060 inch

(1.52 mm) and under in nominal thickness, or greater than 0.001 inch (0.025 mm) for

er 0.060 to 0.080 inch (1.52 to 2.03 mm) in nominal thickness. Each
repared according to ASTM E 3 and evaluated at 500X magnification,

product o
shall be p|

3.5.2 After Precip
being precif
8 hours + 0.

itation Heat Treatment: The product shall have the following pteperti
itation heat treated by heating to 1325 °F + 15 (718 °C % 8), hialding
5, cooling at 100 F + 15 (56 C + 8) degrees per hour to 1150.°F + 15
(621 °C + 8], holding at 1150 °F + 15 (621 °C % 8) for 8 hours = 0.5,%and cooling i
Instead of the 100 F + 15 (56 C + 8) degrees per hour cooling rate te 1150 °F + 11
+ 8), produdt may be furnace cooled at any rate provided the time at 1150 °F + 15
8), is adjustpd to give a total precipitation heat treatment time’of 18 hours. The p
shall also meet the requirements of 3.5.2.1, 3.5.2.2, and 3:5.2.3 after being re-so
treated by hleating to 1750 °F £ 25 (954 °C £ 14), holding\at heat for 60 minutes +
cooling at a|rate equivalent to an air cool or faster and'precipitation heat treated &

3.5.2.1 Tensile Ploperties:

3.5.2.1.1 At Roonp Temperature: Shall be as shown in Table 3, determined in accordar
ASTM H 8 or ASTM E 8M.

specimen

s after
heat for

air.

(621 °C
(621 °C +
roduct
ution heat
5, and

s above.

ce with

TABLE 3A - Minimum Reom Temperature Tensile Properties, Inch/Pound Urlits
Tensile  Yield Strength Elongatiof in
Nominal Thickness Strength  at 0.2% Offset 2 Inches of 4D
Inch ksi ksi %
Up to 0.010, incl 180 148 report
Qver 0.010 to 0.080, incl 180 148 12
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TABLE 3B - Minimum Room Temperature Tensile Properties, Sl Units

Tensile Yield Strength Elongation in
Nominal Thickness Strength  at 0.2% Offset 50.8 mm or 4D
Millimeters MPa MPa %
Up to 0.25, incl 1241 1020 Report
Over 0.25 to 2.03, incl 1241 1020 12

3.5.2.1.2 At 1200 °F (649 °C): Shall be as shown in Table 4, determined in accordance with
ASTM E 21 on specimens heated to 1200 °F £ 5 (649 °C + 3), held at heat for not less
than 20 minutes before testing, and tested at 1200 °F + 5 (649 °C + 3).

TABLE 4A - Minimum 1200 °F (RAQ °P) Tensile Drnlnnrtincy lnch/Pound Units

Tensile Yield Strength Elongation jn

Nominal Thickness Strength at 0.2% Offset 2 Inches or 4D
Inch Ksi Ksi %
Up to 0.025, incl 140 115 5
Over]0.025 to 0.080, incl 145 120 5

TABLE 4B - Minimum 1200°F (649 °C) Tensile Properties, S| Units

Tensile Yield Strength Elongation jn
Nominal Thickness Strength at 02% Offset 50.8 mm or 4D
Millimeters MPa MPa %
Up to 0.64, incl 965 793 5
Over 0.64 to 2.03, incl 1000 827 5

3.5.2.1.2.1 For profduct 0.010 inch (0.25 mm) ahg-under in nominal thickness, properties|may be
establfshed using a sample up,te:0:025 inch (0.64 mm) in nominal thicknesg from the
same |master coil and heat. The'report of 4.4 shall indicate the thickness af which the
elevated temperature tensile test was performed.

3.5.2.2 Hardness| Shall be not lower'than 36 HRC, or equivalent (See 8.3), determined in
accordang¢e with ASTM E 18; for thin gages where superficial hardness testing s
impractical, microhardness testing in accordance with ASTM E 384 may be usef. Product
shall not e rejectéd)on the basis of hardness if the tensile properties of 3.5.2.1].1,
determindd on specimens taken from the same sample as that with nonconfornjing
hardness |or frofm another sample with similar nonconforming hardness, are acdeptable.
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3.5.2.3 Stress-Rupture Properties at 1200 °F (649 °C): A tensile specimen, maintained at
1200 °F £ 3 (649 °C + 2) while a load sufficient to produce the initial axial stress specified
in Table 5 or higher stress is applied continuously, shall not rupture in less than 23 hours.
The test shall be continued to rupture without change of load. Elongation after rupture,
measured at room temperature, shall be not less than specified in Table 5. Tests shall be
conducted in accordance with ASTM E 139.

3.5.2.3.1 For proq
properti
thicknes
thickned

3.5.2.3.2 The test
requireq
used to
interval
increas

TABLE 5A - Stress-Rupture Properties, Inch/Pound Units

Nominal Thickness Initial Axial Elongation
Inch Stress, ksi %in 4D
Up to 0.015, incl 95.0 --
Over 0.015 to 0.025, incl 95.0 4
Over 0.025 10 0.080, incl 100 4

TABLE 5B - Stress-Rupture Properties, Sl Units

Nominal Thickness Initial Axial Elongation
Millimeters Stress, MPa 9% n 4D
Up to 0.38, incl 655 --
Over 0.38 to 0.64, incl 655 4
Over 0.64 to 2.03, incl 689 4

s from the same master coil and heat. Fhé'report of 4.4 shall indicat
s at which the stress-rupture test was_performed.

to produce the initial axial stress specified in Table 5 or higher stres
rupture or for 23 hours, whichever occurs first. After the 23 hours an

bd in increments of 5.0 Ksi)(34 MPa). Time to rupture and elongation

requirements shall be as specified in 3.5.2.3.

3.6 Quality:

The product,
free from fore

3.7 Tolerances:

Shall conform

to—al-applicable+requirementsoF-AMS 22626+ MAM-2262-

uct 0.010 inch (0.25 mm) and under in nominahthickness, stress-rupture
s may be established using a sample up tg 0.025 inch (0.64 mm) in pominal

P the

of 3.5.2.3 may be conducted using incremental loading. In such casg, the load

5 shall be
0 at

5 of 8 to 16 hours, preferably-8 to 10 hours, thereafter, the stress shall be

as receivedby'purchaser, shall be uniform in quality and condition, sqund, and
ign materials and from imperfections detrimental to usage of the product.
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4. QUALITY ASSURANCE PROVISIONS:

4.1 Responsibility for Inspection:

The vendor of the product shall supply all samples for vendor's tests and shall be responsible
for performing all required tests. Purchaser reserves the right to sample and to perform any

confirmatory t
requirements

4.2 Classification

4.2.1 Acceptance

esting deemed necessary to ensure that the product conforms to the
of this specification.

of Tests:

Tests: The following requirements are acceptance tests and shall be

performed on each heat or lot as applicable.

4.2.1.1 Composit

4.2.1.2 Tensile pH
(3.5.1.5) ¢

4.2.1.3 Room ten
precipitati

4.2.1.4 Tolerance

4.2.2 Periodic Te
frequency S

4.2.2.1 Tensilep
after prec

4.2.2.2 Tensile pH
properties

4.3 Sampling and
Shall be in ad

4.4 Reports:

on (3.1) and average grain size (3.5.1.4) of each heat.

operties (3.5.1.1), hardness (3.5.1.2), bending (3.5.1.3), and mierostr
f each lot as solution heat treated.

perature tensile properties (3.5.2.1.1) and hardness (3.5.2:2) of each
on heat treatment.

s (3.7) of each lot.

5ts: The following requirements are periodictests and shall be perfor
elected by the vendor unless frequency oftesting is specified by purc

operties at 1200 °F (649 °C) (3.5.2.1;2) and stress-rupture properties
pitation heat treatment.

operties (3.5.2.1.1 and 3.5.2.1.2), hardness (3.5.2.2), and stress-rupt

Testing:

cordance with AMS)2371.

The vendor o

each lot to defermine conformance to the other acceptance test requirements and,

tests for chezfical composition and average grain size of each heat and the results

performed, tolthe periodic test requirements. This report shall include the purchasd

number, heat
4.5 Resampling a

Shall be in ac

the product shall furnish with each shipment a report showing the res

(3.5.2.3) after re-solution-and precipitation heat treatment as in 3.5.2.

icture

lot after

med at a

haser.

(3.5.2.3)

ire

ults of
of tests on
Wwhen

and lot numbers, AMS 5950, size, and quantity.
nd Retesting:

cordance with AMS 2371.

p order
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