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1. SCOPE:
1.1 Form:

This specification covers a corrosion and heat resistant nickel alloy in the form of investment

castings.

1.2 Application:

Primarily for g
2000°F (1095

arts, such as turbine blades, requiring high strength and oxidation,res
°C).

2. APPLICABLE DOCUMENTS:

The following publications form a part of this specification to the extent specified here
issue of Aerospgace Material Specifications (AMS) shall apply. The\applicable issue of
shall be as spegified in AMS 2350.

2.1 SAE Publicat

ons:

Available from SAE, 400 Commonwealth Drive, \Warrendale, PA 15096.

2.1.1 Aerospace Material Specification:

AMS 2280
AMS 2350
AMS 2635
AMS 2645
AMS 2694
AMS 2804

Trace Element Control,:Nickel Alloy Castings
Standards and Test Methods

Radiographic Inspection

Fluorescent Penetrant Inspection

Repair Welding of Aerospace Castings
Identification, Castings

2.2 ASTM Publications:

Available from ‘American Society for Testing and Materials, 1916 Race Street, Phila

istance up to

in. The latest
bther documents

delphia PA

19103.

ASTM A567

ASTM E8
ASTM E21
ASTM E139
ASTM E192
ASTM E354

Iron, Cobalt, and Nickel-Base Alloy Castings for High Strength at Elevated

Temperatures
Tension Testing of Metallic Materials
Elevated Temperature Tension Tests of Metallic Materials

Conducting Creep, Creep-Rupture, and Stress-Rupture Tests of Metallic Materials
Reference Radiographs of Investment Steel Castings for Aerospace Applications
Chemical Analysis of High-Temperature, Electrical, Magnetic, and Other Similar Iron,

Nickel, and Cobalt Alloys
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2.3 U.S. Government Publications:

Available from Commanding Officer, Naval Publications and Forms Center, 5801 Tabor Avenue,
Philadelphia, PA 19120.

2.3.1 Federal Standards:
Federal Test Method Standard No. 151 - Metals; Test Methods

2.3.2 Military Standards:
MIL-STD-794  Parts and Equipment, Procedures for Packaging and Packinhg of

3. TECHNICAL REQUIREMENTS:
3.1 Composition:
Shall confornj to the following percentages by weight, determined by wet chemical methods in

accordance with ASTM E354, by spectrographic methods invaccordance with Federal Test Method
Standard No.[151, Method 112, or by other analytical methods approved by purchager:

min max
Carbon 0.15 0.19
Manganese -- 0.10
Silicon -- 0.10
Phosphorus -- 0.015
Sulfur -- 0.0075
Chromium 13.70 14.30
Cobalt 9.00 10.00
Molybdenum 3.70 4.30
Tungsten 3.70 430
Molybdenum + Tungsten  7.70 --
Titanium 4.80 5.20
Aluminum 2.80 3.20
Boron 0.01 0.02
Zirconium 0.02 0.10
Columbium -- 0.10
Tantalum -- 0.10
Iron -- 0.35
Copper -- 0.10
Vanadium -- 0.10
Hafnium -- 0.10
Magnesium -- 0.01
Nickel remainder
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3.1.1  Trace element analysis shall meet the requirements of AMS 2280-2 except that thallium shall be
0.0001% (1 ppm) max and silver shall be 0.0005% (5 ppm) maximum.

3.1.2 Alloy shall have an average electron-vacancy number not larger than 2.32, determined in
accordance with ASTM A567 with the following modifications:

3.1.2.1  The boride composition shall be [Mog s, Tij 15, Crg2s Nig 1015 By -

3.1.2.2 The formulaforthe carhide formed with the second half of the carbon shall be
Cra1 (Moy W1.4)2 Ce.

3.2 Condition:
As cast.
3.3 Casting:

3.3.1 The metal fpr casting shall be melted and poured under vacuum without loss of vecuum between
melting and pouring.

3.3.2 Castings shall be poured either from remelted metalfrom a master heat or directly from a master
heat. In either case, metal for casting shall be qualified as in 3.4.

3.3.2.1 A master heat is refined metal of a single:furnace charge melted and cast into ingot or pig under
vacuum. |Gates, sprues, risers, and rejected castings shall be used only in preparation of master
heats; thgy shall not be remelted directly, without refining, for pouring of castings.

3.4 Master Heat Qualification:

Each master heat shall be_gualified by evaluation of chemical analysis and tensile gpecimens
conforming td 3.4.1 and3-4.2, respectively. A master heat may be considered conditionally qualified
if vendor’s test results'show conformance to all applicable requirements of this spegification.
However, exdept when purchaser waives confirmatory testing, final qualification shall be based on
purchaser’s test résults. Conditional qualification of a master heat shall not be construed as a

guarantee of cceptance of castings poured therefrom

3.4.1 Chemical Analysis Specimens: Shall be of any convenient size, shape, and form for vendor’s tests.
When chemical analysis specimens are required by purchaser, specimens shall be cast to a size,
shape, and form agreed upon by purchaser and vendor.

3.4.2 Tensile Specimens: Shall be cast from remelted metal from each master heat except when
castings are poured directly from a master heat, in which case the tensile specimens shall also be
poured directly from the master heat. Specimens shall be of standard proportions in accordance
with ASTM E8 with 0.250 in. (6.25 mm) diameter at the reduced parallel gage section. They shall
be cast to size or shall be cast over-size and subsequently machined to 0.250 in. (6.25 mm)
diameter. Center gating may be used. Grain size of specimens shall be 0.015 to 0.062 in. (0.38 to
1.55 mm).
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3.5 Heat Treatment:

When solution and precipitation heat treatments are specified, castings and representative tensile
specimens produced in accordance with 3.4.2 shall be heat treated as follows; nitrogen shall not be
used as a protective atmosphere in either the heating or holding operations:

3.5.1.1 Solution Heat Treatment:

Heat to 2200°F + 25 (1205°C + 15) in vacuum, hold at heat for 2 hr + 0.25 and.gool in vacuum or
inert atmgsphere to 2000°F (1095°C) or lower within 10 minutes. Cooling to.room temperature is
optional.

3.5.1.2 First Pregpitation Heat Treatment: Heat to 2000°F + 25 (1095°C + 15)'in vacuum, hold at heat
for 4 hr £0.25 and cool in vacuum or inert atmosphere to 1200°F:(650°C) or lower within 60
minutes. [Cooling to room temperature is optional.

3.5.1.3 Second Precipitation Heat Treatment (Coating Cycle): Heat to 1925°F + 25 (10%0°C + 15) in
vacuum, hydrogen, or inert atmosphere, hold at heat fon4 hr + 0.25, and furnacg cool in vacuum,
hydrogen| or inert atmosphere to 1200°F (650°C) orlower within 15 to 60 minutes. Cooling to
room temperature is optional.

3.5.1.4 Third Pregipitation Heat Treatment: Heat to #600°F + 25 (845°C + 15) in vacuum or inert
atmosphgre, hold at heat for 16 hr + 0.5, @nd cool to room temperature.

3.6 Properties:

Castings and|representative tensile.specimens produced in accordance with 3.4.2 and heat treated
as in 3.5 shall conform to the fallowing requirements:

3.6.1 Tensile Properties at 1600°F (870°C): Shall be as follows, determined in accordamnce with ASTM
E21 on sperimens heated to 1600°F £ 5 (870°C + 3), held at heat for 20 - 50 min| before testing,
and tested at 1600°F £ 5 (870°C + 3):

Tensile Strgngth, min 90,000 psi (620 MPa)
Yield Strength at 0.2% Offset, min 60,000 psi (415 MPa)
Reduction of Area, min 15%

3.6.2 Stress-Rupture Properties at 1800°F (980°C): A tensile specimen maintained at 1800°F + 3
(980°C = 2) while a load sufficient to produce an initial axial stress of 27,500 psi (190 MPa) is
applied continuously, shall not rupture in less than 23 hours. The test shall be continued to rupture
without change of load. Reduction of area after rupture, measured at room temperature, shall be
not less than 5%. Test shall be performed in accordance with ASTM E139.

3.6.2.1 The test of 3.6.2 may be conducted using a load higher than required to produce an initial axial
stress of 27,500 psi (190 MPa) but load shall not be changed while test is in progress. Time to
rupture and reduction of area requirements shall be as specified in 3.6.2.
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3.6.2.2 When permitted by purchaser, the test of 3.6.2 may be conducted using incremental loading. In
such case, the load required to produce an initial axial stress of 27,500 psi (190 MPa) shall be
used to rupture or for 23 hr, whichever occurs first. After the 23 hr and at intervals of 8 - 16 hr,
preferably 8 - 10 hr, thereafter, the stress shall be increased in increments of 2,500 psi (17 MPa).
Time to rupture and reduction of area requirements shall be as specified in 3.6.2.

3.7 Quality:

3.7.1 Castings, as received by purchaser, shall be uniform in quality and condition, sound, and free from

foreign mat

3.7.1.1 Castings
used for f

3.7.2 Castings sh

shall consist of radiographic examination of castings in accordance with AMS 263

foundry tec
established
of satisfactq

3.7.3 When spec
AMS 2645.

3.7.4 Radiograph
purchaser g

3.7.5 Castings sh
permission

3.7.5.1  When pefmitted in writing-by purchaser, defects in castings may be removed an

repaired

4. QUALITY ASS

erials and from internal and external imperfections detrimental to usag

5hall have smooth surfaces and shall be well cleaned. Metallic shot or
nal cleaning, unless otherwise permitted by purchaser.

all be produced under radiographic control, unless othérwise specifie

nnique, which will produce castings free from harrmful internal imperfe
for each part number and of production castings.as necessary to ens

ry quality.
fied, castings shall be subjected to fluorescent penetrant inspection in

ic, fluorescent penetrant, and other quality standards shall be as agre

all not be repaired by peening, plugging, welding, or other methods w
from purchaser.

y welding in‘accordance with AMS 2694.

JRANCEE PROVISIONS:

4.1 Responsibility

e of the castings.

grit shall not be

. This control

5 until proper

ctions, is
ire maintenance

accordance with

=d upon by
nd vendor. ASTM E192 may-be used to define radiographic acceptamce standards.

thout written

d the castings

for'Inspection:

The vendor of castings shall supply all samples for vendor’s tests and shall be responsible for
performing all required tests. Results of such tests shall be reported to the purchaser as required by
4.5. Purchaser reserves the right to sample and to perform any confirmatory testing deemed
necessary to ensure that the castings conform to the requirements of this specification.

4.2 Classification

of Tests:

4.2.1 Acceptance Tests: Except as specified in 4.2.1.1, tests to determine conformance to all technical
requirements of this specification are classified as acceptance tests and shall be performed to
represent each master heat or lot as applicable.
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Tensile and stress-rupture properties of specimens cut from castings shall be determined only
when specified by purchaser or when representative separately-cast specimens or specimens
cut from attached coupons are not available. Tensile and stress-rupture properties of separately-
cast specimens or of specimens cut from attached coupons need not be determined when tensile
and stress rupture properties of specimens cut from castings are determined.

4.2.2 Preproduction Tests: Tests to determine conformance to all technical requirements of this

4221 Fordirect
test mate
contractin

4.3 Sampling:

Shall be in ad
from the sam
treated in the

specificatio

n_are classified as prnprndlm’rinn tests and shall be pnrfnrmnri prinr to

or on the first-

article shiprn
requires reg

nent of a casting to a purchaser, when a change in material or proces

g officer, or the request for procurement.

e master heat in a period of eight consegutive hours, solution and pre

pproval as in 4.4.2, and when purchaser deems confirmatory testing

U.S. Military procurement, substantiating test data, and when¥equestg
ial shall be submitted to the cognizant agency as directed by the proc

cordance with the following; a lot shall be all.eastings of the same par]

same furnace loads, and presented far vendor’s inspection at one tim

5ing, or both,

0 be required.

d, preproduction

bring activity, the

t number poured
Cipitation heat
e:

4.3.1 Two chemigal analysis specimens in accordance with 3.4.1 from each master heat or a casting
from each melt.

4.3.2 Six tensile gpecimens in accordance with 3.4.2 from each lot, three specimens egch for tensile
testing and |stress-rupture testing, ‘except when tensile specimens cut from castings are specified.

4.3.3 Two preproguction castings in-accordance with 4.4.1 of each part number.

4.3.4 One or morg castingsdrem each lot when properties of specimens machined from castings are
required. Size, location, and number of specimens machined from castings shall(be as specified
on the drawing af-as agreed upon by purchaser and vendor. When size, location} and number of
specimens fare ‘not specified, not less than four tensile specimens, two from the thickest section
and two from-the thinnest section,shall be cut from a r‘:u:fing or r-::efinge from each lot.

4.4 Approval:

4.4.1 Sample castings from new or reworked master patterns and the casting procedure shall be

approved by purchaser before castings for production use are supplied, unless such approval be
waived by purchaser.
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