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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 parts such as turbine blades requiring high strength and oxidationresistance up to
1800°F (980°KC).

2. APPLICABLE DOCUMENTS:
The following publications form a part of this specification to the extent specified hergin. The latest
issue of Aerospace Material Specifications (AMS) shall apply. The\applicable issue of pther documents
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 Specifications:

AMS 2350 Standards and Test Methods
AMS 2635 Radiographic Inspection

AMS 2645 Fluorescent Penetrant Inspection
AMS 2804 Identification,. Castings

2.2 ASTM Publicgtions:

Available frorh American Society for Testing and Materials, 1916 Race Street, Philadelphia PA
19103.

ASTM ES8 Tension Testing of Metallic Materials

ASTM E18 Rockwell Hardness and Rockwell Superficial Hardness of Metallic Materials

ASTM E139 Conducting Creep, Creep-Rupture, and Stress-Rupture Tests of Metallic Materials

ASTM E192 Reference Radiographs of Investment Steel Castings for Aerospace Applications

ASTM E354 Chemical Analysis of High-Temperature, Electrical, Magnetic, and Other Similar Iron,
Nickel, and Cobalt-Base 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 Stapdards:

MIL-STD-7p4  Parts and Equipment, Procedures for Packaging and Packing of

3. TECHNICAL REQUIREMENTS:

3.1 Composition:

Shall conforn) to the following percentages by weight, determined by wet chemical methods in
accordance with ASTM E354, by spectrographic methods_ ivaccordance with Fedefal Test Method
Standard No.|151, Method 112, or by other analytical methods approved by purchager:

min max
Carbon 0.07 0.20
Manganese -- 0.10
Silicon -- 0.10
Phosphorus -- 0.015
Sulfur -- 0.015
Chremium 12.20 13.00
Cobalt 8.50 9.50
Molybdenum 1.70 2.10
Tungsten 3.85 4.50
Titanium 3.85 4.15
Tantalum 3.85 4.50
Aluminum 3.20 3.60
Aluminum + Titanium 7.30 7.70
Boron 0.010 0.020
Zirconium 0.05 0.14
Hafnium 0.75 1.05
Columbium -- 0.10
Iron -- 0.50
Nickel remainder
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3.2

3.3

3.3.1

3.3.2

3.3.2.

3.3.2.

3.4

3.4.1

3.4.2

Condition:

Solution and precipitation heat treated.

Casting:

The metal for castings shall be melted and poured under vacuum without loss of vacuum between
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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 specimens shall also be poured
directly from the master heat. Specimens shall be of standard proportions in accordance with
ASTM ES8 with 0.250 in. (6.25 mm) diameter at the reduced parallel gage section. They shall be
cast to size or shall be cast oversize and subsequently machined to 0.250 in. (6.25 mm) diameter.
Center gating may be used.
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3.5 Heat Treatment:

Castings and representative tensile specimens shall be heat treated as follows:

3.5.1 Solution Heat Treatment:

Heat to 2050°F £+ 25 (1120°C £ 15) in an inert atmosphere or vacuum, hold at heat for 2 hr £ 0.25,

and cool in air or in an inert atmosphere at a rate equivalent to air cool or faster.

3.5.2 Precipitatiop Heat Treatment: Heat to 1550°F £ 25 (845°C £ 15), hold at heat.for4 hr + 0.5, and air
cool, reheaf to 1400°F + 25 (760°C + 15), hold at heat for 16 hr + 0.5, and aircoo| to room

temperatureg.
3.6 Properties:

Castings and|representative tensile specimens produced in accordance with 3.4.2
the following requirements:

3.6.1 Tensile Properties: Shall be as follows, determined incaccordance with ASTM E8

Tensile Strength, min 130,000 psi (895 MPa)
Yield Strength at 0.2% Offset, min 125,000 psi (860 MPa)
Elongation |n 4D, min 3%

3.6.2 Stress-Ruptiure Properties at 1700°F(925°C): A tensile specimen, maintained at

s$hall conform to

[ 700°F = 3

(925°C + 2)|while at a load sufficientto produce an initial axial stress of 41,000 psi (285 MPa) is
applied continuously, shall not tupture in less than 35 hours. The test shall be cortinued to rupture

without chaphge of load. Elongation after rupture, measured at room temperature,
than 6% in #D. Test shall be’performed in accordance with ASTM E139.

shall be not less

3.6.2.1 The test qf 3.6.2 may*be conducted using a load higher than required to producg an initial axial
stress of 41,000%psi (285 MPa) but load shall not be changed while test is in prggress. Time to

rupture ar||d elangation requirements shall be as specified in 3.6.2.

3.6.2.2 When permitted by purchaser, the test of 3.6.2 may be conducted using increm

ental loading. In

such case, the load required to produce an initial axial stress of 41,000 psi (285 MPa) shall be
used to rupture or for 35 hr, whichever occurs first. After the 35 hr and at intervals of 8 - 16 hr,
preferably 8 - 10 hr, thereafter, the stress shall be increased in increments of 5000 psi (35 MPa).

Time to rupture and elongation requirements shall be as specified in 3.6.2.

3.6.3 Grain Size: Shall be essentially equiaxed and uniform throughout the casting and

shall not exceed

0.25 in. (6.25 mm) in any dimension. Columner grains up to 0.500 in. (12.5 mm) shall be

acceptable when agreed upon by purchaser and vendor.
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3.6.4 Surface Imperfections:

3.6.4.

1

Intergranular Attack and Intercarbide Attack: Shall not be permitted on any finished casting.

3.6.4.2 Surface Oxides and Alloy Depletion: Shall be permitted provided the depth of penetration does
not exceed 0.0010 in. (0.025 mm). Isolated areas of these conditions are permitted to a depth of

3.6.4.

3.6.5

3.7

3.7.1

3.7.1.

3.7.2

3.7.3

3.7.4

3.7.5
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nnique, whichwill produce castings free from harmful internal imperfe
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lﬁed, castings shall be subjected to fluorescent penetrant inspection in
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Radiographic, fluorescent penetrant, and other quality standards shall be as agreed upon by
purchaser and vendor. ASTM E192 may be used to define radiographic acceptance standards.

Castings shall not be repaired by peening, plugging, welding, or other methods without written
permission from purchaser.
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4. QUALITY ASSURANCE PROVISIONS:

4.1 Responsibility for Inspection:

4.2

421

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

nsure that the r‘n:’ringc caonform to the rpnlnirpmpnfq of this anpnifir-m'on,

Classification

Acceptancse
requiremen
each maste

of Tests:

Tests: Except as specified in 4.2.1.1, tests to determine conformance
s of this specification are classified as acceptance tests and shall be
r heat or lot as applicable.

4.2.1.1 Tensile apd stress-rupture properties of specimens cut frem\castings shall be d

4.2.2

4.2.2.

4.3

431

4.3.2

433
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determing
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article ship
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Sampling:

Shall be in ad

cified by purchaser or when representative separately-cast specimens
Tensile and stress-rupture properties of separately-cast specimens n

d.

n are classified as preproduction‘tests and shall be performed prior to
hent of a casting to a purchaser, when a change in material and/or prg
hs in 4.4.2, and when purchaser deems confirmatory testing to be req

U.S. Military procurement, substantiating test data, and when reques

activity, the contracting officer, or the request for procurement.

cordance with the following; a lot shall be all castings of the same par

from the sam

to all technical
berformed on

btermined only
are not
eed not be

d when tensile and stress-rupture properties of specimens cut from castings are

on Tests: Tests to determine confermance to all technical requirements of this

or on the first-
cessing requires
lired.

ed,

tion test material shall be submitted to the cognizant agency as direcfed by the

t number poured

b master heat in a neriod of not lonaerthan 8 consecutive hours and 1
Ld J

resented for

vendor’s insp

ection at one time:

Two chemical analysis specimens in accordance with 3.4.1 and/or a casting from each master

heat.

Six tensile specimens in accordance with 3.4.2 from each master heat, three specimens each for
tensile testing and stress-rupture testing, when requested.

Two preproduction castings in accordance with 4.4.1 of each part number.
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