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ALLOY BILLETS AND PREFORMS, CORROSION AND HEAT RESISTANT
55Ni - 15Cr - 17Co - 5.0Mo - 3.5Ti - 4.0Al - 0.025B

Powder Metallurgy Product, Hot Isostatically Pressed
UNS N13047

1. SCOPE:

1.1 Form: This specification covers a corrosion and hedt resistant nickel alloy
powder-metallurgy product in the form of billets and:preformgq.

1.2 Application: Primarily for highly-stressed parts,” such as raqtating parts of
gas {urbine engines, requiring high strength_@nd corrosion and oxidation
resistance up to 1400°F (760°C).

2. APPLICABLE DOCUMENTS: The following publications form a parfl of this
speciffjcation to the extent specified herein. The latest issue| of SAE
publications shall apply. The applicable issue of other documlents shall be
as specified in AMS 2350.

2.1 SAE Publications: Available frem SAE, 400 Commonwealth Drive, Warrendale,
PA 1H096.

2.1.1 Aerospace Material Specifications:

AME 2261 - Tolerances, Nickel, Nickel Alloy, and Cobalt Alloy Bars and
Forging Stock
MAM 2261 - Telerances, Metric, Nickel, Nickel Alloy, and Cg¢balt Alloy
Bars and Forging Stock
AMPB 2269 <.€Chemical Check Analysis Limits, Wrought Nickel Alloys and Cobalt
Alloys
AMSB 2850 - Standards and Test Methods
AMEB 2874 - Quality Assurance Sampling of Corrosion and Heaf Resistant
Steels and Alloys, Forgings and Forging Stock
AMS 2630 - Ultrasonic Inspection, Product Over 0.5 In. (12.5 mm) Thick
AMS 5851 - Alloy Powder, Corrosion and Heat Resistant, 55Ni - 15Cr - 17Co -
5.0Mo - 3.5Ti - 4.0Al - 0.025B, as Fabricated

SAE Technical Board Rules provide that: "This report IS published by SAE to advance the state of technical and engineering sciences
The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any particular infringement
arising therefrom, is the sole responsibility of the user.”

AMS documents are protected under United States and international copyright laws. Reproduction of these documents by any
means is strictly prohibited without the written consent of the publisher.

Copyright 1989 Society of Automotive Engineers. Inc. ] .
All rights reserved. Printed in U.S.A.
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21.2 Aerospace Recommended Practices:

ARP1313 - Determination of Trace Elements in High Temperature Alloys

2.2 ASTM Publications: Available from ASTM, 1916 Race Street, Philadelphia, PA
19103.
ASTM E8 - Tension Testing of Metallic Materials
ASTM E8M - Tension Testing of Metallic Materials (Metric)
ASTM E10 - Brinell Hardness of Metallic Materials
ASTM B2T - Efevated Temperature Tension Tesis of Metallic Materials
ASTM H112 - Determining Average Grain Size
ASTM H139 - Conducting Creep, Creep-Rupture, and Stress-Ruptute Tests of
Metallic Materials
ASTM B292 - Conducting Time-For-Rupture Notch Tensiop~Tests of Materials

ASTM E

354 - Chemical Analysis of High-Temperature, cElectrical,
Other Similar Iron, Nickel, and Cobalt Alloys

STD-163 - Steel Mill Products, Rréparation for Shipment &

2.3 U.S. (
Public
2.3.1 Milifary Standards:
MIL-
3. TECHNICAL REQUIREMENTS:
3.1 Materi
powde

requirements of 3.5 and 3.6.

'_by hot isostatic pressing (HIP) to produce products mes

Magnetic, and

bovernment Publications: Available from _Commanding Offiger, Naval
htions and Forms Center, 5801 Tabor Avenue, Philadelphial,

PA 19120.

nd Storage

h|:  Billets and preforms\tshall be produced by compaction |of AMS 5851

ting the
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3.2 Composition: Shall conform to the following percentages by weight,

g determined by wet chemical methods in accordance with ASTM E354, by
spectrochemical methods, or by other analytical methods acceptable to
purchaser except that lead and bismuth shall be determined in accordance
with ARP 1313 and oxygen and nitrogen shall be determined by Leco gas
analyzer or equivalent:

min max
Carbon 0.02 - 0.06
Manganese 045
Silicon -- 0.20
Phosphorus - - 0.015
Sulfur - - 0.015
Chromium 14.00 - 16.00
Cobalt 16.00 - 18.00
Molybdenum 450 - 550
Titanium 3.35 -, 365
Aluminum 3.85 #\\4.15
Boron 0.020 /-7 0.030
Tungsten - - 0.05
Iron == 0.50
Copper L- 0.10
Zirconium - - 0.06
Lead - - 0.0002 (2 ppm)
Bismuth - - 0.00003 (0.3 ppm)
Oxygen - - 0.010 (100 ppm)
Nitrogen - - 0.0050 (50 pgm)
Nickel remainder
3.2.1 Checkl Analysis: Composition variations shall meet the requirements of
AMS 2269; no variation” over maximum will be permitted for leafd, bismuth,
oxygeh, and nitrogén.
3.3 Conditign: As hol isostatically pressed (HIP).
3.4 Heat Treatment® When specified, the product shall be heat treated as
follows:
3.4.1 Solution Heat Treatmeni: Heat fo a temperature within the range
1975° - 2075°F (1079° - 1135°C), hold at the selected temperature within
+ 15°F (£8°C) for 4 hours % 0.25, and cool at a rate equivalent to an air
cool or faster.

3.4.2 Stabilization Heat Treatment: Heat to 1600°F + 15 (871°C + 8), hold at

heat for 8 hours * 0.5, and cool to room temperature at a rate equivalent
to an air cool; reheat to 1800°F = 15 (982°C % 8), hold at heat for
4 hours = 0.25, and cool at a rate equivalent to an air cool or faster.
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3.4.3 Precipitation Heat Treatment: Heat to 1200°F + 15 (649°C  8), hold at
heat for 24 hours = 0.5, and air cool to room temperature; reheat to
1400°F = 15 (760°C % 8), hold at heat for 8 hours + 0.25, and cool in air.

3.5 Properties: The product shall conform to the following requirements:

3.5.1 As Hot Isostatically Pressed:

3.5.1.1 Microstructure: Shall show complete bonding between powder particles
and shall meet standards agreed upon by purchaser and vendor for

inmmmﬂvvmm—mrqc inclusions,
dgtermined by microscopic examination of polished specimens etched in

Kalling's reagent and examined at 100X magnification fop "bpnding and at
400X magnification for incipient melting, hollow powder pparticles, and
ngnmetallic inclusions.

3.5.1.2 Thermally-Induced Porosity (TIP): Shall be no -greater than| permitted by
standards agreed upon by purchaser and vendat, determined as$ follows:

3.5.1.21 A sample having one surface approximately< 5 square inches (32 cm?
n area shall be heated in air to a.temperature within the range
2200° - 2225°F (1204° - 1218°C), held at the selected temperature
within £15°F (£8°C) for 4 hours #0.25, and cooled to rogm
emperature. Specimens approximately 0.5 square inch (3| cm?) in
surface area shall be cut from the sample, polished, etched, and
examined as in 3.5.1.1.

3.5.2 After Heat Treatment: When a billet or preform is forged to|a test coupon
and| heat treated as in 3.4y  specimens taken from the heat trgated coupon
shall conform to the requirements of 3.5.2.1 through 3.5.2.5. If
spegimens taken from the billets or preforms after heat treaiment as in
3.4 |conform to the requirements of 3.5.2.1 through 3.5.2.5, [the tests
shal] be accepted jas equivalent to tests of a forged coupon.

3.5.2.1 Grain_Size¢/~Predominantly 4 or finer with occasional grains as large as
1 |permissible, determined by comparison of a polished and ftched
specimen. with the chart in ASTM E112.

3.5.2.2 Tgnsile Properties: Shall be as follows for product 4.0 inghes (102 mm>
and under in nominal cross-section, determined in either the
longitudinal or transverse direction except that testing in the
transverse direction applies only to product from which a tensile
specimen not less than 2.50 inches (63.5 mm) in length can be obtained;
testing in the longitudinal direction is not required on product tested
in the transverse direction. Tensile property requirements for product
over 4.0 inches (102 mm) in nominal cross-section shall be as agreed
upon by purchaser and vendor.
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3.5.2.2.1

3.5.2.2.2

3.5.2.3

3.5.2.4

3.5.2.4.1

3.5.2.4.2

3.5.2.4.3

At Room Temperature: Shall be as follows, determined in accordance
with ASTM E8 or ASTM E8M:

Tensile Strength, minimum 195,000 psi (1344 MPa)
Yield Strength at 0.2% Offset, minimum 140,000 psi ( 965 MPa)
Elongation in 4D, minimum 16%
Reduction of Area, minimum 18%

At 1400°F (760°C): Shall be as follows, determined In accordance with
ASTM E21 on specimens heated to 1400°F + 10 (760°C + 6), held at heat
for 20 to 30 minutes before testing, and tested at 1400°F % 10

(ye0°C = 6):

Tlensile Strength, minimum 150,000-psi| (1034 MPa)
Ylield Strength at 0.2% Offset, minimum 125,000 psi| ( 861 MPa)
Hlongation in 4D, minimum 20%
Reduction of Area, minimum 30%

argness: Should be 311 - 401 HB, or equivalent, determined in

accprdance with ASTM E10, but the productyshall not be reje¢ted on the
bagis of hardness if the tensile propertysrequirements of 315.2.2.1 are

Streéss-Rupture Properties at 1400°E\N(76Q°): Shall be as fpllows;

testing of notched specimens and .of combination smooth-and-notched
specimens shall be performed In acc¢ordance with ASTM E292 and of smooth
spegimens in accordance with ASTM E139:

A| standard, cylindrical,..Combination smooth-and-notched specimen
conforming to ASTM E292, maintained at 1400°F = 3 (760°C % 2) while a
Igad sufficient to ,produce an initial axial stress of 85,000 psi

(%86 MPa) is applied continuously, shall not rupture in lejss than

15 hours. The-'test shall be continued to rupture without ghange of
Igad. Rupture-shall occur in the smooth section and elonpation of
this section~after rupture, measured at room temperature, [shall be not
lgss than12% in 4D.

Ap an<alternate procedure, separate smooth and notched spécimens,
machined from adjacent sections of the same piece with gage sections
C\JIIf\JIIIIIIIy t\J thU IUOPUUtIVU dIIIIUIIOIUIIO OhUVVII LLIL] II_\\SIIVI e Jo, may be
tested Individually under the conditions of 3.5.2.4.1. The smooth
specimen shall not rupture in less than 15 hours and elongation after
rupture, measured at room temperature, shall be not less than 12% in
4D. The notched specimen shall not rupture in less time than the
companion smooth specimen but need not be tested to rupture.

The tests of 3.5.2.4.1 and 3.5.2.4.2 may be conducted using a load
higher than required to produce an initial axial stress of 85,000 psi
(586 MPa) but load shall not be changed while test is in progress.
Time to rupture, rupture location, and elongation requirements shall
be as specified in 3.5.2.4.1.
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3.5.2.4.4 When permitted by purchaser, the tests of 3.5.2.4.1 and 3.5.2.4.2 may

be conducted using incremental loading. In such case, the load
required to produce an initial axial stress of 85,000 psi (586 MPa)
shall be used to rupture or for 15 hours, whichever occurs first.
After the 15 hours and at intervals of 8 - 16 hours, preferably

8- 10 hours thereafter, the stress shall be increased in increments

of 5000 psi (34.5 MPa). Time to rupture, rupture location, and

elongation requirements shall be as specified in 3.5.2.4.1.

3.5.2.5 Creep Properties at 1300°F (704°C): A smooth tensile specimen shall be

3.6

3.6.

3.6.2 Bille

m
an

for

lo
st
us|
Te

Quality:

and cq
detrimg

1 Pref
stan

acco
be a

T T nt to produce
initial axial stress of 74,000 psi (510 MPa) is applied| continuously
110 hours or until 0.1% plastic strain is producedyDwhichever is
hger. The plastic strain after 110 hours and the ¢time tp 0.1% plastic
ain shall be reported. Gage dimensions of speciniéns and techniques
ed to measure creep shall be as agreed upon byypurchaser| and vendor.
sts shall be conducted in accordance with ASTM E139.

The product, as received by purchaser, shall be uniform in quality
ndition, sound, and free from foreign. materials and from imperfections
bntal to usage of the product.

brms shall have substantially uniform macrostructure. Ac¢ceptance
lards shall be as agreed upon by purchaser and vendor.

s and preforms shall be_subjected to ultrasonic inspedtion in
rdance with AMS 2630. Method of test and acceptance standards shall
5 agreed upon by purchaser and vendor.

3.7 Tolerances: Billets shall *conform to all applicable requiremepts of

4. QUALITY

AMS 2261 or MAM 2261.

ASSURANCE PROVISIONS:

4.1

Respo

hsibility_for Inspection: The vendor of the product shall supply all

samplgs for vendor's tests and shall be responsible for performing all
requireld tests. Results of such tests shall be reported to the| purchaser as

requirgd._by“4.5. Purchaser reserves the right to sample and tqQ perform any
confirmjatory testing deemed necessary to ensure that the product| conforms to

the re

quirements of this specification.

4.2 Classification of Tests:

4.21

Acceptance Tests: Tests to determine conformance to requirements for

composition (3.2), microstructure (3.5.1.1), thermally-induced porosity
(3.5.1.2), ultrasonic soundness (3.6.2), tolerances (3.7), and, when
specified, properties after heat treatment (3.5.2) are classified as

acce

ptance tests and shall be performed on each lot.
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422

4.2.3

4.2.3.1

4.3

4.3.1
4.4

441

442

4421

Samplin
lot shg

produc

A

Periodic Tests: Tests to determine conformance to requirements for
properties after heat treatment (3.5.2) are classified as periodic tests,
except when purchaser specifies that such tests are acceptance tests, and
shall be performed at a frequency selected by the vendor unless frequency
of testing is specified by purchaser.

Preproduction Tests: Tests to determine conformance to all technical

requirements of this specification are classified as preproduction tests
and shall be performed prior to or on the first-article shipment of the
product to a purchaser, when a change in material and/or processing
requires reapproval as in 4.4.2, and when purchaser deems confirmatory
testing to be required.

For
requ
cog
offiq

Eac
rov

Pre
pur
unle
bille
for

The
eac

yield productsimeeting the requirements of this specification.

sha
and

direct U.S. Military procurement, substantiating test-da
ested, preproduction test material shall be submitted t
nizant agency as directed by the procuring activity, co
er, or request for procurement.

g
I be all product produced from one powder lot in one cq
ion run and presented for vendor's inspection at one tim

h billet and preform shall be ultrasonically inspected.

al:

broduction billets or preforms of compacted powder shall be
chaser before billets or_preforms for production use are
ss such approval be .waived by purchaser. Approval of pr
ts or preforms shall;in no way relieve the vendor of r¢
continued conformance to all purchase order requirements.

vendor shall-‘establish, for each size of billet and for p|
h configuration, parameters for the process control factor

| constitute the approved manufacturing procedures for ead
shalk-be used for subsequent production of the product.

ta and, when
b the
ntracting

Shall be in accordance with AMS 2374%and as specifigd in 4.3.1; a

ntinuous
e.

approved by
supplied,
eproduction
esponsibility

reforms of
s which will
These

ch product
If necessary

to makedany change in parameters for the process control factors, vendor

sha

mat

lcsubmit for reapproval a statement of the proposed chang

Production billets or preforms incorporating the revised ope

not

be shipped prior to receipt of reapproval.

es in

rations shall

Control factors for producing the product include, but are not limited

to,

Sou

the following:

rce of metallurgical powder

Type of compaction equipment

Processing sequence or number of operations,
that would

result in different cross-sectional structure

Protective atmosphere
Cleaning operations (e.g., chemical descaling or mechanical cleaning)
Inspection and testing

including thermal

operations
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