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AMS2774E results from a limited scope ballot to correct errors in Table 4.

1. SCOPE

1.1 Purpose

This specification spedffies the engineering requirements for heat treatment, by part fabricators (usgrs) or their vendors or
subcontractors, of par{s made of wrought nickel or cobalt alloys, of raw materials. during fabricdtion, and of fabricated

assemblies in which wijought nickel or cobalt alloys are the primary structural camponents.

1.2 Application

1.2.1  Alloys

Detailed heat treating ipstructions are specified for the age-hardenable (precipitation-hardenable) apd non-age-hardenable
alloys listed in 8.2. Hgwever, this specification also may beused for alloys other than those listg¢d in 8.2 provided that
temperatures, soaking ftimes, and cooling requirements are-specified by the cognizant engineering grganization.

1.2.2 Heat Treatments

Heat treatments covergd by this specification are‘as follows:

Solution Treating (see B.4.7)

Annealing (see 8.4.8)

Stabilization Annealing|(see 8.4.10)
Interstage Annealing (4ee 8.4.13)

Stabilization (see 8.4.1[1)

Precipitation (see 8.4.12)

Equalization (see 8.4.14)
Stress Relief (see 8.4.9)(
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1.3 Safety - Hazardous Materials

While the materials, methods, applications, and processes described or referenced in this specification may involve the
use of hazardous materials, this specification does not address the hazards which may be involved in such use. It is the
sole responsibility of the user to ensure familiarity with the safe and proper use of any hazardous materials and to take
necessary precautionary measures to ensure the health and safety of all personnel involved.

2. APPLICABLE DOCUMENTS

The issue of the following documents in effect on the date of the purchase order forms a part of this specification to the
extent specified herein. The supplier may work to a subsequent revision of a document unless a specific document issue
is specified. When the referenced document has been cancelled and no superseding document has been specified, the
last published issue of that document shall apply.

2.1 SAE Publication{

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001 Fel\877606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.Ssae.org.

AMS2750 Pyromgtry

AMS2769 Heat T[reatment of Parts in a Vacuum

ARP1820 Chord|Method of Evaluating Surface Microstructural Characteristics
ARP1962 Training and Approval of Heat-Treating Personnel

2.1.1 Titles of AMS publications listed in Tables 3, 4, 7, and 8.are presented in Appendix A.
2.2 ASTM Publications

Available from ASTM |nternational, 100 Barr HarborBrive, P.O. Box C700, West Conshohocker|, PA 19428-2959, Tel:
610-832-9585, www.agtm.org.

ASTM E3 Prgparation of Metallographic Specimens

ASTM E8/E8M Tgnsion Testing of Metallic Materials

ASTM E10 Brinell Hardness-of Metallic Materials

ASTM E18 Rqckwell,Hardness of Metallic Materials

ASTM E21 El¢vated Temperature Tension Tests for Metallic Materials

ASTM E139 Conducting Creep, Creep-Rupture, and Stress-Rupture Tests of Metallic Materials
ASTM E292 Conducting Time-for-Rupture Notch Tension Tests of Materials

ASTM E384 Knoop and Vickers Hardness of Materials
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2.3 U.S. Government Publications

Copies of these documents are available online at http://quicksearch.dla.mil.

MIL-A-18455 Argon, Technical

MIL-PRF-27201 Propellant, Hydrogen

MIL-PRF-27401 Propellant Pressurizing Agent, Nitrogen
MIL-PRF-27407 Propellant Pressurizing Agent, Helium

BB-H-1168 Helium, Technical

2.4 CGA Publicationp (Compressed Gas Association)

Available from CGA, 14501 George Carter Way, Suite 103, Chantilly, VA 20151 Tel: 703-788:2700,

CGA G-5.3 Commlodity Specification for Hydrogen
CGAG-9.1 Commlodity Specification for Helium
CGA G10.1 Commlodity Specification for Nitrogen
CGA G-11.1  Commodity Specification for Argon

3. TECHNICAL REQUIREMENTS

3.1 Equipment
3.1.1 Pyrometry
Shall conform to AMS2750.
3.1.2 Furnaces
3.1.2.1  Temperaturg Uniformity

Shall be as shown in Thble 1 tested(in accordance with AMS2750.

3.1.2.2 Vacuum furrfaceshall meet the requirements of AMS2769.

3.1.2.3 Heating Media

\Www.cganet.com.

Protective atmospheres shall be used whenever heat treating temperature is above 1550 °F (843 °C) unless parts will
have sufficient surface material removed after heat treatment to eliminate high temperature atmospheric effects, such as
oxidation, alloy depletion, and carburization. Certain of the alloys listed in 8.2 require protective atmospheres for heat
treatments under 1550 °F (843 °C) and these requirements are noted with the detailed heat treating instructions for these
alloys. Acceptable protective atmospheres include argon, helium, hydrogen, vacuum, and vacuum with partial pressure of
any of these three gases. In addition, for non-age-hardening alloys, neutral salt baths and exothermic gas atmospheres
are acceptable protective atmospheres when approved by the cognizant engineering organization (see 8.4.6). Direct fired

furnaces shall be controlled so that there is no direct flame impingement on the parts.
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3.1.2.3.1  Argon, Helium, and Hydrogen Gases

Shall meet the composition requirements of MIL-A-18455 (argon), CGA G-11.1, Grade C (argon), MIL-PRF-27407
(helium), CGA G-9.1, Grade L, minimum (helium), BB-H-1168, Grade A (helium), or MIL-PRF-27201 or CGA G-5.3, Grade
B (hydrogen), as applicable. The dew point of the gas shall be -60 °F (-51 °C) or lower as the gas enters the furnace.
Atmospheres of any of these gases in the furnace work zone shall have sufficient purity to avoid contamination or
degradation of any part surfaces which will not have surface material removed after heat treatment.

3.1.2.3.2 Vacuum and Partial Pressure Atmospheres

Shall be sufficient to avoid contamination or degradation of any part surface which will not have surface material removed
after heat treatment. Unless otherwise specified by the cognizant engineering organization, as a minimum, vacuum
furnaces shall have a cold leak rate of a maximum of 20 microns (20 um) per hour, which shall be determined 15 to
60 minutes after closing the vessel and evacuation to 50 microns (50 um) or lower, and shall be operated at pressures not
higher than 10 microfdsS (10 pm) of mercury unless argon, helium, hydrogen, or a mixiure of prgon and helium gas
conforming to 3.1.2.2.1 is used to provide a partial pressure.

3.1.2.3.2.1  Argon of helium conforming to 3.1.2.3.1 or a mixture of the two, may be uséed to achieve partial pressures
whenevegr necessary to avoid surface alloy depletion by sublimation of high’ vapor pfessure elements such
as alumipum and chromium.

3.1.2.3.2.2 Cooling |Imay be accelerated by back-filling with argon or helijum conforming tq 3.1.2.3.1 or nitrogen
conforming to either MIL-PRF-27401, Grade C or CGA G-10.4,"Grade L, or combingations thereof, meeting
the dew point requirements of 3.1.2.3.1.

3.1.2.3.3 SaltBaths

Acceptable only for ng
neutral with respect to
not be machined after
3.1.2.3.4  Exothermi
Acceptable only for ng
produced by the comb

and shall be sufficiently
surface material remoy

3.1.3  Auxiliary Equip

Fixtures, jigs, hangers
heating, cooling, or qug

n-age-hardening alloys and, when approved by the cognizant engineering
heat treatment.
. Atmospheres
n-age-hardening alloys and, when approved by the cognizant engineering

low in sulfur content.to' avoid contamination or degradation of any part surfa
ed after heat treatnent.

ment

trays,“racks, etc shall not cause contamination of the surface of parts arn
nchingrates below those required for proper heat treatment.

organization, shall be

the alloy being treated so as to avoid contamination or degradation of any part surfaces which will

organization, shall be

istion of fuel gas in air, shall be neutral to slightly reducing with respect to the parts being treated,

ces which will not have

d shall not reduce the

3.1.4 Cooling

Shall be provided to cool parts according to the heat treatment requirements specified for each alloy. Acceptable cooling
media may include air, oil, water, water-polymer solutions, salt, brine (nominally 10% by weight NaCl), argon, helium,
hydrogen, nitrogen, and vacuum. The medium selected shall not contaminate or degrade any part surface which will not
be machined after heat treatment. When air cooling (AC) (see 8.4.15) or rapid air cooling (RAC) (see 8.4.16) is specified,
cooling media shall be used which will provide protection, if required, to avoid contamination or degradation of finished
surfaces; cooling rates shall be achieved that will be equivalent to, or faster than, rates that would be achieved by AC or
RAC, as specified.
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3.1.4.1  Quenching

Quenching baths shall permit complete immersion of parts and free movement of the quenchant adjacent to all surfaces of
parts. Equipment shall agitate or circulate the quenchant and/or the parts. The volume of the quenchant and the
capabilities of auxiliary equipment shall be sufficient to maintain the quenchant temperature shown in Table 2.

3.2 Procedures

3.2.1 Cleaning
3.2.1.1  Prior to Heat Treatment

Parts shall be thoroughly cleaned to remove all foreign material, including greases, oils, inks, pencil marks, and metal

particles produced by machining or forming operations.

3.2.1.2 AfterHeatT

eatment

Parts which have been heat treated in molten salt or cooled in oil, molten salt, brine or‘water-po

thoroughly cleaned to 1

emove all residues of these materials.

brmitted in 3.2.2.2, parts shall be racked to ensure uniform heating and cooli
hity of heating and cooling and will not reduce cooling rate below minimum re

nuts, and other small parts may be racked-or heated and soaked in bash
s shall not be nested. Maximum thickness, of layers, and minimum space bet

3.2.2 Racking
3.2.2.1 Except as p4g
Parts shall n
affect uniforr
3.2.2.2 Rivets, bolts
furnace. Par
inch (25 mm)).
3.2.3 Control Instruments

Shall be set either at t
temperature uniformity
10 °F (6 °C) for other
temperature shall be s
temperatures are equid

3.2.3.1 The posting

Ne set temperature (see 8.4:5) specified or at the offset temperature (see 8
determination. The offset\temperature shall be within 5 °F (3 °C) for precig
treatments, of the specified set temperature and shall be posted on the
elected to optimizethe temperature distribution within the furnace so that
istant from the sét temperature.

of the offset temperature shall include, or consist of, a statement of both thg

and the corr¢sponding, “set” temperature; e.g., “When 1000 °F is desired, set at 1004 °F.”

3.2.4 Heat Treatmer]

t

ymer solution shall be

ng throughout the load.

pt be nested unless tests with load thermocouples.have demonstrated that tihe arrangement will not

quirements.

ets or in a continuous
ween layers, shall be 1

.4.5) based on the last
itation treatments, and
instrument. The offset
he highest and lowest

“desired” temperature

Shall be performed as

Tollows unless an alternate treatment has been specitied by the purchase or

engineering organization.

3.24.1

der or by the cognizant

The specified solution, annealing, stress-relief, and stabilization treatment for the non-age-hardening alloys

listed in 8.2 shall be performed in accordance with Table 3. The specified solution, stabilization, precipitation,
annealing, and stress relief treatments for age- hardening alloys listed in 8.2 shall be performed in accordance
with Table 4. Soaking times from Table 5 shall be used when soaking times are not specified in Table 3.
Tolerances for the soaking times for both age-hardening and non-age-hardening alloys shall be as shown in

Table 6.

3.24.11

Parts made of age-hardening alloys shall be heat treated to the precipitation hardened condition. When a

stabilization heat treatment is also shown for the alloy in Table 4, stabilization shall be applied to solution
treated parts before precipitation treatment.
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3.2.4.1.2 Where temperature ranges are specified in Tables 3 and 4, it is the responsibility of the heat treatment
processor to select, for each lot of material, the specific temperature and time, within the ranges specified,
which will produce heat treated parts meeting all technical requirements of the drawing and applicable material
specification.

3.2.4.2  Other Alloys Not Listed in 8.2 and Fabricated Assemblies of Cast and Wrought Alloys

Heat treatments for alloys not covered herein and for assemblies of cast alloys fabricated with wrought forms of the nickel
or cobalt alloys in which the cast material is the primary structural component, shall be as specified by the purchase order
or by the cognizant engineering organization. This information shall include the heat treatment name (e.g., annealing,

precipitation), the set temperature, the soaking time, and quenchant or cooling medium.

3.24.3

Assemblies of Castings and Wrought Alloys

If wrought alloys cove
material is the primary
assembly.

3.2.5 Start of Soakin
3.2.5.1 Batch Furna

Soaking time starts wh

ed by this specification are tabricated with castings Into a single assembl
structural component, the heat treatment designated for the wrought mate¥i

g Time
Ces

en all temperature sensors reach the specified set or. offset temperature or

(see 8.4.4) are used, when the part temperature reaches the temperature described by the set or of

the appropriate toleran

3.25.1.1 Vacuum F
Unless otherwise spec
start of soaking time e
which case tests shall

load thermocouples, s
parts in the first qualif
similar parts in the loag
3.2.5.2 Continuous |
Shall be operated so

temperature and the {
verified by temperature

ce (3.1.2.1).

iIrnaces

fied by the cognizant engineering organization, load thermocouples shall be
xcept when this is impracticable, sueh as with two or three chamber oil or g

be conducted to establish the corréct heat-up time for the load. Once a load

ed load are kept on file, and:provided that subsequent loads have an eqy
, and the distribution of the.parts is the same as the distribution in the first log

Furnaces
hat all part temperatures are within the allowed range (the range describg

olerance specified in 3.1.2.1) for the specified time. Conformance to thig
uniformity tests, performed at the frequency specified in AMS2750, using lo

load representative of the weight*and traverse speed of the parts to be heat treated.

3.2.6  Straightening 4

in which the wrought
Al shall be used for the

if load thermocouples
set temperature minus

used to determine the
as quench furnaces, in
has been qualified with

Ibsequent loads may be run without load thermocouples provided records gletailing the number of

al or fewer number of
id.

d by the specified set
requirement shall be
pd thermocouples, in a

fter, Heat Treatment

Shall be performed only when the straightening procedure and any subsequent stress-relief are approved by the cognizant
engineering organization.

3.3 Qualification

Facilities performing heat treatment in accordance with this specification shall be approved by the cognizant engineering or
quality assurance organization (see 4.5). Personnel performing or directing the performance of heat treatment in
accordance with this specification shall be approved in accordance with ARP1962 or other established procedures
acceptable to the cognizant engineering organization.
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3.4 Properties After Heat Treatment

3.4.1

34.11

Surface Contamination

minimum amount of surface material to be removed after heat treatment is determined.

3.4.1.2

The heat treatment processor shall assume surfaces will not be machined after heat treatment unless the

Surfaces of parts which are not to have surface material removed after heat treatment shall have no

carburization, sulfidation, nitriding, nor intergranular oxidation resulting from the heat treating operations;
evidence of such contamination shall be a continuous or general condition in the microstructure at the surface
determined by the metallurgical examination in accordance with 3.5.1. On surfaces which are to have material
removed after heat treatment, the depth of any of these conditions shall not exceed the depth of surface
material to be removed in finishing the part.

3.4.2 Hardness

Parts shall conform to

3.4.2.1
conforming
precipitation
3.4.2.2 If hardness
the hardnes
hardness re(
3.4.3 Tensile and St

When required by thg

requirements of the applicable material specification when-the material specification contains req

treatment condition rep
3.5 Test Methods

The following test me
organization:
3.5.1 Surface Conta

Testing shall be by m
accordance with ASTM

If hardness fequirements are not specified on the engineering drawing or purchase orde

nardness requirements specified on the engineering drawing or purchase ord
to one of the AMS listed in Table 7 shall meet the hardness specifieg
treatment.

s not specified on the engineering drawing or purchase)order or in Table 7,
5 requirements of the applicable material specification when the material
uirements for the heat treatment condition represented by the parts.

ess Rupture

cognizant engineering organization, @arts shall conform to tensile propeg

resented by the parts.
thods shall be used when applicable unless otherwise specified by the
mination

etallurgical Jexamination, at approximately 500X magnification, of etched 9
E3. Thethord method described in ARP1820 may be used to enhance this

3.5.2 Hardness

er.

I, age-hardening alloys
in Table 7 following
parts shall conform to

specification contains

rty and stress rupture
uirements for the heat

cognizant engineering

pecimens prepared in
bxamination.

Shall be determined in accordance with ASTM E10, ASTM E18, or ASTM E384, as applicable. Unless otherwise specified
by the cognizant quality assurance organization, hardness tests shall be performed on the thickest section of the part
which is practical to test and where the test will not be detrimental to the function of the part.

3.5.3 Tensile Properties

Testing, when required by the cognizant engineering organization, shall be in accordance with ASTM ES8/E8M, or
ASTM E21, as applicable.
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3.5.4  Stress Rupture Properties

Testing, when required by the cognizant engineering organization, shall be in accordance with ASTM E139 or ASTM E292,

as applicable.

4. QUALITY ASSURANCE PROVISIONS

4.1

Responsibility for Inspection

Unless otherwise specified by the cognizant engineering or quality assurance organization (see 8.4.6), the heat treatment
processor shall be responsible for performance of all tests and inspections specified herein. The processor may use its
own facilities or any commercial laboratory acceptable to the cognizant engineering or quality assurance organization.

The procuring activity reserves the right to perform any surveillance, tests, or inspection of parts and to review

4.1.1
heat treatment
to specified req
4.2 Records

Shall be kept availabls
necessary to verify con

4.3 Classification of

4.3.1 Acceptance Tq
For age-hardenable all
lot according to a san
specified by the cogniz
4.3.2 Periodic Tests
Surface contamination
for each type of atmos
have less than 0.008 i

Table 4 specifies shal
surface which will not h

records and results of processor’s tests and inspections to verify that the he
uirements.

e to purchaser for not less than 5 years after heat treatment:The records
formance to requirements of this specification.

lests
sts

pys as included in Table 4, hardness (3.4.2)is"an acceptance test and shall
pling plan which conforms to the heat treatment processor's shop proced
ANt engineering or quality assurance organization.

is a periodic test and shallbe”performed monthly on each furnace, except
bhere used in each furnace-when (a) heat treating temperature is above 155
nch (0.20 mm) finishing, stock on any surface or (b) parts are made of an

require a protective,atmosphere for heat treatments at lower temperatur
ave surface material removed after heat treatment.

ace contamination tests are not required on vacuum furnaces operating ung
ept as provided in 4.3.2.2.

amination tests shall also be performed whenever parts which have less tha
ck-on any surface, and which have been heat treated at a temperature ab)

it treatment conformed

shall contain all data

be performed on each
Lres, unless otherwise

as provided in 4.3.2.1,
D °F (843 °C) and parts
alloy which Table 3 or
bs and parts have any

er 10 microns (10 pm)

n 0.008 inch (0.20 mm)
ove 1550 °F (843 °C),

4.3.2.1 Periodic surf
pressure exg
4.3.2.2 Surface cont
finishing sto
show abnor
for defining “
4.3.3

nal surface discoloration aiter heat treatment. The cognizant engineering org
abnormal surface discoloration”.

Preproduction Tests

nization is responsible

Surface contamination (3.4.1) is a preproduction test when (a) heat treating temperature is above 1550 °F (843 °C) and
parts have less than 0.008 inch (0.20 mm) finishing stock on any surface or (b) parts are made of alloys which Table 3 or
Table 4 specifies shall require a protective atmosphere for heat treatments at temperatures below 1550 °F (843 °C) and
parts have any surface which will not have surface material removed after heat treatment. Preproduction tests shall be
performed prior to, or on, the first production lot (see 8.4.3) heat treated in each type of furnace equipment and for each
type of atmosphere to be used in each furnace type.
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4.3.3.1 When specified by the cognizant engineering or quality assurance organization, hardness (3.4.2), tensile (3.4.3),
and stress-rupture (3.4.3) shall also be preproduction tests and shall be performed prior to, or on, the first
production lot heat treated in each type of furnace equipment and for each type of atmosphere used in each
furnace type.

4.4 Test Samples

4.4.1 Surface Contamination Tests (3.5.1)

4.4.1.1 For preproduction surface contamination tests (4.3.3), sample material of the same alloy representing the parts
shall be supplied to the heat treatment processor by purchaser, or destructive testing of a part shall be
authorized by purchaser.

4.4.1.2 For periodic surface contamination tests (4.3.2), sample material shall be prepared in accordance with 4.4.1.2.1

and be eith¢r the same alloy as the production parts to be heat treated or shall be pn alloy selected from
Table 8.

44.1.2.1 Prior to furnace exposure, at least one surface shall be machined or ground: The |test samples shall be
exposed tg the heat treating atmosphere at the maximum temperature, or higher, and [for the maximum time,
or longer, fequired for heat treating the production parts.

4.4.2 When tensile (3.5.3) or stress rupture (3.5.4) properties are required, sample material whi¢h represents the parts
to be heat treated and is a size suitable for obtaining the test specimens required, shall e supplied to the heat
treatment processor by purchaser, or destructive testing of a part.shall be authorized by purghaser.

4.4.3 Hardness testg (3.5.2) shall be performed nondestructively on parts except when the parts|are not of suitable size
or shape, or when the test will be detrimental to the function“of the part; in these cases, sliitable sample material
which represents the parts shall be supplied to the heat treatment processor by purchaser for hardness tests.

4.5 Approval of Heaf Treatment Processors

Shall be accomplished by the cognizant engineering.\ler quality assurance organization (see 8.4.¢) and will normally be
based on the following

45.1 Approval of the¢ heat treatment processor's shop procedure document, which shall includel a full description of all
equipment and procedures that will-be used to meet requirements of this specification and AMS2750.

4.5.2 Competence of heat treatment\processor’s personnel (see 3.3).

4.6 Logs

Logs: A record (writteny or eléetronic storage media), traceable to temperature recording informatiof (chart(s) or electronic
storage media) and to [shop travelers or other documentation, shall be kept for each furnace and Idad. The information on
the combination of d entification, date; part

number or product identification, number of parts, alloy, lot identification, AMS2774E or other applicable specification,
actual thermal processing times and temperatures used. When applicable, atmosphere control parameters, quench delay,
guenchant type, polymer concentration and quenchant temperature shall also be recorded. The maximum thickness, when
process parameters are based on thickness, shall be recorded and shall be taken as the minimum dimension of the
heaviest section of the part. The log data shall be recorded in accordance with the heat treater's documented procedures.
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4.7 Report/Certification

The heat treating processor shall furnish, with each shipment of parts, a certified quality assurance report, traceable to the
heat treat control number(s), stating that the parts were processed in accordance with the requirements of AMS2774E (or
other applicable specification). The report shall include: purchase order number, part number or product identification,
alloy, temper/strength designation, quantity of parts in the shipment, identification of furnace(s) used, actual thermal
processing times and temperatures used. When applicable, the report shall also include: atmosphere type, quenchant
(including polymer concentration range), hot straightening temperature and method of straightening (e.g., press, fixtures),
actual test results, (e.g., hardness, conductivity, tensile, shear, etc.) and a statement of their
conformance/nonconformance to requirements. This data shall be reported in accordance with the heat treater’s
documented procedures.

5. PREPARATION FOR DELIVERY

5.1 Identification

Identification of parts pfovided to the heat treatment processor shall be maintained on the parts\at delivery.

5.2 Packaging

Parts shall be package|

5.2.1 Packages of p

applicable ruleg
carrier acceptd
6. ACKNOWLEDGM

The heat treatment pr
acknowledging purcha

7. REJECTIONS

Parts not heat treated

will be subject to reject
8. NOTES
8.1 Revision Indicatq

A change bar (l) locate
editorial changes, have

[ to ensure protection from damage during shipment and sterage.

arts shall be prepared for shipment in accordance with commercial practice
S and regulations pertaining to the handling, packaging, and transportation
nce and safe delivery.

ENT

pcessor shall mention this specification,number and its revision letter in al
be orders.

on.

-

d in theleft margin is for the convenience of the user in locating areas where

been'made to the previous issue of this document. An (R) symbol to the I

and in compliance with
of the parts to ensure

| quotations and when

n accordance with requirements of this specification, or with modifications ayithorized by purchaser,

technical revisions, not
ft of the document title

indicates a complete rqzvision of the document, including technical revisions. Change bars and (R)

are not used in original

publications, nor in dociments that contain editorial changes only.

8.2 Designation of A

lloys

Detailed heat treating requirements are included in this specification for the alloys shown in Table 9. They are listed in
order of their Unified Numbering System designation, from SAE HS 1086, and by their most common Trademark or other
trade name; AMS numbers are shown for reference, wherever applicable, and the proper table of this specification is
referenced where the heat treating requirements for each alloy are specified (e.g., Table 3 for non-age-hardening alloys
and Table 4 for age-hardening alloys).

8.3 Hardness conversion tables for metals are presented in ASTM E140.


https://saenorm.com/api/?name=7a433a18d126b3bd228ed60be44ed5c9

SAE INTERNATIONAL AMS2774™E Page 11 of 31

8.4 Terms used in AMS are clarified in ARP1917 and the following:

8.4.1 Parts

Usually identified by a part number, parts are produced from raw material in accordance with requirements of a drawing
and, except for those parts produced in large quantities (e.g., rivets), are usually tested by nondestructive techniques only.
They are heat treated by a fabricator/user, or his designee, to meet requirements of a drawing. The requirements are
usually conveyed by a purchase order, fabrication outline, and/or heat treating specification. Parts, at the time of heat
treatment, may resemble raw material.

8.4.2 Raw Material

Consists of sheet, strip, foil, plate, tube, wire, rod, bar, rings, extrusions, and forgings and is usually identified by a heat or
lot number; in the form of rings, extrusions, and forgings, is usually also identified with a part number; in addition, is usually
tested destructively forfacceptance. Tt is heat treated, usually by or for a material producer, in accqrdance with a material
specification which may require, by reference, conformance to a heat treating specification.

8.4.3 Lot

, and heat treated as a

Shall be all parts of the
heat treatment batch.
8.4.4 Load Thermoc

A thermocouple attach
be no gap between thg

same nominal configuration, of the same alloy, processed at the same time

buple

bd to and in direct contact with the heaviest section of a part or representative
p thermocouple and the part. It should be shielded against furnace radiation

sample. There should
and protected against

contamination from thg furnace atmosphere or heating medium.

8.4.5 Set or Offset Temperature
The temperature at which controlling instruments aresset to cause the working zone of the fur

required temperature tglerance.

nace to operate within

8.4.6  Cognizant Orgpnization
The engineering organization responsible~for the design of the parts, or its allied quality assurg

designee of these organizations.

nce organization, or a

8.4.7 Solution Heat Treatment

A high temperature hegt treatment designed to place certain carbides and intermetallic compounds |nto solid solution.

8.4.8 Annealing

A high temperature heat treatment designed to produce a recrystallized grain structure and softening in a work-hardened
alloy.

8.4.9 Stress Relieving

A heat treatment used to remove or reduce stresses in work-hardened alloys.

8.4.10 Stabilization Annealing

A heat treatment used with some non-age-hardening alloys to cause a precipitation of carbides of a form and composition

that do not sensitize the alloy to intergranular corrosion and which stabilize the alloy against becoming sensitized during
subsequent elevated temperature exposures.
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8.4.11 Stabilization Heat Treatment

An intermediate temperature precipitation heat treatment used with many age-hardening nickel alloys to cause a
precipitation of discontinuous chromium carbides at grain boundaries prior to a lower temperature aging heat treatment
which will cause a fine gamma- prime precipitation within the grains. This two-step precipitation results in an optimization

of tensile and creep-rupture properties.

8.4.12 Precipitation Heat Treatment

An intermediate temperature heat treatment causing hardening and strengthening of the alloy by the precipitation of
intermetallic compounds and, in some instances, of carbides from supersaturated solid solutions.

8.4.13

Interstage Annealing

An annealing treatmgq
manufacturing a part, f

8.4.14 Equalization
An intermediate temp
producing mill or forge
notch-rupture ductility
Condition A in Table 4.
8.4.15 Air Cooling

The rate at which the
cool to room temperaty

8.4.16 Rapid Air Cool
The rate at which the
cool to room temperat
over the parts by a fan

8.4.17 Thickness

The minimum specifieg

nt performed between stages of forming or other fabricating operatio
br the purpose of softening or restoring optimum workability properties tothe

prature stress-equalization treatment applied to Inconel X-75Q" rods, bars
shop which, when followed by precipitation treatment, provides optimum b
properties at service temperatures under 1100 °F (593 °C). This treatr

parts, separated from one another sufficientlyto allow free movement of ai
re after being removed from the furnace and placed in ambient air without fo

ng
parts, separated from one angther sufficiently to allow free movement of ai

or blower.

dimension of.the heaviest section of the part.

properties)in inch/pound units and the Fahrenheit temperatures are pri

hs in the process of
alloy.

, and forgings by the
alance in strength and
nent is referred to as

between them, would
‘ced motion of the air.

between them, would

ire after being removed fromthe furnace and placed in shop air with rapid motion of the air forced

mary; dimensions and

inits and the Celsius temperatures are shown as the approximate equivaleits of the primary units

d only~for information.

8.5 Dimensions and
properties in SI
and are presentg

8.6

AMS2774E

Size of parts
Quantity of parts

Purchase documents should specify not 1ess than the following:

Part number or product identity
Material alloy designation of parts or the material specification number applicable to the parts
Heat treatment operations desired

Condition to which part

s are to be heat treated.
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Table 1 - Temperature tolerance

Tolerance  Tolerance
Heat Treatment °F °C
Stress relief of age hardening alloys at 1550 °F (843 °C) and under +15 +8
Stress relief of age hardening alloys over 1550 °F (843 °C) +25 +14
Stabilization of age hardening alloys +15 +8
Precipitation +15 +8
All other treatments +25 114
Table 2 - Quenchant temperature
Quenchant Quenchant Temperature
Water Under 200 °F (93 °C)
Brifre 6010 1t00F (1610 38°C)
Salt 350 to 400 °F (177 to 204 °C)
o]] Within ranges recommended by the oil supplier
Water-polymer solution Within ranges recommended by the polymensupplier
Tabl¢ 3 - Heat treatment of non-age-hardenable nickel alloy and-Cobalt alloy parts
Stress Other
Purchased Solution Set Anngal Set Relief Set Treatments Set
Alloy and Form Applicable AMS | Condition Temperature(1) Temperature(1) Temperature{1) Temperature(1)
NICKEL 201
Sheet and Strip AMS5553 Annealed N/A 1350,°F (732 °C)(2) |1300 °F (704 °[)
30 minutes(2)
NIMONIC Alloy 75
All forms None Annealed Use Anneal 1920 °F (1049 °C) Use Anneal
Air Cool
INCONEL Alloy 600
Bars AMS5665 Hot or cold |2050 °E 1850 °F Use Anneal
finished (11216)(3) (1010 °C)(5)
1 fe!2 hours AC(3)
AC(4)
Forgings AMS5665 Annealed 2050 °F (1121 °C) |1850 °F (1010 °C) Use Anneal
1to 2 hours AC
AC
Sheet, Strip, AMS5540 and Annealed 2050 °F (1121 °C) (1850 °F (1010 °C) Use Anneal
Plate, Tubing AMS5580 1to 2 hours AC
AC
Rivets AS7232 Cold drawn |None 1950 °F (1066 °C)
5 to 10 minutes
AC(6)
INCONEL Alloy 601
Bar, Rings, AMS5715 Annealed 2050 °F (1121 °C) |1850 °F (1010 °C) Use Anneal
and Forgings 1to 2 hours AC
AC
Sheet, Strip, AMS5870 Solution heat|2050 °F (1121 °C) [1850 °F (1010 °C) Use Anneal
and Plate treated 1to 2 hours AC
AC
INCONEL Alloy 617
Rod, Bar, Forgings, and [AMS5887 and Annealed Use Anneal 2075 to 2200 °F(7) Use Anneal
Plate AMS5888 (1135 to 1204 °C)
AC
Sheet, Strip, AMS5889 Annealed Use Anneal 2075 to 2175 °F(7) Use Anneal
and Tubing (1135 to 1191 °C)
AC
INCONEL Alloy 625
Bar, Rings, AMS5666 Annealed 2150 °F 1900 °F Use Anneal
and Forgings (1177 °C)(8) (1038 °C)(9)
WQ or RAC AC
Sheet, Strip, AMS5599 Annealed 2150 °F 1900 °F Use Anneal
Plate, Tubing and AMS5581 (1177 °C)(8) (1038 °C)(9)
WQ or RAC AC
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Table 3 - Heat treatment of non-age-hardenable nickel alloy and cobalt alloy parts (continued)

Stress Relief Other
Purchased Solution Anneal Set Treatments Set
Alloy and Form Applicable AMS Condition | Set Temperature(1)| Set Temperature(1) | Temperature(1) | Temperature(1)
INCOLOY Alloy 800
All forms AMS5766 Solution heat |N/A 1800 °F (982 °C) 1650 °F (899 °C)
and AMS5871 treated AC AC
INCOLOY Alloy 800HT
All forms None Solution heat [N/A 2100 °F (1149 °C) Use Anneal
treated AC
INCOLOY Alloy 825
All forms None Annealed N/A 1800 °F (982 °C) Use Anneal Stabilization
AC (10) Anneal(11)
1725 °F
(941 °C)AC
HASTELLQY Alloy B-2
All forms None Annealed N/A 1950 °F (1066 °C) Use Anneal
WQ or RAC
HASTELLOY Alloy C-276
All forms None Annealed Use Anneal 2050 °F (1121 °C) Use Anneal
WQ or RAC
HASTELLOY Alloy N
Bar, Rings, and AMS5771 Solution heat [Use Anneal 2150 °F (1177 °C) Use Anneal
Forgings treated WQ or RAC
Sheet, Strip, and AMS5607 Solution heat [Use Anneal 2150 °F (1477 °C) Use Anneal
Plate treated WQ or RAC
HASTELLOY Alloy S
Bars, Rings, and AMS5711 Solution heat [Use Anneal 1950,°F (1066 °C) Use Anneal
Forgings treated Coolat any rate
Sheet, Strip, and AMS5873 Solution heat [Use Anneal 1950 °F (1066 °C) Use Anneal
Plate treated Cool at any rate
HASTELLQY Alloy W
Bars, Rings, and AMS5755 Solution heat [Use Anneal 2150 °F (1177 °C) Use Anneal
Forgings treated WQ or RAC
HASTELLOY Alloy X
Bars, Rings, and AMS5754 Solution heat [Use Anneal 2150 °F (1177 °C) Use Anneal
Forgings treated RAC
Sheet, Strip, Plate, AMS5536, Solution heat ,[Use Anneal Select temperature  |Use Anneal
and Tubing AMS5587, treated in the range
AMS5588 2100 to 2150 °F
(1149 to 1177 °C)
RAC
HASTELLOY Alloy X
Rivets AS7237 Solution heat [2150 °F (1177 °C) [Use solution None
treated 7 to 10 minutes treatment
AC (12)
N-155 Alloy
Bar, Rings, and AMS5769 Solution heat [2150 °F (1177 °C) [Use solution See(14)
Forgings treated WQ or RAC (13) treatment Max service
temperature
2 to 4 hours
AC
Sheet, Strip, Plate, AMS5532 and Solution heat |2150 °F (1177 °C) |Use solution See(14)
and Tubing AMS5585 treated WQ or RAC treatment Max service
temperature
2 to 4 hours
AC
L-605 Alloy
Sheet 0.025 inch AMS5537 Solution heat |Use Anneal 2150 °F (1177 °C) Use Anneal
(0.64 mm) or under treated RAC(15)
thick
Sheet over AMS5537 Solution heat |Use Anneal 2200 °F (1204 °C) Use Anneal
0.025inch treated WQ or RAC(15)
(0.64 mm) thick, and plate|
Bar and Forgings AMS5759 Solution heat |Use Anneal 2250 °F (1232 °C) Use Anneal
treated WQ or RAC(15)
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Table 3 - Heat treatment of non-age-hardenable nickel alloy and cobalt alloy parts (continued)

Other
Stress Relief Treatments
Purchased Solution Anneal Set Set
Alloy and Form Applicable AMS Condition [Set Temperature(1)| Set Temperature(1) | Temperature(1l) | Temperature(1)
Rivets AS7236 Solution heat |2150 °F (1177 °C) |Use solution None
treated 10 to 20 minutes treatment
WQ(16)
HAYNES Alloy 188
Bar, Rings, and AMS5772 Solution heat |Use Anneal 2050 °F (1121 °C) Use Anneal
Forgings treated WQ or RAC(17)
Sheet, Strip, and AMS5608 Solution heat |Use Anneal 2050 °F (1121 °C) Use Anneal
Plate treated WQ or RAC(17)
HAYNES Alloy 230
Bar, Rings, and AMS5891 Annealed Use Anneal 2150 to 2275 °F(18) |Use Anneal
Forgings (HE 7t 1246°C)
WQ or RAC
HAYNES Alloy 230
Sheet, Strip, and Platp AMS5878 Solution heat |Use Anneal Select Temperature |Use Anneal
treated in the range
2150 to 2275 °F(18)
(1177 to 1246 °C)
WQ or RAC
HAYNES Alloy 556
Bar, Rings, and AMS5877 Solution heat |Use Anneal 2150 °F Use Anneal
Forgings treated (1177.2C)(19)
WQ%r RAC
Sheet, Strip, and AMS5874 Solution heat |Use Anneal 2150 °F Use Anneal
Plate treated (1177 °C)(19)
WQ or RAC
STELLITE 6
Bar and Sheet AMS5894 Solution heat |2250 °F (1232 °C) |Use Solution Use Solutiop
treated Air Cool(20) treatment treatment

1)
2

3)

(4)
(5)

(6)
(7)

(8)

(9)

(10)
(11)
(12)
(13)
(14)
(15)
(16)

(17)
(18)

(19)

(20)

Abbreviations: WQ
N/A = Not Applicab
Soak time shall be
provide grain size
guenching in water
require heating in a
Solution treatment
and rupture strengt
1850 °F (1010 °C)
Rapidly cool throug
sections of 0.10 incl
When specified, an
(1149°C), soaking fi
AS7232 rivets shall

range to minimize

= Water Quench or equivalent rate; AC = Air Cool or_equivalent rate; RAC = Rapid Air Cool or equivalent rate;
E. All soaking times shall be as shown in Table 5 unless otherwise stated.
stablished empirically and selected between 15¢minutes minimum and 3 hours maximum so that the anneal o
hich is not substantially coarser than the milkannealed raw material. Cooling rate is not critical. Cooling may bq
Containing 2% alcohol; a soft oxide will remain‘which can be easily removed in standard pickling solutions. Ann
acuum, argon, or reducing atmosphere.
f Inconel Alloys 600 and 601 produces.a/coarse grain structure and is normally not used on these alloys, exce|
s, but with lower corrosion-resistance, and lower tensile, fatigue, and impact strengths, than the finer grain strd
nneal.
the 1000 to 1400 °F (538 to 760 °C) range; if parts are to be pickled or used in an environment requiring free
(2.5 mm) thickness and"overtequire water quenching or equivalent cooling rates.
ealing Inconel Alloys,600-ahd 601 prior to high temperature brazing, as required for nickel brazing alloys, shal
r 15 minutes, and ¢ooling at a rate equivalent to an air cool.
be annealed aftef therhead-forming operation.

ain growth.

In cases where sm%l amounts (under10%) of strain are present in the fabrication of Inconel Alloy 617 parts, select temperature at|

Solution treatment i
anneal treatment, b
When specified, an
15 minutes, and co
Rapidly cool throug

t also With/a lower tensile strength than the anneal treatment.
ealing’Iriconel 625 prior to high temperature brazing, e.g., with nickel brazing alloys, shall be done at 2050 °F

ling at a rate equivalent to an air cool.

the fabricated part shall
accomplished by
ealing and stress relieving

t to obtain maximum creep|
ctures produced using the

om from sensitization,

be done at 2100 °F

the low end of the

normally, not used with Inconel 625 except to obtain maximum ductility, i.e., higher ductility than with the normal 1900 °F (1038 °C)

1121 °C), soaking for

sections over 0.25 inch (6.4 mm) thickness require water quenching or equivalent cooling rates.
The 1725 °F (941 °C) treatment stabilizes the Inconel 825 alloy against sensitization; it is recommended when parts are to be exposed to service
temperatures above 1200 °F (650 °C) and resistance to sensitization is also desired.

AS7237 rivets shall

be solution treated after the head-forming operation.

Rapid air cool sections under 0.25 inch (6.4 mm) thick; heavier sections require water quenching or equivalent rates.
Engineering or procurement documents from purchaser shall specify the stress relief temperature; maximum expected service temperature is recommended
for the stress relief temperature.
Parts of this alloy fabricated of any combination sheet, plate, bar, or forgings shall be annealed according to the temperature and cooling requirements for the
thinnest sheet or plate in the assembly, and soaked according to the Table 5 requirements for the heaviest section of the assembly.

AS7236 rivets shall be solution treated after the head-forming operation; they may be rapidly cooled in media other than water, provided cooling rate is
sufficient to meet hardness and formability requirements.
Annealed products of this alloy may be cooled in hydrogen.
In cases where small amounts (under 10%) of strain are present in the part fabrication, select temperature at the low end of the range to minimize grain

growth.

The 1000 to 1400 °F (538 t0 760 "C range; 1 parEs are 1o be pchZ €d or used m an environment requiring ireedom from sensitization,

In cases where small amounts (less than 10%) of strain are present in the part fabrication, to minimize grain growth, heat parts to 2050 °F (1121 °C), soak
according to Table 5, and then raise the temperature to the anneal temperature shown, and soak according to Table 5, followed by rapid air cool or water

quench.

Soak time shall be according to Table 5 except not less than 15 minutes.
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Table 4 - Heat treatment of age-hardenable nickel alloy and cobalt alloy parts

Alloy and Form Other
Stabilization Treatments
Heat Treatment| Applicable Purchased Solution Set Precipitation Set
Condition(1) AMS Condition Set Temperature(2) | Temperature(2) |Set Temperature(2)| Temperature(2)
WASPALOY
Bar, Rings, S1975SP AMS5708 Solution heat | 1975 °F (1079 °C) 1550 °F (843 °C) (1400 °F (760 °C)
and Forgings treated 4 hours 4 hours, except |16 hours
AC Turbine Blade AC
Forgings
Hold 24 hours/AC
Bolts and N/A(2) AS7471 and |N/A Select temperature 1550 °F (843 °C) (1400 °F (760 °C)
Screws MA3378 in range 4 hours 16 hours
1900 to 1975 °F AC(3) AC
(1038 to 1079 °C)
Hald 1 to. 4 haurs
AC(3)
Nuts, S19758P AS7253 N/A 1975 °F (1079 °C) 1550 °F (843 °C) (1400 °F (760|°C)
Self-Locking 4 hours 4 hours 16 hours
AC AC AC
Bar, Rings, S18508P AMS5706 Solution heat |Select temperature 1550 °F (843 °C) [1400 °F (760[°C)
and Forgings and treated in range 4 hours 16 hours
MAM5706 1825 to 1900 °F AC AC
(996 to 1038 °C)
Hold 1 to 4 hours
0Q or WQ
Sheet and N/A AMS5544 Solution heat | 1825 °F (996 °C) 1550 °F (843 °C) [1400 °F (760[°C) |Anneal
Tube and treated 2 hours 4 hours 16 hours 1975 °F
AMS5586 AC AC AC (2079 °C)
10to 30
minutes/AC
Stress Relief
See(4)
RENE’ 41
Sheet, Strip, N/A AMS5545 Solution heat |1975 °F (1079 °C) None 1400 °F (760|°C) [Stress Relief
Plate, Bar, and treated Held1 hour per 16 hours See (4)
Rings, and AMS5712 inch (25 mm) of AC
Forgings thickness, but 10
minutes min/AC
thicknesses under
0.25 inch (6.4 mm);
OQ orWQ
thicknesses
thickness 0.25 inch
(6.4 mm) and over
Bolts and N/A AS7469 N/A 2050 °F (1121 °C) None 1650 °F (899|°C)
Screws 30 minutes 4 hours
AC AC(5)
NIMONIC ALLOYS
80A and 90
Bar and S1975P(6) None Solution heat |1975 °F (1079 °C) None 1300 °F (704]°C)
Forgings treated 8 Hours 16 hours
AC AC
Bar CSSSP(6) None Cold 1975 °F (1079 °C) 1560 °F (849 °C) (1300 °F (704 °C)
stretched 8 hours 24 hours 16 hours
and Solution |AC AC AC
heat treated
Sheet N/A None Solution heat |Mill Treatment None 1380 °F Interstage Anneal
treated (749 °C)(7) 1905 °F (1041 °C)
4 hours 20 minutes
AC AC

Post -Weld Stress
Relief

1700 °F (927 °C)
1 hour

AC
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Table 4 - Heat treatment of age-hardenable nickel alloy and cobalt alloy parts (continued)

Stabilization Other
Heat Treatment| Applicable | Purchased Solution Set Precipitation Treatments Set
Alloy and Form Condition(1) AMS Condition Set Temperature(2) | Temperature(2) [Set Temperature(2)] Temperature(2)
NIMONIC
Alloy 263
Bar & N/A AMS5886 Solution heat |2100 °F (1149 °C) None 1475 °F (802 °C)
Forgings treated Hold 1 hour per 8 hours
inch (25 mm) of AC
thickness but 30
minutes min
and not more than
than 90 minutes/OQ or
wQ
Sheet, Strip, N/A AMS5872 Solution heat |Mill Treatment None 1475 °F Interstage Anneal
and Plate treated (802°C}8) 1950 °F (1066 °C)
8 hours Hold 1 hour per
AC inch (25 mm) of
thickness
but 10 minutes
min/AC or WQ
UDIMET
Alloy 700
Bar and N/A AMS5846 Solutioned, |2150 °F (1177 °C) 1550 °F (848 °C) (1400 °F (76( °C)
Forgings Stabilized, 4 hours/Air Cool 24 hours 16 hours
and to Room Temperature [AC AC
Precipitation |plus 4 to 6 hours/RAC
treated
INCONEL
Alloy 706
Sheet, Strip, S1800pP AMS5605 Solution 1800 °F (982 °C) None 1350 °F (734 °C)
Plate, Bar, and heat treated |Hold 1 hour perinch 8 hours
Rings, and AMS5701 (25 mm) of thickness, Furnace coo| to
Forgings but 5 minutes min for 1150 °F (621 °C)
sheet-and strip and and hold at
30 minutes min for 1150 °F (621 °C)
baryrings, and for total
forgings AC precipitation ftime
of 18 hours AC
Sheet, Strip, S1750$DP AMS5606 Solution 1750 °F (954 °C) 1550 °F (843 °C) (1325 °F (714 °C)
Plate, Bar, and heat treated |Hold 1 hour per inch 3 hours 8 hours
Rings, and AMS5702 (25 mm) of thickness, |AC Furnace coo| to
Forgings but 5 minutes min for 1150 °F (621 °C)
sheet and 30 minutes and hold at
min for bar and 1150 °F (621 °C)
forgings AC for total
precipitation ftime
of 18 hours AC
INCONEL
Alloy 718
Sheet, Strip, S1750pR AMS5589, Solution 1750 °F (954 °C) None 1325 °F (714 °C)
Plate, AMS5596 heat-treatet—rHete-hourperineh S-hetrs
Tube, Bar, Rings, and (25 mm) of thickness Furnace cool to
and Forgings AMS5662 but 10 minutes min 1150 °F (621 °C)
AC and hold at
1150 °F (621 °C)
for total
precipitation time
of 18 hours AC
Bolts and Screws|N/A AS7466 and |N/A Select temperature in  |[None 1325 °F (718 °C)
AST7467 range 1700 to 1850 °F 8 hours
(927 to 1010 °C) Furnace cool to
Hold 1 hour 1150 °F (621 °C)
0OQ or WQ(9, 10) and hold at
1150 °F (621 °C)
for total
precipitation time
of 18 hours
AC(9,10)
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Table 4 - Heat treatment of age-hardenable nickel alloy and cobalt alloy parts (continued)

Other
Stabilization Treatments
Heat Treatment| Applicable Purchased Solution Set Precipitation Set
Alloy and Form Condition(1) AMS Condition Set Temperature(2) | Temperature(2) |Set Temperature(2)] Temperature(2)
Sheet, Strip, S1950DP AMS5590, Solution heat {1950 °F (1066 °C) None 1,400 °F (760 °C)
Plate, Tube, AMS5597, treated Hold 1 hour per inch 10 hours
Bar, Rings, and (25 mm) of thickness Furnace cool to
and Forgings AMS5664 but 10 minutes min 1200 °F (649 °C)
and not more than and hold at
2 hours 1200 °F (649 °C)
AC for total
precipitation time of]
20 hours AC
INCONEL
Alloy 722
Sheet and N/A AMS5541 Annealed 1800 °F (982 °C) None 1300 °F (704 °C)
Strip Hold 1 hour per inch (11)
(25 mm) of thickness 16 hour min
but 10 minutes min AG
AC
Bar, Rings, N/A AMS5714 Solution 1800 °F (982 °C) None 1325 °F (714 °C)
and Forgings heat treated |1 hour 8 hours
AC Furnace coo| to
1150 °F (62 °C)
and hold at
1150 °F (624 °C)
for total
precipitation
time of 16 hdurs
AC
INCONEL
Alloy X750
Bar, Rings, A(12) AMS5667 Equalization |None None 1300 °F (704 °C) |Equalization(13)
and Forgings heat treated 20 hours 1625 °F (885 °C)
AC 24 hours
AC
Sheet, Strip, B(14) AMS5542 Annealed 1925 °F None 1300 °F (704 °C)
Plate, and and (1052 °C)(15) 20 hours
Tube AMS5582 Hold 1 hour per inch AC
(25 mm) of thickness
but 10 minutes min
AC
Sheet, Strip, C(16) AMS5583;] Solution 1800 °F (982 °C)(15) |None 1350 °F (734 °C)
Plate, Tube, AMS5598, heat treated |Hold 1 hour per inch 8 hours
Bar, Rings, MAMS598, (25 mm) of thickness Furnace coo| to
and Forgings AMS5670, but 10 minutes min 1150 °F (62 °C)
AMSE5671 AC and hold at
and 1,150 °F (621 °C)
AMS5747 for total
precipitation fime of]
18 haurs
AC
Wire No. 1 AMS5698 Cold drawn |None None 1350 °F (732 °C)
Temper(17) 16 hours
AC
Wire Spring Temper [AMS5699 Cold drawn |None None 1200 °F (649 °C)
+ Direct 4 hours
Age(18) AC
INCONEL
Alloy X750
Wire Spring Temper |AMS5699 Cold drawn {2100 °F (1149 °C) 1550 °F (843 °C) [1300 °F (704 °C)
+ SSP(19) 2 hours 24 hours 20 hours
AC AC AC
Thread Form N/A AS7246 Cold drawn |N/A N/A 1300 °F
Inserts and shaped (704 °C)(20)
wire 4 hours min

AC
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Table 4 - Heat treatment of age-hardenable nickel alloy and cobalt alloy parts (continued)

Stabilization Other
Heat Treatment| Applicable | Purchased Solution Set Precipitation Treatments Set
Alloy and Form Condition(1) AMS Condition Set Temperature(2) | Temperature(2) |Set Temperature(2)| Temperature(2)
INCOLOY
Alloy 901
Bar and S2000SP AMS5660 Solutioned, |Select temperature Select Select temperature
Forgings Stabilized, in range 1975 to temperature in range
and 2025 °F in range 1325 to 1375 °F
Precipitation |(1079 to 1107 °C) 1425 to 1475 °F (718 to 746 °C)
treated Hold 2 hours (774 t0 802 °C) [Hold 24 hours
Quench(21) Hold 2 to 4 hours |AC
RAC
INCOLOY
Alloy 901 Mod
Bar, Rings, S1975SR AMSE661 Seldtioned—Selest-temperature Selest Selest-temperature
and Forgings Stabilized, in range temperature in range of
and 1950 to 2000 °F in range 1300 t0\1379 °F
Precipitation [(1066 to 1093 °C) 1425 to 1475 °F |(704 10,746 IC)
treated Hold 1 hour perinch |(774 to 802 °C) |Hold24 hou
(25 mm) of thickness [Hold 2 to 4 hours |AC
but 1 hour min RAC
Quench(21)
MONEL
Alloy K-500
Bar and Hot firlished AMS4676 As hot See(22) Non€ 1113 °F (601 °C) Post Weld
Forgings + Direft Age finished 1800 °F (982 °C) 16 hours Stress Relief
1 hour Furnace Codl 1725 °F (941 °C)
Quench in solution 15to 25 °F 20 minutes
of water - 2% alcohol (8t0 14 °C) RAC to below
per hour to 900 °F (482 °C)
900 °F (482 [C)
AC(22)
NI-SPAN-C
Alloy 902
Strip N/A AMS5221 Solution heat |Mill Treatment None 1300 °F
AMS5223 treated (704 °C)(23)
and Solution heat 3 hours
AMS5225 treated Cool in vacupim or
+ cold protective
rolled atmosphere
D 979 Alloy
Bar & AMS5746 Solutioned, |Select temperature 1550 °F (843 °C) [1300 °F (704 °C)
Forgings Stabilized, in range 1850 to 6 to 12 hours 16 hours
and 1900 °F AC AC
Precipitation |(1010 to 1038 °C)
Treated Hold 1 hour per inch
(25 mm) thickness but
1 hour min
0Q or WQ
INCOLOY
Alloy 909
Bar, Rings, 18 HrDP(24) AMS5884 Solution heat |1800 °F (982 °C) None 1325 °F
and Forgings treated For thickness of 1 inch (718 °C)(25)
(25 mm) and under 8 hours

hold 1 hour and an
additional

15 minutes for each
additional 0.25 inch
(6.4 mm) of thickness
AC

Furnace cool at
100 °F (56 °C)

degrees per hour

max to

1150 °F (621 °C)
and hold at 1150 °F

(621 °C)

8 hours.

Use protective
atmosphere
unless parts will
have surface

material removed

all over, AC
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Table 4 - Heat treatment of age-hardenable nickel alloy and cobalt alloy parts (continued)

Alloy and Form

Heat Treatment
Condition(1)

Applicable
AMS

Purchased
Condition

Solution
Set Temperature(2)

Stabilization
Set
Temperature(2)

Precipitation
Set Temperature(2)

Other
Treatments
Set
Temperature(2)

Bar, Rings,
and Forgings

10 HIDP(24)

AMS5893

Solution heat
treated

1800 °F (982 °C)

For thickness of 1 inch

(25 mm) and under
hold 1 hour and an
additional 15 minutes
for each additional
0.25 inch (6.4 mm) of
thickness

AC

None

1375 °F
(746 °C)(25)
4 hours
Furnace cool at

100 °F (56 °C)
degrees per hour
max to 1150 °F
(621 °C) and hold at|
1150 °F (621 °C)

4 hours.

Use protective

atmosphere pinless
parts willha
surfaCe matdgrial
remoyved all pver
AC

0]

INCOLOY
Alloy 909

Sheet and
Strip

N/A

AMS5892

Solution
heat treated

1800 °F (982 °C)
1 hour
AC

None

1375 °F
(746 °C)(25)
4 hours
Furnace coo
100 F (56 C),
degrees per hour
max to 1150|°F
(621 °C)
and hold at
1150 °F (621
4 hours.

Use protectiye
atmosphere
unless parts jwill
have surfacq
material rempved
all over AC

at

oc)

ASTROLOY
Alloy M

Forgings

N/A

AMS5882

Solutioned,
Stabilized and
Precipitation
treated

Select temperature
in range 1975 to
2075 °F

(1079 to 1135 °C)
Hold 4 hours

AC

1600 °F (871 °C)
8 hours AC plus
1800 °F (982 °C)
4 hours

AC

1200 °F (649
24 hours AC
1400 °F (760
8 hours
AC

OC)
plus
OC)

ELGILOY

Wire

N/A

AMS5833

Cold drawn

Mill treatment

None

Select tempgrature
in range
900 t0 1000 PF

(482 to 538 °C)
Hold 5 to 5.5 hours
AC

Sheet

N/A

AMS5876

Cold rolled

Mill treatment

None

Select temperature
in range

850 to 950 °F

(454 to 510 °C)
Hold 5 to 5.5 hours
AC

MP-35N

Bar

N/A

AMS5844

Solution heat
treated + cold
worked

Mill treatment

None

Select temperature
in range

1000 to 1200 °F
(538 to 649 °C)
Hold 4 to 4.5 hours

AC
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Table 4 - Heat treatment of age-hardenable nickel alloy and cobalt alloy parts (continued)

Alloy and Form

Heat Treatment
Condition(1)

Stabilization
Set
Temperature(2)

Solution
Set Temperature(2)

Purchased
Condition

Applicable
AMS

Precipitation
Set Temperature(2)

Other
Treatments
Set
Temperature(2)

MP-35N

Bolts and
Screws

N/A

AS7468 N/A None None

in range

(538 t0 649 °
Hold 4 to 4.5
AC(26)

Select temperature

1000 to 1200 °F

C)
hours

MP159

Bar

N/A

AMS5842 Solution heat |Mill treatment None

treated + cold

wokkad

in range
1200-te-1264

Select temperature

°F

(649 to 677
Hold 4 to4'5
AC

C)
hours

Bolts and
Screws

N/A

AS7475 N/A None None Select tempg
imrange
1200 to 125(
(649 to 677
Hold 4 to 4.5

AC(26)

rature

°F
C)
hours

1)

(2)
3)

(4)
(5)

(6)

(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(15)

(16)
(17)

(18)
(19)

(20)
(21)

(22)

(23)

(24)

Heat Treatment Condif
treatment when more f{
as follows:

CSSSP = Cold stretch
STTTTP = Solution heg
STTTTSP = Solution h
STTTTDP = Solution
STTTTSDP = Solution
Abbreviations: AC = Aj
For AS7471 and MA33
surface of the head, cqg
When stress relief is rd
minutes. When stress
For AS7469 bolts and

atmosphere shall be
(649 to 760 °C) tempe
Two-step solution + pri
are required. The thred
elevated temperature g
Precipitation treatment
anneal.

Precipitation treatment
after the interstage an
For AS7466 bolts and
head.

For AS7467 bolts and
working the head-to-sh

working of the fillet ra%s, and rolling the threads. Precipitation,heatitreatment shall follow cold working of the fillet radius and rolling t

on: A designation for the heat treat condition (e.g., for Waspaloy, “S1975SP” or“S1850SP”) is used in this tab
han one heat treatment is used for the same form (i.e., bar, sheet, etc.) of asingle alloy. Proper interpretation

Bd, solution heat treated, stabilized, precipitation heat treated

At treated at TTTT temperature, precipitation heat treated

eat treated at TTTT, stabilized, precipitation heat treated

eat treated at TTTT, double (i.e., two temperature steps) precipitafion heat treated

heat treated at TTTT, stabilized, double (i.e., two temperature 'steps) precipitation heat treated
Cool; OQ = Oil Quench; WQ = Water Quench; RAC = Rafid Air Cool; N/A = Not Applicable.

e to distinguish a specific heat
f the various designations is

78 bolt and screw blanks, solution and stabilization treattnents shall be applied to headed blanks before finishi

elief is required after precipitation treatment, heatto 1400 °F (760 °C), hold at heat for 1 hour, and air cool.

intained at a total sulfur content undet 5,grains per 100 cubic feet; heating shall be performed rapidly through
ture range.

cipitation treatment, designated¢S1975P" is usually employed for components, e.g. turbine blades, where gog
-step solution + stabilization +‘precipitation treatment, designated “CSSSP”, is employed on cold-stretched bar
arbide stability and notch-rupture ductility.

of Nimonic 263 should,be applied to welded components after welding operations are complete; it should be af
eal.
crews, solution and precipitation heat treatments shall be applied to headed blanks before finishing the shank

nk fillet radius, and rolling the threads. Precipitation heat treatment shall follow cold working of the fillet radiug

If bars, forgings, or rin

forgings and rings shal| be.used for the assembly.

s are fabricated with sheet or strip into a single assembly before precipitation treatment, the precipitation treat

d-working the head-to-shank radius, and rolling the threads. Precipitation shall follow cold-working of the fillet fadius and rolling the threads.
quired prior to stabilization and precipitation treatments, use solution treatment, except soaking time shall be sglected in the range 10 to 30

crews, solution heat treatment shall be applied.to headed blanks before finishing the shank and the bearing syrface of the head, cold-

should be applied to welded Components after the post-weld stress relief; it should be applied to cold-formed garts after the interstage

crews,Solution heat treatment shall be applied to headed blanks before finishing the shank and the bearing syrface of the head, cold

g the shank and the bearing

he threads. The heating
the 1200 to 1400 °F

d high temperature properties
to promote long time,

bplied to cold formed parts

land the bearing surface of the

and rolling the threads.
hent designated for bar,

Heat treat condition “A” for Alloy X750 provides high strength and notch-rupture ductility up to 1100 °F (593 °C).

Equalization treatment

is applied by the mill or forging supplier for AMS5667 products; it shall precede the precipitation treatment.

Heat treat condition “B” for Alloy X750 provides high strength to 1300 °F (704 °C).

Solution treatment should be applied to weldments of Alloy X750 prior to precipitation heat treatment. Rate of heating shall be fast and uniform; charging the
fabricated part into a preheated furnace is recommended. Cooling shall be air cool or equivalent rate; liquid quenching should not be used.

Heat treat condition “C’

“No. 1 Temper” wire provides springs with optimum resistance to relaxation from about 700 to 850 °F (371 to 454 °C) and at low or moderate stresses up to

1000 °F (538°C).

" provides high strength to 1300 °F (704 °C) with increased tensile properties to about 1100 °F (593 °C).

“Spring Temper + Direct Age” provides springs with high strength up to about 700 °F (371 °C).

“Spring Temper + SSP” (Solution, Stabilization, and Precipitation treatment) provides springs with maximum resistance to relaxation in the 850 to 1200 °F

(454 to 649 °C) temperature range.
AS7246 screw thread inserts shall be precipitation heat treated after coiling the cold drawn and shaped wire.

Rapid air cool Alloy 901 and Alloy 901 Mod parts of 0.080 inch (2.03 mm) nominal thickness and under; liquid quench parts of thicknesses greater than

0.080 inch (2.03 mm).

Solution treatment is not applicable per AMS4676, but may be required for other conditions of Alloy K-500; water may be used in place of the water-alcohol solution
as the quenchant when approved by the cognizant engineering organization. Post-weld stress relieve welded components prior to precipitation
treatment. During precipitation heat treatment, an acceptable alternate method of cooling from 1113 to 900 °F (601 to 482 °C) is cooling in steps to 1000 °F

(538 °C) and then to 900 °F (482 °C), holding 4 to 6 hours at each step.

Perform precipitation treatment in vacuum or protective atmosphere. Unless otherwise specified by the purchase documents or by the cognizant engineering
organization, bright hardening is required. Absolute pressure of 0.1 um or less is required for bright work in vacuum furnaces; very pure hydrogen produced by

palladium diffusion cell

The 18 hour double precipitation treatment (18 HrDP) provides optimum properties in this alloy, and is normally used on parts made from bar, forgings, and rings
where the highest mechanical properties are required. The 10 hour double precipitation treatment (LOHrDP) is used on parts where slightly lower mechanical

s will also maintain bright surfaces.
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(25)
(26)

properties are acceptable and on parts fabricated of sheet and strip.

Plastic strain introduced to the part after mill solution heat treatment must be removed by resolution heat treatment prior to precipitation treatment.
AS7468 and AS7475 bolt and screw blanks shall be precipitation heat treated before cold working of fillet radius and thread rolling operations.

Table 5A - Soaking time for non-age-hardenable nickel alloy and

cobalt alloy parts, inch/pound units

Diameter or Thickness

of Maximum Section Soaking Time
Inches (see 3.2.5)
Up to 0.025, incl 10 minutes
Over 0.025 to 0.050, incl 15 minutes
Over 0.050 to 0.100, incl 20 minutes
Over 0.100 to 0.250, incl 25 minutes
Over 0.250 to 0.500, incl 45 minutes
Over 0.50010 1.00, incl 1 hour
Over 1.00 to 1.50, incl 1 hour, 15 minutes
Over 1.50 to 2.00, incl 1 hour, 30 minutes
Over 2.00 to 2.50, incl 1 hour, 45 minutes
Over 2.50 to 3.00, incl 2 hours

Table 5B - Soaking Time for non-age-hardenable nickel alloy
and cobalt alloy parts, Sl units

Diameter or Thickness

of Maximum Section Soaking Time
Millimeters (see 3.2.5)
Upto 0.64,incl 10 minutes
Over 0.64to 1.27, incl 15 minutes
Over 1.27to 2.54,incl 20 minutes
Over 2.54to 6.35, incl 25 minutes
Over 6.35t0 12.70,,incl 45 minutes
Over 12.70 to 25.4,~incl 1 hour
Over 25.4 to 38:%, incl 1 hour, 15 minutes
Over 38.1 t050.8, incl 1 hour, 30 minutes
Over 50.8 -t1063.5, incl 1 hour, 45 minutes
Over 63.5\ t0 76.2, incl 2 hours

Tlable 6 - Tolerance/for the soaking times specified in tables 3, 4, and 5 fg
heatitreatment of nickel alloy and cobalt alloy parts

Soaking Time Specified

Tolerance

Up to 1 hour, incl
Over 1 hour to 3 hours, incl
QOver 3 hours to 4 hours _incl

Plus or Minus 10%

Plus or Minus 6 minutes
Plus or Minus 15 minutes

Over 4 hours

Plus or Minus 30 minutes

=
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Table 7 - Hardness requirements for age-hardenable nickel alloy and
cobalt alloy parts in the precipitation heat treated condition

Alloy, Form, and HT Condition(1) Applicable AMS Hardness Requirement(2)
WASPALOY Alloy AMS5708 32t0 42 HRC
Condition: S1975SP

Bar, Rings, and Forgings
WASPALOY Alloy AMS5706 321 to 437 HB
Condition: S1850SP

Bar, Rings, and Forgings

WASPALOQY Alloy Sheet and Tube AMS5544 and 34 to 44 HRC(3)
AMS5586

RENE’ 41 Alloy Sheet, Strip, and Plate AMS5545 35 HRC min(3)

RENE’ 41 Alloy Bar, Rings and Forgings AMSS5712 311 HB min

UDIMET Alloy 700 Bar and Forgings AMS5846 36 HRC mif

INCONEL Allpy 702 Sheet and Strip AMS5550 21 HRC.mifn(3)

INCONEL Allpy 706 AMS5605 34 HRC min(3)

Condition: S1800DP

Sheet, Strip, and Plate
INCONEL Allpy 706 AMS5701 303 HB min
Condition: S1800DP

Bar, Rings, and Forgings
INCONEL Allpy 706 AMS5606 30 HRC min(3)
Condition: S750SDP

Sheet, Strip, and Plate
INCONEL Allpy 706 AMS5702 285 HB min
Condition: S1j750SDP

Bar, Rings, and Forgings

INCONEL Allpy 718 AMS5589 and 36 HRC min(3)
Condition: S1j750DP AMS5596

Tube, Sheet, Strip, and Plate
INCONEL Allpy 718 AMS5662 331 HB min(3)
Condition: S1j750DP

Bar, Rings, and Forgings
INCONEL Allpy 718 Tube AMS5590 36 HRC min
Condition: S1950DP
INCONEL Allpy 718 AMS5597 38 HRC min(3)

Condition: S1950DP
Sheet, Strip, and Plate
INCONEL Allpy 718 AMS5664 341 HB min(3)
Condition: S1950DP
Bar, Rings, and Forgings

INCONEL Allay-722 Sheet and Strip AMSS5541 23 HRC mim(3)

INCONEL Alloy 722 Bars, Rings, and AMS5714 23 HRC min(3)
Forgings

INCONEL Alloy X750, Condition A AMS5667 302 to 363 HB min(3)
Bar, Rings, and Forgings

INCONEL Alloy X750, Condition B AMS5542 30 HRC min

Strip 0.005 inch (0.13 mm) and
over and Plate

INCONEL Alloy X750, Condition B AMS5542 32 HRC min
Sheet
INCONEL Alloy X750, Condition C AMS5598 30 HRC min(3)

Strip 0.005 inch (0.13 mm) and
over and Plate

INCONEL Alloy X750, Condition C AMS5598 32 HRC min(3)
Sheet
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Table 7 - Hardness requirements for age-hardenable nickel alloy and
cobalt alloy parts in the precipitation heat treated condition (continued)

Alloy, Form, and HT Condition(1) Applicable AMS Hardness Requirement(2)
INCONEL Alloy X750, Condition C AMS5583 30 HRC min(3)
Tube
INCONEL Alloy X750, Condition C AMS5670 and 302 to 410 HB(3)
Bar, Rings, and Forgings AMS5671
INCONEL Alloy X750, Condition C AMS5747 302 to 388 HB(3)
Bar, Rings, and Forgings
INCOLOQY Alloy 901 AMS5660 302 to 388 HB(3)

Condition: S2000SP

Bar & Forgings
INCOLOQY Allgy 901 Mod AMS5661 302 to 388 HB(3)
Condition: S1975SP

Bar, Rings, and Forgings
INCOLOQY Allpy 909 AMS5884 331/KHB min
Condition: 20HrDP

Bar, Rings, and Forgings
INCOLOQY Allpy 909 AMS5893 331 HB min(3)
Condition: 18HrDP

Bar, Rings, and Forgings

INCOLOQY Allpy 909 AMS5892 35 HRC min(3)
Sheet and Strip
MONEL Alloy] K-500 AMS4676 262 HB min(3)
NI-SPAN-C Alloy 902 Strip AMS5221 27 to 35 HRC(3)
NI-SPAN-C Alloy 902 Strip AMS5223 34 to 41 HRC(3)
NI-SPAN-C Alloy 902 Strip AMS5225 39 to 46 HRC(3)
D 979 Alloy Bar and Forgings AMS5746 340 to 418 HB
ASTROLOY Alloy M Forgings AMS5882 311 to 401 HB (3)
ELGILOY Allpy Wire and Sheet AMS5833 and 46 HRC min (3)
AMS5876
MP159 Alloy Bar AMS5842 44 HRC minp(3)

(1) HT = Hept Treatment. A heat treatment designation, e.g., “Condition S1975SP”, is usged to
distinguigh a specific heat treatment when more than one heat treatment is in common use for the
same form (i.e., bar, sheet; etc.) of a single alloy. See the footnotes to Table 3 for degcriptions of
the gendral properties achieved in the different designated heat treat conditions.

(2) Hardness requirements-are shown as HRC or HB, the same as used in the specified AMS material
specificgtion. Equivalent hardness (see 8.2) determined by another type of hardness {esting is
satisfactpry, providing the alternate testing conforms to 3.4.2, 3.5.2, and 4.4.3 of this $pecification.

(3) The heaj treated parts shall not be rejected on the basis of hardness if the room temgerature
tensile pfoperty requirements are met. Tensile testing to qualify parts, which do not cgnform to the
specified i i i
specification.

Table 8 - Periodic surface contamination test alloys

Waspaloy Alloy X-750 Alloy 718
AMS5544 AMS5542 AMS5596
AMS5704 AMS5598 AMS5597
AMS5706 AMS5667 AMS5662
AMS5707 AMS5668 AMS5663
AMS5708 AMS5670 AMS5664
AMS5709 AMS5671

AMS5747
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