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SPECIFICATION |jSsued 199507

Superseding AMS2774A

Heat Treatment
Wrought Nickel Alloy and Cobalt Alloy Parts

RATIONALE

AMS2774B adds a requirement that vacuum furnaces conform to the requirements of AMS2769.

1. SCOPE

1.1 Purpose
This specification spedifies the engineering requirements for heat treatment, by part fabricators (usgrs) or their vendors or
subcontractors, of parfs made of wrought nickel or cobalt alloys, of raw materials during fabricdtion, and of fabricated
assemblies in which wfought nickel or cobalt alloys are the primary structural components.
1.2 Application
1.2.1  Alloys

hardenable alloys listgd in 8.2. However, this specification also may be used for alloys other than those listed in 8.2

provided that tempergtures, soaking times, and cooling- requirements are specified by the fognizant engineering
organization.

Detailed heat treatin{ instructions are specified for the age<hardenable (precipitation-hardgnable) and non-age-

1.2.2 Heat Treatments
Heat treatments cover¢d by this specification are‘as follows:

Solution Treating (See|8.4.7)
Annealing (See 8.4.8)
Stabilization Annealing (See 8.4.10)
Interstage Annealing ($ee 8.4.13)
Stabilization (See 8.4.11)
Precipitation (See 8.4.12)
Equalization (See 8.4.14)

Stress Relief (See 8.4.p):
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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 thatdocumentstattappty:

2.1 SAE Publication$

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel| 877-606-7323 (inside
USA and Canada) or 7]24-776-4970 (outside USA), www.sae.org.

AMS2750 Pyrometry

AMS2769 Heat Treatment 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 Publicatigns

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

ASTME 3 Preparation of Metallegraphic Specimens

ASTME 8 Tension Testing of-Metallic Materials

ASTM E 8M Tension Testing of Metallic Materials (Metric)

ASTME 10 Brinell Hardnéss of Metallic Materials

ASTME 18 Rockwell Hardness and Rockwell Superficial Hardness of Metallic Materialp
ASTM E 21 Elevated Temperature Tension Tests for Metallic Materials

ASTM E 139 Conducting Creep, Creep-Rupture, and Stress-Rupture Tests of Metallic Materials
ASTM E 292 Conducting Time-for-Rupture Notch Tension Tests of Materials

ASTM E 384 Microindentation Hardness of Materials

2.3 U.S. Government Publications

Available from the Document Automation and Production Service (DAPS), Building 4/D, 700 Robbins Avenue,
Philadelphia, PA 19111-5094, Tel: 215-697-6257, http://assist.daps.dla.mil/quicksearch/.

MIL-A-18455 Argon, Technical

MIL-P-27201 Propellant, Hydrogen

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

BB-H-1168 Helium, Technical


https://saenorm.com/api/?name=7bde5bb686424ff193792a0fe9442d1f

SAE AMS2774B

2.4 CGA Publications

Available from Compressed Gas Association, Inc., 4221 Walney Road, 5th Floor, Chantilly VA 20151-2923, Tel: 703-788-
2700, www.cganet.com.

CGA G-91
CGA G-11.1

Commodity Specification for Helium
Commodity Specification for Argon

3. TECHNICAL REQUIREMENTS

3.1 Equipment

3.1.1  Pyrometry

Shall conform to AMSZ

3.1.2 Furnaces

3.1.2.1 Temperaturg

Shall be as shown in T

3.1.2.2 Vacuum furn

3.1.2.3 Heating Meg
Protective atmosphere
have sufficient surface
oxidation, alloy deplet
treatments under 1550

750.

Uniformity
pble 1, tested in accordance with AMS2750.
aces shall meet the requirements of AMS2769.
ia

s shall be used whenever heat treating temperature is above 1550 °F (84
material removed after heat treatment to eliminate high temperature atmos
on, and carburization. Certain of ‘the alloys listed in 8.2 require protective
°F (843 °C) and these requirements are noted with the detailed heat treatin

alloys. Acceptable profective atmospheres include“argon, helium, hydrogen, vacuum, and vacuum

any of these three gas
are acceptable protect
furnaces shall be contr
3.1.2.3.1 Argon, He
Shall meet the compo

9.1, Grade L, minimun
of the gas shall be -6

es. In addition, for non-age-<hardening alloys, neutral salt baths and exothe
ve atmospheres whentapproved by the cognizant engineering organization
plled so that there is'no direct flame impingement on the parts.

ium, and Hydrogen Gases
Sition requirements of MIL-A-18455 (argon), CGA G-11.1 (argon), MIL-P-27

(helium), BB-H-1168, Grade A (helium), or MIL-P-27201 (hydrogen), as ap
) °F~(281 °C) or lower as the gas enters the furnace. Atmospheres of any

furnace work zone sh

3 °C) unless parts will
pheric effects, such as
atmospheres for heat
g instructions for these
Wwith partial pressure of
rmic gas atmospheres
See 8.4.6). Direct fired

407 (helium), CGA G-
plicable. The dew point
of these gases in the
surfaces which will not

Ikhave sufficient purity to avoid contamination or degradation of any part

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 ym) 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 microns (10 ym) of mercury unless argon, helium, hydrogen, or a mixture of argon and helium gas
conforming to 3.1.2.2.1 is used to provide a partial pressure.

3.1.2.3.2.1  Argon or helium conforming to 3.1.2.2.1, or a mixture of the two, may be used to achieve partial pressures
whenever necessary to avoid surface alloy depletion by sublimation of high vapor pressure elements such
as aluminum and chromium.
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3.1.2.3.2.2 Cooling may be accelerated by back-filling with argon or helium conforming to 3.1.2.2.1 or nitrogen
conforming to MIL-P-27401, Grade C, or combinations thereof, meeting the dew point requirements of
3.1.2.21.

3.1.23.3 Salt Baths
Acceptable only for non-age-hardening alloys and, when approved by the cognizant engineering organization, shall be
neutral with respect to the alloy being treated so as to avoid contamination or degradation of any part surfaces which will

not be machined after heat treatment.

3.1.2.3.4 Exothermic Atmospheres

Acceptable only for n ; organization, shall be
produced by the combystion of fuel gas in air, shall be neutral to slightly reducing with respect.{e the parts being treated,
and shall be sufficiently low in sulfur content to avoid contamination or degradation of any  part $urfaces which will not
have surface material femoved after heat treatment.

3.1.3  Auxiliary Equigment

Fixtures, jigs, hangers| trays, racks, etc shall not cause contamination of the/surface of parts and shall not reduce the
heating, cooling, or qué¢nching rates below those required for proper heat treatment.

3.1.4 Cooling

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

3.1.4.1  Quenching
Quenching baths shalll permit complete/immersion of parts and free movement of the quenchant gadjacent 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 auxiliarylequipment.shall be sufficient to maintain the quenchant temperature shown jn Table 2.

3.2 Procedures

3.2.1 Cleaning

3.21.1 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 After Heat Treatment

Parts which have been heat treated in molten salt or cooled in oil, molten salt, brine or water-polymer solution shall be
thoroughly cleaned to remove all residues of these materials.

3.2.2 Racking
3.2.2.1  Except as permitted in 3.2.2.2, parts shall be racked to ensure uniform heating and cooling throughout the load.

Parts shall not be nested unless tests with load thermocouples have demonstrated that the arrangement will not
affect uniformity of heating and cooling and will not reduce cooling rate below minimum requirements.
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3.2.2.2 Rivets, bolts, nuts, and other small parts may be racked or heated and soaked in baskets or in a continuous
furnace. Parts shall not be nested. Maximum thickness of layers, and minimum space between layers, shall be
1 inch (25 mm).

3.2.3 Control Instruments

Shall be set either at the set temperature (See 8.4.5) specified or at the offset temperature (See 8.4.5) based on the last
temperature uniformity determination. The offset temperature shall be within 5 °F (3 °C) for precipitation treatments, and
10 °F (6 °C) for other treatments, of the specified set temperature and shall be posted on the instrument. The offset
temperature shall be selected to optimize the temperature distribution within the furnace so that the highest and lowest

temperatures are equidistant from the set temperature.

3.2.3.1  The posting

and the corrg
3.24 Heat Treatmer]

Shall be performed as
engineering organizati
3.24.1 The specifie
listed in 8.2
annealing, a
with Table 4
Tolerances 1
Table 6.

3.2411 Parts mad
stabilizatiol
treated pa
3.24.1.2 Where tern
processor
which will
material s
3.24.2 Other Alloys
Heat treatments for all
or cobalt alloys in whic

. . . . L - T
ftheoffssttemperaturestattinctude;orconsist of = statement of bothrths

bsponding “set” temperature; e.g. “When 1000 °F is desired, set at 1004 ¢F.}
t
follows unless an alternate treatment has been specified by the purchase or|

DN.

shall be performed in accordance with Table 3. The’specified solution, sta
hd stress relief treatments for age- hardening alloys listed in 8.2 shall be pe
. Soaking times from Table 5 shall be used When soaking times are no
or the soaking times for both age-hardeningé@nd non-age-hardening alloys

h heat treatment is also shown fan the alloy in Table 4, stabilization shall
ts before precipitation treatment.

nperature ranges are specified in Tables 3 and 4, it is the responsibility

produce heat treated*parts meeting all technical requirements of the d
ecification.

Not Listed im8.2 and Fabricated Assemblies of Cast and Wrought Alloys

h the €ast material is the primary structural component, shall be as specified

or by the cognizant e
precipitation), the set t

“desired” temperature

Her or by the cognizant

d solution, annealing, stress-relief, and stabilization{treatment for the nom-age-hardening alloys

bilization, precipitation,
rformed in accordance

specified in Table 3.
5 shall be as shown in

e of age-hardening alloys shall be -heat treated to the precipitation hardemped condition. When a

be applied to solution

of the heat treatment

to select, for each lotwof material, the specific temperature and time, within the ranges specified,

fawing and applicable

bys noticovered herein and for assemblies of cast alloys fabricated with wrodight forms of the nickel

by the purchase order
hame (e.g., annealing,

Egineering organization. This information shall include the heat treatment

3.2.4.3 Assemblies of Castings and Wrought Alloys

If wrought alloys covered by this specification are fabricated with castings into a single assembly in which the wrought
material is the primary structural component, the heat treatment designated for the wrought material shall be used for the
assembly.

3.2.5 Start of Soaking Time
3.2.5.1 Batch Furnaces
Soaking time starts when all temperature sensors reach the specified set or offset temperature or, if load thermocouples

(See 8.4.4) are used, when the part temperature reaches the temperature described by the set or offset temperature
minus the appropriate tolerance (3.1.2.1).
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3.2.5.1.1 Vacuum Furnaces

Unless otherwise specified by the cognizant engineering organization, load thermocouples shall be used to determine the
start of soaking time except when this is impracticable, such as with two or three chamber oil or gas quench furnaces, in
which case tests shall be conducted to establish the correct heat-up time for the load. Once a load has been qualified with
load thermocouples, subsequent loads may be run without load thermocouples provided records detailing the number of
parts in the first qualified load are kept on file, and provided that subsequent loads have an equal or fewer number of
similar parts in the load, and the distribution of the parts is the same as the distribution in the first load.

3.2.5.2 Continuous Furnaces

Shall be operated so that all part temperatures are within the allowed range (the range described by the specified set

L

temperature and the

verified by temperaturg uniformity tests, perform

load representative of
3.2.6  Straightening A

Shall be performed o
cognizant engineering
3.3 Qualification

Facilities performing h

e'd.at the frequency specified. in AMS2750, using(
he weight and traverse speed of the parts to be heat treated.

0
\fter Heat Treatment

nly when the straightening procedure and any subsequent”stress-relief
prganization.

bat treatment in accordance with this specification’ shall be approved by the

or quality assurance ¢rganization (See 4.5). Personnel performing”or directing the performanc

accordance with this
acceptable to the cogn

3.4 Properties After

3.4.1 Surface Conta
3.4.11
minimum ani
3.4.1.2 Surfaces of
carburizatior
evidence of
determined
removed aft
material to b

specification shall be approved in accordanhce with ARP1962 or other ¢
zant engineering organization.

Heat Treatment

Mmination

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

parts which_are not to have surface material removed after heat tre
, sulfidatio)nitriding, nor intergranular oxidation resulting from the he
such contamination shall be a continuous or general condition in the microg
by the, metallurgical examination in accordance with 3.5.1. On surfaces whi
br heal’treatment, the depth of any of these conditions shall not exceeqg
b temoved in finishing the part.

b requirement shall be
ad thermocouples, in a

are approved by the

cognizant engineering
b of heat treatment in
stablished procedures

The heat tr¢gatment processor shall assume surfaces will not be machined after heaf treatment unless the

htment shall have no
bt treating operations;
tructure at the surface
h are to have material
the depth of surface

3.4.2 Hardness

Parts shall conform to hardness requirements specified on the engineering drawing or purchase order.

3.4.2.1

If hardness requirements are not specified on the engineering drawing or purchase order, age- hardening alloys

conforming to one of the AMS listed in Table 7 shall meet the hardness specified in Table 7 following

precipitation

3.4.2.2

treatment.

If hardness is not specified on the engineering drawing or purchase order or in Table 7, parts shall conform to

the hardness requirements of the applicable material specification when the material specification contains
hardness requirements for the heat treatment condition represented by the parts.
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3.4.3 Tensile and Stress Rupture

When required by the cognizant engineering organization, parts shall conform to tensile property and stress rupture
requirements of the applicable material specification when the material specification contains requirements for the heat
treatment condition represented by the parts.

3.5 Test Methods

The following test methods shall be used when applicable unless otherwise specified by the cognizant engineering
organization:

3.5.1 Surface Contamination

Testing shall be by mietallurgical examination, at approximately 500X magnification, of etched.§pecimens prepared in
accordance with ASTM E 3. The chord method described in ARP1820 may be used to enharice thig examination.

3.5.2 Hardness
Shall be determined in accordance with ASTM E 10, ASTM E 18, or ASTM E:384, 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 fo test and where the test will not be detrimental to thedunction of the part.

3.5.3 Tensile Properties

Testing, when required by the cognizant engineering organizationyshall be in accordance with ASTM E 8, ASTM E 8M, or
ASTM E 21, as applicgble.

3.5.4 Stress Rupturg Properties

Testing, when required by the cognizant engineering\erganization, shall be in accordance with A$TM E 139 or ASTM E
292, as applicable.

4. QUALITY ASSURANCE PROVISIONS
4.1 Responsibility fof Inspection
Unless otherwise specified by the €ognizant 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 assuance organization.

4.1.1  The procuring|detivity reserves the right to perform any surveillance, tests, or inspection |of parts and to review
heat treatment records and resulfs of processors tesis and inspections to verify that the heat treatment
conformed to specified requirements.

4.2 Records

Shall be kept available to purchaser for not less than five years after heat treatment. The records shall contain all data
necessary to verify conformance to requirements of this specification.

4.3 Classification of Tests
4.3.1  Acceptance Tests
For age-hardenable alloys as included in Table 4, hardness (3.4.2) is an acceptance test and shall be performed on each

lot according to a sampling plan which conforms to the heat treatment processor’'s shop procedures, unless otherwise
specified by the cognizant engineering or quality assurance organization.
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4.3.2 Periodic Tests

Surface contamination is a periodic test and shall be performed monthly on each furnace, except as provided in 4.3.2.1,
for each type of atmosphere used in each furnace 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 an alloy which Table 3
or Table 4 specifies shall require a protective atmosphere for heat treatments at lower temperatures and parts have any

surface which will not have surface material removed after heat treatment.

pressure except as provided in 4.3.2.2.

Periodic surface contamination tests are not required on vacuum furnaces operating under 10 microns (10 um)

Surface contamination tests shall also be performed whenever parts which have less than 0.008 inch

4.3.2.1

43.2.2
(0.20 mm) fi
(843 °C), sh
responsible

4.3.3 Preproduction

Surface contamination
parts have less than 0
Table 4 specifies shall
parts have any surfact
performed prior to, or

type of atmosphere to

4.3.3.1 When speci
(3.4.3), and

first product
each furnacg

4.4 Test Samples

b

rishimg—stock omany surface;,and-whichtrave beermheat treated—atatemp
pw abnormal surface discoloration after heat treatment. The cognizant engi
or defining “abnormal surface discoloration”.

Tests

(3.4.1) is a preproduction test when (a) heat treating temperature is above
008 inch (0.20 mm) finishing stock on any surface or (by parts are made of
require a protective atmosphere for heat treatments at\temperatures below
e which will not have surface material removed aftér heat treatment. Prepr
bn, the first production lot (See 8.4.3) heat treated\in each type of furnace &
be used in each furnace type.

fied by the cognizant engineering or quality assurance organization, ha
stress-rupture (3.4.3) shall also be preproduction tests and shall be perforr
on lot heat treated in each type of furnace equipment and for each type

type.

mination Tests (3.5.1)

ction surface contamination tests (4.3.3), sample material of the same alloy
plied to the heat treatment processor by purchaser, or destructive test
y purchaser

surfacescontamination tests (4.3.2), sample material shall be prepared in ac
the.same alloy as the production parts to be heat treated or shall be an alloy §

erature above 1550 °F
heering organization is

1550 °F (843 °C) and
blloys which Table 3 or
1550 °F (843 °C) and
bduction tests shall be
quipment and for each

rdness (3.4.2), tensile
hed prior to, or on, the
pf atmosphere used in

representing the parts
ng of a part shall be

cordance with 4.4.1.2.1
elected from Table 8.

TTaCce EXpOSUTe, at teastonme surface statbeTmachimedor ground—The

test samples shall be

exposed to the heat treating atmosphere at the maximum temperature, or higher, and for the maximum time,
or longer, required for heat treating the production parts.

When tensile (3.5.3) or stress rupture (3.5.4) properties are required, sample material which represents the parts

to be heat treated and is a size suitable for obtaining the test specimens required, shall be supplied to the heat
treatment processor by purchaser, or destructive testing of a part shall be authorized by purchaser.

441 Surface Conta

4411 For preprod
shall be su
authorized b

441.2 For periodic
and be eithe

44121 Prior to f

4.4.2

4.4.3

Hardness tests (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, suitable sample material
which represents the parts shall be supplied to the heat treatment processor by purchaser for hardness tests.
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4.5 Approval of Heat Treatment Processors

Shall be accomplished by the cognizant engineering or quality assurance organization (See 8.4.6) and will normally be
based on the following:

4.5.1

Approval of the heat treatment processor’s shop procedure document, which shall include 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 (writte
storage media) and to

’

hop travelers or other documentation, shall be kept for each furnace and'|

(chart(s) or electronic
d. The information on

the combination of dgcuments shall include: equipment identification, approved personnel’s identification, date; part
number or product idgntification, number of parts, alloy, lot identification, AMS2774B or)other applicable specification,
actual thermal processjng times and temperatures used. When applicable, atmosphere control parameters, quench delay,

quenchant type, poly

when process parame
heaviest section of the

4.7

The heat treating proc
heat treat control num
other applicable spec
alloy, temper/strength
processing times and

Report/Certificat

er concentration and quenchant temperature shall also be secorded. Th
ers are based on thickness, shall be recorded and shall be taken as the min
part. The log data shall be recorded in accordance with the*heat treater’s do

on

issor shall furnish, with each shipment of parts, ‘a'certified quality assurance
ification). The report shall include: purchase order number, part number o
designation, quantity of parts in the shipment, identification of furnace(s

temperatures used. When applicablé, the report shall also include: atmos

)

-

maximum thickness,
mum dimension of the
cumented procedures.

report, traceable to the

er(s), stating that the parts were processeditf-accordance with the requirements of AMS2774B (or

product identification,
used, actual thermal
bhere type, quenchant

(including polymer conjcentration 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/nonconfdrmance to requirements. This data shall be reported in accordance with the heat treater’s
documented procedurgs.

5. PREPARATION FOR DELIVERY

5.1 Identification

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

5.2 Packaging

Parts shall be packagedtoensure protection from damage during shipment and storage:

5.2.1 Packages of parts shall be prepared for shipment in accordance with commercial practice and in compliance with

applicable rules and regulations pertaining to the handling, packaging, and transportation of the parts to ensure
carrier acceptance and safe delivery.

6. ACKNOWLEDGMENT

The heat treatment processor shall mention this specification number and its revision letter in all quotations and when
acknowledging purchase orders.

7. REJECTIONS

Parts not heat treated in accordance with requirements of this specification, or with modifications authorized by
purchaser, will be subject to rejection.
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8. NOTES
8.1 A change bar ( I ) located in the left margin is for the convenience of the user in locating areas where technical

revisions, not editorial changes, have been made to the previous issue of this document. An (R) symbol to the left
of the document title indicates a complete revision of the document, including technical revisions. Change bars and
(R) are not used in original publications, nor in documents that contain editorial changes only.

8.2 Designation of Alloys

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
and Table 4 for age-ha

8.3 Hardness conve
84 TermsusedinA
84.1 Parts

Usually identified by a
and, except for those

Teattreatmyg requirerments for eachattoyare—specified{e-g;TabteSformo
rdening alloys).

'sion tables for metals are presented in ASTM E 140.

MS are clarified in ARP1917 and the following:

part number, parts are produced from raw materiahin accordance with req
parts produced in large quantities (e.g., rivets), -are usually tested by non

only. They are heat tr¢ated by a fabricator/user, or his designee, to meet requirements of a draw

are usually conveyed |
treatment, may resemk
8.4.2 Raw Material

Consists of sheet, strip

lot number; in the forun

usually tested destruc
material specification \

8.4.3 Lot

Shall be all parts of the
heat treatment batch.

8.4.4 Load Thermod|

le raw material.

, foil, plate, tube, wire, rod, barlrings, extrusions, and forgings and is usually
of rings, extrusions, and-forgings, is usually also identified with a part

vely for acceptance. It is heat treated, usually by or for a material produce
hich may require, by reference, conformance to a heat treating specification

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

puple

1-age-hardening alloys

lirements of a drawing
destructive techniques
ing. The requirements

y a purchase order, fabrication outline, and/efheat treating specification. Parts, at the time of heat

identified by a heat or
humber; in addition, is
, in accordance with a

, and heat treated as a

A thermocouple attac

ed (0 and In direct contact with the heaviesl secClion Oor a pdart or repres

ntative sample. There

should be no gap between the thermocouple and the part. It should be shielded against furnace radiation and protected
against contamination from the furnace atmosphere or heating medium.

8.4.5 SetorOffsetT

emperature

The temperature at which controlling instruments are set to cause the working zone of the furnace to operate within
required temperature tolerance.

8.4.6 Cognizant Organization

The engineering organization responsible for the design of the parts, or its allied quality assurance organization, or a
designee of these organizations.
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8.4.7 Solution Heat Treatment
A high temperature heat treatment designed to place certain carbides and intermetallic compounds into 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 A

A heat treatment used
that do not sensitize th

subsequent elevated t¢gmperature exposures.

8.4.11 Stabilization H

An intermediate temp

precipitation of disconfinuous chromium carbides at grain boundaries ptior to a lower temperatur

which will cause a fine
of tensile and creep-ru

8.4.12 Precipitation H

An intermediate temp
intermetallic compoung
8.4.13 Interstage Ann

An annealing treatmgq
manufacturing a part, fi

8.4.14 Equalization

An intermediate temp
producing mill or forge

hnealing

e alloy to intergranular corrosion and which stabilize the alloy against beco

at Treatment
erature precipitation heat treatment used with many age-hardening nic

gamma- prime precipitation within the grains, This two-step precipitation re
bture properties.

eat Treatment

brature heat treatment causing hardening and strengthening of the alloy
s and, in some instances, of carbides from supersaturated solid solutions.

ealing

nt performed between stages of forming or other fabricating operatio
br the purpose of{seftening or restoring optimum workability properties to the

erature “stress-equalization treatment applied to Inconel X-750 rods, barg
shop-which, when followed by precipitation treatment, provides optimum b

notch-rupture ductility

with some non-age-hardening alloys to cause a precipitation of carbjdes of @ form and composition

ming sensitized during

el alloys to cause a
b aging heat treatment
Sults in an optimization

by the precipitation of

hs in the process of
alloy.

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

properties at service temperatures under 1100 °F (593 °C). This treatr

Condition A in Table 4.

8.4.15 Air Cooling

The rate at which the parts, separated from one another sufficiently to allow free movement of air between them, would
cool to room temperature after being removed from the furnace and placed in ambient air without forced motion of the air.

8.4.16 Rapid Air Cooling
The rate at which the parts, separated from one another sufficiently to allow free movement of air between them, would

cool to room temperature after being removed from the furnace and placed in shop air with rapid motion of the air forced
over the parts by a fan or blower.
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8.4.17 Thickness
The minimum specified dimension of the heaviest section of the part.

8.5 Dimensions and properties in inch/pound units and the Fahrenheit temperatures are primary; dimensions and
properties in Sl units and the Celsius temperatures are shown as the approximate equivalents of the primary units
and are presented only for information.

8.6  Purchase documents should specify not less than the following:

AMS2774B

Size of parts
Quantity of parts
Part number or product identity

Material alloy designatjon of parts or the material specification number applicable to the parts
Heat treatment operatipns desired

Condition to which parf{s are to be heat treated.

PREPARED BY AMS COMMITTEE “F” AND AMEC
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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) 125 14
Stabilization of age hardening alloys 15 +8
Precipitation 15 +8
All other treatments 25 +14
TABLE 2 - QUENCHANT TEMPERATURE
Quenchant Quenchant Temperature
Water Under200-°F (93 °C)
Brine 60 to 100 °F (16 to 38 °C)
Sajt 350 to 400 °F (177 to 204 °C)
0]] Within ranges recommended by the oil supplier
Water-polymer solution Within ranges recommended by the polymer suppljer

TABLE 3 - HEAT

TREATMENT OF NON-AGE-HARDENABLE NICKEL ALLOY ‘AND COBAL

[ ALLOY PARTS

Other
Stress Relie Treatments
Purchased Solution Annheal Set Set
Alloy and Form Applicable AMS | Condition | Set Temperature(1) | SetdIemperature(1) | Temperature(]l) | 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 ¢F 1850 °F Use Anneal
finished (1124.°C)(3) (1010 °C)(5)
1.10'2 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 1t0 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 (113510 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)

WQ or RAC

(1038 °C)(9)
AC



https://saenorm.com/api/?name=7bde5bb686424ff193792a0fe9442d1f

SAE

AMS2774B

-14 -

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(1) | Temperature(1)
INCOLQY 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
INCOLOQY Alloy 825
All forms None Annealed N/A 1800 °F (982 °C) Use Anneal Stabilization
AC (10) Anneal(11)
1725 °F
(941 °C)AC
HASTELLOY 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 (1477 °C) Use Anneal
Forgings treated WQ.or RAC
Sheet, Strip, and AMS5607 Solution heat [Use Anneal 2150,°F (1177 °C) Use Anneal
Plate treated WQor RAC
HASTELLOY Alloy S
Bars, Rings, and AMS5711 Solution heat [Use Anneal 1950 °F (1066 °C) Use Anneal
Forgings treated Cool at any rate
Sheet, Strip, and AMS5873 Solution heat [Use Anneal 1950 °F (1066 °C) Use Anneal
Plate treated Cool at any rate
HASTELLOY 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 AST7237 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
2to 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(1) | 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 AMS5894 Armeated UseAnmeat 2450102275 F(18)—TUseAmmeat
Forgings (1177 to 1246 °C)
WQ or RAC
HAYNES Alloy 230
Sheet, Strip, and Platg AMS5878 Solution heat |Use Anneal Select Temperature infUse Anneal
treated 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 (1172/°C)(19)
WQ.or 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 (4282 °C) |Use Solution Use Solutio
treated Air Cool(20) treatment treatment
(1) Abbreviations: WQ [ Water Quench or equivalent rate; AC = Air Cool-or equivalent rate; RAC = Rapid Air Cool or equivalent ratg;
N/A = Not Applicable. All soaking times shall be as shown in Table®6 uhless otherwise stated.

(2) Soak time shall be gstablished empirically and selected betweenl15 minutes minimum and 3 hours maximum so that the anneal [of the fabricated part shall
provide grain size which is not substantially coarser than the nill annealed raw material. Cooling rate is not critical. Cooling may pe accomplished by
quenching in water [containing 2% alcohol; a soft oxide will'remain which can be easily removed in standard pickling solutions. Apnealing and stress
relieving require hepting in a vacuum, argon, or reducing‘atmosphere.

(3) Solution treatment ¢f Inconel Alloys 600 and 601 produces a coarse grain structure and is normally not used on these alloys, ex¢ept to obtain maximum
creep and rupture gtrengths, but with lower corrosion-resistance, and lower tensile, fatigue, and impact strengths, than the finer grain structures produced
using the 1850 °F (010 °C) anneal.

(4) Rapidly cool through the 1000 to 1400 °F (538 to-760 °C) range; if parts are to be pickled or used in an environment requiring frdgedom from sensitization,
sections of 0.10 inch (2.5 mm) thickness and-ever require water quenching or equivalent cooling rates.

(5) When specified, anphealing Inconel Allays'\600 and 601 prior to high temperature brazing, as required for nickel brazing alloys, shll be done at 2100 °F
(1149°C), soaking fpr 15 minutes, arid.cooling at a rate equivalent to an air cool.

(6) AS7232 rivets shalllbe annealed aftenthe head-forming operation.

(7) In cases where smdll amounts (under 10%) of strain are present in the fabrication of Inconel Alloy 617 parts, select temperature jat the low end of the
range to minimize drain growth,

(8) Solution treatment is normally,not used with Inconel 625 except to obtain maximum ductility, i.e., higher ductility than with the nofmal 1900 °F (1038 °C)
anneal treatment, bjut alse’with a lower tensile strength than the anneal treatment.

(9) When specified, anpedling Inconel 625 prior to high temperature brazing, e.g., with nickel brazing alloys, shall be done at 2050 °fF (1121 °C), soaking for
15 minutes, and co TOOT.

(10)  Rapidly cool through the 1000 to 1400 °F (538 to 760 °C) range; if parts are to be pickled or used in an environment requiring freedom from sensitization,
sections over 0.25 inch (6.4 mm) thickness require water quenching or equivalent cooling rates.

(11)  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.

(12)  AS7237 rivets shall be solution treated after the head-forming operation.

(13)  Rapid air cool sections under 0.25 inch (6.4 mm) thick; heavier sections require water quenching or equivalent rates.

(14)  Engineering or procurement documents from purchaser shall specify the stress relief temperature; maximum expected service temperature is
recommended for the stress relief temperature.

(15)  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.

(16)  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.

(17)  Annealed products of this alloy may be cooled in hydrogen

(18)  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.

(19)  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

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)
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
(1 038 161079 °{")
Hold 1 to 4 hours
AC(3)
Nuts, S1979SP AS7253 N/A 1975 °F (1079 °C) 1550 °F (843 °C) |1400Q °F (764 °C)
Self-Locking 4 hours 4 hours 16)hours
AC AC AC
Bar, Rings, S185(0SP AMS5706 Solution heat |Select temperature 1550 °F (843 °C) 1400 °F (76 °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
OQ or WQ
Sheet and N/A AMS5544 Solution heat | 1825 °F (996 °C) 1550 °F (843 °C) |1400 °F (764 °C) [Anneal
Tube and treated 2 hours 4 hours 16 hours 1975 °F
AMS5586 AC AC AC (1079 °C)
10 to 30
minutes/AC
Stress Relief
See(4)
RENE’ 41
Sheet, Strip, N/A AMS5545 Solution heat (1975 °F (1079 °C) None 1400 °F (76 °C) |Stress Relief
Plate, Bar, and treated Hold 1 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 AST469 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) Nome Sofutiomteat 7975 F(1079-°C) Norme +300F<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)

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)
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
8 hours (1066 °C)
AC Hold 1 hour per
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) 1560 °F (843 °C) | 1400 °F (764 °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, S180QDP AMS5605 Solution 1800-F (982 °C) None 1350 °F (734 °C)
Plate, Bar, and heat treated [Holdy1 hour per inch 8 hours
Rings, and AMS5701 (25 mm) of thickness, Furnace cool 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)
bar, rings, and for total
forgings AC precipitation fime of
18 hours AC
Sheet, Strip, S1750DP AMS5606 Solution 1750 °F (954 °C) 1550 °F (843 °C) |1325 °F (714 °C)
Plate, Bar, and heat treated |Hold 1 hour perinch |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 fime of
18 hours AC|
INCONEL
Alloy 718
Sheet, Strip, S1750SDP AMS5589, Solution 1750 °F (954 °C) None 1325 °F (718 °C)
Plate, AMS5596 heat treated |Hold 1 hour per inch 8 hours
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)
AS7467 range 1700 to 1850 °F 8 hours
(927 to 1010 °C) Furnace cool to
Hold 1 hour 1150 °F (621 °C)
0Q 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 1400 °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)(11)
Strip Hold 1 hour per inch 16 hour\min
(25 mm) of thickness AC
but 10 minutes min
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 (621 °C)
and hold at
1150 °F (621 °C)
for total prec|pitation
time of 16 hqurs
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, MAM5598, (25 mm) of thickness Furnace coo| to
and Forgings AMS5670, but 10 minutes min 1150 °F (621 °C)
AMSS671, AC and hold at
and 1150 °F (621 °C)
AMS5747 for total
precipitation time of
18 hours
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)

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

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)
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, S1974SP AMS5661 Solutioned, |Select temperature Select Select tempgrature
and Forgings Stabilized, in range temperature in range of
and 1950 to 2000 °F in range 1300\o 1379 °F
Precipitation |(1066 to 1093 °C) 1425 to 1 475 °F |(704 to 746 1C)
treated Hold 1 hour perinch  |(774 to 802 °C).\|Hold 24 houfs
(25 mm) of thickness |[Hold 2 to 4 hoGrs' |AC
but 1 hour min RAC
Quench(21)
MONEL
Alloy K-500
Bar and Hot firfished AMS4676 As hot See(22) None 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 151025 °F 20 minutes
of water - 2%»alcohol (8to 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 vacuyim or
+weald 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
f\Q o \AQ
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 Furnace cool at
additional 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 HrDP(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 protectije
atmoSphere
unless parts pwill
have surfaceg
material rempved
all over
AC

INCOLOY
Alloy 909

Sheet and
Strip

N/A

AMS5892

Solution
heat treated

1800 °F (982 °C)
1 hour
AC

Noene

1375 °F

(746 °C)(25)
4 hours

Furnace coo| at
100 F (56 C)
degrees per hour
max to
1150 °F (621
and hold at
1150 °F (621
4 hours.
Use protectiye
atmosphere
unless parts will
have surfacsg
material rempved
all over
AC

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 °C)
24 hours AC|plus
1400 °F (764 °C)
8 hours
AC

ELGILOY

Wire

N/A

AMS5833

Cold drawn

Mill treatment

None

Select temperature
in range

900 to 1000 °F
(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)

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)
MP-35N
Bolts and N/A AS7468 N/A None None Select temperature
Screws in range
1000 to 1200 °F
(538 to 649 °C)
Hold 4 to 4.5 hours
AC(26)
MP159
Bar N/A AMS5842 Solution heat |Mill treatment None Select temperature
4 tadl o Ll H
treated——eold tHrerge
worked 1200 to 125(Q °F
(649 to 6%71C)
Hold 4'to 4.5 hours
AC
Bolts and N/A AS7475 N/A None None Select tempgrature
Screws in range
1200 to 125(Q °F
(649 to 677 9C)
Hold 4 to 4.5 hours
AC(26)

(1) Heat Treatment Condifion: A designation for the heat treat condition (e.g., for Waspaloy, “S19758P" ar “S1850SP”) is used in this tgble to distinguish a specific
heat treatment when njore than one heat treatment is used for the same form (i.e., bar, sheet, etc?), of a single alloy.

(2) Abbreviations: AC = Af Cool; OQ = Oil Quench; WQ = Water Quench; RAC = Rapid Air Cool; N/A = Not Applicable.

(3) For AS7471 and MA3378 bolt and screw blanks, solution and stabilization treatments shallbe-applied to headed blanks before finishing the shank and the
bearing surface of the head, cold-working the head-to-shank radius, and rolling the threads. Precipitation shall follow cold-working df the fillet radius and rolling
the threads.

(4) When stress relief is rgquired prior to stabilization and precipitation treatments, use selution treatment, except soaking time shall bgl selected in the range 10 to
30 minutes. When strdss relief is required after precipitation treatment, heat to 1400 °F (760 °C), hold at heat for 1 hour, and air coq|.

(5) For AS7469 bolts and crews, solution heat treatment shall be applied to headed blanks before finishing the shank and the bearing|surface of the head, cold-
working of the fillet radjus, and rolling the threads. Precipitation heat treatment shall follow cold working of the fillet radius and rollini the threads. The heating
atmosphere shall be nfaintained at a total sulfur content under 5 grains per 100 cubic feet; heating shall be performed rapidly through the 1200 to 1400 °F
(649 to 760 °C) tempefature range.

(6) Two-step solution + prgcipitation treatment, designated “S1975P” islusually employed for components, e.g. turbine blades, where gpod high temperature
properties are required. The three-step solution + stabilization +,precipitation treatment, designated “CSSSP”, is employed on cold-$tretched bar to promote long
time, elevated temperdture carbide stability and notch-ruptur€’ ductility.

(7) Precipitation treatmen{ should be applied to welded components after the post-weld stress relief; it should be applied to cold-formed parts after the interstage
anneal.

(8) Precipitation treatmen{ of Nimonic 263 should be applied*to welded components after welding operations are complete; it should belapplied to cold formed parts
after the interstage anfieal.

(9) For AS7466 bolts and crews, solution and preCipitation heat treatments shall be applied to headed blanks before finishing the shanpk and the bearing surface of
the head.

(10)  For AS7467 bolts and pcrews, solution heat.treatment shall be applied to headed blanks before finishing the shank and the bearing|surface of the head, cold
working the head-to-sHank fillet radius,and rolling the threads. Precipitation heat treatment shall follow cold working of the fillet radipis and rolling the threads.

(11)  If bars, forgings, or rings are fabricated\with sheet or strip into a single assembly before precipitation treatment, the precipitation tregtment designated for bar,
forgings and rings shall be used fonthe’assembly.

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

(13)  Equalization treatmentfis appli€d.by the mill or forging supplier for AMS5667 products; it shall precede the precipitation treatment.

(14)  Heat treat condition “BJ fer Alloy X750 provides high strength to 1300 °F (704 °C).

(15)  Solution treatment shauld’be applied to weldments of Alloy X750 prior to precipitation heat treatment. Rate of heating shall be fast gnd uniform; charging the
fabricated part into a pmmwmﬁe used.

(16)  Heat treat condition “C” provides high strength to 1300 °F (704 °C) with increased tensile properties to about 1100 °F (593 °C).

(17)  “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).

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

(19)  “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.

(20)  AS7246 screw thread inserts shall be precipitation heat treated after coiling the cold drawn and shaped wire.

(21)  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).

(22)  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.

(23)  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 cells will also maintain bright surfaces.

(24)  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 (10HrDP) is used on parts where slightly lower mechanical
properties are acceptable and on parts fabricated of sheet and strip.

(25)  Plastic strain introduced to the part after mill solution heat treatment must be removed by resolution heat treatment prior to precipitation treatment.

(26)  AS7468 and AS7475 bolt and screw blanks shall be precipitation heat treated before cold working of fillet radius and thread rolling operations.
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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 0.500 to 1.00, incl 1 hour

Over 1.00 to 1.50, incl

1 hour, 15 minutes

TABLE 6

Over 1.50 to 2.00, incl
Over 2.00 to 2.50, incl
Over 2.50 to 3.00, incl

1 hour, 30 minutes
1 hour, 45 minutes
2 hours

ABLE 5B - SOAKING TIME FOR NON-AGE-HARDENABLE NICGKEL ALLO

AND COBALT ALLOY PARTS, SI UNITS

Diameter or Thickness

of Maximum Section Soaking-Fime
Millimeters (Seg3:2.5)

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 38.1, ,incl
Over 38.1 to 50.8,incl
Over 50.8 to 635, incl
Over 63.5 t076.2, incl

1 hour, 15 minutes
1 hour, 30 minutes
1 hour, 45 minutes
2 hours

TOLERANCE FORTHE SOAKING TIMES SPECIFIED IN TABLES 3, 4, A

HEAT TREATMENT OF NICKEL ALLOY AND COBALT ALLOY PARTS

Soaking Time Specified

Tolerance

Up to ¥ hour, incl

Over Tyhour to 3 hours, incl
Over3 hours to 4 hours, incl
Qver 4 hours

Plus or Minus 10%

Plus or Minus 6 minutes
Plus or Minus 15 minutes
Plus or Minus 30 minutes

ND 5 FOR
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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
WASPALOY 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 Allpoy Bar, Rings and Forgings AMS5712 311 HB min
UDIMET Alloy 700 Bar and Forgings AMS5846 36 HRE min
INCONEL Alloy 702 Sheet and Strip AMS5550 21 HRC min|3)
INCONEL Alloy 706 AMS5605 34-HRC min|3)
Condition: S1800DP
Sheet, S}rip, and Plate
INCONEL Alloy 706 AMS5701 303 HB min
Condition: S1800DP
Bar, Rings, and Forgings
INCONEL Alloy 706 AMS5606 30 HRC min|3)
Condition: S1750SDP
Sheet, S}rip, and Plate
INCONEL Alloy 706 AMS5702 285 HB min
Condition: S1750SDP
Bar, Rings, and Forgings
INCONEL Alloy 718 AMS5589 and 36 HRC min(3)
Condition: S1750DP AMS5596
Tube, Sheet, Strip, and Plate
INCONEL Alloy 718 AMS5662 331 HB min(3)
Condition: S1750DP
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, Sfrip, and:Plate
INCONEL Allpy 748 AMS5664 341 HB min(3)
Condition: S1956DP
Bar, Rings;and+orgings
INCONEL Alloy 722 Sheet and Strip AMS5541 23 HRC min(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



https://saenorm.com/api/?name=7bde5bb686424ff193792a0fe9442d1f


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


