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HEAT TREATMENT OF
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2.1

2.1.1 Aerospace Material Specifications:

2.1.2 Aerospace Recommended Practices:

SCOPE: Thi

steel heat treatment covered in AMS 2759, establishes the requirement

specification, in conjunction with the general requiremJnts for

s for

heat treatmeént of martensitic. corrosion-resistant steel parts.\ Partg are

defined in s 2759.

Application: This specification is applicable to parts made from th

e

following steels: Types 403, 410, 416, 420, 422, 431,0440C, and Greek

Ascoloy (
S41800).

S S40300, sS41000, S41600, sS42000, S42200,<(S43100, S44004,

APPLICABLE DPOCUMENTS: The following publications form a part of thi

specificatitn to the extent specified herein,) The latest issue of
Material Specifications and Aerospace Recommended Practices shall apg
applicable jissue of other documents shall-be as specified in AMS 235(

and

rospace
ly. The

SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale,

PA 15096.

AMS 2350| - standards and Test Methods
AMS 2759| - Heat Treatment of Steel Parts, General Requirements

ARP 1820| - Choxd Method of Evaluating Surface Microstructural

Characteristics
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2.2 ASTM Publications: Available from American Society for Testing and
Materials, 1916 Race Street, Philadelphia, PA 19103.

ASTM E384 - Microhardness of Materials

2.3 U.S. Government Publications: Available from Commanding Officer, Naval
Publications and Forms Center, 5801 Tabor Avenue, Philadelphia, PA 19120.

2.3.1 Federal Specifications:

QQ-P-35 - Passivation Treatments for Corrosion-Resisting Steedl

3. TECHNICAL REQUIREMENTS:

3.1 Heat Treatment: Shall conform to AMS 2759 and the requiPements specified
herein.

3.2 Equipment: Shall conform to AMS 2759. Furnace femperature uniformity
requi{ements for annealing, subcritical annealing, hardening, stpaightening,
stressg relieving, and baking shall be +25°F (¥15°C) and for tempering shall
be +15°F (+8°C). )

3.3 Heating Environment: Parts shall be controlled by type, describgd in 3.3.1,
and hegat treated in the class of atmosphere, described in 3.3.2, |permitted
in Tabhle I for that type when heating above 1300°F (700°C). When heating
parts|at 1300°F (700°C) or below,~class A, B, or C may be used (See 8.2).

3.3.1 Typgs of Parts: The heat treating processor shall determine the part type.

Typg 1: Parts with 0.020" in. (0.5 mm) or more to be machined dff all
surfaces after heat treatment and parts with as-forged, as-cast,
or hot-finished mill surfaces at the time of heat tredtment with
all surfates to be machined off. Unless informed thay all
surfaces will have at least 0.020 in. (0.5 mm) machingd off, the
heat{treating processor shall assume they will not and shall
control the part as Type 2, 3, or 4 as applicable.

T 2:'~Forgings, castings, sheet, plate, bar, rod, tubing, and
| extrusions with hot-finished snrfaces at time of heat ltreatment

that will remain on the finished part.

Type 3: Parts with finished machined surfaces or surfaces with less than
0.020 in. (0.5 mm) to be machined off any surface after heat
treatment and parts with protective coating on all surfaces.

Type 4: Parts that are partially machined with both unmachined,
as-forged, as-cast, or hot-finished mill surfaces and finished
machined surfaces or machined surfaces with less than 0.020 in.
(0.5 mm) to be machined off after heat treatment.
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3.3.1.1 If part type cannot be determined, the part shall be processed as Type 3.

3.3.2 Classes of Atmospheres:

Class A: Argon, hydrogen, helium, nitrogen, nitrogen-hydrogen blends,
vacuum, or neutral salt.

Class B: Endothermic, exothermic, or carbon-containing nitrogen-base.

Class C: Air,.

TABLE I

Atmospheres (1) (2) (3)

Part Classification (4) Class A Class B (5) Class C
Type 1 Permitted Permitted Permitted
Type 2 Permitted Prohibited . (®6) Permitted (7)
Type 3 Permitted Permitted Prohibited
Type 4 Permitted Permitted (7) Prohibited

(1) Austenitizing in atmospheres containing hydrogen shall be limited to
parts to be tempered above 1000°F *(540°C).

(2) Ube of nitrogen from dissociated ammonia is prohibited.

(3) Atmospheres containing nitrogen at 1800°F (980°C) and higher shall
npt be permitted when finished machined surfaces exist.

(4) Ske 3.5.1.2.

(5) Ehdothermic and carbon-containing nitrogen-base atmosphere prohibited
fpr 431 and_when heat treating any alloy to 180,000 psi (1240 MPa) or
hiigher.

{6) Pprmitted provided the atmosphere is controlled to produce n¢

chrburization or nitriding as described in 3.5.1.

(7) Prohibited if a specific requirement to control the surface carbon on
all surfaces is specified.

3.3.3 Atmosphere: Atmosphere in furnaces shall be controlled to ensure that the
surfaces of parts are within the limits specified in 3.5.1. Salt baths
shall be tested in accordance with AMS 2759.

3.3.4 Protective Coatings: A supplemental coating or plating is permitted when
approved by the cognizant engineering organization.
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3.4 Procedure:
3.4.1 Passivation:
before thermal treatments above 1350°F (730°C).

Preheating: Preheating in the 1200° - 1500°F (650° - 8L5°C) ra
recommended before heating parts above 1500°F (815°C) if the pa

ion thickness, have finished machined surfaces, have been{w
cold formed or straightened, have holes, or have sharpyor
tly rounded corners.

Soakling: Heating shall be controlled, as described inAMS 2759
mannler that either the heating medium or the part témperature,

appliicable, is maintained at the set temperature @n Table II or
for [the socak times specified herein.
contlrol, indicating, and recording thermocouples reach the spec

3.4.3

the part temperature reaches the minimum of the furnace un
ance at the set temperature. In all cases, the parts shal

when|

place.

ts coated with copper plate or similar coatings which tend
radiant heat shall have.their scak time increased by at least
ess load thermocouples are used.

ling: Shall betaccomplished in accordance with Table II Jo
e temperature ‘specified, soaking for the time specified in
ooling to below the temperature specified at the rate show
ir cooling to ambient temperature. Isothermal annealing tr
be used providing equivalent hardness and microstructure ar
Isothermal annealing shall be accomplished by heatin

3.4.4 Ann
to

and
by

may
obt
ann
spe
hol
ambient temperature.

ined,

aling temperature specified in Table II, soaking for the ti
ified in Table IV, salt cooling to a temperature below the

Subcritical Annealing (Stress Relieving):

specified in Table IV, and cooling to ambient temperature.

Parts, except for Type 1, shall be passivated in accordance
with QQ-P-35 before all thermal treatments following forming with dies
made from lead, kirksite, or other low-melting temperature materials.
Parts, except for Type 1, shall be passivated in accordance with QQ-P-35

rd

nge is

rts have
hanges of
elded, have
only

, in such a
hs
Table III

Soaking shall commence when all

ified set

temperature or, if load thermocouples as defined in AMS 2759 arje used,

iformity

1 be held
ve area has
ion have

to reflect
50%,

y heating
Table IV,
n, followed
eatments

e

g to the
me
critical,
ling to

Subcritical annealing or stress
relieving prior to hardening shall be accomplished by heating in the range
1350° - 1450°F (730° - 790°C), except 431 shall be at 1150° - 1200°F and
440C shall be 1250° - 1350°F (675° -~ 730°C), soaking for the time
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3.4.7

3.4.7.1 If h
shal
temppring temperature.

3.4.8 Straig

Shall be accomplished by heating

to the austenitizing temperature specified in Table II, soaking for the
time shown in Table IV, and quenching as specified in Table II.

Temgering:

temperature as required to produce the required properties.

Shall be accomplished by heating quenched parts to a

Suggested

tempering temperatures for specific tensile strengths for each alloy are

given in Table IIT,.

The parts shall be held at the set temperature for

not less than 2 hr plus 1 hr additional for each inch (25 mm) of thickness

or fraction thereof greater than 1 in. (25 mm).
AMS 27 i
less t

han 2 hours.

hrdened parts cannot be tempered within 2 hr of quenching, t
I be snap tempered for 2 hr at a temperature that is|lower 4

htening: When straightening of heat treated parts is authox

3.4.8.1 Hardpned Parts:

3.4.8.2

3.4.9 Stress

the co
straig

gnizant engineering organization and the procedure is not sp
htening shall be performed as follows:

Shall be straightened during the tempering ope

Hardened and Tempered Parts:

Shall be.straightened at room temy

or at
temppring temperature.
be £

(30

an elevated temperature not exceeding 50 F (30 C) deg belg
Room or elévated temperature straightenij
bllowed by stress relieving at a temperature not exceeding 5
C) deg below the tempering-temperature.

Relieving: When required by the cognizant engineering

3.4.10 Embri

ation, parts shall, after operations which follow hardening
ing, be stress relieved by heating the parts to 50 F (30 C)
he tempering temperature and holding for not less than 1 hy

Thickness is defined in
59 When_load tl 1 1 ¢ Ki L3 hal

1 be not

hey
han the

ized by
ecified,

ation.

erature
w the
ng shall
0OF

] and
deg
F plus

ditional for‘each inch (25 mm) of thickness or fraction th
than 1 in.' (25 mm). When load thermocouples are used, th
all be(not less than one hour. Stress relief is prohibite

hich<have been peened or thread or fillet rolled after har
pering.

reof
soaking
on

ening

ent

relief shall be accomplished by heating to the temperature sPécifiéd by
the specification controlling the embrittling process (plating, pickling,

etc)

and holding for the specified time.

the parts was below the specified baking temperature, the baking
temperature shall be reduced to a temperature 25 F (15 C) deg below the
tempering temperature.

If the tempering temperature of
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Properties:
engineering organization, or for types 403 and 410 in the 180,000 -

Parts shall conform to the hardness specified by the cognizant

0,000 psi (1240 - 1380 MPa) range the hardness limit shall be HRC 44 max

and for type 431 in the 180,000 - 200,000 psi (1240 - 1380 MPa) range the
hardness 1limit shall be HRC 47 maximum.

Surface Contamination: The atmospheric protection medium in furnaces for

3.5.1.1

3.5.1.2

3.5.1.3

3.6

3.6.1

Test Methods:

heating parts above 1300°F (700°C), when less than 0.020 in. (0.5 mm) of
metal is to be removed from any surface, shall be controlled to preclude
carburization or nitriding and permit no complete decarburization (See
3.5~ g i i i 0.12 mm).
Intdrgranular oxidation shall not exceed a depth of 0.0007 in(~|(0.018 mm).
Rejgction criteria for depth of decarburization shall be the milcrohardness
reading at which there is not more than a 20-point Knoop,Vofr equivalent,
dectease in hardness from the core hardness. Rejection criterila for
carBurization and nitriding shall be that the microhardness shall not
exceéed the core hardness by 20 points Knoop or morep,'or equivallent, at a
deptth of 0.0003 in. (0.008 mm). Tests shall be in\.accordance wWith 3.6.1.
The |requirements of this paragraph also apply to the cumulativeg effects of
opefations such as austenitizing followed by reaustenitizing (See 3.5.1.3).

less specifically informed that at least 0.020 in. (0.5 mm) will be
oved from all surfaces of parts, the heat treating processgor shall
at treat the parts as though less\.than 0.020 in. (0.5 mm) will be
moved from some surfaces and, therefore, shall heat treat ysing
ntrolled atmosphere which will’ conform to the surface contgmination
quirements.

H oKy poHCG

yill have

ed surface
d not meet
rated by

he

ces, taking

rts that will be machified after heat treatment, but which ¥
Lss than 0.020 in. (0.5 mm) of metal removed from any machi
ay be reclassified as Type 1, as described in 3.3.1, and ne
he requirements. 0f 3.5.1 as heat treated, when it is demons
sts on each toad that all surface contamination exceeding
tquirements of”3.5.1 will be removed from all machined surf
hto account distortion after heat treatment.

g =

H- H (T

termine
cility,
on.

L is the responsibility of the heat treating processor to d
L ether” cumulative heat treating operations at processor's f
Fscribed in 3.5.1, have caused excessive surface contaminat

as

Qu

shall be in accordance with AMS 2759 and as follows:

Surface Contamination: Testing shall be by the microhardness method in
accordance with ASTM E384, unless otherwise specified. Test specimens
shall be in the as-quenched condition. The presence of total
Jdecarburization, carburization, and nitriding and the depth of any
intergranular oxidation shall be determined by etching with the
appropriate etchant and examining at approximately 250X magnification.
The chord method and acceptance limits in ARP 1820 may be used as the
alternate and to enhance the intergranular oxidation examination.
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4. QUALITY ASSURANCE PROVISIONS: The responsibility for inspection,

classification of tests, sampling, approval, entries, records, and reports

shall be

in accordance with AMS 2759 and as specified in 4.1.

4.1 Classification of Tests: The classification of acceptance, periodic, and

preproduction tests shall be as specified in AMS 2759 and the following:

4.1.1 Acceptance Tests: In addition to the tests specified in AMS 2759, tests

to determine conformance to requirements for surface contamination (3.5.1)
for parts tempered below 700°F (370°C) are classified as acceptance tests

4.1.2 Perio

ch _lot

ic Tests: In addition to the tests specified in AMS 2759, tests to

determine conformance to the requirements for surface contaminati¢n
(3.5.1) are classified as periodic tests. Surface contamination tests

shall

for each kind of atmosphere to be used.

be performed monthly on each piece of equipment (furnace) in service

4.1.3 Preprdduction Tests: In addition to the tests specified in AMS 2[59,

tests

to determine conformance to requirements-for surface contamjination

(3.5.1) are classified as preproduction tests and shall be performed prior
to any| production heat treating for each piece of equipment (furnace) for

each ‘Kind of atmosphere to be used.

5. PREPARATION FOR DELIVERY: Shall be in accordance with AMS 2759.

6. ACKNOWLEDGMENT: The heat treating processor shall mention this specification

number in all quotations and when, acknowledging purchase orders.

7. REJECTIONS: Parts not heat treated in accordance with this specificption or

modificatlions authorized by ‘the cognizant engineering organization wjill be
subject o rejection and shall be submitted for disposition in accorgance

with purdhaser's procedures for nonconformance.
8. NOTES: dhall be in accordance with AMS 2759 and 8.2 and 8.3.

8.1 Definitions:,<Shall be as stated in AMS 2759,

8.2 Cautiong
oY more

Heating below 1400°F (760°C) with Class B atmosphere contpining 5%
of —hydrogen (H3)7 carbomr monoxide t€o—ormethare—{€H)—risks

explosion and fire.

8.3 When supplemental plating or coating, such as copper plate, is used, all
atmosphere controls and surface contamination tests are still required.

8.4 Processes meeting the requirements of this specification have been
classified under Federal Supply Classification (FSC) 95GP.

This specification is under the jurisdiction of AMS Committee "B".
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TABLE II

ANNEALING AND AUSTENITIZING TEMPERATURES AND QUENCHANTS

Annealing Austenitizing
Material Temperature Temperature Hardening

Designation oF oC °F °C Quenchant (1)(2)

403 1550 (8) 845 (8) 1800 (4) 980 0il

410 1550 (8) 845 (8) 1800 (4) 980 0il

416 66687 876087 1825 995 il

420 1600 (8) 870 (8) 1875 1025 gil

422 1600 (3) 870 (3) 1925 1055 OilDyor [salt (5)

431 1600 (6) 870 (6) 1875 1025 0iY or [Salt (5)(7)

440C 1650 (8) 900 (8) 1925 1055 gil (7)

Greek Ascoloy 1550 (8) 845 (8) 1825 995 dil

(1) Other |media which have demonstrated that they will (guench at equivalent
speed |as conventional oil (without additives) down to 150°F (65°Q) or lower
may bj used. This demonstration would requirg)approval by the cggnizant
engindering organization of the guenchant and concentration and df the test
data Jerifying equivalent strength, stress<corrosion resistance, |residual
stresy level, etc. Once this approval is’granted for a specific [quenchant,
approval of individual heat treat shops’ is not required. Media which quench
at sldwer or faster speeds or to lower or higher temperatures arg permitted
only When approved by the cognizantiengineering organization,

(2) Cooling in air or other gases is permitted for parts with less than
0.250|in. (6.25 mm) maximum-thickness provided they are not rackgd densely
packed.

(3) Cool fo 1300°F (705°C), hold at 1300°F (705°C) for 5 - 7 hr, cool to below
1000°H (540°C) at a rdte not to exceed S50 F (30 C) deg per hr, ard air cool
to amjient.

(4)

(5)

(6)

(7)

(8)

Auster

to minimize \warpage.

Salt §

itizing temperature of 1750°F (955°C) is permitted for thin

émperature shall be 375° - 525°F (190° - 275°C). Hold in g

sections

alt for 10

to 15

minutes. Remove parts and cool 1n air to room temperature.

Air cool to ambient temperature followed by heating to 1200°F (650°C) for 10

to 12

hr and air cooling.

After hardening quench, cool 431 and 440C parts by immersing in cold water
to ambient temperature water and then refrigerate at -90°F (-70°C) or lower
for not less than 2 hours.

Cool to below 1100°F (595°C) at a rate not to exceed 50 F (30 C) deg per hr
followed by air cool to ambient.
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