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1.3 Raw Material:

Heat treatment by material producers, forge shops, and warehouses/
distributors, or their vendors, of products Tisted below should be performed
in accordance with the procurement specification. (See 8.2.1.)

Sheet, Plate, Foil, Bar, Rod, Wire, Tubing, Extruded Shapes, Forgings, and
Castings.

1.4 Heat Treatments:

Heat treatlments and their abbreviations covered by this specifigcadfion are as

follows:

Anneal C(ANN) Solution TreatXST)

Stress Relief (SR) Beta Solutien Treat (HST)

Age (AGE) Solution FAreat and Agd (STA)
Overage ((A) Solutiolr Treat and Ovdr Age (STOA)

Cold Workdd and Aged (CWA)
Beta Soluflion Treated and Overaged (BSTOA)

2. APPLICABLE DOCUMENTS:

The followimg publications form a part of{this specification to the|extent
specified he¢rein. The Tatest issue of SAE publications shall apply. |The

applicable Jssue of other publicatiaqns shall be the issue in effect|on the
date of the|purchase order.

2.1 SAE Publications:
Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0Q01.
AMS 2750 Pyrometry
AMS 4901 Titanium/Sheet, Strip, and Plate, Annealed, 70.0 ksi (483 MPa)
Yield«Strength

ARP1962 Cevtification of Heat Treating Personnel

2.2 ASTM Publications:
Available from ASTM, 1916 Race Street, Philadelphia, PA 19103-1187.
ASTM B 600 Descaling and Cleaning Titanium and Titanium Alloy Surfaces

ASTM E 1477 Determination of Hydrogen in Titanium and Titanium Alloys by the
Inert Gas Fusion Thermal Conductivity Method
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2.3 U.S. Government Publications:

Available from DODSSP Subscription Services Desk, Building 4D, 700 Robbins
Avenue, Philadelphia, PA19111-5094.

BB-H-1168 Helium, Technical

MIL-A-18455 Argon, Technical

MIL-P-27407 Propellant Pressurizing Agent, Helium

MIL-STD-2073-1 DoD Materiel, Procedures for Development and Application of,
Packaging Requirements

3. TECHNICAU REQUIREMENTS:

3.1 Equipment:

3.1.1 Pyromgtry: Shall conform to AMS 2750.

3.1.2 Furnages:

3.1.2.1 Temperature Uniformity: Shall be as shown~in Table 1.

TABLE 1 - Temperature Tolerance

Temperature Tglerance Temperature Tolerance

Heat Treatment °F °C
Aging . =+15' *8
Solution ff—’125 +14
Stress Relief 425 114
Anneal ‘1‘.25 ﬂ‘t

" +10°F (t6 °C) for parts made from the following five aljoys if
temperature.#s 1025 °F (552 °C) or lower: 6A1-6V-2Sn, 13V-11Cr-3A1,.
15V-3Cr-3A1-3Sn, 10V-2Fe-3A1, and 3A1-8V-6Cr-4Mo-4Zr.

3.1.2.2 Heating Media:

3.1.2.2.1 Ajr.and Non--Inert Atmospheres: Shall be free of reducing gases and
other’ contaminants which may produce surface contamination in excess of
that to be removed (see 3.2.10) or which may result in excess hydrogen
pick-up  (see 3.1.2.2.5). Direct fired furnaces shall be controlled so
that “the flame 1is slightly oxidizing and there is no flame impingement
on the parts. A coupon (See 3.1.2.2.5) shall accompany one load, each
week heated above 1200 °F (649 ©°C) and be subsequently tested for
excess hydrogen pick-up and for surface contamination in excess of that
to be removed. Parts with net dimensions shall not be heated above
1000 °F (538 ©°C) in air or non-inert atmosphere furnaces unless coated
with a protective coating (see 3.1.2.2.1.2).
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3.1.2.2.1.1 Furnaces to be used above 1200 °F (649 °C which have contained a
contaminating atmosphere (e.g., endothermic, dissociated ammonia)
shall be equipped so as to prevent leakage of the contaminating
atmosphere into the working zone. Such furnaces shall be purged and
tested for hydrogen pick-up before heat treating the first load of
titanium parts.

3.1.2.2.1.2 Protective coatings may be used to avoid or minimize the detrimental
effects of heating media when approved by the cognizant engineering
organization.

3.1.2.2.2 Inerft Atmospheres (Helium and Argon): Shall meet the compOsiftion

(R) requirements of MIL-P-27407, Type I, MIL-A-18455, or BB&H-11p8 as
applficable. The dew point of the gas shall be -65 °F d¥54 °Cp or lower
as it enters the furnace. For loads to be heated apOve 1000 [F
(538 °C), containing parts having surfaces from wh¥ch no matprial will
be rlemoved, one coupon (see 3.1.2.2.5) shall accempany each [load and be
subslequently tested for alpha case (see 8.5)y~\Vest coupons afe not
needed for heat treatments under 1000 °F (638 °C).

3.1.2.2.3 Vacyum: Vacuum pressure and leak rate shdll be determined at| room

(R) temperature before heating each Toad(\Yacuum pressure shall pe Tower
thanf 0.1 ym of mercury and leak rabe~”shall be lower than 3 up of
merdury per one-quarter hour withsthe vacuum pump isolated fjom the
furnace chamber. Cooling may be-accelerated by back-filling fWith inert
gas |conforming to 3.1.2.2.2.%F0r Toads to be heated above 10p0 °F
(538 °C) containing parts Aaving surfaces from which no matefpial will
be rlemoved, one coupon (see 3.1.2.2.5) shall accompany each [foad and be
subslequently tested for alpha case (see 8.5). Test coupons afe not needed
for |heat treatmentssunder 1000 °F (538 °C).

3.1.2.2.4 Moltlen Salt andwFruidized Bed: Prohibited.

3.1.2.2.5 Testls: Coupons of AMS 4901 composition, nominally 0.020 inch| (0.51 mm)
thidk by,t=inch (25 mm) wide shall be used to confirm conformance with
heatfing.media requirements. Hydrogen pick-up by coupons heatpd in air
and lother non-inert atmosphere furnaces shall not exceed 25 ppm when
analyzed 1n accordance with ASIM E [ZZ47. Coupons heat treacted in
vacuum or inert gas atmosphere furnaces shall be free from surface
contamination determined in accordance with either the microhardness or
bend test of AMS 4901 or a metallographic technique approved by the
cognizant quality assurance organization.

3.1.2.2.5.1 For heat treat loads containing small parts (e.g., fastener
(R) components) such parts may be substituted for the coupons specified
in 3.1.2.2.5.

3.1.3 Auxiliary Equipment: Fixtures, jigs, hangers, trays, racks, etc shall be
employed as necessary. The equipment shall not reduce the heating,
cooling, or quenching rates below those required for proper heat treatment.

-4 -
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3.1.4 Quench Tanks: Shall be of sufficient size to permit complete immersion of

(R) parts and free movement of the quench medium adjacent to all surfaces of
parts. Equipment shall be provided for agitation or circulation of the
quench medium and/or the parts. The volume of quenchant, and any auxiliary
cooling equipment, shall be sufficient to maintain (1) a water quench below
100 °F (38 °C) during the quench, (2) a polymer quench below 120 °F
(49 °C), and (3) an oil quench between 60 and 160 °F (16 and 71 °C) at the
start of the quench and below 200 °F (93 °C) during a quench. In addition,
quench o0ils shall be used within the temperature range recommended by the
0i1 manufacturer.

3.2 Procedures

3.2.1 Cleaning} Parts shall be cleaned, prior to heat treatment,nin acgordance
with ASTM B 600 or other method approved by the cognizangtZenginedqring
organization. Part surfaces shall be free of halogen ceompounds, quch as
residue from halogenated solvents and coolants, and salt from peinfspiration.
Surfaces|of parts, fixtures, racks, etc shall be &lean and free ¢f dirt,
water, o]l, grease, paint, ink, crayon markingssndie pick-up, firngerprints,
and othefp foreign material. After cleaning and prior to heat tredtment in
inert ga$ or vacuum furnaces, personnel handljing parts shall weat clean,
white cofton gloves, or equivalent.

3.2.2 Racking:

(R)

3.2.2.1 Parts,|other than rivets, bol&s,” nuts, and other small parts, dhall be

(R) racked|to ensure uniform heating and cooling throughout the lodd. These
parts phall not be nested\unless tests with Toad thermocouples|(1l) have
establfished the necessary-additional soaking time required and|[(2) have
demonsftrated that the~arrangement will not affect uniformity of heating
and copling.

3.2.2.2 Rivets|, bolts,<puts, and other small parts, with maximum thickpess of

(R) 0.5 ingh (13-mm), may be racked as in 3.2.2.1, or heated and s¢paked in

basketp ordcontinuous furnaces. When processed in baskets, maxjmum
thicknpssyvoef Tayers and minimum space between layers shall be ] inch
(25 mmp_.~MWhen processed in continuous furnaces, parts shall notf be
layered.

3.2.2 Heat Treatment: Shall be performed as specified herein unless an alternate
treatment has been specified by the cognizant engineering organization.
Treatments for alloys not covered herein shall be as specified by the
cognizant engineering organization. In both cases, the treatment specified
should include the name (e.g., anneal, age), the set temperature, the
soaking time, and quench or cooling medium.
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3.2.4 Control Instruments: Shall be set either at the set temperature specified
or at an offset temperature based on the Tast temperature uniformity
determination. The offset temperature shall be within 5 °F (3 °C) for
aging 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. For solution heat treatment of Toads without Toad
thermocouples in air and atmosphere (inert and non-inert), furnaces shall
be stabilized at the set or offset temperature before loading parts.

—~ W

.2.4.1 The popting of offset temperatures shall preclude misinterpréDation by
) speciflying both the "desired" temperature and the correspending "set"
temperpture (e.g., "When 700 °F is desired, set at 704 YFM).

Start of|Soaking (See 8.2.10) Time: Shall be determinedyby one off the
following methods:

—~ W
< ro
o1

—~ W

.2.5.1 Batch Furnaces - Method 1: When the furnace pemperature, as shpwn by the
) controfl1ing indicating or recording instrument(s), reaches the|set or
offset| temperature.

.5.2 Batch Furnaces - Method 2: When the futnace temperature, as shpwn by the
controfl1ing indicator or recording ifAstrument(s), reaches the pinimum of
the applicable range (see 3.2.5.14%).

—~ W
= N

—~ W

.2.5.2.1 The [minimum of the applicable range is the temperature descrfibed by the
) set |lor offset temperatureswinus the tolerance specified for
furnace temperature uniformity.

—~ W

.2.5.2.2 When Method 2 is used, at Teast 75% of soaking time shall be|lafter the
) furrlace temperatldre has reached the half-tolerance temperatufe (See
3.2..1.2.1).

—~ W

.2.5.2.2.1 Th¢ halfspolerance temperature is the temperature described by the
) set or{effset temperature minus half of the tolerance specified for
furnage temperature uniformity.

—~ W

.2.5.3 Batch Furnaces - Method 3: When the temperature of at Teast two load
) sensors in contact with parts reaches the minimum of the applicable range
(see 3.2.5.2.1).

—~ W

.2.5.4 Batch Furnaces - Method 4: When the temperature of at Teast two load

) sensors in contact with parts, positioned so as to reflect the
temperature at the center of the coldest parts (see 3.2.5.4.1), reaches
the half-tolerance temperature (see 3.2.5.2.2.1). If this method is
used, the soaking time may be reduced to that shown in Table 2 for

0.10 inch (2.5 mm) thickness.

3.2.5.4.1 The coldest parts are those in the coldest portion of the furnace as (R)
shown by the Tast temperature uniformity test.

-6-
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3.2.5.5 Continuous Furnaces: Soaking time starts when parts enter the zone of
(R) the furnace shown by the Tast temperature uniformity test to be within
the range described by the set temperature and the applicable tolerance.

3.2.6 Solution Heat Treating: Shall be performed in accordance with Table 2.
Re-solution treatment is permitted only when approved by the cognizant
engineering organization.

3.2.7 Aging: Shall be performed in accordance with Table 4. Environment during
cooling after aging shall be compatible with the heating environment, i.e.,

4 . + o X 1 o, £l [P
-lt Sha-l-l LA rrercadaotT " aTPYTITd CUotT CITTTUNTIT OO

3.2.8 Stress Re¢lieving: Shall consist of soaking for 2 hours £ 0.25%t 1100 °F
(593 °C)|and air or furnace cooling except as in 3.2.8.1 and“3.2]8.2.

3.2.8.1 Parts pade from beta alloys (see 8.2.6) and any partsywhich haye been
solutipn heat treated (and not aged) shall not be Stress relieyed.

3.2.8.2 For agpd parts, the stress relieving temperatdre shall be 50 °F (28 °C)
below [the aging temperature.

3.2.9 Annealing: Shall consist of soaking for 2 fours = 0.25 at 1300 °H (704 °C)
and air ¢r furnace cooling except as in*$y2.9.1, 3.2.9.2, or 3.249.3.

3.2.9.1 Parts|made from beta alloys and parts which have been solution treated (and
not aged) shall not be annealed:

3.2.9.2 Parts|made from 6AI-6Y-2SnalTloy shall be cooled to 1000 °F (438 °C) at a
rate ¢f not over 300 F (1&F C) degrees per hour.
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(R) TABLE 2 - Solution Heat Treatments
Minimum Quench
Set Temperature Set Temperature Soaking Time (2,7)

Alloy °F °C Minutes (3,5)
6A1-4V sheet 1725 (6) 941 (6) 15 water or polymer
6AI-4V ELI 1725 (6) 941 (6) 15 water or polymer
6A1-4V other 1750 (6)(7) 954 (6) 15 water or polymer
6A1-6V-25n 1625 885 20 water or polymer
13V-11Cr-3A1 1406 +60 60 ()
3AT-8V-6Cr-4Mo-47r] 1500 816 30 ()
10V-2Fe-3A1 (4) Beta-50 Beta-28 60 (1)
15V-3Cr-3A1-3Sn 1450 788 30 (1)
6A1-2Sn-47r-2Mo 1770 966 60 (N
8AT-1IMo-1V 1825 996 60 (1)
6A1-2Sn-47r-6Mo 1600 871 60 (N
(1) a. For thigknesses under 0.5 inch (12.7 mm) - Air cool or faster,

b. For thigknesses from 0.5 to 2 inches (12.7 to 51 mm) - Air,~01%, polymer, or water excppt (1) air
shall nqt be used for 8AI-TMo-IV or 6A1-25n-47Zr-2Mo and (2)vair shall not be used for [forgings of
13V-11Cf-3A1, 3A1-8V-6Cr-4Mo-4Zr, or 15V-3Cr-3AT1-3Sn.

C. For thigknesses over 2 inches (51 mm) - Water.

(2)
(3)

4)
(5)
(6)
(7

(8)
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TABLE 3 Quench Delay Time
Nominal Thickness Nominal Thickness Delay Time
Inches Millimeters Seconds
Up to 0.025, excl Up to 0.64, excl 6
0.025 to 0.10, excl 0.64 to 2.5, excl 10
0.10 to 1.0, excl 2.5 to 25, excl 15
1.0 and over 25 and over 30
(R) TABLE 4 Aging Treatments (5)
Set Temperature Set Temperatured-~Soaling Time Hours
Alloy Temper (4) °F °C (1)
6AT -4V STA900 900 482 8
6AT1-4V STOA1300 1300 704 4
6AT-6V-2Sn STA1000 1000 538 2.5
13V-11Cr-3A1 STA800 800 427 10
13V-11Cr-3A1 CWA800(3) 800 427 10
3A1-8V-6Cr-4Mo-47Zr STA925 925 496 20
3AI-8V-6Cr-4Mo-47r CWA1000(3) 1000 538 6
10V-2Fe-3A1 (4) STA925 925 496 8
10V-2Fe-3A1 (4) STA975 975 524 8
15V-3Cr-3A1-3Sn STA950 950 510 8
6AI-2Sn-47r-4Mo STA1100 1160 593 8
8AT-1Mo-1V STA1100 1100 593 8
6A1-25n-47r-4Mo STA1100 1100 593 6

(1) Soaking times (
additional 1/2
section of the
zero.

(2) Start of soakin

(3) Cold worked ing

(4) When no temper

(5) When mechanical
material produd
testing are nof
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he or temperature
haterial heat
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ing:
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be removed to ensure uncontaminated material

on all

surfaces.
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3.2.10.1 Metal

method acceptable to purchaser.
heat treatment.

removal may be accomplished mechanically, by immersion in molten
salt, by a chemical method in accordance with ASTM B 600, or by other

heating in air.

It need not be done immediately after
It may be postponed until later in the manufacturing

schedule. Table 5 provides an approximate guide for metal removal after

TABLE 5 - Recommended Metal Removal
mils/mm
Exposure Hours of Hours of Hours of Hours of Hours of Hours, |of Hours of
Temperature Exposure Exposure Exposure Exposure Exposure Exposyre Exposure
°F (°C) 0.2 0.5 1 2 6 10 20
1100 (593) - 0.3/0.01 0.5/0.01 0.570.01 0.5/0.01 1/p.03 2/0.05
1300 (704) .3/0.01 0.5/0.01 1/0.03 1/0.03 2/0.05 3/p.08 3/0.08
1400 (760) .5/70.01 1/0.03 1/0.03 2/0.08 3/0208 3/p.08 6/0.15
1500 (816) 1/0.03 1/D.03 2/0.05 3/0.12 470.10 6/p.15 -
1600 (871) 2/0.05 2.0.05 3/0.08 5/0.13 8/0.20 10/p.25 -
1700 (927) 2/0.05 3/0.08 4/0.10 6/0.15 10/0.25 - -
1800 (982) 3/0.08 4/0.10 6/0.15 10/0.25 - -
1900 (1038) 5/0.13 8/0.20 10/0.39 & - - -
2000 (1093) 6/0.15 10/0.25 - - - - -
3.3 Qualificatjon of Vendors (Subcontractors):
3.3.1 Facilitig¢s performing heat treatmént in accordance with this speg¢ification
shall be|approved in accordanc&’with ARP1962 or other established
procedurgs acceptable to punchaser.
3.3.2 Personne| performing op~directing the performance of heat treatmgnt in
(R) accordante with this (Specification shall be approved in accordande with
ARP1962 o¢r other esBablished procedures acceptable to purchaser.

4. QUALITY ASS

4.1 Responsibi

RANCE ~\RROVISIONS:

ity~for Inspection:

Except as specified in 4.1.1, the heat treatment processor shall be
responsible for the performance of all tests and inspections specified
herein. The heat treatment processor may use his own facilities or any

commercial
organization.

laboratory acceptable to the cognizant quality assurance

4.1.1 The procuring activity reserves the right to perform any surveillance,
tests, or inspection of parts, and to review heat treatment records and
results of tests and inspections to verify that the heat treatment
conformed to the requirements of this specification.

-10 -
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4.1.2 Responsibility for Inspection for Direct U.S. Government Orders: The
contractor shall be responsible for all inspection requirements specified
herein. Except as otherwise specified herein, the contractor may use his
own or any other facilities suitable for the performance of the inspection
specified herein, unless disapproved by the government. The government
reserves the right to perform any of the inspections set forth in the
specification where such inspections are deemed necessary to ensure
conformance to prescribed requirements.

4.2 Records:

Records shafl1 be available to purchaser for not less than five years after
heat treatmgnt. The records shall contain all data necessary tosverjfy
conformance| to the requirements of this specification.

4.3 Sampling and Testing:
Not applicaple.
4.4 Furnace Log|and Recorder Chart Entries:

4.4.1 Each furndce log entry or equivalent documentation such as a shop |traveler,
shall be 4igned by approved personnel (See(8.2.11.2) and shall indlude not
less than|the following:

Load numbgr

Part numbgr

Shop ordef number(s)

Number of [parts

Type of mgterial and alloy deSignation

Equipment |identification and furnace number

Thickness [of parts (Seef(812.5)

Solution Weat treatingjy-/aging, etc, temperatures

Part time|at tempepdature

Dewpoint gqr othep~dtmosphere control parameter, as applicable, sudh as
vacuum furnagesteak rate

Quench media 0fscooling method

Surface cqntamination test results performed in accordance with AMS 4901

Date

4.4.2 Furnace temperature recorder charts shall include the following information
for each load:

Load number

Shop order number(s)

Time loaded (with AM, PM noted)

Time soaking commences

Verification of alignment of recorder chart with the scale
Approved personnel's identification

Furnace number

Date

-11 -
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4.5 Reports:

The heat treatment processor shall furnish with each shipment a report
showing the results of tests to determine conformance to the technical
requirements and stating that the parts were processed in accordance with
specified requirements. This report shall include the purchase order number,
AMS 2801A, shop order number, part number or product identification, alloy
designation, identification of furnace(s) used, load numbers(s), thermal
processing temperatures, times and cooling cycles used, date(s), and quantity
of parts.

5. PREPARATION|FOR DELIVERY:
5.1 Identification:

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

5.2 Packaging:

Parts shal|l be packaged to ensure protection fpom damage during shfpment and
storage.

5.2.1 Packages|of parts shall be prepared for,shipment in accordance with
commerciql practice and in compliancepwith applicable rules and negulations
pertaining to the handling, packaging, and transportation of the|parts to
ensure carrier acceptance and safeJdelivery.

~ Ol

.2.2 For dire¢t U.S. Military proeurement, packaging shall be in accorfdance with
) MIL-STD-%073-1, Level C, unleSs Level A is specified in the requgst for
procurement.

6. ACKNOWLEDGMENT:

The heat trg¢atment processor shall mention this specification numben and its
revision lepter ipndll quotations and when acknowledging purchase otders.

7. REJECTIONS:
Parts not meetimg—ttereguiremermtso—this—speciicatiom—or—tomodifications
authorized by the cognizant engineering organization, will be subject to
rejection and shall be submitted for disposition in accordance with
purchaser's procedures for nonconformance.

B. NOTES:

8.1 The (R) symbol 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 specification. If the symbol is next to the specification
title, it indicates a complete revision of the specification.
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