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Heat Treatment of Parts in a Vacuum

1. SCOPE:

1.1 Purpose:

This specification establishes the requirements and procedures for heatdreating pdrts (See 8.3) in a
vacuum/partigl pressure.

1.2 Application:

This process hhas been used typically for the heat treatment of carbon and alloy stgels, tool steels,
corrosion-resistant steels, precipitation-hardening steels; super alloys, titanium, and other
nonferrous allpys, but usage is not limited to such applications.

1.2.1 Heat treatment as used in this specification includes solution treatment, homogehizing,
austenitizing, annealing, normalizing, hardening, tempering, aging, and stress relieving. This
specificatior] does not cover processessuch as melting, brazing, diffusion bonding, coating,
carburizing, |or nitriding.

1.2.2 The objective of this process is\to produce heat treated parts which are free from surface
contamination and alloy depletion. Such parts may not necessarily have a bright surface.

1.3 Safety - Hazafdous Matérials:

While the matgrials¢methods, applications, and processes described or referenced in this
specification may.involve the use of hazardous materials, this specification does npt address the
hazards whic may bemnvotved-msuchuse—itisthe—sote lcapunai'ui“ty ofthe—uset 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.

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is entirely
voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”
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Copyright 2001 Society of Automotive Engineers, Inc.
All rights reserved.
QUESTIONS REGARDING THIS DOCUMENT:

TO PLACE A DOCUMENT ORDER:
SAE WEB ADDRESS:

Printed in U.S.A.

FAX: (724) 776-0243
FAX: (724) 776-0790

(724) 772-7161
(724) 776-4970
http://www.sae.org


https://saenorm.com/api/?name=79942cb05d30d0484ccee1cb42ab4202

AMS 2769

SAE

AMS 2769

APPLICABLE DOCUMENTS:

The following publications form a part of this specification to the extent specified herein. The latest
issue of SAE publications shall apply. The applicable issue of other publications shall be the issue in
effect on the date of the purchase order.

2.1 SAE Publications:

2.2

2.3

2.4

Available from

AMS 2750

ARP1962

ASTM Publicy

Available from

ASTM STP 47

U.S. Governmeent Publications:

Available from

SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.
Pyrometry

Certification of Heat Treating Personnel

tions:

ASTM, 1916 Race Street, Philadelphia, PA 19103-1187.

0 Manual on the Use of Thermocouples

DODSSP, Subscription Services Desk, Building 4D, 700 Robbins A

Philadelphia, PA 19111-5094.

MIL-A-18455 Argon, Technical

MIL-P-27201 Propellant, Hydrogen

MIL-P-27401 Propellant,(Pressuring Agent, Nitrogen
MIL-P-27407 Propellant; Pressuring Agent, Helium
MIL-P-27415 Propellant, Pressuring Agent, Argon
BB-H-886 Hydrogen

BB-H-1168 Helium, Technical

BB-N-411 Nrtrogem,-Techmicat

MIL-STD-2073-1

Requirements

National Fire Protection Association (NFPA):

venue,

DOD Materiel, Procedures for Development and Application of Packaging

Available from the National Fire Protection Association, 470 Atlantic Avenue, Boston, MA 02210.

NFPA 86D

Standard for Industrial Furnaces Using Vacuum as an Atmosphere
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2.5 CGA Publicati

ons:

Available from Compressed Air Association, Inc., 1725Jefferson Davis Highway, Suite 1604,
Arlington, VA 22202-4102.

CGA G-5.3
CGA G-9.1
CGA G-10.1

Commodity Specification for Hydrogen
Commodity Specification for Helium
Commodity Specification for Nitrogen

CGA G-11.1
3. TECHNICAL RE
3.1 Furnace Equig
The equipmen
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TABLE 1 - Recommended Vacuum Range as a Function of Processing
Temperature Range for Various Pure Metals and Alloys

Processing Range

Processing Range

Operating Range

Material °F °C (Microns)®M®©
Carbon and Alloy Steels(?) 1000 to 1800 538 t0 982 1 to 200D
Corrosion-Resistant Steels(1?)
Ferritic (12 to 17% Cr) 1200 to 1650 64910 899 1 to 200
Precipitation Hgrdening 850 to 2150 454 t0 1177 110 200
1to 2000®)
Super Alloys(10)
Nickel Alloys 1150 to 2275 621 to, 1246 0.1 to 10023
Cobalt Alloys 1350 to 2250 73210 1232 0.1 to 1002G)
1600 to 2150 8rlto 1177
Iron Alloys 0.1 to 20003
Tool Steels19
Cold Work 1470 to 1950 799 to 1066 0.1 to 2000
Hot Work 1470 to 1900 799 to 1038 ' W
High Speed (M|Series) 1470 to 2250 799 to 1232 0-110200
High Speed (T Beries) 1550 to 2375 843 to 1302 0.1 to 200)
0.1 to 200
Refractory Metals Above 1600 Above 871

Molybdenum, T

ungsten

Columbium (Nigbium)

Tantalum

Titanium and Titgnium Alloys

Copper Alloys(®)

1300 and below
Above 1300

Below 1000
1000 to 2100

704 and below

Above 704

Below 538
538 to 1149

0.01t00.1
0.01t0 0.1
0.01to0 0.1

0.1 to 10024

0.01 to 1®®

10 to 400
100 to 400

Notes:

(1) For pressures higher than 100 microns, partial pressures of approved gases are required (See3.2.1).
(2) For pressures higher than 20 microns, partial pressures of approved gases are required (See 3.2.1).
(3) Nitrogen not permitted as a partial pressure gas above 1400 °F (760 °C).

(4) Hydrogen not permitted as a partial pressure or quench gas.

(5) Alloys containing zinc - not recommended.
(6) For clarity, the single vacuum term “micron” is used. See 8.1.17 for relation to other values

commonly used.

(7) If pressures outside the recommended ranges are used, tests shall be performed to demonstrate

that no detrimental alloy depletion/enrichment has occurred.

(8) The pressures specified apply to vacuum furnaces not equipped for atmosphere circulation.
(9) For furnaces equipped with atmosphere circulation, partial pressures higher than those indicated

may be used at temperatures below 1000 °F (538 °C).

(10) At temperatures 2100 °F (1149 °C) and below, minimum pressure may be 1/10 of the value shown.
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TABLE 2 - Vacuum Level Versus Recommended Gauge

Vacuum Level Gauge
Hot filament ionization
Cold cathode ionization

Thermocouple or Pirani

107 micron to 1 micron
104 micron to 10 microns
1 micron to 102 microns (1 torr)

3.1.1.3 Leak Rate

Leak testing shall be performed weekly at ambient or elevated temperature. The leak

rate shall pot exceed the maximum permissible rate specified in Table 3-at\a chamber pressure

of 50 micr
evacuatior
the proceg
pressure r
first readin
reading an
hour.

3.1.2 Pyrometry: S

3.1.2.1 Working T
with the ral
located su

3.1.2.2.1 The ther

than pro

3.1.2.2.2 Useofo

3.1.2.2.3 The recd

thermoc

bns (50 pum) or lower. Initial leak rate shall be determined after closi

to at least 50 microns (50 um). After reaching the initial'evacuation
s being performed, all valves to the vessel chamber shall be closed,
pcorded, and a second reading of pressure made not less than 15 m|
g. Leak rate is determined by dividing the rise impressure (differeng
d initial reading) by the test time in hours. Leak rate is expressed as

bhall conform to AMS 2750.
hermocouples: Thermocouples shall be suitably protected and be of
hge of temperatures and vacuti®’ conditions used. They shall be of g

ch that they receive direct.radiation from the heating elements and fi

mocouple types shown in Table 4 shall not be used unprotected (ba
ective sheathed) aboeve the temperatures shown in Table 4.

her thermocouple types shall be approved by the cognizant engineer

mmendations of ASTM STP 470 shall be considered with respect tg
buples.

3.1.2.2.4 Whenu

g the vessel and
level setpoint for
the initial

inutes after the

e between final
microns (um) per

A type compatible
suitable size and
rnace walls.

be wire, i.e. other

ing organization.

usage of

eddnmetal or other chn:\fhc, care shallbe taken to ensure that no c

emical reaction

between

the sheath and the thermocouple wire can occur.

3.1.3 Quenching: Furnaces used for quenching shall be equipped with cooling means sufficient for the

material and

process being performed.
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TABLE 3 - Maximum Permissible Leak Rate for Processing of Various Metals

Leak Rate
Material Microns/Hour

Carbon and Alloy Steels 50
Corrosion-Resistant Steels

Ferritic (12 to 17% Cr) 50

Martensitic 50

Austenitic 50

Precipitation Hardening 50
Superalloys

Nickel Alloys 20

Cobalt Alloys 20

Iron Alloys 20
Tool Steels

Air Hardening 50

Cold Work 50

Hot Work 50

High Speed (MSeries) 50

High Speed:(TVSeries) 50
Refractory Metals

Molybdenum, Tungsten 20

Columbium (Niobium) 5

Tantalum 5
Titanium and Titanium 10
Alloys
Copper Alloys 50
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3.1.3.1

3.1.3.2

3.1.3.3

3.1.3.4

TABLE 4 - Bare Thermocouple Types Versus Maximum Operating Temperature

Maximum Maximum
Temperature Temperature
Type °F °C
K (Chromel-Alumel)(1)(2) 2200 1204
N (Nicrosil-Nisil)(%) 2200 1204
. . 2300 1260
Nickel-Nickel/Molybdenum o0 1497
S,R (P[atinum-Platinum/Rhodium) 3100 1704
B (Platjnum/Rhodium-Platinum/Rhodium) 4000 5204

Tungsten-Tungsten/Rhenium

Notes:

(1) Bafe thermocouples shall be discarded or recalibrated afterbeing expdsed to
five heat treat cycles or accumulation of five hours service)at or above
2100 °F (1149 °C), or ten heat treat cycles or accumuladtion of 10 hours|
sefvice at 2000to 2100 °F (1093t01149 °C).

(2) Type K bare thermocouples exposed to vacuum:are not recommended|for
use as control thermocouples for continuous service at temperatures above
18pP0°F (982 °C).

Vacuum Cjooling: Where there is a requirement for slow cooling after annealing or normalizing,
cooling pefformed under vacuum or partialpressure using inert gas is permissiple. Controlled
cooling us|ng a programmed heat inputiis permitted provided load thermocouples are used to

measure the actual load temperature-during the cooling period.

Gas Quenghing: When gas guenching is specified, it shall be accomplished by|backfilling the
furnace with a gas which has-no detrimental metallurgical effect on the material being processed
or on the furnace equipment. The system and the pressure of the backfill gas $elected shall be
capable off cooling théparts at a rate sufficient to meet the material property refjuirements
specified Ry the cagnizant engineering organization. The use of hydrogen as @ quenching gas
must be approved.by the cognizant engineering organization (See 3.2.3).

Oil Quenching: Oil quenching shall be performed by transferring the parts fromlthe heating
chamber to a separate chamber which has been backfilled with an inert gas, and immersing the
parts in a circulating oil. The quenching chamber shall have a means to minimize the amount of
oil vapors generated during quenching from entering the heating chamber to an amount which
shall have no detrimental effect (carbon pickup) on the processed material. Quench oil shall be
compatible with the vacuum level used during initial evacuation and shall be capable of
guenching the parts at a rate sufficient to meet specified property requirements.

Furnaces equipped with integral oil quench tanks shall not be permitted for processing titanium
and titanium alloys above 1000 °F (538 °C), or for processing corrosion-resistant steels above

1100 °F (593 °C), unless appropriate tests are conducted to ensure that no detrimental surface
effects are caused by such treatments.
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3.1.3.5 Bake-Out Cycle: If a furnace has been used for brazing with a brazing alloy which could

detrimentally affect the parts to be heat treated, the furnace shall be subjected to a bake-out
(clean-up) cycle before being used for heat treatment. If freedom from detrimental effects is not
known from prior experience or data, the bake-out cycle shall not be omitted without concurrence
of the cognizant engineering organization. The bake-out cycle shall be carried out at not less
than 50 F (28 C) degrees above the maximum intended heat treatment temperature and the
minimum achievable pressure of the furnace for not less than one hour. A bake-out cycle is not
required if the heat treatment cycle is an integral part of a brazing operation.

3.2 Partial Pressufe Atmospheres:

3.21

3.2.2

3.2.3

3.2.4

3.25

To minimize|metal loss by vaporization, pure metals and alloys which have/ high yvapor pressures
should be prlocessed at pressures shown in Table 1. The gases used shall mee{ the composition
requirementpg of MIL-A-18455 (argon), MIL-P-27415 (argon), CGA G-11.1 (argonf), MIL-P-27401
(nitrogen), BB-N-411 (nitrogen), CGA G-10.1 (nitrogen), MIL-P-27407 (helium), BB-H-1168
(helium), CGA G-9.1 (helium), BB-H-866 (hydrogen), MIL-P-27201 (hydrogen), gr CGA G-5.3
(hydrogen) gs applicable. The dew point of the gas shall be(;60 °F (-51 °C) or lower as the gas
enters the fyrnace and shall be determined annually or when the piping transmitting the gas is
disturbed. The specified gases may be used to maintain-a pressure above the vapor pressure of
the material|being treated provided the gas selectedoes not react with the materials, being
processed the furnace construction materials, or the work support fixtures.

Hydrogen, when used to maintain a partial pressure reducing atmosphere, shall pnly be used with
the prior apgroval of the cognizant engineering organization.

The use of hiydrogen in a vacuum furnace may be hazardous. Refer to NFPA No|86D standard for
safe practicgs for use of hydrogen in a vacuum furnace.

Partial presgure during the processing treatment shall not exceed 500 microns (300 um) at
temperaturep above 1300.5F (704 °C) except for copper alloys.

Diffusion pumps shall-be isolated from the main vacuum chamber to prevent bagkstreaming at
chamber prgssures-above those recommended by the manufacturer of the furnafe, pump, and/or

pump oil [typically 100 microns (100 pm)].

3.3 Outgassing:

If the pressure rises during the heat-up cycle to a level such that either the partial pressure control
level is exceeded and the inert gas used to maintain such pressure is no longer flowing, or the
vacuum level needed to maintain diffusion pump operation is exceeded, the furnace shall be held at
a constant temperature until the pressure drops to the acceptable level or other corrective action is
taken. If the condition does not clear itself after 15 minutes or the third attempt to increase
temperature, the run shall be aborted and the furnace and load inspected after cooling, unless the
cause is known.
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3.4

Cleaning:

Parts, fixtures, and materials charged into the heating chamber shall be free of contaminants which
might evaporate and react with the material being heat treated or the furnace components. Handling
of cleaned parts and fixtures shall be such as to prevent contamination prior to charging into the

furnace.

3.5 Heat Treatment:

Shall be perfo

3.5.1 Vacuum LeV
organization.

3.5.2

3.5.3

354

3.54.1

3.5.4.2

3.5.4.3

Protective C
atmosphere
coatings or

heating time].

plating is us
1600 °F (87

Part Loading
to permit un

Load Therm
exception ng
processed 0
be located i
temperature
thermocoup

thermocouple must.hiake intimate contact with the surface at the bottom of the h

errors due t(g
the thermoc

'med in accordance with the applicable specification and as follows:

patings: May be used to prevent direct exposure gfithe part surfaceg
provided they do not cause detrimental effects to’parts and/or furnag
plating are used, compensation for changes inpart emissivity shall I

2d, pressure shall not be lower than 158microns (150 um) at tempe
| °C).

: Parts shall be loaded to promete uniform heating and, when quend
form circulation of the quench medium.

bcouples: One or more load thermocouples shall be used with each
ted in 3.5.4.3. The lgad thermocouple(s) shall be compatible with th
r adequately sheathed to prevent reaction with the parts. The therm
the portions ofithe load which are predicted to be the last to attain t
The thermecouple(s) may be attached to the outer surface of the p
e is placeddn a hole to measure the core or interior of the part being

conduction along the length of the thermocouple, the minimum dep

el: Should be as specified in Table 1 or as specified by theCognizant engineering

to the vacuum
e components. If
e made in the

Additional heating time shall be determined by preproduction testing. When copper

atures above

hing is required,

load with the

e material being
ocouple(s) shall
he desired

arts. If a
processed, the
ple. To avoid

th of insertion of

byuple shall be at least ten times the diameter of the thermocouple.

In the event a thermocouple fails, the run need not be aborted as long as another thermocouple

continues

to record the correct temperature.

Once a load has been qualified with load thermocouple(s), subsequent loads can be run without
load thermocouple(s) provided adequate records detailing the number of parts and distribution of
parts in the first qualified load are kept on file, and provided that subsequent loads have an equal
or fewer number of identical parts in the load, and the distribution of the parts is the same as the
distribution in the first load.

When use of load thermocouple(s) is impracticable, such as with two or three chamber oil or gas
guench furnaces, tests shall be conducted to establish the correct heat-up time for the load.
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3.5.4.3.1 The test shall incorporate load thermocouple(s) in the actual or simulated load to establish the
correct heat up time for a given batch of parts, as a forerunner to the production heat treatment
cycle without load thermocouple(s). This procedure does not require quenching of the test load

from the

heat treatment temperature.

3.5.4.3.2 Once such loads have been qualified as in 3.5.4.3.1, subsequent loads may be processed
without load thermocouple(s) provided records detailing the number of parts and the load
configuration are kept on file, provided that subsequent loads have an equal or fewer number
of identical parts in the load, and the distribution of the parts is the same as that used in the

gualifica

3.5.4.4 Load thern
engineerin

3.5.5 Fixturing: Sh
uniform hea

3.5.5.1 Fixture Mgterials: Shall be of adequate strength to suppott the parts being trea

ion load.

nocouples shall not be tack welded to parts without the approval of t
g organization.

all provide adequate handling and positioning of partsiand materials
ing and uniform circulation of the quenching media.

e cognizant

to promote

fed, and shall not
s which readily
ssible melting.

react with the material being treated. In particular, fixture/material combination

form eutedtics, as indicated in Table 5, should be used with caution to avoid pdg
TABLE 5 - Eutectic Temperatures for Binary Combinations

Temperature Temperature

Binary Metal °F °C
Molybdenum/Nickel 2410 1321
Molybdenum/Platinum 3780 2082
Molybdenum/Carbon 4010 2210
ickel/Carbon 2400 1316
Elickel/TantaIum 2410 1321
ickel/TFitanium 1730 943
Nickel/lron 2620 1438
Notes:

(1) Carbon (Graphite) reacts with nickel alloys and corrosion-resistant

steels to form eutectics melting as low as 2060 °F (1127 °C).

(2) Solid solutions and compounds may be formed by

molybdenum in direct contact with alloys of nickel, chromium,
and iron at temperatures as low as 2200 °F (1204 °C).

(3) Molybdenum forms continuous solid solutions with titanium

and vanadium which reduce the melting point of molybdenum
in relation to the percentage of the added element.

(4) Molybdenum forms solutions with platinum, rhodium, rhenium,

and tungsten at temperatures over 2000 °F (1649 °C). Care
should be taken where these materials may come in contact.

-10 -
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3.6

Surface Disco

loration:

Unless otherwise specified by the cognizant engineering organization, surface discoloration shall not
be cause for rejection.

4. QUALITY ASSURANCE PROVISIONS:

4.1 Responsibility for Inspection:

4.1.1 The procurin

4.1.2

4.2

4.2.1

422

4.2.3

Unless otherw
processor shall be responsible for performance of all tests and inspections specifig
processor may

guality assura

and to revie

the heat treg

Responsibili

contract, the

herein. Exc

facilities suitiable for the performance of the inspéection requirements specified hg
disapproved

inspections
heat treated

Classification

Acceptance

Periodic Tes
dew point (3

Preproductid

ise specified by the cognizant quality assurance organization, theg

use his own facilities or any commercial laboratory acceptable to th
nce organization.

g activity reserves the right to perform any surveillance) tests, or ins
tment conformed to requirements of this specification.

Ly for Inspection for Direct Government Orders: Unless otherwise sp
contractor is responsible for performanceof all inspection requirem
bpt as otherwise specified in the contract, the contractor may use his
by the government. The goverament reserves the right to perform &
et forth in the specification where such inspections are deemed neg
parts conform to prescribed.requirements.
Df Tests:

Tests: Not applicable.

ts: Vacuwmigauge calibration (3.1.1.2), leak rate (3.1.1.3), pyrometry
.2.1) are.periodic tests and shall be performed at the frequency speg

n_Tests: Vacuum gauge calibration (3.1.1.2), leak rate (3.1.1.3), anc

at treatment
d herein. The
e cognizant

bection of parts

v heat treatment records and results of processor’s\tests and inspeciions to verify that

ecified in the
bnts as specified
own or any other
rein, unless

iny of the

essary to ensure

tests (3.1.2), and
ified herein.

pyrometry tests

(3.1.2) are p

Eproduction testsanmd strattbeperformedprior toany production e

piece of equipment (furnace) to be used.

4.3 Approval of Heat Treat Processors:

431

4.3.2

t treating on each

Shall be accomplished by the cognizant quality assurance organization and will normally be based
on the following:

Approval of the heat treat processor’s process procedures and process control documents which

shall be use

d to meet the requirements of this specification.

Competence of heat treat processor’s personnel. Personnel performing or directing the
performance of heat treatment in accordance with this specification shall be approved in

accordance

with ARP1962 or other established procedures.

-11 -
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4.4

4.5

5. PREPARATION FOR DELIVERY:

51

5.2

521

522

523

6. ACKNOWLEDGMENT.

Records:

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

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 this specification. This report shall include the purchase order number, AMS 2769,
shop order, part number or product identification, alloy designation, identificatiot of furnace(s) used,
load numbers(s), thermal processing temperatures, times, and cooling cyclés,used, vacuum at
processing temperature, backfill gas used, if applicable, date(s), and quantity of parts heat treated.

Identification:

Not applicablg.

Packaging:
Parts shall e packaged to ensure protection, from damage during shipment and [storage.
Packages of parts shall be prepared forf.shipment in accordance with commercig|l practice and in
compliance ith applicable rules and_regulations pertaining to the handling, pacKaging, and

transportatign of the parts to ensure carrier acceptance and safe delivery.

For direct UJS. Military procurement, packaging shall be in accordance with MIL-STD-2073-1,
Level C, unless Level A isispecified in the request for procurement.

The heat treatment,processor shall mention this specification number in all quotatiorjs and when

acknowledging purchaseorders:

7. REJECTIONS:

Parts not heat treated in accordance with the requirements of this specification, or with modifications
authorized by purchaser, will be subject to rejection.

8. NOTES:

8.1

Definitions of terms used in AMS are presented in ARP1917 and as follows. The following list
defines various terms commonly used in vacuum heat treating. These definitions are only presented
to assist personnel not familiar with vacuum heat treatment. Some of the terms listed may not
appear in the main body of the specification.

-12 -
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8.1.1 Residual Gases: Those gases remaining after a furnace is evacuated to its initial vacuum level. In
a typical furnace, analysis of the residual atmosphere at a vacuum level of about 107 torr indicates
that less than 0.1% of the original air remains. The residual gases usually consist mainly of water
vapor with the other vapors being primarily organic from the seals, vacuum greases, and vacuum
oils. The oxygen content, referenced to atmospheric pressure, is likely to be less than 1 ppm. If all
of the residual gas in the vacuum furnace was water vapor, then referenced to standard
atmospheric pressure and temperature, the water vapor content would be approximately 1.5 ppm
or equivalent to a gas with a dewpoint of about -110 °F (-79 °C). At avacuum level of 1 x 10" torr,

8.1.2

8.1.3

8.1.4

8.1.5

8.1.6

8.1.7

8.1.8

8.1.9

8.1.10

8.1.11

the equivalent dewpoint of gas is estimated to be on the order of -130 °F (-90 °C) or less.

Roughing PUimp: A positive displacement mechanical pump which may or may n

combination

Holding Pump: A small mechanical pump automatically valved to the foreline of t

at all times
pressure).

Pump Spee
such as liter

Throughput:
pressure-vo

Virtual Leak
tight crevice

Real Leak: A
however sm

Outgassing:
Unless there
stop-off or s
serious prob

with a rotary lobe (Roots type) blower.

vhen the main mechanical pump(s) are serving elsewhere (roughing

1: A measure of a pump’s capability of handling-gases. Expressed it
5/second or cubic feet/minute.

A measure of a pump’s actual pumping capability at a given pressu
umetric units, such as torr liters/sec¢ond or micron cubic feet/minute.

A source of gas in a vacuum, system that acts like a leak in that the g
blind bolt hole, porous weld, etc and “leaks” out over a long period

ny path through thewall of a vacuum chamber that allows a gas to
hil the rate.

The evolution\of gas(es) from the surfaces of a vacuum system and

is a known reason for excessive outgassing, such as binders and o
nielding material, excessive outgassing should be taken as a sign of
lem Such as a water leak or foreign object left in the furnace.

ot be used in

he diffusion pump
or partial

volumetric units

e. Expressed in

as is trappedin a

Df time.

pass through,

its content.
ther volatiles in
a potentially

Degassing:

Atechmique of acceterating theoutgassimyg;, usuatty by theappticatio

1 of heat.

Leak Rate: A general indication of vacuum integrity of a system. The system is pumped into the
high vacuum range, the pumping system is closed off, and the pressure rise over a given time of
the closed system is observed. The rise will be the result of all sources of gas including outgassing
of internal surfaces, virtual leaks, and any real leaks.

Backstreaming: A term used to describe the “upstream” motion of some oil vapor molecules, for
example, for the top portions of a hot diffusion pump. Normal motion of gases is from high
pressure (the furnace) to low pressure (the pump). In backstreaming, pump oil vapors move in the
reverse direction, into the furnace.
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8.1.12

8.1.13

8.1.14

8.1.15

8.1.16

8.1.17

8.1.18

8.1.19

8.2

Partial Pressure: The actual pressure of any single gas component of a vacuum atmosphere. The
total pressure is the sum of all of the partial pressures of the gaseous constituents of the
atmosphere.

Vapor Pressure: The gas pressure exerted when a substance is in equilibrium with its own vapor.
Vapor pressure is a function of temperature as shown in Figure 2 for pure metals. Vapor pressure
of an alloy can be considered to be governed by Dalton’s law of partial pressures: The total vapor
pressure of an alloy under ideal conditions is equal to the sum of the partial pressures of its

constituents
concentratio
elements, aj

Residual ga
system.

A helium m3
system.

Vaporization
vapor press

Units of Preg
standard atn
pressure is ¢
one standar

1 micron

1 atmosphef

Ultimate Pre

The partial pressure of each element in an alloy is roughly proparti
n. Vapor pressures of most oxides and compounds are lower than 't
shown in Figure 2 for unalloyed metals and pure metals.

5 analysis by mass spectrometer may be used to identify‘the specifig

ss spectrometer leak detector may be used to determine if leaks are

Rate: The rate at which a substance vapotizes or attempts to reach
ire. The relationship to temperature_is, shown in Figure 3.

bsure: Pressure in a vacuum furnace is expressed in absolute units,
nospheric pressure at sea level,-45 degrees latitude and 0 °C (32 °F).
pxpressed in units of torr (mim of mercury) microns of mercury, or mil
| atmosphere, these units)have the following values.

= 0.001 mm ofmercury
= 1x 103 Totr

e = 760 mmof mercury
= 1Q00-millibar

pnal to its
nose of their pure

gases in the

presentin the

its equilibrium

referenced to
Vacuum furnace
ibar. Relative to

pumping for

ssure: The lowest pressure reached in an empty, clean, degassed f]l

rnace after

Cognizant: The term applied to the engineering organization responsible for the design of the part,
its allied quality assurance organizations, or a designee of these organizations.

NFPA 86D Standard:

This standard contains recommended design and safe operating practices for vacuum furnaces.
Additional useful definitions and vacuum terminology are also included. NFPA 86D should be
consulted whenever combustible or other toxic gases are to be used as partial pressure gases in
vacuum furnaces. This document should be referred to concerning the use of components for
vacuum furnaces.
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8.3 Parts:

Heat treatment of parts is any heat treatment not performed by or for a material producer. It is
performed by a fabricator/user, or his designee, to meet the requirements of a drawing. The
requirements are usually conveyed by a purchase order, fabrication outline, and/or a heat treating

specification. Parts, at the time of heat treatment, may resemble raw material.

8.3.1 Parts are usually identified by a part number and, except for those produced in large quantities

(e.qg., rivets), are usually tested only by nondestructive techniques.

8.4 Notes to Figures:

8.4.1 Figure 2: Temperature at which vapor pressure exceeds 0.01 micron (10'5 torr) fpr high

temperature|pure metals used or treated in vacuum (See Table 6).

8.4.2 Figure 3: Temperature.atwhich evaporation rate exceeds 106 g/cm2 seconds for
pure metals|used artreated in vacuum (See Table 7).

TABLE 6 - Vaporization Temperatures

Temperature  Temperature
Element °F °C
Cr 1944 1062
Zr 3340 1837
Pt 2913 1602
Rh 2890 1587
Mo 3613 1987
C 3595 1977
Ta 4350 2397
W. 4620 2549

high temperature

TABLE 7 - Evaporation Temperatures

Temperature  Temperature
Element °F °C
Cr 1796 980
Zr 2950 1621
Pt 3100 1704
Rh 3180 1749
Mo 3800 2093
C 4220 2327
Ta 4700 2593
w 4900 2704
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8.4.3 Figures 1, 2, and 3: The data contained in these figures are provided for information purposes and
should be used only as guides.

PREPARED UNDER THE JOINT JURISDICTION OF AMEC AND AMS COMMITTEE “F”
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