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GAS AND VACUUM CARBURIZING AND HEAT TREATMENT
OF CARBURIZING GRADE STEEL PARTS

1. SCOPE: This specification, in conjunction with the general requirjements for
steel hegt treatment covered in AMS 2759, establishes the requirements and
procedures for three classes of gas and vacuum carburizing and rellated heat
treatment] of parts fabricated from carburizing grade steels.* It does not
cover padk carburizing or salt bath carburizing.

1.1 This spedcification requires approved sources (See 4.4).

1.2 Classifilcation: Parts to be carburized shall be processed to megt the
requirenents of one of the following classes:

Class 1: Case depth and case hardness shall be as specified. Sub-surface

, case hardness shall be in accordance with Table III. Surface
carbon shall be 0.70 to 1.00%. Retained austenite shall not

' exceed 10%. Intergranular<carbides shall be scattered |and

discontinuous and shall-not be evident in more than 40% of the

grain boundaries.

Class 2: Case depth and case hardness shall be as specified. Sub-surface
case hardness shall be in accordance with Table III. Surface
carbon shall-be 0.75 to 1.10%. Retained austenite shalll not
exceed 20%c ~Continuous carbide network shall not be eVident in
more than.80% of the grain boundaries.

Class 3: Case (depth and case hardness shall be as specified.

1.2.1 If nolclass is specified, parts shall be processed to meet the
requirnements of Class 2.

SAE Technical 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.”

. SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your
written comments and suggestions.
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.l.-Z Aerospace Recommended Practices:

.3 Safety - Hazardous Materials: HWhile 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.

APPLICABLE DOCUMENTS: The following publications form a part of this
specification to the extent specified herein. The latest i1ssue of SAE
publications shall apply. The applicable issue of other publications shall
be the issup_in effect on the date of the purchase order.

.1 SAE_Euhllggxlgnsz Availlable from SAE, 400 Commonwealth Drive, Karrendale,
PA 15096-0D01.

.1.1 Aerospacp Material Specifications:

AMS 2418 - Copper Plating
AMS 2750 - Pyrometry
AMS 2759| - Heat Treatment of Steel Parts, General)Requirements

ARP1820 | Chord Method of Evaluating Surface Characteristics

1.3
ethods of Measuring Case<Depth
2 Availablefrom ASTM, 1916 Race Street, Philadelphia, PA
ASTM E 3 - Preparation)of Metallographic Specimens
ASTM E 18 | - Rockwell'Hardness and Rockwell Superficial Hardness qf
Metallic Materials
ASTM E 384 - Microhardness of Materials
ASTM E 1019 - Determination of Carbon, Sulfur, Nitrogen, Oxygen, and
Hydrogen 1n Steel and in Iron, Nickel, and Cobalt Alloys
3 overnment Publication. Avallable - ndardiza Jocuments
Order Desk, Bullding 4D, 700 Robbins Avenue, Philadelphia, PA 19111-5094.
3.1 Military Specifications:

MIL-C-14550 - Copper Plating (Electrodeposited)

.4 ASM Publications: Available from ASM International, Materials Park, OH

44073.
ASM Metals Handbook, Volume 9 - Atlas of Microstructures, 9th Edition
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TECHNICAL REQUIREMENTS:

Equipment: Shall conform to the requirements of AMS 2759, except offset
temperature settings are not permitted for hardening and tempering of
Class 1 and Class 2 parts.

A nchin i nt: Shall be in accordance with AMS 2759.
.2 Auxiliary Equipment: Shall be in accordance with AMS 2759.

.3 Thermal Processing Equipment: Pyrometry shall conform to AMS 2750.
.4 Cleanihg Equipment: Shall be in accordance with AMS 2759.

.5 Carburlfizing At re Equipment: For gaseous carburizing, the atmosphere

shall |be provided by external endothermic gas generators;
nitrogen/propane, nitrogen/methane, or nitrogen/methanol mixtuyes. For
vacuum carburizing, propane, methane, or natural gas’shall be introduced
into the furnace. Circulation of the atmosphere ‘shall provide funiform

carburlizing.

.5.1 For [Classes 1 and 2, the carbon potentialishall be controlled and

recdrded by automatic equipment. Manual equipment may be used to verify
the [automatic equipment.

.5.2 For |vacuum carburizing, mass flow sensors shall record the additions of

carburizing medium. The carbon‘potential shall be determine by
corrlelation of the additions<with the results from carbon gradient test
spedimens.

.5.3 Carbon potential shall be determined in accordance with 3.11}8.

Sequence of Operations:) Shall be (1) preparation for carburizing, (2)
carburifing, (3) cool¥ng after carburizing, (4) hardening, and (%)
tempering. The hardening operation may be omitted when cooling after
carburizing has—¥ncorporated a quench in accordance with 3.6.4, nd when the
conditigns of-3.2.1, 3.2.2, or 3.2.3 are satisfied.

.1 Parts |were quenched from the carburizing temperature and both ¢of the

following—appty:

.1.1 Case depth is 0.020 inch (0.51 mm) or less.
.1.2 Carburizing temperature was not higher than 1600°F (871°C).

2 Parts were furnace cooled to the austenitizing temperature, stabilized,

and quenched in accordance with 3.6.4 and either of the following apply:

2.1 Parts were made from a low hardenability steel (e.g. 1020, 4615, 4620,

8615, or 8620).

.2.2 Parts were made from a high hardenability steel (e.g. 4320, 4820, or

9310), and were carburized to meet Class 3 requirements.

-3 -
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3.2.3 Parts made from a Tow hardenability steel were quenched from the
carburizing temperature and either of the following apply:

.3

3.1

.2.3.1
.2.3.2

Parts

were carburized to meet Class 2 or Class 3 requirements.

Parts were carburized to meet Class 1 requirements and quenching from

the carburizing temperature was approved by the cognizant engineering
organization.

be comple
defects,
appearanc

hardeni

range 900° - 1200°F (482° - 649°C), holding at temperature for nq

than 2

A1l metallurgical operations, such as brazing

ontamination, and corro§1on that may be detrimental to't
or performance of the finished parts.

: Parts may be stress relieved prior to carburizin
g by heating to a selected temperature +25°F (£14°C) wit

ours, and cooling in air.

Preparation for Carburizing:
or welding, or stress inducing operations, such as forming or bending shall

or
in the
bt less

.3.2

.3.3

Cleaning:

other su

Selectiy
masking
carburiz
those sy

.3.4

.3.5

.3.6

4.1

.3.3.

1 It is
specif
machin
harden

requir

Masking
(0.020

MIL-C-1
engineer

Visual I

4550.

A1l parts shall have scale, oxides,-residual oil film
rface contamination removed prior to.carburizing or heat

e Carburizing: Selective carburizing may be accomplishe
surfaces not to be carburized. «Alternatively, parts may
ed on all surfaces and the case removed by machining or
rfaces not requiring carburizing.

permissible to carburize to a depth greater than the max

ing operations. If the material removal 1s performed af{
ing, approval by the cognizant engineering organization
ed

) in thickness, applied in accordance with AMS 2418 or
Other masking may be used if approved by the cogni:
ing organization.

|

and any
treatment.

by
be
rinding

fed by an amount equal ;to that depth removed in subsequent

Masking shall be copper plate, not less than 0.0008 ing¢

mum

Ler
S

h

rant

nspection: Parts shall be visually inspected prior to a

carburiz

masking befére or after carburizing shall'be rejec%ed.

Gas Carburizing:
Vacuum Carburizing:

d after
n the

: Shall be such as to minimize distortion at temperature
and to permit free circulation of the carburizing atmosphere.

.4 Carburizing:

1450° - 1750°F (788° - 954°C)
1550° - 1900°F (843° - 1038°C)

Carburizing Temperature: Shall be at a selected temperature +25°
within the following ranges:

F (£14°C)
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3.5 Cooling after Carburizing: Shall be in accordance with one of the following:

3.
3.

5.

5

1

.2

Quenching from the carburizing temperature.

Cooling in a protective atmosphere to 1400°F (760°C) or lower, followed by
cooling at a rate not faster than that provided by fan circulated air or

atmosphere.

Fan cooling from the carburizing temperature is permitted.

Furnace cooling from the carburizing temperature to the austenitizing
temperature in Table I, stabilizing, and quenching.

4.1

.4.2

.4.3

to el

Rate df Heating: Heating rates shall be controlled to prevent

ical anﬁeaiing in accordénée Qith Tables I and

be
II, and

t surfaces
nd other
Parts

exhibijting blistering or peeling in the prior masked areas after exposure
avated temperature shall be subject to rejection.

damage to

the parts. Parts of complicated design, ‘¥nvolving abrupt change of

sectign or sharp corners, should be preheated prior to austenit

avoid
up to

Austenitizing: Shall be as specified in Table I and Table II.

Quenching: Following austenitizing, parts shall be quenched in
speciflied in Table I and as follows:

cracking and to minimize distortion. Preheating in air 3
1100°F (593°C) is permitted.

izing to
tmosphere

the media

0il |Quenching: Quench in circulating oil at a temperature bgtween

60°F - 160°F (16°C - 71°C) at the start of the quenching opery
ulation of.‘the oil shall be controlled so that the oil temperature
doeg not exceed 200°F (93°C) at any time during the quenching
operjation..\ Parts may be quenched in a die or in an open bask
either case, the oil shall circulate around every part.

Moltlen’salt or synthetic guenchants are permitted when approv

cirg

ation. The

et, but in

cognizant engineering organization.

Marquenching:

ed by the

Parts shall be marquenched in a nitrate salt bath, oil

bath, or alternate quenchant operated between 350° - 450°F (177° -

232°C).. The parts shall be in the marquenching bath only for sufficient
time to stabilize the parts at the bath temperature, but not less than 2
minutes, followed by cooling in still air.
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3.6.5 Sub-Zero Treatment: Sub-zero treatment is required for parts carburized

to Class 1 and Class 2 requirements. Other parts shall be sub-zero
treated when specified. Parts shall be held at -100°F (-73°C) or lower,
for one hour per inch of thickness, but not less than one hour, and warmed
in air to room temperature. The sub-zero treatment shall be initiated
within two hours after removal from the quench.

3.6.6 Cleaning: Parts may be cleaned before tempering. Marquenching salts

3.7

3.7.1

3.10.

3.1
3.11.

shall be removed, before tempering, by a hot water rinse.

Tempering: Tempering shall be started within 2 hours after quenching or
sub-zero treatment—except—as—permittedin3-7-1-

If hardenhed parts cannot be tempered within 2 hours after quenching, they
shall bel snap tempered for not less than one hour at not higher than 250°F
121°0). :

Parts shall be tempered for not less than 2 hours at & temperature
consista:t with the case hardness requirements but within the range of
275° - 45

potenti

0°F (135° - 232°C). Soak time shall commence when the recording
eter and the furnace load reaches the prescribed temperature.

Shall be by onejof the following methods:
blast cleaning, detergent cleaning, vapor blast cleaning, degreasing,
abrasive honing, or anodic electrolytic cleaning. Acid pickling or cathodic
electrolytiic cleaning 1s not permitted.

: Masking shall be removed from parts after the
carburizing operation. If copper plate is used, it shall be removed by a

method whilch is controlled to prevent etching or hydrogen embrittiement of
the part.

Straightening carburized areas of parts is permitted only
if done grior to sub-zero treatment and/or tempering and if approved by the
cognizant engineering organization.

1 Warm straightening is permitted in uncarburized areas of the parts. Part
tempergture shall not exceed 275°F (135°C) during the straightening
operation. -

Properties:

1 Case Depth: Shall be determined in accordance with 3.11.1.1, 3.11.1.2,
or 3.11.1.3.
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3.11.1.0

.
—

Case Depth Determination by Microhardness Method: Shall be by
microhardness traverse of a test specimen sectioned perpendicular to
the carburized surface and prepared in accordance with ASTM E 3.
Hardness shall be determined in accordance with ASTM E 384 or SAE J423,
starting 0.002 inch (0.05 mm) from the carburized edge and traversing
inward in increments of 0.004 inch (0.10 mm) to the depth where a
hardness of 542 HK500 or 513 HV500 or less is reached. The case depth
shall be the distance from the surface to the location where the
hardness is equivalent to 50 HRC.

Case Depth Determination by Metallographic Method: Shall be by

e
canburized surface and prepared in accordance with ASTM E"3{ Etch the
sedtioned surface with a suitable reagent to get maximum)contrast
befween phases and constituents, then examine at 50X.magnification.
Theg case depth shall be the distance from the surface to the location
whdre the contrast is greatest. In case of dispute, the method of
3.71.1.1 shall apply.

.3 The method of ARP1820 may be used to determine depth of thin cases.

2.2

.

.2

.

Table III, determined in accordance with 3.11.3.2.

ase [Surf Hardn : Shall be determined in accordance with 3.11.2.2.

Thg roots of splines or gear teeth.may exhibit hardness not|more than
2 HRC numbers tower than that required at the pitch Tine.

If a suitable surface is not\accessible for hardness testing, the
Hardness at 0.002 inch (0.05 mm) obtained as in 3.11.1.1 ghall be the
dase hardness.

Cage Hardness Determination: Shall be in accordance with A$TM E 18 on
thg carburized and.hardened surface, using a superficial hafdness test
appropriate for the depth of case specified.
Sub-Qurface Case Hardness: For parts carburized to Class 1 amd Class 2
requirements;.the sub-surface hardness shall meet the requirements of

Sufj-surface hardness requirements do not apply to roots of gplines or
ge‘ I +anth

LA "R " A Y

Sub-surface Case Hardness Determination: The hardness traverse of
3.11.1.1 shall be used to determine the sub-surface case hardness. The
microhardness conversion for 58 HRC shall be 690 HK500 or 653 HV500 and
for 60 HRC shall be 732 HK500 or 697 HV500.
Core Hardness: Shall be as specified, determined in accordance with
3.11.4.1.

Core hardness shall be determined in accordance with ASTM E 18 on a
noncarburized surface of the part, or at a location not less than five
times the case depth from the surface, or at the approximate center of
the microstructure specimen (See 3.11.6.6).

-7 -
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3.11.5 The hardness of non-carburized surfaces shall be in accordance with

3. N

3.11.

.6

.

specified core hardness.

Case Microstructure: Shall be predominantly tempered martensite,
determined 1n accordance with 3.11.6.6.

Intergranular oxidation shall not exceed 0.0005 inch (0.013 mm) in
depth from the unmachined surface.

.2 For Class 1 parts, any intergranular carbides on a finish machined

working surface shall be scattered and discontinuous and shall not be
sed
intragranular spheroidal (secondary) carbides are permitted ‘mgre than

lass 2 parts, a continuous carbide network shall-not be evident in
more [than 80% of the grain boundaries. Photomicrograph 13 on |page 220
Metals Handbook, Volume 9, 9th Edition, is;an illustration of

aximum acceptable continuous carbide microstructure.
icrographs 12 and 14 on page 220 of ASM.Metals Handbook, Volume
9, 9th Edition, are illustrations of non-acceptable microstrugtures

contalining excessive carbides around the grain boundaries and massive

fcrostructure of a finished Class 1 part shall not show gvidence
tatned austenite in excess of Figure 16 on page 220 of ASM Metals
k, Volume 9, 9th Edition. If interpretation of the
structure is questionable, or 1f it appears to represent|retained
nite in excess of this figure, x-ray diffraction shall b
rmed to determine the acceptability. When inspected by H
action, retained.austenite greater than 10X is unaccepta

-ray
le.

icrostructure 'of a finished Class 2 part shall not show eévidence
tained austenite in excess of Figure 17 on page 221 of ASM Metals
ook, Volume 9, 9th Edition. If interpretation of the
structure is questionable, or if it appears to represent|retained
nite in excess of this figure, x-ray diffraction shall bi

rmed‘to determine the acceptability. HWhen inspected by
action, retained austenite greater than 20% is unaccepta

-ray
le.

.6 Case Microstructure Determination: Shall be by examination of a test

specimen sectioned perpendicular to the carburized surface and prepared
in accordance with ASTM E 3. Examine at 1000X magnification for
retained austenite, 500X for intergranular oxidation and carbides, and
250X for core structure. For part surfaces which are to be
subsequently machined, the stock to be removed in finish machining need
not be evaluated.

Core Microstructure: The transformed microstructure of the core shall be
consistent with the steel composition and the thickness of the part at
the time of quenching.
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3.11.8 Carbon Content of Case (Carbon Potential): Shall be 0.70 - 1.00% for
parts carburized to Class 1 requirements and 0.75 - 1.10% for parts

carburized to Class 2 requirements,
3.11.8.1.

3.11.8.1 A machined specimen, not less than 0.50 inch (12.7 mm) in di
6 inches (152 mm) in length shall be carburized, preferably
furnace load, for each alloy processed. The specimen shall
carburized to a depth not less than the maximum depth normal
carburized or 0.020 inch (0.51 mm), whichever is greater. T
shall not be hardened after carburizing.

determined in accordance with

ameter and
with a

be

ly

he specimen

0.005 inch (0.13 mm) shall be

machined from the diameter of the carburized specimen and th
dis¢arded. Chips for analysis shall be taken from the next
(0.13 mm) machined from the diameter. The chips shall b’ fr
grease, dirt, scale, or other foreign substances. Carbon de
may|be by any method acceptable to purchaser, but in-case of
the| combustion analysis method of ASTM E 1019 shall govern.

QUALITY ABSURANCE PROVISIONS:

Responsibili
Classification of Tests:

Acceptance Tests: Tests for case depth (3.11.1), case surface

(3.11.2), sub-surface case hardness’(3.11.3), core hardness (3.
hardneks of noncarburized surfaces (3.11.5), case microstructur
re microstructure (3.11,7) are acceptance tests and shall
ed on each lot.

NN

.1 for In n: Shall be in accordance with AMS 2

2

L=

2.1

2.2 Tests .for carbon content of the case (3.11.8)

2.3
e performed on specimens for each piece of carburizing e
be used, as<applicable for the carburizing class or classes (Se
be processed, and prior to any production carburizing.

.2.3.1 For direct U.S. ,
requested, preproduction test material shall be submitted to
cognizant agency as directed by the procuring activity, contr
officer, or request for procurement.
.3 1in : Shall be as specified in AMS 2759 and the
other methods of sampling, including statistical sampling, are pe
when authorized by purchaser:

Lot:

.3.1 Shall be in accordance with AMS 2759.

chips
E.OOS inch
e of oil,
termination
dispute,

/59.

hardness
11.4),

p (3.11.6),
be

are
requency of

ts and
quipment to
p1.2) to

a and, when
the
acting

following;
rmitted
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4.3.2 Process Control Specimens: At least one test specimen shall accompany
each 1ot through each carburizing cycle. One specimen shall be hardened,

tempered, and tested for properties required by 4.2.1. Purchaser may
request one or more additional specimens to be quenched and tempered with
the production parts. Additional specimens are required for parts with
two or more carburized surfaces which are of different case depths or of
different shapes or sizes.

4.3.2.1 Test specimens shall represent the part thickness of the heaviest
cross-section carburized and shall be of the same alloy as the parts, or
shall represent the part configuration such as a section of gear or
spling teeth.

4.3.2.2 Test gpecimens shall be uniformly distributed throughout <the flirnace
Toad. '

4.3.2.3 Actual parts or part sections may be used in lieu of{the test specimen.
4.4 Approval:| Shall be in accordance with AMS 2759.

4.5 Furnace Lag and Recorder Chart Entries: Shall _be in accordance wifth
AMS 2759. |

4.6 Records: |Shall be in accordance with AMS:2759.
4.7 Reports: [Shall be in accordance with.AMS 2759.

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

6. AQKNQNLEDQlﬁﬂI: Shall be in accordance with AMS 2759.

7. REJECTIONS{ Shall be in accordance with AMS 2759.

8. NOTES:

8.1 Dimension$ in inch/pound units and the Fahrenheit temperatures are| primary;
dimensions in SI>units and the Celsius temperatures are shown as the

approximate equivalents of the primary units and are presented only for
information-:

8.2 For direct U.S. Military procurement, purchase documents should specify not
less than the following:

Title, number, and date of this specification

Part number, alloy designation, and quantity of parts to be carburized
Class of carburizing (See 1.2)

Case depth desired

Case surface hardness desired

Periodic test frequency if other than in 4.2.2.

Level A packaging, if required (See AMS 2759).
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