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Gaseous Nitrocarburizing

1. SCOPE:
1.1 Purposg:

This spécification covers the engineering requirements for producinga continuous thin epsilon-
iron-carponitride compound layer on parts by means of a gaseous, low tempgrature process,
and properties of the case.

1.2 Application:

This prgcess has been used typically to increase wear resistance and fatigue|and to improve
corrosign resistance on ferrous metals, such asarbon, low-alloy, and tool stgels, and cast

irons, bt usage is not limited to such applications. This process can be seledtively applied to
wear arpas of the component.

2. APPLICABLE DOCUMENTS:

The issug of the following documents in effect on the date of the purchase order forms a part of
this specification to the extentispecified herein. The supplier may work to a subgequent revision of
a documgnt unless a specificydocument issue is specified. When the referenced document has
been cangelled and no superseding document has been specified, the last published issue of that
document shall apply.

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.”

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.
Copyright © 2010 SAE International

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical,
photocopying, recording, or otherwise, without the prior written permission of SAE.

TO PLACE A DOCUMENT ORDER:  Tel:  877-606-7323 (inside USA and Canada) SAE values your input. To provide feedback
Tel:  +1724-776-4970 (outside USA) on this Technical Report, please visit
Fax: ~ 724-776-0790 http://www.sae.org/technical/standards/AMS2757B
Email: CustomerService@sae.org
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2.1 SAE Publications:

Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001 or www.sae.org.

AMS 24
AMS 24

08 Plating, Tin
18 Plating, Copper

AMS 2429 Masking, Bronze Plate, Nitriding Stop-Off, 90Cu - 10Sn

AMS 2750 Pyrometry

AMS 2759 Heateatmentof-SteetParts-General-Requirements
ARP1820 Chord Method of Evaluating Surface Microstructural Charact
SAE J4p3 Methods of Measuring Case Depth

SAE J8p4 Surface Hardness Testing With Files

2.2 ASTM PRublications:

Available from ASTM, 100 Barr Harbor Drive, P.O. Bex C700, West Conshoh

2959 or

ASTM K&

2.3 ASM Py

Availab
www.as

ASM Handbook, 9th Edition; Metallography and Microstructure

3. TECHNIQ

3.1 Process

Parts to

www.astm.org.
384 Microhardness of Materials
blications:

e from ASM International, 9639 Kinsman Road, Materials Park, OH 4
m-intl.org.

AL REQUIREMENTS:
ing Equipment:

eyhitrocarburized shall be processed in an integral quench, sealed r

eristics

bcken, PA 19428-

1073-0002 or

etort, fluidized

bed, or

trnospnere-type turnace contorming to Avlio 2/799. FUrnace terpera

requirements shall be +15 °F (+8 °C).

ure uniformity

3.1.1 Atmosphere: The nitrocarburizing atmosphere shall consist of a mixture of ammonia and a
carrier gas. Acceptable carrier gases are: endothermic, refined exothermic gas, and high
purity nitrogen; a hydrocarbon gas and/or oxygen-bearing gas additions may be used for

enrich

ment.

3.1.2 Furnace Controls: Shall conform to AMS 2750.

3.1.3 Thermocouples: When load thermocouples are required, they shall be sheath-protected to
prevent deterioration due to furnace atmospheres.
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3.2 Pretreatment:

3.2.1

Hardening: Parts, where core hardening is specified, shall be heat treated in accordance with

AMS 2759 or as specified by the cognizant engineering organization to the required core
hardness prior to gaseous nitrocarburizing. Tempering for the specified core hardness shall
be at a temperature not less than 50 °F (28 °C) degrees above the nitrocarburizing
temperature.

3.2.2

Surface Condition: Parts shall be clean and free of scale, oxide, entrapped sand, mold or core

sand

be dry.

3.2.3 Stress
be str
be do
nitroc
or che
3.2.4 Selec

surfad

with AMS 2418, bronze plating in accordancewith AMS 2429, or tin plating

AMS !
surfad

appro

3.3 Procedlre:

3.3.1  Fixtur
ensur
proce
proce

3.3.2 Cycle

4 | Foy| | HI : dodlo HY o H
ratcridl, Trcial yaltuvico, Ull, UT'yicaostT pPrivul U Ui1c Throialburizintyyg pPru

Relief: Parts, which have been machined or straightened before nitrg

ne at a temperature not less than 20 °F (11 °C) degrees above the hig
hrburizing temperature to be used. Surfaces to be nitrégarburized sha
mically cleaned subsequent to stress relieving and.prior to nitrocarbu

ive Nitrocarburizing (Masking): If parts are natito be nitrocarburized a
es shall be masked. Masking may be accomplished by copper plating

P408. Alternatively, parts may be nitrocarburized all over and the casg
es not to be nitrocarburized. Other.maskants, such as stop-off paints,
ved by the cognizant engineering organization.

ng: Parts shall be racked and supported to prevent distortion at temps
b free atmospherecirculation and reaction with all surfaces during the
5s. Trays and fixtures shall not affect the temperature uniformity or ga
5sing unit.

Times:‘Processing cycles are shown in Table 1.

cess. Parts must

carburizing, may

pss relieved in accordance with AMS 2759 prior to nitrocarburizing. Sfress relieving shall

hest
| be mechanically
[izing.

| over, such

in accordance

in accordance with
machined off
may be used if

brature and to
nitrocarburizing
5 circulation in the

TABLE 1 - Processing Cycles

Process
Temperature Process Temperature  Process Time

Range Range Range
Material °F °C Hours
Carbon Steel 1060 to 1200 571 to 649 1t03
Low-Alloy Steel 1060 to 1160 571 to 627 1t03
Tool Steel, Structural 1000 to 1060 538 to 571 05t03
Tool Steel, Cutting 1000 to 1025 538 to 552 0.1to2
CastIron (Ductile, Gray, 4454 15 1200 571 to 649 1106

and Malleable)
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3.3.2.1

Preheating: Parts may be preheated in air to a temperature not higher than 850 °F (454 °C).

3.3.3 Quenching: Following treatment, parts may be quenched in oil, water, soluble oil solutions,
aqueous polymer quenchants, inert or nitrocarburizing atmospheres, or air (See 8.2).

3.4 Properties:

Gaseous nitrocarburized parts shall conform to the following requirements, determined on parts
or on test specimens as in 4.3.1.

3.4.1

3.4.2

3.4.2.1

3.4.2.2

3.4.3

Depth of Compound Layers: Shall be as shown in Table 2, determined in‘agcordance with the
proceglure of SAE J423 or ARP1820 microscopic methods, at not less'than [500X
magnffication.

TABLE 2 - Compound Layer Thickness

Thickness  Thickness Thickness  Thickness

Material Inch, min Inch, max mm, min mm, max
Carbpon Steel 0.00015 0.0010 0.0038 0.025
LowtAlloy Steel 0.00015 0.0010 0.0038 0.025
Tool Steel, Structural 0.0001 0:0005 0.0025 0.013
Tool Steel, Cutting -- 0.0002 -- 0.005
Cast Iron 0.00015 0.0010 0.0038 0.025

Presepce of Compound Layer;-Presence of a compound layer on non-austenjtic steels and cast
irons ghall be confirmed by means of a chemical spot test. A drop of copper gmmonium chloride
(3.4.2]1) or copper sulfate.solution (3.4.2.2) applied to a clean nitrocarburized surface of a part
shall turn a reddish-brown/color after 15 seconds. If copper plates out on the surface after this
proceglure, the compound layer is not present and the part is subject to rejectfon.

Copper Ammonium Chloride Solution: Dissolve 100 grams cupric chloridg (CuCl#2H,0) in
dist%led water to make one liter. Add ammonium hydroxide to form a copger ammonium

chigride-coemplex.

Copper Sulfate Solution: Dissolve 40 grams copper sulfate (CuSO,*5H,0) in 1000 mL
distilled water and 5 mL wetting agent (i.e., glycerin); pH shall be 3.5 to 4.1.

Compound Layer Structure: Not less than three fields shall be examined at 500X
magnification employing acceptable quantitative metallographic procedures of line intercept or
grid analysis (as described in ASM Handbook, 9th Edition, Metallography and Microstructure,
pages 123 to 134). The upper half of the total compound-thickness, as in 3.4.2, shall not
contain more than 30% residual porosity and oxides in any one field viewed. The compound
layer at the substrate interface and the lower quarter of the total compound thickness shall not
exhibit residual porosity and oxides exceeding 5% for steel and corrosion-resistant steel
components and 15% for cast iron components.
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3.4.4

3.4.5

3.5

Compound Layer Hardness: The layer hardness should be equivalent of 60 HRC or greater,
determined in accordance with SAE J864 for file hardness. Light load microhardness testing
of the surface can be done and will be specified in accordance with component design criteria
by the cognizant engineering organization.
Diffusion Zone Hardness (Case): Shall be as shown in Table 3, determined by microhardness
measurements at a depth of 0.002 inch (0.05 mm) from the treated surface in accordance with
ASTM E 384 or by the chordal method of ARP1820 on prepared cross sections of the
nitrocarburized case using Knoop or other appropriate hardness tester, as agreed upon by the
COgniA.cu et |gi| Yeerit 1g-orgat rization:
TABLE 3 - Diffusion Zone Minimum Hardness
Hardness
Material HK100
Carbon Steels 300
Low Alloy Steels 460
Tool and Die Steels, Structural 600
Tool and Die Steels, Cutting 700
Cast Iron (Gray, Ductile, or Malleable) 300
Logs:
A recordl (written or electronic storage media), traceable to temperature recorfling information

(chart(s]) or electronic storage media) and to shop travelers or other documentation, shall be
kept for[each furnace and load. The information on the combination of documients shall include:
equipment identification, approved personnel’s identification, date; part numbgr or product
identification, number of.parts, alloy, lot identification, AMS 2757 or other applicable
specificption, actual thermal processing times and temperatures used. When japplicable,
atmosphere controhparameters, quench delay, quenchant type, polymer congentration and
quenchant temperature shall also be recorded. The maximum thickness, when process
parameters are-based on thickness, shall be recorded and shall be taken as the minimum
dimension ofthe heaviest section of the part. The log data shall be recorded |n accordance with
the heat treater’s documented procedures.

4. QUALITY ASSURANCE PROVISIONS:

4.1

Responsibility for Inspection:

Purchaser of treated parts shall supply all necessary test coupons; the processor shall be
responsible for the performance of all required tests. Purchaser reserves the right to sample
and to perform any confirmatory testing deemed necessary to ensure that the parts conform to
specified requirements.
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4.2 Classification of Tests:

4.2.1

Acceptance Tests: Depth of compound layer (3.4.1), presence of compound layer (3.4.2), and

compound layer hardness (3.4.4) are acceptance tests and shall be performed on each lot.

422

Periodic Tests: Compound layer structure (3.4.3) and diffusion zone hardness (3.4.5) are

periodic tests and shall be performed at a frequency selected by the processor unless
frequency of testing is specified by purchaser.

4.2.3 Prepr
perfor
mater,

confir
4.3 Samplin

Sufficie
parts re
tests fo
process
establis|

Jduuﬁun TUDtD. A” tcb: LI I;L;cl: IUL{U;IUIIIUI Itb alc plUpIUdubt;Ull tcbtb al'ly
med prior to or on the initial shipment of a part to a purchaser, when.3
al and/or processing requires reapproval as in 4.4.2, and whenypurch
matory testing to be required.

g and Testing:

nt parts or test coupons of the same alloy, surface-condition, and pret
presented, shall be processed with each furnace’load to permit duplic
each acceptance requirement (4.2.1). A lot shall be all parts of the sg
ed in the same furnace load. The number of\parts or coupons for test
hed by purchaser.

4.4 Approv

4.4.1

4.4.2

Sample parts shall be approved by, purchaser before parts for production us
unles$ such approval be waived.by purchaser.

Procegsor shall use manufacturing procedures, processes, and methods of
produftion parts which are essentially the same as those used on approved
necesgsary to make any)change in established limits of the case or nitrocarb
proceglures, processer shall submit for reapproval a statement of the revise

shall be
change in
aser deems

eatment as the
ate conformation
Ame part number
ng shall be

e are supplied,

inspection on
sample parts. If
urizing

H operations and,

when [requested;«sample nitrocarburized parts or test coupons. Production parts

nitrocarburized-by the revised procedure shall not be shipped prior to receiq

4.5 Report/Certification

t of reapproval.

The heat treating processor shall furnish, with each shipment of parts, a certified quality
assurance report, traceable to the heat treat control number(s), stating that the parts were
processed in accordance with the requirements of AMS 2757B (or other applicable
specification). The report shall include: purchase order number, part number or product
identification, alloy, temper/strength designation, quantity of parts in the shipment, identification
of furnace(s) used, actual thermal processing times and temperatures used. When applicable,
the report shall also include: atmosphere type, quenchant (including polymer concentration
range), hot straightening temperature and method of straightening (e.g. press, fixtures), actual
test results, (e.g., hardness, conductivity, tensile, shear etc.) and a statement of their
conformance/nonconformance to requirements. This data shall be reported in accordance with
the heat treater’'s documented procedures.
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