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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

date of the purchase order.
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Available from SAE, 400 Commonwealth Drive, Warrendale,

.1 Aeros

AMS 2

.2 Aeros
ARP18
.3 SAE S

SAE J423 Methods of Measuring Case Depth
ASTM Pul§Tications:
Available from ASTM, 1916 Race.Street, Philadelphia, PA 19103-11

ASTM E 140 Hardness Conversibn Tables for Metals (Relationship H
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Brinell Hardness, Vickers Hardness, Rockwell Hardness
Rockwell Superficial Hardness, and Knoop Hardness)
ernment_ Rublications:

e from Standardization Documents Order Desk, Building 4D
Avende, Philadelphia, PA 19111-5094.
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.1 Military Standards:

MIL-STD-2073-1 DOD Materiel, Procedures for Development and Application
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Availabl

of Packaging Requirements
ications:

e from ASM International, Materials Park, OH 44073

ASM Handbook, Metallography and Microstructure, 9th Edition.
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3. TECHNICAL REQUIREMENTS:

3.1 Processing Equipment:

3.1.1 Nitrocarburizing Salts: Shall consist primarily of a mixture of alkali
metal cyanates and carbonates.

3.1.2 Salt Bath: The cyanate content of the bath shall be controlled within the

range 34 - 38% by weight, determined as cyanate ion.

3.1.3 Parts

to be nitrocarburized should be processed in a salt bat

furnag
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stresy

e conforming to AMS 2759. Furnace temperature uniformity
ements shall be %15 °F (£8 °C).

e Controls: Shall conform to AMS 2759.

couples: When Toad thermocouples are required; they shg
ted to prevent deterioration due to immersion in nitrocy

on: The bath shall be aerated with glean, dry, oil-fres
nt air. A desiccant air dryer, a flFowmeter for measuring
e for air pressure, and a spargipng’ring are required equ
ow and pressure shall be in accordance with the salt prg
endations.

ment:

ing: Parts requiring(ore hardening prior to nitrocarbd
be heat treated in (@agcordance with AMS 2759, or other pn
able to purchaseg, .to the required core hardness. Tempe
ied core hardness shall be done at a temperature not To
(11 °C) above jthe highest nitrocarburizing temperature

e Condition:y Prior to nitrocarburizing, parts shall be

f scalejyoxide, entrapped sand, mold or core sand materi

les,, «@hl, or grease. Parts must be completely dry. Sun

arbutized shall be mechanically or chemically cleaned su
relieving and prior to nitrocarburizing.

Stress Relief:

Parts in which residual stresses may have been

retort-type

117 be sheath
rburizing

compressed
air flow,
ipment. The
ducer's

rizing,
ocedure

ring for the
er than

0 be used.

clean and
al, metal
faces to be
bsequent to

introduced

by prior mechanical working or other causes and consequently may crack or
change dimensionally during nitrocarburizing shall be stress relieved
prior to final part machining. Stress relief shall be performed in
accordance with AMS 2759 at a temperature not Tower than 20 °F (11 °C)
above the nitrocarburizing temperature.

Procedures:

.3.1 Preheating: Parts shall be preheated in air to a temperature not higher
than 750 °F (399 °C), to ensure drying, to maintain bath temperature, and

to avoid thermal shock upon immersion in the nitrocarburizing salt.
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3.3.2 Nitrocarburizing: Parts shall be immersed and held at tempe
aerated cyanate bath as follows:

rature in the

) Approximate
) Time Temperature
Material min max %E °c
Carbon and Low-
Alloy Steels 1 hour 2 hours 1070 577
Tool and Die
Steels 5 minutes 3 hours 1000 538
Cdrrosion and Heat
Rgsistant Steels (3.3.2.1) 15 minutes 2 hours 1970 577
Ductile, Malleable,
amd Gray Castlron 1 hour 3 hours 1070 577
Fdrrous Powder
Metal Products 30 minutes 2)hours 1070 577
3.3.2.1 Nitrocarburizing temperature should be at least 20 °F (11[°C) below

maintain base material hardness but shall not be lower tha
(538 °C).

3.3.3 Quenching: Following nitrocarburizing, parts shall be inte

quenched in a fused salt bath in a temperature range of 650 1
43 to 399 °C). After~parts have stabilized at the bath t{
pdint, water quench or‘air cool.

3.4 Prop¢rties:

Nitrpcarburized_‘parts shall conform to the following requiremg
determined onCparts or on test specimens as in 4.3.1:

final temperlng temperature or precipitation hardening tenperature to

n 1000 °F

rmediate
[0 750 °F
bmperature set

nts,

3.4.1 Tegt for<Compound Layer Presence: The required presence of
Idyer. 6 non-austenitic steels and cast irons shall be confi
a)chemical spot test. A drop of copper ammonium chlorid

a compound
rmed by means
b (3.4.1.1) or

c I arburized
surface of a part shall turn a reddish-brown color after 15 seconds. If
copper plates out on the surface after this procedure, the compound layer

is not present and the part is subject to rejection.

3.4.1.1 Copper ammonium chloride solution: dissolve 100 grams cupric chloride

(CuCly = 2H90) in distilled water to make one liter. Add
hydroxide to form a copper ammonium chloride complex.

3.4.1.2 Copper sulfate solution: dissolve 40 grams copper sulfate
(CuSOq - 5H,0) 1n 1000 mL distilled water and 5 mL wetting
(i.e. glycerin); pH shall be 3.5 - 4.1.

ammonium

agent,
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3.4.2 Depth of Compound Layer:

Shall be as follows, determined in a

ccordance

with the taper or step grind procedures of SAEJ423 or ARP1820, microscopic
method at not less than 500X magnification.

Compound Layer Thickness

Inch Millimeter
Material
min max min max
Carbon Steel 0.00015 0.0010 0.0038 0.025
Corrosion & Heat
Resistant Steels 0.00015 0.0010 0,0038 0.025
Low-Alloy Steel 0.00015 0.0010 6,J0038 0.025
Tool @nd Die Steels 0.0001 0.0005 0{0025 0.012
Cast Iron 0.00015 0.0040 0{0038 0.025
Ferrolis Powder
Met¢l Products (minimum
dengity 7.0 gm/cc) 0.00015 070010 00038 0.025
3.4.3 Qualify of Compound Layer:
3.4.3.1 Not [Tess than three fields shall be examiwed at 500X magnifijcation
emplloying acceptable quantitative metalkhographic procedures [of Tine
intdrcept or grid analysis (as descriled in ASM Handbook, 9th Edition,
Metqllography and Microstructure, pages 123 to 134). The upjper half of
the |total compound-thickness, as _dn 3.4.2, shall not contain| more than
50% |residual porosity and oxides~tin any one field viewed. The compound
lTaydr at the substrate interfa@ce and the lower quarter of the total
comgound thickness shall ngt exhibit residual porosity and oxides
excdeding 5% for steel andYcorrosion-resistant steel components and 15%
for |cast iron component's.
3.4.3.2 For |parts treated Amiquid ferritic nitrocarburizing baths Jusing sulfur
beanling salts, the~resultant compound Tayer shall be free off sulfur.
Quarftitative suxface analysis shall be done to verify the ablsence of
sulfur.

3.4.4 Case Hardness? Shall be as follows, determined by microhardngss
measufemehdts at a depth of 0.001 inch (0.025 mm) from the tredted surface
in ac¢ardance with ASTM E 384 or by the chord method of ARP1840 on
prepared CroUsSsS SECLTONS Of tIE i tToCarpuriZed Case us img Rmoop or other
appropriate hardness tester acceptable to the cognizant engineering
activity.

Material Hardness, minimum

HK100 or equival

Carbon Steels 300
Low-AlToy Steels 460
Tool & Die Steels 600
Cast Iron (Gray, Ductile, or Malleable) 300
Corrosion & Heat Resistant Steel 600
Ferrous Powder Metal Products

(minimum density 7.0 g/cc) 300

ent
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4.

QUALITY ASSURANCE PROVISIONS:

i

1

1.

Responsibility for Inspection:

The processor of treated parts shall
tests and shall be responsible for performing all

supply all samples for processor's
required tests.

Purchaser

reserves the right to sample and to perform any confirmatory testing deemed
necessary to ensure that the parts conform to the requirements of this
specification.

ClassifHeatton—ef—Fests
Acceptance Tests: Tests for core hardness (3.2.1), presénce|of compound
layer (3.4.1), depth of compound layer (3.4.2), quality N3.4{3), and case
hardpess (3.4.4) are acceptance tests and shall be performed|on each heat
treagment lot.
Peripdic Tests: Tests for cyanate content (3¢1.2) are periogic tests and
shal] be performed at a frequency selected By )the vendor unlé¢ss frequency
of testing is specified by purchaser.
Preproduction Tests: Tests for all technical requirements afe
preproduction tests and shall be performed prior to or on thd
firsg-article shipment of nitrocarburized parts to a purchas¢r, when a
change in material and/or process¥ng requires reapproval as 1n 4.4.2, and
when| purchaser deems confirmatery testing to be required.

.1 Fol direct U.S. Military{procurement, substantiating test data and when
requested, preproduction test material shall be submitted fo the
cognizant agency aswdirected by the procuring activity, coptracting
offficer, or request  for procurement.

Samplifpg and Testing:

Not leps thanlone sample shall be processed for evaluation for|each test

requirement;:

Evalbhd¥ion Samples: Test pins or specimens of the same nomifal
composition as the parts shall be processed with the work when required by
purchaser.

Approval:

Nitrocarburized parts shall be approved by purchaser before parts for
production use are supplied, unless such approval be waived by purchaser.
Results of tests on production parts shall be essentially equivalent to
those on the approved sample parts.

1 Specimens of the same nominal composition and heat treat condition

(See 4.3.1) may be used for destructive evaluation in lieu of actual
parts if acceptable to the cognizant quality assurance activity.
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