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1.1 Form

This specification covers the requirements for the application and properties of a titanium nitride coating on metal parts
applied by physical vapor deposition (PVD).

SAE Executive Standards Committee 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 revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and

suggestions.
Copyright © 2025 SAE Internatio

nal

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, or used for text and data mining, Al training, or similar technologies, without the prior written permission of SAE.
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Email: CustomerService@sae.org https://www.sae.org/standards/content/AMS2444B/
http://www.sae.org
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1.2 Application

This coating has been used typically for enhancing the wear resistance of parts, but usage is not limited to such applications.
The process is limited to line-of-sight applications that are not damaged by process temperatures.

1.3 Authority

The cognizant engineering organization may impose requirements or approve allowances that supersede the requirements

in this AMS.

1.4 Classification

1.4.1

Coatings covered by this specification are classified as follows:

Class 1 - 0.00005 to 0.
Class 2 - 0.00010 to 0.
Class 3 - 0.00025 to 0.

1.4.2 Unless a speci
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Measurement of Coating Thicknesses by X-ray Spectrometry

Vickers Hardness and Knoop Hardness of Metallic Materials

Microindentation Hardness of Materials

2.3 NIST Publications

Measuring Coating Thickness by Magnetic-Field or Eddy Current (Electromagnetic) Testing Methods

Available from NIST, 100 Bureau Drive, Stop 1070, Gaithersburg, MD 20899-1070, Tel: 301-975-6478, www.nist.gov.
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2.4 Definitions

Terms used in AMS are defined in AS7766.

3. TECHNICAL REQUIREMENTS

3.1
3.1.1  General

3.1.1.1

Processing Requirements

Documentation

Processing shall be performed in accordance with written procedures or work instructions covering all control factors

(see 4.4.3).

3.1.1.2  Equipment

Coating in accordance
beam, magnetron, or ¢
performed according td
3.1.1.3 Consumable
Composition and quali
specifications, subject
3.1.1.4  Surface Finis
Cleaning and coating
roughness of the parts
3.1.1.5 Undesignate
Coating may be prese
meet the same propert

3.1.2 Procedure

3.1.2.1 Precleaning

Parts to be coated shd|l be free of dirt, oil, stains, and any other foreign materials. Cleaning metho

subject to approval as

with this specification requires physical vapor deposition equipment using
ther ion generation suitable for TiN coating. Coating chamber gleaning ang
documented procedures and schedules.

Materials

ly of nitrogen and inert gas(es) as well as titanium Source material shall cg
0 approval in accordance with 4.4.2.

5h

processes shall be established and:controlled to prevent any unacceptal
(see 8.3).

d Coating Areas

nt on areas that are not designated to require coating. When present, coatir]

n4.4:

cathodic arc, electron
maintenance shall be

nform to the supplier’s

le increase in surface

g on these areas shall

y requirements as the.coeating on designated areas, except for thickness (seg¢ 3.2.2.3).

s and parameters are

3.1.2.2

Bond Layer Coating

When approved in accordance with 4.4, a layer of titanium may be applied prior to TiN coating to aid in bonding.

3.1.2.3

3.1.2.31

Application of Coating

exposed to the coating vapor.

3.1.2.3.2

3.1.2.3.3

Parts and material for test sampling shall be positioned in the chamber so that surfaces to be coated are fully

Exposure times and vapor concentration shall be established to meet coating thickness requirements.

During the coating process, part temperature shall be maintained within a range that does not damage the parts.
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3.2 Properties
Coatings shall conform to the following requirements:
3.2.1 Coating Composition

Shall be titanium nitride, determined by comparison to crystallographic standards for TiN. There shall be no discernible
background extraneous pattern of TizN or other elements.

3.2.2 Thickness
3.2.2.1 Coating thickness shall be determined using a destructive method such as ASTM B487 or nondestructive

methods such as ASTM B499, ASTM B568, or ASTM E376, as approved by the cognizant engineering
organization (see 4.4).

3.2.2.2 Coating thickness on areas designated to require coating shall be within the range'|listed in 1.4.1 for the
class specifigd.

3.2.2.3 When coating is present on undesignated areas, thickness may be any valuglup to the npaximum limit specified
for the aread that require coating.

3.2.3 Hardness

Shall be not lower than|2000 VHN, or equivalent, determined in accordance with ASTM E92, directly| on a suitably prepared
and coated surface. Alfernatively, hardness may be determined in accerdance with ASTM E384 on ja coated specimen.

3.2.4  Microstructure

Metallographic examingtion of a suitably prepared specimen(cross section, at 400 to 500X magnffication, shall show no
separation at the coafjng-substrate interface. Oxide or other contamination of the coating-substfate interface shall not
exceed 10% in any fielfd of view when viewed at a minimum of 200X magnification on the specimen|cross section.

3.2.5 Adhesion

There shall be no visibjle evidence of coating 'separation from the basis metal when the following tg¢st is performed. Tape,
1 inch (25 mm) wide or|wider, having adheSivé strength of not less than 60 oz/in (0.66 N/mm) of widtH, shall be firmly applied
to the coated area. It shall then be pulled.manually from the coated area, at approximately 90 degreep to the coated surface,
in one sharp movement. Visual inspection shall show no damage to the coated surface and no coating particles adhering
to the tape.

3.3 Quality

3.3.1  Color and Luster

Coating, as delivered, shall exhibit a color and bright luster similar to metallic gold. There shall be no visible evidence of
other materials in the coating.

3.3.2 Coverage

Parts shall exhibit a uniform surface free from chips, cracks, pits, blisters, edge peeling, and delaminations. Visual inspection
shall be performed using a magnification of 5 to 10X. Voids or discontinuities in the coating shall not exceed 0.010 inch
(0.25 mm) in any direction, except that not more than two voids up to 0.030 inch (0.76 mm) in any direction may be permitted
in any 0.25-inch (6.4-mm) diameter area. When present, voids shall be uniformly distributed and shall not exceed
the following:

Class 1 - 4% of the surface
Class 2 - 2% of the surface
Class 3 - 1% of the surface
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Imperfections in appearance that arise from surface conditions of the substrate, such as weld areas, variations in

surface finish roughness, porosity, scratches, or inclusions, that persist in the finished coating despite observance
of industry-accepted coating practices shall not be considered as cause for rejection of the coating (see 8.4).

3.3.2.1
3.3.2.2

inspected for.
3.3.3 Nodules

If the coating is specified to be subsequently ground or machined, the above requirements are not required to be

Coatings shall be free from nodules that are visible when examined at a minimum of 5X magnification.

4. QUALITY ASSURANCE PROVISIONS

4.1

Responsibility for Inspection

The processor shall supply all test specimens for the processor’s tests and shall be responsibléfor
required tests. When parts are to be tested, such parts shall be supplied by the purchaser. The 'purch

to sample and to pe
requirements of this sp

4.2 Classification of

4.2.1 Acceptance Tg

Thickness (see 3.2.2),
4.2.2 Periodic Tests

Coating composition (
performed at a frequen
4.2.3 Preproduction
All technical requirems
parts to a purchaser, W
purchaser deems confi

4.3 Sampling and T¢g

orm any confirmatory testing deemed necessary to ensure that/the co
ecification.

lests
sts

adhesion (see 3.2.5), and quality (see 3.3) are acceptance tests and shall be

see 3.2.1), hardness (see 3.2.3), anddmicrostructure (see 3.2.4) are perig
cy selected by the processor.

Tests
nts are preproduction tests“and shall be performed prior to or on the initial
hen a significant change in material and/or processing requires approval as

rmatory testing to ble required.

sting

For this specification,

lot shall'be all parts of the same part number coated in the same chambe

presented for the procgssor’s, inspection at one time.

4.3.1  Sampling for

the performance of all
aser reserves the right
pting conforms to the

performed on each lot.

dic tests and shall be

Ehipment of the coated
in 4.4.2, and when the

 at the same time and

cceptance Tests

Test samples shall be selected randomly from all parts in the lot. Unless the cognizant quality organization supplies a
sampling plan, the minimum number of samples shall be as shown in Table 1.

Table 1 - Sampling for acceptance tests

Quality, Nondestructive Thickness,

Number of Parts and Adhesion

1to 3 All
4to 25 4
26to 65 6
66 to 180 13
181 to 300 20
301 to 800 32
Over 800 50



https://saenorm.com/api/?name=8c67f7fe21fc6e63638754843c2e0c9f

SAE INTERNATIONAL AMS2444™B Page 6 of 8

4.3.2 Coating Thickness

Coating thickness may be determined by any of the following methods:

4.3.21 Destructive Tests

One part or test specimen processed with each 100 parts or fraction thereof. Coating thickness shall be determined on
metallographically prepared cross sections (see 3.2.2.1). Sections shall be taken to represent all required coated surfaces,
such as the full circumference of cylindrical surfaces.

4.3.2.2 Nondestructive Tests

Test frequency shall be in accordance with Table 1. The processor shall have and use calibration standards simulating part
geometry and generic substrate material when nondestructive testing is used.

4.3.3 Coating Subst

Test frequency shall cg

4.3.4 Separate sped
hardness, and

4.4  Approval

441

cognizant engi
4.4.2 The processor
processes, or
engineering o
organization, ¢
4.4.3 The processor
part number. T
requirements
within the proc
The processor

4.4.4 Control factors|

Precleaning procedure

The process description and control factors, a coated part, or both,"whichever is specified, s

ate - Interface Adhesion (Tape Test)

nform to Table 1.

microstructure testing.

heering organization before production coated-parts are supplied.

of coated parts shall make no significant change to the process descripti
controls referenced in the process déscription unless the change is appr
ganization. A significant change is~one which, in the judgment of the
puld affect the properties or performance of the coating.

he description shall include’ control factors and parameters that provide co
f this specification. Control factors considered proprietary by the processor n
ess description. Eachyvariation in such control factor shall be assigned a mogq
shall maintain a complete record of all proprietary factors and codes.

shall include;-but are not limited to, the following:

5 and/parameters

Equipment used, inclu

!

Equipment minimum vacdum level and maximum leak-up rate

ing\type, size, make, and model of coating apparatus

imens simulating part geometry and substrate material mayybe used fof

coating composition,

nall be approved by the

bn or to the materials,
bved by the cognizant
cognizant engineering

shall establish a written progess description covering preparation, coating, gnd inspection for each

hted parts meeting the
hay be assigned codes
ified code designation.

Part masking and loadi

ng procedures

Number and locations of parts in chamber
lon cleaning parameters, if applicable

Bond layer parameters

, if applicable

Composition and impurity limits of gases used
Titanium source composition and impurity limits
Vacuum/nitrogen levels

Coating process parameters and electrical settings
Part time and temperature cycles for outgassing, ion cleaning, bond coating, and TiN coating, as applicable
Size, geometry, and location of test coupons, if used

Methods used for determining coating composition, thickness, hardness, and adhesion

Periodic test plan
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