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3 MAY 1085

MILITARY SPECIFICATION
COATINGS, ELECTROLESS NICKEL, REQUIREMENTS FOR

This specification is approved for use by all
Departmente and Agencieg of the Department of
Defense.

1. SCOPE

1.1 Scope. This gpecification covers the requirements for electroless
{autocatalytic chemical reduction) deposition of nickel or nickel coatings
on metal surfaces.

1.2 Claggificatio

1.2.1 Clasges. The nickel coatings shall be classified in accordance with
the thermal treatment applied subsequent to plating.

Clags 1 - As plated, no subgequent heat treatment. A bake for
hydrogen embrittlement relief is not considered a heat

treatment.
Clasg 2 - Heat treated to obtain required hardness. May be uged on
all metals not affected by heating to 500°F and above.
Clagg 3 - Aluminum alloys nonheat-treatable, and beryllium alloys
procesgsed to inprove adhesion of the nic;kel deposgit.
Class. 4 - Aluminum alloys, heat-treatable, processed to improve

adhegion of the nickel deposit.

Beneficial comments (recommendations, additions, deletions) and any
pertinent data which may be of use in improving this document should
be addressed to: ASD/ENES, Wright-Patterson AFB OH 45433-83503, by
uging the self-addreased Standardization Document Improvement Proposgal
(DD Form 1426) appearing at the end of this document or by letter.

AMSC N/A AREA MFP

PISTRIBUTION STATEMENT A: Approved for public release, disgtribution is
unlimited.
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1.2.2 Gradegs. The nickel coatings shall be of the following grades:

Grade A - 0.0010-inch minimum thickness
Grade B - 0.0005-inch minimum thickness
Grade € - 0.0015-inch minimum thickneas
2. APPLICABLE DOCUMENTS
2.1 Government documents

2.1.] Specifications_and standards. The following specifications and
gtandards form a part of this document to the extent specified herein.
Unless otherwise specified, the issues of these documents are those listed
in the issue of the Department of Defense Index of Specifications and
Standarda (DODISS) and supplement thereto, cited in the solicitation (gee
6.2)

SPECIFICATIONS
MILITARY
MIL-I-13185 Shot P;ening of Metal Parts
STANDARDS
MILITARY
MIL-STD-105 Sampling Procedures and Tables for Inspection by

Attributes
MIL-STD-16496 Inspection, Magnetic Particle

(Unless otherwige indicated, copies of the military specifications and
gtandards are available from the Naval Publications and Forms Center,
(ATTN: NPODS), 5801 Tabor Avenue, Philadelphia, PA 19120-8009.

2.2 Non-Government publicationz. The following documents form a part of
this document to the extent apecified herein. Unless otherwipe apecified,
the issues of the documents which are DoD adopted are those listed in the
tgaue of the DODISS specified in the solicitation. Unless otherwise
gspecified, the issues of documents not listed in the DODISS are the isaues
of the documents cited in the solicitation (see 6.2).

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM RaRT7 Moasurement of Metal and Oxide Coatings Thicknesas by

Microscopical Examination of a Croas Section. Method for
(DoD adopted)

ASTM B499 Standard Test Method for Meagurement of Coating Thickness
by the Magnetic Method: Nonmagnetic Ccatings on Magnetic
Bagis Metals (DoD adoptad)
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ASTM B568 X-Ray Spectrometry (DoD adopted)

ASTM E18 Rockwaell Hardness and Rockwell Superficial Hardness of
Motallic Materials, Tests for (DoD adopted)

ASTM E384-84 Microhardness of Materiala, Test Mathed for

ASTM FS519 Mechanical Hydrogen Embrittlement Testing of Plating
Procesges and Aircraft Maintenance Chemicals (DoD adopted)

(Application for copies should be addressed to the American Society
for Testing and Materials, 1916 Race Street, Fhiladelphia, PA 10103-1137.)

2.3 Order _of precedence. In the event of a conflict between the text of
this document and the references cited herein, the text of this document
takes precedance. Nothing in this document, however, supersedes applicable
laws and regulations unless a gpecific exemption has been obtained.

3. REQUIREMENTS

3.1 Materials

3.1.1 Bagia motal. The coating may be used on iron, copper, aluminum,
nickel, cobalt, beryllium and titanium based alloys.

3.1.2 Tensjile gptrength. All steel parte having an ultimate tensile strength of
220,000 pai, or above, shall not be coated without approval of the procuring
activity.

3.2 Precoating procedures
3.2.1 QGaneral requirements.

3.2.1.1 tinless otherwise specified, parts shall be cleaned, pickled, or
otherwige preheated as necesgary.

3.2.1.1.1 Unless approved by the procuring activity, high strength ateels
above Rockwell C40 hardness shall not be subjected to acid pickling.

3.2.1.2 Unless otherwise specified, the coating shall be applied after all
basis metal heat treatments and machanical operations such as machining,
brazing. welding, forming and perforating of the part have been conpleted.

3.2.1.3 Hardness meammemant. Prior to coating, steel parts shall be
measured for hardness in accordance with ASTM E-18.

3.2.2 Stress relief heat treatment. Prior to cleaning and coating, all steesl
partas having a hardness greater than Rockwell C40 ghall be given a stress-
relief heat treatment at a temperature that will produce maximum atress reliet
without reducing the hardness to less than the specified minimm

3.2.3 Shot_peening. Prior to coating, all steel! parts having a hardnesz of
Rockwall C40, or above, and are designed for unlimited life under dynamic
loads, shall be shot peened in acordance with MIL-5-13185. Unless otherwise
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specified, the shot peening shall be accomplished on all surfaces for which
the coating is required and all immediately adjacent surfaces when they
contain notches, filletsg, or other abrupt changes of section aize where
gtresges will be concentrated.

3.3 Coating properties
3.3.1 GQeneral requirements

3.3.1.1 Manufacturers are given latitude in the selection of raw materials
for formulating the coating bath provided the finish meets the requirements of
this specification.

3.3.1.2 Equipment, solutionz and process procedures shall be subject to the
approval of the procuring activity.

3.3.2 Thicknegs. Unless otherwise specified, minimm thickness of the
nickel coating shall be 0.0010 (Grade A) for aluminum based alloys; 0.005
{(Grade B) for copper, nickel, cobalt, titanium and beryllium alloys; and
0.0015 (Grade C) for iron based alloys.

3.3.3 Adhesion. The adhesion shall be such that when examined at; a

magnification of approximately four diameters, the nickel coating shall not

show geparation from the basis metal at the interface when tested as gpecified
in 4.5.2. The interface between the nickel and the basir metal is the surface
of the basis metal before coating. Occurrence of any defect in the coating
which could lead to failure of the coating shall be considered as
nonconformance to this specification. Coating should not be accomplished on
parts which contain defects that would lead to failure of the part, or
coating, in service.

3.4 Postcoating procedures

3.4.1 Hydrogen embrittlement relief bake. Within 4 houwrs after coating,
coated class 1 and clasg 2 steel parts which have a hardness of Rockwell C40

or above shall require a hydrogen embrittlement relief bake at 375°F + 25°F

1 E3 Y b S %
for not less than I hours. When testsed in accordancs with ssction 4, ..hg

baked parts shall not crack or fracture.

3.4.2 Heat treatments

3.4.2.1 Clasg 2 hardness coatings. Clasas 2 coatingsa shall have a minimm
hardness of 700 Vickers or equivalent. The hardness can be achieved by
heating the part per the schedule given in 6.3.

3.4.2.2 Class 3 coatings. Coated nonheat-treatable aluminum partg ghall be
heated for 1 to 1 1/2 hours at 375°F + 15°F (191°C + 8°C) to improve adhesion
of nickel deposit.

3.4 lags 4 coatings. Coated heat-treatable aluminum al loys ghall be
hwnuw bet.'.‘_éen 2anPF o 280°F (11890 to 127°C) for ) o 1 1/2 howurs to

improve adhegion of nickel deposit. (NOTE: These alloy typea and grades may
undergo microstructural changes when heated to 375°F.)
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3.5 Identifjcation markipng. When specified, the coated parts ghall be
marked with a fluid not affected by water and which shall not rub off or

gmear during shipment .or storage, and shall carry a tag giving the
following information:

a. Basig metal

b. Number of this gpecification

¢. Class and grade of coating

3.6 Workmanship
3.56.1 pBagig mmtal. Tho basig metal shall be free from defecis that wiil

be detrimental to the utility, appearance or serviceability of the
finished product or part and coating.

'3.8.2 Nickel goating. The nickel coating shall bo smooth, adherent, and free
from vigible blisters, pits, nodules, porogity, cracks and other defects. All
details of workmanship shall conform to the best practices for high quality
coating.

4. QUALITY ASSURAMCE VISIONS

4.1 Regpongibility for inspection. Unless otherwise specified in the
contract or purchase order, the contractor is responsible for the

performance of all ingspection requirements {(examinationz and tests) as
gpecified herein. Except as otherwise gpecified in the contract or purchase
order, the contractor may use his own or any other facilities suitable for the
performnce of the ingpection requirements gpecified herein, unless
disapproved by the Government. The Government reserves the right to perform
any of the inspections get forth in the specification where such ingpections
are deemed necegsary to ensure supplies and gervices conform to prescribed

requirements.
4.1.1] Respongibility for compliance. All item3 shall meot all

racuinementa of gectione 3 and 8§, Tha ingnaction gat forth in thin
requaremer 0L gacllig ~ (Y2t wgpeclion or A Laie

gpecification shall become a part of the contractor’s overall inspection
system or quality program The abgence of any ingpection requiremsnte in
the gpecification shall not relieve the contractor of the responaibility of
ensuring that all products or supplies submjtted to the Government for
acceptance cormply with all requirements of the contract. Sampling .
ingpection, as part of manufacturing operations, is an acceptable practice
to ascertain conformance to requirements, however, this does not authorize
submiggion of known defective material, either indicated or actual, nor

doeg it commit the Government to accept defective material.

4.2 Clasgification of ingspections. The inspection requirements specified
herein are classified as quality conformance inspection (seo 4.4).

horwige gpecified, 211 ingpections
the methodas of inspection gpecified in

4.5.
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4.3.1 Inspection lot. A lot ghall consist of coated parts of the same type
and class, same basis metal, and of approximately the same size and shape,
coated under the same conditions and by means of the same coating proceas,
and gubmitted for acceptance at cne time. '

4.3.2 Separate gpecimenz. When the coated parts are of guch form az to be
not readily adaptable to a test specified herein, or at the diascretion of the
ingpector for destructive tests for the sampling of emall lot sizes, the test
my be made by the use of separate specimens coated concurrently with the
partz represented. The aseparate specimens shall be of a basis metal
equivalent to that of the parts represented. ‘Equivalent® basis metal
includesg chemical composition and finish of surface prior to coating. For
exanple, a cold-rolled steel surface shall not be used to represent a hot-
rolled ateel surface; owing to the impracticability of forging or casting
geparate test specimens, hot-rolled steel specimens may be used to represent
forged and cast gteel parte. The separate specimens ghall be stripsa
approximately l-inch wide, 4 inchea long, and 0.04-inch thick except these
required for determination of embrittlement relief (gee 4.5.4).

Thege specimeng gshall be introduced into a lot at regular intervalg prior to
the cleaning operations preliminary to coating and shall not be separated
therefrom until after completion of the processzing.

4.4 Quality conformance inspection. Quality conformance inspections ghall
congigt of sampling plans A, B, C and D.

4.4.1 lin lan = ling _procedureg for vigual examination
nondestructive tests of coating thicknesg. Samples shall be selected from
each lot (see 4.3.1) and acceptance of the lot shall be determined in
accordance with ingpection level II and acceptable quality level (AQL) 1.5 of
MIL-STD-105. Periodic thickness and adhesion teatz may be performed to verify
comparable nondestructive tests so ag to agsure proper process control.

4.4.1.1 Visual ingpection. Each of the sanple parts selected in
accordance with 4.4.1 shall be examined visually for conformance to
requirements of 3.6.2.

4.4.1.2 Thicknegs (nondegtructive_testg). Each of the sample parts selected
in accordance with 4.4.1 shall be inspected and the coating thicknesz measured
in geveral locations on each part in accordance with 4.5.1.2. The part ghall
be conzidered nonconforming if one or more meazurement fail to meet the
gspecified minimm thickness.

4.4.2 lin lan - 1i rocedures for evaluati ogen
embrittlement relief destructive tests - Classes 1 _and 2. A hydrogen

embrittlement relief test shall be run once per month, as specified in 4.5.4.

4.4.3 lin lan € - ling procedure for egion_tesgts

destructive testg of coating thickness. A random sample of four parts shall
be selected from each ingpection lot (see 4.3.1) or four separately coated
gpecimens shall be prepared in accordance with 4.3.2 to repreaent each
inspection lot. If the number of parts in an inspection lot is four or less,
the number of parts in the sample shall be determined by the procuring
activity or shall be left to the discretion of the inspector.
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4.4.3.1 Thicknerss (destructive) test. Each part shall be tested in

accordance with 4.5.1.1 in several locations. If the coating thickness at any
place on any part is less than the specified thickness, the lot shall be
rejected.

4.4.3.2 Adhesiopn. The parts used for the thickness test (4.4.3.1) may be
used ag specimens for the adhesion tests specified in 4.5.2 provided they are
of guitable size and form Failwre of one or more of the test specimens shall
congtitute failure of the lot.

4.4.4 All class 2

coated part.a seloct.ed from 4 3.1 shall bo eubjcctod to a hardnoal test in
accordance with 4.5.3.

4.5 Mathods of inspection
4.5.1 icknesg test

4.5.1.1 Microgcopic method. The coating thickness shall be determined in
accordance with ASTM B487.

4.5.1.2 Inatrument method. The instrument used, its calibration, and {ts
operation for testing given parts shall be such that the coating thickness
shall be determined with +10 percent of its true thickness; or the
instrument ghall be of a type approved by the procuring activity (see 8.4),
The coating thickness shall be determined in accordance with ASTM B499.

4.5.2 Adhegion test. The test specimen shall be bent 180 degrees over a
mandrel diameter 4 times the thickness (1 cm minimm of the specimen and
examined at 4X powar magnification for flaking or separation of the
interface. It shall then be impossible to detach any appreciable areas of
the coating with a sharp instrument on the outside radius of the bent test
gpecimen. When the coated parts are not readily adaptable to the bent
test, adhesion may be determined on the coated part by cutting the coating
from the basis metal at the interface in continuous path and examined as
above.

4.5.3 Hardnesg tests. Vickers hardness measurements shall be in
accordance with ASTM E384 for class 2 coatings.

4.54 PEmbrittlement relief. Compliance with 3.4.1 shall be determined
with samples of plated parts. Parts such as gpring pins, lock rings, etc.
which are installed in holes or rods, ghall be similarly assembled using
the applicable parts specifications or drawing tolerances which {mpose the .
maximum sustained tensile load on the plated part. The smelected sanples
shall be subjected to a sustained tensile load equal to 115 percent of the
maximm design yield load for which the part wasg designed. Testing shall
conform to ASTM F510. Parts which require special fixtures, extremes loads
to comply with the above requirements, or where the maximum design yield
load iz not known, may be represented by separate specimens. The notched
sanples shall be subjected to a sustained tensile locad equal to 75 percent
of the ultimte notch tensile strength of the material. The articles,
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partg or gpecimens shall be held under load for at least 200 hours and
then examined for cracks or fracture. Inspection of parts for cracks in
the basiz metal and the coating shall be in accordance with MIL-STD-1940
using the fluorescent magnetic particle method. The lot shall be rejected
if any coated part develops cracks.

5. PACKAGING

5.1 Coated surfaces shall be protected from damage during shipment and
storage.

6. HNOTES

(Thig gection contains information of a general or explénatory nature

at may hsa hnln!ul. but iz not quatery )

6.1 Intended ugses. The coating ia intended for use when hard and smooth
gsurfaces are required on coated parts. Excellent uniform deposite are
produced on irregular parts. Coated parts, such as uged in air
compregsors, migsile fuel injector plates, pumps, reciprocating surfaces,
etc., are protected from oxidation, corrosion and wear. With aluminum
electronic devices, not only is product contamination prevented, but the
coated parts facilitate soldering. Coated parts of stainless steel
gimilarly facilitate brazing.

6.2 Acquigition requirementg. Acquigition documenta should specify the
following:

a, Title, number an
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b. Class and grade, and heat treatment or condition (see 1.2 and 3.95).

c. Igsue of DODISS to be cited in the gsolicitation, and if required,

the specific isaue of individual documents reference {(see 2.1.1 and

2.2).
d. Method of determining compliance with 4.3.

6.3 Coating hardnegs

6.3.1 Required hardness on class 2 coating on steel alloys may be achieved
by heating per the following baking schedule:

°F, Temperature Hours
500 4 or more
550 2 or more
850 1 or more
750 0.5 or more

6.3.2 Coating hardnegs on nickel, copper, cobalt and titanium based al loys
can be achieved by heating at 650°F + 10°F (343°C + 69C) for 1 to 1-1/2
hours.
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6.4 Nondestructive thickness measurements. Thickness mpaguremants of

electroless nickel coatings containing more than 8 percent phogphorous are
sufficiently nenmgnetic to be mpasured for thickness in accordance with
ASTM B499, Mathod of Measurement of Coating Thickness by the Magnetic
Method: Nonmgnetic Coatings on Magnetic Basis Metala, if deposited on a
mgnetic basis matal. When measuring heat-treated coatings containing oore
than 8 percent phosphorous, the instrumnt should be calibrated against
heat-treated standards of known coatings thickness or equivalent
calibration foils. Heat treatment increases coating magnetism
Measuremont of electroless nickel coatings containing less than 8 percent
phosphorous by a magnetic method is not recommanded.

6.5 Subject term (key word) ligting.

nickel
electrolegs (autocatalytic chemical reduction)

6.6 Rocycled mterial, It is encouraged that recycled material be used
when practical ag leng as it meetg the requirements of the document (see

3.1,

6.7 Changes from previous jssues., Asterigks (or vertical lines) are not
used in thie revision to identify changes with reapect to the previous

issue due to the extensiveness of the changes.

Custodians: .
Air Force - 11 Preparing activity:
Arny - MR Air Force - 11

Navy - AS
Project No. MFFP-0407

Reviewers:

" Air Force - 88, 84, 99
Navy - SH
Army - MI, AR

Ugers:
Havy - OS5
Army - ME
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