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Plating, Nickel-Cadmium
Diffused

1. SCOPE:
1.1 Purpose:

of cadmium into
he properties of

This specificg
an electrodef

tion covers the engineering requirements for a diffused-electrodeposit
osit of nickel on carbon, low-alloy, and corrosion-resistant steels and

While the maferials, methods; applications, and processes described or referenced

specification

hazards whic
familiarity wit
precautionary

may involve the.Use of hazardous materials, this specification does ng

h may be igvolved in such use. Itis the sole responsibility of the user

n the safe_and proper use of any hazardous materials and to take nec
measures to ensure the health and safety of all personnel involved.

the diffused deposit.

1.2 Application:
This coating lhas been used typically to prevent corrosion of carbon, low-alloy, and orrosion
resistant stegl parts which may operate in service>up to 900 °F (482 °C), but usage(is not limited to
such applicatjons. This process is not suitable-for use on parts of complex shape where minimum
nickel plate thickness requirements cannot bhe’met and on parts whose hardness off strength would
be reduced below drawing or specificationsrequirements by heating to 640 °F (338 fC).

1.3 Safety - Hazardous Materials:

in this

t address the
to ensure
bssary

1.3.1 Numerous scientific studies have determined that cadmium and hexavalent chromium present a
health hazard to persons exposed to them.

2. APPLICABLE DOCUMENTS:
The following publications form a part of this specification to the extent specified herein. The

applicable issue of referenced publications shall be the issue in effect on the date of the purchase
order.

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 1999 Society of Automotive Engineers, Inc.
All rights reserved.
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2.1

2.2

3. TECHNICAL REQUIREMENTS:

3.1

3.1.1

3.1.2

3.1.3

3.1.4

3.1.5

ASTM Publications:
Available from ASTM, 1916 Race Street, Philadelphia, PA 19103-1187.

ASTM B 117 Salt Spray (Fog) Testing
ASTM B 487  Measurement of Metal and Oxide Coating Thicknesses by Microscopical
Examination of a Cross Section.

ASTM B 499  Measurement of Coating Thicknesses by the Magnetic Method; Nonmagnetic
(‘nntingq on I\/Ingm:\rir‘ Basis Metals
ASTM B 504| Measurement of Thickness of Metallic Coatings by the Coulometri¢ Method
ASTM B567| Measurement of Coating Thickness by Beta Backscatter Method
ASTM B 568| Measurement of Coating Thickness by X-ray Spectrometry

ASTM B 636| Measurement of Internal Stress of Plated Metallic Coatings With the Spiral
Contractometer
ASTM E 376 Measuring of Coating Thickness by Magnetic-Field-or Eddy-Current
(Electromagnetic) Test Methods

U.S. Government Publications:

Available from DODSSP Subscription Services Desk, Btilding 4D, 700 Robbins Avenue,
Philadelphia, |PA 19111-5094.

MIL-STD-2073-1 DOD Materiel, Procedures for Development and Application of Plackaging
Requirements

Preparation:

Fabrication{type operatiohs; such as forming, machining, heat treating, brazing, and welding, shall

be completed before parts are plated.

Parts shall be within drawing dimension limits after plating.

Parts having-hardness highnr than 40 HRC or nqlli\/nlnnt and-which have been dround after heat

treatment shall be suitably cleaned to remove contamination and stress-relieved before

preparation for plating. Temperatures to which parts are heated shall be such that maximum stress

relief is obtained without reducing hardness of parts below drawing limits, but, unless otherwise

specified, not less than 275 °F (135 °C) for five hours for parts having hardness of 55 HRC or over,

or 375 °F (191 °C) for other parts.

Any specified residual compressive stress-inducing operations, such as shot peening, shall follow

stress-relieving but precede plating.

Parts shall have clean surfaces, free of waterbreak, prior to immersion in the plating solution.
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3.1.5.1 Care must be used if parts are to be cleaned with acids which may pit the surfaces or induce
hydrogen embrittlement in ferrous alloys. This includes, but is not limited to, hydrochloric and
sulfuric acids. In general, a momentary dip in such acids for surface activation or neutralization,
after alkaline cleaning, is permissible, but immersion for an extended time is prohibited.

3.1.6 Electrical contacts between the parts and power source shall be made to ensure that neither
chemical or immersion deposition nor electrical arcing or overheating will occur. If parts are to be

plated all o\

er_contact pninrc shall be located where anpr‘ifipd orwhere ngrnod upon by purchaser

and vendor
on which pl

3.2 Procedure:

3.2.1

3.2.1.1

3.2.1.2

3.2.2

3.2.3

3.24

Nickel Plati
acceptable
the properti
authorized

preliminary
passive ma

After bein
plating so
after neut
as soon g

Specimer
manner a

Cadmium P
The cadmid
avoid depo
desired thic
dried.

If parts are not required to be plated all over, contact points shall.be
Ating is not required or is optional.

ng: Nickel shall be electrodeposited from a sulfamate selution, or othe
to purchaser, containing no addition agents which_might have a detrin
s of the plate or the basis metal; stress-reducing agents shall not be
py purchaser. The nickel shall be deposited directly on the basis meta
strike or flash of any other metal, except that-on corrosion-resistant st
ferials a nickel strike is permissible.

p nickel plated, parts shall be thoreughly rinsed and transferred directl
ution. Parts to be used for determining thickness of the nickel plate s
falization in alkaline solution and’dried. Parts shall be reactivated and
s possible after determination of nickel plate thickness.

S to be used for determining stress in the nickel plate shall be proces
5 specified for partsito be used for determining nickel plate thickness.

lating: Cadmitumn shall be electrodeposited from a suitable cadmium p

Sition of\cadmium on any area not previously covered by nickel. Parts
kness; shall be thoroughly rinsed and, if not subjected to conversion cd

ocated in areas

I plating bath
ental effect on
used unless

| without a

pels or similarly

to the cadmium
hall be rinsed
cadmium plated

bed in the same

ating solution.

m shall beddeposited directly on the nickel plate. Extreme care shall pe exercised to

, after plating to
ating as in 3.2.3,

Conversion Coating: After rinsing following cadmium plating and without drying, parts may be
treated by an approved conversion coating process which will prevent fingerprinting and staining.
Parts shall be throughly rinsed and dried after conversion coating. Parts which are not treated with
a conversion coating shall be marked with a suitable dye which will change color during the
diffusion treatment.

Diffusion Treatment: Parts, after conversion coating or dyeing, shall be heated in air, preferably in a
circulating-air furnace, to 630 °F £ 10 (332 °C % 6), held at heat for not less than 30 minutes, and

cooled in ai

r.
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3.3 Properties:

The diffused nickel-cadmium shall conform to the following requirements:

3.3.1

Thickness:

3.3.1.1 Nickel Plate: Shall, except as specified in 3.3.1.1.1, be 0. 0002 to 0.0004 mch (5 to 10 pm) thick

on signific n surfaces of
parts on which a controlled deposit cannot be maintained, such as holes, groovgs, recesses, etc;
nickel plate thickness greater than 0.0004 inch (10 um) will be permissible i high current density
areas. Uncontrolled plate thickness areas are defined as those areas which capnot be touched
by a 0.75{inch (19-mm) diameter sphere except for the threaded portion of externally threaded
fasteners| for which thickness shall be not less than 0.0001 inch (275*um). Thickness of nickel
plate shall be determined, prior to cadmium plating, in accordance with ASTM B 487, ASTM B
499, ASTM B 504, ASTM B 567, ASTM B 568, ASTM E 37650r other method acceptable to
purchasel on representative parts or on test panels processed and plated simultaneously with
the parts (See 4.3.3).

3.3.1.1.1 If nickel|plate thickness greater than 0.0002 to 0-0004 inch (5 to 10 um) is desired, such

thicknegs may be specified by this specification*"number followed by a dash apd a number
indicating the minimum nickel plate thickness'in ten-thousandths of an inch (2.5 um); a
tolerande of +0.0002 inch (+5 um) will be permitted when the minimum thicknejss is 0.0003 inch
(7.6 um) and +0.0003 inch (+7.6 pm) will be permitted when the minimum thigkness is 0.0004
inch (19 pm) or more. Thus, AMS 2416-3 indicates nickel plate thickness of
0.0003 1o 0.0005 inch (7.6 to 12°5um) and AMS-2416-5 indicates nickel platg thickness of
0.0005 fo 0.0008 inch (12.7 t0'20 pm).

3.3.1.2 Cadmium|Plate: When measured before the diffusion treatment of 3.2.4, thickng¢ss shall be

3.3.2

3.3.2.1

3.3.2.2

0.0001 t0]0.0003 inch (2.5 to 7.6 um). Routine determination of cadmium plate|thickness is not
required; the process’ef plating, however, shall be controlled to produce the spgcified thickness.

Heat Resisfance, Representative parts or specimens as in 4.3.3 shall show no cracks or blisters in

the plate affer-being heated in air, preferably ina cwculatmg air furnace, as specified in 3.3.2.1 and
3.3.2.2. Thepfesence of we g-produc ofa 8 stof 3.3.2.1 is
required for routine mspectlon

Heat to 700 °F £ 10 (371 °C £ 6), hold at heat for 23 hours £ 0.5, transfer without intentional
cooling to a furnace at 1000 °F + 10 (538 °C £ 6), hold at heat for 60 minutes £ 5, and cool to
room temperature.

Heat to 700 °F £ 10 (371 °C £ 6), hold at heat for two hours + 0.25, transfer without intentional
cooling to a furnace at 1000 °F + 10 (538 °C % 6), hold at heat for two hours * 0.25, and cool to
room temperature.
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3.3.3 Corrosion Resistance: Parts, other than externally threaded fasteners, or test specimens as in
4.3.3 shall show no visual evidence of corrosion of the basis metal, determined by exposure for
96 hours to salt spray corrosion test conducted in accordance with ASTM B 117. This requirement
applies to parts or specimens both after diffusion heating as in 3.2.4 and after heat resistance test

of 3.3.2.1.

3.3.3.1 For externally threaded fasteners, unless otherwise permitted by purchaser, representative parts

3.3.4

3.4 Quality:

34.1

3.4.2

3.4.3

4. QUALITY ASS

shall shov

L novisual evidence of corrosion of the basis mprr-\l1 determined hy ex

osure for 96

hours to S
applies to

Nickel Plats
(103 MPa)

plate thickngess of 0.0003 inch (7.6 pm) or greater.

Nickel Plate
uniform in 3
areas, pin h

Specific standards for acceptance may be agreed upon by purchaser and vendor

Cadmium R
appearancs
detrimental
purchaser §

Diffused Ni
when exam
conversion
uniform on
of dye marK

alt spray corrosion test conducted in accordance with ASTM B 117:C
parts after diffusion heating as in 3.2.4.

Stress: Shall be in the range of 5000 psi (34 MPa) in compfgssion to
n tension, determined in accordance with ASTM B 636, onyspecimens

: Shall be firmly and continuously bonded to.the basis metal and shal
ppearance on areas of equivalent hardness and surface finish, and fr
oles, nodules, blisters, and other imperfections detrimental to performa

late: Shall be firmly and contintously bonded to the nickel plate and s
and free from pin holes, poresity, blisters, nodules, pits, and other im
to performance of the plate. Specific standards for acceptance may bg
nd vendor.

tkel-Cadmium Rtate: Shall have a smooth, dull, matte finish, shall be f
jned under magnification up to 10X, and shall be smooth to the touch),
coating treated parts may vary from olive drab through gray to black. C
hny one-part but mottled, blotched, or sharply streaked areas are not a
ing shall be characteristic of the dye used.

his requirement

15,000 psi
having nickel

be smooth,
be from frosty
nce of the plate.

hall be uniform in
berfections
agreed upon by

fee from balling,
Color of

olor need not be

Cceptable. Color

IRANCE PROVASIONS:

4.1 Responsibility for Inspection:

The processor shall supply all specimens for processor’s tests and shall be responsible for
performing all required tests. Where parts are to be tested, such parts shall be supplied by
purchaser. Purchaser reserves the right to sample and to perform any confirmatory testing deemed
necessary to ensure that processing conforms to the requirements of this specification.
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4.2 Classification of Tests:

4.2.1 Acceptance Tests: Thickness of nickel plate (3.3.1.1) and quality (3.4) are acceptance tests and
shall be performed on each lot.

4.2.2 Periodic Tests: Heat resistance (3.3.2), corrosion resistance (3.3.3), and nickel plate stress (3.3.4)
and tests of cleaning and plating solutions to ensure that the deposited metal will conform to

4.2.3

4.2.3

4.3

43.1

4.3.2

.1 Fordirect

specified re

vendor unle

Preproducti
prior to or o
processing
purchaser g

test mate
contractin
Sampling anc
Shall be not |

same specifig

For Acceptd
minimum n

I||irt:\mf:\nrc are rmrinrlir‘ tests and shall be pprfnrmpd ata frnnlmanr‘y

ss frequency of testing is specified by purchaser.

on Tests: All technical requirements are preproduction tests and’shall

n the initial shipment of plated parts to a purchaser, when a-Change in

requires approval by the cognizant engineering organizatijen (See 4.4
eems confirmatory testing to be required.

U.S. Military procurement, substantiating test data~and, when requests
ial shall be submitted to the cognizant agency:as directed by the proc

g officer, or request for procurement.
Testing:

bSs than the following: a lot shall*be all parts of the same part numbe

ince Tests: Test samples shall be selected randomly from all parts in t
imber of samples,shall be as shown in Table 1.

TABLE 1 - Acceptance Test Sampling

lected by the

be performed
material and/or
2), and when

d, preproduction
uring activity,

plated to the

d thickness range, in the set of.solutions processed in a continuous operation or within
a 24-hour pefliod, and presented for processor’s inspection at one time:

ne lot. The

Number of Thickness Thickness

Parts in lot Quality Nondestructive Destructive
Op—to—500 8 8 3
501 to 3,200 13 13 5
3,201 to 35,000 20 20 5
35,001 and over 32 32 8

For Periodic Tests and Preproduction Tests: As agreed upon by purchaser and vendor.
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4.3.3 When plated parts are of such configuration or size as to be not readily adaptable to the specified
tests, separate test specimens cleaned, plated, and diffused with the parts represented may be
used. For thickness tests, specimens shall be annealed carbon or low-alloy steel panels,
nominally 1/32 x 4 x 1 inch (0.8 x 102 x 25 mm) or bars approximately 0.5 inch (13 mm) in diameter
and 4 inches (102 mm) long. For corrosion and heat resistance tests, specimens shall be
annealed carbon or low-alloy steel panels 0.062 to 0.125 inch (1.57 to 3.18 mm) in nominal
thickness and not less than 4 inches (102 mm) long by 3 inches (76 mm) wide, except that, when

parts being

permitted b

4.4 Approval:

4.4.1 The proces
specified, s

4.4.2

4.4.3

supplied.

The proces

plnh:\rl are pyrprnnll\l/ threaded fncfpnprc1 actual In::nrfc shall be used u

less otherwise

y purchaser.

5 and control factors, a preproduction sample plated partor both, whi
nall be approved by the cognizant engineering organization before pro

5or shall make no significant change to materials, processes, or contr

Chever is
duction parts are

p| factors from

those on which the approval was based, unless the change is approved by the cqgnizant

engineering
engineering

Control factors shall include, but not be limited to, the following:

Surface preg

Surface actjvation procedures

Plating bath

Plating bath temperature limits;and controls
Current/vollage limits and controls

Post treatm

Method for

lent time and.temperature
testing plating thickness

Periodic tegt plan

4.5 Reports:

paration and cleaning procedures

composition and composition control limits

organization. A significant change is onpe<which, in the judgment of the cognizant
organization, could affect the properties or performance of the parts.

The processor of plated parts shall furnish with each shipment a report stating that the parts have
been processed and tested in accordance with specified requirements and that they conform to the
acceptance test requirements. This report shall include the purchase order number, lot number,
AMS 2416H, part number, and quantity.
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