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1. SCOPE AND CLASSIFICATION:

1.1

1.2

121

1.2.2

Scope:

This specification covers the requirements for electrodeposited nickel plating on steel, copper and
copper alloys, and zinc and zinc alloys.

CIassificatiorL:

Classes: Ei
classes, ag

Class1-dQ
Class 2 - H

Grades: ClI

Grade A -
Grade B -
Grade C -
Grade D -
Grade E -
Grade F -
Grade G -

2. APPLICABLE

The following
form a part of

2.1 U.S. Govern

Tocuments, ofithe’issue in effect on date of invitation for bids or request

ectrodeposited nickel plating covered by this specification shallbe of th
specified (see 6.2):

orrosion protective plating
ngineering plating

ass 1 plating shall be of the following grades,.as‘specified (see 6.2):

D.0016 inch thick
D.0012 inch thick
D.0010 inch thick
D.0008 inch thick
D.0006 inch thick
D.0004 inch thick
0.0002 inch thick

DOCUMENTS:

he specification to the extent specified herein.

ment Publications:

e following

for proposal,

Available fro

M"DODSSP, Subscription Services Desk, Building 4D, 700 Robbins Avé

pnue,

Philadelphia, PA 19111-5094.

QQ-S-624

Fed. Test Method St. No. 151

Steel Bar, Alloy, Hot Rolled and Cold Finished (General Purpose)

Metals; Test Methods

MIL-S-5002 Surface Treatments and Inorganic Coatings for Metal Surfaces of
Weapons Systems
MIL-STD-105 Sampling Procedures and Tables for Inspection by Attributes
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2.2 ASTM Publications:

Available from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.

ASTM B487

ASTM B504
ASTM B529

ASTM B530

3. REQUIREMEN
3.1 Materials:
The material

specification
3.2 General requ

3.2.1 High tensil
strength gr
approval o

3.2.2 Stress relig
cold forme
(191 + 149
residual te

3.2.3 Cleaning:
MIL-S-500
the substrg

Measuring Metal and Oxide Coating Thickness by Microscopic Exam
Cross Section

ination of a

Measuring the Thickness of Metallic Coatings by the Coulometric Method
Measurement of Coating Thickness by the Eddy Current Test Method; Nonconductive

Measurement of Coating Thickness by the Magnetic Method: Electro;Iieposited Nickel

Coatings on Magnetic and Nonmagnetic Substrates

I TS:

5 used shall be such as to produce platings whichmeet the requiremen

irements:

b strength steel parts: Unless otherwise specified, steel parts having an
eater than 240,000 pounds per square inch (psi) shall not be plated wit
the procuring activity (see 6.2).

f treatment: Unless otherwise specified, all steel parts which are machi
1 or cold straightened,-shall be given a heat treatment at a minimum of
C) for three hours_er:more prior to cleaning and plating for the relief of
nsile stresses (see.6.2 and 6.4).

Unless othenwise specified, all steel parts shall be cleaned in accordanc
P (see 6.2)) Other basis metals shall be cleaned by methods which shg
te andsshall not interfere with adhesion of the deposit (see 6.5).

3.2.4 Plating apy

ts of this

ultimate tensile
hout specific

ned, ground,
375 + 25 °F
Hamaging

e with
Il not damage

lication: Unless otherwise specified, the plating shall be applied after a

| basis metal

heat treatments and mechanical operations such as machining, brazing, welding, forming and

perforating

of the article have been completed (see 6.2).

3.2.5 Underplating: When specified in the contract, purchase order or applicable drawing (see 6.2),
Class 1 plating shall be applied over a plating of copper on steels, copper and copper based alloys.
Class 1 plating shall be applied over an underplating of copper or yellow brass on zinc and zinc
based alloys. In no case, shall the copper underplate (see 3.3.1.1.2 and Table 1) be substituted for

any part of

the specified nickel thickness.

3.2.6 Class 1 processing: Parts for Class 1 deposition shall be plated to specific dimensions as specified
(see 3.3.1.1). When specified, parts shall be processed in accordance with procedural instructions

for form of

nickel deposit (see 6.2 and 6.7).
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3.2.7 Class 2 processing: Parts for Class 2 deposition shall be plated to specific dimensions as specified
(see 3.3.1.2). When specified, parts shall be processed in accordance with procedural instructions

inish shall be

shall be baked
rs after plating,
n accordance

parts subject to

of the procuring activity (see 6.2).

3.2.8 Coverage: Unless otherwise specified, the plating shall cover all surfaces including roots of
threads, corners and recesses (see 6.2).

3.2.9 Boundaries: Boundaries of Class 2 plating which cover only a portion of the surface shall be free
from beadg;nodutes;jaggededgesandotherrregutarities:

3.2.10 Surface finjsh: Unless otherwise specified, either a fully bright or dull (semi-bright
acceptable (see 6.2 and 6.7)).

3.2.11 Embrittlement relief: All steel parts having a hardness of Rockwell C40and higher
at a minimpm of 375 + 25 °F (191 * 14 °C) for three hours or morg&, within four hou
to provide hydrogen embrittlement relief (see 6.6). The baked/parts, when tested
with 4.5.3, |shall not crack or fail by fracture (see 4.4.3.3). Plated springs and other
flexure shdll not be flexed prior to the hydrogen embrittlement relief treatment.

3.3 Detail requiréments:

3.3.1 Thickness pf plating:

3.3.1.1 Class1:
specified
diameter
shall not

3.3.1.1.1 Unless
base a
copper
specifie
inch (5
diamet

3.3.1.1.2

Unless otherwise specified, the(minimum thickness of Class 1 nickel pl
in Table | on all visible surfaces which can be touched by a ball 0.75 in

All other surfaces which cannot be touched by the 0.75 inch (19 mm)
be less than the minimum thickness specified in Table I.

otherwise specijfied, the minimum nickel plating for ferrous materials or
loys shall be Grade C. Unless otherwise specified, the minimum nicke
and coppenalloys shall be Grade D. If the maximum thickness for Gra
d in the Contract, order or applicable drawing, the thickness shall not e
| micrometers) on all visible surfaces which can be touched by the 0.75
er ball:

iting shall be as
Ch (19 mm) in
diameter ball

or zinc and zinc
plating for

de A is not
ceed 0.0020
inch (19 mm)

Underplate: When an underplate is employed (see 3.2.5), the thickness of the copper or other

copper base alloy shall be as specified (see Table I). The thickness of the underplate shall not
be used in the determination of the specified nickel plating thickness.
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TABLE I. Minimum thickness of class 1 nickel plating

Basis Metal Plating Thicknesas

Steels l/,Zinc and | Copper and 3/ ‘Surface touched by | All other sur-
Zine Alloys 2/ ~ | copper Alloys =/=| 0.75 inch dia., ball{ faces 5/
Coating Grade Coating Grade (see 3.3.1.1) -
Inch-Min.| Equiv.- Inch-Min |Equiv, -
Micyom— icrom-
eters 4/ ' pters 4/
(approx.) (approx.)
A - 0.0016 40 0.0012 30
B B 0.0012 30 0.,0010 25
C c 0.0010 25 0.0008 20
D D 0.0008 20 0.0006 15
E E 0.0006 15 0.0004 10
F F 0.0004 10 0.0002 5
o~ G 0.0002 5 0.0001 3

inch |[depending on thickness of nickel plating. Use of extremely thin

1/ Coppgr underplate shall be 0.0002 inch minimum. May range to 0.0p10
strijes may cause operational difficulties.

2/ Zinc |and zinc alloys shall have a'copper underplate of 0.0002 incl
mini]um thickness.

r=J

3/ Coppdr alloys containing zin¢ equal to or greater than 40 percent shall
have |a copper underplate of 0.0003 inch minimum thickness.

4/ 0.001 inch = 1 mil =-25.4 micrometers (microns).

/ Thredds, holes, deep recesses, bases of angles and similar areas.

3.3.1.2 Class 2: [The thickness for Class 2 nickel plating shall be as specified in the contract, purchase
order or ¢on therapplicable drawing (see 6.2). If a thickness is not specified, it shgll be 0.003 inch
(0.076 mm)for the finished part. In no case, shall the minimum nickel plating thickness be less
than 0.002 inch (0.051 mm). The thickness requirement for Class 2 plating shall apply after all
metal finishing operations have been completed.

3.3.2 Adhesion: The adhesion of the nickel plating and any undercoat or nickel layers shall be such that
when examined at a magnification of approximately 4 diameters, neither the nickel plating, any
layers of nickel plating nor any electrodeposited undercoat shall show separation from the basis
metal or from each other at their common interface(s) when subjected to the test described in
4.5.2. The interface between a plating and the basis metal is the surface of the basis metal before
plating. The formation of cracks in the basis metal or plate which do not result in flaking, peeling or
blistering of the plate shall be considered as conformance to this requirement.
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3.4  Workmanship:

34.1

3.4.2

4. QUALITY ASJURANCE PROVISIONS:

4.1 Responsibility for Inspection:

4.2

Classification of inspection:
The inspectipn reguirements specified herein are classified as follows:

1 - Productign€ontrol inspection (see 4.3)
2 - Quality conformance inspection (see 4.4)

Basis metal: The basis metal shall be free from visible defects that will be detrimental to the
appearance or protective value of the plating. The basis metal shall be subject to such cleaning
and plating procedures as necessary to yield deposits herein specified.

Plating: The nickel plating shall be smooth, fine grained, adherent, uniform in appearance, free
from blisters;pits; ; i ftct= . g shall show no
indication @r contamination or improper operation of equipment used to produceythe nickel deposit,
such as exgcessively powdered or darkened platings, build-up and other defects. The size and
number of contact marks shall be at a minimum consistent with good practice. The location of
contact mgrks shall be in areas of minimum exposure to service envirgamental copditions where
important tp the function of the part. Superficial staining which has been demonstrated as resulting
from rinsing, or slight discoloration resulting from baking operations to relieve embrittlement, as
specified apove (see 3.2.11), shall not be cause for rejection. All details of workmanship shall
conform to|the best practice for high quality plating.

Unless othenwise specified in the contract or purchase order, the supplier is respongible for the
performance] of all inspection requirements.as specified herein. Except as otherwisg specified in the
contract or ofder, the supplier may use his-own or any other facilities suitable for the|performance of
the inspection requirements specified-herein, unless disapproved by the Government. The
Government|reserves the right to perform any of the inspections set forth in the spegification where
such inspectjons are deemed necessary to assure that supplies and services confolm to prescribed
requirements.

4.3 Production control inspection:

4.3.1 Control records: When specified in the contract or order (see 6.2), the supplier shall maintain a

record of each processing bath, showing all additional chemicals or treatment solutions to the unit,
the results of all analyses performed and the quantity of parts plated during operation. Upon
request of the procuring activity, such records shall be made available. These records shall be
maintained for not less than one year after completion of the contract or purchase order.
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4.3.2

4.3.2.1 Preprodyction control: For preproduction control four round notched steel specim

4.3.3 Frequency,
prevent de
specimens
more frequently if required by the procuring activity. The results of tests made to ¢

ce of electrodeposited platings:to all requirements of this specification fpr definite

contracts dr purchase order are acceptable as evidence of the properties being oltained with the

equipment

conforman

Production control: The equipment, procedures and operations employed by a supplier shall be
capable of producing high quality electrodeposited platings of nickel on ferrous alloys, copper and
copper alloys, zinc and zinc alloys as specified in this document. When specified by the procuring
activity (see 6.2), the supplier, prior to production, shall demonstrate the capability of the process
used to show freedom from hydrogen embrittlement damage as indicated by satisfactory behavior
of specimens prepared (see 6.2.2) and tested in accordance with 4.3.2.1 to comply to the
requirements of MIL-S-5002 for preproduction process qualification.

ens shall be

in accordance with 4.4.4.2 from four individual heats for a total of. 16 specimens, using

ied steel alloy for which preproduction examination of the process is to
ated. Specimens shall be heat treated to the maximum tensile-strength

uction control information shall be submitted to thie_procuring activity for
has been received, parts shall not be plated.

, prepared and tested in accordance;with Table I, shall be made once ¢

and procedures employed.

be
representing

n usage. The specimens shall be given the same pre-treatments, proposed for
n. The specimens shall be subject to test detailed in 4:5.3. The process shall be
bd satisfactory if all specimens show no indication af.cracks or failure. The test results

approval. Until

of tests: To assure continuous control of the process as required by MIL-S-5002 and to
frimental hydrogen embrittlement during.production, the satisfactory behavior of

ach month or
etermine
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TABLE Il. Production control tests and specimens

For coating Requirement Specimen Test reference
Test classes paragraphs preparation paragraphs
paragraphs 1/
Thickness 1 and 2 3.3.1, 4.4.4 and 4.5.1
3.3.1.1 and boh.b,1
3.3.1.2
Adhesion 1l and 2 3.3.2 4.4.4 and 4.5.2
4.4,4.1
Hydrogen 1 and 2 3.2.11 4.3.4, 4.4:4, 4,5.3
embrittle- and 4.4.%4.2
ment

B,
The

Starldard alloy steels shall be used for productioh control specin

selection shall be at the option of the supplier; however, al

gstedls such as AISI or SAE numbers 4130,,4135, 4140, 4145, 4340,

and

4.3.4 Production

accordanc
Table ll. S
steel speci

8740 conforming to QQ-S-624 shall be used.

control specimens: Test specimens for production control shall be prep
e with 4.4.4 and 4.4.4.1 as applicable for the thickness and adhesion te

mens of alloy steel 434Q0-conforming to QQ-S-624, heat treated to the

strength, flom one or more heats; and prepared in accordance with 4.4.4.2.

4.4 Quality confgrmance inspection:

441 Lot:Alots

hall consist’of*plated articles of the same metal composition, class and g

treated under the same conditions and approximately the same size and shape sy

inspection

4.4.2

Sampling f

At one time.

ens .
loy
8645

ared in
s5ts detailed in

becimens for the production-control embrittlement relief test shall be fozl‘r round notched

aximum tensile

rade plated and
bmitted for

rvisual examination and non destructive tests: Sampling for visual exd

mination and

non destructive tests shall be conducted as directed by the procuring activity (see 6.2) in
accordance with MIL-STD-105 or using Table Ill. A sample of coated parts or articles shall be
drawn by taking at random from each lot the number of articles in accordance with MIL-STD-105,
Level Il, Acceptable Quality Level (AQL) 1.5 percent defective, or as indicated in Table Ill. The lot
shall be accepted or rejected according to the procedures in 4.4.2.1 for visual examination and

4.4.2.2 for

plating thickness (nondestructive tests).
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TABLE Ill. Sampling for visual examination and nondestructive tests

Acceptance number

Nunbers of items Number of items (maximum number of

in lot inspections in samples sample items noncon-
(randomly selected) forming to any test)

- 15 or less 7 1/ 0

16 to—46 10 0

41 to 110 . 15 0

111 to 300 25 1

301 to 500 35 1

501 and over - 50 2

1/ If the number of items in the inspection lot is dless than 7, the

- in the

4.4.2.1 Visual eamination: Samples selected in accordanceWwith 4.4.2 shall be examing
compliance with the requirements of 3.4.2 after plating. If the number of non cor
exceeds [the acceptance number for the samplejithe lot represented by the samj

rejected.

4.4.2.2 Thickne
inspecte
locations|
the requi
measure
any sam
sample s
measure

4.4.3 Sampling f
each lot fo

umber of items in the sample shall equal the number of items
nspection lot.

of plating (nondestructive testS): Samples selected in accordance wit

and the plating thickness méasured by the applicable tests detailed in
on each article as defined\in'3.3.1, 3.3.1.1 or 3.3.1.2, as applicable, for
rements. The part of article shall be considered nonconforming if one g
ments fail to meet the specified minimum thickness. If the number of d¢
ple exceeds the acceptance number for the specified sample, the lot rep
hall be rejected.~Separate specimens (see 4.4.4.1) shall not be used f(
ments unlessia need has been demonstrated.

pr destructive tests: A random sample of four plated parts or articles sha
eachvdestructive test or separately plated specimens shall be prepare

ed for
forming articles
ble shall be

h 4.4.2 shall be
1.5.1, at several
compliance with
r more

pfective items in
resented by the
r thickness

Ul be taken from
l in accordance

with 4.4.4,

4404.1 and 4.4.4.2 to represent each lot. If the number of articles in th

b lot is four or

less, the number of articles in the sample shall be specified by the procuring activity (see 6.2).

4.4.3.1 Thickness of plating (destructive tests): If sampling and testing for thickness of plating by
nondestructive testing is not the option of the supplier, samples selected in accordance with 4.4.3
shall be measured for plating thickness by the applicable tests detailed in 4.5.1 at several
locations as defined in 3.3.1, 3.3.1.1 or 3.3.1.2, for compliance with the requirements. If the
plating thickness at any place on any article or specimen is less than the specified minimum
thickness, the lot shall be rejected. Separate specimens (see 4.4.4.1) shall not be used for
thickness measurements unless a need has been demonstrated.
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4.4.3.2 Adhesion (destructive tests): The articles or specimens used for the destructive thickness test
(see 4.4.3.1), if of suitable size and form, may be used as the test pieces for the adhesion test to
determine compliance with the requirements of 3.3.2. Failure of one or more of the test pieces

4.4.3.3

4.4.4 Quality corn

44.4.1

4.4.4.2

shall con

stitute failure of the lot.

Hydrogen embrittlement relief (destructive tests): Unless otherwise specified in the contract or
order, conformance to the requirements of 3.2.11 for hydrogen embrittlement relief of treated

steel par

tensile st

in use (s

Fength level of 240,000 psi or above and which will be subject to a susta
be 6.2). A random sample of four plated articles shall be taken franyea

specimens, prepared in accordance with 4.4.4 and 4.4.4.2, shall be used_ 10 repr|

When tes

Failure o

bted as specified in 4.5.3, cracks or failure by fracture shall be,cause fo
f one or more of the test pieces shall reject the lot.

and value as to prohibit use thereof, or are not readily adaptable to a test specified

destructive
specimens

plated concurrently with the articles represented. The separate specim

basis metal equivalent to that of the articles represented. “Equivalent” basis metal

chemical ¢
rolled stee
impractical
used to ref
scrap casti
introduced
shall not be
specimens
to other ob)
significant
thickness 1

Specime
tests are
thick.

bmposition, grade, condition and finish ‘ef surface prior to plating. For €
surface should not be used to repregsent a hot-rolled steel surface. Du
ty of forging or casting separate tests specimens, hot-rolled steel speci
resent forged and cast-steel articles. The separate specimens may be
ngs when ferrous alloy castings are being plated. These separate speg
into a lot at regular intepvals prior to the cleaning operations, preliminar
b separated therefrom until after completion of plating. Conditions affect
including the spacing; plating media, residual air pressure, temperature
ects being plated.shall correspond as nearly as possible to those affec
surfaces of the articles represented. Separate specimens shall not be

heasurements, however, unless the necessity for their use has been de

ns fop thickness and adhesion tests: If separate specimens for thicknes

L Ll (] ' - £ bl e L - b | e bl £ L
S SlidIl DE UCTLITTTTIITEU TUT UTUSE Palls Tiavilly a LETIsle SUCTTIyUuT Ul Ul T1Eq

formance specimen preparation: When the plated articles are of such fq

tests of small lot sizes are required the test shall be made by the use g

t treated to a
ned tensile load
Ch lot or four
esent the lot.
rejection.

brm, shape, size
herein, or when
f separate

ens shall be of a
includes
xample, a cold-
e to the

mens may be
also cut from
imens shall be
y to plating, and
ng the plating of
, etc. in respect
ing the

ised for
monstrated.

5 and adhesion

required, they shall be strips approximately 1 inch wide, 4 inches long Tnd 0.04 inch

Specimens for embrittlement relief: Separate specimens for embrittlement relief test shall be
round notched specimens with the axis of the specimen (load direction) perpendicular to the

short transverse grain flow direction. The configuration shall be in accordance with Figure 8 of
ASTM EB8 for rounded specimens. Specimens shall have a 60 degree V-notch located
approximately at the center of the gage length. The cross section area at the root of the vee shall
be approximately equal to half the area of the full cross section area of the specimen’s reduced
section. The vee shall have a 0.010 £ 0.0005 inch radius of curvature at the base of the notch
(see 6.2.2).

-10 -
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45 Tests:

45.1 Thickness:

For nondestructive measuring of plating thickness, procedures in accordance with

Federal Test Method Standard No. 151, Method 520 (electronic test), ASTM B529 (eddy current),
or ASTM B530 (magnetic test) may be used. For destructive measuring of plating thickness,
procedures in accordance with ASTM B487 (microscopic) or ASTM B504 (coulometric) may be
used. At the option of the supplier other instruments, such as those employing the principle of

beta-radia

4.5.2 Adhesion:
knife, or ra
magnificati
a vise and
ruptured pl
be seen at

satisfactory.

Adhesion may be determined by scraping the surface or shearing.with & sharp edge,
yor through the plating down to the basis metal and examining.at-four diameters

on for evidence of non-adhesion. Alternately the article or specimen may be clamped in
the projecting portion bent back and forth until rupture oceurs. If the edge of the

ating can be peeled back or if separation between the plating and the basis metal can
the point of rupture when examined at four diametets magnification, adhesion is not

4.5.3 Embrittlem
taken as s
or rods sh
which imp
be subject
which the
the above

shall be su
strength of
hours and
5. PREPARATI
5.1 Packaging a

Preservation

nt relief: Compliance with 3.2.11 shall be determined with samples of plated parts
ecified in 4.4.3.3. Parts such as spring pins, lock rings, etc., which are ipstalled in holes
Il be similarly assembled using the applicable parts specifications or drgwing tolerances
se the maximum sustained tensile |Joad on the plated part. The selectdd samples shall
d to a sustained tensile load equalto 115 percent of the maximum design yield load for
art was designed. Parts whichirequire special fixtures, extreme loads {o comply with
equirements, or where the maximum design yield load is not known, miay be

by separate specimens prepared in accordance with 4.4.4.3. The not¢hed specimens
ject to a sustained tensile load equal to 75 percent of the ultimate notgh tensile

the material. The addicles, parts or specimens shall be held under load|for at least 200
hen examined fer.cracks or fracture.

N FOR DELIVERY:

d packing:

. packaging and packing methods for electrodeposited nickel plated paits or articles

employed by a supplier shall be such as to preclude damaging during shipment and handling.

6. NOTES:

6.1 Intended use:

6.1.1 Class 1 plating: Class 1 plating is used to protect iron, copper, or zinc alloys against corrosive

attack in ru

ral, industrial or marine atmospheres depending upon the thickness of the nickel deposit

or is used as an undercoat for chromium or one of the precious metals. Class 1 plating is used

also for de

corative purposes.

-11 -
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6.1.2 Class 2 plating: Class 2 plating is used for wear resistance, abrasion resistance and such
incidental corrosion protection of parts as the specified thickness of the nickel plating may afford.
Heavy deposits of the Class 2 plating, especially when the Watts bath process is employed, may
be used for build up of worn or undersized parts, or for salvage purposes, and to provide protection
against corrosive chemical environments.

6.2 Ordering Data:

Purchasers §
information i

a)
b)
c)
d)
€)
f)

9)
h)
1)

)

k)
)

m
n)

0)

Title, nun
Class of
Grade of
When pld
Stress re|
Cleaning

hould select the preferred options permitted herein and include thecfoll
N procurement documents:

nber, and date of this specification

plating (see 1.2.1)

Class 1 plating if applicable (see 1.2.2)

ting is to be applied, if other than specified (see 3.2,1,3.2.4, 3.2.6 and
ief treatment, if other than specified (see 3.2.2)

of steel, if other than specified (see 3.2.3)

Underplgting required (see 3.2.5)

Coverag

b, of other than specified (see 3.2.8)

Surface finish, if particular finish required (see 3:2:10)

Thicknes
Control r
Preprody
) Sampling
Number
Whether

s of coating, if other than specified (see 3.3.1, 3.3.1.1, 3.3.1.1.1 and 3.3
bcord requirement (see 4.3.1)

ction control examination (see.4)3.2)

plan (see 4.4.2)

Df samples for destructive'testing (see 4.4.3)

hydrogen embrittlementrelief test is required (see 4.4.3.3)

6.2.1 The manufpcturer of the basis/metal parts should provide the plating facility with th

6.2.2

6.3

a) Hardne
b) Heattr
c) Tensile

ss of steel parts (see 3.2.1)
batment for<stress relief, whether has been performed or is required (se
loads+equired for embrittlement relief test, if applicable (see 4.5.3)

(see 4.3.2.

bwing

3.2.7)

1.2)

e following data:

e 3.2.2)

acturer of the baS|s metal parts should prowde the platmg facmty W|th n

1, and 4 3 4) and lot acceptance (see 4 4.3 and 4. 4 3 3).

Black nickel plating:

btched tensile
uction control

Electrodeposited black nickel plating, in accordance with MIL-P-18317, has little protective value and
is used primarily to obtain a dark, nonreflective, decorative finish on steel and copper alloy
instrument parts.
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