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SENSI TI VE

M L- DTL- 13924D
18 March 1999
SUPERSEDI NG

M L- G 13924C

9 June 1980

DETAI L SPECI FI CATI ON
COATI NG, OXI DE, BLACK, FOR FERROQUS METALS

This specification is approved for use by all Departnents
and Agenci es of the Departnment of Defense.

1. SCCPE

1.1 Scope. This specification covers black oxide coatings applied to ferrous
metal s (wought iron, carbon, low alloy, and corrosion resistant steels). Black
oxi de coatings, with or without a supplenentary preservative treatnent (see 3.11),
may be used where a black surface is required. Only very limted corrosion
protection, under mldly corrosive conditions, is obtained as a result of black
oxi de coating (see 6.1). Black coatings are included in this specification with
[imtations as noted in 1.2.

1.2 dassification. Black oxide coatings covered by this specification should be
of the followi ng classes as specified (see 6.2 and 6.3.2).

Cass 1 Al kal i ne oxi di zi ng process (for wought iron, cast and nall eable
irons, plain carbon, and low alloy steels).

G ass 2 Al kal i ne chromate oxidi zi ng process (for use on certain corrosion
resi stant steel alloys which are tenpered at |ess than 900°F (482°Q)).

Cass 3 Fused salt oxidizing process (for corrosion resistant steel alloys
whi ch are tenpered at 900°F (482°C) or higher).

Cass 4 Al kaline oxidizing process (for other corrosion resistant stee
al | oys) .

Beneficial comments (recomendations, additions, deletions) and any pertinent data
whi ch may be of use in inproving this docunent should be addressed to: Director

U S. Arny Research Laboratory, Wapons and Materials Research Directorate,

ATTN: AVBRL-WwW M Aberdeen Proving G ound, MD 21005-5069 by using the

St andar di zati on Docunent | nprovenent Proposal (DD Form 1426) appearing at the end
of this docunent or by letter.
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2. APPL| CABLE DOCUMENTS

2.1 GGeneral. The docunments listed in this section are specified in sections 3
and 4 of this specification. This section does not include docunents in other
sections of this specification or recommended for additional information or as
exanples. VWhile every effort has been nmade to ensure the conpleteness of this list,
docunent users are cautioned that they must neet all specified requirenents
docunents cited in sections 3 and 4 of this specification, whether or not they are
listed.

2.2 Covernnent docunents.

2.2.1 Specifications, standards, and handbooks. The follow ng specifications,
standards, and handbooks forma part of this docunent to the extent specified
herein. Unless otherwi se specified, the issues of these docunents are those |listed
in the issue of the Departnent of Defense Index of Specifications and
St andar ds(DoDl SS) and suppl enent thereto, cited in the solicitation (see 6.2).

SPECI FI CATI ONS
DEPARTMENT OF DEFENSE

M L- G- 53072 Chemi cal Agent Resistant Coating (CARC) System Application
Procedures And Quality Control Inspection

(Unl ess ot herw se indicated, copies of the above specifications, standards, and
handbooks are available fromthe Defense Automated Printing Service (DAPS), Building 4D,
700 Robbi ns Avenue, Phil adel phia, PA 19111-5094).

2.3 Non- Governnent publications. The follow ng docunents forma part of this
docunent to the extent specified herein. Unless otherw se specified, the issues of
t he docunents which are DoD adopted are those listed in the issue of the DoDISS cited
in the solicitation. Unless otherw se specified, the issues of docunents not |isted
in the DoDI SS are the issues of the docunments cited in the solicitation (see 6.2).

AMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM
ASTM B117 Qperating Salt Spray (Fog) Apparatus (DoD adopted)

ASTM F519 Mechani cal Hydrogen Enbrittl ement Testing of Plating Processes
and Aircraft Mintenance Chemi cals

(Application for copies should be addressed to the Anerican Society for Testing and
Materials, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.)

SOCI ETY OF AUTOMOTI VE ENG NEERS, | NC. ( SAE)
ANMS 2759/ 9 Hydrogen Enbrittl enent Relief (Baking) OF Steel Parts

(Application for copies should be addressed to the Society OF Autonotive
Engi neers, Inc., 400 Conmonweal th Drive, Warrendal e, PA 15096.)

2.4 Oder of precedence. In the event of a conflict between the text of this
docunment and the references cited herein, the text of this docunent takes
precedence. Nothing in this docunent, however, supersedes applicable | ans and
regul ati ons unl ess a specific exenption has been obtai ned.
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3.  REQUI REMENTS

3.1 Materials. The materials for the bl ackening processes shall be sel ected by
the contractor. The selected materials shall result in black coatings neeting al
the applicable requirenments of this specification

3.2 Preparation of basis nmetal. Prior to the application of the black coatings,
the basis netal shall be thoroughly cleaned. The cl eaned surfaces shall be free of
rust, scale, grease, oil, paint, or other foreign matter, and shall pass the water

break test described in ML-C53072. deaning materials and nethods shall be at the
option of the contractor. The cleaning process shall be performed w thout
nmeasur abl e abrasion or erosion

3.2.1 Stress relief. Unless otherwi se specified for a particular end item
specification or drawing, after form ng and hardening, and prior to cleaning and
coating, objectionable residual stress in ferrous alloy parts having a hardness
greater than 40 HRC shall be relieved by suitable heat treatnment. The tenperature
shal |l be such that maximumrelief is given w thout hardness being reduced to | ess
than the specified mnimum Stress relief is not necessary where it has been
denonstrated that coating has no harnful effect on the coated part.

3.2.2 Coating as a final process. Unless otherw se specified, the black coatings
shall be applied after all machining, formng, welding, cold straightening and heat
treat ment have been conpl et ed.

3.3 Application of black coatings. The coating shall conformto the class
specified. The specified black coating shall be applied under controlled tine and
tenperature conditions. All equipnment together with solutions or baths shall be
properly maintained and kept free of dirt or possible contam nants. The sel ected
process shall not reduce the hardness of the parts being processed or expose the
parts to tenperatures in the tenper brittle range of the material, nor shall it
cause enbrittlenent of the steel

3.3.1 Surface attack. The process shall not result in any attack of the surface,
either pitting or intergranular

3.4 A kaline oxidizing solutions (classes 1 and 2). Casses 1 and 2 oxide coatings
shall be formed froma boiling al kaline oxidizing or al kaline chromate oxi di zi ng
sol ution, respectively.

3.4.1 Rinsing. Al classes of black oxide coated pieces shall be rinsed in cold
wat er .

3.4.2 Chromic acid dip. After the cold water rinse (see 3.4.1) the pieces shal
be di pped for a m ninumof 30 seconds in a 0.06 percent solution (8 oz. chromc acid
per 100 gallons water) of chromic acid maintained at a tenperature of 150 to | 90°F
(66 to 88°C) and a pHof 2 to 3. After the chromc acid dip, parts shall be dried
wi thout further rinsing by using warmdry air.

3.5 Fused salt oxidizing (class 3). The tenperature of the nolten oxidizing salt
of class 3 shall not be higher than 900°F (482°C). After suitable imersion, the
treated parts shall be w thdrawn, cooled fromeight to ten mnutes and rinsed in hot
water, |190°F (88°C), followed by thorough cold water rinsing to effect conplete
renoval of bl ackening solution. After rinsing, the parts shall be dried by warmdry
air and given a chronmic acid dip as outlined in 3.4.2.

3
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3.6 Alkaline oxidizing (class 4). The black coating of class 4 shall be
processed in accordance with instructions furnished by the suppliers of the raw
materials and the resulting coating shall conformto the applicable requirenents of
this specification.

3.7 Coverage and color. Cdass 1, 2, 3, and 4 coatings (see 1.2) shall cover the
basis netal conpletely and shall pass the smut test. The color shall be a uniform
bl ack. A slight anmount of snut, which is inherent in the process, shall not be
cause for rejection. There shall be no indication of any reddi sh-brown or green
snmut when tested as in 4.4.1. Snut "spottiness" shall be classified as
unsatisfactory requiring reprocessing.

3.8 Oxalic acid spot test (class 1, 2, and 3). The black oxi de coatings of
classes 1, 2, and 3, prior to the application of a preservative, shall pass the
oxalic acid spot test for a good quality coating (figure 3) as specified in 4.4.2.

3.9 Resistance to salt spray (fog) (class 4 AISI type 300 series corrosion
resi stant steel only). The black coating, of class 4 (300 series only), prior to
the application of a preservative, shall show no signs of corrosion after 96 hours
of exposure in the salt spray test (see 4.4.3).

3.10 Hydrogen enbrittlenment relief treatnent. Steel parts that are surface or
t hrough hardened at 40 HRC and above shall be given a hydrogen enbrittlement relief
treatment after application of the oxide coating. Coated springs or other parts
subject to flexure shall not be flexed prior to the enbrittlenent relief treatnent.
If an enbrittlement relief treatnent is required, it shall followthe chromc acid
rinse. The enbrittlement relief treatnent precedes the supplenentary preservative
treat nent.

3.11 Supplenentary preservative. Mterials for supplenmentary preservative
treatnments and met hods of application shall be in accordance with the applicable
requi renents of the end item specification, or as otherw se specified. Unless
ot herwi se specified, the supplementary preservative treatnent shall be applied to
the clean and dry parts imedi ately after the final stage of processing.

3.12 Wirkmanshi p. The surface of the coated part shall be uniformin appearance
and free of visible coating defects, such as blisters, pits, roughness, nodul es,
burni ng, cracks, or uncoated areas, and other defects that will affect the function
of the coating. The coated parts shall be clean and free of damage.

4. VERI FI CATI ON

4.1 Responsibility for inspection. Unless otherw se specified in the contract or
purchase order, the contractor is responsible for the performance of all inspection
requi renents (examnations and tests) as specified herein. Except as otherw se
specified in the contract or purchase order, the contractor may use his own or any
other facilities suitable for the performance of the inspection requirenents
speci fied herein, unless disapproved by the Governnent. The Governnent reserves the
right to performany of the inspections set forth in this specification where such
i nspections are deened necessary to ensure supplies and services conformto
prescribed requirenents.
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4.1.1 dassification. Al the tests required for the testing are classified as
quality conformance tests, for which necessary sanpling techni ques and the nethods
of testing are specified in this section

4.2 Sanpling.

4.2.1 Lot. A lot shall consist of coated parts of the sane class, same basis
metal , and approxi mately the sane size and shape and coated under simlar
conditions. A maxi mum of 8 hours continuous production shall constitute a lot.

4.2.2 Selection. The nunber of random sanples selected for nondestructive tests
(visual inspection, coverage, color, smut, and workmanshi p), and destructive tests
(oxalic acid spot test, salt spray test, and enbrittlenent relief test) from each
| ot of coated parts shall be defined by the procuring activity (see 6.2).

4.3 Acceptance and rejection. The selected coated parts shall neet the
requirenents in this specification for the represented | ot to be acceptable.
Failure of any test sanples to neet the requirenments in this specification shal
constitute rejection of the entire lot which they represent. Unless otherw se
specified (see 6.2), the tests shall be conducted and the test results accepted
prior to shipnment of the lot of coated parts represented by the test sanples.

4.3.1 Surface attack. Parts shall be exam ned for pitted surfaces or
intergranul ar attack by view ng them at magnifications up to 10x.

4.4 Test procedures.

4.4.1 Smut test. The test shall be nmade prior to application of corrosion
preventive conpound or after vapor degreasing. Each black oxi de coated piece shall be
i nspected visually under strong light to assure a satisfactory appearance. Each
sanpl e shall also be wiped with a clean white cloth for indications of smut (see 3.7).
A slight anmount of snmut which is inherent in the process is acceptable for all classes
of coatings and shall not be cause for rejection

4.4.2 xalic acid spot test (class 1, 2, and 3). The black oxide coated pieces of
classes 1, 2, and 3 only, prior to the application of a preservative, shall be handl ed
with clean cotton gloves or the equivalent. Each sanple shall have deposited, on one
flat spot of the black oxide coated surface, three drops (0.00676 oz. (0.2 m)) of a
five percent solution of oxalic acid. The reaction shall be observed after 30 seconds
and up to eight mnutes. After eight m nutes the panel shall be rinsed and conpared
to figures 1, 2, and 3. A light gray center with a lighter border color (figure 1)

i ndi cates a poor quality coating. A gray-black center with a |ight border (figure 2)

i ndi cates a borderline quality coating. The coating shall conformto the good quality
coating of figure 3 to be acceptable. A black or dark brown center with a |ight

border (figure 3) indicates a good quality coating. A good quality coating may show a
[ ight border, indicating exposure of metal around the drops. Parts shall therefore be
judged only on the col or and exposure of the nmetal under the drops.

4.4.3 Resistance to salt spray (class 4). The coated pieces of class 4
(AI'SI type 300 series corrosion resistant steel) shall be subjected to a 5 percent
salt spray (fog) test in accordance with ASTM B117. Exposure tine for the bl ack
coatings, prior to the application of a preservative, or after vapor degreasing,
shall conply with the requirenents of 3.9.
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4.4.4 Hydrogen enbrittlenment relief treatnent. Wen specified (see 6.2), ferrous
parts shall be baked in accordance with AVS 2759/9, table 1

4.4.4.1 Hydrogen enbrittlenent relief test. Sanples selected in accordance wth
4.2.2 to determ ne the adequacy of the hydrogen enbrittlenment relief treatnent,
shall be tested in accordance with ASTM F519. When specified (see 6.2), the
standard notched round bar speci nen under | oad control described in annex Al, which
is a part of ASTM F519, shall be used. The lot shall be rejected if any coated
speci men devel ops any crack or fails by fracture as a result of the test.

5.  PACKAG NG
5.1 Packagi ng. Packaging requirements are not applicable to this specification
6. NOTES

(This section contains information of a general or explanatory nature that nmay be
hel pful, but is not nandatory.)

6.1 Intended use. The black oxide coatings covered by this specification are
mlitary unique. Black oxide coatings are used on munition cases and gun barrels.
These coatings are particularly suited for noving parts that cannot tolerate the
di mensi onal build up of a nore corrosion resistant finish. They are not reconmended
on parts going into long termstorage. Sonetines, long termstorage is required and
a protective preservative fluid is recormended or a desiccated package is utilized.
The coatings present a pl easing bl ack appearance frequently enployed for decorative
pur poses or decrease in light reflection. A supplenentary water displacing
preservative coating such as ML-PRF- 16173, grade 3 or conparable material which
wi || provide equal or superior corrosion protection may be specified.

CAUTION:  High strength steel (40 HRC or greater hardness)
may be subjected to "caustic enbrittlenent” that could
| ead to spontaneous cracking if under internal or applied
stress during the blackening treatnent.

6.2 Acquisition requirenments. Acquisition docunents should specify the follow ng:

(a) Title, nunber, and date of this specification.

(b) dass of coating (see 1.2).

(c) Issue of DoDISS to be cited in the solicitation, and if required, the
specific issue of individual documents referenced (see 2.2.1 and 2.3).

(d) Nunber of sanples to be inspected fromthe |ot of coated parts (see 4.2.2).

(e) Acceptance requirenents prior to shipment of the coated parts, if
different (see 4.3).

(f) Bake ferrous parts in accordance with AVS 2759/9, table 1 (see 4.4.4).

(g) Use the standard notched round bar speci men under | oad control described
in annex Al, which is a part of ASTM F519 (see 4.4.4.1).

6.3 M scel | aneous not es.

6.3.1 Dinensional change. Bl ack oxide coatings on iron and steel should produce
no appreci abl e di mensi onal change of the treated piece. The dinensions shown on the
drawi ngs are, therefore, the dinmensions after the application of the coatings.
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6.3.2 Processing. Contractors may enpl oy one of a nunber of trade nanme bl ack
finishing oxidizing materials or prepared chemical mxtures to apply the black oxide
coating. The processing details should conformto M L-HDBK-205, “Phosphatizing and
Bl ack Oxi de Coating of Ferrous Metals”, or as recommended by the material supplier
Class 2 is used to process the 4XX series corrosion resisting steels, class 3 is
used for 3XX and 4XX series, and class 4 is used to process those 300 series
corrosion resisting steels which can neet the special salt spray test criteria and
for those 4XX series corrosion resisting steels which do not have any special salt
spray test criteria. Table |I provides an outline of the various processes.

6.3.3 Cast and nmalleable irons, and certain 400 series corrosion resistant
steels. Cast and nalleable irons and 400 series corrosion resistant steels of the
martensitic type can also be effectively treated in Class 4 proprietary baths, but
will not nmeet the salt spray requirenment of austenitic 300 series corrosion
resi stant steels.

6.3.4 Cass 4 coatings. Corrosion resisting steels of m ni mum conposition
| 7Cr-7Ni can be effectively bl ackened by this process.

6.3.5 Rinsing. In order to obtain effective renmoval of blackening solution and
ensure thorough rinsing, a conbination of spray rinses with tank rinses or a
properly operated double counterflow rinse operation nmay be advantageous. Use of
such a system may hel p reduce the anount of water required to obtain a desired
rinsing criterion and facilitate nmeeting the EPA standard.

6.3.6 (Ozone depleting chemcals. Cdasses | and Il ozone depleting chemcals
shoul d be avoi ded when cl eaning the basis netal.

6.3.7 Hazardous materials. The DoD has put together a |list of hazardous or
environnent al | y damagi ng substances in a docunent called the SD-14. These chem cals
shoul d be avoi ded whenever another finish can be substituted for the finish
speci fied herein.

6.4 Subject term (key word) listing.

Chromic acid dip

Chr omi um conpounds
Enbrittlement relief
Oxalic acid spot test
Preservative

Salt spray

Snmut test

6.5 Changes fromprevious issue. Marginal notations are not used in this
revision to identify changes with respect to the previous issue due to the
ext ensi veness of the changes.
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CONCLUDI NG MATERI AL

Cust odi ans:
Arny - MR
Navy - OS
Alr Force - 11

Preparing activity:
Arny - MR

(Project MFFP-0664)

Revi ew activities:
Army - M, PT
Navy - AS, EC, SH
Alr Force - 13, 19
DLA - DH(DCMC- OF, DLSC LEQ
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Mat eri al s and processi ng procedures.

Process and

Appr oxi mat e

Appr oxi mat e

Applicability to possi bl e processi ng i mer sion
d ass ferrous netal s chemi cal s tenperature time
1 Car bon steel s, Al kal i ne 1or 2 5to 60 mn.
| ow al |l oy steels, oxi di zi ng, t anks
wr ought irons, NaOH, boi I i ng at
cast and nal | eabl e NaNOg3, 285 - 305°F
i rons wat er (141 - 152°Q)
2 Certain corrosion Al kal i ne 250°F = 10°F 30 to 45 min.
resi stant steel chromat e (121°C = 5°Q)
al | oys which are NaCH, Na ,
tenpered at Na,Cr 007 17,
| ess than 482°C \Wat er
3 For corrosion Fused salt Mol ten bath 30 mn.
resi stant steel oxi di zi ng 750 - 850°F
al | oys whi ch Na,Cr 507 1/ (399 - 454°C)
are tenpered at and/ or
900°F (482°C) KoCr 507 y
or hi gher
4 For corrosion Al kal i ne 250 - 265°F 15 to 30 mn.
resi st ant oxi di zi ng, (121 - 130°Q)
steel alloys proprietary
conpounds
pl us wat er

1/ Chrom um conpounds.
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OXALI C ACI D SPOT TESTS ON BLACK OXI DE COATI NGS

A poor quality coating. A borderline quality A good quality coating.
coati ng.
FI GURE 1. FI GURE 2. FI GURE 3.
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