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NOTICE

This document has been taken directly from U.S. Military Specification MIL-C-5541E and contains only
minor editorial and format changes required to bring it into conformance with the publishing
requirements of SAE technical standards. The initial release of this document is intended to replace MIL-
C-5541E. Any part numbers established by the original specification remain unchanged.

The original M|I|tary SpeC|f|cat|on was adopted as an SAE standard under the prOV|3|ons of the SAE
Technical Standare . =ceterated adoption
of government specifications and standards TSB rules provide for (a) the publication ‘off portions of
unrevised goverpment specifications and standards without consensus voting at the: SAE Committee
level, and (b) thg use of the existing government specification or standard format:

Under Departmgnt of Defense policies and procedures, any qualification requirements and associated
qualified products lists are mandatory for DOD contracts. Any requirement relating to qdialified products
lists (QPL’s) has|not been adopted by SAE and is not part of this SAE technical documgnt.
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1. SCOPE:
1.1 Scope:

This specification covers the requirements for two classes of chemical conversion coatings formed
by the reaction of chemical conversion materials and the surfaces of aluminum and aluminum alloys.
This specification is intended specifically to provide components of military weapon systems with
maximum corrosion resistance. The coating also provides a surface having better paint adhesion
than uncoatgd-atuminum—itisnotintended-asa UUIIUIG: purposSe coatit 10 forcommercial and

decorative applications, (see 6.1).

1.2 Classification:
The chemicdl conversion coatings shall be of the following classes, as,specified (seg 6.2).
1.2.1 Classes:

Class 1 A {For maximum protection against corrosion, for surfaces to be painted qr left unpainted,
(see 6.1.1)

Class 3 - Fpr protection against corrosion where |ower electrical resistance is required, (see 6.1.2).
2. APPLICABLE POCUMENTS:

The following publications, of the issue in gffect on date of invitation for bids or requegt for proposal,
form a part of this specification to the extent specified herein.

2.1 U.S. Government Publications:

Available from DODSSP, Subscription Services Desk, Building 4D, 700 Robbins Avénue,
Philadelphia PA 19111-5094.

QQ-A-250/4 Aluminum Alloy 2024, Plate and Sheet
QQ-A-250/11 Aluminum Alloy 6061, Plate and Sheet

MIL-P-23377 Primer Coating, Epoxy Polyamide, Chemical and Solvent Resistant
MIL-C-81706 Chemical Conversion Materials For Coating Aluminum and Aluminum Alloys
MIL-P-85582 Primer Coatings: Epoxy, Waterborne

FED-STD-141 Paint, Varnish, Lacquer and Related Materials, Methods of Inspection, Sampling
and Testing

MIL-STD-105 Sampling Procedures and Tables for Inspection by Attributes
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2.2

2.3

3. REQUIREMEN

3.1

3.2

3.3

ASTM Publications:

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

ASTM B 117

Salt Spray (Fog) Testing

Order of precedence:

In the event

of this docunpent takes precedence. Nothing in this document, however, supersedes

and regulatid

Chemical co

The material

class, form gnd application method in accordance with the qualification requirement

MIL-C-81704
Replenishing
degrade the

Cleaning:

Prior to coati
break-free si
iron oxide, rq
become emh
Treated partg

without damaging the base 'metal, the part, or the conversion coating. If the coating

damaged arg

Application:

pf a conflict between the text of this document and the references cited

ns unless a specific exemption has been obtained.

ITS:

nversion materials:

5 used to produce a chemical conversion coating shall be approved for
and been accepted for listing on the applicable Qualified Products List

chemicals, such as fluorides, added to'a bath to maintain its efficiency
performance of the coating being applied.

hg, the base metal shall-be*mechanically and/or chemically cleaned su
rface is obtained after-rinsing (see 6.4). Abrasives containing iron suc
uge or steel wire are\prohibited for all cleaning operations as particles
b which have become soiled shall be cleaned with materials which will rf

ba shall berecleaned and recoated or the part shall be rejected.

herein, the text
applicable laws

the selected
5 of

(see 6.3).

shall in no way

ch that a water
N as steel wool,
rom them may

edded in the metal’and accelerate corrosion of the aluminum and aluminum alloys.

emove the soil
s damaged, the

Unless an application method is specified, the chemical conversion materials shall be applied
nonelectrolytically by spray, brush or immersion after all heat treatments and mechanical operations
such as forming, perforating, machining, brazing and welding have been completed. Assemblies
containing non-aluminum parts which may be attacked, embrittled, or damaged in any way by the
conversion coating process shall not be coated as assemblies unless the non-aluminum parts are
suitably masked.
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3.4

3.5

3.6

3.7

Rework:

Unless otherwise specified by the procuring activity, mechanically damaged areas from which the
coating has been removed may be reworked. The damaged areas shall be touched up with
MIL-C-81706 material approved on the QPL for the applicable class and method of application. The
rework area shall not exceed 5 percent of total item surface area. If the area exceeds 5 percent,
specific approval must be obtained from the procuring activity before the area can be reworked.

Appearance;

The convers

continuous and free from areas of powdery or loose coating, voids, scratches, flaws

defects or da

on coating shall be as uniform in appearance as practical (se€'6:6). It

mages which will reduce the serviceability of parts or be detrimental to

shall be
and other
the protective

value and pdint bonding characteristics. The size and number of contact marks shall be at a

minimum, cansistent with good practice. If specified, contact marks shall be touche
MIL-C-81706 material approved on the QPL for the applicable class and method of

prevent local
by the procu

Corrosion re
At the end off

(see 4.3.3) t1
resistance re

specimen panel. Areas withini0.25 inches from the edges, identification marking

zed corrosion. Clear (colorless) coating shall.enly be used when specifi
fing activity, (see 6.2 and 6.6).

sistance properties:
168 hours exposure to the 5 percént salt spray test specified in 4.5.1, s
eated with the applicable class ©f coating shall meet all of the following
quirements:

than 5 isolated spots or pits (see 6.7), none larger than 0.031 inches in

ring processing,or.salt spray exposure shall be excluded. Loss of colo
rejection.

than 15 isolated spots or pits, none larger than .031 inches in diameter|
I surface area of all five specimen panels, subjected to the salt spray ts

H up with
Bpplication to
cally authorized

pecimen panels
corrosion

diameter, per
s, and holding
shall not be

on the
st.

a. No more
points du
cause fo

b. No more
combine

Paint adhesi

bri-properties:

When the production paint system or the paint system specified in 4.3.3.1.1 is applied to the
applicable specimen panels (see 4.3.3), no intercoat separation shall occur between the paint
system and the conversion coating or between the conversion coating and the base metal when
tested in accordance with 4.5.2, (see 6.10). If the conversion coated parts do not require painting for
end use, the paint adhesion test may be omitted if specifically authorized by the procuring activity

(see 6.2).
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3.8

3.9

4. QUALITY ASJURANCE PROVISIONS:

4.1

411

4.2

Electrical contact resistance of Class 3 coatings:

If specified (see 6.2), electrical contact resistance testing shall be performed. The test method,
frequency of testing, and required resistance values shall be specified by the procuring activity to suit

the needs of a particular application.

Workmanship:

The chemicgl coatings covered by this specification shall be produced by suitable‘tr
processes tg give uniformly coated products as specified herein.

Responsibility for inspection:

Unless othenwise specified in the contract or purchase order,the contractor is respo
performance| of all inspection requirements (examinations .and tests) as specified he
otherwise spgcified in the contract or purchase order, the:contractor may use his ow

patments and

nsible for the
rein. Except as
n or any other

facilities suitable for the performance of the inspection®equirements specified herein, unless

disapproved |by the Government. The Government reserves the right to perform an

y of the

inspections get forth in the specification where such inspections are deemed necessary to ensure

supplies and|services conform to prescribed requirements.

Responsibllity for compliance: All items must meet all requirements of Section 3.

he inspection

set forth infthis specification shall become a part of the contractor’s overall inspecfion system or

quality program. The absence of-any inspection requirements in the specification

shall not relieve

the contragtor of the responsibility of ensuring that all products or supplies submitted to the
Government for acceptance'‘comply with all requirements of the contract. Samplinlg inspection, as
part of manufacturing operations, is an acceptable practice to ascertain conformarjce to
requirements, however, this does not authorize submission of known defective mdterial, either
indicated o actual, nor does it commit the Government to acceptance of defective material.

Classification ofiinspection:

The inspection requirements specified herein are classified as follows:

a. Process control inspection (see 4.3).
b. Quality conformance inspection (see 4.4).
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4.3 Process control inspection:

4.3.1

43.11

43.2

Process control tests and solution analysis: To assure continuous control of the process, test

specimens

(see 4.3.3) shall be tested in accordance with Table | (see 4.3.1.1). In

addition to the

tests in Table I, solution analysis shall be performed on all the processing solutions in the
conversion coating line (see 6.9) to verify that the chemical concentrations are within ranges
established for optlmum performance (see 4 3. 1 1 and 4 3 2) Process control tests are conducted

to determine
specificatid

and procedures employed.

Table I. Process control tests.

v W s of this
n and are acceptable as ewdence of the propertles being obtained with the equipment

Number Specimen | Requiye< Test
Tests Class of Prep- ment Paragrdph
Specimens | aration Paragraph
Coyrosion 1A 5 4,3.3 3.6 4.5.1
resistance
3 5 4,323 3.6 4.5.1
4,3.3 thru
Adhesion, 1A 2 4.3.3.1 3.7 4.5.2
wet tape
3 2 4,3.3 thru 3.7 4.5.7
4.3.3.1
Frequengy of process controlitesting and solution analysis: Solution analysis shall be performed
once every week. The process control tests specified in Table | shall be conducted on a monthly
basis. In[addition, the interval between each monthly test shall not exceed 35 days. If production

in accord
control te

Solution ar
bath, show

ance with this\specification is not performed for a period of 35 days or |

ing-additions of replenishing chemicals to the bath and the results of al

sts and seldtion analysis shall be conducted at the restart of production.

onger, process

alysis records: The processor shall maintain a record of the history of @ach processing

solution

analyses p

erformed—Ypornrequestof theprocuring activity, suchrecords; as wett

as reports of the

test results, 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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433

4.3.31

4.3.3.1.

434

Process control specimen panels: Specimen panels used for process control testing shall be

3 inches in width, 10 inches in length, with a minimum 0.020 inch nominal thickness. The
specimen panels shall be processed with the hardware during an actual production run, including
all pre- and post-treatment processes such as cleaning and rinsing, except as specified below.
Unless otherwise specified in the contract or order (see 6.2), either of the following alloy options for
the process control specimen panels may be utilized:

Option 1 - A-se ated during the

monthly prpcess control period.

Option 2 - The specimen panels shall be 2024-T3 aluminum alloy panels perQQ-A-250/4 for class
1A coatings and 6061-T6 aluminum alloy panels per QQ-A-250/11 for class 3 coatjngs. If desired,
2024-T3 panels may be used in lieu of 6061-T6 panels for testing class 3 coatings (see 6.8). When
castings are being processed and the cleaning procedures used are detrimental t¢ the wrought

specimen panels, the panels shall be cleaned in an appropriate manner (see 3.2) pnd conversion
coated with the castings.

on of paint adhesion specimens: Unless otherwise specified (see 6.2), the paint system
d on the specimen panels for adhesion testing (see 4.5.2) shall be that|used for the
n work (applied and cured in the same‘manner as the production work] or the paint
pecified in 4.3.3.1.1.

Preparat
to be uss
productia
system s
1 /OC) compliant
either case the
9 mil) and dried
hnce with 4.5.2.

pbrimer coatings: Specimen panéls shall be finished with one coat of a (
polyamide primer conformingto either MIL-P-23377 or MIL-P-85582. In
shall be applied to a dry filmrthickness of 0.0006 to 0.0009 inch (0.6 to 0
rdance with the applicable primer specification before testing in accord

Epoxy
epoxy-
primer
in acco

Failure: Fa
resultini

lure to conform to.any of the process control requirements specified in
mediate halt of production. The reason for failure shall be determined

Table | shall
hnd corrected

before production resumes. All traceable and retrievable work from the time the failed process

control spgcimens were conversion coated to the time when the failure was deterr]
rejected, uplessthe contractor can demonstrate that the items under review can

hined shall be

requirements af-this specification. Unless otherwise specified, parts which have bgeen painted or

incorporatgdinto an assembly shall not be considered retrievable.

nFeet the

4.4 Quality conformance (lot acceptance) inspection:

441

Lot: A lot shall consist of all conversion coated items of the same class, treated under the same
conditions, and submitted for acceptance at one time. Unless otherwise specified, the lot size shall
not exceed the number of parts, articles, items or components resulting from a one day’s

production

(see 6.2).
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4.4.2 Sampling plan and acceptance criteria: Samples for visual examinations shall be selected from
each lot of treated articles, items, parts or components. Unless otherwise specified in the contract
or order (see 6.2), the sampling plan and acceptance criteria shall be as specified in inspection
level Il of MIL-STD-105 with an AQL of 1.5 percent defective.

443

4.4.4

45 Test methods:

4.5.1

4.5.2

Visual lot examination: Samples selected in accordance with 4.4.2 shall be visually inspected for
compliance with the requirements of 3.5 and 3.9.

Failure: Fallure to conform to any of the quality conformance requirements shall‘re
of the reprg¢sented lot.

Corrosion

shall be us|
shall be dr
spray test i
inclined 6 ¢
not warme
conforman

Wet tape g
be tested f
FED-STD-

5. PACKAGING:

5.1

The requirenpents of Section-5.are not applicable.

6. NOTES:

(This section ¢
mandatory.)

6.1

6.1.1

D.

esistance test: Five specimen panels prepared in accordance with para
ed for corrosion resistance testing. After the coating application, the sp
ed at 60-100°F for 24 hours. The panels shall then)be subjected to a 5
h accordance with ASTM B117 for 168 hours, except that the significant

" than 38°C (100°F), blown with clean, drycunheated air, and visually ex
Ce with paragraph 3.6.

br wet tape adhesion. The testshall be conducted as described in met
141 to determine conformange with paragraph 3.7.

sult in rejection

graph 4.3.3
ecimen panels
percent salt
surface shall be

egrees from the vertical. After exposure, testpieces shall be cleaned ip running water,

amined for

dhesion test: Two specimen panels prepared in accordance with 4.3.3 and 4.3.3.1 shall

nod 6301 of

pntains.jnformation of a general or explanatory nature that may be helgful, but is not

Intended use:

Class 1A: Class 1A chemical conversion coatings are intended to provide corrosion prevention
when left unpainted as well as to improve adhesion of paint finish systems on aluminum and
aluminum alloys. Coatings of this type may be used, for example, on tanks, tubing, and
component structures where paint finishes are not required for the interior surfaces but are

required fo

r the exterior surfaces.
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6.1.2 Class 3: Class 3 chemical conversion coatings are intended for use as a corrosion preventive film
for electrical and electronic applications where lower resistant contacts, relative to Class 1A
coatings, and anodic coatings in accordance with MIL-A-8625, are required (see 6.1.2.1). The
primary difference between a Class 1A and Class 3 coating is thickness, since current passes
more readily through a thinner current resistant barrier (coating). Coating thickness is varied by
immersion time, and as a result, the same conversion material can be listed on QPL-81706 for both
classes. Because Class 3 coatings are thinner, they are more susceptible to corrosion than Class

1A coatingg:

improve ag

6.1.2.1

6.1.2.1.1

6.1.2.1.2

Electrica
coatings
square in

exposurg.

influence
methods
than the

Surface

hesion of paint systems on aluminum and aluminum alloys.

resistance testing: When under a nominal electrode pressure ©f200 p
are qualified per MIL-C-81706 to have a resistance no greaterthan 5,0(
ch as supplied and 10,000 microhms per square inch aftef\168 hours g
In addition to the coating or coating thickness (see 6.4.2), other varia
resistance values when using the test method specified in MIL-C-8170¢
The following two variables may have a greater'effect on electrical reg
conversion coating thickness.

e roughness of the specimen panel: Panels;having rough surfaces will y

resistance values when subjected to a contact’electrode pressure due to coatir

reason

Flatnes
contact

ng can also be applied to the contagct-electrode.

s of the contact electrode: If an‘electrode with a given surface area is n

resistapce value. The same reasoning can be applied to the specimen panel.

6.2 Ordering dat

0.
ocuments shauld’specify the following:
ber and(date of this specification.

coating(see 1.2.1).
f application, if restricted (see 3.3).

LE L4 o H ol 4 H ol ] F 1 4 4 | Lo
IS TCTYUNITU U Pallit dicdos SUTTUUTIUNTY Ticuital LUTNMAavlo, Lidoo |

coatings will

5i, Class 3

0 microhms per
f salt spray
bles heavily

or other similar
sistance values

ield lower
g fracture. This

bt flat, the actual

area will be lower than the fheoretical value. Smaller contact area will fesult in a higher

Clear coatings, if desired (see 3.5).

paint adhesion test, if permitted (see 3.7)

If electrical resistance testing is required for Class 3 coatings, (see 3.8 and 6.1.2).

When electrical resistance testing is required, specify the required resistance values, frequency
of testing, and test method (see 3.8 and 6.1.2).
Alloy and temper of the process control specimen panels, if different than that specified in 4.3.3.
Paint finish system for treated parts, if applicable (see 4.3.3.1)

Acquisition d
a. Title, nun
b. Class of
c. Method ¢
d.
e. Omit the
f.
g.
h.
i
j. Lot size,
k.

if different from that specified (see 4.4.1).

Sampling plan, if different from that specified (see 4.4.2).

-10 -
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