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MIL-C-490A

7 MAY 1954
SUPERSEDING
JAN-C-490

21 AUGUST 19347

MILITARY SPECIFICATION

CLEANING AND PREPARATION OF FERROUS AND
ZINC COATED SURFACES FOR ORGANIG
PROTECTIVE COATINGS

This specification has been approved by the Depart-
ments of the Army, the Navy, and the Air Force.

1. SCOPE

1.1 Scope. — This specification covers the
cleaning and preparation of iron, steel and
zinecoated steel for the application of or-
ganic coatings (paint, varnish, lacquer,
enamel, etc)., When specified or approved
this specification may be used on fabricated
items which possess some zine and aluminum
surfaces requiring treatment, in addition to
the ferrous surfaces. (See 6.16).

1.2 Classifieation.—This specification cov-
ers the following grades and types of clean-
ing and surface preparation processes:

Grade I.—A erystalline phosphate base
coating for use as prepara-
tion for painting iron, steel
and zine-coated steel; and,
when specified, zinc alloys,
or aluminum surfaces.

Grade 11—Cleaning treatments which
leave the metal surface
substantially bare.

Type I—Mechamcal (sand, shot,

e pmand hlondd
31'11., OF B&&d DiASUnE

preceded by degreasing
if necessary to assure a
grease-free surface and
followed by cleaning to
remove dust and metal
particles) (for ferrous
surfaces only).

Type 2—Hot alkaline cleaning (im-
mersion, spray or elec-
tro-cleaning) (for fer-
rous surfaces only).

Type 3-—Solvent cleaning (immer-
sion, spray or vapor).

Type 4—Alcoholic phosphoric acid
cleaning.

Type 5—Cleaning with hot phos-
phoric acid solution con-~
taining a Hetergent.

Type 6—Emulsion cleaning (clean-
er applied with or with-
out added water, and
followed by a water
rinse).
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2. The following specifications, of the issue
in effect on date of invitation for bids, form a
part of this specification:

SPECIFICATIONS

FEDERAL
QQ-M-151 —Metals; General Speci-
fication for Inspection of.

QQ-Z-326 —Zinc Plating (Electro-
deposited).
MILITARY
JAN-P-127 —Psckaging and Packing

for Overseas Shipment; Tape, Adhe-
sive Pressure-Sensitive, Water Resiat-
ant.
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{Copies of specifications required by contractors

in connection with specifis procurement functions
should be obtained from the procuring agency or as
directed by the contracting officer).

3. REQUIREMENTS .

3.1 Material.—All material used shall be as
specified herein, on the drawing, or of a qual-
ity consistent with good commercial practice.

3.2 Preproduction Approval (Grade I only).
—Unless otherwise specified by the procuring
agency, details of the proposed procedure,
chemicals and the equipment to be used by
the contractorshall be submitted through the
contraciing officer to the bureau or agency
concerned in writing and written approval
received, prior to the commencement of pro-
duction. (See 6.6) The exact designation of
any material proposed for use, together with
the name of the manufacturer, should be
stated, The proposed procedure should in-
clude a detailed method of control including
limits for time, temperature, pH values, and
all other pertinent details that will insure the
requirements of this specification being com-
plied with. No deviation from the approved
process ghall be permitted without prior
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concerned through the contracting officer.
Approval of process, materials and equip-
ment implies no guarantee of acceptance of
the results obtained in use. Regardless of any
process or materials approved, items shali
conform to all the applicable requirements of
this specification.

2.2 Removal of soils and corrosion prod-
acts.—Prior to the application of Grade I
phosphate coatings or following the applica-
tion of Grade II treatments, the surfaces of
the parts shall be thoroughly free of oil,
grease, diri, scale, rust, and other foreign
‘matter and shall show no visible signs of cor-
rosion products.

2.4 Applicable methods—If not specified,
the method or combination of methods used
shall be selected to suit the nature and the
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degree of contamination present. Sulfuric or
hydrochioric acid pickling shali not be used
unless specifically approved or specifically au-
thorized by the drawing or specification of
the item being processed. Pickling chemicals
shall be thoroughly rinsed from the surfaces
before subsequent stages. Hydrochloric or
sulfuric acid pickling will not be approved for
use on assemblies, sub-assemblies or certain
components which may entrap acid, or when
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ered Inadvisahle, (See 6.6)

3.5 Rinsing. — Adequate rinsing shall be
done to remove cleaning and preparation
chemicals. The last rinse in water shall be
with clean running water or in a constantly
overflowing tank, The final ringe shall contain
a small amount of chromic acid or mixture
of phosphoric and chromic acids, sufficient to
obtain a pH of 2.0 to 4.0, (See 6.7)

3.6 Drying.—The fingl atage of each proc-
ess shall be thorough drying; care shall be
exercised to assure that drying is complets
especially in crevices, seams and other places
which are generally the last to dry.

3.7 Application of organic coating.—After
processing, the surfaces shall be given the
crganic protective coating directly before the
surfaces can show evidence of rusting or
other soiling. The temperature of the metal
surface ghall not be so high that blistering,
poor adhesion or unsightly films result. (See

- 6.9).

3.8 Freedom from oils and greases,-—Any
cleaning and preparation method or methods
used shall completely remove all traces of
oils, waxes, greases and other soils when

tested as specified in 4.2.2,

3.9 Freedom from alkalies and sirong
acids.—After the final rinse in the process,
the surface of the item shall have a pH value
of 2.0 to 6.0, (see 4.2.3)

3.10 Appearance (applicable lo Grade I
only).--Coating deposits shall be eontinuous
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and uniform in texture, evenly deposited and
gray to black in color. They shall exhibit no
mottied appearance, presence of white stains
due to dried phosphating solution, corrosion
products, finger-prints, and a minimum
amount of contact marks. Parts exhibiting a
nonuniformity of color due to heat treatment,
composition of the basis metal, the degree of
cold work performed on the basis metal, or
presence of brown or orange stains from the
chromic acid rinse shall not be cause for re-
jection.

3.11 Phosphate ccaling weight (applicable
to grade I only) ¢(not applicable to alvminam
components),—The minimum coating weight
shall be 150 mg/sq. ft.for spray processes and

"800 mg/sq. ft. for dip processes when teated
as specified in 4.2.5. Unless otherwise speci-
fied, the coating weight shall be tested at
least every four hours. (see 4.3)

3.12 Paint adhesion and durability.

3.12.1 Paint thickness—For all tests re-
gquiring painted panels, test specimens, or
items, the paint thickness (dry film) on all

surfaces shall be as specified for the end

item. When the paint thickness is not cov-
ered in the end item specification, the draw-
ing or paint specification requirement in the
order cited shall be followed.

3.12.2 Paint adhesion. — Painted items,
gpecimens, @@test panels shall show satisfac-
tory paint adhesion when tested as pre-
seribed in 4.2.4.2. Unsatisfactory adhesion
shall be indicated by any of the following
conditions of exposure of bare metal or un-
derlying phosphate coating:

(a) Any spot exceeding 14 inch average
diameter.
(b) More than one spot V4 inch or less

average diameter and exceeding
I o inch average diameter.

(c) More than five specks )4 inch or
smaller average diameter,
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3.12.3 Water resistance. — Cleaned, pre-
pared and production painted items or speci-
mens or panels shall show no objectionable
blistering when tested as specified in 4.24.83.
Objectionable blistering shall be indicated by
any of the following conditions on a 4 by 12-
inch test panel or equivalent area of test
specimen or item. On items or specimens hav-
ing an area lesz than 48 sq. in., a proportion-
ately smaller number of failed areas will be
permitted.

(a) The appearance of a single blister
more than %4 inch long or more
than one blister more than 14
inch long.

(b) The appearance of more than two
lines or ringlets of blisters.

{c) The appearance of ten or more blis-
ters 14 inch or less in length
other than the lines or ringlets,

3.124 Salt Spray Resistance (grade I
only). — The items, specimens, or panels,
after application of the phosphate coating
and paint, when subjected to the salt spray
test required in 4.2.4.4 for the number of
hours prescribed in the applieable paint speci-
fication, drawing, end item specification, or
as otherwise specified, shall show no more
than 14 inch creepage, softening or blistering
of the paint from the seribe mark. At all
other points there shall be no more than a
trace of film failure such as blistering or cor-
rosion, and not more than & scattered blis-
ters, none larger than 1mm. in diameter on
a 4 by 12-inch test panel or equivalent area
of test specimen or item. On items or speci-
mens having an area less than 48 sq. in., a
proportionately smaller number of failed
areas will be permitted. (See 6.13) ’

4. SAMPLING, INSPECTION AND TEST
PROCEDURES

4.1 Inspection, — Sampling and inspection
shall be as specified and shall be made at the
contractor’s plant at any stage as may be re-
quired to determine compliance with require-
ments of this specification, )
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4.2 Tests.

4.2,1 Test specimens, — Test specimens
shall be prepared from sactual production
items or parts thereof, or if size is prohibi-
tive from scrap parts of the same kind and
finish (from the same manufacturing lot if
possible) which have been rejected for causes
other than phosphating, material composi-
tion, and/or heat treatment. Standard panels
may be used if the size of the item js prohibi-
tive, Specimens need not be identical in shape
or gize but shall be stamped, etched, or other-
wige indelibly marked for identification as a
test specimen, Standard panels, when used,
shall be not less than 3 by 6 inches in size, If
standard panels are used in lieu of test speci-
mens for ferrous surfaces, a cold rolied car-

bon steel strip in accordance with ASTM
Snecification A-109 havine a Roclewsll “R”
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hardness maximum of 65, and a velvet or
gatin finish equal to that commonly known to
the trade as Carnegie Illinois Corporation
No. 8 finish is considered acceptable; for
aluminum surfaces, use of Al-17ST or 24ST
aluminum panels is considered to be accept-
able; for zinc coated surfaces, the panels
shall conform to Class II, type I of Specifica-
tion QQ-Z-325, All test specimens or stand.
ard panels shall be processed through all the
cleaning, phosphating, painting and drying
steps along with the items being processed.

4.2.2 Freedom from oils and greases.—The
items, test specimens or panels, for test pur-
poses after removal from the final rinse shall
be rinsed in running water and the surfaces
then examined for discontinuity of the water
film (water break). I the water film is dis-
continuous, corrective action shall be taken.
Inspection for acceptance shall be stopped
until corrective action has heen taken. After
corrective action testing shall be continued at
least once every hour until the water film
maintains its continuity,

428 Freedom from alkalies and strong
acids. — The surface of the items shall be
tested with universal indicating papers or pH
indicator solutions while still wet from the

4

final rinse or after wetting with a few drops
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be between 2.0 and 6.0.

4.2.4 Paint adhesion and durability.

4,241 Paint thickness~—Paint thickness
of the items, specimens, or standard panels
shall be measured by a suitable instrument
(see 6.11) which has been standardized on
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ganie finish has been applied.

4.24.2 Paint adhesion.—The test shall be
performed on the painted item, specimens or
standard panels of the same metal (see 4.2.1)
after a maximum of 24 hours drying unless
otherwise specified, (see 6.10), Water-resist-

ant, pressure-sensitive adhesive tape (84
inch width) conforming to the requirements
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of Specification JAN—-P—127 type II or III,
grade A or B, shall be used. Press a 2-inch
length of a somewhat longer piece firmly onto
a flat or cylindrical surface of the item, rub-
bing out all air bubbles under the tape. Allow
approximately 10 seconds for the test area to
return to room temperature. Grasp a free end
of the tape and at a rapid speed strip it from
the specimen or item by pulling the tape back
upon itself at 180° (in such a manner that
the tape is folded back to back during the
procedure). Observe for bared spots where
the paint iz removed. Disregard flecks of -
paint on tape if removal of paint has not been
complete through to the metal or phoaphate
coating,

4243 Water Resistance.—Unless other-
wise specified a minimum of two items, sec-
tions thereof, or panels of the same metal
(see 4.2.1), from each day’s production shall
be run through all steps of the regular pro-
duction process, including painting. The
specimens shall be air dried for a minimum
of 96 hours or baked for the time and at the
temperature specified in the applicable paint
spec:ﬁeation, followed by air drying for 24
hours. The specimens shall then be immersed
in distilled water having a pH value of 5.0 to
7.0 at 73° I, plus or minus 2° F, for 24 hours.
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If the specimens show objectionable blister-
ing as defined in 8.12.3, inspection for accept-
ance will be stopped until corrective action
has been taken.

4.2.4.4 Salt spray resistance (applicable to
grade I only)~~Prior to initiation of produc-
tion, or whenever a change in production or
paint occurs, or when required by the in-
specting officer, 2 minimum of three items,
section thereof or standard panels of .the
same metal (see 4.2.1), shall be run through
all steps of the regular production set-up, in-
cluding painting. The specimen shall be air
dried for a minimum of 96 hours or baked for
the time and at the temperature specified in
the applicable paint specification, followed by
air drying for 24 hours. The painted speci-
meng shzall be scored through to the metal
across the width of film, at least 2 inches
long, using a sharp pointed knife. In in-
stances where more than cne metal is used,
each metal shall be so scored. The specimens
shall then be exposed to the salt spray speci-
fied in Specification QQ-M-151 for the num-
ber of hours as specified in the end item,
drawing, or paint specification in the order
cited. Production shall not be initiated until
results of salt spray test are received, except
atthe contractor’s risk. During production, one
itemn, section thereof, or a panel of the same
metal if the size of the item is prohibitive
(gee 4.2.1), from each day’s production shall
be subjected to the salt spray test as speci-
fied above, until five consecutive days’ pro-
duction have successfully passed the test,
Sampling shall then be reduced to one sam-
ple twice per week. If, upon reduced sam-
pling one failure oceurs, corrective action
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one specimen from each day’s production un-~
til five consecutive days’ production have
again successfully passed the fest. If two
consecutive failures oceur affer the contrac.
tor has been notified to take corrective action,
in either the original sampling plan or the re-
duced sampling plan, inspection for accept-
ance will be stopped until necessary correc-
tive action has been taken.
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4.2.5 Phosphate coating weight (applicable
to grade I only).—Three specimen items, sec-
tions thereof, or standard panels of the same
metal (see 4.2.1), at the conclusion of a
maximum of each 4 hours production shall
be selected by the inspector for test. The
clean, dry specimens to be tested shall be ac-
curately weighed and the surface area of
each shall be calculated.

4.2.5.1 Procedure for iron, steel, zinc and
aluminum componenis—The phosphate coat-
ings shall be completely removed by immer-
sion in a B-percent chromic acid solution at
166° F. for 15 minutes, rinsed, dried and
weighed. This process shall be continued un-
til constant weight is attained. The chromic
acid shall be used one time only. The coating
weight shall be determined from the for-
mula:

Coating weight =
{Initial weight in gms - final weight in gmg)
Total area in square inches
X 144,000

4.3 Acceplance, — A maximum of each 4
hours production shall be considered accept-
able provided that the representative speci- .
mens have a minimum coating of 150 or 300
mg/sq. ft. as required by the specific appli-
cable type process. If the specimens fail to
comply with the minimum coating weight for
the specific applicable type process, further
phosphating willi be suspended until correc-
tive action has been taken. Painting of the
items up-to any indication of failure of phos-
phate coating weight shall be continued dur-
ing the performance of this test and painting
shall only be stopped when corrective action
is indicated.

4.3.1 After corrective action has been
taken, new samples shall be selected and
tested for coating weight. If 2 or all of the 3
specimens representative of this new produc-
tion fail to comply with this requirement,
further corrective action shall be taken for
future production and all of the above pro-
duction rejected. Such above action shall be
taken until production is again acceptable.
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5. PREPARATION FOR DELIVERY

5.1 Preparation for delivery is not appli-
cable to this specification.

6. NOTES

6.1 The following paragraphs in this sec-
tion of the specification (notes) are submit-
ted for informative purposes and are not to
be construed as mandatory requirements in
the use of this specification.

6.2 Ordering data. — Procurement docu-
ments should contain the following informa-
tion: oo

(a) Title, number, and date of this
specification,

(b) Grade and type required. (See 1.2).

(¢} Approval (See 3.1).

(d) Process (see 3.11).

(e) Sampling and inspection (see 4.1).

6.3 Flash-zinc plated, phosphate coated
sheets will be used when required by the
drawing or specification for the component or
when approval is obtained from the contract-
ing officer. The flash plating of zine prior to
phosphate coating is not covered by this
specification,

6.4 Grade I phosphate coating.—The prop-
erly cleaned articles or items should be sub-
jected to a balanced aqueous solution con-
taining phosphoric acid, phosphates, and ac-
celerating agents until a uniform water in-
goluble crystalline phosphate coating gray to
black in color is produced. The articles or
items should be exposed to the phosphating
solution for at least 3 minutes if the dip coat-
ing method is used or for at least 1 minute
if the spray method is used. The article
should then be rinsed in clean water, fol-
lowed by a second rinse in a dilute chromic
acid or combination of chromic and phos-
phoric acids solution, and dried.

6.5 Grade 11, type 5.—The phosphoric acid
cleaning material shall be maintained at a
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free acid concentration, temperature range
and duration of treatment sufficient to re-
move all visible corrosion products, The con-
centration of the acid should be measured
and adjusted at least once each shift on the
basis of a standard uncombined acid titration..

6.6 Preproduction Approval (Grade I
only).— :

6.6.1 Army. — Unless otherwige specified,
for the Army, details of the proposed proce-
dure, chemicals, and equinrmant to be used
should be submitted through the contracting
officer to the Paint and Chemical Laboratory,
Aberdeen Proving Ground, Maryland. How-
ever, the procuring agency may authorize im-
mediate production provided the contractor’s
process complies with the procedure in 6.6.3,
(In those instances where approval is
granted by the procuring agency confirma-
tfon shall be obtained by the procuring
agency from the Paint and Chemical Labora-
tory, Aberdeen Proving Ground, Maryland.)

6.6.2 Navy.—Preproduction approval will
not be required for proposed processes for
applying crystalline phosphate base coatings
under Grade I treatments on ferrous surfaces
that corregspond to the procedure outlined
and described in 6.6.3. Unless otherwise
specified, procedures, chemicals and equip-
ment for Grade I treatments which do not-
correspond to the procedures in 6.6.3 will re-
quire preproductior ~~roval of the procur-
ing agency,

6.6.3 Procedure (method of application of
phosphate coating) {applicable to Grade 1
only) —The phosphate coating should be
applied in equipment consisting of a mini-
mum of five stages. Additional stages may be
added at the option of the contractor pro-
vided that the five basic stages are retained.
The minimum requirements for either spray
or dip application are as follows:

Stage 1, Cleaning.—The cleaning meth-
od used should be in accordance with Grade
I1, types 1, 2, 3, or 6 of this specification.
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Stage £, Rinse. — A clean water rinse
with a constant overflow maintained by the
continuous addition of fresh water.

Note. This stage is not necessary when grade II,
types 1 or 8 are used.

Stage 3, Phosphating. — The phosphate
coating may be applied by either the dip coat-
ing method of at least 8 minutes in duration,
or by the spray method of at least 1 minute
duration,

The equipment used should be constructed
of materials resistant to the action of the
phosphating solution and should not contain
copper alloy fitting or brazing where they
may come in contact with the solution.

The phosphating bath should be operated
at temperatures and concentration designa-
ted by the suppliers. Dated records should be
mgintained noting the periodic analyses and
additiona to the solutions. Fog sprays should
be provided on both dip tanks and spray
equipment to prevent the solution from dry-
ing on the work surface prior to the subse-
quent water rinse.

Stage 4, Water Rinse, — A clean water
rinse with a constant overflow maintained by
the continuous addition of fresh water.

Stage &, Chromic Acid Rinse. — A final
hot rinse (140° to 210° ¥.) maintained at a
PH of 2 to 4 through the addition of fiake
chromic acid or mixtures of chromic and
phosphoric acids. This final rinse should be
checked by a standard free and total acid ti-
tration at least once every 3 hours and the
bath discarded when the totsl acid reading
rigeg to more than seven times the free acid
reading.

All rinses should be discarded at least ev-
ery 24 hours. The work should remain in
each rinse for a minimum of 1 minute, except
in spray processes where the time may be
reduced to 80 seconds.

6.7 Failure to remove water soluble chem-
ical residue by rinsing, while its harmful ef-
fect on the paint coating i3 not immediately
apparent, will result in early failure of the
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paint by blistering, flaking and rapid spread
of corrosion products from a seratch.

6.8 The procedure for grade II, types 2, 3,
and 6 cleaning should, in general, follow the
methods outlined in Specification MIL~-P-

-

119,

6.9 In genera), it is advisable to avoid
metal temperatures above 180° F. for cellu-
lose laequers or 160° F. for enamela unless
coating-material has been specially formu-
lated for the purpose.

6.10 When applied over a grade I phos-
phate coating, paints conforming to the re-
quirements of Spetifications MIL-E-~106387,
MIL-1.-11195, and MIL~P-11414 should pass
the paint adhesion test in less than 2 hours
drying time. MIL~P-11414 primer applied
over a grade II treatment should pass the
paint adhesion test in less than 4 hours. Un-
der adverse drying conditions such as high
humidity and/or low temperatures, longer
drying schedules may be necessary. In no
case should the time needed to pass the paint
adhesion test with these paints exceed 24
hours.

6.11 The following instruments for meas-
uring paint thickness have been found tp be
satisfactory:

Aminco—Brenner Magnegages—
American Instrument Company, Sil-

ver Spring, Md.

Blecometer—Distributed by—
Henry H. Gardner Laboratory, Inc.,
4723 Elm St., Bethesda 14, Md.

“G.E.” gage, General Electric Company,
Schenectady, N. Y.

Lea gage—Lea Manufacturing Com-
pany, Waterbury, Conn.

6.12 After application of phosphate coat-
ing or cleaning treaiment, changes in ap-
pearance are to be expected and may be de-
sirable for improving paint adhesion. Grade I
phosphate coating leaves a chemical deposit.

7
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Grade 1I, type I {mechanical cleaner) rqugh-
ens the surface. Grade II, type 4 (alcoholic
phosphoric acid cleanet) discolors the sur-
face. Grade 1I, type b (hot phosphoric acid
cleaner) etches the surface.

6.13 It iz intended that the maximum
amount of corrosion in the sall spray test
(8.12.4) be comparable to photograph 9-1 in
ASTM Standard Method of Evaluating Degree

of Resistance to Rusting Obtained with Paint
on Iron or Steel Surfaces, DE10-48. Thia

standard may be obtained from the Ameri-
can Society for Testing Materials, 1916 Race
Street, Philadelphia 3, Pa.

6.14 This specification is intended to super-
sede Picatinny Arsenal Purchase Description
PA-PD-191 (Revision 1), T August 1952.

6.15 When aluminum, zine or other nonfer-

ame eV mmn mmatn e a T mane s T
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responding applicable finish should be apeci-
fied; i.e., for aluminum, use MIL-C-5641; for
zine plating use QQ-Z-326, for zinc surfaces,
use MIL~T-12879 (QMCQC), ete.

Notlce.—When Government drawings, specifica-
tions, or other data are used for any purpose other
than in connection with a definitely related Govern-
ment procurement operation, the United States Gov-
ernment thereby ineurs no responsibility nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or oiherwise
as in any manner Hepnsing the holder or any other
person or corporation, or conveylng any rights or
permission to manufacture, use, or sell any patented
invention that may be in any way related thereto.

Custadians:
Army-—Ordnance Corps
if? --Bureau of Shipa

r

Other interest
Army—EQSigT
Nary—-MCOrY.



