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FORWARD
1. Thig Military Standard is approved for use by Ogden

ALC/MMDSA, Department of the Air Force, and is available for use
by all Departments and Agencies of the Department of Defense.

2. Beneficial commenta (recommendationsa, additions,
deletions) and any pertinent data which may be of use in
improving this document should be addressed to: Ogden ALC/MMDSA,

Hill AFB, Ogden, UT 84056-5609, by using the self-addresszed
Standardization Document Improvement Proposal (DD Form 1426)
appearing at the end of this document or by letter
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1. SCOPE

1.1 General. This standard covers the process and materials
required for the electrodepostion of cadmium-titanium on high
gtrength steel substrates. Subsequent heat treating techniques
needed to insure low hydrogen embrittlement of steel are also

degeoribed. Thie process is not authorized for use on steel heat
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1.2 Documentation. Thias standard meets and exceeds the
requirementa of QQ-P-416.

1.3 Ciaggification.

1.3.1 Clasges. Cadmium-titanium plating covered by this

gatandard shall be of the following claszses:

a. Clagg 1 - 0.013 millimetersg (mm) (0.0005 inch) thick
minimum.

b. Clage 2 - 0. .0003 inch) thick minimum.
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1.3.2 Types. Cadmium-titanium plating covered by this
standard shall be of the following types:

Type I - Without supplementary chromate of phosphate

b Type II - With supplementary chromate treatment
Type II is the preferred type and will be used whenever

c. Type III - With supplementary phosphate treatment.

(S
=
]

2.1 Qovernment documents. The issue of the followin
documentsg, in effect on the date of invitation for bids o
golicitationa for oftfera, form a part of thisg specification to

the extent specified herein.

=]
*3 00

SPECIFICATIONS

0-S-598 - Sodium Hydroxide, Technical
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MILITARY

MIL-S-5002 -
for Metal Surfaces of Weapons Systems
Cadmium Oxide

MIL-S-6151 -

Surfaces Treatments and Inorganic Coatings

STANDARDS
MILITARY
MIL-STD-871 - Electro-Chemical Stripping of Inorganic
Finieghes
MIL-STD-1504 - Abrasive Blasting

(Copies of gpecifications, standards, drawings, and

publications required by contractors in connection with specific

procurement functions should be obtained from the procuring
activity or as directed by the contracting officer).

2.2 Other publications The following documents form a part
of this standard to the extent aspecified herein. The issues of
the documents which are indicated as DoD adopted shall be the
igsue listed in the current DoDISS and the supplement thereto, if
applicable.

AMERICAL SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM E 8 - Tension Testing of Metallic Materials
ASTM B 117 - Salt Spray (fog) Testing

(Application for copies of ASTM publications should be

addregsed to the Americal Society for Testing and Materials, 1916

Race Street, FPhiladelphia, Pennsylvania 19103).
CODE OF FEDERAL REGULATIONS (CFR)

29 CFR 1910 -~ Toxic and Hazardous Substances

(Application for copies should be addressed to the
Superintendent of Documents, Government Printing Office,
Washington, DC 20402.)

(Technical gociety and technical

______ b4 vl llililcCa’ aAass0C1latloll ecld

and standards are generally available for reference from
libraries.
using Federal agencies.)

™

agsgociation sgspecifications

They are also distributed among technical groups and
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2.3 Order of precedence. In the event of a conflict between
the text of this specification and the references cited herein
(ecept for associated detail specifications, specification sheets
or MS Standards), the text of this specification shall take
precedence. Nothing in this specification, however, shall
gupercede applicabie laws and regulations unliess a specific
exemption has been obtained.

3.1 High Strength Steel. For the purposge of this standard,
high atrength ateel is defined as steel heat treated to 1.24 X
10° Pa (1.8 X 10% psi).

Lo d [»] ll_&_..l_'l T om b 1o A1 B S - - e P P S 2
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the plating bath.

4. (GENERAL REQUIREMENTS

4.1 Materials and equipment.

4.1.1 Materials. The use of reclaimed materials shall be
encouraged to the maximum extent possibile Materials used in
cadmium-titanium plating are as follows

a. Cadmium Ball Anodes, QQ-A-671
b. Cadmium Oxide, MIL-C-6151

c¢. Sodium Cyanide, Plating Grade, (96-98%NaCN)

A QAaAddsim TisAdmawd Aa €1 alra o P - X - -V, | IN_C_ERQQ)
. oUW LU LYyUWUITUALUCGC, idlilanc \S N & plalilduiauvwcu AV T O
e. Titanium additive compound

f. Hydrogen Peroxide - 35% Technical Grade

€. Filter Aid, Diatomaceous, Celite 501, Johna Manville

4.1.2 Egquipment. Equipment usged in cadmium-titanium
plating
a. Either generated or rectified D.C. current may be
uaed. Ripple value ghall not exceed 10 percent as measured by
dividing the Root Mean Square of the A.C. voltage component by
the D.C. vol agé.

b Tanks ghould be »r

e
temperature and the chemical en
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c¢. Plating tanks to be operated at temperatures other
than room temperature shall be equipped with automatic
temperature indicating and regulating devices.

d. An ammeter shall be placed in series with the
admium-titanium tank cathode. The ammeter shall have sufficient
ghunte and awitches to provide a full-scale reading equal to the
maximum capacity of the power source, and an accuracy of + 10
percent of the current being measured.

D

e. If conventional ball anodes are used, carriers may be
made of either titanium or stainless steel. Cadmium bar anodes
may be made of either titanium or stainless steel. Cadmium bar

anodes may be used if they are cast with no central steel spline
and titanium or gtainless steel hooks are used. Auxiliary or
internal anodes must be of cadmium or 300 series stainless =steel.

viia v pTiiia vao

q u
una +that nanmita int u
the filter cloth. The filter m

b
mi
100 gquare feet per 1, 000 gallons) of plating golution. The
filtration equipment muat be 300 series stainless ateel or have
an approved type of lining such as rigid polyvinylchloride or

other unplasticized material. The filter cloth material should be
of a high grade chemical resistant fabric. Cotton cannoct be uzed

in this system.

€. A blast cabinet shall be located near the plating
line. The size of the cabinet shall be adequate to enclose the
parts to be plated. Air lines shall be suitably trapped and
filtered to prevent in-process contamination of the parts to be
cleaned.

h. An oven capable of beking parta at 190 + 14=C (375 +
25°F) shall be located near the plating line. The =zize of the
oven shall be equipped with temperature indicating, recording and
regulating devices.

n A =

4.2 Specification QQ-F-416. The requirements of QQ-P-416
shall be complied with on all partsa, in conjunction with those
gpecified in this standard. If there is a confliction between

the two documents, however, the requirements of this standard
shall govern.

1
1
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4.3 Finish. The plated part will have a finish that is
smooth, continuous, homogeneous adherent and free from pits
blisters, nodules and any other indications of harmful defects.
The appearance of a properly applied plate may vary from a dull
gray to a froasty white. A bright, shiny deposit indicates
malfunction of the process which may produce embrittled parts
(gee MIL-S-5002).

4.4 Corrosion. The test panel shall show no corrosgion on
the base metal after 500 hours exposure to salt spray per ASTM
Standard B 117. Corrosion at the edges of the panel shall not
congtitute failure.

4.5 Titanium content of plating. The titanium content of
the plate shall be between 0.07 and 0.5 percent titanium.

4.6 Embrittlement. Qualification test specimena and process
control test specimens shall be subjected to a sustained load
test at 75 percent of the ultimate notched tensile strength. The
epecimens shall endure this sustained load for 200 hours minimum
without failing or cracking. If hydrogen detection instrument
testing is used for process control, the test must meet the
requirements of the instrument manufacturer.

4.7 Reprocegsing. Parts rejected for defective plating,
requiring stripping and replating, shall include all of the
pre-plating asteps of this standard. Parts shall be stripped in
accordance with MIL-STD-871.

5. DETAILED REQUIREMENTS

5.1 Prior to plating. Prior to plating, all machining,
forming, welding, and shot peening shall be completed.

5.1.1 Baking. Parte shall be baked for stress relief before
plating for four hours minimum at 190 + 14=C (375 + 25°<F). Shot
reening when required shall be performed before plating and after
gtress relieving.

5.1.2 Storage of parts. Storage of parts between stress
relief and cleaning shall be controlled to prevent contact with
water or other corrosgive materials. Parts should be stored to
permit free circulation of air around the parts.

5.1.3 Handling of parts. After the parte have been cleaned,
they ghall be handled in such a manner (white gloves, etc) that
will asggure a minimum of contamination.

5.1.4 Masgking. Sections or areag of a part that are not to
be plated shall be masked off. Plug and masking materials which

5
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do not contaminate the plating bath ahall be used. Masking

ghould be performed at the moszt convenient step prior to plating.
5.1.8 Racking. Sufficient contact area and pressure =zhall

be provided to carry the current without overheating. Racking

should be performed at the most convenient step prior to plating.

5.1.6 Piating sequence. If chromium and cadmium are used in
combination, the chromium shall be deposited first. When chrome
plating is to be followed by cadmium plating the 23 hour minimum
bake period can be replaced by a four hour bake period at 1980 +
14°C (375 + 25°<F) provided the part is baked for 23 hours minimum
after completion of the cadmium-titanium plating.

5.2 Plating procedure. The cadmium-titanium plating
PN 3 £
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5.2.1 Step Number 1. Parts shall be vapor degreasged. No
minimum elapsed time requirement shall apply between this
operation and the cleaning operation of 5.2.2.

PROVIDE ADEQUATE VENTILATION DURING DEGREASING OPERATIONS.
AVOID SKIN AND EYE CONTACT WITH SOLVENT SOLUTIOQONS

5.2.2 Step Number 2. All parts shall be cleaned by dry
blasting using 80-180 grit aluminum oxide (Al20s), gilicon
dioxide (S10a), or garnet per MIL-STD-1504. Elapsed time between
completion of cleaning and Step Number 3 =shall not exceed sixty
minutes.

5.2.3 Step Number 3. Rinee partes in cold water (Optional).
A cyanide holding tank can be used to hold parts if the plating
tank 18 full.

5.2.4 Step Number 4 (optional). All parts can be dipped in a
2-4 percent by volume hydrochloric acid (HC1l) solution, (60
A

seconds maximum at amb

ntdt +amrnanatiimnal fAallaAawad hy a ~ sy
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5.2.5 Step Number 5. Cadmium plate in the solution listed
below. Apply voltageas so that the current will flow upon

immersion of parts. Strike the parts at 5§ to 6 amperes/sq
decimeter (40 - 50 amps/sq ft (asf)) for 15 seconds, then reduce
the current to 2 to 4 amperes/sq decimeter (15-3¢0 an) . Plating

should be continued until the required thickness of
cadmium-titanium has been deposited.

a. Cadmium metal 18.5-33.85 g/1 (2.5-4.5 oz/gal)

(o))
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b. Total cyanide 74-200 g/1 (10-27 oz/gal)

c. Sodium hydroxide 11.25-30 g/1 (1.5-4 oz/gal)

d. Titanium 40-100 mg/1 (40-100 ppm)

e. Sodium carbonate 0-60 g/1 (0-8 oz/gal)

f. Ratio NaCN/Cd 4/1 to 6/1

g. Total permissible iron 300 mg/L (300 ppm)

h. Temperature 18-30=C (60-85°F)
WARNING

PROVIDE ADEQUATE VENTILATION WHEN USING CADMIUM PLATING
SOLUTIONS CONTAINING SODIUM HYDROXIDE AND SODIUM CYANIDE.
WEAR PROTECTIVE RUBBER GLOVES AND CHEMICAL GOGGLES TO PREVENT
SKIN AND EYE EXPOSURE.

5.2.6 Step Number 6. Rinse parts in cold water.

5.2.7 Step Number 7. Rinse parts in hot water and blow dry
with compressed air. Elapsed time between completion of plating
and start of baking, shall not exceed four hours.

5.2.8 Step Number 8. Bake all parts hear-treated above
1.24 X 10® Pa (180,000 psi) for twelve hours minimum at 190 +
14=C (375 + 25°F).

NOTE: Refer to 5.3 if post plate treatment is required. If post
plate treatment is not required, refer to 5.4.

5.3 Post plate treatment.

5.3.1 Types of plating. Refer to applicable directives for
type of plating. If the type of plating is not specified, the
part shall be given the Type II treatment.

Type I - No post plate treatment required (zee 5.4)
Type II1 - (2ee 5.3.1.1)
Type III - (gee 8.3.1.2)

WARNING

PROVIDE ADEQUATE VENTILATION WHEN USING IRIDITE AND/OR
PHOSPHATING SOLUTIONS. AVOID SKIN AND EYE CONTACT.

5.3.1.1 Type II.
a. Immerse in the Type II chromating solution (Iridite

7
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No 8P or equivalent) for fifteen to thirty seconds).

b. Rinse thoroughly in tap water. An additional rinse
in warm water [60°C Maximum (140<F)] may be used to facilitate
drying.

c. See 5.4

5.3.1.2 Type III.
a. Immerse parts in Type III (QQ-P-416) phosphating
golution for fifteen to thirty seconds.

b. Rinse thoroughly in tap water. An additional rinse
in warm water [60°C Maximum (140°F)] may be used to facilitate
drying.

Q. See 5.4

5.4 Inspection. Ingpection shall be in accordance with the
production control inspection and teats in QQ-P-416 and this
standard.

5.8 Process contrcls. Sclutiong and equipment used in the
plating process shall be checked periodically and maintained in
accordance with the requirements of this procesa standard.

§.6 Qualification embrittlement test. The processor =shall
demonstrate his ability to provide cadmium-titanium plating which
meetg the requirements of 4.6 of this standard as follows: ’

a. Four round notched 4340 steel gpecimensg each from
geparate heats, heat treated to a tensile gtrength of 1.79 X 10°
Pa (260,000 to 280,000 psi) shall be prepared. The configuration
ghall be in accordance with Figure 8 of ASTM Standard E8 for
round specimena. Specimene s2hall have a 60 degree V-notch
located approximately at the center of the guage length. The
crosg section area at the root of the V-notch shall be
approximately equal to half the area of the full cross =section
area of the specimen’'s reduced gection. The V-notch shall have a
0.254 + 0.0127 mm (0.010 + 0.0005 inch) radius of curvature at

the base of the notch.

b. During plating the specimenz shall be mounted
symmetrically on a rack by themselves. All areas of the rack
except the contact area zhall be coated with a suitable maskant.
An ammeter having a sensitivity of 0.5 amperes or better shall be
connected between the gpecimen rack and the cathode. The

specimens shall be plated at 2.0 A/dm® (15 amperes/ft®) to a
thickness of 0.020 mm (0.0008 inch). The specimens shall be baked

8
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for twelve hours at 190 *+ 14°C (375 + 25<F) within four hours of
removal from the bath.

a. The specimens will be subjected to 200 hours of
static loading at 75 percent of the ultimate notched tensiled
strength. The test shall be considered passed if all four

4 n + £ A s
specimeng meet the requirements of 4.6.

d. Upon successgful completion of the static load test,
one of the notched tensile specimens shall be sectioned across
the notch parallel to the axis of the gpecimen. Photomicrographs
shall be taken on the notched area and examined for complete
coverage of the notch with plating (use 80-100X magnification).

5.7 Process control embrittlement acceptance test. The
procegs embrittlement acceptance test shall be one of the
following two methods.

5.7.1 Method I, hydrogen detection instrument testing.

a Hydrogen detection instrument teating =shall be
performed within the processor’s facility by a certified operator
according to the instrument manufacturer’s instructions.

b. Hydrogen detection instrument testing shall be
conducted at least twice weekly.

D

5.7. Method II, notched tensile test.

a. Two standard specimens of the type noted in 5.6 shall
be processed in conjunction with the plating of items. The
specimens shall be subjected to a sustained load test of 75
percent of the ulltimate notched tenszile strength of the material
for 200 hours minimum and shall meet the requirements of 4.6.

Failure of any one of the szpecimens ghall constitute failure of

the teat and production shall cease until the cause of failure isg
determined and the bath iz requalified. Acceptance of items
completed after the last successfully completed acceptance test
shall be withheld until the extent and cause of failure have been
determined.

b. The test for embrittlement shall be conducted as
often as deemed necessary with a maximum interval of every thirty
(30) calendar days. If embrittlement teats have not been

prerformed in the thirtv daysa hrgcegdind the npgceggind of =&

material batch, the bath must be requalified in accordance with
5.6.

5.8 Titanium content of plating. The titanium content of
the plate shall be determined in accordance with the following

Q
4
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steps:

2. Plate the Hadmium titanium deposit at normal current
density onto passive stainless steel, nickel, or a chrome plated
base, 80 as to produce a non- adherent deposit.

WARNING
PROVIDE ADEQUATE VENTILATION WHEN USING SULFURIC ACID. WEAR
PROTECTIVE RUBBER GQLOVES AND CHEMICAL GOGGLES TO PREVENT SKIN

b. Dissolve the weighted deposit in 50 milliliters (ml)
of 15-20 percent sgsulfuric acid (HzSOa4).
Analyze the sulfuric acid for titanium and compute
¢ {f the platin

"‘I
GIN

5.9 Safety and health. This document specifies the use of
certain materials which have been listed in 29 CFR 1910 (OSHA
Standards) as "Toxic and Hazardous Substances’. Personnel
exposure to these materials during this process must be limited
to the values aspecified in applicable portions of OSHA Standard
1910.1000.

vec&;tign Becauge of the toxicity of

ntilation must be assured before
e welded, soldered, or heated.

cadmium vapors, adequate
cadmium plated items can

U‘<'15
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