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1. SCOPE
1.1 Purpose

This specification covers the engineering requirements for electrodeposition of cadmium-titanium on metal parts and the
properties of the deposit.

1.2 Application

This process has been used typically to provide corrosion resistance to high strength steel for use in fracture critical
applications such as aircraft landing gear and naval arrestor hooks at temperatures below 450 °F (232 °C) by limiting the

generation of hydrogen and potential hydrogen embrittlement, but usage is not limited to such applications.

1.3 Safety-Hazardous Materials

While the materials, mJethods, applications, and processes described or referenced in this specificati
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ASTM B117

ASTM B253

ASTM B487

ASTM B499

Operating Salt Spray (Fog) Apparatus

Preparation of Aluminum Alloys for Electroplating

Metals

ASTM B504

Measurement of Thickness of Metallic Coatings by the Coulometric Method

Measurement and Oxide Coating Thicknesses by Microscopical Examination of Cross Section

Measurement of Coating Thicknesses by the Magnetic Method; Nonmagnetic Coating on Magnetic Basis
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ASTM B567

ASTM B568

ASTM B571

ASTM E376

ASTM F326

ASTM F519

Measurement of Coating Thickness by the Beta Backscatter Method
Measurement of Coating Thickness by X-Ray Spectrometry

Qualitative Adhesion Testing of Metallic Coatings

3. TECHNICAL REQUIREMENTS

3.1 Materials

Measuring Coating Thickness by Magnetic Field or Eddy-Current (Electromagnetic) Testing Methods
Electronic Measurement for Hydrogen Embrittlement From Cadmium-Electroplating Processes

Mechanical Hydrogen Embrittlement Evaluation of Plating/Coating Processes and Service Environments

Materials used in platir

Cadmium ball anodes
Cadmium oxide
Sodium cyanide
Sodium hydroxide
Titanium additive comp
Hydrogen Peroxide-35

g cadmiume-titanium are as follows:

ound
o Technical Grade

Filter Aid, Diatomaceolis

3.2

3.21

3.2.2

3.2.21

3.2.3

3.24

3.25

3.2.6

3.2.7

Equipment

The rectifier shall be either generated or rectified DC current. Ripple value shall not exceedl 10% as measured by
dividing the Rgot Mean Square of the AC voltage component by the DC voltage (See 8.10)
Tanks shall be|resistant to the operating temperature and the chemical environment.
The cadmiuin plating tanks shall be of 300 series stainless steel, carbon steel with a rigid PVC lining, or other

suitable non-metallic material which' has been determined to be compatible with cagmium-titanium plating
solutions.

The plating tanks to be operated'at the temperatures other than room temperature shall be eguipped with automatic
temperature inficating and-+egulating devices.

An ammeter shall be placed in series with the cadmium-titanium tank cathode. The ammeter shall have sufficient
shunts and swjitches«toe provide a full-scale reading equal to the maximum capacity of the| power source, and an
accuracy of £10% of the current being measured.

If conventional ball anodes are used, carriers 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 stainless steel hooks are used.
Auxiliary or internal anodes must be of cadmium or 300 series stainless steel.

This process requires a continuously filtered bath. The filter (See 8.8) must be of a type that permits introduction of
the titanium paste mixture on the filter cloth. The filter must have a plate area of 40 to 120 square feet per
1000 gallons (0.98 to 2.95 m?/kL) of plating solution. The filtration equipment must be 300 series stainless steel or
have an approved type of lining such as rigid PVC or other unplasticized material. The filter cloth material should
be of a high-grade chemical resistant fabric. Cotton cannot be used in this system. In addition, hydrogen peroxide
additions are required (See 8.7 and 8.8).

A blast cabinet shall be located near the plating line and be encapsulated. 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.
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welding and shot peening shall be completed prior to plating.

An oven conforming to AMS2750 for embrittlement relief shall be located near the plating line.

Unless otherwise specified parts shall be within drawing dimension limits before plating. All machining, forming,

All steel parts having a hardness of 40 HRC and above and that are machined, ground, cold formed or cold

straightened after heat treatment shall be cleaned to remove surface contamination and thermally stress relieved
before plating. (Residual tensile stresses have been found to be damaging during electroplating.) Furnaces used
for stress relief shall be controlled per AMS2750; the minimum requirements shall be Class 5, with Type D
Instrumentation. Temperatures to which parts are heated shall be such that stress relief is obtained while still

hardness of parts within r‘lrn\/\ling limits

Unless athernwise anr-\rifinrl’ the following treatment

Any specified fesidual compressive stress-inducing operations, such as shot peening, shal
Ating. In the event of multiple plating operations cadmium/titanium shall be the final operation. The

5 and times shall be used:

parts, stress relieve at 275 °F + 25 (135 °C + 14) for 5 to 10 hours.

aving a hardness less than 55 HRC, and for nitrided parts, stfess relieve at 37
um of 4 hours. Higher temperatures shall be used only whenspecified or app
[ organization.

0 parts: If stress relief temperatures above 375 °R(191 °C) are elected, the
prior to peening or the cognizant engineering orgahization shall be consulteq
f temperature.

nandled such that a minimum of contamination occurs during masking and rg

neering authority shall specify(additional stress relief if other coatings were g
e clean surfaces, free of water breaks, prior to immersion in the plating solut
hing of steel parts-may be done with anodic current, but steel parts shall not b

| be cleaneghby*dry blasting using 80 to 180 grit aluminum oxide. Elapsed tin
nd immersion in plating bath shall not exceed 60 minutes. Acid pickling or g

3.2.8
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3.3.5.2 All parts sha
of cleaning g
acids is not allowedks
3.3.6  Except for bar|

rel_plating, electrical contact points shall be as follows. For parts which arg

bxcluding nitrided parts, having a hardness of 55 HRC and above, and«for carburized and induction

5°F+25(191 °C +13)
roved by the cognizant

stress relieve shall be
and shall approve the
cking.
follow stress-relieving
round or machined.
on.
e cathodically cleaned.
ne between completion

leaning using reducing

b to be plated all over,

ara naot o ha nlatad all Avar oo

leeditions shall be in areas

location shall Be—aeceptable-tepurchaserferparts-whichare-retto-beplated-al-over

on which plating is not required.

3.4 Procedure

34.1

34.1.1

3.4.2

Spotting-in is not permitted.

Parts shall be plated by electrodeposition of cadmium/titanium from a suitable plating solution (See 8.9).

The cadmium/titanium shall be deposited directly on the basis metal without a strike coating of other metal except

in the case of parts made wholly of corrosion resistant steel or similarly passive materials, on which a preliminary

strike of nickel

3.4.3

or other suitable metal is permissible.

Aluminum alloys may be zincate treated in accordance with ASTM B253.
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3.4.4

3.4.5

Following plating the parts shall be rinsed in cold and hot water.

After rinsing in water and without allowing the parts to dry, unless otherwise specified, plated parts shall

be chemically treated by a process that has been demonstrated to prevent the formation of white corrosion products.
If trivalent chromium treatment is elected, it may be applied prior to hydrogen embrittlement thermal
treatment (See 3.5) without subsequent reactivation retreatment, provided it has demonstrated acceptable
corrosion resistance (See 3.6.3). When plated parts specifying a traditional type of supplementary treatment,
such as hexavalent chromate, require post thermal treatment as in 3.5, surface reactivation and supplementary
treatment shall follow hydrogen embrittliement relief.

3.5

Hydrogen Embrittlement Relief

Treatment of steel parts shall be in accordance with AMS2759/9 using the parameters for cadmium.

3.6 Properties
The plating shall confofm to the following requirements:
3.6.1 Thickness
Shall be as specified dn the drawing, determined on representative parts or, when,pérmitted by pyrchaser, test panels in
accordance with ASTM B487, ASTM B499, ASTM B504, ASTM B567, ASTM_B568, ASTM H376, or other method
acceptable to purchaser.
3.6.1.1 Plate thickngss may be specified by AMS2419 and a suffixcnumber as shown in Table 1A or 1B normally
designating the minimum thickness in ten-thousandths of arkinch (0.0025 mm); except ap indicated in Table 1A
or 1B, the maximum plate thickness shall be 0.0002 inch{0.0051 mm) greater than thel minimum. When flash
plating is spécified it shall be approximately 0.0001 inch«(0.0025 mm).
Table 1A — Plate thickness and salt spray corr@sion resistance requirements, inch/pound units
Nuts, Parts
Nuts, Washers, and Parts Not
Washers, and Unthreaded Niot Externally
Unthreaded Surfaces of Externally Threaded
Surfaces of Parts Threfaded Except
External Parts Externally Ex¢ept Nuts and
AMS2419 Bxternal Threads Externally Threaded Nutg and Washers
Thickness Threads Salt Spray Threaded Salt Spray Waghers Salt Spray
Designation Thickness Resistance Thickness Resistance Thickness Resistance
Specified Inch Hours, min Inch Hours, min Inch Hours, min
2419 0.0001 to 6.0004 100 0.0002 to 0.0005 150 0.0003 tp 0.0005 400
2419-1 0.0001,t0\0:0003 100 0.0002 to 0.0004 150 0.0001 tp 0.0003 100
2419-2 0.0001ta.0.0004 100 0.0002 to 0.0004 150 0.0002 tb 0.0004 150
2419-3 0.0002 to 0.0005 150 0.0003 to 0.0005 400 0.0003 to 0.0005 400
2419-4 0.0003 to 0.0006 400 0.0004 to 0.0006 450 0.0004 to 0.0006 450
2419-5 0.0004 to 0.0007 450 0.0005 to 0.0007 500 0.0005 to 0.0007 500

Note: For thickness designations when AMS2419-X is greater than 5, plate thickness in ten-thousandths of an inch shall be X to X +2 except on external
threads where the plate thickness shall be X-1 to X+2; such parts shall withstand salt spray for not less than 250 hours.
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Table 1B — Plate thickness and salt spray corrosion resistance requirements, Sl units

Nuts, Parts
Nuts, Washers, and Parts Not
Washers, and Unthreaded Not Externally
Unthreaded Surfaces of Externally Threaded
Surfaces of Parts Threaded Except
External Parts Externally Except Nuts and
AMS2419 External Threads Externally Threaded Nuts and Washers
Thickness Threads Salt Spray Threaded Salt Spray Washers Salt Spray
Designation Thickness Resistance Thickness Resistance Thickness Resistance
Specified Millimeter Hours, min Millimeter Hours, min Millimeter Hours, min
2419 0.003 to 0.010 100 0.005t0 0.013 150 0.008 to 0.013 400
2419-1 0.003 to 0.008 100 0.005 t0 0.010 150 0.003 to 0.008 100
2419-2 0.003t0 0010 100 0005100010 150 0005 t0 0.010 150
2419-3 0.0p5 to 0.013 150 0.008 to 0.013 400 0.008 te[0.013 400
2419-4 0.0p8 to 0.015 400 0.010to 0.015 450 0.010t0(0.015 450
2419-5 0.000to0 0.018 450 0.013 10 0.018 500 01913 10(0.018 500

Note: For thickness designat

ions when AMS2419-X is greater than 5, plate thickness in millimeters shall be 0.0025X to 0.00

threads where the plaje thickness shall be 0.0025 (X-1) to 0.0025 (X+2); such parts shall withstand saltspray for not |

P5 (X+2) except on external
bss than 250 hours.

3.6.1.2 The plate shpll be substantially uniform in thickness on significant surfaces except that slight build-up on exterior
corners or ediges will be permitted provided finished drawing dimensions are met.

3.6.1.3  Thickness rgquirements apply to surfaces that can be touched by<@a sphere 0.75 inch (19 jnm) in diameter. Other
areas, such jas surfaces of holes, recesses, internal threads, or'contact areas of parts glated all over, where a
controlled dgposit cannot be obtained under normal plating.conditions, shall show evidenge of plating.

3.6.2 Adhesion

Plating shall be firmly gnd continuously bonded to the basis-metal and shall not show internal delan

ination of the plating.

3.6.2.1 Plating adhegion shall be tested using one, of-the following methods:
3.6.2.1.1 The plating shall be scraped through-to the basis metal with a sharp knife to expode the basis metal and
examined pat approximately 5X magnification for evidence of flaking or separation.
3.6.2.1.2 Test adhesion using the bend)test, burnishing test, draw test, or heat quench test of AJTM B571.
3.6.2.2 Adhesion testing is not required for parts that are post treated by heating to at least 375 {F (191 °C), quenched,
and examingd for blisters or other signs of lack of adhesion.
3.6.3 Corrosion Res|stafice

Ferrous metal parts or representative test panels (See 4.3.3) shall show no visual evidence of corrosion of the basis metal
after being subjected for a time specified in Table 1A or 1B to continuous salt spray corrosion testing conducted in
accordance with ASTM B117.

3.6.4 Hydrogen Embrittlement

The plating process shall not cause hydrogen embrittlement in ferrous metals. Testing in accordance with the requirements
of ASTM F519 Type 1a using notched round specimens, unless a different specimen is specified by the purchaser, stressed
in tension under sustained load is required. For test purposes, plating thicknesses shall be 0.0005 to 0.0007 inch
(0.0127 to 0.0178 mm) thick measured on the smooth section of the specimen, but with visible plating at the root of the
notch. Testing beyond the 200 hour test period is not required.

3.6.4.1 Alternatively, when approved by purchaser hydrogen gauge testing in accordance with ASTM F326 and an
approved company operating procedure may be used.
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3.6.5 Composition

Titanium content of the plating shall be 0.07 to 0.5% by weight determined by a method acceptable to the purchaser. An
alternative method is to measure the content in the plating solution.
3.7 Quality

Plating shall be smooth, continuous, free of delamination within the plating, uniform in appearance, and free of imperfections
detrimental to usage of the plating. Plating shall be visually free from frosty areas, pinholes, porosity, blisters, nodules, and

pits. Slight discoloration or staining is permitted.

3.7.1

The finished plating color shall range from an iridescent yellow or gold to brown to olive drab. If the chrome acid

solution (See 3.4.5) is used for the supplementary coating, the resultant coating may be gray.

NCE PROVISIONS

4. QUALITY ASSUR/
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brrosion-Resistance (3.6.3) and Embrittlement, (3.6.4) and tests of cleaning
ed metal will conform to specified requirements (See 8.4) are periodic tests
than 30 days. Adhesion (3.6.2)"is a periodic test that shall be performed no
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Test

nts are preproduction tests and shall be performed prior to or on the initial s
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brmance of all required
fhe right to sample and

htory testing deemed necessary to ensure that processing conferms to the specified requirements.

ot.

hnd plating solutions to
hnd shall be performed
ess than daily for each

nipment of plated parts

change in material and/or processing requires approval by the cognizant egineering organization

Shall not be less than thefellowirg

A lot shall be all parts of the same part number, plated to the same range of plate thickness in the same set of solutions, in
each consecutive 24 hours of operation, and presented for processor’s inspection at one time.

43.1

Sample Configuration

Nondestructive testing shall be performed wherever practical and authorized herein. Except as noted actual parts shall be
selected as samples for tests.
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4.3.1.1 Thickness

Separate test panels of same generic class of alloy as the parts, distributed throughout the lot, cleaned, plated, and post
treated with the parts represented shall be used when plated parts are of such configuration or size as to be not readily
adaptable to the specified tests or when nondestructive testing is not practical on actual parts, or it is not economically
acceptable to perform destructive tests on actual parts.

4.3.1.2 Corrosion Test

Panels shall be low carbon steel approximately 0.032 x 4 x 6 inches (0.8 x 102 x 152 mm) or bars approximately
0.5 inches (13 mm) in diameter and 4 inches (102 mm) long, having surface roughness not exceeding 40 microinches

(2 pm).

4.3.1.3 Adhesion Tests

Specimens shall be made of the same generic class of alloy as defined by AS2390 processed. The ‘est specimens shall be
0.025 inch (0.6 mm) m[nimum thickness and not less than 1 x 4 inches (25 x 102 mm).

4.3.2 For acceptance tests

Test samples shall be selected from all parts in the lot, unless purchaser specifiesa sampling plan; the minimum number
of samples shall be as|shown in Table 2.

Table 2 —Sampling for acceptancétests

Number of Parts

In Lot Quality Thickness
1to 6 All 3
7to 15 7 4
16to 40 10 4
41to 110 15 5
111to 300 25 6
301to 500 35 7
501 to (790 50 8
701 to 1200 75 10
Qveh" 1200 125 15

4.3.3 For Periodic T¢sts

Frequency of testing sfall be at the“discretion of the processor unless a test frequency is specified By the purchaser. Tests
for hydrogen embrittlerpent are-applicable only when parts having hardness of 36 HRC or higher arg plated. For adhesion
tests, four test specimgns of‘@ach generic class of alloy, as defined by AS2390, that have been procgssed through the same

cleaning and plating operations as the parts that they represent. These adhesion test specimens shall be processed prior
to the first production |ot-of p::rfc orwith the first prnrh iction lot of parte

4.4  Approval

4.4.1 The process and control factors, a preproduction sample plated part, or both, whichever is specified shall be
approved by the cognizant engineering organization before production parts are supplied.

4.4.2 The processor shall make no significant change to materials, processes, or control factors from those on which
approval was based, unless the change is approved by the cognizant engineering organization. A significant change
is one that, in the judgment of the cognizant engineering organization, could affect the properties or performance
of the parts.
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	3.6.1.1 Plate thickness may be specified by AMS2419 and a suffix number as shown in Table 1A or 1B normally designating the minimum thickness in ten-thousandths of an inch (0.0025 mm); except as indicated in Table 1A or 1B, the maximum plate thickness...
	Table 1A – Plate thickness and salt spray corrosion resistance requirements, inch/pound units
	Table 1B – Plate thickness and salt spray corrosion resistance requirements, SI units

	3.6.1.2 The plate shall be substantially uniform in thickness on significant surfaces except that slight build-up on exterior corners or edges will be permitted provided finished drawing dimensions are met.
	3.6.1.3 Thickness requirements apply to surfaces that can be touched by a sphere 0.75 inch (19 mm) in diameter. Other areas, such as surfaces of holes, recesses, internal threads, or contact areas of parts plated all over, where a controlled deposit c...

	3.6.2 Adhesion
	3.6.2.1 Plating adhesion shall be tested using one of the following methods:
	3.6.2.1.1 The plating shall be scraped through to the basis metal with a sharp knife to expose the basis metal and examined at approximately 5X magnification for evidence of flaking or separation.
	3.6.2.1.2 Test adhesion using the bend test, burnishing test, draw test, or heat quench test of ASTM B571.

	3.6.2.2 Adhesion testing is not required for parts that are post treated by heating to at least 375  F (191  C), quenched, and examined for blisters or other signs of lack of adhesion.

	3.6.3 Corrosion Resistance
	3.6.4 Hydrogen Embrittlement
	3.6.4.1 Alternatively, when approved by purchaser hydrogen gauge testing in accordance with ASTM F326 and an approved company operating procedure may be used.

	3.6.5 Composition

	3.7 Quality
	3.7.1 The finished plating color shall range from an iridescent yellow or gold to brown to olive drab. If the chrome acid solution (See 3.4.5) is used for the supplementary coating, the resultant coating may be gray.


	4. QUALITY ASSURANCE PROVISIONS
	4.1 Responsibility for Inspection
	4.2 Classification of Tests
	4.2.1 Acceptance Tests
	4.2.2 Periodic Tests
	4.2.3 Preproduction Test

	4.3 Sampling and Testing
	4.3.1 Sample Configuration
	4.3.1.1 Thickness
	4.3.1.2 Corrosion Test
	4.3.1.3 Adhesion Tests
	Specimens shall be made of the same generic class of alloy as defined by AS2390 processed. The test specimens shall be 0.025 inch (0.6 mm) minimum thickness and not less than 1 x 4 inches (25 x 102 mm).

	4.3.2 For acceptance tests
	Table 2 –Sampling for acceptance tests

	4.3.3 For Periodic Tests

	4.4 Approval
	4.4.1 The process and control factors, a preproduction sample plated part, or both, whichever is specified shall be approved by the cognizant engineering organization before production parts are supplied.
	4.4.2 The processor shall make no significant change to materials, processes, or control factors from those on which approval was based, unless the change is approved by the cognizant engineering organization. A significant change is one that, in the ...
	4.4.3 Control factors shall include, but not be limited to the following:

	4.5 Reports
	4.6 Resampling and Retesting
	4.6.1 If the results of any acceptance test fail to meet specified test requirements, the parts in that lot may be stripped by a method acceptable to purchaser that does not roughen, pit, embrittle the basis metal, or adversely affect part dimensions,...
	4.6.2 If the results of any periodic test fail to meet specified test requirements, the process is nonconforming. No additional parts shall be plated until the process is corrected and new specimens are plated and tested. Results of all tests shall be...


	5. PREPARATION FOR DELIVERY
	5.1 Plated parts shall be handled and packaged to ensure that required physical characteristics and properties of the plating are preserved.
	5.2 Packages of plated parts shall be prepared for shipment in accordance with commercial practice and in compliance with applicable rules and regulations pertaining to the handling, packaging, and transportation of the plated parts to ensure carrier ...

	6. ACKNOWLEDGMENT
	7. REJECTIONS
	8. NOTES
	8.1 A change bar (l) located in the left margin is for the convenience of the user in locating areas where technical revisions, not editorial changes, have been made to the previous issue of this document. An (R) symbol to the left of the document tit...
	8.2 Parts manufacturing operations, such as heat treatment, forming, joining, media finishing, can affect the condition of the substrate for plating, or if performed after plating, could adversely affect the plate. The sequencing of these types of ope...
	8.3 The parts manufacturer should ensure the surfaces of metal parts supplied to the processor are free from blemishes, pits, tool marks, and other irregularities that will affect the quality of the finished parts. Defects and variations in appearance...
	8.4 ARP4992, Periodic Test Plan for Process Solutions, is recommended to satisfy the requirements for control of processing solutions.
	8.5 Terms used AMS are clarified in ARP1917.
	8.6 Dimensions and properties in inch/pound units and the Fahrenheit temperatures are primary; dimensions and properties in SI units and the Celsius temperatures are shown as the approximate equivalents of the primary units and are presented only for ...
	8.7 The hydrogen peroxide additions made to ensure conformance to embrittlement requirements should be delivered in a drop by drop manner to avoid destruction of cyanide and increasing bath temperature.
	8.8 The filter containing the titanium paste necessary to ensure conformance to embrittlement requirements should be rebuilt periodically to ensure uniform flow.
	8.9 Recommended Procedure
	8.9.1 After rinsing in water, and without allowing parts to dry, plated parts may be dipped in a 2 to 4% by volume hydrochloric acid solution for 60 seconds maximum. It is not recommended to perform this operation on parts greater than six feet as the...
	8.9.2 The following solution and plating parameters have been used to process parts with acceptable deposits of cadmium/titanium. Apply voltages so that the current will flow upon immersion of parts. Strike the parts at 40 to 50 amps per square feet (...

	8.10 Current ripple should be kept as low as possible to minimize hydrogen embrittlement. Industry data shows ripple values at or below 5% to be highly beneficial to preclude the potential for hydrogen embrittlement.




