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INTERNATIONAL
Standard Specification for
- - - l
Coatings of Cadmium Vacuum-Deposited on Iron and Steel
This standard is issued under the fixed designation B 699; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.
1. Scope B 322 Practice for Cleaning Metals Prior to Electroplaing

1.1 This specification covers the requirements for a cad- B 440 Specification for Cadmiufn .
mium coating vacuum-deposited on iron and steel basis metals. B 487 Test Method for Measurement of Metal and Oxide
The coating is especially beneficial to those ferrous metals, Coating Th_lckness by Microscopical Examination of a
heat treated to 46HRC and higher or having an ultimate tensile _Cross Sectioh _ _
strength greater than 1500 MPa, wherein protection against B 499 Test Method for Measurement of Coating Thick-
corrosion and appearance are important (see Appendix X1).  nesses by the Magnetic Method: Nonmagnetic Coatings on

1.2 Vacuum-deposited production items are normally free of _Magnetic Basis Metafs .
hydrogen embrittiement, a danger when using electroplating B 504 Test Method for Measurement of Thickness of Me-
processes for deposition. Vacuum deposition can handle large _tallic Coatings by the Coulometric Methbd

high-strength parts that cannot be conveniently mechanically B 567 Test Method for Measurement of Coating Thickness
plated in the rotating barrels. by the Beta Backscatter Methbd

1.3 The coating is provided in various thicknesses up to and B 568 Test Method for Measurement of Coating Thickness
including 12 um (3.1) either in the as-deposited condition or by X-Ray Spectrometry

with a supplementary finish (3.2). B 571 Practice for Qualitative Adhesion Testing of Metallic
1.4 The following precautionary caveat pertains only to the Coating$ _ _ _
test methods portion, Section 9, of this specificatidinis B 602 Test Method for Attribute Sampling of Metallic and

standard does not purport to address all of the safety problems, _Inorganic Coatings . .
if any, associated with its use. It is the responsibility of the user B 697 Guide for Selection of Sampling Plans for Inspection
of this standard to establish appropriate safety and health _Of Electrodeposited Metallic and Inorganic Coatifigs

practices and determine the applicability of regulatory limita- E 396 Test Methods for Chemical Analysis of (_:adm?’um
tions prior to use. F 519 Method for Mechanical Hydrogen Embrittlement of

Plating Processes and Service Environnfents
2. Referenced Documents

2.1 ASTM Standards: 3. Classification _ | _
B 117 Practice for Operating Salt Spray (Fog) Apparatus ~ 3-1 Classes-Vacuum-deposited cadmium coatings shall be
B 183 Practice for Preparation of Low-Carbon Steel forclassified on the basis of thickness, as follows:

Electroplatin@ Class Minimum Thickness, pum

B 201 Practice for Testing Chromate Coatings on Zinc and v v
Cadmium Surfacés 5 5

B 242 Pract!ce for Preparation of High-Carbon Steel for 3.2 Types—Vacuum-deposited cadmium coatings shall be
Electroplating

identified by types on the basis of supplementary treatment
required, as follows:

3.2.1 Type +As-vacuum-deposited without supplementary
lati chromate treatment (see Appendix X1).
plating’ 3.2.2 Type IWith supplementary chromate treatment (see
Appendix X2).

1 This specification is under the jurisdiction of ASTM Committee BO8 on  Note 1—Itis strongly recommended that Type Il should be used rather
Metallic and Inorganic Coatings and is the direct responsibility of Subcommittee

B08.08.04 on Soft Metals.
Current edition approved Feb. 10, 2003. Published May 2003. Originally

approved in 1981. Last previous edition approved in 1998 as B 699 — 86 (1998).  * Annual Book of ASTM Standardéol 02.04.
2 Annual Book of ASTM Standardgol 03.02. S Annual Book of ASTM Standardgol 03.05.
2 Annual Book of ASTM Standardgol 02.05. ¢ Annual Book of ASTM Standardgol 15.03.

B 254 Practice for Preparation of and Electroplating on
Stainless Stedl
B 320 Practice for Preparation of Iron Castings for Electro-
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than Type | on production items. 5.4 Deposition Process-Cadmium vacuum deposition
] ] shall be conducted in a vacuum of 1.8310 ~* to 3.3 Pa with
4. Ordering Information an evaporation rate of 0.8 to 1.7 mg/s.

4.1 To make the application of this specification complete, 5.5 Substrate-Unless otherwise specified, cadmium shall
the purchaser needs to supply the following information to théoe deposited directly on the basis metal without a preliminary
supplier in the purchase order or other governing document:undercoating of another metal. A preliminary undercoating of

4.1.1 The designation number and year of issue of thigickel is permissible with parts made of stainless steel.
document. 5.6 Chromate Treatment (Type 11)

4.1.2 Class and type (3.1 and 3.2), 5.6.1 Chromate treatment for Type Il shall be done in or

4.1.3 Hardness or tensile strength of the steel parts (5.2),With special aqueous acid solutions composed of hexavalent

4.1.4 Heat treatment for stress relief, whether it has beeffomium along with certain anions that act as a catalyst or
performed or is required film forming compound to produce a continuous, smooth,

4.1.5 Undercoating, if required (5.5), protective film. _ . iy
4.1.6 Test of coating composition, if required (6.1) 5.6.2 The Type Il film shall range in color from an iridescent
4.1.7 Significant surfaces (6.2.2) ' ' yellow or a thicker more protective iridescent bronze or brown

4.1.8 Luster (6.6) to the heavier olive drab. It may be dyed to a desired color.

o S - . When necessary, a desired color shall be indicated by the
4.1.9 Samp_lllng,.|f other than specified (Section 7), purchaser and specified by the provision of a suitable colored
4.1.10 Certification (11.1), and sample or indicated on the drawing for the part.

4.1.11 Supplementary requirements, if applicable. 5.6.3 Waxes, lacquers, or other organic coatings shall not be
] permitted as a substitute, nor shall they be used in conjunction
5. Materials and Manufacture with Type Il coatings, in order to ensure the conformance to the

5.1 Nature of Finish—The cadmium metal for the produc- Salt spray or abrasion resistance test requirements. Waxes, etc.,
tion of the coating and the resultant coating shall conform tonay be used to improve lubricity.
the composition requirements of Specification B 440 and shal . .
contain ﬁot less thgn 99.95 mass (E}o cadmium. % Coatlng.Reqwremen.t.s -~ _
5.2 Stress Relief-Steel parts that have an ultimate tensile 6-1 Coating Composition-When specified, the chemical
strength of 1000 MPa and above and that have been machindgMposition of the coating shall be determined (see X1.3).
ground, cold-formed, or cold-straightened shall be heat-treated 8-2 Thickness:

at a minimum of 190°C fo3 h ormore for stress relief before _6-2:1 The thickness of the coating everywhere on the
cleaning and coating. significant surfaces shall be at least that of the specified class

5.3 Cleaning of Basis Metal-Proper preparatory proce- as defined in 3.1.

dures and thorough cleaning of the basis metal are essentialga

ensure satisfactory adhesion and corrosion resistance perf _ - . . o
mance of the coating. The basis metal shall not be exposed §§rV|ceab|I|ty of the article when assembled in normal position;

treatments such as cathodic cleaning, and acid treatments ¢a" be the source of corros_ion products that deface vi.sibl.e_
involving release of hydrogen on the surface of parts; nor Shaﬁurfaces on the assemblgd a}rtlcle. When necessary, the signifi-
materials be used for cleaning that will have damaging effectgant. surfaces s_hall be |nd|cqted by the purchasgr' on the
on the metal, such as pits, intergranular attack, and hydrogeqppl'cable drawing of the article, or by the provision of
embrittlement. If necessary, cleaning materials for surfac§Uitably marked S_a”?P'eS- - -
preparation should be evaluated in accordance with Metho%/(s'z'3 On nonsignificant visible surfaces, the minimum al-

6.2.2 Significant surfaces defined as those normally visible
irectly or by reflection) are essential to the appearance or

: . ; ble thickness for Class 12 shall be Class 8 (8 um), for
F 519. The basis metal shall be abrasive dry-blasted, using ne wable )
materials or materials that have not been used on other metaélr!]?ss 8 it shall be Class 5 (5 um), and for Class 5 it shall be 4
All loose particles shall be removed by air blasting the parts™ . . . .
thoroughly, using clean dry oil-free compressed air. Following ?}'3 Adhe5|ohn—'ll;he_cadm|u|m coating r?hall be .SUfgCéen\;%
air blasting, the basis metal may be outgassed by subjectingfftd erent to the basis metal to pass the tests in 9.3, en
to an electron bombardment with high-energy positive ions i Xam'”ed at a magnification of qpprommately 4 d_|ameters, s
a glow discharge unit. The following practices, where appro-coat'ng shall not shc_)w separation from the basis metal. The
priate for precleaning to remove oil, grease, and other foreigrt1c’rrr""‘t'On of cracks in the coating caused by rupture of the

materials should be used: B 183. B 242 B 254. B 320 an(§)asis metal that does not result in flaking, peeling, or blistering
B 322 ' ' ' ' " 7 of the cadmium coating shall not be considered as nonconfor-

mance to this requirement.
Note 2—Parts may be cleaned by blasting with 120-mesh aluminum 6.4 Abrasion ResistaneeThe supplementary chromate
oxide or 100-mesh garnet grit with a nozzle pressure of 410 to 620 kPa flm (Type ||) on the cadmium Coating shall be adherent,

remove scale, oxides, or other contamination. Blasted surfaces should ”an-powdery and shall resist abrasion when tested as detailed
be rougher than the specified finish for the part. When necessary to '

achieve the proper surface roughness, finer grit may be used, bl 9.4. . . . . .
aluminum oxide coarser than 120-mesh or garnet grit coarser than 6-5 Corrosion Resistanee-Cadmium coatings with Type Il

100-mesh should not be used. Following air blasting, stainless steel partéeatment shall show neither white corrosion products of
should be passivated. cadmium nor basis metal corrosion products at the end of 96 h
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test period, when tested by continuous exposure to salt spray ftherwise. The purchaser should compare the plans with his needs and
accordance with 9.5. The appearance of corrosion producgsate which plan is to be used. If the plans in Method B 602 do not serve
visible to the unaided eye at normal reading distance shall b&€ needs, additional ones are given in Guide B 697.

cause for rejection, except that white corrosion products at the 7.3 Specimens-If separate test specimens are to be used to
edges of specimens shall not constitute failure. represent the coated articles in a test, the specimens shall be of

Note 3—The hours given are the minimum required to guaranteel'€ Nature, size, and number, and shall be processed as required

satisfactory performance. Longer periods before the appearance of t#8 8.1, 8.2, and 8.3.

white corrosion products, even on the as-coated Type |, and rust are . . .
possible. Salt spray resistance does not vary in exact proportion with Note 6—When both destructive and nondestructive tests exist for the

increased plating thickness of Type Il coatings. Although hours to failur measurement of a characteristic, the purchaser needs to state which is to

(red rust) for Type | coatings are not specified, the hours given for Typ € ijrsedthso thitnthebp:qﬁernsargltl_ngl plran _'S rs_cfal_fztedt.r Als?ha testt_:wy
Il reflect the added protection of the chromate treatments Withoufjes oy the coating, but In a noncritical area, or It it destroys the coating,

A ; . - it may be the tested article can be reclaimed by stripping and recoating.
requiring impractical testing periods. - -
quiring fmpract ing pefl ) . The purchaser needs to state whether the test is to be considered
6.6 Luster—Unless otherwise specified by the purchaser, ajestructive or nondestructive.

semi-satin or a light matte luster shall be acceptable.
6.7 Workmanship and Finish 8. Specimen Preparation

6.7.1 The coating shall be smooth, adherent, uniform in g 1 \jacuum-Coated Parts or Separate Specirmenhen
appearance, and substantially free of blisters, pits, noduleghe vacuum-coated parts are of such form, shape, size, and
flaking, and other defects that may affect the function of th&ajye as to prohibit their use, or are not readily adaptable to a
coating. The coating shall cover all surfaces as stated in 6.2gst or when destructive tests of small lot sizes are required,
including thread roots, thread peaks, corners, recesses, afi test shall be made by the use of separate specimens coated
edges. The coating shall show no indication of contaminatioRoncyrrently with the articles represented. The separate speci-
or Improper operation O_f equipment used to produce _thﬁ’nens shall be of a basis metal equivalent to that of the article
deposit, such as excessively powdery or darkened coatinggpresented. These separate specimens shall be introduced into
Super.flmallstamlng,whlch results from rinsing or dry_mg,_anda lot at regular intervals before the cleaning operations,
variations in color or luster shall not be cause for rejection. preliminary to vacuum coating, and shall not be separated

6.7.2 Defects and variations in appearance in the coatingherefrom until after completion of the coating. Conditions
that arise from surface conditions of the substrate (scratchegﬁecting the vacuum coating of specimens, including the
pores, roll marks, inclusions, etc.) ar_1d that persist in the finisky acing, coating media, temperature, pressure, etc., in respect
despite the obsgrvgnce of good application techniques shall ngy other objects being coated, shall correspond as nearly as
be cause for rejection. possible to those affecting the significant surfaces of the

Note 4—Applied finishes generally perform better in service when thearticles represented. Unless a need can be demonstrated,
substrate over which they are applied is smooth and free of torn metageparately prepared specimens shall not be used in place of
inclusions, pores, and other defects. It is recommended that the specifsroduction items for nondestructive and visual examinations.
cations covering the unfinished product provide limits for those defects. A 8.2 Thickness. Adhesion. and Abrasion Resistance

metal finisher can often remove defects through special treatments, su . . . .
as grinding, polishing, electropolishing, and chemical treatments. How-%]pemmens_If separate specimens for thickness, adhesion, and

ever, these are not normal in the treatment steps preceding the applicatié\brasm_n resistance tes_ts are required, they shall b.e strips
of the finish. When desired, they shall become the subject of a speci@Pproximately 25 mm wide, 100 mm long, and 1 mm thick, or
agreement between the purchaser and the supplier. cylindrical pieces with a cross-sectional area approximately
. equal to that of the production item.
7. Sampling . . . .

8.3 Corrosion Resistance Specimend separate speci-

7.1 Inspection Lot-An inspection lot shall be defined as a ens for the corrosion resistance test are required, they shall be
collection of coated articles that are of the same kind, that haVSaneIs not less than 150 mm long, 100 mm wide, and

been produc_ed to the ‘same spe_cifications, that_have be%proximately 1 mm thick.

coated by a single supplier at one time, or at approximately the

same time, under essentially identical conditions, and that ar§ test Methods

submitted for acceptance or rejection as a group. . . . )

7.2 Selectior-A random sample of the size required by 9-1 Compositior—Chemical composition of the cadmium
Test Method B 602 shall be selected from the inspection lotc&ting shall be determined when required on the purchase
The articles in the sample shall be inspected for conformancg'der by procedures given in Test Methods E 396 or by other
to the requirements of this specification, and the lot shall banethods (chemical, electrochemical, spectrochemical, or X-ray
classified as conforming or nonconforming to each requiremerffuorescence) specified on the purchase order as long as they
in accordance with the criteria of the sampling plans in Tesfan determine composition to within the desired limits.
Method B 602. 9.2 Thickness

9.2.1 The thickness of the coating shall be determined by

Note 5—Test Method B 602 contains three sampling plans that are t
be used with nondestructive test methods and a fourth to be used wit est Methods B 487, B 499, B 504, B 567, or B 568, as

destructive. The three methods for nondestructive tests differ in the qualit@PPlicable. Other methods may be used if it can be demon-
level they require of the product. Test Method B 602 requires the use o$trated that the uncertainty of the measurements within these

the plan with the intermediate quality level unless the purchaser specifiggiethods is less than 10 %.
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9.2.2 Thickness measurements of Type Il deposits shall b#ms and temperature, which influence the progress of corrosion, vary
made after application of the supplementary treatment. Wherireatly with the conditions encountered. The results obtained in the test
ever Test Methods B 504, B 567, or B 568 is used, the Type ”should, therefore, not be regarded as a direct guide to the corrosion

. . resistance of the tested materials in all environments where these materials
coating shall be removed from the test area before the thmkneﬁ?ay be used. Also, performance of different materials in the test cannot

is measured. Removal shall be done by using a mild abrasivgays pe taken as a direct guide to the relative corrosion resistance of
(a paste of levigated alumina or magnesium oxide) rubbed Ofhese materials in service.
gently with the finger.

9.3 Adhesior—Adhesion of the vacuum-deposited cad-
mium coating to the basis metal shall be tested in a manner th
is consistent with the service requirements of the coated article.
The ability to separate the coating from the substrate by peeling0. Rejection and Rehearing
as distin_ct from flaking caused_by rupture of the deposit or of 11 Coatings that fail to conform to the requirements of
the basis metal, shall be evidence of failure. One of thepis specification or to authorized modifications shall be
following methods for determining adh_esmn shall be used: rejected. They may be reconsidered for acceptance by rectify-

9.3.1 Th_e surface of the coa.ted article shall be scraped Qhg inspection in accordance with Test Method B 602 and
sheared with a sharp edge, knife, or razor blade through thgide B 697 when allowed by the purchaser. Rejection shall be
coating down to the basis metal and examine under 4 reported to the producer or supplier promptly and in writing. In
magnification for evidence of non-adhesion. _ case of dissatisfaction with the results of test, the producer or

9.3.2 The part shall be plastically deformed if possible, byspplier may make claim for rehearing. Finishes that show

clamping it in a vise and bending the projecting portion backimperfections during subsequent manufacturing operations
and forth until rupture occurs. may be rejected.

9.3.3 Any suitable procedure, such as the burnishing test, o
the draw test, or the scribe test in accordance with Testl. Certification

Methods B 571 can be used. 11.1 When specified in the purchase order or contract, the

Nore 7—There is no single satisfactory test for evaluating the adhesiofPfoducer's or supplier's certification shall be furnished to the
of vacuum-deposited coatings. Those given in 9.3 are widely usedPurchaser stating that samples representing each lot have been
however, other tests may prove more applicable in specific cases. manufactured, tested, and inspected in accordance with the

specification and the requirements have been met. When

9.4 Abrasion ResistaneeThe abrasion resistance of the e
. . specified in the purchase order or contract, a report of the test
supplementary chromate film (Type Il coating) shall be deter:

mined in accordance with Practice B 201. results shall be furnished.
9.5 Salt Spray Corrosion Resistance _ _ 12. Packaging and Package Marking
9.5.1 The 5 % neutral salt spray (fog) test as defined in Test 15 1 pyeservation, packaging, and packing methods for

Method B 117 shall be used. vacuum-deposited cadmium parts or articles employed by a

9.5.2 Parts with Type Il supplementary chromate film shallg, o jier shall be such as to preclude damaging during shipment
be aged at room temperature for 24 h before subjection to thg, handling (see Appendix X3).

salt spray test.

9.6 Visual Examinatior-Material for compliance with the
requirements of luster (see 6.6) and workmanship (see 6.7)
ter vacuum deposition.

) . . ) 13. Keywords
Note 8—In many instances, there is no direct relation between the yw

results of an accelerated corrosion test and the resistance to corrosion in13.1 cadmium coatings, vacuum deposited; vacuum depos-
other media, because several factors, such as the formation of protectited coatings, cadmium

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirement shall apply only when specified by the purchaser as part
of the purchaser’s order or contract and for all agencies of the United States Government.

S1. Responsibility for Inspection unless disapproved by the purchaser. The purchaser retains the
S1.1 The producer or supplier shall be responsible for théight to perform any of the inspections and tests set forth in this
performance of all inspection requirements as specified hereigpecification where such inspections and tests are deemed
Except as otherwise specified in the contract or order, th@ecessary to ensure that the supplies and services conform to
supplier may use his own or any other facilities suitable for thghe prescribed requirements.

performance of the inspection requirements specified herein
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APPENDIXES

(Nonmandatory Information)

X1. VACUUM-DEPOSITED CADMIUM COATINGS

X1.1 Application and Use-Hardened, heat-treated ferrous X1.3 Composition—Fhe composition of the deposited cad-
alloys with the vacuum-deposited cadmium are widely used bynium coating has been specified in order to indicate the purity
the aerospace industry to minimize the problem of hydrogemf the material that is to be used for processing and to control
embrittlement and provide the corrosion protection of cadthe advantages of the vacuum procedure, that is, no contami-
mium. The Type | (as-deposited) coating is useful for lowestations are present in the chambers and no possibility of local
cost protection where early formation of white corrosiongalvanic corrosion occurring on the coating surface between
products would not be detrimental. the residuals and cadmium. With other methods of cadmium

X1.2 Limitations—The Type | vacuum-deposited cadmium erosition, there is alwgys a possibility of coatin_g contamina-
coatings should not be used on production items that in servicé®n because of the residuals present in the plating bath or the
will reach a temperature of 225°C or higher, or come in contacfnedia for the peen plating. No simple method exists for
with other parts that reach these temperatures. Cadmiuntletermining the extremely low residual contents of the cad-
coated parts that may be subjected to heat from solderingiium deposit; however the X-ray fluorescence techniques is
brazing, or welding operations should be so labeled or tagge@resently considered the most satisfactory.

to indicate being so coated because of the danger from

poisonous cadmium oxide vapors evolved during those opera-

tions.

X2. SUPPLEMENTARY TREATMENT (TYPE II)

X2.1 Purpose—Fhe prime purpose of the supplementary deposited cadmium coatings.
finish (Type II) with unleached chromates on cadmium coat-
ings is to retard or prevent the formation of white corrosion X2.2 Limitations—Supplementary chromate treatments
products on surfaces exposed to stagnant water, salt watehould not be applied to production items that will not be
marine atmospheres, high humidity, or cyclic condensation angdainted and will be continuously exposed to temperatures in
drying. This treatment should also delay the appearance of regkcess of 65°C or intermittently exposed for short periods to a
corrosion on the cadmium coated articles from the basisemperature of approximately 150°C.
metals, indicating destruction of the coating. The iridescent
yellow to olive drab chromate films are satisfactory as under- X2.3 Handling Precautions-Ehromate-treated articles,
coats if production items are to receive an organic paint systemwhich involve only dipping in chemical solutions, normally
application, generally required by the aerospace industryequire 24 h at 20 to 30°C to render them suitable for handling
Supplementary finishes can prevent finger markings and cowithout damage to the finish coating while the latter is in the
rosion of parts which may occur at room temperature duringyelatinous form. It is important with such coatings that the
assembly and storage. Leached chromate films are not recomdpplementary film is not damaged while wet in order to
mended for use as a supplementary finish with vacuumeomply with workmanship requirements.

X3. PACKAGING LIMITATIONS

X3.1 Cadmium-coated articles without supplementary proabnormal attack on the cadmium by setting free, in the
tective films should not be packaged or packed in nonventilategresence of moisture, formic acid, butyric acid, etc. Corrosion
containers, either together or in contact with electrical ancbf cadmium-coated items has been noted when they have been
electronic equipment, because of the danger of deleterioysackaged in direct contact with container materials such as
effects on cadmium coating from unstable electrical insulationwood or cardboard. Corrosion has been especially severe if the

In addition to organic electrical insulation, phenolic resinouscontainer materials have become wet or have been stored under
substances and others containing unsaturated carbon-to-cari@hgitions of high humidity.

linkages, such as oil paints and impregnated papers, cause an
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



