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INTERNATIONAL
Standard Practice for
Bend Test for Ductility of Electrodeposited and
Autocatalytically Deposited Metal Coatings on Metals 1
This standard is issued under the fixed designation B 489; 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 epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 5. Apparatus

1.1 This practice covers a test procedure for determining the 5.1 Series of Mandrelsyith diameters from 6 to 50 mm, in
ductility of electrodeposited and autocatalytically deposited3-mm steps with lengths of 100 to 150 mm so they can be held
coatings on sheet or strip basis metals. The purpose of the testa vise.
is to determine the resistance of metal coatings to cracking 5.2 Micrometer,to measure the thickness of the test speci-

during distortior? mens.
1.2 Test Methods E 8 can be used if the coatings are too 5.3 Guillotine Shear®r other device to cut the specimens to
ductile and require mandrels too small to be practical. size.

1.3 This standard does not purport to address all of the 5.4 File or Grinderto remove burrs and to round or chamfer
safety concerns, if any, associated with its use. It is thesdges.
responsibility of the user of this standard to establish appro- 5.5 Vise,to hold mandrels.
priate safety and health practices and determine the applica- 5.6 Magnifier, 10X.

bility of regulatory limitations prior to use. ,
6. Test Specimen

2. Referenced Documents 6.1 Flat specimens, 10 mm wide, and not less than 150 mm
2.1 ASTM Standards? long, shall be cut from the electroplated or coated article if the
B 177 Guide for Engineering Chromium Electroplating  shape permits, no closer than 25 mm from the edges. Guillotine
D 1193 Specification for Reagent Water shears are preferred, but any convenient method may be used.

E 8 Test Methods for Tension Testing of Metallic Materials Basis metal thickness and temper shall be suitable to permit
, bending around the smallest diameter mandrel, if necessary.
3. Summary of Practice Low-carbon AISI 1010 to 1025 steel strip or sheet, 0.25 to 1.0
3.1 The practice consists of bending a narrow strip of themm thick is usually suitable. Basis metals that have low
electroplated or coated article over a mandrel. An elongatiowluctility can initiate cracks that can propagate through the
measurement is obtained from the smallest diameter mandrebatings. The procedure indicated in 6.2 shall then be followed.
that does not cause the coating to fracture. 6.2 When the shape is such that a test specimen cannot be
N obtained from the part, a test panel may be prepared of
4. Significance and Use appropriate basis metal, such as low-carbon steel (see 6.1),
4.1 The routine measurement of the ductility of electrode-with the same coating system in the same baths. The panel shall
posited and autocatalytically deposited metal coatings can hige sufficiently large to obtain several pieces after trimming 25
useful in process control, especially when the electroplatingnm from the edges. The specimens shall be prepared in
process is used for decorative and engineering purposes. accordance with 6.1. Brass or copper panels may be used
instead of copper-electroplated zinc alloy panels.
6.3 The long edges of the test pieces shall be rounded or
nchamfered by filing or grinding.

1 This practice is under the jurisdiction of ASTM Committee BO8 on Metallic
and Inorganic Coatings and is the direct responsibility of Subcommittee B08.10 o
Test Methods.

Current edition approved Oct. 1, 2003. Published October 2003. Originally7' Procedure

approved in 1968. Last previous edition approved in 1998 as B 489 -85 (1998). 7 1 Place the largest mandrel in the vise. Bend the test
2 For a discussion and theory for this test see Mohrnheim, A. F., “the Bend Tes, . . .

for Measuring the Strain Limit of Surfaces?lating, Vol 50, 1963, pp. 1094 — 1099. Epemmen, with the Coatmg outward,_ over th_e mand.rellso that as
3 For referenced ASTM standards, visit the ASTM website, www.astm.org, orthe bend progresses the test specimen will remain in contact

contact ASTM Customer Service at service@astm.org. For Annual Book of ASTMwith the top of the mandrel. Continue bending with slow,

Standards volume information, refer to the standard’s Document Summary page C§‘teadily applied pressure until the two Iegs are parallel If there
the ASTM website. '
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are no cracks visible under a XOmagnifier, repeat the test, cally testing the ductility of coatings produced by the process,
using new specimens, on progressively smaller-diameter maial specimens used must have approximately the same coating
drels, until cracks appear across or through the coating. Takand total thickness.

the preceding mandrel diameter as the value for the ductilit
determination. If the coating is electrodeposited chromium, th ] )
specimens may require heating or aging to overcome tempo- 8-1 Determine the elongation as follows:
rary hydrogen embrittlement. A procedure to overcome hydro- E=100T/(D + T)

gen embrittlement is covered in Guide B 177. where:

7.1.1 Small cracks not greater than 1.5 mm long, confined g - percent elongation

the edges of the test specimen do not signify failure. T = total thickness of the basis metal and deposit, and
7.1.2 Attimes, no single crack may develop over the convexD diameter of the mandrel.

surface. If jagged cracks, or a series of shorter cracks developNOTE 1—To calculate percent elongatid, the dimensions oF andD

(excluding edges), they signify failure. must be identical.

7.2 In multiple coatings, cr'acklng may occur in the outerﬁ. Precision and Bias
coatings only. In the case of nickel, cracks may extend throug 9.1 Thi o ful ¢ . | of th
the nickel to an intermediate copper layer or to the basis metal, ™ IS practice Is a useful one for routine control of the

Methods for determining this are provided in the Appendix. A?hucgl'? OJ. met?lhc Cl‘jf?t'.:‘.gi- Th$hlargest. s_ourcedoL.err?cr 'Sﬂ:n
positive test for copper or iron signifies failure. € getection of crack inftiation. The precision and bias for this

) - .. practice have not been statistically determined.
7.3 Except for very ductile coatings, the apparent ductility is

an inverse function of the thickness. If the test is to be used td0. Keywords
evaluate the electroplating or autocatalytic process by periodi- 10.1 autocatalytic deposits; ductility tests; electrodeposits

. Calculation

APPENDIX
(Nonmandatory Information)

X1. COPPER AND IRON DETECTION—SPOT TEST TECHNIQUE

X1.1 Apparatus cracked surface. Permit the solution to remain for about 1 to 2
X1.1.1 Spot Test Plate. min, avoiding its contact with the cut edges.
X1.1.2 Dropping Pipets (Medicine Droppers). X1.3.2 Transfer the drop of reagent from the test part with
X1.1.3 Wash Bottle. a pipet to a cavity in the spot test plate. Wash the test spot with
X1.1.4 Glass Stirring Rod. a drop of water, and add the wash solution to the liquid in the
spot plate.

X1.2 Reagents . . . X1.3.3 Add 1 drop of zinc acetate solution and 1 drop of
X1.2.1 The solutions shall be made with water conformingammonjum mercuric thiocyanate solution to the solution in the
to Specification D 1193, Type IV. spot plate cavity.

X1.2.2 Acetic Acid Mixture—Prepare the mixture by adding . . .
to 45 mL of glacial acetic acid 5 mL of wetting agent, such as X1.3.4 Gently agitate the spot plate or stir the solution. A

1% solution of sodium lauryl sulfate violet colored precipitate indicates the presence of copper.
X1.2.3 Hydrogen Peroxide-Use 30 volume % solution. o .
X1.2.4 Zinc Acetate Soluticr-Prepare the zinc acetate X1.4 Irpn Detection in the Presence of Chromium,

solution by using 1 mass % of ASC reagent grade material. Nickel, or Copper
X1.2.5 Ammonium Mercuric Thiocyanate SolutierAdd 8 X1.4.1 Apply 1 drop of HNQ(1+4) to the bent surface to be

g of ASC reagent grade mercuric chlorideda® g of ASC  tested.

reagent grade ammonium thiocyanate to 100 mL of water. - x1 4 2 Allow the acid to remain in contact with the surface
X1.2.6 Nitric Acid (1+4)—Add 1 part of concentrated nitric 5 about 1 min.

acid (HNGO;, sp gr 1.42) to 4 parts of water by volume. . : :
X1.2.7 Potassium Thiocyanate SolutierJse a 10 mass % Xl'.4'3. Transfer the drop of H .@“'th a dropping plpet to :
a cavity in the spot plate. At no time should the acid come in

solution. contact with the cut edges.
X1.3 Copper Detection in the Presence of Nickel and X1.4.4 Add 1 drop of potassium thiocyanate solution to the
Chromium solution in the spot plate cavity.

X1.3.1 Using a dropping pipet, apply 1 drop of the acetic X1.4.5 Gently agitate the spot or stir the solution. The
acid mixture and 1 drop of hydrogen peroxide to the bent an@gppearance of a blood red color indicates iron.
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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).



