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U.S. CUSTOMS AND BORDER PROTECTION

LABORATORY METHODS

CBPL Method 72-36

Guidelines for the Analysis of Metal Coatings
SAFETY STATEMENT

This CBPL Method cannot fully address safety issues that may arise from its use.  The analyst is responsible for assessing potential safety issues associated with a given method at its point of use.

Before using this method, the analyst will consider all general laboratory safety precautions.  In particular, the analyst will identify and implement suitable health and safety measures and will comply with all pertinent regulations.
METHOD UNCERTAINTY

The uncertainty of measurement for this method is specific to each laboratory.

0.

SCOPE AND FIELD OF 




APPLICATION

These guidelines are for the identification and quantification of metal coatings of articles described in Chapter 72 of the Harmonized Tariff Schedule of the United States (HTSUS).

1.

INTRODUCTION

Due to the variety of coating materials being used in the industry and the different techniques that can be employed for their determination, writing a detailed procedure is not feasible.  These guidelines describe the general approach in the identification and quantification of metal coatings on different metal substrates.  These guidelines and appendices list consensus methods and references that will be helpful in performing the variety of tests that may used.

2.

BIBLIOGRAPHY

This list is provided for general guidance and should not be considered exhaustive.  The user is expected to seek current references pertaining to this method.
2.1

ASTM A 90A/A 90M.  “Standard Test Method for Weight [Mass] of Coating on Iron and Steel Articles with Zinc or Zinc-Alloy Coatings.”
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ASTM A 657/A 657M.  “Standard Specifications for Tin Mill Products, Black Plate Electrolytic Chromium-Coated, Single and Double Reduced.”

2.3

ASTM B 568.  “Standard Test Method for Measurement of Coating Thickness by X-ray Spectrometry.”

2.4
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2.5

ASTM E 376.  “Standard Practice for Measuring Coating Thickness by Magnetic-Field or Eddy-Current (Electromagnetic) Test Methods.”

2.6

CBPL 25-04.  “Recommended Guidelines for Inorganic Qualitative and Quantitative Analysis.”

2.7

CBPL 72-32.  “Guidelines for Elemental Qualitative Analysis by X-ray Fluorescence.”

2.8

Feigl, F. and Anger, V.  Spot Tests in Inorganic Analysis.  Elsevier Publishing Co., Amsterdam.  1972.

2.9

Furman, N. Howell.  Standard Methods of Chemical Analysis, Volume1, Sixth Edition.  D. Van Nostrand Company, Inc.  1962.

2.10

JIS K 0132.  “General Rules for Scanning Electron Microscopy.”

2.11

The Merck Index (Thirteenth Edition).  Merck & Co., Inc.  Whitehouse Station, NJ.  2001.

2.12

Svehla, G. (Ed.).  Vogel’s Qualitative Inorganic Analysis (Sixth Edition).  Longman Scientific & Technical, Harlow England, and Wiley, New York.  1987.

2.13

USP 1181/CBPL 39-43.  “Scanning Electron Microscopy.”  USP 25 and NF 20.  United States Pharmacopoeia Convention, Inc.  Rockville, MD.  2002.  P. 2228.

3.

PRINCIPLE OF ANALYSIS

3.1

Verification for the Presence of Coating.  The presence of coating is generally verified by visual examination with the aid of magnifying glass, optical microscope, or SEM.  When there is only one layer of coating, the coating can be verified by scratching, abrading, or dissolving the surface with a suitable acid.  The difference between the color or hue of the metal coating and the substrate will give an indication of the type of coating.

In the case of multiple layers of coatings, a cross-section and metallographic analysis (2.4) or SEM analysis (2.8, 2.12, and 2.13) may be required.  When the coating is not evident by visual examination, incremental removal of the surface by mechanical means, ablation, or by chemical or electrolytic dissolution, and testing for a change in composition by employing the identification techniques described below may be required.

3.2

Identification of Metal Coatings.  The metal coating is identified by their solubility (2.9) and color reactions with different acids, “spot tests” (2.6, 2.10) or by instrumental techniques such as XRF (2.12), SEM-EDS (2.8, 2.12, 2.13), ICP, AA, Emission Spectrometry or Colorimetry.  See Appendix A for common coating metals

3.3

Quantification of the Coating Material.
3.3.1
Direct Chemical Analysis.  If the coating material can be isolated by mechanical, ablation, or by chemical or electrolytic dissolution techniques, the coating can be quantified directly by “wet analysis”  (2.1, 2.2, 2.7, 2.11) or by various instrumental techniques such as XRF, SEM-EDS, ICP, AA, Emission Spectrometry, or Colorimetry

3.3.2
Dimensional Measurement.  If the boundary of the coating material with the substrate or the subsequent layer is clear, the thickness of the coating can be measured by metallographic or SEM imaging techniques.

3.3.3
X-ray Spectrometry.  This method (2.3) is based on the combined interaction of the metal coating and substrate with incident radiation of sufficient energy to cause the emission of secondary radiation characteristics of the coating element and the substrate.

3.3.4
Magnetic Gages.  Magnetic-type gages (2.5) measure either magnetic attraction between a magnet and a coating or its substrate, or reluctance of a magnetic flux path passing through the coating and substrate.  These gages are generally designed to measure thickness of a nonmagnetic coating on a magnetic substrate.

3.3.5
Eddy Current Gages.  Eddy-current-type thickness gages (2.5) are electronic instruments that measure variation in impedance of an eddy-current inducing coil caused by coating thickness variations.  They can be used only if the electrical conductivity of the coating differs significantly from that of the substrate.

	APPENDIX A

NOTE: This flowchart is intended only as a guide.

Analysts who are not familiar with the spot tests should consult the cited references (2.6, 2.10).

	
	

	REACTION with NITRIC ACID

Immerse the sample in warm nitric acid (50% v) and observe the reaction.

	
	
	

	NOT ATTACKED
Al, Cr, Au, Pd, Pt, Rh

NOTE: For thin coating, the initial reaction must be carefully observed so that the coating will be tested and not the base metal.  Example: When gold is thinly plated on brass, the brass will be attacked and insoluble gold flakes will be present in the solution.
	
	ATTACKED
Cu, Brass, Ni, Bronze, Fe, Cd, In, Pb, Ag, Zn, Sn, Sn Alloy

	
	
	

	
	
	Blue - Copper
Confirm by adding ammonia until red litmus turns blue, then add five drops of 5% benzoinoxime in ethanol.  A green precipitate indicates copper or copper alloy.

	
	
	

	REACTION with HYDROCHLORIC ACID
Rinse with water and add 10 drops of warm concentrated hydrochloric acid on the surface.
	
	Yellow - Bronze, Iron
Add ammonia until red litmus turns blue.

Reddish-brown precipitate - Fe

No precipitate - Bronze

	
	
	

	ATTACKED

Colorless - Aluminum
Green - Chromium
	
	NOT ATTACKED

Palladium, Platinum, Gold, Rhodium
	
	Green - Ni, Brass
Add ammonia until red litmus turns blue, then ad five drops of 5% dimethylglyoxime in ethanol.

Red precipitate - Nickel

No precipitate - Brass

	
	
	

	REACTION with AQUA REGIA

Rinse with water and add 2 drops of aqua regia (250 ml HNO3 and 750 ml HCL per liter)

Evaporate the solution to dryness.  Add 20 ml 10% by volume HCL and one ml dimethylglyoxime in ethanol.

Yellow precipitate indicates palladium.
If palladium is not present, add 2 grams of ammonium chloride to the solution.

A yellow precipitate indicates platinum.

If platinum is not present, add 10 ml of 10% oxalic acid, heat, filter the precipitate and dry.

A gold-colored precipitate indicates gold or a gold alloy.

Rhodium is not attacked by aqua regia.
	
	Colorless - Cd, In, Pb, Ag, Zn
Add one drop concentrated hydrochloric acid to the nitric acid solution.  A cloudy solution indicates silver.

If silver is not present, add one drop concentrated sulfuric acid to the nitric acid solution.  A white precipitate indicates lead.

If lead is not present, add ammonia to the nitric acid solution until red litmus turns blue.  A white precipitate indicates indium.

If indium is not present, add ammonia to the nitric acid solution until red litmus turns blue, then as 10 drops 10% sodium sulfide solution.  A yellow precipitate indicates cadmium.  A white precipitate indicates zinc.

	
	
	

	
	
	Cloudy - Tin or Tin Alloy

Add water, filter the solution and note the color of the filtrate.  A blue-green filtrate indicates copper and nickel alloys.  Zinc and Lead alloys are colorless.  NOTE: Confirm the constituent of the tin alloy by testing the filtrate with the above specific tests for Cu, Pb, Ni and Zn.


END














































