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GENERAL MOTORS ENGINEERING STANDARDS

Materials and Processes - Procedures

MEASURING THICKNESS OF ELECTRODEPOSITS AND ANODIC COATINGS
GM4260P

1 GENERAL. Three commonly used methods for measur-
ing the thickness of electrodeposits and anodic coatings are
described; and reference is made to six additional methods.
Unless otherwise indicated, any method may be used when
GM 4260P is specified. The choice of method depends upon
the precision desired and the feasibility of application to

production parts.

Where referee checking is required, the Microscopic Method
for deposits above 0.1 mil, the Interferometry Method for

deposits below 0.2 mil (except for ground surfaces), and the
Mass-Area (or Chemical) Method (except for zinc base die
castings) are normally preferred. These, and the other
methods listed, are considered to be sufficiently accurate for
routine production testing when used according to the
instructions referenced.

Some methods require calibration standards, which are
available commercially or can be readily prepared.

Thickness -
. Instruments Reference to Additional
Method Applicable For l:’n:ng)e Available Information

1. MICROSCOPIC METHOD. 1. *“Microscopic Method”
Destructive. Samples are cut, ﬁgtﬁgtzﬁfna]ﬂogf:d rzuf'l;aﬁ:'n (x:f' Metallographic [(See text following this table)
mounted, polished, and etched ac- coatings on alumi- |S00X may low- microscope with [2. Metal Finishing Guide-
cording to standard metallographic g er the mi)r,\ ) filar eyepiece book (Page 597, 1961 issue)
procedures. num 3. ASTM A219
2. INTERFEROMETRY METH-
OD. Destructive. Destructive for
chromium and one method for
anodic coatings on aluminum
when measured as for chromium; 1. “Interferometry Method”
nondestructive for anodic coatings |Chromium 0.05-5.1 Zeiss Interfer- (See text following this table)
on aluminum (see ref 2 at right). |Anodic coatings on {0.003 - 5.1 Mi 2. Plating, 42, 55, (1955)
Measurements of surface elevations|aluminum (ref 3) ence Mcroscopets, Plating, 44, 1079, (1957)
are made by optical interference. 4. Plating, 45, 1232, (1958)
The vertical distance (coating
thickness) between the substrate
surface and the coating surface is
measured.
3. WEIGHT - AREA (CHEMI-
CAL) METHOD. Destructive.
Area of sample is measured and |All commonly used 1. “Weight-Area Method”
dissolved; solution is analyzed for |metals and anodic No Limit Standard analyt- | (See text following this table)
the coating metal, or, where ap- |coatings on alumi- 0 himts ical instruments |2. Metal Finishing Guide-
plicable, mass loss is determined; |num book (Page 600, 1961 issue)
average coating thickness of sam-
ple is calculated.
4. ELECTROCHEMICAL L ,
METHOD. Destructive. Anodic Over 0.1 for K l. Metal Finishing Guide-
dissolution of metal at constant All commonly used |chromium; ocour Elec- book (Page 607, 1961 issue)

y tronic Thickness |2. AES 40th Annual Pro-
current on a known area meas- metals over 1.3 for .
ures thickness as a function of others Tester gceglmgs} (}’a%; 1&:{ 1953
time to penetrate the coating. - Supphiers Man
5. MAGNETIC METHOD. Non. |All commonly used
destructive. Instruments measure basis metals or
either the attractive force between agnetic coatings 1. Metal Finishing Guide-
a magnet and the coated specimen g;lgn onferrous bgas is |2.5-203 Magne-Gage book (Page 601, 1961 issue)
or the reluctance of a flux path m egls u ol Lea Lectromag |2. ASTM A219
through the coating and the basis Also, Cu-Ni-compos- 3. Supplier’s Manual
metal; both are functions of thick-|. "~ po
ness. ites (Magne-Gage

only)
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6. SPOT TEST. Destructive. A
drop of concentrated hydrochloric
acid is placed in.a ring, made ) ) 1. Metal Finishing Guide-
with a wax pencil on the clean Chromium Under 1.3 None required |book (Page 601, 1961 issue)
surface, and time noted from ini- 2. ASTM A219
tial gassing to appearance of nick-
el or stainless steel undercoat.
7. DROPPING TEST. Destruc- .
tive. Measures time required to g;:imlum %g:ggg ' . Metal Finishing Guide-
penetrate the coating by con- Lead 2.5-76.2 None required |book (Page 602, 1961 issue)
stantly replenished corrosive solu- Tin 2:5_ 25: 4 2. ASTM A219

tion.

8. EDDY CURRENT METHOD.

Non-destructive. The amount of All commonly used

1. Metal Finishing Guide-

Boonton Film 1ok (Page 602, 1961 issue)

: tals 2.5-76.2 Gage .
eddy currents set up in the coat- meta s . . 2. Metal Progress Magazine,
ing and/or the basis metal is Anodic coatings on |1.3-23.4 DI emtron |76, (Page 70, Sept., 1959)
measured. m Bag 3. Supplier’s Manual
9. X-RAY FLUORESCENCE
METtIiIleOlt)i;ni‘k:n-dgs;u%twe. Meas- Norelco Bulk  |*“X-Ray Absorption and
x:s amount ofe;;(u; . tgrbzicr- Chamber X-ray |Emission in Analytical
flected throush th-e goatin (L?;n- Chromium 0.03-3.8 Fluorescence Chemistry” by Liebhafsky,
ited to flat oo slightly ccfv'ex sur. | Nickel 1.3-30.5 Spectrometer  |Pheiffer, Winslow and Zem-
faces 645 mm® or larger. Equip- ls\lpoercelco Porta- al\ggo )(John Wiley & Sons,

ment modification and calibration
for other metals is necessary.

1.1 Weight-Area Method. This method (sometimes called
*“chemical method”) involves weighing the test specimen
before and after stripping the deposit with a reagent which
does not attack the basis metal or metals. The accuracy of this
method depends upon the uniformity of the deposit and upon
the precision with which the weight of deposit and the plated
area are measured. Some typical stripping reagents are as
follows:

1.1.1 For copper, brass, and silver from steel.

Ammonium hydroxide (28%) ......... one part by volume
Hydrogen peroxide (3%) ............... one part by volume

This reagent is most effective if it is jet-sprayed over the test
specimen until stripping is complete.

1.1.2 For cadmium and zinc from steel.
Ammonium nitrate (saturated aqueous solution)

1.1.3 For nickel from steel.

NOTE: After the nickel is completely stripped in this
reagent, the test specimen is quickly transferred successively
through the following: nitric acid (concentrated), chromic
acid (10%), water, and methanol. When deposits are difficult
to strip, the entire test specimen is dissolved in an appropriate
reagent and the deposited metal determined by chemical
analysis or electrodeposition on a platinum cathode.

The formula used for measuring the thickness of a deposit by
the Mass-Area Method is:

w
T=—
kA
Where: T = the thickness of the deposit in inches,

W = mass of deposit in grams;
A = area in square inches;
= a constant for each metal.

If the metric system is used, the formula becomes:

W (in grams) x 16.4

T (in centimeters) = - -
A (insquare centimeters) x k

Nitric acid (concentrated) ..............cccovueennnnn.. 30 mL
Hydrochloric acid (3790) ......cccvvvvneninennnnn, 3 drops The values of k for some common metals are:
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