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?JlETHODS li'!)R DET 1~?J\nNATION OF Th'E THICKNESS OF 1 ~'J' 'ILL IZED 

CADMIUM COATINGS 

Pfc. J. H. M.cGuffey and George L. Flint 

Statement of Problem 

To study various methods, particulHrly non-destructive, of measuring 
the thickness of metallized cadmium on a non-magnetic base metal. 

Hist ory .C?f the P:r:oblem 

For the past several months the Hetallurpical Department has been 
measuring the thickness of cadmium coatinf, s on steel cold traps and 
other similar equipment. Because of the magnetic property of steel, 
it was possibl03 to use a Magnee:age. This instrument was calibrated 
to measure the thickness of non-magnetic cadmium coatinr s on steel. 
The tests were non-destructive, sufficiently accurate, rapid, and 
simple. 

Since the 1>!agne/tage could only be used with magnetic materials, it 
seemed advisable to study possible methods for measuring the thick
ness of cadmium coatings on non-magnetic base metals, r articularly 
copper • 

PrF.:p~ation o.f_ Test St;)ecimel1 

All samples prepared for the investigation were sand blasted before 
they were spraJred with l/gll cadm:i.wll wire using a JI;etc~ eun. Diffi
culty was encountered in the sand blasting as the pr essure of t he 
blast warped the thin flat specimens and made the surface wavy but 
not deeply pitted. Since the metallized coating :i.s held to the base 
metal purely by a mech2..nical bond, t.he base metal needs deep, sharp 
pits for good adhesion. This difficulty WFl.S part:i.n.l.lY overcome by 
silver solderinr. tlw copper sheets onto heavy steel plates before 
sand blasting. 

All methods were checked by preparing a microsection adjacent to the 
test area. and T:1easuring the thicY.ness by use of a filar m.i.crometer 
eye piece. 

ExperJ-mental 

Part A - Three six-inch square copper sheets (.052" thick) were 
sprayed with 11.5, 9.4, and 8.0 feet of cadmi.um wire. 'rhe micro
sections showed tho thickness of cadmium t.o averc.['r:.: .035", .0.29", 
and .017" respect1v8ly • 
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The followinp. methods were tried as possjble methods for determining 
the thickness of the coating: 

lli,syometer l.';ethod 

The method was possible because the bond between the cad~tt~ plate 
and the copper was very poor anal/ing the cadmium to bo peeled off 
tho copper. The results were obtained by measur~, ng the total thick
ness with a micrometer, pulling off the cadmium coating, and then 
measurinp. the copper, the difference in readings being thG thickness 
of the cadmium. The results were; as follows: for the 11.5' of vvire 
the thickness of the cadmium was found to be .035" - .039"; for the 
9.4' of wiro the thickness of the cadmium was found to be .026" -
.029"; for the 8 t of wire the thickness of th\ ~ cadnrLwlL was found to 
be .021" - • 023" • 

Magnc,g,a.£.§. kethod 

An attempt was Jl'ade to use the 11;a r nerape by placinr. the test sheets 
on top of a piece of stael. Howevc;~, s~ .nce thl~ copper sheets were 
not perfectly flat~ tber~ was an air p;a.p betwoen t.he metals that 
caused erratic results. This method was dronped because of insuffi
cient accuracy • 

Chemi.,£al J.iethod 

This method consisted of chemically strippine the cadmiuw coating 
from the copper. The ob.l ect of the method was to dote rm:i.no the 
averare thickness of the coat i.ng by dot(!rminirlf the wdght of metal 
on a given area. A specimen was wcif-he d and in:rLersed in ammon:l.um 
nitrate. The coating was dissolved but the reaction wa.s t oo slow. 

A second sample was weighed and placed in concentra.ted hyqrochloric 
acid. The strinpin{! was fast, and the copper was not affectod. Tho 
sample was drirjd and reweiphed. The values wore the; n substi..tutod 
into the follOlvinr formula: 

Weirht of coating (oz.) x Kl-li- = Thickness (in.) 
--.- area (sq. in.) 

*Kl is a constant for Cd = 0.201 

Tho results were as follov!s: for the 11.5' of wire san'pls the thick
ness of the coating was .033"; for the 9 .il t wire sample the coat 
thickness was .023" and the coat thickness for the 8' wire sample 
was .018". These results are lovIer than the m:i.crometer readings 
as these are the ov e rage thicknesses, whil() the micrometer readirtgs 
are maximum values. 
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TI1.~.al_ MQthod 

Two of tho samples were moasured with the rn.icrOnitltor for the total 
thickness. The cadmium coatings WGrc melted off nith a torch. rr:lis 
was possible as cadmium malts at 6100 F. while copper melts at 19,()l° F. 
The thtclmp.ss of the copper was then measured and subtracted from the 
total thtclmoss to give the cadmium thickness. Tho results were the 
same as those in tho rn.i.crometer method. 

Part B - In addition to the flat sheets of copper, work was don:., on 
a round brass bar 1" in diarreter and 3" long. This bar \'JaS [-1orc:.:red 
with 51 of cadmtum wlre. 

The following methods were tried as possible methods for determining 
the thickness of t.ho coatings: 

Gr~l~.h£s! 

Three V shaped grooves were cut at right a.ngle s to the axis of the 
bar with a 600 trianrle file. The groovos were just deep 8noufh to 
expose the brass. A pointed de pth f.af'c 'Nc'1.S used to measure the 
difference between tho 8urfa,c8 and the bottom of the Eroovu. The 
values for thG thickness of the ca dmium coot were .0;"':7", .027", and 
.013". The low readinr was due to the lmeveness in thc:! sprayin/? 

Tho bar wa.s thcm cross-soctioned near the grooves, polished and pre
pp..red for the microscoP8. ThE; thickness of the cadm·j.UI!l coat as 
mGasured b;T the filar ITlicron:cter 0Y6 pi0C0 1'1"';] .025", .024", and 
.016", r ocmecti vol y . 

Suromary of Test Data 
Test lu~thods 

Feet of Base ,--.-.---------.-----.• ···}i.rlCl'O=-

Cd Wire ~Iet~~_ ~iicromet8r Th<') rn'al .. _Ch_u.!rli~al Grooy..£. scopic .. 

11.5' copper . 035"-.039" .035"-.039" ,033" av. .035" 
9.4 1 copper .026"- .029" .026"-.029" .023" [W. .029 If 
~ .O I copper .021"-.023" .018" avo .017" avo 

5.0 I brass .02.7" .025" avo 
5.0 I brass .02'7" .02h" av, 
5.0 ' brass 0' '"<, II . ~" '" 

.')lLS II .') v. 

Analysis of the Test Data 

The Il;icr.Q~j,er 

The micrometer method vives only max:Lmurn v[·d.uc s whil{;; mJ.F ' .E\UJ v5.1nes 
arc usually requirod. It is usable only whon th~ in~ji·1 .) of ~Jl!(' s<unpl ..:; 
is accessible to the micromete r or when the sar::pJ. ; ·i.e 0 1:~CJJ.l .~nough 
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to allow the micrometer to encircle the whole sal'lpl(") , o.nd the n it 
must be used with some method of removinf the cadmiun, without in
jurin~; the coppe r base . 

The Chemical Method 

This method is a laboratory method only, and it has several SOIJrc(:s 
of error that make it less accurate than the microscopic, 

The Thermal Vethod 

This method could be used in the field in conjunction with a depth 
f,af e or m:tcromot or. However, a large area of cadmium would bo r e
moved that would have to be rO:Jlaced. 

The Groove 1.1ethod 

This method could be used in the fi eld to obta.in fairly accurat e 
results on cylindr:i.ce.l samples. One advantage is that r)DIy a small. 
area is expos ed. 

Conclusions 

1. The invcstif'ation shows that for f i e ld work on cylindri.c'll S yl r:JL!3 , 

thG groove mGthod will rive r easonably accurat .~ r osults ', :ithout unciw :) 
damage to the coo.ting, ar.d that on flat s c.mpl es, the t.h;)rmal me thod 
in conJunction , citll a depth gage, will Dr; satisfactory . 

2. No non-destructive method was found for dotGrmin:ing cadmi um 
thicknesses on non-marnetic bas e met als. 

3. Whenever possibl e ft t 0St sample s hould bo sent to thu Labora
tory for microscopic meaSUri}ments. 
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