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Platers of Chromium

Ob ject:
Tn develoo a guslificeatinn test for Chromium nlatere
and tn develop a test for the eveluation of the queslity nf the

chromium nlste.

Abstract:

It'wnq found thsat before a qualificatinn tegt could
be develoved, a quantitetive method for the cvalustion of
vlate adhealon wag necessary. The recuirements are that the
test ahould be <imnle, quick, non-destructive to the ordnance
materials being tested, and quantitative. A test for the
quantitative eveluatlion of adheeion, celled the scratch test,
haas been develoved, after a search through literature showed
that no test gultable to *he requirementa wag availsble.
Because the scratch test does not simulate service conditions

thet occur 1in plsted nrdnence materialas, 2 secnnd teest, coalled



.

the blast test, was desliened and usod to show that The ascratch
teet Ques vredict results of the use of plated articlqs in
service. After the development of the sdhesion tests, work
wae initiated in the development of a situstion to test the
abllity of chromium platers. &ix inltlal tests were made and
the results sre digcussed. These results show that s qualifi-
cation teat for chromium platers is feaslible.

-

Conclusiong:

1. Thé scratch test 1s a quantitative test for the
adheaion' of chromium vplate on steel. Its results, although
reletive, sre capable of vredicting the adheasinn of chromium
plate durlng severe sgervice.

2. The.ncratch test ia easily and quickly verformed,
and may be apvlied in e fion-destructive manner.

3. Thé variables, which sre not related to sdherion
but do-affect the chip devth as read in the scratch test, are
plate thicknese and angle of scratching tool: Compensation
for these effects can be easily accomplished in applying the
teat,

L, The gcratch test should prove valuable in control
of mags production blatinz and in development of new plates
and plating processes. )

5, ~Thou'gh less €g8%ly apolied than the scratch test,
the blast teat will adeqqately'test the adhesion of chromium
vlate on steel.

6. A quslification teat for chromium platers may be
daglened’ to show the ﬁhaferg“,canabilitﬁéa.

I




Recommendatinn?

It hos not been vnaasible within the term of oneration
under thils contrect to give the gcratch test a thoroush voro-
duction line check., I{ 1la recommended thst $hls be done before

the test becomes a part cf any aspecification for adheslon,

Report Period:

This report covers the perlod of July 9, 1951 to
September 8, 1952.
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SCOPE OF REPORT

The material presented in this revort represents
the work on the development of svecifications for the quell-
ficatlinn of chromium vlaters. It 1s vresented under flve
headings, as follows:

1. Introduction

2. Review of pogeible adhesion teidts R

3. The acratch test
L, The blast test
5

. The qualificatinn tegt for chromium plsters

INTRODUCTION

The plating of chromium on ordnance materials to
imorove the verformance of the vlated part has been developed
to s pnint thet the vlate will consistently have acceptable
qualities if the prover overasting conditions grevﬁaintained:
However some of the plated varts have proved to be poorly
adherent in service. The causeg of poor adheslon can, in
genersl, be attributed to negligence in onerating procedures.

Some of the notable cmsuses of poorly adherent plates ara:*

*
From private communication with Mr, Robert Hill.
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1. Poor gresse removal prior to avplication of
the aqtop-off materisl, thus allowing the gresse
to flow onto the plating surface from under the

gtop—off materlsl when the plece 1s immersged in

the warm bath.

’

2., Using the same plating solution reveatedly, with-
out cleaning, thus allowing the solution to con-
taminate the plating surface.

3. Allowing too-much time to elapse, for purposes
of inevection, between the cleaning and plating
operations. During this period the plating
surface has no protective coating and an oxide
film can form on 1it.

Now that devendable production line methods have
been established, 1t has been found necesssry to be able to
test the abllity of a contractor or plater to produce a plate
to meet the requirements of service. In addition 1t is
desirable to have a means of evsluating the work from the
production line.

Ag the firast step in this research on the develop-
ment of a test or teste to fulfill the needs, 1t was found
neoesséry to have a means for definitely evaluating vlate
characteristios and quality. In previous snecifioatigns, the
emphasis 1s 1214 on the plate thickness, distribution, and
appearance, It will also be of value to include a quantitative

teat for sdhesion. Such a test has been developed in this

-7 -
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laboratory and speciflications for its application are given
in Appendix A. Thg develooment of thls adheslon test, called
the "Scratch Test", ia described in a later section of this
report. The design of a sultable vlating sltuation, for the
testing of chromium platers, has been placed as the second
and final step In thls research and 1g also deacribed in thils

revort.

REVIEW OF PNSSIBLE ADHESION TESTS

A number of sdheslon tests hsave been develoned for
testing electroplated metal, but‘they are not sdaptsble to
testing hard chromium on steelns’é The requlrements of a
sultable adhesion test are that 1t should be qulckly per-
formed, easlly evaluated, and non-destructive to the material,
The Ollard! ‘test, for example, which has ylelded the most
quantitative regulte of all the adheaion tests, ia impractical
because 1t 1s necessary to plate to a thickneegs of at least
one-tenth of an inch, and then the specimen must be machined
to a very close tolerasnce for ‘the final tegt. Even if it
were possible to prevare a specimen of the proper thickness
and to machine 1t, thig test would fall to be useful because
the material being tested would be completely destroyed.

Another type of teet for adhesion has been desiegned
eapeclally for chromium olate on steel, but this test is not

quantitative. This 1g the bend test. IV '1s used in many

forms in varlous vlating ghovs, and an exsmple of gpecifications

-8 -
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for 1ta apolication followa,

"Tegt panela, anvrnximately 3 x 6 x 0.04 inch of
the game metal as the articles being plated shall be used.
Chromium shall be devosited to a thicknegs of not less than
... 0,002 Ainch... The test penels shall simulate as closely
ag precticable the cnmonsition, sufface conditiong, sand
surface contaminatinn of the vwart... To determine adherence
nf the plating the test apeclmens shall be bent through an
engle of 180 degrees on s dlameter eouel to the thickness of
the specimen, straightened, and then carefully examined at
L @iameters magnificatinn for evidence of non adherence." 2

A bend test similar to the above was first tried
in thie 1aboratory,vbut it wag found to be too difficult to
interoret the resulta quantitatively. Another drawback %o
this tvoe of teast 1a that 1t cen not essily be apvlied to
all tvoes of materials, and will corpletely destroy those
articles to which 1t 1= spplied. Another tyme of teat tried
was the bresk test, however this test, too, falls in the same
respects as the bend test. In thls test, the chromlum was
plated on one surface of shim stock, and then the shim stock
was broken with one sharp bend. The orinciple of this test
ig similar to that of the bend test in that the amount of
plate separated from the =him stock would be a measure of the
adhegion, or lack of adhesion, of the vlate. For the
previnusly mentioned reesons and especlally for the reagon

that 1t was desired to have a straight edge, upon which the

-9 -
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meagurements of plate separation could be based, this test
wag eliminated from further conslderation. ‘

The test that fulfilled this last requirement, and
those nof eame 1n prevarstinn and eveluation, 1s the acratch
teat, It 1s considered that the scratch test 1s non-des-
tructive, but further tests must be made before this can be
established. The scratch test conslsts of scratching through
the vlate, well into the berse metal, and observing the
degree to which the plate has been sepsrated from the base
metal along the edge of the gcratch. From the first, this
test showed vromise of gond resultsg, snd a steandard pro-
cedure for conductineg it hasg been developed in thilas labor-
atory. Thia procedure wlll be discussed in detall in a
later section of this repnrt.

None of the previously discussed tests simulate
actusl service, but a test has been degiegned for this purpose.
Tt 48 colled the blagt test, The development of thig test is

described in s later section of thils report.

THE SCRATCH TEST

The scratch tegt is intended purely as a means for
meagurins the adhesion of chromium plate to the base metal,
It 4e not intended that this test should simulate actual
aervice conditions. However it has been shown, ag exvplained

later, that the scratch teat results will predict gervice

results,

- 10 -
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The theory of the scratch test 1s that gome of the
plate will be separated from the edge of the scratch if the
bond between the plate and the bage metsl is weak. No attempt
hag been made to determine the mechanism of the plate fallure
by means of this test. The imvortence of this test is that
it will provide = meeng of resdily determining whether or not
a plate is sufficiently adherent to meet service requirements.
The results are purely comparative,

Thig test dnes meet the requlrements for an scceptable
adheglon test, with =ome doubt about the regulrement con-
cerning destructivity. This chasrascteristic of the test depends
on its apovlication. Generally the scratch test must be con-
gldered to be destructive tn the materials belng tested,
however for certain specific cases 1t may be uged non-
destruc@ively. It may be possible to attach specimens to the
article, which ig to be plated, or it may even be pnssible
to find portinns, of the article itgelf, which willl not be
harmed by the small scratch that 1s required.

To perform the test, a2 scratch, which penetrates
into the base metal, is made on the plated surface. A
perfectly adherent plate should ehear off evenly with no
chivving, and actuslly some portinns of scratches on well
adherent specimens do appmear in thls condition, at a mag-
nification of 100X, but there have always been at least =2
few chipa at random locations. With weaker bonds, between

plate and base metal, not only wlll more chios avpesr along

- 11 -
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the edge, but they will sleo extend further from the edge of
the =cratch.

The chin depth, which is taken to repregent the
characterietic adhesion value of the plate to bage metal, 1s
the dletance between the edge of the scratch, at the boundary
of the plate and base metal, and the point, of the exvosed
bage metai} whlch 1s the furthest from this boundary. A chip
1s the expoged portion of the bage metal from which a part
of the plate has been sevarated due to the escratching operation.
This measurement, 1inetead of that of chip ares or lenegth along
the edge of the scratch, wag chogen because of the ease of
measurement. If any other type of measurement were made, 1t
would be necessary to photograph at high magnification before
measuring. Thisg would require too much time, trouble, and
expensive equloment that might not be avellable in all plating
shops.

Figure L shows a portion of a scratched soecimen,
cut off perpendiculesr to the acratch, throuch the deepest
portion of the second decpest chip along the scratch, The
deepest chip 1s shovn adjacent to the second deepest, although
this is not usually the cese. The dashed lineg AA' and BB!
are drswn perallel to the‘scratch at the peskg of the gecond
deeveat and deevest chivs, respectively. The measurement
that is made of the chip devth 1s also shown. Figure 4 is
not drawvn to ecele, but all of the important angles and

dimenslons are marked.

- 12 -
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Various technlques have been used to derive sdhesion
values of chromium plate on steel, using the scratch test.
The most suitable procedure, from considerations of relisbility
of results and sweed in operation, 1is outlined below,

To find the characteristic value for a sgpecific
set of conditions, filve to ten sevarste amecimens should be
treated simulteanenusly in the following manner:

1. Polish the specimens.

2, Clean and vlate the specimens under the

desired conditions.

3. Scratch the smecimens, using a tungsten carbide

tipved scratching tool.

L, Measure the chip devth to derive the char-

acteristic adhegion value of the plate, using
a metallurgliceal microscone, which haas been
equinned with a filar micrometer eyeviece.

A detailled description of the equivment and voro-
cedures used in thias investigation is given in the follow-
ing marsgravhe of thils section. Comnlete cvecificatione for
the ecratch teat and its apovlication are eiven in Appendix A,

The plating fixtures used for vrevaring the
specimens were made of cooper and lucite, Each rack consiets
of a 1/ x 1/2 x 15 inch copver bar, one end of which is bent
into = hook for hanging on a bus bar. A hole 1s bored in the
other end for holting on the svecimen, and near the honk, s

niece of lead is connected by an insulating plece of lucite.

- 13 -
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Figure 1 ig s dreswing of the plating rack with both the
specimen and anode attached. The anode electrical connectlions
are made by a pilece of cable from the uvper end of the annde
to another busg bhar.

The lead anode 1a apnroximately 3/L inch awey from
the specimen. During plating, all parte of the rack and
anode, thet may be below the level of the plating solution,
are mogked, except for the eurfece of the specimen and the
cnorresonnding vortion o the anode. Thege racks have been
found %0 be very easy to use and dependable.

Several different tvpes of scratching tools have
been tried. One of the firegt was a diamond tloped nhono-
gravh needle, which waa found tn hresk ton essily. The
phonograph needle was tried because 1ts dimenslions are
gtendard and well controlled. It wsg desired to have =ome
tool which could eaelly be reproduced in sany other laboratory,
bv other workers who may wish to use this test.

Becauge the diamond was found to be too brittle., a
tougher materisl wae sought. Tungsten carbide was tried
because of 1ts toughness and aveilabllity in many different
and useful formas. Two forms were chosen. One was a carbide
edged cablinet scraper blade, and the other was a carbide
tipped lathe tool.

Eoch of these tools has 1ts special avplicatinng

‘4o thig tesat., The cesrbide edged cabinet geraper 1s sdaotable

tn acratching inside curved surfasces of small radius because

- 14 -




1t 18 a0 thin, This tool was used in making the scratches on
the svecimen of electronlates on cylindrical surfaces. The
cebinet scraver blade congists of a steel plate, apvroximately
1/8 x 1 x 3 inches, with a strip of tungeten carbide cemented
along one of the long edges. The dimenalons of the carhide
strip arc aporoximately 1/8 x 1/8 x 3 inchee. The carbide
tivped lathe tool 1s more adaptable to geratching surfaces
where no regtriction hag tn be placed on the =ize of the tool.
It coan be ersily mounted in a mechine for mechanical acratch-
ing and held in a lathe tool holder for hand acratching. A
lathe tnol hnlder mekesg a convenient handle. Actually any
carbide tipoed tonl will =erve the vpurpnse, provided that it
may be vroverly shaped snd held,

The scratching tnol wsa deelgned to make s "V' shaped
groove nf 120° 1ncluded engle between lts sldes. This engle,
which 1e deslenated as angle alpha in Fleure 2, was orlginally
chneen nm% the 1ife of the tool, and later
measurement s with acratching toole have shown thet there are
other conaideratione that favor the 120° Included angle. In
Ficure 2, which shnwg the geometry of s =cratching tool,
direction D 1e the direction that the tool is moved to make
the scratch and angle rho ig the rake angle,

The radius of curvature of the polnt of the tnol 1is
not critical, with the excevtlon that it must be eufficliently
amall so that the tool csn esslly penetrate far enouch into

the bace metsl when the ecratch 1a made, The portion of the

- 15 -
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t00l that sheesre the Anterfsce of the plste 2and base metsl

must be straisht in order for the resulta of this test to be
repronducible,

The microscope used for the méasurementa is n
metallurgical microscope, whose gtandard eyeviece hag heen
replaced with a filar micrometer eyeplece. Flgure 9 is a
ohotograph of the microscove used for these measurements.
This eveviece has a travelling hairline, whoge pnsitinn 1s
controlled by s graduated knob. All messuremente made have
been recorded in filsar units, which 1s a linesr dimension
and which may be converted to centimeters or inchegs if
desired. For examnle, one filar unit equ=sls 0.0038 inches
with the avparatus used in this laboratory. However, this
convergsion has not been used because the results of the
scratch test are comparative,

In this laboratory, the svecimene hsve been prevared
by grinding them on a belt grinder to a belt grit of hOO‘and
then in some cases to metallogranhicslly polish and etch,
alternately, severel times. This l2et operation both vrovides
a amnother surfasce and removesg the layer of distorted metal

which was left by the grinding overstion. For one particular
set of measurements the plates were ground parsllel on a

surface grinder.

It was found to be very difficult to congistently
obtain ponr adheslon when the surfaces of the base metal had

been volished and etched. Therefore in order to obtain a

- 16 -
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grester variety of adhealon values in the apecimens used for
the cnrrelatinn of the blest and scratch tests, the layer of
diasturbed metel wag not removed. In any case, a thorough
reverae etch treatment will remove thie layer.

Another method used for varying the adheasimm of the
plate wag to remove the protective cnating of o0ill to various
degrees, This was accomplished by omitting or varying one or
more of the cleaning procedures sn that glight contamlination
micht remesin on the surface when the epecimen 1s vlated. A4
thorough discussion of surface contsmination ias given in the
reports of an AES sponsored reﬂearch3>conducted at Columbis
University. Theece vavers report a method of testing for and
controlling various degrees and tyoes of surface contaminatlon.
In genersl, thelr method, tono, 18 to firet thnrouchly con-
taminate the surface and then clean to different degrees.

It 1s an interesting fact that all of the svecimens
had a2 similsr avnesrsnce after being plated, regardless of
their adhesion properties. Of courese there wsg a marked
difference in avvearsnce between plates on ground sand on
pnlished surfsces. This 1s due, entirely, to the influence
of surface smnothness of the bage metsal.

In making the scratch, the tnol should scratch the
gneclimen once, in a stralight line gf uniform depth., If =
scratch is found to be tno shallow, 1t ghould not be re-
scratched. Inetend, = new scratch should be made on another

onrtion of the apecimen.

- 17 -
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The thinner plates may be acratched by hand, using
fome gulde tn lneure a mtrailght acratch, although the guide
1s nnt shgolutely necersery. In this laboratnry the soecimens
have been clamped rigidly, with a short piece of angle iron,
in a viee. The angle iron, which hag been surface ground for
smoothness, guides the tool. With thie srrengement, no
difficulty wae encountered in making s straight and uniform
acratch. '

In the studlies of the effect of plate thickness on
the scratch test, it wae found necessary to meske the scratches
mechanically, due to the grester thicknese of some spnecimens
makine 1t too dlfficult to scratch by hand. For this oversa-
tion, o svecisl avparsatus wag designed and built. The
principle of 1ts operstion 1s that the svecimen is moved over
the scratchineg tonl, which 1s held between the ways that
guide the epecimen. Figure 8 1s s drawing of thls guide for
mechanical scrafching. The smell grnove, between the ways 1s
orovided so that sny roughness, coused by the acrstching
onerstion, can not interfere with the motion of the svecimen
and aeo that the chin deothe will not be influenced by friction
on the ways.

The scratching tool is mounted between the ways as
shovn in the drewing. It is backed, in the hole, by =
glotted bnlt and after the tool ia adjusted into the conrrect
poaitinn the tool clamping bolt is tightened from the front.

The height of the tool point, above the wayg, 1s contrnlled

- 18 -
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by the tonl adjust bolt. The aquare end of the tnol rests
on the end of the bolt,.Which ig tapered. Therefnre, as the
bolt 1s moved in or out, the point of the tool moves up or
dnwn, resvectively. |

The force to move the svecimen over the scratching
tnnl was provided by the travellling tonl nogt of a lothe.

It hed been found to be very difficult =nd tedious to mount
the specimens on 2ny »f the atsndard machine t00ls go that
the =scratching tool could m=ske a scratch of uniform depnth.
Therefore this asvnaratua, which utilizes the power of nne of
the readily availsble machine tools, wss designed.

The first measurementes made consigted of aversging
the devthes of fifteen chins taken cnneecutively slong =2
random length of the scratch., The only restriction imvosed
on the section that weg chosen for messurement was that the
scratch muat be straight snd uniform in deoth in this portion,
Thia anecification 1s still held. There sre generally twenty
chivnes in the fleld of view of the microscope, 8o that the
specimen did not heve to be revogitioned during any meagurement.
Results from two groups of sveclimeng measured in this manner,
are shon in Figure 5.

Figures 5, 6, and 7 are 211 similar. Their inter-
pretation 1s that the verticel axis revresents the number of
apecimena in a group, and each horizontal axis 1s graduated
in filar units. Each group of ssmples, vprevared under =

given et of conditions ig represented by = triangle whose

- 19 -~
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bsee 1lies on the hnrizontal sxis. The pesk of the trlangle
lien sbhove the sversge velue for the group and the two nther
cnrners reoreaent the statiaeticsl variaﬁce nf the group.
This is a measure of the range of the values. The helght of
each triangle renreaenfs the number of specimens 1n esch
groun., The dsta that these flgures are bared on are listed
in Tables 3, 4, and 5.

Figure 6 reoresents two groups meagured by a greatly
condensed method in which the three largest chlp depthes are
sveraged. It i1s evident thet the results shown here are not
comparable to those shown in Figure 5. The resson 1is that
different bease metels were used 1in the two ingtances.

Figures 6 and 7, however, are based on resulte taken from
apecimens of the arme base metsl. Hence the mean for the

well sdherent plate groups are comparable. Snme varistion

is to be expected though, bec=ause the two grouvs 1in Figure 7
were derived hy messuring the depth of the second largest

chip that could be found, in contrast to those of Figure 6
which were derived from the three decpest chivs. In the

cose of each figure, the groun with the smzller mean adhesion
value ls the group that hss been well cleaned prior to plating.

Ag the method has become abbreviated, the variance
in the results hag increased, but the =evaration between the
group averages has also lncreased., Measurcmente have been
made on several ascratches per single plate, tui they sre

not as relisble. If larger surfsces werc tested, such methods
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would be of value.

Because 211 of the measurements have been made on
amall sovecimens this abbrevisted procedure has been used
throughnut the work in thig laboratory.

Mergurerments have been made to determine the in-
fluence of two varlsbles on the results of the ecratch test.
These varliables are plate thickness and angle of the scratch-
ing tonl, 1In the oreliminsry investigations, values, for
these variasbleg, had been chnasen withnut definite knowledge
of their effect.

It has been assumed that the thicknese of the plote
on the specimen wnuld hsve no besring on the bonding of the
vlate to base metal, 2lthouch the results of the scrstch
test would be sffected by the plate thickness. The nlate
thickness, 0.0005 inches, that is marked in Figure 4 is what
haag generally been used. Me=asurements have been made on
plateg of varlous thicknesses and the resulis are revorted
gravhicslly in Figure 10. The bage metsl for these specimens
wag temvered martensitic steel.

Tnese sveclmens were surface ground varsllel for
uniformity. Thev were 211 given proper ciesning treatments
prior to being plated in order that esach plate would be well
adherent. The thicknesses were varied by varying the plating
time. The data for there cvecimene are given in Table 6.

The curve in Flgure 10 is a graoh of chip deoth, D,

veraus plate thickness, T. The line, D = 0.00581 T + 0.289,
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waa Titted so that 1t is == clnae ns pnsaible to eac@ of the
voints in the erray. Namely, the sum of the squares, of the
vertical distsnces from esch point to the line, is » minimum.
The method for meking the curve meet this requirement 1s ex-

plained in almost any text on astatiatical methods of analysise

and oontrol.u

As can be seen from the curve in Figure 10, the
chip depth does increase as the plate thickness lncreases.
Thi« reasult is probably due to the incressing totsl strength
of the plates 28 their thickness incresases.

The specimens used in testing the effect of tool
angle were =all well adherent. The eurfaces were altern=tely
volished and etched, and the recommended clesning procedures
were carefully observed prior to pleting. The vlates were
made simulteneously.

Figure 3 showg the plot of chip depth versus in-
cluded angle of the scratching tool. The curve wag drawn
throuzh the mesns of ecch set of chip depths, at each angle.
Each plate was acratched once with esch of the acratching
tools, end 2a can be geen from the tabulations in Table 2,
the reaults on each individusal specimen var=llel the trend
of the mean very well.

The curve indicates that the best polnt to use will
be that having an included angle of 60°. beceuse with this
sngle the resultes will be more pronnunced. However, the

120° included angle has the sdventage that the results will
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nnt be 80 greatly influenced bv a chanege qf angle due to
faulty erindine. A amall change of sngle, in the region of
60° might have =an extremely bad effect on the results of
measurements. The results would tend to show a better ad-
hesinn than 1s actuslly the case, verhaps allowing faulty
articles to psas inspection. Also, as mentioned before, the
to0l will hsave a longer 1ife with an included angle of 120°,

The scratch teat haa been used principelly as o
means for compering the adhesion of plates from various nlat-
ing batha 2nd of vlates made on =necimens which have hed
different aurfsce oreverationg. The next few inveatigations
are examples of the s»plication of the =acratch test.

The first =2polication is in using phe acratch test
to deterrmire th@ﬁrelative cualities of plate, with resvect
to the adhesion, mede 1in besthg of different comvoeltinns.
Ficure 11 1e 2 greovhicsl nregsentation of the reasults of two
grouvs of well preveared specimens. Ita interoretation 1s
similar to that of Figures 5, 6, 2nd 7. One grouv, in Figure 11,
wag vlated in o standerd chromium bath (daghed line) and the
other in s "Unichrome" bath (solld 1ine). The Unichrome bath
1s a commerclal bsth whose sulfate concentration ias controlled
automatically by salts added to the chromic acid s2lts. This
bath 1s used extensively by some plating shops for plating
sm2ll mechanlcal perts.

One of the features of the hath, other than that the

sulfate concentr=tion is autnmaticelly controlled, ia that the
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resultine chromium plate 1a brighter then that depnsited in =2
standard bath, Although the average chip depth of the Uni-
chrome plate (aolid 1line in Figure 11) ia elightly greater
than that of the specimens plated in the standard bath, the
reaults are sufficiently close to establish that the Unichrome
plate 1s well sdherent.

An exmsmnle of a gecond apolication 1s in testing
sdhegion for the develooment of other typnes of electroplates.
A ameclmen was submitted by enother laboratory. Thie specimen
had essentially the same type of base metal, = temvered
martensitic steel, as hess been used in this laboratory, but
the electroplate was a chromium alloy. inastesd of nure
chromium,

The scratch teat reaults show that the adhesion of
the =21loy w=g very poor. The average value wag 0.917, The
average value for a vlate of aimilsr thickness (0.003") should
be below 0.600. Thias result was substantiated by service
results.

The third spvlicatinn of the acratch test wag in
using 1t a8 a control test for production plating. Test
gpecimens were plated simultaneously with three comoonente
in the productinn bathe omerated by a private contractor.
Along with each of the three comoonents tested, five specimens
were pleted. The plate thickneares were 0.0005 inches, a8 hes
been used in this laboratory for most of the messuremente,

For each cnmnonent, the specimens were plated consecutively so
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that there was a asvecimen in the bath during elmost all the

time thet the component weag in the hath. These apecimens had
algn been given the identical cleaning trestment as that
given the components. The results of the scratch test messure-

menta are listed in the table bhelow,

SCRATCH TE4T RESULTS ON THREE COMPONENTS
COMPONENT  AVERAGE CHIP DEPTH

A 0.253
B 0.412
C 0.534

The results of these tests show that the adhesglon
of the three components are not the eame. There is no
doubt =bout the =sdhesrinn of commonent A but components B and
C vill probably not last as long in sgervice =8 desired.
Correlatinn with 2ctusl eervice hPs-not been pngsible within
the time limit of this investigsation.

There are seversl errore thet may affect the results
of the acratch teat. However, with cere, these errors cen
enrglly be elimin=ted. The following is = hrief 1list of the
noasible errors. They wlll be dlscusased as followg:?

1. Non-reur;aentative Svecimen

2. Improverly Msde Scratch

a. Inaufficient penetration of tool

b. Scretch not strsicht

N
3

c. Non-unifnrm depth of scratch

v e o s o
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3. HWMieintervreted Results
8. Broken base metal mistaken for chip
b. Broken chromium plste miastaken for chip
c. Staln mistaken for chip
d. Non-reprecsentative chip
1. The first error will most likely srise when the
apecimen 1s not an integral vart of the meterisl belnz teated.
To eliminate thig error, with the grestest amount of certalnty,
a meang must be found to test the plated article itgelf.
2., A little practice in meking scratches will be
sufficient to familiarize the inspector with the technlque.
It will be readily seen if the acratch 1s not gtraight, or
not of uniform or sufficient devth. If the scratch 1ls found
to be lacking in any of these reanects, it should be corrected
by making =2 second scratch.
If the depth nf the scratch is not uniform, the
size and distributinn of the chips will be influenced, It
wag obgerved that the chlvs are symmetricelly 1ncated 2long
s acratch that 1e uneven in depth. However, 2long an even
acratch, 1t is colincidence if two chivs are orlented
svmmetrically scrogs the scratch. Annther cause of uneven
depth may be that the surface of the speclmen 1is not
sufficlently smooth. This is controlled during the grinding
- and pnlishing of the baase metsl. The plsate wlll revroduce

the original surface.
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3. The 1get group of errors, namely the misinterpreta-
tion of results, sre the ones most likely to csuame trouble.
Before measuremént of the chip depth, carec must be taken to
scan the length of the scratch. A chip, where the chromium
hag separated from thg bage metal, will generslly be well out-
lined. In many cases, the remaining plate casts A amall
rhedow, The surface of =a chip ig flat and parallel to the
surface of the chromium plate, but at a different level.

A vlace where base metsl hag been removed mey he
easily ldentified by 1ts gouged svpesrance. It will be deevp,
with a rough or rounded bottom, if it h=as any bnttom at all.
Genersally the sides curve in to meet the side of the acratch.

If a plece of chromium plate has broken away from
1tself, 1t may avmear ss a true chip, The distinguishing
charscteristics of thls tyve of chip are that the edges are
not well defined and the color of the metsl will be similar
to that of the surface of the plate.

The stains, which can be misleading, mey best be
controlled by cerefully washing the epecimen when it is re-
moved from the bath.

If there is any doubt ag to Jjuet what 1s a chip and
what i1s not, the inapector may etch the evecimen. A ocuick
wagh wlth copver gulfate solutlion ia helpful 1n distingulishing
chromium from steel. However care must be taken that the
plate is not left too long in the etch, Better etchants are
nital and picrel, which darken the ateel. With thls tyve of




T NN

etchant there 1s no danger of mistsking aress covered with a
thin layer of chromium for expnsed arcas of base mctal. The
cnpoer sulfeste etch is sugceptible to this tyve of error
because it can penetrate through the cracks of the chromium
nlate and vill depoglt a layer of copper svnperently on the
plate 1ltgself.

When sn inanector has had some experience, it will
only teake from one half to one minute to lncate the representa-
tive chlp 2nd then only annther fractlon of a mihute tn mesaure
it, Chonsing the chip thet ia revresentetive 1le nnt difficult.
But in order that too much time not be =svent, the choice ,
requires a cert=ain amnunt of Jjudgcment bv the inevector, Errors,
which are bound to occur, cen be minimized bv proper sampling.

In conclusion, it may be emphasized, therefore,
thet the serstch test 1s =sn easily perforred, quantitative
adhegion test. The value of adhesinon is nnt expressed in
terms of the fo;ce required to separste a unit aren of plate
from bsae metal, but 1s = gimple linear unit which is relative.

Thias test should find 1ts widest avplicatlion as a control of

production plating.

THE BLAST TEST

The blast test 1s intended to simulate the conditions
that occur in the use of certain ordnance materials. The
method is tn place a plated specimen in an spparatus in which

an explosive may be discharged sgainest the plate. Similar
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teats are being used at gseversl resesrch lshoratories.

The firat trisls of this type of test used an
svoaratus that held sovecimeng of s cylindricsl shape. The
roecimena were thrended steel bara in which tavered holes
hsd been bored. The inner surfaces were plated. The taver
orovided a chnke tn cnoncentrate the effect of the exploding
gages, The charge used was a blank twelve guage shotgun
shell. It wea found that a well adherent plate would with-
gtand at lesst twelve blagta, whereas a poorly adherent
plate would be sovreciably fleked away within one or two
blastsg,

It was degired to find a vay tn correlate the
acratch test with this simulated service test. This
neceasiteated the use of flat svecimens that vould be adavtable
t» testing by both methonds. Therefore tests were made on
hlaat test sovecimens whnse surfaces were normel, instesd of
parallel to the direction of gas fiow, Results glrllar to
those nbtained witn cylindrical soecgmens were found Wit@
this new pneitioning of the epeclimen, s0 a nev anpnarstus,
intended tn hold flat specimens, was deslened.

Figure 12 shnwas the new hlast teat aoparatus. The
apnaratus ia mede of several hlocks of steel that can be
bolted together, with four legs, so that 1t atands and fires
upward. The firing mechaniem, which is powered by = svring.
acrews intn the bnttom block; the next block holds the blank

shotgun shell; and the top block, which hee 2 slot, holds
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the aspecimen in position in the slot. The short bolt, which
has a hole in ite center, screws into the top block to clamp
the epecimen in nlace. The specimen hag a hnle in its center,
which 1s 1lined up with the hole in the apecimen clamping bolt.
In order to provide this hole for the gases to escave, the,
gnecimens were designed to be mounted, on the vlating rack,
by 2 counteraunk flat head bolt through their centers.

In nrder to test » gvecimen, i1t is inserted in the
slnt; centered by a pointed rod that flts the hole in the
avecimen clamoing bolt; then the bolt is tightened snd the
cnntering rod is remnved. Next. the shntgun shell is nut in
position throuch the bottnom, and the firine mechanism 1s
screwed in olace =and cocked. The avparatus i1s fired by pulling
on the string that 1s attached to the pin in the firing
mechanlsm.

For resgnns of gafety, the test was conducted out
of doors in an isolated spnt where the operstor was vro-
tected by a large brick wall. In practice 1t weg found that
the apparatus 1s safe, but precautiong were still m=intalned,

The shotgun shelle were prepared by cutting away
the shot holding section and remnving the cerdboard nlugs so
that the powder was exposed. This last operatlion was never
done in advance in order that no vowder would be lost and =o
thet the vowder would remain dry. The shotgun shells were

stand=rd 12 gu=age.
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In the derivation of a number to repreasent the
adhesinn of the plate, two factors have hsd to be conaidered.
The first factor i1s the number of blagts to which the ~pecimen
muet be subjected and the second 1s the manner in which the
adheslon value is obtalned.

Through trial, it heas been found that a single bl=st
1a sufficlient for the test. Figure 13 showg a well adherent
plate after 1t hag been subjected to 15 blasts. Thisg plate
hag remained unharmed except for the tarry deposits left by
the blasts. No plate was removed., Figures 14 and 15 show &
poorly adherent vlate eand a very vpoorly adherent plsate,
reanectively, after belng subjected to nnly one blast each.
The damage %o t@e plate 1s quite severe in both coses. The
specimen shown in Figure 14 had not been given a proper
cleaning prior to plating and the other had been plated with-
out even removel of the film of oil. ,

It is interesting to note that great dsmage, tn the
plate, occure on the portion that la not directly exvoced to
the blaet. Thigs occurs because part of the exvanding gases
eacave to the ~ldes of the specimen inetead of throuch the
hole in the center. Flames from the explosion come from
both the top and the sldes of the apparatus.

The sdhesion value that 1e used in this research 1s
called the adheaion ratlo, which is the ratlio of the area of
unremoved vlate to the srea of the plate originally on the

avecimen before 1t was gubjected to the blast. The original
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plate area 1g easlly calculeted and the area of the unremoved
nlate waas found indirectly, for reassons of convenlence, by
measuring the ares of the removed plate with a planimeter.

In order to correlate the scratch and blast tests,
groups of ten specimens were prepared under identical con-
ditions so that the adhesion would be uniform within each
groun. After pleating, each grouv was randamly suhbdivided into
two five-asnecimen grnuvs, one of which was uged for the blaat
test and the nther for the acratch test,

Figure 16 1s a plot of adhesion ratio versus chio
denth. Each nolnt represents ten esvecimens which were plated
under identicsl conditions, Fiye apecimens from esch group
were teated by the escratih test, and the remaining five were
teated by the blast test. This curve showe that there is a
strong correlation hetween the two tests. This means that
the scratch test 1s Justified sas a meansure of the adheegion of
chromium plate thet 1g to withgtand the conditions that occur

in enme conditions of gevere service.

THE QUALIFICATION TEST FOR CHRONMIUM PLATERS

A test hae been designed for testing the ability
of chromium nleters. The prime aim of this test is to
determine whether or not a verson is shle to electronlate
chromium on steel to svecifications. The present state of
the teat is that of a laboratgéf fest. A reproduction of the

instruction sheets given to the spvlicents 1s in appendix B,
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The plating vproblem waa for the apvlicant to plate
one svecified aurface (see Figure 17) of a formed ateel plate,
The pleter was supplied with 211 necernsary equivment for pre-
pering the aveclimen surface, making electricsl connections,
and msaintalning proper operating conditions. The points on
which he wag tested are!

1. Choice of proper anode

2. Proper positioning of anode

3. Calculation of correct current

L, Ability to determine polarities

5. Ability to follow directions

Figure 18 1s a drawlng of the cover of the plating
bath, to which a1l parts of the equipment are attached. tppt
and "P2" are lucite posts, on which the cathode should be
clioned. The lead wire may be praged through hole "L¥, "H1"
and "H2" are for the stems of the heating tube. "T1" or "T2"
may be used for positioning the thermometer. "F" ig for the
exhauat tube for removing the fumes. 1, 2, 3, 4, 5. and 6 are
alternate positinns for mounting the snodes. Filgure 19 chows
the three different snndees from which the spolicants could
chonse. All three snodes are lead. The vroper anode ls the
cvliindrical one and 1ts proper positlon 1s in hole number 1
in the bath cnver. This anode will depnsit a visibly vpnor
vleie when pnsitloned in sny other manner as will elther of
the other twn anodes 1n any vogition. When in the proper

hole, the gurface of the cylindrical snode will be concentric
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with the epecimen surface. It 1g left to the plater to decide
that it 1s relatively unimportant that this anode 1s nnt
truncsted. Speclmeng have been made with each of the anodes

in eoch pneition and 1t has been found that the cholce and
noaltioning of anodesg is 28 critical as stated and that the
shape of the end of the proper anode does not greatly influence
the plate that 1s deposited.

The calculstinn of the vroper current could be done
in several waye. The esslest method 1s t2 notice that the
sverage helght, regerdless of the flanges, of the vlating
surface, 1s one inch, exactly (asg epeclfied in figure 17).
Also the length, which wsg given indirectly, could essily
be found to be "»i" (3.1416) inches. Therefore the ares of
the vlating surfece 1s pil sousre inches. A graph of surfsace
area versus current was wrovided. The rurface area wes
plotted from 0 to 5/2 pl square inches, in lsrge units of
pi/2 square inches, =5 shown in Figure 20. However,‘the
curve that was ziven the platers for use in the test, wasg
suhdivided further so that the resding that they needed fell
on » line. The sbsciassa wos marked in units of pi in order
to give a good hint sbout the proper methnd of calculation,
Alas » table (see Table 1) of plating conditions, with proper
current denelty, was given in order thet the current mieht be
caiculated by glide rule, if desired.

The viring wags complete except for the attaching of

a clip lesd to esch of the electrodes. It can be reen from
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the wiring dliegram in Figure 21 that there wag no danger of
the meter belng vut in backwards. The polsrity of the clip
leads could be found from the meter, with the knnwledge that
the prsgltive lead, from the outlet or source, ia attsched to
the mneltive terminal of any meter. The volarity waas not
marked in eny other way,

There wag no way in which the plater could faill to
gsee how the cathode should be attached, because it wag given
to him, a2lreedy in position. However, it did have to be re-
moved for preparation,

The teat of the vlaters ability to follow directions
wag determined by whether or not he maintained the current and
bath temperature properly and whether or not he used care in
meaazxing off the proper gurfaces.

The steel uged for the epecimensg wag zinc covered
Hull cell plates. These were cut and bent ag shown in Figure 17.
They could eagily be stripped in dilute HC1 by the plater.

No attempt weoe made to apoly the seratch test to
deternine the adheesion of the vlates, although this wag con-
sidered for later tests, using s firmer avecimen basge motal.

The qualification teet was tried on six men, whoge
plating exverlence smounted to one brief course in electro-
vlating., The results from these six tests are listed in the

table below,




QUALIFICATION TEST RESULTS

ITEM NUMBTR CORRECT
1 2

2 2

3 L

L 2

5 0

As can be geen, the results of this test are very
poor, Asg far ag the individusls sre concerned, the results
range from almoet perfection to complete fallure, One plater
comnleted every portion of the test vnroperly, except thet he
wag careless in megking the especimen properly. These voor
results may be attributed t» the inexperience of the men in
tae fundamentel pleating practicesg. They do not reslize Just
whai i'zctors are critical and just how criticsl that they sre.
Urfortunstely there has not been gufficient time to try this
test on more experienced platers. It 1g believed that an ex-

perienced plater could essily complete the task,
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TABLE 1

Plating Conditions

The following overating conditions are recommended

and uged by the argenals for electrovlating chromlum on

steel. Thesge conditions are also used in the laborstory at

the Rengeelaer Polytechnic Instiltute.

BATH COMPOSITION: 2.5 M Chromic Acid (33 oz/gsl)

0.025 M Sulphuric Acid (0.33 oz/gal)

BATH TEVMPERATURE: 1300 F
CIRZENY DENSITY: - 2.1 smps/sq. in.

Lead an-éeg are used, with an anode %o cathode

separstion of avproximately 3/4 inch.




TABLE 2

This data 1¢ uged in the curve of Figure 3, which 1s

the graoh of Chiv Depth vs. Tool Angle.

prepared simultaneously in a standard chromium bath.

The snecimena were

The data

on the mengurementsg of 120° included angle are also used in

Figure 11 to represent results from & gtandard chromium bath.

See Table 1 for the composition of this bsth.

SPECIMEN INCLUDED ANGLE OF TOOL
_30° 60° 90° 120°
1 .220 .263 531 L154
2 - .282 .oll .268 .236
g 172 311 .687 143
L 172 .308 679 .259
5 .319 .378 542 246

The following is the dats

on specimensg plated in

the Tinichrome Bath., These svecimens received the same clean-

ing btreatments 23 the asbove specimens.,

SPECIMEN

N

W FWw

.258
32k
.2ko
A17
.366

CHIP DEPTH
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TABLE 3

Scratch Test Messurements

. Each value 1s the average of fifteen chip devths
slong one scratch, in filar unite times 103. (See Figure 5)
Clean Plates | Oiled Plates
263 267
242 385
252 325
225 377
218 338
257 3L1
€ 399
81 kg8
192 278
234 340
Mean 231 364
; Variance 24 51
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TABLE L

Each value 1g the aversge of the three largest
chip dentha on one acratch, in filar unite times 103.

(See Figure 6)

Clean Plate Oiled Plate
341 651
286 584
Lo7 505
388 631
358 575
348 72L
368 1007
337 592
Mesn 354 659

Vairiance 36 t56




TABLE 5§

Each value 1g the depth of the second deepest chip
slong o scratch, in filsr unite times 103. (See Figure 7)

Clesh Plate Oiled Plste
2l7 673
34 929
295 500
339 571
306 Lh22
Mean 306 619

Tariance L8 *235




TABLE 6

The following data i1s used in Figure 10 for the
graph of Chip Depth vs. Plate Thickness.

SPECIMEN PLATE THICKNESS X 10“ INCHES CHIP DEPTH
1 5 301
2 6 .285
3 7 174
L 9 .286
5 9 337
6 9 367
7 9 Lo6
o) 11 331
9 11 .300

10 13 .370
11 " 13 .338
12 13 .60l
13 15 Loo
1b 21 420
15 22 394
16 24 .595
17 35 .383
18 35 L16
19 37 .582
20 39 .528
21 41 kg
22 L3 606
23 60 763
2% 63 .700

z53 66 .523




TABLE 7

The following deta 1s used in Figure 16, which 1s
the curve of the correlatlion of blest and scratch tests.
Each 1tem under each of the last two columns represents the

average value of five measurements.

GROUP CHIP DEPTH ADHESION RATIO
1 271 .889
2 .350 .905
3 L1k .795
b 433 795
5 L3k .810
6 168 .8L2
7 .551 .718
8 1.022 L6l
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‘EFFECT OF TOOL ANGLE ON CHIP DEPTH.
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FIGURE 4

MEASUREMENT OF CHIP DEPTH (NOT TO SCALE)
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FIGURE 5 MEASUREMENTS MADE USING 15 CHIP DEPTHS PER SCRATCH
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FIGURE 6 MEASUREMENTS MADE USING 3 CHIP DEPTHS PER SCRATGH
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FIGURE 7 MEASUREMENTS MADE USING THE DEPTH OF THE SEGOND
LARGEST CHIP ALONG A SCRATCH
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Figure 9: The Microscove.




CHIP DEPTH IN FILAR UNITS
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FIGURE 10: CHIP DEPTH VS PLATE THICKNESS.
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FIGURE II: SCRATCH TEST RESULTS OF A GROUP OF SPECIMENS

. PLATED IN A UNICHROME BATH (SOLID LINE) AND A GROUP PLATED
IN A STANDARD CHROMIUM BATH (DASHED LINE).




Figure 12: The Blast Test Apparatus.



Figure 133

Blaet Teat Specimen,



Figure 14:

Blaat Test Specimen,




Blast Test Specimen,

Figure 15



ADHESION RATIO
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FIGURE I6: BLAST TEST ADHESION RATIO VS.CHIP DEPTH




THE SPECIMEN WAS CUT FROM A PIECE OF SHEET METAL,
OF THE DIMENSIONS GIVEN IN THE UPPER FIGURE. IT WAS THEN
BENT TO THE SEMICYLINDRICAL SHAPE SHOWN IN THE LOWER FIGURE.
THESE FIGURES ARE NOT DRAWN TO SCALE.

THE SURFACE 7O BE PLATED IS THE INNER CURVED

SURFACE, BETWEEN THE LINES AA' AND BB', ONLY. THE RADIUS
OF CURVATURE (S | INCH.
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FIGURE 17: CATHODE DIMENSIONS FOR THE QUALIFICATION TEST.
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FIGURE 18: PLATING BATH AND EQUIPMENT
POSITIONING COVER.
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FIGURE 20: GRAPH OF PLATING GURRENT VS SPEGIMEN SURFAGE
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FIGURE 21: PLATING CUIRCUIT FOR QUALIFICATION TEST
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APPENDIX A

SPECIFICATIONS FOR THE APPLICATION OF THE
SCRATCH TEST

Scope!

This method covers the procedures for testing the

adhesion of electrovlated chromium on steel.

Choice of Test Sbeclmgng:

If pnssible., a section of the vlated article 1tsgelf
should be chosen for the test. If this cannot be sccomplished
without serious damage to the article, a test specimen must
be attached to t@e article, before cleaning and vlating, so
that the svecimen and article will bhe trested slmultsneously.

If an auxilisry test specimen is to be used, 1ts
metallurgical condition should be the ssme =g that of the
article and 1ts chemical compnaeition should be the same 3as
that of the article,

The thickness of the plate on the gection to be
“ested should be uniform and controlled within *5% of the
shickness of the standsrd plates, to which the test results
1111 be compared.

For each srticle to be tested, at least five areas
ghould be selected for testing, or the attached specimen
gnould be large enough to vermit teating at five different

locations. The scratches should be geparated by at least

one inch from each other.




APPENDIX A (Continued)

Specimen Preparstinn:

The surface of the avecimen should be ground snd
pnlished to, at least, the =ame degree as the surface of the
article being represented. The grinding operation should
leave the same smount of dlstorted metsl on the surface of
the speclmen s8 18 on the surface of the article, vrior to

vlating.

Scratching the Specimen?

The ares to be tested should be gcratched uniformly
snd evenly. The scratch should be from 3/8 to 3/4 inch long.
At the level of the boundary of the plste to base metal, the
side of the geratch ghould be straight.

The recommended scratching materisl is cemented
sungsten carbide. This meterial is available In many shapes.
any other materisl, equslly hard and tough may be used. The
point of the tool should be ground eo thst the included angle
beiween the asldes of the point should be 120° * 5°, The
tool may be ground with a 5 to 10° rake. The radius of
curvature of the pnint should be sufficlently emall so that
when the scratch 1s made, the curved portinn of the scratch-
*ng tool will scratch well below the boundary of plate to base

netal,
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APPENDIX A (Continued)

Plates thinner than 0.001 inches may be ascratched
by hand. Th;cker plates should be scratched mechanically.
If,_ror any reason, a acratch wag not made sufficiently
deep, uniform, or straight, then a new scratch should be
made at another ponsition, at leaat 0.1 inches away from the

first ecratch.

Etching the Scratch:

The following resgent 1s recommended for etching
the ecratched area, although 1t 1s not sbsolutely necessary.

This resgent will dsrken the steel, without affecting the

"chromium.
Nitric Acld (concentrated) 8 volumes
Ethyl Alcohol (95%) 95 volumes

Measurement of Chiv Depth!

A metallurzicasl microscove should be used, with a
filar micrometer evevicce. The magnificstion should be from
100 to 150 dlameters. The eyeplece need not be calibrated
if the seme microscope can be used for sll meagurements,

The depth of the asecond deepest chip. along either
etge of the scratch, should be messured. Thls chip should be
gelected by Judgement of the relative depths of the chips that

are found., The chip depth 1g the distance from the boundary



of plate to base metal, st the edge of the scratch, to the
point of the chip thast 1a the furthest from this Poundary.

Standsrd Plotes:

The stendard plates are plates, of the same base
metsl ad the cpecimens or articles to be tested, whose test
reasults should serve as = bssils, for cnmparison, of future
test results. A

These plates should be vrepared under carefully con-
trnlled conditions so that there will be no doubt about thelr
quelity. Then they should be ascratched and measured ss out-
lined for the test specimens.

At least 50 standard plates should be made.

Intervretation of Resgults:

From the results of measurements of the chlp deptha
of the standard plates, boundaries must be set for the
determination of whether or not the sdhesion of s plated
article 1s acceotable. Therefore, if the result of a test
should fall within the established boundsry, the plate should
be acceoted, and if the result 1s not wlthin the prescribed

limitg, the plate should be rejected and the article replated.

e
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APPENDIX B

A SUGGESTED PRNCEDURE FOR
ACCREDITING INDIVIDUAL PLATERS

Object:

A curved specimen 1s to be given s hard, adherent
vlate of chromium. The plating time is 30 minutes, which
wlll produce s vlate thicknesa of aporoximately 0.0005 inch,
using the broper conditions.

The gpecimen that 1s vrovided 1s covered with a pro-
tective coating of zinc, #hich must be gtripped, A copper
lead wire must be attached to the specimen. All but the area
to be vlated should be masked with Duco, or sirplane, cement.
Then the specimen should be plated using the prover anode and
oroper operating conditions. After the 30 minutes plating
time hag been completed, or after the 2llowed test time heas
elapred, the current should be stopred, and the specimen re-
moved and cleaned.

On the questionaire, there are several questions
that can be anagwered only after completinn of the test:
vleage answer them to the best of your ability. There sre
also geveral ghort questions to be answered during the test:
“hesge concern the operatineg conditionsg that you have chosgen.

After completing the test and questionsire, you
sl be'paid for your participation. Please sign the receipt
on the quegtionalire, then, 1f you need more vaper for your
angwers, use the back of the questionaire and scratch paper,

but SIGN ALL THE SHEETS YOU USE,




ADPENDIX B (Continued)

You are sllowed 90 minutes to complete the actual
plating operation. Remember that 2 plating time of 30 minutes
is required, and thet 15 minutes may be needed to adjust the
bsth temverature prior to plating.

Along with this instruction sheet, you will be given
s description of the apvaratus and the questionaire. On the
two reslstor banks you will find a drewine which shows Just
exsctly the area to be vplated, a liet of the svecific condi-~
tiong for chromium vlating, and a graph to help you calculate
the proper current. Pleesge do not mark the figures.

Thank vou very much for your conperation and

aaslgtance.

LABORATORY FACILITIES

Piating Source!

The plating current 1= tsken from the wall outlet,
which is s supvly of 115 volts, D. C. The resisgtor bsnk is
uged to regulate the current. The numbers marked on each
switch indicate the approximate current that will pass when
“he gwitch 1g turned on. To obtaln the desired current, turn
2o s#ng ceombination of swiltches to give sporoximately the
cerress current, and then adjust the current critically by

noang of the slide on the water—-cooled varisble resistor that
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APPENDIX B (Continued)

l1s attached to the top of the resistor bank. A stesdy flow
of water MUST be maintained through this variable reslgtor.
Except for clloring the leasds on the electrodes,
the wiring hasg been done.
The polarlty of the leads may be found on the am-
meter. None of the polarity markings on the c¢clips or wall

nutlets should be followed because they mey not be correct.

Bath Henter:!

The plating bath 1s heated by a coill of nichrome
reslstance wire in s glees tube. This tube 1g formed so
that the ende may pro)ect through two holes in the plating
bath cover. There are two clivs attached to a plug which
may be plugged into the A.C. wall socket: thege may be
clipped onto the wires on the heater stems. The solution in
the bath may be agltated by raleing and lowering the heater
tube., CAUTION: The heater stems may be hot.

Solutions:
The following chemicsls are provided:
(1) The plating solution of the proper concen-
tration.
.?) The dilute HC1 for stripping the zinc.
(% O11.
(L) Cement for masking the surfaces that are

not to be plated.
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APPENDIX B (Continued)

Plating Jig:

The plating Jig conslats of a Pyrex dish with =

Lucite cover tn hnld the svecimen. The specimen is already
in the vnosition that 1t should be in for the actual plating.
It may be removed for the preparative ovnerations. The smell
holes in the Lucite are for purposes of mounting the anode.
The largc hole, which 1s the fartheest from the heater stem
holeg, 1s for the Ainsertion of the tube from the =apirstor,
which will draw off the fumes.

Accegsorieg:!

Theae sare itcms such as pliers, thermometer, towels,

and lsabeoat that are available to =21d in the work,




