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FINAL TECHNICAL REPORT
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W. A. L. Expenditure Order: 91219-09
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Title of Project: Qulification Test for

Pl.tcrA of Chromium

Ob.lect:

To develoo a quql1ficqtion test for Chrormium -oleters

and to develop R tent for the evl.uation of the quflity of the

chromi.un olate.

Abstrpct:

It As found that before s qualification test could

be develooed, a quantitative method for the evaluation of

dlate adhesion 1.aa necessary. The requirements are that the

te.st should be imnole, quick, non-deetructive to the ordnance

naterials beine tested, and quantitative. A test for the

quantitative cveluation of adhesion, called the scratch test,

hap been develored, after a nonrch through literature showed

that no test suitable to "he require'entq , available.

Becupe the gcrptch test does not simulate service conditions

that occur in plated ordnance materinlg, R second test, callcd
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the blast test, was designed and ueod to dhow th8ot he scratch

teet duoio orcdict result-t of the use of plated articles in

service. After the development of the adhesion tests, 'work

,,rap initiated in the development of a situation to test the

ability of chromium platers. Six initial tests were made and

the results Pre discussed. These results show that a qualifi-

cation test for chromium platers is feasible.

Conclusions:

1. The scratch test is a quantitative test for the

adhesion of chromium plate on steel. Its results, although

relative, are capable of predicting the adhesion of chromium

elate during severe service,

2. The Pcratch test is easily and quickly performed,

and may be apolied in a tin-deptructive manner.

3. The varisbles, ,4hich are not relqted to adhesion

but do affect the chip depth as read in the scratch test.; are

plate thickness and angle of scratching tooli Compensation

for these effects can be easily accomplished in applying the

test.

4.. The scratch test sh6uld orove valuable in control

of mass production platinr and in development of ne, plates

and plating processe's..

5, Though less eil.V apolied than the scratch test,

the blnst test Vill adequately' test the, adhesion of chromium

iolate on steel..

6.- A qualifi'cation test f6r chromium platers may be

d'i.qnd to hrow the lil."gerg' caoabilitfef.
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Reccommendatt on:

It h9s not been -onn.ihle ,,,ithln the term of o'neration

under this contract to give the scratch test a thorough -ro-

ductir;n line check. it .1q recommended that this be done before

the test becomes q part cf any g.eciflcn.tion for adhesion.

Report Period,

This report covers the period of July 9, 1951 to

September 8, 1952.
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Yany thpnks are due to Dr. P. R. Yorting of the

W~tertowrn ArcenAl Laboratory and other personnel of the

Ordnance Department for helpful su.zeqtions durinz the
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SCOPE OF REPORT

The material presented in this reoort represents

the work on the Oevelopment of soecifications for the quali-

fication of chromium olaters. It is presented under five

headings, as follows:

I. Introduction

2. Revielr of oosgible adhe6-Lon te t . .

3. The scratch test

4. The blast test

5. The qualification test for chromium Dlators

INTRODUCTION

The plating of chromium on ordnance mat.erials to

imorove the oerformance of the Dlated part has been developed

to .Doint that the plate 74ill consistently hsve acceptable

qualities if the proner onerating conditions are maintained.

Ho,ever some of the plated oarts have proved to be poorly

adherent in service. The causes of Door adhesion can, in

general, be attributed to negligence in onerating procedures.

Some of the notable c~uses of roorly adherent plates ara:

From private communication with Yr. Robert Hill.
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1 . Poor grease removal prior to aDplication of

the stop-off materisl, thus allowing the qrease

to flow onto the plating surface from under the

stop-off material when the piece is immersed in

the warm bath.

2. Using the same plating solution reneatedly, w-Tith-

out cleaning, thus allowing the solution to con-

taminate the plating surface.

3. Allowing too-much time to elapse, for purposes

of Inspection, between the cleaning and plating

operations. During this period the plating

surface has no protective coating and an oxide

film can form on it..

Now that denendable production line methods have

been established, it has been found necessary to be able to

test the ability of a contractor or plater to produce a plate

to meet the requirements of service. In addition it is

desirable to have a means of evaluating the work from the

production line.

As the first sten in this research on the develop-

ment of a test or tests to fulfill the needs, it was found

necessary to have a means for definitely evaluating olate

characteristics and quality. In previous specifications, the

emphasis is laid on the plate thickness, distribution, and

appearance. It will also be of value to include a quantitative

teet for adhesion. Such a test has been developed in this



laboratory and specifications for its application are given

in Appendix A. The develooment of this adhesion tent, called

the "Scratch Test", is described in a later section of this

report. 'The design of a suitable plating situation, for the

testing of chromium platers, has been placed as the second

and final step in this research and is also described In this

report.

REVIEW OF POSSIBLE ADHESION TESTS

A number of adhesion tests have been develoned for

testing electroplated metal, but'they are not Pdaotable to
5,6

testing hard chromium on steel:.5 The requirements of a

suitable adhesion test are that it should be quickly per-

formed, easily evaluated, and-non-destructive to the material,

The Ollard I 'test, for example, which has yielded the most

quantitative results of all the adhesion tests, is impractical

because it is necessary to plate -to a thickness of at least

one-tenth of an inch, and then the specimen must be machined

to a very close tolersnce for the final test. Even if it

were possible to preoare a specimen of the proper thickness

and to machine it, this test would fall to be useful because

the material being tested would be completely destroyed.

Another type of test for adhesion has been designed

erpecially for chromium olate on steel, but this test is not

quantitative. This is the bend test. It is used in many

forms in various olating shoow, and an example of specifications

[ - 8.-
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for its apwTication followq.

"Test Danels, anoroximately 3 x 6 x 0.04 inch of

the same metal as the articles being plated shall be used.

Chromium shall be deooqited to a thickness of not less than

0.002 inch... The test panels shall simulate as closely

as practlcable the com.ooitinn, surface conditions, and

surface contamination of the nart... To determine adherence

of the plating the test specimens shall be bent through an

angle of 180,degrees on a diameter eoupl to the thickness of

the specimen, straightened, and then carefully examined at

Sdiameters magnification for evidence of non adherence." 2

A bend test similar to the above was first tried

in this laboratory, but it wps found to be too difficult to

interpret the results quantitativel.v. Another dr-,bpck to

this tyue of test is that it can not essily be applied to

all tvoes of materials, and will completely destroy those

articles to 'which it is apDpled. Another type of test tried

%Waq the break test, however thts test, too, fails in the same

respects as the bend test. In this test, the chromium was

plated on one surface of shim stock, and then the shim stock

was broken ,ith one sharD bend. The orinciple of this test

is similar to that of the bend test in that the amount of

plate separated from the Phim stock would be a measure of the

adhesion, or lack of adhesion, of the plate. For the

previously mentioned reasons and especially for the reason

that it vas desired to have a straight edge, upon which the

S-9-i
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measurements of plate separation could be based, this test

es eliminated from further consideration.

The test that fulfilled this last requirement, and

those of ease in preparation and evpluation, in the scratch

test. It is considered that the scratch test is non-des-

tructive, but further tests must be made before this can be

established. The scratch test consistn of scrptching through

the plate, well into the bpse metal, and observing the

degree to which the plate has been seoareted from the base

metal Plong the edge of the scratch. From the first, this

test shbwed oromise of good results, and a stnndard pro-

cedure for conducting it has been developed in this labor-

atory. Thin procedure 'will be discussed in detail in a

later section of thin report.

None of the previously discussed tests simulate

actual service, but a test has been desilzned for this purpose.

It is celled the blast test. The development of this test is

described in a later section of this report.

THE SCRATCH TEST

The scratch test is intended purely as a means for

measurinz the adhesion of chromium plate to the base metal.

It iAs not intended that this test should simulate actual

service conditions. However it has been shown, as explained

later, that the scratch test results will Predict service

results.

- 10 -
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The theory of the scratch test Is that some of the

plate will be separated from the edge of the scratch If the

bond beteen the plate and the base metal in weak. No attempt

has been made to determine the mechanism of the plate failure

by means of this test. The Imoortence of this test in that

It will provide P mepns of readily determin~ng whether or not

a Plte is sufficiently adherent to meet service requirements.

The results are purely comoarqtive.

This test does meet the requirements for an acceptable

adhesion test, ,rith rome doubt about the requirement con-

cerning destructivity. This characteristic of the test depends

on its apolication. Generally the scratch test must be con-

sidered to be destructive to the materials being tested,

however for certain specific cases it may be used non-

destructively. It may be possible to attach specimens to the

article, which Jq to be plated, or it may even be possible

to find portions, of the article itself, which will not be

harmed by the small scratch that is required.

To perform the test, a scratch, which penetrates

into the base metal, is made on the plated surface. A

Derfectly adherent elate should shear off evenly 'ith no

chiooing, and actually some portions of scratches on well

adherent specimens do aooear In this condition, nt a mag-

nification of lOOX, but there have alway been at least a

few chips at random locations. With weaker bonds, between

-l.re and base metal, not only will more chios aopepr along

L-.1-



the edge, but they o.,ill 9lIo extend further from the edge of

the .cratch.

The chio depth, which is taken to represent the

characteristic adhesion value of the plate to base metal, is

the distance betwveen the edge of the scratch, st the boundary

of the plate .nd bpqe metal, and the point, of the exposed

bane metal, which is the furthest from this boundary. A chin

is the exposed portion of the bse metal from rhich a part

of the plate has been sePars.ted due to the scratching operation.

This mepsurement, Instead of that of chip Preq, or length along

the edge of the scratch, ,,ss chosen because of the ese of

mensurement. If any other type of measurement were made, it

would be necess.ry to photograph at high magnification before

mea surine. This would require too much time, trouble, and

expengive equioment that might not be .vpilable in all plating

shop.o

Figure 4 shows a portion of a scratched soecimen,

cut off perpendiculer to the scratch, throuzh the deepest

oortion of the second deepest chip R.ong the scratch. The

deepe.t chio is sho-,,n adjacent to the second deepest, although

this is not usually the case. The dashed lines AA' and 3B

are dravn parallel to the scratch at the -peaks of the second

deeoest and deeoest chios, resnectively. The measurement

that is made of the chip deoth is also shown. Figure 4 is

not dran,, to scole, but all of the important angles and

dimensions are marked.

-12-



Various techniques have been used to derive adhesion

values of chromium plate on steel, using the scratch test.

The most suitable procedure, from considerations of reliability

of results and stoeed in operation, is outlined below.

To find the characteristic value for a specific

set of conditions, five to ten seDarste specimens should be

treated simultaneously in the followeing manner:

1. Wolish the specimens.

2& Clean and elate the specimens under the

desired conditions.

3. Scratch the soecim'ns, using a tungsten carbide

tipoed scratching tool.

4. Measure the chip depth to derive the char-

acteristic adhesion value of the plate, using

R metallurgical mtcroscooe, wrhich has been

equiDoed with a filar micrometer eyeoiece.

A detailed description of the equioment and nro-

cedures used in thin investivation is given in the follow-

ing oar9rsPrhs of this section. Comolete soecifications for

the scratch test and its apolicetion are riven in Apoendix A.

The plating fixtures used for oreoaring the

snecimens were mpde of cooper and lucite. Each rack consists

of a 1/4 x 1/2 x 15 inch copoer bar, one end of which is bent

into . hook for hanging on a bus bar. A hole is bored in the

other end for bolting on the soecimen, and near the hook, a

oiece of lead is connected by an insulating piece of lucite.

-13



Figure 1 is a. drpwint of the platinq rack with both the

specimen and anode attached. The anode electrical connections

are made by a piece of cable from the upper end of the anode

to another bus bar.

The lead anode is aooroximately 3/ inch away from

the Aoecimen. During plating, all parts of the rack and

anode, that may be below the level of the plating solution,

are mqAked, except for the rurface of the specimen and the

corres-oondinF nortion of the anode. These rack8 have been

found to be very easy to use and deoendable.

Several different types of scratching tools have

been tried, One of the first %ras a diamond tioped phono-

graph needle, which ,Tw.s found to break too easily. The

phonograph needle wp. tried becau.e its dimensions are

standard and well controlled. It wps desired to have Pome

tool which could egsily be reproduced in .ny other laboratory,

by other workers who may r-rish to use this test.

Becquse the diamond was found to be too brittle, a

tougher material was sought. Tungsten carbide was tried

because of its touahness and availability in many different

and useful forms.. Two forms were chosen.. One Ts a carbide

edged cabinet scraper blade, and the other wA a carbide

tipped lathe tool..

Epch of these tools has its special applications

to this test.. The carbide edged cabinet scraper is a.dapotable

to .scrptchin inside curved surfaces of small rs.dius because

- 14 -



It is so thin. This tool was used in maskin. the scratches on

the s.ecimen of electroplates on cylindrical surfaces. The

cebinet scrsner blade consists of a steel plate, aporoximately

1/8 x 1 x 3 inches, with a strip of tungsten carbide cemented

along one of the long edges. The dimensions of the carbide

strip arc ap-oroximately 1/8 x 1/8 x 3 inche,. The carbide

tipped lathe tool is more adaptable to scratching surfaces

where no restriction has to be placed on the size of the tool.

It can be e.sily mounted in a mpchine for mechanical scratch-

Ing and held in a lathe tool holder for hand Acratching. A

lathe tool holder makes a convenient handle. Actually any

c.rbiee tipoed tool will serve the puroose, provided that it

may be oroDerly shqDed and held.

The scrntchinz tool ,,ss designed to make a "V' shaped

groove of 1200 included engle between its sides.. Thi.s .ngle,

1,,hich is design.ted P-9 ,ingle aloha In Figure 2, ,,s originally

chosen n% the life of the tool, and later

measurements ,,ith scratching toolg hsve shown that there are

other considerationg th.t favor the 1200 included angle. In

Figure 2, -which showUTs the geometry of a s-cratching tool,

direction D is the direction that the tool is moved to make

the scratch and .ngle rho is the rake angle.

The rsdius of curvature of the point of the tool is

not critical, with the exceotion that it must be sufficiently

small so that the tool cen easily penetrate far enough into

the bpce metpl ,,when the Pcratch is made, The portion of the

- 15 -



tool that shears the interface of the olste and base metsl

must be straight in order for the results oP this test to be

reproducible.

The microscope used for the measurement. is a

metallurgical microscope, whose standard eyeolece hns been

replaced with a filar micrometer eyepiece. Figure 9 is a

nhotograph of the microscooe used for these measurements.

This eyeoiece has a travelling hairline, whose position is

controlled by . graduated knob. All me~surements msde have

been recorded in filsr units, which is a linear dimension

and which may be converted to centimeters or inches if

desir-d. For exsamole, one filar unit equals 0.0038 inches

* with the aoparatus used in this laboratory. However, this

conversion has not been used because the results of the

scratch test are comparative.

In this laborptory, the sTeci'ens hsve been prepared

by grinding them on a belt grinder to a belt grit of 400 and

then in some cases to metallogranhically polish and etch,

alternately, severel times. Thig lapt operption both provides

a smoother surface and removes the layer of distorted metal

which was left by the grinding operation. For one oarticular

met of measurements the plates were ground parallel on a

surface grinder.

It was found to be very difficult to consistently

obtain poor adhesion when the surfs.ces of the base metal had

been nolished and etched. Therefore in order to obtain a

-6



greeter variety of adhesion values in the specimens used for

the correlation of the blast and scratch tests, the layer of

disturbed metel was not removed. In any case, a thorough

reverse etch treatment will remove this layer.

Another method used for varying the adhesion of the

plate -PP to remove the protective coatini of oil to va'rious

degrees. This van eccomplighed by omitting or varying one or

more of the cleaning Drocedures so that slight contamination

mieht rempin on the surface ,,hen the sTecilen is olated. A

thorouzh discussion of Purface contpmination is given in the

report.q of An AES soonsored research conducted at Columbia

University. These oaoers report a method of testing for and

controlling various degrees and tyoes of surface contprmination.

In Reneral, their method, too, is to first thorouthly con-

taminAte the surface and then clean to different degreeg.

It is an interesting fact that all of the soecimens

had a similar aooearance after being plated, regardless of

their adhesion prooerties. Of course there vs a marked

difference in sooearpnce between plates on ground and on

polished surfaces. This is due, entirely, to the influence

of surfsce smoothness of the base metal.

In making the scratch, the tool should scratch the

soecimen once, in a straight line of uniform depth. If a

scrstch is found to be too shallow, it should not be re-

scratched. Ingtepd, a new scratch should be made on another

-oortion of the specimen.

-17-

i2



The thinner plates may be scratched by h.nd, using

some guide tn insure a straight scrPtch, although the guide

is not Absolutely necessary. In this laboratory the soeclmenn

have been clamped rigidly, ,,ith a short piece of angle iron,

in a vise. The angle iron, which has been surface ground for

smoothness, guides the tool. With this arrangement, no

difficulty wPP encountered in making a straight and uniform

scratch.

In the studies of the effect of plate thickness on

the s;cratch test, it w s found necessary to mnke the scratches

mechsnically, due to the greater thickness of Aome soecimens

making it too difficult to scratch by hpnd. For this ooere-

tion. 9 snecinl aonaratuR wss designed and built. The

vrinciple of its operption is that the soecimen is Tnoved over

the qcratching tool, 'which is held between the vnys that

guide the roecimen. Figure 8 is a drp.wing or this guide for

mechenical scratching. The small groove, betw-,een the 'ways is

norovided so that any roughness, caused by the scratching

onerption, can not interfere with the motion of the woeciren

and so thqt the chin deoths will not be influenced by friction

on the weys.

The scratching tool is mounted between the ways as

shown in the drawing. It is backed, in the hole, by a

slotted bolt and efter the tool is adjusted into the correct

position the tool clamDing bolt is tightened from the front.

The height of the tool point, above the ways, is controlled

- 18 -
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by the tool adjust bolt. The rquare end of the tool rests

on the end of the bolt, 'hich is tapered. Therefore, -a the

bolt is moved in or out, the point of the tool moves up or

down, resoectively.

The force to move the soecimen over the scrptchlnz

tool ,r.s provided by the tralvelling tool nost of P lathe.

It hsd been found to be very difficult ond tedious to mount

the specimenp on qny of the st.ndqrd machine tools so thAt

the .qcratchina tool could m-ke R scratch of uniform depth.

Therefore this anar.tus, rhich utilizes the power of one of

the reR.dily P-vqtlable mochine tools, ,oss designed.

The first meqsurement. made consisted of aver.ging

the deoths of fifteen chi-o token consecutively n lonr .9

rpndom length of the scratch. The only restriction imoosed

on the section thpt ,,-,-s chosen for measurement was thst the

scratch must be str.ight and uniform in deoth in this Dortion.

This s ecificption is still held. There Pro generally twenty

chios in the field of view of the microscope, so that the

n pecimen did not have to be reoositioned during any measurement.

Results from two groups of soecimens mea.sured in this manner,

are ghown in Fivure 5.

Figures 5, 6, and 7 are all similpr. Their inter-

pretation is thqt the vertica.l axis reoresents the number of

specimens in a group, and esch horizontal axis is graduated

in filar units. Each srouo of samoles, nrevared under P

given get of conditions is represented by P triangle whose

- 19 -



bpqe lies on the horizontal Axis. The oeqk of the triancle

lies Above the Averpge velue for the group and the two other

corners reoregent the statistical variance of the group.

This in a measure of the range of the values. The height of

each triangle represents the number of Ppecimens in each

zrouo. The dsta that these figures are b,sed on are listed

in Tables 3, 4, and 5.

Figure 6 reoresents two groups meesured by a greatly

condensed method in which the three largest chip deoths are

F.veraged. It is evident thpt the results shown here are not

comonrable to those shown in Figure 5. The reson is th;Rt

different base met-lis -were used in the turo instpnces.

Figures 6 and 7, however, are based on re.ulte taken from

specimens of the sPme bpse metal. Hence the mean for the

well adherent plate groupp are comTarable. Some vsri.tion

is to be expected though, because the two grouos in Figure 7

were derived by meesurinq the depth of the Fecond largest

chip that could be found, in contrast to those of Figure 6

which were derived from the three deepest cho8. In the

cpqe of each figure, the grouo with the smeller mean adhesion

value Is the group that has been well cleaned prior to plating.

As the method has become abbreviated, the variance

in the results has increased,' but the seoarqtion between the

group averages has also increased. Measurements have been

made on several scratches per single plate, lu they 4-re

not R,; relitble- If larger surfaces w^,ere tested, such methods

-20-
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would be of value.

Because all of the measurements have been m.de on

nmsll soecimens this abbrevix.ted procedure hp.s been used

ttiroughout the work in this lp.bornrtory.

Mepsurernents have been mpde to determine the in-

fluence of to varipbles on the results of the scratch test.

These v-riables Are plate thickness and sngle of the scrn.tch-

ing tool. In the oreliipinprv investigR tons, vp.lues, for

these vA.riqble8, had been chosen ,,ithout definite knotledge

of their effect.

It hPR been assured that the thickness of the plate

on the specimen 1-ould h.ve no benring on the bonding of the

plste to b.se metal, qithouh the reqult8 of the scrntch

test would be Pffected by the plate thickness. The olate

thickness, 0.0005 inches, thp.t is marked in Figure 4 is -rhat

hs genernlly been used. Me-surement8 have been ms.de on

olates of various thicknesses and the reqult,, are reoorted

graohic..lly in Figure 10. The base met-l for these specimens

w,,s tempered mortensitic steel.

The.ee woecimens were surfa.ce ground o.rnllel for

uniformity. They were all given proper clennin- treatments

prior to being plated In order tha.t e~ch plate would be 'well

-.dherent. The thicknesses were vpried by varying the plating

time. The deta. for these qoecimens Are given in TP.ble 6.

The curve in Figure 10 in R grRYnh of chip depth, D,

versus plate thickness, T. The line, D = 0.00581 T + 0.289,
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waq fitted so that it is qs close 4. possible to each of the

Doints in the Prray. Namely, the sum of the squares, of the

vertical distsnces from each point to the line, is .9 minimum.

The method for mskina the curve meet this reouirement is ex-

Dlainel in almost any text on stntistical methods of analysis

and control.

As can be seen from the curve in Figure 10, the

chip deoth does increase as the plate thickness increases.

Thiq re.ult is probably due to the increasing totAl strength

of the plates as their thickness increRses.

The specimens used in testing the effect of tool

angle were all well adherent. The surfaces were alternstely

oolished and etched, and the recommended cleaning procedures

were carefully observed prior to pl~tinz. The Dlites were

mae simultnneounly.

Figure 3 shows the plot of chip depth versus in-

cluded angle of the scr9tchina tool. The curve .5 draw n

through the me-ns of evch set of chip depths, at eq.ch angle.

Each plate was, scratched once with each of the scr.9tching,

tools, and s can be seen from the tabulations in Tsble 2,

the regultq on each individual pecimen -ornllel the trend

of the mean very well.

The curve indicate8 that the best point to use will

be that having an included angle of 600. becAuse with this

angle the results will be more pronounced. However, the

1200 included angle has the advqntage that the results will

-22-
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not be so gre~tly influenced by a chn.nge of .ngle due to

f.ulty grinding. A small change of Pngle, in the region of

600 might have an extremely bad effect on the results of

mep.surementq. The results would tend to show . better ad-

hesion than is actu.lly the cAse, oerha.ps allowing fAulty

.rticles to p.ss inspection. Also, as mentioned before, the

tool will have a longer life with an included angle of 1200.

The scratch test has been used orinciprlly as a

meqns for comopring the adhesion of plates from., vprious nlat-

ing baths and of nintes made on Anecimenn which have had

different surfece oreoarations. The next few investieations

gre exaipoles of the anolication of the qcratch test.

The first .oolication is in usInR the scrtch test

to determine the relative qunlities of Dlate, with resnect

to the a.dhesion, mede in bpths of different comoositions.

Figure 11 is e grohic.l nresent.tion of the results of two

arouns of well prenared soecimens. Its interoretption is

similar to that of Figures 5, 6, Pnd 7. One group, in Figure 11,

was elated in a standard chromium bpth (dashed line) and the

other in a "Unichrome" bath (solid line). The Unichrome bath

is a commercial bqth whose sulfate concentrq.tion is controlled

automatically by selts added to the chromic Pcid splts. This

bath is used extensively by some plating shops for plating

smll mechanical parts.

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

sulfate concentration is automatically controlled, Is that the
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resultine chromium plate in brighter thpn that deposited in a

ntandard bath. Although the average chip depth of the Uni-

chrome plate (solid line in Figure 11) is Plightly greater

thnn thpt of the specimens plated in the standard beth, the

results are sufficiently close to estpblish that the Unichrome

plnte in well adherent.

An exrnole of a second epolcation is in testing

Rdhesion for the develooment of other types of electroplA.tes.

A 8oecimen wes, submitted by 9nother laboratory. Thin soecimen

had esentially the name tyoe of base met-l, ; tewoered

martensitic steel, as hPs been used in this laboratory, but

the electroplAte 'ws a chromium alloy. inste-d of oure

chromium.

The scratch test results show that the adhesion of

the -lloy -- F; very poor. The averaee value wg 0.917, The

averP.e value for P olate of similAr thickness (0.0031) should

be below 0.600. This result wss substantiated by service

resultn.

The third apolication of the scratch test wos in

using it s a control test for production plating. Test

snecimeng were plated simultaneously with three comoonents

in the production baths ooerated by a private contractor.

Along with each of the three coroonentn tested, five snecimens

were oleted. The plate thicknepses were 0.0005 inches, aS hes

been used in this laboratory for most of the meaRsurements.

For each comoonent, the specimens were plated consecutively so
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that there wits a n~ecimen in the bath during almost Rl1 the

time thot the component Tops In the bath. These specimens had

also been given the identical cleaning treatment ss that

given the components. The results of the mcratch test measure-

sentq Rre li.qted in the table below.

SCRATCH 18T RESULTS ON THREE COPDONENTS

COWOOMN AVERAGE CHIP DETH

A 0.253
B o.412
C 0.534

The results of these tests show, that the adhesion

of the three components are not the Ps..re. There is no

doubt qbout the A dhesion of comoonent A but comonent, B and

C ,,ill probably not last -s long in service !s desired.

Correlation with actual service hs not been oossible within

the time limit of thIs investigation.

There Pre severpl errors thpt may affect the resultn

of the Acrstch test. Ho,.,ever, with core, thene errors can

epsily be elimin=ted. The following is P. brief list of the

ooqsible errors. They will be discussed as follows:

1. Non-representative Snecimen

2. Improperly Mlhde ScrAtch

a. Insufficient penetration of tool

b. Scratch not straight

c. Non-uniform depth of qcratch
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3. Nisinterreted Results

A. Broken bpse metal mist~ken for chip

b. Broken chromium plate mistaken for chip

c. Stain mistaken for chl

d. Non-repreqentative chip

1, The first error will most likely arise when the

specimen is not Pn integral Dart of the materil being tested.,

To eliminate thig error, vith the greatest amount of certainty,

. means must be found to test the plated article itself.

2. A little oroctice in mnking scrRtches vill be

sufficient to fgmiliarize the inspector with the technique.

It will be readily seen if the qcrstch is not straight, or

not of uniform or sufficient depth. If the 8cratch is found

to be lncking in -ny of these resoects, it -hould be corrected

by mq°king a second acrpotch.

If the depth of the scratch is not uniform, the

sie and distribution of the chips will be influenced, It

1as observed that the chion are symmetric~lly located slong

a scratch that is uneven in depth. However, along an even

scratch, it is coincidence if tw-ro chiDs Pre oriented

symmetrically across the scratch. Another cause of uneven

depth may be thst the surfece of the specimen is not

suffLiciently smooth. This is controlled during the grinding

and polighnng of the base metel. The plate will reproduce

the originpol surface.
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3. The last group of errors, namely the mininterpreta-

tion of results, are the ones most likely to cause trouble.

Before mea surement of the chip depth, care must be taken to

scan the length of the scratch. A chip, where the chromium

has seDarted from the base metal, will gener.lly be well out-

lined. In many casen, the remaining plate casts a mall

shpdo ',. The surface of L° chip is flat and parallel to the

surface of the chromium plate, but at a different level.

A Dlace where base metRl has been removed may be

easily identified by its gouged aRoear.ance. It will be deep,

with P rough or rounded bottom, if it hop any bottom at all.

Generplly the sides curve In to meet the side of the scratch.

If a piece of chromium plate he broken away from

itself, it Tqy a'onear t a true chip. The distingui.qhinz

chqr~cteristics of this type of chip are that the edges are

not well defined and the color of the metal will be similpr

to that of the purfsce of the plate.

The stains, which can be misleading, may best be

controlled by ce.refully washing the Pioecimen when it i re-

moved from the beth.

If there is any doubt as to Just ,,what is a chip and

what is not, the inspector may etch the -oecimen. A quick

wash with copoer sulfate solution ip helpful in distinguishing

chromium from steel. However care must be tPken that the

plate is not left too long in the etch. Better etchants are

nital and picre.l, which darken the steel. With this tyne of

-27-
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etchqnt there is no danger of mistpking areas covered with a

thin lyer of chromium for exposed areas of bse mctp'l. The

copner sulfate etch is susceptible to this tyoe of error

because it cRn penetrate through the cracks of the chromium

ol.te Pnd will deposit R lyer of copper aiDarently on the

plate itqelf.

W hen on insnector has had some experience, it will

only tp3le from one h.lf to one minute to locate the repregenta-

tive chip Pnd then only another frn.ction of a minute to ynecsure

it. Choosing the chip tht Is repregentptve i not difficult.

But in order that too much time not be snent, the choice

requires a certain amount of judgcment by the in.anector, Errors,

-'hich Rre bound to occur, cpn be minimized by proper spampl1ng.

In conclusion, it may be emphasized, therefore,

thot the scrptch test is an easily performed, quantitative

adhesion test. The value of adhesion is not exprcssed in

terms of the force required to separate a unit area of plate

from base metal, but is - simple linear unit -which is relative.

This test should find its widest aoolication as a control of

production olating.

THE BLAST TEST

The blast test is intended to simulate the conditions

that occur in the use of certain ordnance materials. The

method is to place .. plated specimen in an aParqtus in which

an explosive mAy be discharzed against the plzte. Similar
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tests are beira used Pt severql research lnrborqstories.

The first tri.ls of this type of test used an

vmeo.rj.tus that held soecieng of Ro cylindrica.l shape. The

woecimens Tere thren.ded steel bars in which tRoered holes

h.d been bored. The inner surfaces were olated. The t-oer

crovided a choke to concentrate the effect of the exploding

mares. The chp.rge used 'ras a bljank twelve guage shotgun

shell. It wrs found thqt . .,rell adherent plate would woith-

st.nd at leet twelve blqts, whereas R poorly adherent

Dlate would be aworeciably fluked away within one or ti.ro

bl-gsts,

It wqs desired to find R -t ay to correla.te the

scratch test with this simulsted service test. This

necessitated the use of flpt s oecirnens thnt -euld be datable

to testing by both methods. Therefore tests were made on

bl.,)t test soecimens whose surf-ces were normal, instep.d of

vornllel to the direction of gp.s flow. Results similar to

those obtined wit, cylindricRl sToccimens were found with

this new positioning of the soecimen, so a nev P.ooar.tus,

intended to hold flat specimcns, w s desi zned.

Figure 12 shows the new blst test qnoerp.tug. The

a-oarptus is made of severq.l blocks of steel that cRn be

bolted tozether, with four legs, so that it stqnds and fires

uonwrd. The firing mechaniqm, which is oowered by q spring.

screws into the bottom block; the next block holds the blank

shotgun shell; and the top block, which h.s a slot, holds
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the sDecimen in position in the slot. The short bolt, which

has a hole in its center, screws into the top block to clamp

the sDecimen in nlace. The specimen has a hole in its center,

which is lined up with the hole in the specimen clamping bolt.

In order to provide this hole for thegases to escaoe, the

snecimens were designed to be mounted, on the plating rack,

by a countersunk flat head bolt through their centers.

In order to test A snecimen, it is inserted in the

slot* centered by a. pointed rod that f.ts the hole in the

soecimen clamning bolt; then the bolt is tightened and the

cnntering rod is removed. Next, the shotgun shell is nut in

Dosition through the bottom, and the firing mech.nis , is

screed in olace and cocked. The appDaratus is fired by pulling

on the string that is attached to the Din in the firing

mech~ni sm.

For reasons of safety, the test w',as conducted out

of doors in an isolated spot where the operetor ',,as nro-

tected by a large brick ,wall. In practice it was found that

the Raposratus is s~fe, but precautions were still mnintained.

The shotgun shellm ,were prepared by cutting aay

the shot holding section and removing the cardboard olugs so

that the powder was exposed. This last operation wras never

done in advance in order that no oowder would be lost and so

thpt the oovder would remain dry. The shotgun shells .,ere

standprd 12 guage.
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In the derivation of . number to represent the

adhesion of the plte, two factors hqve ha.d to be considered.

The first factor is the number of blests to which the Ppecimen

must be subjected and the second is the manner in rhich the

adhesion value is obtained.

Through trial, it hns been found that a single blast

is Rufficient for the test. Figure 13 shoTs R rell adherent

plate after it h?.s been subjected to 15 blssts. This plate

has remained unharmed except for the tsrry deposits left by

the blssts. No plate 'vas removed. Figures 14 and 15 show a

poorly adherent late and a very Doorly adherent plate,

resnectively, after being subjected to only one blast each.

The dpmpae to the plte is quite severe in both cses. The

woecimen shown in Figure 14 had not been given a proner

cleanin! prior to Plating and the other had been plted ,ith-

out even remov~l of the film of oil.

It is interesting to note that great d~mage, to the

nlete, occurs on the portion that is not directly exooged to

the blast. This occurs because Dart of the exoanding gases

escaoe to the sides of the specimen instead of through the

hole in the center. Flames from the explosion come from

both the top and the sides of the apoaratus.

The adhesion value that is used in this resenrch is

called the adhesion ratio, which is the ratio of the area of

unremoved olate to the area of the plate originally on the

s)ecimen before it was subjected to the blast. The original
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plate area is easily calculated and the area of the unremoved

Dlate wras found indirectly, for reasons of convenience, by

measuring the area 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 %rithin each

grouT. After plnting, each grouo was randomly subcivided into

two five-snecimen Prouos, one of which was used for the blest

test Pnd the other for the gcrntch test.

Figure 16 is a plot of adhesion ratio versus chip

denth. Each point represents ten snecimens which were nlated

under ienticnl conditions. Five specimens from each group

*were tested by the scratkh test, and the remaining five Tere

teqted by the blast test. This ciurve shows that there is a

strnnr correlation bet-,een the two tests. This means that

the scratch test is justified as a measure of the adhesion of

chromium plate thpt is to withgtand the conditions that occur

in some conditions of severe service.

THE QUALIFICATION TEST FOR CTMOY'IUM PLATERS

A test has been designed for testing the ability

of chromium olpters. The prime aim of this test is to

determine whether or not a nerson is able to electroplate

chromium on steel to specifications. The present stpte of

the test is thpt of a laboratory test. A reproduction of the

instruction sheets given to the applicants is in appendix B.
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The isting oroblem tTA.. for the apolicant to plate

one soecified surface (see Figure 17) of a formed steel plate,

The oleter was suoplied with all necessary equinment for ore-

oring the specimen surface, making electrical connections,

and maintaining proper operating conditions. The Points on

which he ,ras tested are.

1. Choice of proper anode

2. Proper positioning of anode

3. Calculation of correct current

4. Ability to determine polarities

5. Ability to follow directions

Figure 18 is a draw ring of the cover of the plating

bp.th, to which all- oarts of the equipment are qattached. "P1"

and "P2" are lucite ponsts, on which the cathode should be

clioned. The lead wire mRy be epssed through hole "L". "HI"

and "H2" are for the stems of the heating tube. l"T or "T2"

may be used for oositionin£ the thermometer. "F" is for the

exhaust tube for removing the fumes. 1, 2, 3, 4, 5. and 6 are

aIternste oositionq for mountlnz the Pnodes. Figure 19 shows

the three different Pno~es from which the Policants could

choose. All three anodes are lead. The proper anode is the

cylindrical one and its proper position is in hole number 1

in the bath cover. This anode will deposit a visibly Door

olote wohen positioned in eny other manner as will either of

the other two anodes in any oosition. When In the proper

hole, the surface of the cylindrical enode will be concentric
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with the specimen surface. It is left to the Plater to decide

tha.t it is rel.tively unimportant that this anode is not

truncsted. Specimens have been made with each of the anodes

in e)ch position and it has been found that the choice and

poitioning of anodes is es critical as stated and that the

shpve of the end of the proper anode does not greatly influence

the elate th.t is deposited.

The calculation of the proper current could be done

in sever-l ways. The easiest method is to notice that the

Rverp..ge height, regl.rd.les of the fla.nges, of the olating

Aurface, is one inch, exactly (Ps specifiedin figure 17).

Also the length, w-hich ,vcs lziven indirectly, could e.sily

be found to be "oil" (3.1416) inches. Therefore the area. of

ttc olpting .urfce is pi sounre inches. A graph of surface

ere. versus current was provided, The surface area ,,P5

plotted from 0 to 5/2 Pi square inches, in lprge units of

oi/2 square inches, as shown in Figure 20. However, the

curve that ,,gs 7iven the platers for use in the test, was

suubdivided further so that the re ding thpt they needed fell

on P line. The cabscissa. uw.as marked in units of pi in order

to give a good hint about the proper method of ca.lculation.

Al.o table (see Table 1) of plating conditions, with proper

current density, Tops given in oroer th.t the current might be

calculeted by qlide rule, if desired.

The w.,iring a .s complete except for the atta.ching of

a clip lend to ench of t hp electrodes. It can be reen from

- 34 -

D2



(49

the wirine diagram in Figure 21 that there wnas no danger of

the meter being -ut in backpErds. The polprity of the clip

lends could be found from the meter, with the knowledge that

the Dositive lead, from the outlet or source, is att~chee to

the nositive terminal of any meter. The ool.rity wnas not

marked in any other %ray.

There wias no TAy in which the Dlater could fail to

see how the cathode should be attached, because it was given

to him, already in position. However, it did have to be re-

moved for preparation.

The test of the oleters ability to follow directions

was determined by whether or not he maintained the current and

bath temperature properly and w,,hether or not he used care in

r.-skng off the proper surfaces.

The steel used for the specimens w.s zinc covered

Hull cell plates. These were cut and bent as shoTn in Figure 17.

They coulV easily be stri-ped in dilute HCI by the plp.ter.

No attempt 1o made to apoly the scratch test to

determine the adhesion of the olates, although this ras con-

sidered for later tests, using P firmer snecimen base mptal.

The qualification test was tried on six men, whose

pleting exoerience Pnounted to one brief course in electro-

olhting. The results from these six tests are listed in the

table below.
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QUALIFICATION TEST RESULTS

ITEM NUMBER CORRECT

1 2
2 2
3 4
4 2
5 0

As can be seen, the results of this test are very

poor. As far Rs the individuals are concerned, the results

range from almoct perfection to complete failure. One plater

comnleted every portion of the test properly, except thpt he

was careless in masking the specimen properly. These poor

results may be attributed to the inexperience of the men in

the fundamental plating pr-ctices. They do not realize just

hat 'factors are critical and just how criticnl that they are.

Unfortunptely there has not been sufficient time to try this

test on more experienced platers. It is believed that an ex-

perienced plater could e.sily complete the task.
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r . TABLE 1

Plating Conditions

The following onerating conditions are recommended

and used by the arsenals for electrolating chromium on

steel. These conditions are also used in the laboratory at

the Ren~selaer Polytechnic Institute.

BATH COYPOSITION: 2.5 M Chromic Acid (33 oz/gal)

0.025 M Sulphuric Acid (0.33 oz/gRl)

BATH TEYPERATURE: 1300 F

.. 1 70. 1 ., M SITY, - 2.1 ?m-D-/sq. in.

Lead qr-des are used, with an anode to cathode

seDaration of av.oioximately 3/4 inch.

Lo
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TABLE 2

This data is used in the curve of Figure 3, which Is

the granh of Chin Depth vs. Tool Angle. The snecimens I^ere

prepared simultaneously in a standard chromium bath. The date.

on the measurements of 1200 included angle are also used in

Figure 11 to represent results from a standard chromium bath.

See Table 1 for the composition of this bath.

SPECIMEN INCLUDED ANGLE OF TOOL

600 00 1200

1 .220 .263 .531 .154

2 .282 .244 .268 .236
.172 .311 .687 .143

4 .172 .308 .679 .259

5 .319 .378 .542 .246

The foll1oing is the data on specimens plated in

the TJ'n-.'hIirome Bath. These soecimeng received the same clean-

ing treatmentA Ps the above specimens.

SPECIMEN CHIP DEPTH

1 .258

2 .324

3 .24o

4 .417

5 . 366



TABLE 3

Scratch Test Measurements

Each value is the average of fifteen chip deothe

along one scratch. in filar unite times 103. (See Figure 5)

Clean Dlate- Oiled Plates

263 267

242 385

252 325

225 377

218 338

3LL1

399

I8 . 488

191 278

234 340

Mean 231 364

Variance t24 ±51
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TABLE 4

Each value is the average of the three larzest

chio deoths on one scratch, in filar units times 10

(See Figure 6)

Clean Plate Oiled Plate

341 651

286 584

407 505

388 631

358 575

348 724

368 1007

337 592

Mean 354 659

V nce ±36 t56



TABLE 5

Each value is the depth of the second deepest chip

Rlong a scratch, in filer units times 103. (See Figure 7)

Cleah Pate Plte

247 673

341 929

295 500

339 571

306 422

Mean 306 619

Variance t48 t235



TABLE 6

The following data is used in Figure 10 for the

graph of Chip Depth vs. Plate Thicknes.

SPECIMEN PLATE THICKNESS X 104 INCHES CHIP DEPTH

1 5 .301
2 6 .285
3 7 .174
4 9 .286
5 9 .337

6 9 .367
7 9 .406
8 11 .331
9 11 .300

10 13 .370

11 13 .338
12 13 .604

13 15 .400
14 21 .420
15 22 .394

16 24 .595
17 35 .383
18 35 .416
19 37 .582
20 39 .528

21 41 .449
22 43 .606

60 .763
63 .700

25 66 .523



TABLE 7

The followinR d!ta is used in Figure 16, w^hich is

the curve of the correla.tion of blast and scratch testA.

Each item under each of the last two columns represents the

average value of five mepsurements.

GROUP CHIP DErTH ADHEBION RATIO

1 .271 .889

2 .350 .905

3 .414 .795

4 .433 .795

5 .434 .810

6 .468 .842

7 .551 .718

8 1.022 .464
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HOOK FOR HANGING
RACK ON BUSBAR

LUCITE INSULATOR

LEAD ANODE

UNMASKED PORTION OF ANODE

SPECIMEN

FIGURE I: PLATING FIXTURE
(APPROXIMATELY I/2 SIZE)
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TUNGSTEN CARBIDE INSERT

FIGURE 2; THE SCRATCHING TOOL.
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FIGURE 3: EFFECT OF TOOL ANGLE ON CHIP DEPTH.
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O I DEEPEST CHIP

SECOND DEEPEST CHIP

FIGURE 4

MEASUREMENT OF CHIP DEPTH (NOT TO SCALE)
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Figure 9: The Microscope.
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FIGURE 10: CHIP DEPTH VS PLATE THICKNESS.

0a_. / \

o /

w /
hi /

2 / GHIP DEPTH IN
/ FILAR 1 UNITS

0.1 0.2 . 0.4 0.5

FIGURE II: SCRATCH TEST RESULTS OF A GROUP OF SPECIMENS

PLATED IN A UNCHROME BATH (SOLID LINE) AND A GROUP PLATED

IN A STANDARD CHROMIUM BATH (DASHED LINE).
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Figure 13: Blast Test Specimen,
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Figure 15: Blast Test Specimen.
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FIGURE 16: 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 ROT DRAWN TO SCALE.

THE SURFACE TO BE PLATED IS THE INNER CURVED

SURFACE, BETWEEN THE LINES AA' AND S, ONLY. THE RADIU3

OF CURVATURE 13 1 INCH.

W5

AA

FIGURE 17: CATHODE DIMENSIONS FOR THE QUALIFICATION TEST.
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FIGURE 20: GRAPH OF PLATING CURRENT VS SPECIMEN SURFACE
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FIGURE 21: PLATING CUIRCUIT FOR QUALIFICATION TEST



APPENDIX A

SPECIFICATIONS FOR THE APPLICATION OF THE
SCRATCH TEST

Scooe:

This method covers the orocedures for testing the

a.dhesion of electroolpted chromium on steel.

Choice of Test Specimens:

If possible, a section of the olated article itself

should be chosen for the test. If this cannot be accomplished

without serious damage to the article, a test specimen must

be attsched to the article, before cleaning and nlating, so

that the soecimen and article will be treated simultaneously.

If an Ruxiliary test specimen is to be used, its

metallurgical condition should be the spne as that of the

article Pnd its chemical comoosition should be the same as

that of the article,

The thickness of the plate on the section to be

":.sted should be uniform and controlled within !5% of the

-.,hckness of the standard plates, to which the test results

,ll be compared.

For each article to be tested, at least five areas

should be selected for testing, or the attached specimen

should be large enough to permit testing at five different

locations. The scratches should be separated by at least

one inch from each other.



APDENDIX A (Continued)

Specimen Preparation:

The surface of the Apecimen should be ground and

Dolished to, at least, the game degree as the surface of the

article being represented. The grinding operation qhould

lepve the game amount of distorted metal on the surface of

the qpecimen as Is on the surface of the article, nrior to

olqting.

ScrptchinZ the Specimen:

The area to be tested should be scratched uniformly

F.nd evenly. The scratch should be from 3/8 to 3/4 inch long.

At the level of the boundary of the plate to base metal, the

ide of the scratch should be straight.

The recommended scratching material is cemented

.-ungsten carbide. This material is available in many shapes.

-Rny other material, equally hard and tough may be used. The

ooint of the tool should be ground so thpt the included angle

bet-ween the sides of the point should be 1200 t 50. The

t,,)l may be ground with a 5 to 100 rake. The radius of

curvature of the point should be sufficiently small so that

when the scratch Is made, the curved portion of the scratch-

*.ng tool will scratch well below the boundary of plate to base

metal,

! i



Al"ENDIX A (Continued)

Plates thinner than 0.001 inches may be scratched

by hand. Thicker pla.tes should be scratched mechanicqlly.

If, for any reason, a scratch ,rwas not made sufficiently

deep, uniform, or straight, then a new scratch should be

made at another position, at le.,st 0.1 inches awany from the

first scratch.

Etching the Scr..tch:

The following reagent Is recommended for etching

the scratched area, although it is not absolutely necessry.

This reagent will darken the steel, w.ithout affecting the

chromium.

Nitric Acid (concentrated) 5 volumes

Ethyl Alcohol (95%) 95 volumes

Mepsurement of Chio Depth:

A metallurgical microscove should be used, urith a

filar micrometer eyeoicce. The magnification should be from

100 to 150 diameters. The eyepiece need not be calibrated

if the sp.me microscope can be used for all measurements.

The depth of the second deepest chip. along either

e..oe of the scratch, should be mepsured. This chip should be

selected by Judgement of the relativedepths of the chips thet

are found. The chip depth is the distance from the boundary



of plate to base metal, at the edge of the scratch, to the

point of the chip that Is the furthest from this boundary.

S-t an a.rd 'Plates:

The strndard plates are plates, of the same bn.se

metal A the epecimens or articleA to be tested, o,,hose test

results should serve as i. bpqis, for comparison, of future

test results.

These plates should be brepared undcr carefully con-

trolled conditions so that there will be no doubt about their

quality. Then they should be scratched and measured as out-

lined for the test specimens.

At lest 50 standard plates should be made.

Interoretation of Results?

From the results of mepsurements of the chip depths

of the standard plates, boundaries must be set for the

Oeterminntion of vyhether or not the adhesion of a plated

article is acceotable. Therefore, if the result of a test

should fall within the established boundary, the plate should

be accepted, and if the result is not within the prescribed

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



APPENDIX B

A SUGGESTED PROCEDURE FOR
ACCREDITING INDIVIDUAL PLATERS

Oblect:

A curved specimen is to be given a hard, adherent

nlate of chromium. The Plating time is 30 minutes, which

will produce a nlate thicknesn of A.poroximiately 0.0005 inch,

using the proper conditions.

The Aoecimen that is provided is covered with a pro-

tective coating of zinc, 4hich must be stripped. A copper

lead wire must be attached to the specimen. All but the area

to be olated should be mRaked with Duco, or airlane, cement.

Then the specimen should be plated using the Proper anode and

oroper oPerating conditions. After the 30 minutes Plating

time has been completed, or after the allowed test time has

elapsed, the current nhould be stopped, and the specimen re-

moved and cleaned.

On the questionaire, there are several questions

that can be answered only after comletion of the test:

please answer them to the best of your ability. There are

also several short questions to be answered during the test:

'these concern the operating conditions that you have chosen.

After completing the test and questionaire, you

• ;,llbe paid for your participation. Please sign the receipt

on the questionaire, then, if you need more Paper for your

answers, use the back of the questionaire and scratch paper,

but SIGN ALL THE SHEETS YOU USE.
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A01ENDIX B (Continued)

You Pre sllowed 90 minutes to comnlete the actual

Dlsting operation. Remember that s. pDlting time of 30 minutes

is required, and that 15 minutes may be needed to adjust the

bath temoerature prior to plating.

Alone ,ith this instruction .heet, you will be given

a description of the aDooratuS and the questionaire. On the

two resistor benks you will find a drwwrine which shows just

ex.ctly the area to be Dlated, a list of the 8oecific condi-

tions for chromium olating, and a graph to help you calculate

the proper current. Plepse do not mark the figures.

Thank you very much for your converstion and

ani stance.

LABORATORY FACILITIES

Plating Source:

The plP.ting current im t~ken from the wall outlet,

which is a .upoly of 115 volts, D. C. The resistor bsnk is

used to regulate the current. The numbers marked on each

,Srtch indicate the approximate current that will pass when

;he switch is turned on. To obtain the desired current, turn

.n., ,mbtnation of switches to give aporoximately the

cr-.e~ cur-.;nt, and then adjust the current critically by

.n-.n.s of the slide on the rrter-cooled variable resistor that
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APPENDIX B (Continued)

in attached to the top of the resistor bank. A stepdy flow

of water MUST be maintained through this variable resistor.

Except for clioTing the leads on the electrodes,

the wiring has been done.

The polarity of the le.ds may be found on the am-

meter. None of the polarity markinws on the clips or Wall

outlets should be followed because they may not be correct.

Bs.th Heater:

The plating bath is heated by a coil of nichrome

resistance wire in a glp.s tube. This tube is formed so

that the ends may project through two holes in the plating

bath cover. There are two clips attached to a plug which

may be plugged into the A.C. wall socket: these may be

clipped onto the wires on the heater stems. The solution in

the bath m.y be agitated by raising and lowering the heater

tube. CAUTION: The heater stems may be hot.

Solutions:

The following chemicals are provided:

(1) The plating solution of the proper concen-

tration.

") The dilute HC1 for stripping the zinc.

( Oil.

(Li() Cement for masking the surfaces that sre

not to be plated.



APENDIX B (Continued)

PlnAting Jig:

The olp.ting Jig consist of q. Pyrex dish writh

Lucite cover to hold the soecimen. The specimen iF z.lready

in the oosition th- t it should be in for the -ctual plating.

It moy be removed for the prepqrative onerg.tions. The srell

holes in the Lucite are for puropes of mounting the anode.

The largc hole, which is the farthest from the heater stem

holes, is for the insertion of the tube from the pir.tor,

which 'will drn, off the fumes.

Accessories:

These ore itcms such as oliers, thermometer, towels,

and l'bco-t thp.t P.re v9vailable to %id in the work.

S_


