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What is Under the Plate?

Written by George B. Hogaboom
Updated by Dr. James H. Lindsay, AESF Fellow

In past months, this space has included articles from tiER. WILLIAM BLUM (National Bureau of Standards,
AESF Update series, begun in Plating by Dr. Donal Washington, DC): Mr. Chairman, |
Swalheim in the late 1970s. Reaching further into the paj am especially gratiéid at having this
this month’s Shop Talk article features one of the true piq privilege this morning, which I looked
neers of our &ld, George B. Hogaboom, who, in leagug forward to last evening, but which |
with William Blum, wrote the defiitive text, Principles of could not have because of the many
Electroplating & Electroforming, fst in 1924. It became interesting events of the evening. |
the “electroplating Bible” as it were. This article goes bac looked forward especially to the priv-
before the days of printed circuits, plated on plastics; evg ilege of introducing one whom we
before dual nickel and microcracked chromium. What have all honored and who now is
points out is the critical importance of surface preparatio an Honorary Member of this Society,
as critical now as it was in 1934. although we could not possibly honor
This paper is taken directly from the printed proceeddim more than we always have for his regard for the inter-
ings of the 22nd AES Annual Convention, held in Detroitest of the platers, for his devotion to the work, and for his
Michigan during June 11-14, 1923. In those days the pré&een analysis.
ceedings of “SUR/FIN 23" contained the transcripts of the It is quite characteristic of Mr. Hogaboom that he is
introductory remarks, as well as the Q&A following thenever satiséd with things on the surface. He always tries
paper. Unfortunately, not all references were cited the wdag get down to the bottom of things, so this time he is
we do it today; indeed, some are missing. In his presentgeing down below the plate tafi out “What is Under the
tion, Mr. Hogaboom refers to research being done by DRlate?” Mr. Hogaboom. (Applause)
Blum at the National Bureau of Standards (now NIST).
Part of that work was the nascent AESF Research PrograBEORGE B. HOGABOOM (Research Engineer, Hanson-
under the Series “A” projects conducted there from 1922 Van Winkle-Munning Co., Matawan,
to 1945. It is nearly all here, to capture ttavdr of those NJ): For several years the subject
times. of analytical control of electroplating
Thus began the Fourth Education Session, at 9:00 A solutions was discussed at all the meet-
on June 13, 1934. The meeting was presided over | ings of the American Electroplaters’
Session Chair Walter S. Barrows ... Society. The fact that solution control
is essential is evidenced by the famil-
iarity with technical terms and meth-

CHAIRMAN BARROWS: We have six papers on the
program this morning, all of them with very good titles ods by platers who, though denied a
and no doubt all very interesting. If there is any discussio training in chemistry, conversedufl
kindly limit your discussion to questions on matters about ently in terms which a few years ago
which you actually want to know. were often as confusing as Egyptian hieroglyphics. With the
The frst speaker on the program this morning will be &nowledge gained through chemical control, better solutions
man who has appeared before the supreme body at prelere developed, and the technique of the preparation and of
ably every convention, who has appeared throughout tiiee handling of work was improved.
United States and Canada in, | believe, every branch, andWhen the successful control of solutions became
each and every time that he meets with us it is an evembmmon knowledge, it was natural that the thoughts of
-an event to be enjoyed and an event to be rememberegldters and chemists turned to the value of electrodeposited
would like to have the honor of introducing this man, but toatings.
am going to call upon a member of the team of Blum and There are two reasons for the electroplating of metals
Hogaboom to do that. | am going to call upon Dr. Blum t@o be considered ... ornamentation and protection against
introduce the speaker. corrosion. These two often became one, as both beauty of
finish and increase in service duration were demanded for
the same object. Stainless steel became a menace, as it
possessed both of these requirements. The challenge was
gccepted, and a research was instituted to investigate the
protection electroplated coatings gave to steel. On steel or

Taken from Proc. AES 22nd Annual convention, June 11-14, 193
Detroit, MI.
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iron the value of ornamental electroplated coatings is measuredrhgly be had on the surface of an .04 carbon cold rolled stock. This
its protective life against corrosion. A heavily gold plated radiatdilm cannot be seen with a microscope, but can be detected by the
shell has less value in service than one that is cadmium coatee]l-known “spark test.” This lfin or “skin” must have an effect
even though the cadmium be tissue-paper thick. upon the character of the deposited metal, especially if the steel
For about three years a comprehensive investigation has béemsed as a cathode in an electrolytic acid pickle. The effect of
made of the protective value of electroplated coatings. Yesterdaydrogen on high carbon steel under stress is well known. Is it not
you listened to the result3His is in reference to a paper given  reasonable to assume that if such a steel were plated with nickel
by Dr. Blum on June 12, 1934, entitled “ Summary of Research on  and given an exposure test that the deposit would fail more rapidly
Plating at the National Bureau of Sandards.” This included the  than correctly treated steel? If blisters appear and the underside of
first projects of the then-AES Research Program. -JHL]. You must  them is examined, is it not more correct to state that this “skin” has
have declared that the research was comprehensive and wostparated from the basis metal and adhered to the deposit, rather
while, and that this contribution to the electroplating industry is dhan to assume that it is an oxide on the under surface of the blis-
inestimable value. You have seen the weakness of some coatirigs? Hardened worked surfaces, oxides and slohk &is noted are
and from the data assembled from others you are beginning to redten more adherent to an electrodeposit than to the basis metal.
ize the importance of defite speciftations for the electroplating This will be referred to again later.
of steel. It is needless to predict what the results of this researchSuppose a piece of steel that has been cold worked is given an
will be. Further work will be done, and you will support a similarelectrodeposit of metal. Will the deposit have the same outdoor
investigation of the value of electroplated coatings on non-ferroesposure or salt spray life as a steel that is not in a strained condi-
metals. You cannot, and | know will not, stop with the protectivéon? It is well known that steel under a strain will corrode more
coatings, but will finish the job so that in the very near future coatrapidly. Take the old story of two eight-day clock springs. Wind
ings, both for ornament and for protection, will be so processethe, and it has the energy to run a clock for at least 200 hours. Place
that electroplatediishes will be moreifinly established than ever. both in acid. Where does the energy in the wound spring go? It
Tomorrow you will be as familiar with plating under deffé speci- goes into the acceleration of corrosion. Will not the same be true of
fications as you are today with the analytical control of solutionssheet or fabricated metal that has not been annealed to remove the
The work of improving and strengthening the structure of elecold worked strains?
troplated metals is highly commendable. But upon what are we What effect has cold working of steel upon its magnetic proper-
building? We are increasing our knowledge of electrodeposits, kigs, upon the distribution of current which has a bearing on a uni-
what do we know about the basis metal? We electroplate on irdorm thickness of deposit? If an armature of a motor is annealed
steel, zinc, copper, brass and several other metals and alloys, after assembly to remove cold worked strains the magnetic proper-
know very little about the effect of the foundation (the basis metaips are increased 15%. Do we know what will be the result if fab-
upon the strength and durability of the structure (the depositedated cold rolled steel or any other metal was annealed to remove
metal). We apparently say with the junk man, “Iron is iron, steel old work strains?
steel, brass is brass.” But is that wholly true? What has been said about steel is undoubtedly true in some
We have overlooked the fact that the metals are composeddefgree about all other metals that are fabricated and given to the
crystals that seem under some conditions to be alive. Strains pl&ter to increase their life or add to their appearance. High brass,
set up in metals when cold worked. These strains often assert thevhen cold worked, is subject to internal strain. You well know the
selves. U. R. Evans said, “Cold worked articles, if not annealeeffect of mercury or ammonia in developing season cracks. Time
retain internal stresses which may cause unexpected failure widien acts in the same manner, and season cracks develop almost
the articles have been in use some tife.” any time after the article has been plated and is in use. Polishing
In the tin plate industry the sheet steel, after thalfcold and buffng of brass @ws the surface of the metal, and that has an
rolling, is annealed at not the regular annealing temperature effect upon the adhesion of an electrodeposit. The excellent experi-
760°C (1400°F), nor the normalizing temperature of about 954%@ent on the adhesion of electrodeposited nickel to brass made by
(1750°F), but at 538°C (1000°F) to remove the cold work strain8, W. Hothersaf deserves to be told in his own words.
so that after hot tinning, the sheet metal can be worked without“The influence of the properties of the surface layers of brass on
increasing the tendency of the surface of the sheet to pull coarseresdegree of apparent adhesion of electrodeposited nickel was fur-
by the creation of a large-grained and therefore weak stricture. ther illustrated by the following experiment: A piece of sheet brass
Cold rolled steel that is to be formed into articles and elegvas carefully buffed to a highniish; the polished layer on one-
troplated comes from the mill cold worked. It is put through formhalf the specimen was then removed by rubbing with a medium
ing operations that distort the crystal structure, set up interngdade of emery cloth, the other half being protected from accidental
strains, and often “pulls coarse.” Some forming operations aseratches by means of gummed paper. The specimen was cleaned
more severe than others, so that the internal and the external sthycTreatment A, and nickel deposited to a thickness of about 0.76
ture is deformed; yet this steel is sent to the plating room to bam (0.030 in.). After sawing off the edges of the coated speci-
given a protective coating or an ornamentaikfi that must be per- men, and turning up one corner of the deposit, the nickel could be
fect. No attention has been given to the internal structure of tpalled off the emeried portion with thedjers, but it adhered fairly
external condition, yet when there is the “unexpected failure.” Thatrongly to the buffed area, and had to be twisted off with pliers.
plating process is invariably considered at fault. If the fabricatéthe underside of the deposit was coated with a brass colbred fi
steel article is annealed often it is heated in an opemeflwith no  both in the area which had been in contact with the emeried half,
attempt to use the same methods of heat treating as would be giaed also that which had covered the buffed half. The adhesion of
to an ordinary machine tool. The electroplating is expected to cdihe nickel deposit was thus greater than the sheer strength of the
rect and cover any and all treatments given the steel in the fabrisasface layers of both the buffed portion and the emeried portion.
tion processes. Examination under a microscope of the brass surface from which
In the manufacture of low carbon cold rolled steel, too littithe nickel deposit had been torn showed that the surface layers had
attention is now being given to that which is to be electroplated.been removed in such a way as to expose the rolled structure of the
the steel is not clean and the annealing conditions not controlledetal, both in the emeried and the buffed parts of the specimen.”
the surface of the steel will have a. higher carbon content than then view of that research, any test made will be incomplete unless
body of the stock. A thinlfin of steel, with as high as .80 carbon,the condition under the electroplate is known. This will include
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surfaces that have been polished, buffed or worked in any simi
manner.

If we go into a polishing or buffg room today, we see a line
of lathes operated from a common shaft, or if the lathes are moj}
driven, the speed of each lathe is about the same. Wheels or b
are used of an indiscriminate size. How much attention is given
the peripheral travel? This is arrived at more by the shape of ti#
article to be fiished than by a study of what may occur to the su !
face of the metal, and later to the electroplated coating. Today f
aim seems to be to have as large a wheel or buff as the lathe !
carry; to make the buff as hard as possible by all manner of sewilfl
and to operate at a speed that creates a frictional heat just be
the burning point. In fact, if ari-proof buff is ever available, still
higher speeds will be used.

to what U. R. Evans says about this: “At one time polishing weji
regarded as a kind of minute abrasion; the projecting portions |
the rough surface, it was thought, worn away by the action of t
polishing material. It has, however, been shown that polishing ge
erally consists in making the materiadil down from the minute

projections on the surface, anlll dip, or cover up, the depressions.

ered over with a smooth vitreous layer of more or less ‘amorphotf§;
metal, produced by the action of cold work. An interesting expet

which contains numerous pits, due to gas included in the metal
the time of casting. When the surface is polished the pits disappe

film was removed, the pits reopened, with the same appearanc:
at the start.”

Speaking about other mechanical workings of metals, Eva
says, “Many authorities have long believed that the added stren:
of the cold drawn (copper) wire is due to a hard, glassy sk
of amorphous copper on the surface. Doubt has, however, bt
thrown on this view by recent investigations; the hard skin, whe
it exists at all, appears to be due to oxide scale rolled into the wi
In the case of a brass tube, on the other hand, the existence o
apparently amorphous surface layer appears to be establishe 1 i
has, in fact, been found possible to strip the layer from the granufégure 1—Section of the chilled side of a “pig” of cast copper, upon which
material below by the action of dilute ammonium chloritle.” copper was electrolytically deposited (100X). (A) The surface was cleaned but

We know something of the effect of this “amorphous” layer OHlot pickied, prior to the electrodeposition (B) The surface was pickled after

the structure of an electrodeposit metal. This was clearly sho@ﬁnég%pgem\,’ag;fnﬁ;ﬁ'nddg%eg'oé?;daéspg (first |;I;/2;choélﬂecbt?$

by Blum & Rawdon, and photographs of a deposit of copper Qposited nickel: z, electrodeposited copper (second layer).

copper, before and after this layer was removed, are found in the

text on electroplating, by William Blum and the author of thisnay be invisible on any metal that is to be electroplated? They are
paper: [Shown in Figure 1, when copper isdeposited fromasulfate  formed easily in the fabricating or the polishing operations. Hedges
bath on copper which has been cleaned with nitric acid, thedeposit  tells us, “In fact, solutions of alkali render iron dhétély passive,
consists of crystals which are extensions (epitaxial growth) of the  which, as will be shown later, is due to the formation of a highly
crystals present in the basis material, asin“ B.” - JHL] protective fim of ferric oxide or hydroxide®”

In a buffng room recently visited, spun copper percolators Recently an investigator stated that metal cleaned in an alkaline
[coffee pots] having a soft metal spout were buffed with a 16-inclectrocleaner became passive due to the formation of an oxide
wheel on a lathe run at 2400 r.p.m. The percolators were clearfggh. Are these oxide Ifns that render the surface of a metal pas-
and nickel-plated in the regular way, color buffed and chromiugive entirely removed previous to the electrodeposition of a metal?
plated. The nickel deposit adhered well, but the soft metal spauét only will the passivity of the surface of the metal affect the
was covered with “hairline” cracks, typical of chromium depositsadhesion of an electroplated coating, but the oxlde fiot being
The cause of these “hair line” cracks was the condition of the sidherent to the basis metal, will be the cause of blistering, peeling,
face of the soft metal, due to the boffioperations. The plastic and the “unexpected failure” in service. It will be shown that the
deformation of the surface of metal by bofficreated a strained oxide fims, even though invisible to the eye, can be removed as
condition which asserted itself after the electroplating. This mayms from a metal. These invisible oxiderfs also affect the con-
lead the way to learning the cause of “hairline” cracks on songrictivity of metals. Soderberg told of his experience with cadmium
metals, especially high brass. It has been pointed out that braggted copper electrical contacts. The cadmium was deposited over
flows under the buffig operation, and if thisdived surface is not an invisible oxide fin, and increased the electrical resistivity of the
removed before electroplating, may it not be the cause of “hairlinggpper 225 times. Aluminum is given an oxidenffor that very
cracks in the chromium deposits? This surely makes the questjfiitpose. These oxiddrfis are often under the plate.
of “What is under the plate?” pertinent. Reference was made toThere may be a condition on the surface of metal that will stand
the oxide coating on copper. What about the oxide coatings thatentirely prevent the deposition of metal on some parts of an

<A U T '
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article. This is generally due to the cold working at a certain pladgroughout the alloy, but as heat is applied, or as the alloy “ages”
A picture will be shown of a curtain roehdt available in the  with time, this segregated antimony begins to get together in larger
Proceedings - JHL] made of 3/8 inch steel wire. This wire is pur-amounts, and soon there will be déf areas of pure antimony
chased in coils and run through a straightener in which the diasd pure lead. This goes on under the plate regardless of whether
rotate around the wire forming a narrow spiral band of workeithe antimonial-lead has been made to appear like a noble metal by
metal. The rod is rolled to obtain a brighti§h, cleaned and pick- being given a mantle of pure gold.
led. The spiral worked spot will not cover in a brass solution for Aluminum will dissolve about 6% of copper, and when this mix-
fully five minutes after the other area has a good brass color. Where is alloyed with other metals the very useful duralumin is made.
it is plated, it will be found that the spiral band has a very lighf the surface of duralumin is burnished, buffed or worked in some
plate and if a piece of the rod is immersed in a cyanide solutisimilar manner, the surface no longer contains 6% of copper. Some
the deposit on this worked surface will soon be removed. In serviokthe copper has been precipitated and a different percentage alloy
this weak band of brass, being porous, will oxidize or rather disas been formed.
color more rapidly than the other part of the rod, and a distinct barePrevious to electroplating many alloys are cold worked, pol-
line will develop where the dies of the straightener have workeshed, buffed or burnished. Is there a change on the surface of the
the surface of the steel. In the electroplating of sheet steel that hsy, and if so, what effect has that upon the adherence and the
been run through a machine tatfen, in which there is a narrow protective value of an electrodeposited coating?
roller guide, the same bare space is had where the surface is col@his story is but an assembly of known metallurgical facts, but
worked. The reason for this is that the worked area has a higloee that has not been given the thought and consideration it should
potential than the surrounding areas. The difference in potential iatve received. The application of these phenomena ... these known
only affects the plating, but in any corrosion test or in service thacts ... to electroplating will construct a foundation upon which
rate of corrosion is increased for both the plated coating and tiie real structure of electroplating can be erected. All assembled
basis metal. This, again, is a condition under the plate. data on the physical characteristics of electrodeposits and the pro-
In the beginning of this paper it was stated that metal seemtdtion against corrosion of electroplated coatings will lose part of
to be alive. In his novel and conclusive work on electrodepositédeir value, unless more is known about what is under the plate.
coatings, Castell found that a copper electroplate did not remdikpplause)
all copper when deposited upon zine.g., a zinc base die cast-
ing. It has been almost universally assumed that a copper depQ&A

on a zinc die casting was absorbed by the zinc. Castell found t%atA' ANDERSON (New Jersey Zinc Co., Palmerton, PA.): |

thehopp.ositg was the lcase I.I” t?e copp;]er ‘?bf‘qﬁ?d the Z‘“g-l'\éﬁ?ﬁk that Mr. Hogaboom is to be congratulated for bringing to the
to the zinc basis metal an alloy forms that is high in zinc and loWmerican Electroplaters’ Society a discussion of the type that he

in copper, and the percentage of copper increases for some fligs just made. We certainly cannot disregard the material that is
tance, forming a yellow brass, a zinc bronze ... the top layer is PYISder the plate

copper. One could discuss a paper of this sort imitsfiy long from a

The phenomenon occurs slowly while the article is in Servicg o)1y rgical viewpoint, but there are just one or two points that |
The rate depends upon the temperature to which the die castingis, 4 like to comment on. In therst place, it is pretty well estab-
exposed. Heating to 260°C (500°F) accelerates the rate of absas;h

on. The all he basi N brittl dund 1ed that the chemical activity of a surface is increased by cold
tion. The alloy nextto the basis metal is very brittle and under congi, ing You can carry out a number of simple experiments. Take

tions over which in service there is no control, blisters and peeling actically any metal and take a piece that is cold worked and a
the copper and nickel deposits will occur. TI_1e r_uckel does not se ece that is soft annealed, and free from strains, and expose them
rate from the copper, but the copper deposit with the absorbed Some corrosive infence and you will fid the strained material

separates from the basis metal. It need not be stated how often (i rode materially more rapidly than the unstrained, and that
biistering and p_eellng has been attributed to poor cleaning, or 0,80t true only of normal weather corrosion. Hot galvanizers have
unbalanced plating solution ... the fault of the plater. that trouble with the corners of their galvanizing pots, where they

If the die casting itself is investigated an interesting phenorg—r work-hardened in bending them up. The corners will fail early.
enon occurs that affects the electrodeposit, whether it be nicke?On the question of the failure of zinc die castings, | would

alone or nickel with a dish or a heavy deposit of copper under ity o 15 make one statement, and that is that while tin will do all

The Impurities or metals ad‘."?d purposely in the zine alloys M&e things shown, contamination of that type is almost negligible
br_mg about an intemal con(_jltlon In the fabricated die casting t ay. The American Society for Testing Materials, the Automotive
will cause the electrodeposit to blister or peel. The presence of Eﬂgineers’ Society, the American Foundrymen’s Association, all
n sma_ll quantities, even as IOW as '0.1/0' ha_s a_de_tnmen_tal efigclve specifiations under which zinc die castings can be purchased
on the mternal_ structure of the die casting, Wh'Ch.'n time W'I! asseffich limit the amount of contaminating elements that can be pres-
itself. ﬁt one tln?(e t'n was SIZrEJCI)S_er adcli(ed to z;]nc in making d'@nt, and it is perfectly feasible today to buy zinc die castings which
cast alloy to make it “moreuid.” It Is now known that even traces \ i not grow under the plate, although it is a good warning to you

of tin must be kept out, and by doing this the plater has been Proy§Mmake sure that the die castings you do buy are bought under
not guilty of neglect in his operations. It is essential that the b ecifcation and checked.

alloy obtainable is the only safe one to use for zinc base die cast-

ings that are to be electroplated. Such an alloy has been develow;(hl MEYER (General Electric Co., Bridgeport, CT): There are
through research, and the electroplater is indebted to the metalmt‘s-t two problems that | would like to bring up. One is that the
gist for telling him what is under the plate. uestion of adhesion of oxidérfis is dependent, to a great extent,

Zinc alloys are not the only alloys in which internal change n the thickness of the oxidénfi, and the thin oxidelfins adhere
occur. Antimonial-lead is another troublesome alloy. At 247°Cuch more readily

(477°F), 2.45% of antimony will be dissolved in lead. This is the Passive fins are very adherent to the base metal, and | do not

eutectic. When the t“emperature of this ’:':llloy is decreased to Widlieve Mr. Hogaboom intended to give the impression that these
is commonly called “room temperature,” the amount of antimony. <« e fins are easily removed. In the removal of thebesfi

held .in solution is practically one-te_nth of thqt in th.e a}loy hemical means have to be used. They pass dry chlorine gas over
the higher temperature, or 0.25%. This free antimony is dispersgl metal containing the oxide and volatilize the metal, leaving the

Plating & Surface Finishing ¢ October 2002 17



18

remaining oxide fin. In practically every case, though, these oxide
films still contained traces of the base metal.

There is one other factor, too, and that is on the question of the
cracking of nickel deposits on percolator spouts. We certainly have
had plenty of experience along that line in producing percolators,
and | think Mr. Hogaboom has the cart before the horse. | think that
in a great many cases the question of the base metal enters into the
question of cracking. | believe one trouble enters into thertguffi
of the nickel, because you cold work the metal and you can induce
peeling and cracking in that respect; but | think, when you consider
the tensile relationships between the base metal and nickel, it does
not seem possible that cold working would induce these cracks that
are quite visible to the eye. The slip band cracks are not visible to
the eye, and | cannot correlate the slip band cracks with those vis-
ible cracks.

| believe that the cracks, in the main, are due to the same condi-
tion that Mr. Romanoff mentioned in his paper yesterdatit[ed
“ Ductility and Adhesion of Nickel Deposits’ - JHL], the fact that
the nickel is embrittled by the hydrogen and chromium deposit,
and that induces the cracks in the base metal.

HOGABOOM: If that were entirely correct, then you would have
cracking on the copper surface, and you have no hair-like cracks on
the copper surface. They are entirely upon the lead.

MEYER: Well, | think it is a question of the relative tensile
strength of the base metals. | believe nickel in this case would have
a tensile strength fromvié to ten times greater than that of the lead
alloy, and how in heaven a lead alloy having one-tenth the strength
of nickel could make those cracks in the nickel | can hardly see.

GUSTAF SODERBERG (Udylite Process Co., Detroit, Ml): |
should like to say one word about degreasing. It came up yesterday
and it came up today. Yesterday the speaker said that in cadmium
plating you can very well go directly, at least in many cases, from
the degreasing machine to the cadmium plating bath. Today Mr.
Hogaboom warns us againgtrfs formed in the degreasing opera-
tion.

I would just like to make a statement that we have put in
degreasing in several places. We have used it a great deal in the
laboratory, but | would never go from the degreasing machine into
the plating bath, even such an easy bath as cadmium, without any
intermediate pickling operation.

One part of the paper dealt at some length wiithsfiof oxides.
| do not think it is quite right to say that the buffer should not put
on so much preasure. That is an economic problem. What we have
to do, instead, is to study our pickling a little better than we have,
to see how we can change our pickling with the structure of these
oxide fims and the exact chemical composition of them.

CHAIRMAN BARROWS: This certainly has been a magoéfint
paper, and it has been presented in a very interesting way. | know
we all feel very much indebted to Mr. Hogaboom, and, if there are
no further questions, | will call the paper to a close. (Applause)

Thank you very much, Mr. Hogaboom..................
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