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To help practicing electroplaters better cope with electro
plating problems that occasionally happen in their plat-
ing lines, an attempt was made to analyze the causes
problems and offer answers in the most practical fashiof

or a high concentration of decomposed addition agents is
present. Poor coverage in low CD areas can be the result of
ofhe same fault.

n  Managers and supervisors of plating operations need not

possible. Because of the large number of possible platingactually perform HC plating tests themselves, but they should

variables and the complex nature of some electroplatin
systems, a generalized, systematic approach to troubl
shooting is presented. For reasons of clarity, no theoret
cal explanations are offered and technical language

used in the simplest and most straightforward form. A
decorative nickel/chromium system is used as an e
ample, with the emphasis given to the preplating an
nickel electroplating step sequences.

Continuation ~ from the June 2000 issue:
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The Hull Cell is an important and useful tool for day-to-
solution control, especially for trouble-shooting. It is
extremely powerful test method, regardless of its basic
plicity, especially when compared with other electropla
controls, such astitration, electrochemical instrumental
ods, or spectrophotometry, all of which usually measure
variable at a time. A single Hull Cell (HC) test, or short
series, can potentially show the limits of the accept
electroplating current density ranges, detect the preseng
amounts of organic and inorganic impurities, leveling, thr
ing power, approximate concentration of primary cons
ents, and addition agent concentrations. It can also be u
control deposit morphology, alloy composition as a func
of current density, agitation effects, average cathode
ciency, evaluate covering power of competitive electroy
ing systems, appraise competitive additive systems as ta
brightness, electroplating range, heat stability, life, com
ibility, etc., as well as other variables. One does not ne
be confined only to the visual examinations of HC panels

g nevertheless be able to discuss and interpret the results of
e-such tests intelligently.

s10. Seledion  of best testing  methods

The most effective test to be used is the one that provides
X-quick results that closely duplicate the problem that is seen
1 during full productionThis prevents wasted time and effort
“chasing ghosts.” As mentioned before, ideally, when test-
ing, the regular processing cycle should be used for every-
thing but the individual cycle step under investigation.

If off-line testing does not duplicate the problem using
jagtandard test samples.§, Hull Cell panels), running pro-
aduction parts in an auxiliary tank is in order. If parts are too
silarge to allow this, the next best alternative is to run small
igections cut from production parts, using racking geometry
ethat approximates production conditions. If the problem can
dmeseen at this point, logic suggests the problem cannot be the
egesult of any of the processing steps that follow the one under
alsitudy. In addition, since the fault was not apparent on another
ebage metalif., the Hull Cell stock), a parameter may be of
owhe range that only has an effect on certain base metals. An
itexample would be too high a temperature, pH or concentra-
sdibto of the cleaner(s). It is unlikely that this would have a
tioneasurable effect on steel-based metal parts, but it could
efiave a significant effect when processing copper, bronze,
|dirass, or die-cast parts through the same cleaner.
thelf, alas, off-line testing still cannot duplicate the defect,
pénstead of testing in the off-line tank, the next step is to try
b wmning parts of a known-quality base metal on the produc-
Rgm line in place of regular partdull Cell panels are usually

example, hardness of the deposit can be tested under diffedeaessible and offer the additional advantage that they allow

electroplating conditionsg(g, CD) in which there is inter
est. Similarly, the deposition thickness, porosity, throw
power, and many other properties can be tested on the
under different, defined conditions.

Producing and interpreting Hull Cell or other electrop
ing cell panels requires only an average amount of skill
at least a fair amount of experience. For this reason,
operators or foremen should be encouraged to collec
save panels that exhibit various faults for future referer

The tests in the Hull Cell and similar testing cells arg

- for the complete elimination of the cleaning cycle. The thin

irgnc coating on the panels can easily be removed in a small

panéime of freshly made-up acid. Wiping parts with a clean,
wet sponge or towel will remove any smut on the surface and

aprovide a reproducible part that can be inserted into the
lroduction line immediately ahead any of the processing
litaeaks. If this is properly done and the problem can be seen on
dhgll Cell stock, it is safe to assume the tank under study is the

ceource of the difficulty.

,in

essence, qualitative procedures that provide semi-qu
tive or quantitative answers. The qualitative answer

tith- Recogniion  of the most influential parameers.
dteshould be remembered that all the parameters that can be

obtained from observations of plated panels. For exampiggasured on a processing line do not have an equal impact on
when the electroplating bright range is found to be reducedjumality. In a nickel plating solution, for example, the param-
the low CD area of the panel, it is likely that concentratioesers that have the greatest effect on performance are those
of brightening addition agents are low and that an adjustmémdt can change the quickest: pH, temperature, agitation
is needed. Similarly, a rough, dark, and irregular appearampedterns, concentration of the secondary brightener portion of
in high CD areas may indicate metallic impurities. Pittetthe addition agent system, current to the cathode, entry and
deposits often suggest the need for a reduction in surfez& currents on nickel and chromium plating tanks, etc.
tension, accomplished by adding wetting agents to the pailcordingly, these are the factors to examine first when
Cracked deposits often mean that excessive addition agefatsed with a troubleshooting/problem-solving situation. Only
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after examining these aspects is there reason to ched
other operating parameters.

It is important to keep in mind theegree of changthat
each of these parameters can undergo before it will hg
significant impact on the line performance. For exampl
10-percent change in pH or temperature will have a m

kstineightforward and can be logically solved with standard
background knowledge. For other problems, only the most
skilled experts may observe and connect the discrete bits of
veaga into quick, practical, and workable solutions.

P, a

uth Knowledge

more dramatic effect on quality than will a 10-percent changersons in charge of electroplating departments, electroplat-

in boric acid concentration.

12. Records must be diigenty

isied
The results of all tests and observationsluding the results
of modifications made to the total cycle that have no app3
effect on the problem, must be recorded. Production
must be labeled in a manner that reflects the difference
processing cycles, or steps that have been screened, r¢
less of whether they have a noticeable effect on performa
It must be remembered thatitis often just as valuable to K
which steps have tHeast effecon total performance as it
to know which ones have the greatest effect. Also, it shoy
kept in mind that changing just one or two steps in a |
electroplating cycle seldom solves most troubleshooting
ations. Usually, several changes must be made befc
problem can be accurately identified and the approp
alterations made to the cycle to eliminate substandard w
This must be done in a stepwise fashion, and the only w
keep track of each modification is to document everythin
writing it down.

13 Obicci
Experience has demonstrated a number of times that

pendent thinking must be exercised that permits step
back from the proverbial trees to see the forest. The troy
shooter/problem-solver must be objective. The probl
solver cannot approach any troubleshooting situation

the attitude of already knowing the cause of a partic
problem before starting any tests. It is important to make
most efficient use of prior troubleshooting experiences,
not if it means losing objectivity. To solve a problem perr
nently, the troubleshooter must identify and treat the ca
not the symptom. This can be accomplished only by m
taining an unbiased point of view.

documented &

14. Domino &Additve  Effects

In addition to the previously mentioned time lag and delal
effects, there is always the possibility of experiencing a
tive and/or domino effects. In the former case, each sep
process step or bath condition is slightly out of balanc
such a way that it interacts with other steps to produce
overall defect. An example would be a weak acid dip a
nickel plating, plus insufficient activation in the beginning
the chromium bath, resulting in passive chromium depg
(“white wash”).

In the case of domino effects, problems in one process
negatively affect a following process. An example would
overcleaning in the anodic electrocleaner, which can da
or even slightly etch parts being processed. This, in turn
lead to an (erroneous) overdose of a brightener, which
duces aresidual brightener film on insufficiently rinsed pg
If activation cannot completely remove this film, the fin
chromium deposit can exhibit “white wash” chromium haz

These simple examples show that the entire process
be methodically checked. If not, problems might only
partially fixed, a “Band-Aid” approach, soon to reappea
change for the worse. Some problems are fairly simple

ing engineers and chemists—even ambitious master-plat-
ers—must be in the forefront of knowledge in their fields of
expertise. Book knowledge is not reserved solely for acade-
micians. It is expected of them to be up-to-date, even ahead,
of their own staff experts. Those who expound the virtues of
rantraditional electroplating technique will be regarded as
grassé by coworkers, or worse, by their superiors as well. One
sefsential area of knowledge is “hands-on” knowledge, sup-
>gurded by close familiarity with recent technologies. Too
\ivany electroplating engineers, chemists, and master-platers
nsuwbscribe to old myths that have been dispelled by previous
sstudies. They need to keep up with the recent technical
diserature, therefore, or they will be purveyors of obsolete
ptigditions. Clearly, they need to be well versed and proficient
sigbout the latest electroplating developments and new and
remerging technologies. If, for example, a marketing depart-
iament asks about the merits of composite deposits, or pulse-
ggverse techniques, or trivalent vs. hexavalent decorative
agfsomium electroplating, one cannot beg off with a “Let me
y bheck at the library and get back to you later.”

The most effective problem-solvers possess general knowl-
edge across many fields, especially solid basics of chemistry,
engineering, metallurgy, manufacturing, and electronics. This

naisls them, not only in seeing the “big picture,” but also in
pERpversing with engineers, R&D personnel, or management,
greterms they understand.

cm-An in-house library of relevant books, technical papers and
wingubleshooting reference information must be established,
Lideveloped, and kept current. While there is a large number of
tpeoks published on chromium electroplatifitf, there are
werly twot22 (one is out of prirt€) on nickel electroplating.
n&ortunately, there is an outstanding book available on the
usebject” Also, books on analytical and process cortrél
amust be available, as well as books dealing with fundamen-
tals2+2°

16. Prevenive  maintenance
y&tp worthwhile discussion of troubleshooting concepts would
jdie complete without stressing the importance of preventive
aragintenance. Is has been proven over and over that produc-
atign difficulties and high operating costs are inversely pro-
pytional to the degree of overall control and preventive
figyaintenance that is exercised. In other words, the more time
aand effort that are put into catching and solving problems
Jivkile they are minor, the less difficulty there will be main-
taining a high quality and efficient operation. A few simple
dfeipgs can be done to prevent problems before they happen:
bd. Timely recording of all additions to every tank in the
rken processing cycle. This should include dates when tanks
can are replaced and made up fresh, as well as when the
pro- €lectroplating tanks are treated to remove various impu-
rts. rities. Having this information is extremely beneficial. It
al streamlines trouble shooting and provides very useful
es. costanalysis information, even when there are no prob-
must lems.
bdi. Good housekeeping must be diligently maintained
or throughout the plant, especially in the areas near the
and processing line(s). This will minimize the possibility of
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foreign matter accidentally entering any of the tank

iii. A reference file of HC panels and parts that illustr

S.
ate

.

Table 2
Routne Control  Procedure

certain problems and their remedies. Not only is such a

file an invaluable aid during the troubleshooting situa

tion itself, it is also very helpful as a training tool for né
employees.

Different aspects of the processing line must be
tinely scrutinized and reported. Most finishers agree
incorporating simple, but essential records, such

those listed in Table 2, into their plant practiceg is

acutely beneficial.

Finally, the obvious question is: why aren't effecti
modern preventive and troubleshooting systems, conj
mented with current knowledge, universally applied? Itis
experience that many platers become mired in the statu

”

a- Control Item_

L Bath Analysis

1 Plating Tests
Pretreatment solutions

Frequency of Control
Weekly
Weekly(more often under heavy production)
Twice weekly

OU- Solution levels Each shift
that Temperature controllers Each shift
asAmmeters/VoItmeters Each shift
.~ ~Addition agent feeders Each shift

Anode baskets Twice weekly

pH of Nickel solution Each shift

e, Solution flow through filter Each shift

Each shift

p|e_Uniformity of agitation

our
5 gifticulty are identified and all the necessary corrective steps

because they and/or their employees prefer a known padii@taken to restore high quality, profitable, error-free elec-

an unknown future. Unfortunately, resistance to chang
nearly universal. Many platers either prefer not to use
basic electroplating principles, have forgotten them, or dg

etigplating. This approach must be used in troubleshooting
takectroplating systems to obtain consistently high quality and
rigtiable production results.

know them, because the first suspicion of a problem usually

results in placing a phone call to the current supplie
electroplating chemicals, potential supplier, or consult
not necessarily in that order.

In certain situations, the problems can persist, deg
efforts by the master-plater and others involved in the trou
shooting efforts. Rather than keeping the plating lines d

r Sfimmation of Troubleshooting Technique

ant, The general troubleshooting technique can be outlined in
six basic steps. Each step must be taken in sequence as a
pivgical progression:

ble» Analysis—an evaluation of the available data to identify

bwn the existence of a problem.

and/or generating rejects, it may become necessary to call for Synthesis-the development of definition and probable

an outside master-consultant who can often provide inde
dent and unbiased judgment, and present new ideas
fresh approach.

Condusions

A worthwhile, methodical approach to troubleshooting e
troplating problems begins with the understanding that
effect takes place without a caus$eThis quotation is from
Michael Faraday, who literally galvanized the Indust
Revolution at the beginning of the 19th century. This
another way of saying, “The defect is the symptom, not
problem.” This principle is the most important one to
absorbed by electroplaters. Understanding this pring
changes the “tank jockey” into a skillful, professional f
isher. The skilled master-plater, when faced with a prob
considers: “What are tteausef these rejects? Why is th
finishing bad today when it was good yesterday?” Then
master-plater searches for and finds the causes, find
answers, then implements corrections.

Efficient line handling and troubleshooting decorat
electroplating installations, if done properly, need not
complex or unduly intricate. First, the existence and the
of problem that is occurring must be identified. The next §
is to determine whether it is a process or an operati
problem. Once this question is answered accurately,
search must begin to disclose the causes, to find the corre
answers, to test them, implement corrections and, finall
set up a fool-proof mechanism for preventing future pr
lems from the same source. The single most impo

pen- causes of the problem and suggestions for the corrective
and ameasures required.

Testing—laboratory experiments, followed by small-
scale pilot or production runs to test not only the solution
of the problem, but reproducibility of the solution as
well.

Implementatior-incorporation of the actual permanent
corrective procedure into normal shop practice.
Preventive maintenance progranto minimize any
future problems, an effective preventive maintenance
program should be established.

Personnel training program-all personnel involved
directly or indirectly in electroplating operations should
be educated and trained in all technical aspects related to
the job, including the all-important prevention steps.

ec-
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thditor’'s note: Manuscript received, January 2000.
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