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ABSTRACT

The quality of electrodevosited coatings is to a great ex-
tent determined by cleaning or surface~conditioning methods
employed in preparing the basis metal for plating. Cleaning pro=-
cedures are usually established empirically, by trial and error.
Little or no experimental work was devoted to a quantitative stu-
dy of measurable vparameters that are influenced by the relative
effectiveness of individual cleaning processes. The present ex—
periment was designed 1n an attempt to establish a correlation
between one such parameter (namely, the single-electrode poten-
tial of polarized cathode) and the quality of subsequent plating.

High-carbon steel cathodes, =-a material that is often noto-
riously difficult to electroplete,- were used in the experiment.
Each sample cathode wes carried through one of 21 selected clean-
ing cycles, consisting of one or more individual steps. After
cleaning, samples were placed into cell containing Gr03 electro~
lyte and their potential was measured at yarious densities of po-
larizing current. When vlotted in juxtaposition, all 21 Cathode
Potential vs Current Density curves werse found to posess a sim-
1larity of shape. Curves did, however, differ in thelr position
with resvect to the ordinate (used as the current density axis).
The entire family of curves thus had the appearance of a band
with a conesiderable and variable width in the direction of the
abscigsa. The possible significance of this horlzontal shift was
investigated by test-plating several samples. These samples were
prepared by means of cleaning zycles that corresponded to most

wildely separated Potential-C.D. curves.
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An examination of plated samples revealed that the quality of
the deposit did, indeed, vary from sample to semple. The cleaning
procedure corresponding to curve most distant from the ordinate
oroduced sample surface that easily accepted the electrodeposit,
while procedure corresponding to curve located near the ordinate
produced a surface that wes definitely more difficult to plats.

Thus, the experiment shows that 1) there 1s & one-to-one
correlation between the cleaning method employed in preparing
metal surface for plating and the quality of subsequent electro-
deposit on this surface, 2) the single-selectrode potential of
the basgis metal 1is & measurable parameter that can be{ used to
evaluvate the relative effectiveness of varlous metal cleaning
methods, and 3) when plating chromium on polished hardened
high-carbon steel, bhest results are obtained when basis metal
is cleaned mechanically, by wet-scouring with a mildly abrasive

slurry.



FOREWORD

In the Fall of 1952, author Qas given a task of establishing
a chromium plating ovrocedure vhich was to be an important sted
in a salvaging operation involving some 15,000 critical sewing
machine parts.The part in question was fabricated of AISI B-1113
Bessemer steel and was routinely case-hardened prior to plating;
subsequent finishing operations consisted of grinding and pol-
ishing of exterior surfaces. Normally, plating of these parts
cauges no undué difficulty. However, 15,000-piece 10£ consisted
mainly of parts which, due to vdriations in hardening opseration,
hed an inferior case structure, characterized by unusually soft
outer layer. To obtain a sound wear-resistant foundatlion for the
chromium plate, thils layer had to be removed by grinding.

The first few attempts to chromium vlate parts from reworked
lot produced an exceptionally high (up to 80%) reject percentage
after plaeting.Plating defects comprised blistering, insufficient
thickness, ©poor coverage, bpoor adhesion, dull deposit, etc.
A closer inspection of rejected parts revealed that they could be
divided into two groups, namely, 1) varts with a satisfactory
plating on newly-ground surfaces and poor nlating elsewhere, and
2) parts with poor plating on ground surfaces but with a good
devoslt on all other surfaces. Both these types of rejects, and
parts with an entirely satisfactory platingz as well, were found
on any single plating rack, nrocessed as e unit.

The ensuing investigation vroceeded in the usual manner: bath

composition and opersting conditions were tested end necessary

5=



corrective changes made; current suvply checked for an sxces-
give A.C. ripvle; plating racks stripved and cleaned to make
a positive contect with parts and with the cathode bar; all
anodes clesned and re~positioned. Despite all these chanses ,
however, the rejlect percentage remalined at a high level.

The fact that changes made at the plating tank falled to
produce an improvement indicated that a non-uniform surface
condltion was created on parts 1in the course of pre-nlating
treatment and that an investigation of the cleaning schedule
wag in order.

A few exvloratory changes were made in the cleaning cycle
but this produced no noticeabls lowering of the percentage
of rejects. A literature search and inauiries amongst platers
revealed similar experiences but no agreement as to the cause
or cure of thie problem, indicating that only a lengthy study
could possibly provide a solution.Tight production schedule,
however, did not allow enough time for a basic investigation.
The problem of plating the difficult 15,000—pieqe lot of parts
was therefore solved by a "shotgun" approach.A cleaning cycle
was arbitrarily selected and parts were processed according-
ly. Poorly plated parts were separated by a 100% inspection,
stripped of chromium, cleaned mechenically by vapor-blasting,
and themn processed again. This treatment reduced the overall
reject percentage to approximately 10%. Parts that failed to
take a satisfactory plate durine the second run were scrappsd.

While the above solutlion apreared satisfactory from pro-

duction viewpoint, author decided to continue the study



of the cleaning cycle as a matter of academic interest. The
method and the results of this investigation are discussed

in subsequent sections of the present paper.



INTRODUCT ION

The quality of electrodeposited metallic coatings and par-
ticularly their adhesion to the basis metal is greatly affected
by the surface condition of the latter (11, 18, 20, 42, 59, 63,
68} *), The surface condition, in turn, is influenced by numer-
oue factors, such as the nature of the basis metal (5, 11, 45),
the type of heat treatment received by the part (5, 40), the me-
chanical methods and technigues used in manufacturing the part
(32, 34, 35, 36), as well as the mechanical, chemical, or slsc-
trochemical pre-plating treatment (5, 34, 39, 48, 59, 63).

The first three factors are usually selested on the Dbasls
of functlional considerations and can only rarély be changed to
sult a plater's purpose. The last factor, however, ~ commonly
referred to as "cleaning",- is entirely within the plater's do-
main and can be varled to sult specific plating conditions.

The importance of cleaning was known years ago and cleaning
methods have been the subject of attention of numerous in-
vestigators.(5, 24, 29, 39, 42, 46, 48, 59, 63, 68, 71, 72, 76).
Many have stressed the fact that cleaning requlrements are most
exacting when a metal is prepared for chromium plating (5, 17).
Gleaning becomes even more important when hardened high-carbon
or carburized steel 1s to be chromium plated (35, 40, 48). 1In
the latter case, however, research was concentrated on the
problem of finding e suiteble pre-vlatine treatment for "tool
chromium" rather than for "ornamental chromium' plating.

While studying various metal-cleaning techniques,most in-

%
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vestipators employed somewhat subjective methods of evaluation
of surface cleanliness, such as the atomizer test or the watere-
break test. In some cases, cleaning cycles were rated on the ba-
s8is of a performance test, i.e., cleaned parts were plated under
controlled conditions and the quality of resultant.plate wag the
basis for evaluation of the effectiveness of the pre =plating
cleaning cycle (38, 39, 50, 69). Sti1ll, more often than not, the
quality of the plate was judred on a subjective basis of gloss,
appearance, stc.

Several investigators of c¢leaning methods expressed an opin-
ion that in the case of vlating chromium over steel many seem-
ingly unexpleinable difficulties are, perhaps, due to the Tact
that some cleaning methods tend to lower the overvoltage of hy-
drogen (16, 35, 45, 57, 65), thus reducing cethode efficiency in
an unpredictable manner. It appears that in 1océlized areas of
the cathode the efficlency is soﬁetimes reduced almost to zero.

The overvoltage lowering theory, however, 1ls largely presen-
ted as a speculation and 1is seldom supported by experimentsl
nunmerical data. This statement should not be read to mean that
no research was devoted to hydrogen overvoltage. On the contra-
ry, nunerous papers dealing with this subject have been pub-
lished (26, 28, 30, 32, 33, 35, 41, 43, 49, 55, 57, 60, 61, T1).

In most cases, however, authors of overvoltage papers are
interested mainly in the theoretical asvect of the subject. Yet,
they established that hydrosen overvoltage 1s affected. by var-
lous factors in the following manner. The overvoltape I1ncreases

with the 1ncreasing density of volerizing current and, when the



current density becomes sufficiently hich, 1t tends to approach
a limiting value of about 1.32 volts {(10).At this point the meg-
nitude of overvoltage is not dependent on the cathode material.
Overvoltage varies inversely with the electrolyte temperature

end decreases slightly when pH of the solution increases;its
magnitude is affected even by traces of catalytic polsons and by
the rate of Hp diffusion through the cathode (21).0Overvoltage of
hydrogen isg higher when certain plating bath additives are pres-
ent or when the metal ilon content &f the bath is lowered. When

guverimposed A.C. or chemical devolarizers are present, a lower
hydrogen overvdltage is observed(8, 11).

Overvoltage experiments described in the majority of papers
were usually performed under idealized conditions. Electrodes
wers often made of platinum, electrolytes were saturated usually
with inert gases and thelr concentration kept well below that
commonly encountered in vlating solutions. Only rarely does a
researcher use an actual plating solution for sn overvoltage or
a polarization study (19, 78, 79).

It 1s difficult, if not impossible, to extrapolate data col-
lected under idealized conditions to those encountered within =
plating tank,especlally a plating tank containing chromium bath.
Rather than make an attempt to correlate data from various over-
voltage studies with plating room difficulties, suthor declded
to conduct an experiment which would show, in a measurable way,
how does the pre-plating treatment affect the electrodeposition

of chromium on high-cerbon steel. The author also expected to



[l

find, as a by-vroduct of the exveriment, a simnle objective

method that could bs wused for evaluation of the relative

effectiveness of metal-cleaning techniques.

A detalled description of the experimental set-up and
procedure will be given elsswhere in this paper. At this point
it should suffice to state that the experiment consisted of:

1. BSelecting several cleaning schedules, preferably resembling
those used in rlating industry.

2. Processing multiplicate samples in accordance with these
schedules.

3. Measuring cathode vpotentlal against a reference electrode
at varilous densities of the polarizing current.

4. Constructing a "Polarized Current ve Cathode Potential"
curve for each proup of samples pre-treated in accordance
with one specific cleaning scheduls.

5. Concluding, on the basis of shapes or relative location of
current-potentilal curves, which cleaning schedule will most
likely result in a best or in a poorest plating quallty.

6. Confirming or disproving this conclusion by tes}t comprising
an actual plating of several samples treated in saccordance

with cleaning schedules selected in Step 5.

It should be noted here in reference to 3Btep 1, that no
acid "dips" of short duration were employed.While such dips ere
widely used by nlaters as final or activatineg step of a clean-
ing schedule, the author felt thet they will he Aifficult to du-

plicate and thus would only contribute to smbipulty. Similerly,



no wetting agent wes used in water rinses. Thewre are indicatlons
that the presence of certein organic substances in an electro-
lyte has a tendency to cause variations in hydrogen overvoltage
(41); author feared that wetting agents, when dragged into the
electrolysis cell, misght produce a similar effect.

Methods used for measuring the hydrogen overvoltage or po-
tential of an electrode are quite widely discussed in literature
(2, 4, 8, 9, 10, 11, 1%, 18, 21, 26, 28, 31, 43, 45, 49, 57, 60,
61, 67) and range from the very simple, such as vrovosed by Ha=-
ring (20, 43), to the very elaborate, designed with the purpose
of reducing the number of experimental variables to an absolute
minimum (81, 87).

Essentielly, all overvoltege studies employ modifications
of but two baslc methods, nemely, the direct method and the com-
mutator method of measurement. When the former is used, both the
reference electrode and the volarizing current source are tled
permanently to the electrode belinz investigated; the potentlal
of thils electrode 1s measured while the current is on. In the
latter method, a prévision is made to connect reference electrode
to the electrode being invesgstlgated only when the polarizing
current 1s switched off. The relative merlts of both methods are
discussed at length in literature (4, 9, 10, 11, 12, 21, 60),but
it seems that in the hands of skilled investlgator elther method
is carneble of vroducing satlsfactory results, - ct least, when
used 1In conjunction with a low-concentratlon electrolyvte.

For the present work, the direct method of measuronent wvas
selacted as a matter of convenlernce. A triel run of a mechanical

commutator revealod that meter reading is zreatly influenced by

—_———



the conditions of the commutator surfaces, as well as Dby the
fluctuations in the switchine rate. The wuse of an slectronic
switchine device would, of course, eliminete both fTactors, but
wvould also complicetz the instrumentstion unnecessarily.

The simople Harine's wmethod (43), based on the use of &
reference electrode made of thre éame material as the electrode
being investigated, was very attractive. However, only a mild
attempt was made to utilize this approach. Author feared that,
althoush the overvoltage cealculated for various samples would
always be the difference of votentlal between the polarized and
the non-polarized metal, the comparison of overvoltages of
samples cleaned Dby different methods would not be valid. Later
in the experiment, this assumption was confirmed.The uniformity
of the sample surface conditions varied within every group of
multiplicete samples, the magnitude of these variations being
dependent upon the cleaning schedule employed.

Haring's method was abandoned in favor of a direct method
designed around a saturated calomel refersence electrode and a
vacuum~tube voltmeter. The latter instrument, rather than the
more conventional potentliometer, was selected for the following
reasons. It is commonly assumed that a potentiometer or a bridege
clrcult draws no current from the circuit 'under messurement.
This 18, however, true only after the circuilt 1is brought to
balance. The necessary "tapning" during the balencing operation
causes a smell and Indeterminable current draw which might or
might not heve an effect upon the results of the measurement. A
sensitive votentiometer wquld also 1ndicate potential changes

as small as one millivolt and thus its readings might reflect
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ial. On the other

i

even the random Tluctuatlions of the voven
hend. a vacuwi~tube volimeter with its inherently hich Input
resistence (upward from 10 -~ 20 mezonms) draws e constant Dbut
small current, and would affect all measurements to same degree.
A vacuun-tube voltmeter of +the type used iIn this expveriment
cannot be read closer than 10-20mV and thus, being a relatively
"plunt" instrument, reacts only to permanent changes 1in the
electrode votential.

The last item to be considered in setting up the experiment
was the electrolyte. As previously exvlained, the exveriment
was to be conducted under conditions approximating those Tound
in a plating tank. Therefore, a commercial chromium plating for-
mulation was selected. Since, however, a full-strength nlating
bath conteins at least 250 g/l of Cr.O3 and is, thersfore, rather
opaque, exverimental electrolyte was diluted until 1t attained

+ o

a degree of transverency which permitited a continuous visual

observation of the sample surface.
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LENTAL  PROCEDURE

5) into its

Place the reference electrode assembly (Fig.
clamp on the electrcde carrier (Fig.3); tighten the c¢lamp.
Secure the electrode cerrier in a tovmost vosition at the
support rod.Attach flexible leads of the carrier to appro=-
oriate terminals of the molariziar snd measuring circult .
Assemble the electrocleaning setup.

F11l +the electrolrvsis cell with electrolyte and lower the
stirrer into solutlon. Clamn» flexible shaft of the stirrer
to the support rod.

Insert an enode plate into its holder. Wrap stop-off tape
around the pnlate S0 that 1ts lower edge 1s 13 mm above the
bottom end of the anode{Fig.4). Insert terminal pin of the
anode holder into the avpropriste clamp of the electrode
carrler, making sure that the locating pin of the anode
holder enters the locating sldt in the carrier erm (Fig.3).
Polish the surface of sample with sandvaper, first iength~
wise, then by roteting the sample between +two pleces of
sandpaper.

Insert polished samvple into the eathode holder.Slide a PVC
masking-off sleeve onto the sample so that its lower edge
is 13 mm above the bottom end of the sample.

Process the sample in accordance with one of cleaning

schedules (see 1list).After the last rinse,shske off excess
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12.

13.

14,

15,

16‘

water and qulckly insert the terminal pin of the cathode

holder into the avprovriate clemn of the electrode carrier,

making sure that the locating vin of the holder enters the

locating slot of the carrier arm (Fig-5) and that the sample

does not come in contact with the tip of the reference elec-

trode assembly.

Plece electrodes into the electrolysis cell by moving the

electrode carrier to its lowest position on the support rod.

Start the stirrer.

Read cathode potential on the scale of vacuum—tube voltmeter

(Mo in Fig.l) and record this reading.

Switch on the polarizing current and adjust it to O.5mA

by means of the potentiomester and milliammeter (respectively,
Rq and My in Flg.l ). Read and record the cathode potential.
Repeat Step 11, adjusting polarizing current to 1, 2, 3, 4
5, 6, 8, 10, 15, 20, 25, 30, 35, 40, 45, and 50 mA.

Switeh off the polarizing current and take the electrode out
of the electrolysis cell by shiftine the electrode carrler to
its topmost position on the supmort rod. BStop the stirrer.
Remove the cathode holder from its clamp. Rinse sample clean,
ronove from sample holder, and label it with the appropriate
cleaning schedule number.

Repeat Steve & through 14, until a trinlicate run 1s made
for every cleening schedule listed.

Plot cathode mwotentinl versus volarizing current, using

absclsgsa axis for ths {former.

— b -
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18.

19.

21.

Visually, compare shape and relative positions of
all plotted curves. Select two curves thet are least
gimilar and one that is apnroximately half-way betwesn
these two.

Process trivlicate samples in accordance with cleaning
schedules corresponding to the three curves selected in
step 17 and electroplate these in a bath contalining
250 g/l of CR=110. Plate each sample for 5.0 minutes at
459¢ and 2.0 amp/sq.1in.

Welgh plated semples to the nearest 0.1 mg and record
the welght. Strip chromium, by msking samples anodic

in the electrocleaning bath, for 3.0 minutes at 100asf.
Rinse samples, dry, and re-welgh. Calculate welght of
the chromium deposit.

From the weight of chromium and the avparent area of

the sample, calculate the thiclness of the deposit.



Fig. 1 POIARIZING CIRCUIT

__._/v_____v

Sw

B - battery, 12 v

Rq1~ Dpotentiometer, 1,000 , 2 w
ng regsistor, 150 , 2 w

Sw-  on-off switch, S.P.S.T.

Ml‘ milliammeter
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vacuum tube voltmeter
electrolysis cell
reference electrode
cathode

anode



Fig. 2 ELECTROLYTIC CLEANING CIRCUIT
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Fig. 3 ELECTRODE CARRIER
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Fig. 4 ELECTRODE HOLDERS
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1 - locating pin 4 - atop-off sleeve, PVC
2 =~ terminal pin 5 = sample
3 =~ get screw 6 < anode plate
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- glass Jjacket
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- gat. KC1 solution
- bridge arm, plugged

- capillary tip
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GRAPHICAL DAT4 LOCATOR

Curve|Symbol| Chart Data in Cleaning Cleaning Cycle
No. No. Table No. cycle No. Synovsis
1 . la,b.c 1 1 Sanded, degreased
2 X la,b,c 2 2 Sanded, degreased,
wet scoured
3 A la,b,c % 3 Sanded, deprsased,
soak cleaned
4 a la,b,c 4 4 Sended, degreased,
cathodic. cleaned
5 o la,b,c 5 5 Sanded, degreased,
anodic. cleaned
1 ' 2a,b,c 6 6 Sanded, degreased,
HC1 piclkled
2 X 2a,b,0c 7 7 Sanded, degreased,
gsoak cl. ,HC1l pickled
3 4 2a.,b,c 8 8 Sanded, degreased
cath. c¢l.,HC1 pilckled
4 a 28a,b,c 9 9 Sanded, degreased,
anod.cl.,HC1l pickled
5 0 2a,b,c 14 14 Sand.,deg. ,cath.cl.,
HCl, cath.cl., HC1
6 ® 2a,b,c 15 15 Sand., deg., anod.cl.,
HC1l, cath.cl., HC1
7 A 2a,b,c 16 16 Sand., deg., cath.cl.,
HC1l, anod. c¢l., HCL
8 ® 2a,b,c 17 17 Sand., deg., anod. cl.,
HC1l, snod. cl., HC1
1 : 3a,b,c 10 10 Sanded, degreased,
HoS504 pickled
2 X 3a,b,c 11 11 Sanded, degreased,
soak cl., HpoS04 pickled
3 A 3a,b,c 12 12 Sanded, degreased,
cath. ¢l., HpSOy
.4 " 3a,b,c 13 13 Sended, degreased,
' anod. cl., HpSO0y

..L{b~




Curve| Symbol | Chart Deta in Cleaning Cleaning Cycle

No. No. Teble No. cycle No. Synopsis

5 o 3a,b,c 18 18 Sand.,deg.,cath.cl.,
. .- HO1, cath.,HnS0y

6 @ 3a,b,c 19 19 Sand. ,ds¢.,anod.cl,
HC1l,cath.cl. ,Ho504

7 A 3a,b,0 20 20 send. ,deg.,cath.cl.,
HCl,anod.cl.,HoS0y,

8 o 3a,b,c 21 21 Send.,deg.,anod.cl,
HCl,anod.cl.,H2S04

1 . . ba,b,c 22 ‘ 7 Sanded ,degreased,
soak ¢l.,HC1 pickled

2 X 4a,b,c 23 11 Sanded, degreased,
soak c¢l.,HpS504 pickl.

3 A 4a ,b,c 24 1 Sanded, degreased

4 Q La,b,c 25 ) Sanded, degreased,
goak cleaned

5 O La,b,c 26 4 Sanded, degreased,
cathodic. cleaned

6 ) 4a ,b,c 27 5 Sanded, degreased,
anodic. cleaned

1 ¢ 5 2 2 Sanded, depreased,
wet scoured

2 X 5 1 1 Sanded, degresased

3 o) 5 6 6 Sanded, degreassed,

HC1 pickled

4 ] 5 10 10 Sanded, depgreased,
HoB0y pickled

1 s 6 2 2 Sanded, degreased,
wet scoured

2 X 6 3 % Sanded, degressed,
soak cleaned

3 o 6 7 7 Sanded, degreased,
soak c¢l.,d301 vnicled

4 8] 6 11 11 Sanded, degreased,
soak cl.,HpS04 plckl.

-



Curve| Symbol Charthata in Cleaning Cleaning Cycle
No. No. : Teble No. Cycle No. Synopsis
1 ¢ 7 2 2 Sanded, degreased,
wet scoured
2 X 7 4 4 Sanded, degreased,
cathodic. cleaned
3 O 7 8 8 Sanded, degreased,
cath.cl.,dCl pickled
4 8] 7 12 12 Sanded, degreased,
cath.cl. ,H»504 pickl.
1 P 8 2 2 Sanded, degreased,
wet scoured
2 X 8 5 5 Sanded, degreased,
anodic. cleaned
3 o 8 9 g Sanded, degreased,
anod.cl.,HC1l pickl.
4 jot 8 13 13 Sanded, degreased,
anod.cl.,Hd2504 opickl.
1 0 9 2 2 Sended, desreased,
wet scoured
2 0 9 14 14 Sand.,deg.,cath.cl.,
: HCl,cath.cl.,HC1
5 o 9 18 18 Sand.,deg.,cath.cl.,
_ HCl,cath.cl. ,HpS0y
1 R 10 2 2 Sanded, degreased,
wet scoured
2 0 10 15 15 Sand. ,deg.,anod.cl.,
HCl,ceth.cl.,HC1
3 o 10 19 19 Send.,deg.,anod.cl.,
HCl.cath.cl.,HsS0y
1 ; 11 2 2 Sanded, degreased,
viet, scoured
2 0 11 16 16 Send.,deg.,cath.cl.,
HCl,anod.cl. , HC1
3 1 11 20 20 Sand. ,deg.,ceth.cl.,
HCl,anod.cl. ,HoS0y
1 ] 12 2 2 Sanded ,derressed,
welt scoured
2 a 12 17 17 Sand. ,dec. ,anod.cl.,
HCl,enod.cl.,dC1
3 1 12 21 21 sand.,deg.,anod.cl.,
AC1,anod.cl.,H2504

— b~




TABLE ¥o.l

Deta for Curve No.l on Charts
and for Curve No.2

No. la,

on Chart Yo.5 .

1b, lc,

A
Sample prevaration: cleaning cycle No.l
0.114 sq.in.

Arparent cathode area:

Polariz.
current,
mA

0.0
0.5
1.0
2.0
3.0
4.0
5.0
6.0
8.0
10.0
15.0
20.0
25.0
30.0
35.0
40.0
45.0

50.0

Cathode
current
gz?:é?gn.
0.0
4.4
8.8
17.6
26.4
35.2
44,0
52.8
70 .4
88.0
132.0
176.0
220.0
264.0
308.0
352.0
396.0
440.0

+ 445
+ 305
+ 280

¢ 155

- 385
- 725
- 735
- 750
- 770
- 830
- 870
- 745
- 780
- BT0
-1420
~1435
-1445

Cathods

2

+ 455
+ 315
+ 295
+ 260

+ 155
- 520

- 735
- 845
- 745
- 795
- 805
- 845
- 845
- 805
- 345
-1385
~1405

BT

Potential,

3

+ 425
+ 295
+ 245
+ 30
- 320

-~ 820

f
-3
I
Ul

~J
O

- 820
- 835
- 855
- 845
~1310

-1355

-1395

Ui

mv



TABIE ©No.?2

Data for Curve No.2 on Charts No. la, 1b, lc,

and for Curve No.l on Charts No.5 to No.1l2
Sample preparation: cleaning cycle No.2.

Apparent cathode arsea: 0.114 sq.in.

Polariz.
current,
mA

0.0
0.5
1.0
2.0
3.0
4.0

5.0

8.0
10.0
15.0
20.0
25.0
30.0
25.0
40.0
45.0
50.0

Cathode
Sensity,
mA/gq.1in
0.0
4.4
8.8
17.6
26.4
35.2
44.0
52.8
70.4
88.0
132.0
176.0
220.0
264.0
308.0
352.0
396.0
440.0

Cathode Potential, mV

- 820
- 870
- 885
- 895
- 820
- 845
- 870
-1395
-1430
~1435
~1440

— L{‘{_

3

4+ 345
+ 245
+ 180
+ 10
- 855
- T45
- 755
- 755
- 755
- 755
- 795
- 810
- 840
- 855
- 895
-1405
=-1430
-1435

Average
¥ 347
+ 248
¢ 210
+’ 3
- 468
- 468
- 512
- 770
- 795
- 837
- 832
- 825
~ 860
- 882
-1232
-1422
~1433
-1438



TABLE No.>3

Data for Curve No.3 on Charts No. 1la,
and for Curve No.2 on Chart No.6 .

Sample vreparationt! cleaning cycle No.>
0.114 sq.in.

Apparent cathode area:

Polariz.
current,
mA
0.0
0.5
1.0
2.0
3.0
4.0
5.0
6.0
8.0
10.0
15.0
20.0
25.0
50.0
35.0
40.0
45.0

50.0

Cathode
Sensity
mA/sq.in
0.0
bk
8.8
17.6
26.4
35.2
44 .0
52.8
70.4
88.0
132.0
176.0
220.0
264.0
308.0
352.0
396.0

440.0

+ 255
+ 225
+ 210
+ 145
- 30
- 855
- 850
- 945
-1400

~1430

Gathode

2

+ 465
+ 340
+ 340
+ 315
+ 305
+ 280
+ 265
+ 230
+ 140
+ 70
- 830
- 820
- 820
- 835
- 895
-1290

~-1370

—~ 4 —

1b, 1lc,

Potential,

3

+ 455
+ 340

+ 310
+ 300
+ 290
+ 270
+ 260
+ 245
+ 230

+ 245

mV

Average

+ 458
370
527

+ o+

+

310
+ 298
+ 280
¢ 267
+ 248
+ 203
+ 170
- 147

- 240

- 845
- 912
~1343

~-1395



TABLE No.4

Data for Curve lo.4 on Charts No. la, 1b, lc,
and for Curve No.2 on Chart No.T7 .

Sample vrevaeration: cleaning cycle No.4
Apparent cathode area: 0.114 sqg.in.

Polariz. Cathode Cathode Potential, mV
sueent, goreent 2 5 kveress
mA/8g.1in |
0.0 0.0 + 355 + 390 t 360 + 388
0.5 4.4 + 280 + 305 + 280 + 322
1.0 8.8 + 230 + 285 + 230 + 248
2.0 17.6 + 130 + 265 + 110 + 168
3.0 26.4 ¥ 40 + 250 ~ 35 + 85
4.0 35.2 - 80 + 230 - 870 - 240
5.0 44 .0 - 720 + 215 - Th5 - 417
5.0 52.8 - 645 + 190 - 730 - 396
8.0 70.4 - 655 ¥ 155 - T45 - 415
10.0 88.0 - 685 + 65 - 750 ~ 457
15.0 132.0 - 740 - 845 - 790 ~ 790
20.0 176.0 - 770 - 775 - 795 - 780
25.0 220.0 - 795 - 795 - 805 - 798
30.0 264.0 - 820 - 815 ~ 820 - 818
%5.0 308.0 ~1345 -1375 ~1330 -1350
40.0 352.0 -1380 -1405 -1360 -1382
45.0 395.0 ~1400 -1425 -1380 -1402
50.0 440.0 - -1435 -1395 -1415

— g -



TABLE Wo.5

Data for Curve No.5 on Chart No. la, 1lb, lc,
and for Curve No.2 on Chart No.8
cleaning cycle No.5 .

Samvle prev

Avpvarent cathode area:

Polariz.
current,
mA

o O o
* [ ] .
O O o um o

W
[}

aration:

Cathode
current
density
mA/sq.in
0.0
4.4
8.8
17.6
26.4
35.2
44 .0
52.8
70.4
88.0
132.0
176.0
220.0
264.0
308.0
552.0
396.0
440.0

+465
+ 295
- 235
- 870

0.114 sqg.in.

Cathode

- 670

- 720
- 745
- 785
~845

-1295
-1335
-1370
-1385

~ 50 -

Potential,

mV



TABLE No.6

Deta for Curve Yo.l on Chart No. 2z, 2b, Z2c,
and for Curve No.3 on Chart No.H5 .
Sample preparation: cleaning cycle No.b

Apparent cathode area: 0.114 sg.in.
Polariz. Cathode Cathode Potential, mV
current, current '
mi density 1 2 3 Average
mA/sq.in
0.0 0.0 + 330 + 255 + 305 + 296
0.5 4.4 + 315 + 175 + 265 + 252
1.0 8.8 + 305 + 115 + 255 + 225
2.0 17.6 + 295 + 5 4+ 225 + 175
3.0 26.4 + 285 + 205 + 175 + 222
4.0 35.2 + 270 - 780 - 355 - 288
5.0 44 .0 ¥ 265 - 745 - 805 - 428
6.0 52.8 + 255 - 760 - 805 - 437
8.0 70.4 + 250 - 760 - 705 -~ 405
10.0 88.0 + 245 - 785 - 705 - 415
15.0 132.0 + 210 - 770 - 720 - 427
20.0 176.0 + 170 - 705 - T45 - 427
25.0 220.0 + 110 - 735 - 755 - 460
30.0 264.0 + 10 - 770 - 785 - 515
35.0 308.0 - T45 - - 820 - 782
40.0 352.0 ~ 670 -1420 -1405 ~1163%
45.0 396.0 - T45 -1430 -1430 -1202
50.0 440.0 -1405 =1430 ~1435 ~1423

— 5=



TABLE No.7

Data for Curve No.2 om Charts No. 2a, 2b, 2c¢,
and for Curve No.3 on Chatt No.6 .
Sample preparation: cleaning cycle No.7 .

Avoparent cathode area: 0.114 sqg.in.
Polariz. Cathode Cathode Potential, mV
current, current
ma - density 1 2 > Average
mA/sq.1in
0.0 0.0 + 330 + 305 + 245 + 293
0.5 4.4 + 295 4+ 270 4 155 4+ 240
1.0 8.8 + 270 4+ 255 + 80 $ 202
2.0 17.6 + 260 + 240 - 85 + 138
3.0 26.4 + 250 + 220 - 755 - 95
4.0 35.2 + 235 + 200 - 755 - 107
5.0 44 .0 + 220 + 180 - 755 - 118
5.0 52.8 + 205 + 1855 - 770 - 137
8.0 70 .4 + 165 + 105 - 785 - 172
10.0 88.0 + 130 + 20 | - 785 - 208
15.0 132.0 - 45 - 830 - 820 ~ 565
20.0 175.0 - 730 - 720 - 895 - 782
25.0 220.0 - 720 - 745 - 570 - 712
30.0 264.0 - T40 - 770 - 685 - 732
35.0 308.0 - 760 ~-1090C C - 720 - 857
40.0 352.0 - 845 -1420 -1435 -1233
45.0 296.0 -142C ~1430 -1435 ~-1428
50.0 440.0 ~1445 -1445 -1445 -1445

—~ 51—



TABLE No.8

Data Tor Curve No.3 on Charts No. 2a, 2b, 2¢,
and for Curve No.3 on Chart No.7 .

Sample preparation: cleaning cycle No.8 .
Apparent cathode grea: 0.114 sg.in.

Polariz.
current,
mA

8.0

10.0

Cathods Cathode Potential,
current
density 1 2 3
mA/aq.in
0.0 + 305 + 285 ¢ 345
4.4 4 275 + 255 + 240
8.8 ¥ 245 ¢ 240 + 115
17.6 + 225 + 215 - 85
26.4 4+ 215 % 200 - S45
35.2 + 195 + 190 - 605
44,0 + 180 + 175 ~ 620
52.8 + 155 + 165 - 630
70.4 + 95 + 140 - 645
88.0 + 40 + 115 -~ 655
132.0 = 595 + 50 - 685
176.0 - 670 = 120 -~ 720
220.0 - 770 -~ 685 - T45
264.0 - 835 =~ 705 - 795
308.,0 ~1370 - 760 ~1345
352.0 ~1445 ~1370 ~1405
396.0 ~1470 ~1410 ~1430
440.0 ~1485 ~1430 =1440

.‘53~

mv

Average

+ 5l2
+ 257
+ 200
+ 118
- 43
- 73
-~ 88
- 103
" 136
- 163

- 410

~1158
-1407
-1437
~14 52



TABLE No.9

Data for Curve No.4 on Charts No. 2a, 2b, 2c,
and for Curve No.3 on Chart No.3 .

Sample preparation: cleaning cycle No.8
Apparent cathode areat o0.114 sq.in.

Polariz. Cathode Cathode Potential, mV
cugzent’ ggiﬁi?; 1 2 3 Averags
mA/sqg.1in A
0.0 0.0 + 245 + 130 + 230 + 202
0.5 4.4 + 80 - 70 - 85 - 25
1.0 8.8 - 45 - 170 - 195 - 170
2.0 17.6 - 245 - 245 - 850 - 447
3.0 26.4 - 750 - 655 - 655 - 687
4.0 35.2 - 520 - 660 - 635 - 638
5.0 44 0 - 610 - 670 - 635 - 638
6.0 52.8 - 510 - 675 - 620 - 635
8.0 70.4 - 625 - 695 - 630 - 650
10.0 83.0 ~ 630 - 710 - 630 - 657
15.0 132.0 - 645 - 750 - 650 - 682
20.0 175.0 - 660 - 815 - 650 - 708
25.0 220.0 - 685 - 670 - 685 - 630
30.0 264.0 - 710 - 695 - 610 - 672
35.0 3G6.0 - 795 - 685 - 735 - 738
40.0 352.0 ~-1405 - 705 - 795 - 968
45.0 396.0 -1425 - 795 -1395 -1205
50.0 440.0 -1435 -1405 -1410 ~1417

5l -



TABLE No.l0

Data for Curve Ho.l on Charts No. 3a, 3b, 3c,
and for Curve No.4 on Chart No.5 .
Samnle preparation:
Apparent cathode area: 0.114 sq.in.

Polariz.
current,
mi
0.0
0.5
1.0
2.0
3.0
4.0
5.0
6.0
8.0
10.0
15.0
20.0
25.0
30.0
35.0
40.0
45.0

50.0

Cathode
fensity
mA/sq.in
0.0
4ok
8.8
17.6
26.4
35.2
44,0
52.8
70.4
88.0
132.0
176.0
220.0
264 .0

308.0

cleaning cycle No.10

+ 330
+ 280
+ 270
+ 245
+ 200

+ G0

- 95

- 745
- 805
- 855
- 645
- 655
- 720
1370
1395
~1420

Cathode

- 770
- 820
- 830
- 845
-1195
-1295
~1355
1395

B -

Potential,

3

+ 305
4+ 280
+ 255
+ 230
+ 195
+ 165

+ 115

mV

- 717
- 878
-1153
-1382
-1413



TABLE No.1ll

Data for Curve No.2 on Charts No. 3a, 3b, 3c,
end for Curve No.4 on Chart No.6 .

Sample preparation: cleaning cycle No.1ll .
Apparent cathode area: o0.114 sa.in.

Polariz. Cathode Cathode Potential, mV
a7 Geneisy 1 2 3 Average
mA/sq.in
0.0 0.0 + 255 + 295 + 255 + 268
0.5 4.4 + 80 + 265 + 55 « 1373
1.0 8.8 - 20 + 255 - 45 + 03
2.0 17.6 - 155 3+ 205 - 135 - 28
3.0 26.4 - 795 4+ 55 - 695 - 478
4.0 35.2 - 730 - 70 - 670 - 490
5.0 44,0 - 730 - 770 - 685 - 728
6.0 52.8 ~ 720 - 745 - 5§70 - 712
8.0 70.4 - 745 - 745 ~ 695 ~ 728
10.0 88.0 - 760 - 745 .~ 705 - 737
15.0 132.0 - 320 - 795 - 770 - 795
20.0 175.0 - 870 - 870 - 845 - 862
25.0 220.0 - 870 - 805 - 830 - 835
30.0 264 .0 - 795 - 670 ~ 770 - T45
35.0 308.0 - 870 - 685 - 845 - 800
40.0 352.0 ~1230 - 745 - 8565 - 947
45.0 396.0 -1305 ~1345 - 7Ths 1132
50.0 440.0 -1355 ~1420 ~1245 -1340

— 56 -



TABLE No.l2

Data for Curve No.3 on Charts No. 3a, 3b, 3c,
and for Curve No.4 on Chart No.7

Sample preparation: cleaning cycle No.1l2
Apparent cathode areat 0.114 sq.in.

Polariz. Cathode Cathode Potential, mV
ougient, ggiii?; 1 .2 3 Average
mA/sq.1in
0.0 0.0 + 280 + 330 + 245 + 285
0.5 4.4 + 170 4+ 255 - 30 + 132
1.0 8.8 + 80 } 155 - 160 + 25
2.0 17.6 - 45 - 45 - 720 - 270
3.0 25.4 - 170 - 170 - 695 ~ 344
4.0  35.2 - 525 - 555 - 695 - 592
5.0 44 .0 - 495 - 575 - 695 - 588
6.0 52.8 - 505 - 555 - 710 - 590
8.0 70.4 - 530 - 575 - 740 - 615
10.0 83.0 - 545 - 575 - T45 - 622
15.0 132.0 - 580 - 605 - 795 - 660
20.0 176.0 - 605 - 635 - 845 - - 695
25.0 220.0 - 630 - 680 - 920 - T43
30.0 264.0 - 685 - 735 - 905 - 775
35.0 308.0 - TAS - 845 - 785 - 792
40.0 352.0 -1270 -1195 - 805 -1090
45.0 396.0 -1336 -1270 - 850 -1150

50.0 440.0 -1375 -1305 - 945 -1208



TASLE No.13

Data for Curve No.4 on Charts No. 3a, 3b, 3c,
and Curve No.4 on Chart No.R

Sample preparation: cleanine cyecle No.13 .
Apvarent cathode area: 0.114 sg.in.

Poleriz. Cathode Cathode Potential, mV

curreny, current

mA density 1 2 3 Average

mA/8q.in

0.0 0.0 + 230 + 170 + 280 + 227
0.5 4ok - 45 - 55 + 235 + 45
1.0 8.8 ~ 135 - 120 4 180 - 25
2.0 17.6 - 245 - 220 + 85 - 127
3.0 26.4 - T45 - 730 - 35 ~ 503
4.0 35.2 - 695 - 585 - 245 - Bh2
5.0 44,0 - 695 - 695 - 645 - 678
6.0 52.8 - 695 ~ 695 - 645 ~ 678
8.0 70.4 - 725 - 715 - 655 - 598
10.0 88.0 - T40 - T30 - 660 - 710
15.0 132.0 - 820 - 755 ~ 700 - 758
20.0 176.0 - 880 - 795 - T45 - 773
25.0 220.0 - 595 - 870 - 795 - 787
30.0 264.0 - 5695 - 560 - 895 ~ 750
35.0 308.0 - 735 - 570 - 845 - 750
40.0 ?52.0 - 795 - 585 - 770 - 750
45,0 396.0 -134¢ - 720 -1220 ~-1095
50.0 440.0 -1330 - 770 ~1270 -1140



TABLE ©HNo.l4

Data for Curve No.5 on Charts No. 2e,
and for Curve Ko.2 on Chart No.Y
Semple preparation:

Apparent cathode area:

Polariz.
current,
mA

Cathode
current
density
mA/sq.in
O;O
Lok
8.8
17.5
26,4
35.2
44 .0
52.8
T70.4
88.0
132.0
176.0
220.0
264.0
308.0
352.0
396.0
440.0

2h, 2¢,

cleanine cycke No.l4

+ 245
+ 220
+ 195
+ 155
+ 105
- 20
- 145
- 835
- 370
- 800

- 800

-1405
-1430
1445

-1450

0.114 sqg.in.

Cathode

Potential,

mV

- 113
- 115
- 165

- 207

e 450

- 466
- 475
~ 518
- 823
~ 828
-1170
~-1195
-1215
~1430



TABLE ©No.1l5

Data for Curve No.6 on Charts No. 2a, 2b, 2¢,
and fTor Curve No.2 on Chart No.l0 .

Semple preparation: cleaning cycle No.l5 .
Apparent cathode area: 0.114 sqg.in.

Polariz. Cathode Cathode Potentlal, mV
A 3222?23 1 2 3 Average
mA/sq.in
0.0 0.0 4 325 + 180 & 285 + 233
0.5 4.4 4+ 165 - 105 + 255 4+ 105
1.0 8.8 + 45 - 165 + 215 + 32
2.0 17.5 - 2% - 245 + 165 - 103
3.0 26.4 - 820 - 795 + 115 - 515
4.0 35.2 - 725 - 690 + 70 - 448
5.0 44,0 - 725 - 590 + 30 - 462
6.0 52.8 - 725 - 675 - 20 - 473
8.0 70.4 - 730 - 675 - 245 - 550
10.0 88.0 -~ 730 - 685 - 775 - 730
15.0 132.0 - T45 - 705 - 620 - 690
20.0 176.0 - 760 - 720 - 645 - 708
25.0 220.0 - 795 - 740 - 660 - 732
30.0 264.0 - 820 - 750 - 685 - 755
35.0 308.0 -1420 - 795 - 720 - 978
40.0 352.0 -1435 - 1345 - 770 ~1182
45,0 396.0 ~1450 ~1395 ~1395 ~141%
50.0 440.0 -1460 -1410 ~1420 ~1430

__60~



TABLE No.1l6

Data for Curve MNo.7 on Charts Fo. 2a, 2b, 2c,
and for Curve No.2 on Chart No.ll

Sample preparation: cleaning cycle No.l1l6
Avvarent cathode area: 0.114 sqg.in.

Polariz. Cathode Cathode Potential, mV
cugzent, ggiiig; 1 2 3 Averagse
mA/sq.1in
0.0 0.0 + 115 + 65 + 55 + 78
0.5 4.4 - 105 ~155 - 195 - 152
1.0 8.8 - 180 - 245 - 245 - 2253
2.0 17.6 - 745 - 770 ~ 645 - 720
3.0 26.4 - 785 - 705 - 645 - 712
4.0 35.2 - T45 - 705 - 650 - 700
5.0 44,0 - 745 - 720 - 650 - 705
6.0 52.8 - 750 - 720 - 660 - 710
8.0 TO4- - 765 - 740 - 680 - 728
10.0 83.0 - 775 - 745 - 685 - 735
15.0 132.0 - 810 ~ 770 - 720 - 767
20.0 176.0 - 830 - 795 - 750 - 790
25.0 220.0 - 845 - 820 - 785 - 817
30.0 264 .0 - 845 - 845 - 805 - 832
35.0 308.0 - 870 ~-1405 - 845 ~1040
40.0 352.0 ~-1370 ~-1425 -1385 ~1393
45.0 395.0 -1395 -1435 -1410 ~1413%
50.0 440.0 -1410 1445 -1420 ~1425



TABLE No.l7

Data for Curve No.8 on Charts No. 2a,

and for Curve No.2 on Chart No.l?

Sample preparation:

Apparent cathode area:

Polariz.
current,
mA
0.0
0.5
1.0
2.0
3.0
4.0
5.0
6.0
8.0
10.0
15.0
20.0
25.0
30.0
35.0
40.0
45.0

50.0

Cathode
donsity
mA/sq.in
0.0
4.4
8.5
17.6
26.4
55.2
44,0
52.8
70.4
88.0
132.0
176.0
220.0
264 ,0
308.0
352.0
396.0
440.0

@

2b, 2c¢,

cleening cycle No.l7 .

85
- 205
- 815
- 745
- 735
- 720
- 710
- 725
- 725
- 735
~ 755
- 770
- 795
- 820
~1370
-1395
~1410

0.114 sqg.in.

Cathode

2

.

Potential,

5

¢ 240
4 145

mV

- 760
- T17
- 710
- 722
~ 725
- 750
- 723
- 727
- 742
- 765
- 975
~-1037
~-1403



TABLE 1o0.18

Date for Curve Wo.5 on Chartis No. 3a, 2b, 3¢,
and for Curve No.3 on Chart No.9

Sample prevaration: cleaning cycle No.18
Apparent cathode area: 0.114 sqg.in.

Polariz. Cathode Cathode Potential, mV
SvEheS ?1:?12323 1 2 3 Averape
mA/sq.in
0.0 0.0 + 345 + 315 4 310 + 323
0.5 4.4 4+ 295 + 270 + 265 ¢+ 277
1.0 8.8 + 265 + 245 3 245 + 252
2.0 1776 ¥ 215 + 205 + 195 + 205
3.0 26.4 + 145 + 155 + 105 4 135
4.0 35.2 + 70 + 65 - 55 + 27
5.0 44 .0 - 5 - 45 - 180 - 77
6.0 52.8 - 245 - 220 - 270 - 245
8.0 70.4 - 705 -~ 710 - 750 - 722
10.0 88.0 - 705 - 705 - 705 - 705
15.0 132.0 - 720 - 725 - 725 - 723
20.0 176.0‘ - 740 - 740 - 745 - Th2
25.0 220.0 - 755 - 750 - 770 - 758
3.0  264.0 - 780 ~ 780 - 805 - 7388
35.0 308.0 - 785 - 820 ~ 845 - 817
40.0 352.0 - 845 - 720 -1270 -~ 945
45.0 396.0 ~1195 - 795 ~-1305 -1097
50.0 440.0 -1245 ~13%85 -1345 -1325
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TABLE No.19

Datae for Curve No.5 on Charts No. 3a, 3b, 3¢,

and Curve No.3 on Chart No.l10

Sample preparation:

Apparent cathode area: 0.114 sg.in.

Polariz. Cathode
Current, current
mA density
mA/sq.in
0.0 0.0
0.5 4.4
1.0 8.8
2.0 17.6
3.0 26.4
4.0 35.2
5.0 44,0
6.0 52.8
8.0 70.4
10.0 88.0
15.0 1322.0
20.0 176.0
25.0 220.0
30.0 264.0
35.0 308.0
40.0 352.0
45.0 396.0
50.0 440.0

®
&

cleaning cycle No.1lS

Cathods

— {4 -

I
=

245

Potential,

3

+ 230

mvV

Average

210

s

+ 28
- 57
- 200
- 488
~ 638
~ 635
- 635
- 642
- 648
- 663
- 683
- 707
- 733
- 775
- 988
~1120

=-1371



TABLE ©§o.20

Data for Curve No.7 on Charts Ko. 3a, 3b, 3c,
and for Curve No.3 on Chart No.ll

Samvle vreparationt: cleaning eycle No.20
Apparent cathode area: 0.114 sg.in.

Polariz. Cathode Cathode Potential, mV
Mt ggg§§i§ 1 2 3 Average
mA/sq.1in
0.0 0.0 + 130 + 155 4+ 235 + 173
0.5 5.4 - 120 - 95 - 35 - 83
1.0 8.8 - 170 - 155 - 145 - 156
2.0 17.6 - 245 - 245 - 245 - 245
3.0 26.4 - 755 - 710 - 765 - 743
4.0 35.2 - 695 - 655 - 705 - 685
5.0 44..0 - 695 - 455 - 710 - 687
6.0 52.8 - 595 - 660 - 705 - 687
8.0 TO.4 - 705 - 675 - 720 - 700
10.0 88.0 - 710 - 685 - 720 - 705
15.0 132.0 - 730 - 705 - 745 - 727
2040 175.0 - 750 - 725 - 760 - Th5
2540 220.0 - 775 - 745 - 785 - 768
30.0 264.0 - 820 - 775 - 820 - 805
35.0 308.0 -870 - 820 - 870 - 853
40.0 352.0 - 970 - 870 - 895 - Q12
45,0 306.0 ~ 870 -1355 - 745 - 990
50.0 440:0 -1345 -1385 - 820 -1183



<]

TABLE No.21

Data for Curve ¥No.3 on Charts No. 3a, 3b, 3c,
and for Curve No.3 on Chart No.l2

Sample prevaration: cleaning cycle No.21 .
Avparent cathode arcat: 0.114 s~.in.
Polariz. Cethode Cathode Potential, mV
SR §§§§§2§ 1 2 3 Average
mA/sq.in
C.0 0.0 + 130 + 170 + 230 + 177
0.5 4.4 - 95 - 95 - 45 - 78
1.0 8.8 - 155 - 195 - 145 - 168
2.0 17.6 - 245 - 765 - 245 - 418
3.0 26.4 - 730 - 710 - 770 - 737
4.0 35.2 - 705 - 715 - 695 - 705
5.0 44 .0 - 705 - 725 - 695 - 708
6.0 52.8 - 705 - 725 - 695 ~ 708
8.0 70.4 - 720 ~ ThS - 705 - 723
10.0 88.0 - 725 - 745 - 705 - 725
15.0 132.0 - 745 - 775 - T40 - 753
20.0 176.0 - 775 - 810 - 750 - 778
25.0  220.0 - 795 - 845 -~ 780 - 807
30.0 264.0 - 835 ~ 870 - 810 - 838
35.0 308.0 - 870 - 945 - 870 - 895
40.0 352,0 - 945 = 845 ~-1245 ~1012
45.0 %96.0 ~1020 - 845 ~1355 -1073
50.0 440.0 +1145 -1095 ~-1385 -1208

— 66—



TABLE No.22

Datea for Curve
Samole vreparation:
Apparent cathodes area:

Polariz. Cathode
A Genaity
mA/sg.in
0.0 0.0
0.5 4.4
1.0 8.8
2.0 17.6
3.0 26.4
4.0 35.2
5.0 44,0
6.0 52.8
8.0 T70.4
10.0 88.0
15.0 132.0
20.0 176.0
25.0 220.0
30.0 264.0
35.0 208.0
40.¢C 352.0~
45.0 396.C
50.0 440.0

No.l

on Charts

¥o. 4a, 4v, 4c,

Potential, nV

STy rAe M

Cathode
1 2

+ 405- 4 415
+ 340 + 365
+ 305 ¢ 345
+ 95 % 305
- 245 4 165
- 705 + 105
- 695 4+ 5
- 690 - 840
- 695 - 620
-~ 695 -~ 595
- 715 - 635
-1310 - 655
-1355 - 700
-1335  -1375
-1395  -1395
-1400 -1400
—1410 -1410
-1420 ~-1420

Average

R
!
&



Dats Tor Curve No.?2
Semple prevaretion:

Arnarent cathode area:

Polariz.
Current,
mAi

Cathode
Gensity
mA/sq.in
0.0
4.4
8.8
17.6
264
35.2
44..0
52.8
70.0
88.0
132.0
176.0
220.0
264.0
308.0
352 .0
3%956.0
440.0

on Charts
clesaning

- (g -

Yo. 4a, 4v, 4c
cycle fo.ll
0.114 sc.in.

Potential,
3 4

+ 415 ¢ 365
+ 355 4 335
+ 330 4+ 320
4+ 295 § 290
+ 265 4 250
+ 130 + 40
- 155 - 295
- 885 - 785
- 655 =~ 760
- 5650 - 650
- 680 - 680
- 720 - 705
- 720 - 820
- 895 -1220
-1290 -1240
-1380 -1370
-1595 -1410
-1405 -1430

mV



ABLE No.24

Data Tor Curve Io.3 on Charts No. 4a, 4b, 4c .
Sample prevaration: c¢leaning Cycle MNo.l
Apvarent cathode area: 0.114 so.in.
Polariz. Cathode Cathode Potential, mV
current, current
mA density 1 2 3 4 Average
mb/sq.in
0.0 0.0 4+ 445 ¥ 4820 + 365 + 3385 + 419
0.5 4.4 4+ 310 + 370 ¥ 355 + 365 + 350
1.0 8.8 ¥ 245 4+ 345 ¢ 340 ¢ 375 + 327
2.0 17.6 + 55 ”+ 250  + 315  + 245 t+ 217
3.0 26.4 - 805 4+ 105 ¢ 285 + 5 - 102
4.0 35.2 - 775 - 855 4 260 - 395 - Ah4
5.0 44.0 - 785 - 70C & 220 - 715 - 495
6.0 52.8 - 800 - 710 + 170 - 705 - 511
8.0 70.4 - 795 - 735 + 75 - 745 - 550
10.0 88.0 - 830 - 750 - 405 ~ T45 - 705
15.0 132.0 ~1370 - 770 - 700 - 800 - 910
20.0 176.¢C -14C0 -1250 - 750 ~1275 -1171
25.0_ 220.0 -1410 -1375 - 785 -1360 =~1233%
30.0 254.0 ~-1420 -1395 =770 -1395 1245
35.0 308.0 -1435 -1415  -1295 -1410 -1%89
40.0 352.0 1445  -1430  -1340  -1430 ~1411
45.0 396.0 -1450 -1445 -—1355 ~1445 -1424
50.0 440.0 -1455  -1450  -1410  ~-14%50 1441

— 6 -



TABLE No.

Data for Curve No.4 on Charts No. 4a, 4b, 4c

Sample mr
Avparent

25

eparation: cleaning cycle No.3> .
0.114 saq.in.

catnhode area:

Polariz. Cathode

current
mA

O
Ul O

MO

N o
o (@] O o

~

6.0
8.0
- 10.0
15.0
20.0
25.0
30.0
35.0
40.0
45.0

50.0

, current
density
mA/sq.in

0.0
4.4
8.8
17.6
26.4
35.2
44,0
52.0
70.4
33.0
132.0
176.0
220.0
264.0
308.0
352.0
396.0
440.0

1

+ 385
+ 350

fo
o
\\O
92}

-+
n
Y]

‘N

Lo
fod
-
O

Cathode

2

- 705
-1300
-1370
-1395
-1415
~-1435
=1445

-1450

-

Potential,

4

+ 415

- 705
~1300
-1%80
-1400
~1420
~1440
1445

-1455

mV

Average
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Data for Curve Wo.5 on Charts No. %4a, 4b, 4c

ARIE YNo

.26

—

Samnle nrsvarationt

Avrarent cathode arss:

Polariz.
current,

8.0

© 10.0
15.0
20.0
25.0
30.0
35.0
40.0
45.0

50.0

Cathode
current
density
mi/sa.in
0.0
4.4

8.8

cleaning

- 755
- T40
- 735
- 785
_1330_
~-13°75
~1400
~1410
~1410
-1425

~1430

Cathode

1
\J1
\O
Ut

i
Ch
Wi
Ul

—"7l~

cycle No.4 .
0.114 sg.in.

-

Potentisl, mV

3

+ 345
+ 335
+ 315
+ 285
+ 265
+ 225
+ 185
+ 155

4

Averags

+ 382
« 341
+ 310
+ 254



TABLE Ko.27

Data for Curve Ho.dS on Charts Ho. 4a, 4b, 4c
Sample vraenarstion! cleaning cvele 5o.5
Avnnarant catrodes arsa:r $.114 go.in.

Polariz. Cathode Cathode Potential, mV
currant, current
mA density 1 2 3 4 Aversce
mA/sq.1n
C.0 0.0 + 420  + 455 41005  + 980 + 715
0.5 Alh +380 + 305 + 5 & 30 + 180
1.0 8.8 + 360 - 320 -~ 295 - 855 - 278
2.0 17.6 + 330 - 590 - 895 - 570 - 431
3.0 26.4 + 305 - 520 - 560 - 580 - 354
4.0 - 35,2 + 280 - 555 - 570 - 605 - 387
5.0 4h 0 + 250 = 870 - B85 - 625 - 407
5.0 52.8 + 220 - 835 - 600 - 635 - 425
8.0 T70.4 + 155 - 605 - 635 - 660 - 459
10.0 8%.0 + 100 = 305 - 850 - 675 - 480
15.0 1%2.0 - 505 - 750 = 705 - 705 - 689
20.0 176.0 -1185  ~1320 - 820 -~ 845 ~1042
25.0,  220.0 -1335  -1380 - 895  -1355 ~1241
30.0 264.0 -1350  -1385  -1390  =13%85 - 1380
35.0 308.0 -1390  -1400  -1410  =1405 ~1401
40.0  352.0 S1400  -1405  ~1435 <1430 ~1417
45,0 3956.0 -1405 <1420  =14855  -1445 ~1431
50.0 440.6 1410  =1430  -1465 <1445 ~1435

~ 7L -



TASBLE No.23

Validity test deta.

Sample vreparation Cleaning cycle number

2 5 13
Sample No.l
Weight plated, g 0.5887 0.5855 0.5873
Welght stripped,g 0.5377 0.5841 0.5868
Weight of Cr , @ 0.0010 0©.0014  0.0005
Sample No.2
Welght plated, g 0.5870 0.5880  0.5901
Weight stripved,g 0.5855 0.5872 0.5897
Welght of Cr , g 0.0015 ©.0008 0.0004
Sample lo.3
Welght plated, g 0.5899 0.5897 0.5504
Welght stripved,g 0.5888 0.5887  0.5894
Welght of Cr , g 0.0011 ©0.0010  0.0010
Average welght of Cr
on three samples, g 0.0012. 0.0011 0.0006
Average thickness of
Cr on three samvles, mm 0.0227 0.0203 0.011¢
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Cyecle No.

CLEANING SCUEDULES

Descrintion of Cyvcle

10

11

12

13

14

Samnle polished with dry sandpaver; solvent degreased.

Sample volished with dry sandpaver; solvent degreased;
wet~gscoured; rinsed.

Sample polished with dry sandpaper; solvent degreased;
soaked in alkaline cleaner; rinsed.

Samople vpolished with dry sandpaver; solvent degréased;
electrocleaned cathodically: rinsed.

Samvle polished with dry sandpaper; solvent degreased;
electrocleaned anodically; rinsed.

Sampnle polished with dry sandpaper; solvent degreased;
vickled in HC1l; rinsed.

Sample polished with dry sandpaper; solvent degreased;
alkali soak-cleened; rinsed; pickled in HC1l; rinsed.

Sample polished with dry sandvaper; solvent degreased;
electrocleaned cathodically; rinsed; plckled in HCL1 ;
rinsed.

Sample polished with dry sandpaper; solvent degreased;
electrocleaned anodically; rinsed; pickled in HCLl ;
rinsed.

Sample polished with dry sandpaver; solvent degreased;
plckled 1In HpSO0p ; rinsed.

Sample polished with dry sandpaper; solvent degreased;
alkall soak-cleaned; rinsed; pnickled in H2804; rinsed.

Sample prolished with dry sandpsper; solvent degreased;
electrocleaned cathodically; rinsed; plckled in HpSO04;
rinsed.

Sample polished with dry sandpaper; solvent depreased;
electrocleaned znodically; rinsed; wvickled in HQSOA;
rinsed.

Sample polished with drv sandpaper; <olvent degreased;
electrocleaned crthodically; rinsed; nickled in HC1 ;
rinsed; electroclerned cathodically; rinsed; nickled
in HCLl; rinsed.

T~



Cycle No.

Degcrivtion of Cvecle

15

16.

17

18

19

20

21

Samole polished with dry sandvaper; solvent degreased;
electrocleaned snodically; rinsed; plckled in HC1l ;
rinsed; electrocleaned cathodically; rinsed: bpilckled
in HCl; rinsed.

Sample polished with dry sandvaver; solvent degreased;
electrocleaned cathodically; rinsed; pickled in HC1 ;
rinsed; electrocleaned cnodically; rinsed; pickled in

HC1l:; rinsed.

Sample volished with dry sandvaper; solvent degreased;
electrocleaned anodically: rinsed; pickled in HC1 ;
rinsed; electrocleansd anodically; rinsed; pickled in
HC1l; rinsed.

Sample polished with dry sandpaver; solvent degreased;
electrocleaned cathodically; rinsed; pickled in HC1l ;
rinsed; electrocleaned cethodically; rinsed; pickled
in H2804 ; rinsed.

Samble polished with dry sandpaper; solvent degreased;
electrocleaned anodically; rinsed; pilckled in HCL ;
rinsed; electrocleaned cathodically; rinsed; plckled
in Ho80y ; rinsed.

Sample polished with dry sandpaper: solvent degreased;
electrocleaned cathodicaelly; rinsed; pilckled in HC1 ;
rinsed; electrocleaned anodically; rinsed; pickled in
Hs50, ; rinsed.

Semnle polished with dry sandpaper; solvent degreased;
electrocleaned anodically; rinsed; pilckled in HC1 ;
rinsed; electrocleaned anodically; rinsed; plckled in

, HoB0y 5 rinsed.

S



DETAILS OF INDIVIDUAL STEPS USED IN PREPARATION OF SAMPLES

l. ©Sandpaper polishing.
Samples were rubbed(lengthwise and circumferentially)
with Carborundum Co.'s BExtra Fine Indian Head Flint
Paper, until a uniform luster was obtained.

2. Solvent degreasing.
Samples were agitated in 1,1,1,-trichlorocethane for
30 seconds; excess solvent was shaken off and samples
were alilr-dried before next step.

3. Alkeline socak cleaning.

Samples were immersed for two minutes into the
following bath:

Caustic Soda 16 g/1
Sodium Metasilicate 8 g/1
Sodium Carbonate 8 g/1
Trisodiun Phosphate 8 g/1

( Operating temperature: 70 to 85°C )
4. Electrocleaning.
Both the cathodic and the anodic electrocleaning

werg performed by treating samples for two minutes
in a bath of the following composition;

Caustic Soda 75 &/1
Trisodium Phosphate 10 g/1
Sodium Carbonate 14 g/1

Counter~electrodes- low-carbon steel.
Temperature: 70 to 85°C
Current density (at the sample): 100 asf

5. Hydrochloric acid pickling.

Samples were kept for three minutes in a bath made by
mixing one volume of commercial muriatic acld with two
volumes of water. Bath was used at room temperature,
without agitation.

6. Sulfuric acid pickling.
Samples were kept for three minutes 1n a bath made by

mixing one volune of commerclial concentrated HoS04
with four volumes of water. Bath was used at room temperature,

without agltation.
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T. Wet scouring.

This operation was performed by rubbing samples for
30 to 60 seconds with a wet cloth vad, divped 1into
a household scouringe vowder ("Alax"). Excess powder

was Tlushed off with tap water before the sample was
subjected to the rinsing oneretion prover.

8. Rinsing.

A three-stage rinse was employed. The first two sta-
ges comprised tap water, but distilled water was used
in the final rinse. In all cases, samples were rinsed
for 30 seconds, with a continuous agitation.
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APPARATUS

1. Modiried™) EICO Model 214 vecuum-tube voltmeter, 22 megohm
input resistance.
2. Lafayette Model 30-A volt-ohmmeter, 20,000 ohms per volt.
5. Saturated calomel electrode, Beckman.
4. Stirrer assembly, consisting of a three-speed motor, a flex-
ible ghaft, and a loop impeller.
5. Dry cells, 6 volt Eveready Heavy Duty No.509.
5. BStorage battery, 6 volt,70 ampere-hours Allstate No.57 .
7. Electrical connectors: plugs, wires, terminal posts, alll-
gator clivs, switches.
8. Potentiometer - 1,000 ohm, 2 watt; resistor - 150 ohm,2 watt;
rheostat « 5600 ohm, 2 watt .
9. Electric hot plate.
10. Polyvinyl chloride tubing and stov=-off tape .
11. Chemicelst NaOH, NapCOz, NaSi0x, Na3POy, HC1, Hy504 ,
1,1,1 = trichloroethane, distilled water,
CR-110 (a self-regulating chromium plating
compound, made by the United Chromium Co.).
12. High-cerbon steel samvles.

13. Low-carbon steel strin for anodes.

*) The modificetion comprilsed:

1. Tyvandine the lowest availeble "DC Volts" scale

by a factor of tvo.
Buildins into the meter a solenoid-actuated chop-

per bar for arresting vointer at repuler intearvals
to facilitate the reading of a fluctuatine voltage.

_‘Ig*



DISCUSSION

Selection of the procedure and of electrolytes to be used
in conducting the experiment was made on the basis of prelimi-
nary trial tests or on the basis of certain considerations as

explained below.

A. Haring's Method

The possibility of using Haring's method of potential
measurement (43), which requires the use of a reference
electrode made from the same material as the cathode, was
Investigated. Only a few runs were made and the method was

abandoned for lack of reproducibility.

B. Speed of Agitation

Various stirrer speeds, from zero speed (no agitation)
to the maximum speed obtainable with the available multi -
speed agltator motor, were tried. It was found that when
no agitation or slow-speed agitation was employed, the po-
tential stabilization occured rather slowly and that rep -
roducibility of readings was poor. On the other hand, when
the stirrer was run at a maximum speed, too much splashing
occured and the electrolyte was visibly serated. Splashing
covered the electrode carrier arm with the electrolyte and
thls created a current leackage path and a possiblility of
erroneous readings. The madium stirrer speed (spproximate-

1y 100 rpm) was, therefore, selected as the stendard agl -
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tation. This was fast enough to provide a noticeable flow
of electirolyte past the cathode, yet 4id not cause undue

splashing or aeration.

Calomel Electrode

Several methods of connecting the calomel electrode to
the elsctrolysis cell were tried. In each case, electrode
was surrounded with a KC1l-filled glass jacket (see Fig. 5)
which was drawn to a capillary tip. When the top of Jacket
was tightly closed with a greased rubber stopper,the level
of KC1 solution within.remained constant. It was noted how-
ever, that as soon as the tip of the Jacket touched surface
of the CrOz electrolyte, the latter would diffuse upward
into the XC1l at an smazingly fast rate. A cotton plug, 1in-
serted igto the capillary, failled to completely stop this
diffusion. Finally, the diffusion of the Cr0z solution was
counterbalanced by a controlled bleeding of the KC1l solutlon
from the caepillary tin» of the Jjecket. However, potential of
the cathode measured with:'thls arrangement proved to vary
in an unpredictable feashion, and et higher densities of the
polarizing current a chlorine odor began to emanate from the

electrolyels cell. Samnles, when removed from the solutlon,

were also found to have this odor. Evidently, the eaffluent

KC1 was being decomnosed and wes causing fluctuvations of the
potentlael. Since the hlesdinge method of gtoprine diffusion
of the Cr0=x could not be use?, several more attemovts to use

cotton and nabestos nluse were made. These were finslly re-
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vlaced by z vluc made from gelatin containing sbout 5% of
XC1l. The gelatin plug proved to be most setisfactory and
completely stowned the diffusion of CrO0x into the KC1l so-

lution.

Soncentration of the Electrolyte

The ease of handling ef the experimental setup was test-
ed with NaCl and KCl electrolvtes of various concentrations;
the cathode notential readings were not recorded. Since the
decislion was made beforehand that the experiment was to be
run . with CR-116,- a commercial chromium plating formulation,
this was tested in four concentration: full-strength and di-
luted to be anmroximately 1.0 M, 0.1 M, and 0.01 M in Cr03.
While all of these performed satisfactorily, the undiluted
solutions (about 250 g/1 of Cr0s) was too opaque to permit a
visual examination of the surface of submerged electrodes .
The 0.01 M solutlon wes, of course, the most transvarent,but
its limitation was the possibility of concentration changes
occuring during a lengthy electrolyels run. The 1.0 M solu -
tlion was finally made standard for the experiment.When slde-
11ghted, it was transparent enough to permit the observatlion
of electrode surfaces; yet, 1its concéntration was close to
that of the full-strength solution and, therefore, readings
obtained with 1.0 M solution should be comnarable to results

of measgurements on a full-strength electrolyte.
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Cleaning Solutions

An extremely larpe veriety of metal-cleaning formulas is used
by the plating industry. Since they all fall into essentlally
two categories, 1.e., alkaline solutions used with or without
current, and acid solutions used with or without current, it
was not too difficult to select a typical alkaline soak-clean-
ing and electro=~cleaning formula, as well as ITwo acid pickles.
For the acid pickles, HC1l and H2804 were selected because they
are used by‘almost every plating shop. The use of an acld
electro-cleaning bath was considered, but declded against. In
many instances, this type of cleaning produces a rather deep
etch which improves adhesion but not the appearance of the de-
posit. Cleaning formulations containing lons of non-alkali me-
tals (such as formula used in the Bullard-Dunn or other strike
cleaniné processes) were.not taken into consideration. These
are used cathodically and therefore potential readings would,

naturally, be influenced by the type and amount of metal devo-

sited on the cathode while 1t was belng cleaned.

In all cases, including the trial runs, the electrolysls was

conducted with low-carbon steel enodss (rather than with 1lead

anodes) since the steel anodes were easler to prepare in such .a

way that the initlal cathode-anode emf was reasonably close to

zero. A new snode was used for each cathode sample and the anode

area vias adjusted to 250 mm2, 1.2., about three times that of

the apparent area of the csthods.

I



Sample cathodes used during the experiment were taken at
random from a large (several thousand nieces) production lot,
immediately after the tempering operation. Physically,samples
were small pins, 1.8 mm in diameter, 30 mm long, with one end
stamped flat. This shape permitted an easy insertion into the
cathode holder, which was provided with a centrally -located
1.9 mm bore and a slot to accomodate the flat end of speclmen
(see Flg. 4). Pins were manufactured from 1.3% carbon steel
and heat treated to a hardness of Rockwell C 60.

The temperature of the electrolysis cell was not thermo-
statically controlled, but the environment of the experiment
was such that the cell temperature remained at 18+¥1°C  during
the experiment. The emf for the polarization of samples was
obtained from a potentiometer placed across two Ov Eveready
dry cells, ;onneoted in series. A 6-volt storage battery was
used as the current source for electro-cleaning and stripping
of samples.

When graphs of the cathode potential (called for in step
15 of the experimental procedure, charts No. la through No.4c,
showing results of the experiment grouped by the type of clean-
ing schedule used 1n sample preparation) were constructed,they
proved to be too complicated to be used for evaluation of data.
In order to facilitate the comparison hetween the shapes of all
plot curves, data was re-plotted as shown in charts No.5 through
No. 12. All these charts contzin a reference curve depicting
potential readings on wet-scoured samples. This was deemed to be

an avpropriate criterion, since the original practical bproblem
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(see Foreword) was solved by means of & similar method of
cleaning.

All charts show that the shape of cathode potential plots
varies in a seemingly random msmner. The fluctuations 1in the
lower and, possibly, the middle current density region (charts
No.l through No.4, with "a" and "b" subscript) may represent
various stages of sample surface conditioning by polarizing
current. The difference between individual curves begins to
become noticeable in the upper current density region, and es~-
peclally above the topmést inflection point.

Charts No.5 through No.l2 show that in all cases the re -
ference curve No.l (cleaning schedule No.2, wet-scoured pins)
seems to be characterized by the most negatlive potential. The
No.4 curve in chart No.8 (cleaning schedule No.1l3, specimens
cleaned anodlcally, then pickled in HnS50,) seems, on the other
hand, to be the least negative. Curve No.3 in chart No.5 falls
éomewhere between these two curves, but is closer to the H2804
than to the reference curve.

To interpfet the meaning, of the difference in the relative
posltion and shape of the above-described curves, a validity
test was conducted. The test also served to check the initial
assumption that the shave and the relative position of cathode
potentlal curves will reflect the relative effectiveness of va=-
rious cleaning schedules and thus might be used as a basls for
Predicting the quality of subsequent electro-deposite.The test
comprised actual plating of samples cleaned in accordance with

schedules No.2, No.6, and No.l13, and taking thickness measu -
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rements on the resultant electro-depvosit. The thickness of plate
was taken into consideration but i1ts adhesion to the basis metal
was not tested.

Results of this test are tabulated in table No.28.The avppear-
ance of all samples was approximately the same, except that the
samples cleaned in accordence with schedule No.l3 were,possibly,
somewhat duller that the rest of test pilecas. When used in con-
Junction with charts showing pertinent curves, validity test da=-
ta provides a definite confirmation of the original assumption.
The quality of the deposit seems to be directly correlated with

the behavior of corresponding potentlal-current density curves.
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CORCILUSIONS

As gtated in preceding parts of this vaper, the vurpose of
the experiment was to investigate the dependency between spe-
cific metal-cleaning methods and a measurable parameter which
1s influenced by changes on metal surfaces that are caused by
cleaning. On the basis of experimental findings, an objJective
test procedure sulteble for evaluation of the relative effec—
tiveness was to be proposed. The results of the experiment, as
tabulated and discussed abbve, warrant the following conclu -

sions.

1. The quality of an electrodeposited coating and the esase of
deposition are influenced by methods usgsed in preparing the ba-~
sls metal for plating. For a specific basis metsl, there 1is a
direct correlation between the quality of the deposit and the

cleaning method used.

2. The slngle-electrode potential of the cleaned basls metal
i1s one of the measurable parameters that can be used 1n evalu-
ating the relative effectivensss of sgeveral cleaning methods,
or 1n predicting the quality of the subsecuent electrodeposit.
The numerical values of this potential become meaningful only
when tied in with corresponding densitles of polarizing current,
viz., when used 1n plotting notential vs. current density cur-
ves. When two individual cleaning methods are being compared ,
the method which, Tor a glven current density, causes metal to
acquire a more negative potentisl wlll most likely produce an

easler-to-plate surface.
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3.

When plating chromium over polished and hardened high-carbon

steel, the steel surface should preferably be preparsed by mechan-

ical cleaning, i.e., by wet-scouring with a mildly abrasive slur-

ry. When mechanical cleaning is not feasible, the metal might be

cleaned by degreasing followed by pilckling in dilute HC1l.In this

case, the quality of plating will be comparable to, but not gquite

as good as, the plating obtained on a mechanically-cleaned surfa-

ce. The use of HoS50y plckle, especlially in a final step of clesan-

ing cycle, should be avoided since it 1s likely to produce an un-=

gatisfactory plate.

Techniques employed in the course of thls experiment might be

adapted to produce an instrumental method for the evaluation of

effectiveness of cleaning procedures. The evaluation would be on

a strictly relative baslis and, therefore, at least two different

cleaning procedures should be tested simultaneously. Such test

might be conducted es follows.

1.

2.

Obtain several specimen parts from the lot to be plated.
Working with one part at a time, clean the surface of the met-
al using one of the cleaning methods to be evaluated. Immedl-
ately after the last cleaning step, make the part the cathode
in an electrolyte which is similar to that in the plating tank.
Measure single-electrode votentlal of the specimen at several
denslties of polarizing current, ranging from zero c.d. to a
c.d. only slightly lower than that reguired for plating.

Repeat steps 2. and 3. to obtain multiplicate readings for all

cleaning methods. Average each set of multinlicate values.
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Plot potential vs. current density curves for all clesn -
ing cycles. Visually, compare relative positions of these
curves; & curve that 1s more negative than the others will

correspond to the most efficient cleaning cycle.
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10.

11.

12.

13.

14,

16.

17.

18.

19.

20.
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