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ABSTRACT 

A study was ma.de of a method of analysis or a ebro.in:l.um plating 

solution for added anion content. The rethod or analysis and the variables 

involved are described. · Means am techniques of controlling these vari

ables; are listed. It was round that this !m3thod could be extended to the 

analysis for .nuoride ion as 11011 as sulfate ion. 

A limited investigation or the oxidation or copper by chromic 

acid, and the effect or sulfate ion upon this reaction was carried out. 

The cathode polarization - current density curve was determined 

for a chromic acid solution containing fluoride ion. The description or 

the chromium deposited at these current densities was alsorecorded. 
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PART I 

AH\LYSIS FUR SULFATE AND FLUORIDE IONS 

IN 2.5 M Cro3 SOLUTION 
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I. INTRODUCTION 

The successful deposition of chromium frooi chromic acid was 

first reported by ~tharl about the middle of the nineteenth century. 

Later investigators both denied ;and aff'irmed Geuther 1 s claims. Much co~

fusion followed until a very careful and thorough investigation by Carveth 

and Curry, reported in 19052., clearly proved that chromium could be de

posited from a cOlllJilercial grade or chromic acid. Their experiments 

indicated that the deposition of dlromium was facilitated by the presence 

of a small amount or sulfate ion, which they showed to be an impurity round 

in camnercial grade chranic acid. Carveth a,ryj Curry indicated the neces

sity of the presence of sulfate ion in their statanent: 

"Under no circumstances have we by working within a temperature 

range of 20 to 90° C., cu?Tent density of 10 to 250 8JIIP ./dm2, 

concent:ration fran 1% to 50%, been able w.i. th a pure acid to 

get results at all canparable with those or Geutrer." 

Subsequent investigations, especially those reported by Sargent3 made it 

evident that, if' success were to be obtained in u·sing the chromic acid 

bath, careful control of the many variables involved wruld have to be 

maintained. In Sargent 's own words this can be seen: 

"The deposition of chromium is affected very markedly by the 

percent of chromic acid arrl ch:romie sulfate present and by the 

temperature or the solution and the cathode current · density used, 

so that good results are obtained only by a careful control or 

these factors." 

Haring and Barrows, in their canprehensive paper entitled the "Electrode

posi tion of Chromium from . Chromic Aci~ Baths"4, state in their conclusion: 



"The recent industrial success of chromium plating must, 

therefore; be attributed, not to any improvement which has 

been made in the bath, but to its more careful operation 

and control." 

Since careful control of variables has been found necessary for 

the successful operation of a chromic acid plating bath., much work l}as 

been done in an effort to develop and improve methods of control and 

analysi-s. 

This investigation has been conducted primarily in an effort to 

improve a known, but little used, method of analysis for sulfate ion in 

the. chromic acid bath., which was discovered by Pfanhauser. This work was 

also intended to discover whether this method could be extended to the 

analysis of nuoride ion, which is sanetimes substituted for sulfate ion 

in chromic acid plating baths. 

The method of sulfate aralysis in chrome plating baths generally 

used ?-D commercial practice t .oday is the method outlined in detail · by 

Haring and Barrows4 in 1927. Their nethod of analysis involves the pre

cipitation of the sulfate ion with barium chloride arter the reduction 

of the hexavalent chrcmium with ethyl alcohol. The precipitate is d_igested 

overnight on a steam bath., filtered, washed, dried and weighed as barium 

sulfate. Recent improvements have shortened the time, but this procedure 

still requires several hours to complete. In .addition to being lengthy 

and laborious., this method does not afford the high degree of accuracy and 

precision found in most of the present d~ anal;ytical procedures. 

In 1931 Pfanhauser, or Ger.many, published an article' describing 

the fact that if the voltage across ~wo electrodes immersed in a solution. 

of chromic acid is gradually raised, the current flowing through the 

solution will increase to .a point at which it suddenly drops to a law 
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value. When the potential is increased further, the current gradually 

increases steadily from there on. The maximum value of the current before 

the sharp drop was noted by Pf'anhauser to be dependent upon the concen

tration of' the sulfate ion in the chromic acid solution. 

In spite of this early publication, this principle does not seem 

to have been utilized for sulfate analysis until 1940 when Robert 

Bilfinger pl.aced an instrument on the market in Germaey cal.led the LPW 

6 
SuJ.f'ometer. It consisted essentially of' an ammeter, voJ.tmeter, two 

electrodes and a source of' variable voltage. The ammeter was calibrated 

to read directly per cent su.Lfate ion in the bath. This instrument af

forded a quick method of analysis, but it was not too accurate. This 

method was studied further by McKinley in 19467 and by Il'in in 19488• 

These investigators also reported that the method left much to be desired 

in the way of acruracy. Markwell and McKinley reported some imppovements 

in this method in 19499• ll'in reported a maximum experimental error 

( deviation) of 13%. Markwell reported experimental error varying from 

.4% to 4% with an average of 2% • 

h 



II. APPARATUS AND EXPERIMENT AL PROCEDURE 

Experiments conducted by the author and those by the investiga

tors mentioned above . indicated the value of the current at the break to 

. be affected by the following var:iab?,es: 

1. Electrode area 

2. Concentration of' Cr VI 

3. Temperature 

4. Stir~ 

;. Rate of' voltage increase (titre) 

6. Concentration of' Cr 
III 

1. Cathode and Anode Materia.;L 

8. Cathode and anode surface condition 

9. Foreign anion concentration 

In an effort to control the variables, so that the added foreign anion 

conc~ntration crul.d be correlated to the value of the current at .the 

break; the following steps were taken: 

/ 

· 1. The cathode area was detennined by carefully painting all 

of t~ cathcrle dipping inw the solution w1. th stop-off 

lacquer except for ·a square inch of the surface facing 

the anode. 

2. Only 2 • .50 Molar chromic acid solutions were used in these 

experinents. These solutions were made up from reagent 

grade chromium trioxide, for which the manufacturer's 

analysis listed the f"o llowing maximum · impurities: Sulf"ate -

.oo.5%; ~;t.orlde - .00.5%; Alkali Sal ts - 0.20%; Aluminum, 

Barium, Iron - .030%. To compensate for evaporation, a 

- __J 



g1as s £1. oat was used to open and close a mercury sw:i tch 

which operated the relay controlling the water inlet valve. 

This systan woold maintain the volume of the four liter 

bath within .two milliliters. 

3. A mercury thermostat; a cooling coil, and an immersion 

heater were placed in the bath to maintain the tenperature 

of the plating solution. This apparatus maintained the 

temperature constant within .o,0 
c. when stirring was used. 

4. A rheostat controlled stirring motor was used to stir the bath. 

5. To insure that the rate of voltage increase was the same for 

each determination, the rheostat used to increase the voltage 

across the electrodes was geared to a small electric motor. 

6. The solutions were made up fran chromium trioxide and checked 

by analysis for hexaval Ellt chromium. · They were then partially" 

reduced with sucrose and again analyzed to determine the crIII 

formed. A four liter solution was used so that any crIII pro

duced during a run would effect only a small change in crIII 

concentration. 

7. Copper was sel acted as the cathode material and smooth 

platinum was used as the anode. 

8. The platinum anode was clearsd in nitric acid then rinsed 

in water. The copper cathode was first buffed and then 

etched for sixty seconds in hot chromic acid ( 2 .5 M) to 

whicll concentrate·d sulfuric· acid had been added. After 

etching, the cathode was rinsed with distilled water and 

used ! ~ ~ m-.Q 1_v ·• 

6 
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9. The anion was added in the form of sodium sulfate 

(anhydrous) in the case of sulfate ion. The fiuoride 

ion was added as amonium bifiuoride. 

· Fi~e .L shows a schematic diagram of the wiring of the apparatus. 

Figure II pictures the plating bath setup. 

7 

Using the above described apparatus, and observing the stated 

precautions, two series of chromic acid solutions, which were 2.5 M with 

respect to chromitnn trioxide, :were studied. The first series contained 

various concentrations of sulfate ion; the sulfate ion concentration varied 

£ran O ( except for slight impurity listed above under 2.) to 10 grams per 

liter. The electrodes were immersed in these solutions and the potential 

across the electrodes was gradually increased by use of the motor driven 

rheostat. The current and potential across the cell were closely watched • 

As the potential. rose, t he current through the cell increased gradually 

until a point was reached at which the current sharply dropped and the 

potential simultaneously increased. The maximum value of the current 

before the drop was recorded. This procedure was repeated several times 

for each solution. In the second series of solutions, the nuoride ion 

concentration varied from O to 4.5 g/1. Again the max:iJJium value of the 

current before the break was recorded for each solution. The results · of 

these determinations are tabulated in Tables I and II. Figures III and 

IV show the results obtained by plotting the ·current at the break versus 

the added anion concentration. 
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TABIE I 

SOLUTION ( SOfi) CURRENT AT BREAK AVERAGE MEAN DEVIATION 

1. o.o g/1 16.o m.a. 16.3 1.0 % 
16.5 
16.5 

2. o.5 22.0 22.2 1.0 
22.0 
22.5 

3. 1.0 44.0 44.3 .8 
45.0 
44.0 

4. 1.5 78.0 77.3 1.0 
16.0 
18.0 

5. 2.0 115.o 114.7 .4 
114.0 
115.o 

6. 2.5 160. 157 1.5 
155. 
155 

1. 3.0 200 203 1.0 20, 
201.( 

8. 3.5 · 270 265 1.5 
260 
265 

9 •. 5.o 375 370 .8 
370 
365 

10. 5.5 420 418 .4 
420 
415 

ll. 6.o 460 465 1.0 
470 

12. 1.0 j80 578 .3 
80 

575 

(CONTINUED) 



TABLE I CONTINUED 

SOLUTION (SO[) CURRENT AT BREAK AVERAGE MEAN DEVIATION 

13. a.o g/1. 720 m. a. 722 .3 % 
720 
721 

14. 9.0 86o 870 .9 
870 
880 

15. 10.0 10)) 1027 2.0 
1000 
1050 
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TABLE II 

SOLUTION (NHJ1HF,) CURREN.I' AT BREAK AVERAGE MEAN DEVIATION 

1 . 0.5219 g/1. 185 185 0.3 % 
184.5 
18S.S 

2. 1.044 214 21S o.rr 
215 
216 

3. 1.566 253 253 1.0 
252 
255 

4. 2.088 274 278 1. 7 
280 
279 

5. 2.610 289 289 2.0 
292 
286 

6. 3.132 298 299 0. 7 
299 
301 

7. 3.654 307 307 0.5 
))8 
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III. DISCUSSION 

The difficulty with this method1 obviously lies with determining 

arrl controlling the many variables. It is realized that sane of the 

. listed variables may actually be the expression of one or more fundamental 

factors which have not been recognized. The cathode surface condition., 

which is considered an insignificant factor by Il 1in., has been found to be 

a very important variable and one which is exceedingly difficult to repro

duce. It was found that buffing the cathode to a high degree and degreas

ing failed to control this factor. In an attempt to obtain an unchanging 

cathode surface, a platinum electrode was used as the cathode; but it did 

not give reproducible results in spite of the fact that it was cleaned in 

hydrochloric acid am in nitric acid after each · run. Added to this diffi

culty in using platinum., it was found that the break for a platinum cathode 

was not sharp and discernible. It was observed that the degree of polish 

obtained by buffing a ocpper panel would affect the results. Since this 

polish was difficult ·to rep•duce exactly., it was thought that plating a 

coat of copper on a steel panel might give a cleaner., smoother and more 

reproducible surface. Experiments along this line indicated this to be 

true. It was soon discovered that unless a minimum thickness of copper 

were plated_, the base metal would affect the results. In view of this 

effect and the difficulty involved in maintaining a copper plating bath, 

a new means of obtaining a reproducible surface, was sought. 

It was found that a ·copper panel could be etched in hot chranic 

acid to give a clean reproducible, if not smooth, cathode surface. This 

method ~ of treating the cathodes was finally selected as the most 

satisfactory. 

Markwell mentioned the rate of voltage increase as a factor. 

This was found to be true · during preliminary trials by the writer. If 
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the voltage across the cell is increased rapidly; the value of the current 

at the ·break will be higher than if the voltage had been increased more 

slowly. 

Markwell and Il'in both point out that repr.crlucible results can 

not be obtained when using a fresh chranic acid solution containing no 

trivalent chromium, but that after introduction or a small amount or CrIII, 

reproducibility was obtained. ll • in also stated that any .further increase 

in trivalent chromium has no .f'urther effect upon the current value. Resultf! 

obtained in this study substantiate the claim for _the necessary presence of 

a small amount of CrIII in order to obtain reproducibility, but it has been 

found that an excessive amount of crIII reduces the value of the current 

break. No attempt was made to find a quanti ta.ti ve correlation between 

CrIII concentration and the curr~t .J;>reak. To minimize the effect of the 

slight increase in cr111 that would be formed by reduction at the cathode 

• during the determination, a large volume of solution was used. 

The cathode material . seems to affect the value of the current 

break profoundly. For examp1e, for one bath containing fluoride ion, the 

break for a solid copper electrode was recorded as 165 m.a. wtd.le the same 

solution gave a break at 12 m.a. tor a steel cathode. The steel cathode, 

which was plated for a time in a copper plating bath, gave an increasingly 

higher break as the thickness of the copper plate was increased until the · 

value became the same as for a solid copper panel. 

It is notable that if the current at the break is plotted versus. 

the square of the sulfate ion concentration that . the resultant is nearly a 

_straight line function. See Figure V. 

The results of the sulfate analysis shar the mean deviation in 

the reailts varying from .4% to 2% with 1.0% as the average. 

The mean deviation of tlE results for the fluoride ana~is vary 
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fran .3% to 2% with an average of 1.0%. 

It is felt that if' one will take the necessary steps to control. 

all the variables mentioned above that this method will afford a rapid 

and accurate means of analysis for the anions (sulfate and fluoride) added 

to the chranic acid bath. 

Since success was met in the attempt to extend this method to 

the analysis of fluoride ion as 1181.l as su.l.f'ate ion, it 1VOuJ.d seem that 

any anion which can be suocessfully substituted for sul.f'ate ion might 

lend itself to this method. 
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I. INTRODUCTION 

During the course of determining the relationship between the 

surface condition and current at tle "break", an attempt was made to etch 

the surface of copper panels by placing them in a hot chromic acid solutiot4 

It was noticed that if' a panel were placed _in a solution of chromic acid 

made up frcm reagent grade chromium trioxide, no appreciable degree of 

·etching took place within an hour or so; but if a very small amount of 

sulfuric acid were added to the chromic acid solution, the copper began 

to dissolve very rapidly and an evenly etched surface could be obtained in 

approximately ten or fifteen minutes. 

This observation prompted further experimentation in this direc

tion in an effort to determine the mechanism by which the sulfate ion 

"catalyzed" or entered into the reaciion between chromic acid and copper. 

This was done in hopes of obtaining sane indication of the role of the 

sulfate ion in a chromic acid plating bath. 

The follCM'ing factors were investigated: 

1. The minimum anount of sulfate ion necessary to effect the 

dissolution of the copper 

2. The relationship between amount of sulfate ion present and 

the amount of copp:,r dissolved lilen ecpilibrium was reached. 

3. The relationship between the an aunt ·of copper oxidized and 

the amount of chromium reruced ( crVI 4 crIII)_. 

4. The E.M.F. between copper and platinum electrodes placed in 

solutions of chromic acid, containing varying anounts of sulfate 

ion and an excess of metallic copper, which had been allowed to 

attain equilibrium. 



5. The effect of crIII upon the dissolution of copper by chromic 

acid. 

II. APPARATUS AND EXPERIMENI' AL PROCEDURE 

1. Five series of chromic acid solutions were made up. In series 

No. 11 ead:.l so1uti on consisted of 250 milliliters of .2 .5 M 

chromic acid. All the other series contained 50 milliliters 

of 2.5 M chromic acid solution in each sanple. Varying amounts 

of sodium sulfate were added to each sanple. In the first 

three series, a copper panel l" X 5" X 1/Btt was placed in the 

solution. In series No. l, the panels extended above the 

surface of the solution, but in all other series the copper 

was covered completely. In.' the iburt.h and fifth series, #40 

?? 

gauge electrolytic copper f'o°il was used rather than copper panels. 

2. The solutions in the first series were placed · in an oven at 

0 70 c. and at intervals, the copper panels were removed fran 

the ,solution am weighed in order to determine the time neces 

sary for the reaction to come to eqi ilibrium. . In ih e remainder 

of the above series, the s:>lutions were allowed 36 to 48 hours to 

attain eqilibrium. Then the copper panels which had been cleaned 

in nitric acid and weighed were agai!l weighed to determine the 

amount of copper oxidized. 

3. The solutions of series one and three were analyzed for crIII 

produced by the oxidation of the copper. This analysis was 

carried out by analyzing for hexaval. ent chromium before arrl 

after oxidation of the copper. Ten milliliters of tm chromic 

acid solution were diluted to 500 ml. A twenty milliliter 



portion of the diluted solution was diluted with 100 ml. of 

water, fifty ml. of .1 N feITous annnonium sulfate solution, 

25 ml. or a phosphoric and sulfuric acid mixture, and seven 

drops of a 2% barium diphenylammine sulfonate indicator 

solution. The excess ferrous ammonium sulfate was then 

titrated with standard bichn>mate solution. 

4. A series of 2 .5 M. chromic acid solutions was first partially 

reduced with sucrose to give ~proximately the same concen

tration of cr111 as existed in the samples or high sulfate 

( thus cr111 and cuII) in third series at equilibrium. Copper 

panels were then placec;l in these solutions and they were allowed 

to ~;i.ssolve until equilibrium -qs reached. The panels were 

washed, dried · and weighed. ' 
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III. DISCUSSION 

l. In Figure I, the weight of copper dissolved was plotted versus 

the grams of sodium sulfate contained in each sample of the 

second arrl third panel series. 

2. Figure II, a plot of copper dissolved versus time shows tre 

effect of sulfate concentration upon the rate of reaction. 

3. When the rolutions of ·eries three were analyzed for crIII 

and canpared with the amount of cop~r dissolved, it was found 

that the ratio of moles of cop~r oxidized/moles of crVI reduced 

was very ~arly 1 • .5. See Table No. I . 

4. Figure III shows the amount , of cop~r that dissolved in a 

partially reduced chromic a~id solution w~n varying amounts 

of sodium sulfate were added. 

· .5. Figure IV is a plot of the E.M.F. of a platinum electrode versus 

the saturated calomel electrode and copper electrode versus the 

saturated calomel electrode, when placed in trn various solutions 

of the third series . 

Figure I shows that the lower concenli rations of sulfate ion have 

only a slight effect upon the amount of copp~r that can be dissolved in 

a given solution of chromic acid . It indicates that at a critical concen

tration of sodium sulfate, approximately 5 g/1., the amount of copper dis-
I 

. solving increases very sharply. A further increase in the sulfate ion 

concentration does not seem to increase the amount of cop~r dissolving 

more than slightly. Figure II shows that a minimum amount of sulfate ion 

is necessary to increase the rate of dissolution of the copper. When the 
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~ABLE OF M82So4 VALUES I ~T FIGURE II 

Curve _ ber a2so 4 - Grams 

1 0 . 0000 * 

2 0 . 3125 

rz 0 . 6250 

4 1 . 3500 

5 2. 7000 

* Excep t as n impurity .• 
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TABLE NO. I 

RATIO? OF cu++/cr+++ IN SERIES NO. 3 

Cr03 REDUCED RATIO MOLES 
SAMPLE NO. Na2so4 eu++ TO cr+-M- cu#/MOLES er+++ 

35. .46oo g. 1.643 g. 1.71 g. 1.51 

30. .3800 1.623 1.69 1.51 

24. .3200 1.614 1.69 1.50 

18. .2600 0.591 o.60 1.54 

12. .2000 o.sso 0.59 1.46 

7. .1400 0.146 0.15 1.57 

4. .0800 0.364 0.37 1.54 

2. .0400 0.138 · 0.13 1S9 
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chromic acid is partially reduced, the amount of copper dissolved increases 

linearly with sulfate ion concentration as is shown in Figure III. The 

initial concentration of crIII ion seems to eliminate completely the sharp 

jump in the curve found in figure I. 

As was expected, the aialysis of the solutions of the third 

series indicated that for eveey mole of chranium reduced from hexavaJ.ent 

to trivalent form, one arrl one half moles of copper were oxidized. This 

agrees with. the ratio of copper oxidized to chromium reduced predicted by 

the eqiation 

16irl" + 2cr04 + 3Cu ~ 2cr+++ + 3eutt .f. 8820 

The dev:Lati.. on of the ratio o.r Cu/Cr in the lower concentrations of sulfate 

is attributed to experimental error.:, Only a very small per. cent of the . 

chromium presert was reduced in t:ts se solutions, thus the indirect analysis 

(change in CrVI) did not afford a high degree of aero.racy. 

In c11 effort to explain the effect of the sulfate ion upon tre 

dissolution of copper, ·one might assume one of two possibilities. One 

might be that the sulfate ion, by complexing or some such method., decreases 

the activity of the crIII ion., thus as the copper is oxidized and the 

chromium is reduced., the oxidization potentill of the chromic acid does 

not decrease until the sulfate ion is "used up". If this is true, the 

copper will only cease dissolving when either the ~ic ion activity 

becomes large or ( sulfate having been consumed) the crIII activity becomes 

large., or both. On the other hatld, we may assume that sulfate ion 

· effectively removes t:ts copper ions (eu++ or cu+) from the solution, tnus 

maintaining a negative potential of _the copper. In this case, the copper 

will continue to dissolve until the sulfate is consumed allowing the 

copper ion concentration ~o build up, or until the crIII ion concentration 



becomes prohibitively high, or both. 

Upon looking· at Figure IV, it is noticed that at equilibrium, 

the copper electrode became much more regative when the sodium sulfate 

concentration exceeded 5 g/1. This is notable in view of the fact that 

the copper ion concentration is greater at these higher sulfate ion con

centrations. Also fran Figure IV it is notable that the oxidation potenttal 

of the chromic acid decreases as the crIII ion concentration increases in 

spite of the presence of increasing amounts of sulfate ion. Thus it would 

seem as though the dissolution of copper is stopped by an accumulation of 

CrIII ions in solution rather than by the accumulation of cupric ions in 

solution. These E.M.F. data appear to support our second hypothesis 

mentioned. 

Figure II suggests the pos~ibility of analyzing a . chromic acid 

solution ( in which all cr111 has been oxidized to er VI) by observing the 

initial rate of dissolution of a copper panel or foil placed in this 

chromic acid solution 19hich is maintained at an elevated temperature. 

Figure III, on the other hand, suggests that one should partially reduce 

the chromic acid, and then observe the amount of copper which will disolve 

in a reduced chranic acid which is maintained at an elevated temperature 

for a long enough time such that equilibrium will have been reached. 
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PART III 

FLUORIDE BATH - THROWING POWER 



I. INTRODUCTION 

One of the shortcomings of the chromium plating bath is described 

as its lack of that · property termed "throwing power", which means that . 

when an ittegular shaped object is chromium plated, the sharp points, 

corners arrl especially those parts nearest the anode receive a relatively 

heavy coating while the recessed portions receive little if any. This 

can be overcane to a certain extent by the use of specially constructed 

anodes. Obviously, this drawback places a limit upon the usefulness of 

the chromic acid plating bath. It was in an effort to find sane means of 

improving the throwing power of the chranium plating bath that the use 

of the fluoride ion as an addition agent was initially selected as the 

subject of this research. 

In tooir study of the factors affecting throwing power in plating 

solutions, Haring an1 Blum1 stated that throwing power is the resultant of 

three factors: (1) the change in cathode polarization with current 

density; (2) the resistivity Qf the solution; and (3) the change in 

cathode efficiency w:i. th current density . 

Examination· will shar the conclusions of these authors to be 

valid. Any factor tending to reduce the an ount of chromium deposited on 

those portions of the c.athode l'ilich normally- receive too heaviest plate 

will improve the throwing power • Thus, if first of all f or a given 

plating solution, it is fcund that the cathode efficiency at low current 

densities is greater than at high current densities; then although the 

nearer portions of the cathode receive most of the current, they do not 

necess-arily receive the heavier deposit. Secondly, if the resistivity 

of the plating solution is very low, the current flowing from the anode 

to the near portions of the cathode will not be opposed by much lower .. 

solution resistance than the portion of the current fl.awing to the far 
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parts of the cath cxie. On the other hand, if the resistivity of the 

solution is high, the resistance offered by the solution to the current 

flowing to the near. portions of the cathode will be much less than the 

resistance opposing the current newing to the far portions of the cathode. 

So, for a solution of low resistivity , the deposit should be more uniform 

than for a solution of high resistivity. Thirdly, if the cathode polar

ization, i.e., resistance of the l~er of solution immediatel y surrounding 

the cathode, increases significantly with an increase in current density; 

the resistance offered to the large current normally flowing to the near 

of projecting parts of the cathode will be opposed by this large cathode 

polarization. As an example, Haring and Blum1 gave the polarization 

curie for a standard copper sulfate bath and for a copper sulfate bath 
• 

to which had been added gel atine. (9ee Figure I): J. Tlie throwing power 

of the latter soluti. on is nruch greater than the fonner, especially at 

low current density. Comparison of -the curves shows the much greater 

increase of cathode potential with current density. 

It has been found that the substitution of fluoride ion for 

sulfate ion as an addition agent in the chromic acid plating bath does 

not appreciably alter the resistivity of the solution2 • J. Fischer3 

of Germany rep arted the current efficiency versus current density curve 

for a bath containi11; fluoride ion. ( Figure ll.) Since the cathode 

efficiency increases rather than decreases with the current density, 

this factor alone llOuld tend to give this "fluoride bath" a "negative 

throwing power". Brenner4 of the Bureau of Standards also reported a 

-group of cathcxie efficiency curves f or a fluoride bath at various 

temperatures. For a limited range of fluoride concentration ( 0.8 to 

2 .o g/1.) -Brenner indicated that a maximum occurred in the cathode 

eff iciency curves. Operation of these baths at current densities lying 
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on tm negative slope of the efficiency curve would tend to make the 

throwing power more favorable. Two difficulties are encountered in the 

use of these baths. The temperature must be maintained above 85° c.; 

normal bath operating temperature lies between 30 and .55° C. It has 

been found that the deposits are satin or matte rather than bright. 
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Perhaps further investigation would disclose means of overcoming these 

drawbacks. It remained necessary to detennine the shape of the cathode 

polarization versus current density curve to ascertain whether:· the fluoride 

bath would have greater or less throwing power than the sulfate bath. 

This investigation was therefore conducted to determine the 

cathode polarization curve of the fluoride bath. The character of the 

chromium deposits at the various current densities was recorded at the 

same time. 

. 



II. APPARATUS AND EXPERIMENTAL PROCEDURE 

Four liters of chranic acid were made up by dissolving 1000 

grams of chromium trioxide and 57.0 grams of anmonium bifluroide in 

water and diluting to volume. This solution was then placed in an 

insulated rectangular glass container. In the "bath" was placed a 

thermostat, a constant level device, cooling coils, an immersion heate~ 

(150 watt light bulb) a stirrer, a thermometer, and a plastic (methyl 

methacrylate) electrode holder. 

The electrode holder was specialJ.y constructed after preliminary 

experiments had been performed to detennine a design which would insure 

an uniform current density over the face of the cathode. It has been 

reported5 that if a panel is supported ;nan "open" bath, the edges will 

receive the heaviest deposit. However, if the panel is placed in a small 

cell with the edges of the panel touching the walls of the cell; it has 

beEn found that the center of the panel will receive the heaviest deposit. 

It was thought that if a cell with adjustable sides were constructed, that 

an optimum distance (between edges of panel and walls of cell or electrode 

holder) might be found that 1VOld give rise to an unifonn current density 

and deposit. These experiments led to the copstruction of the plastic 

electrode hoJder shown in Figure III. It was fcund that supporting the 

panel about 1/411 from the bottom with the walls 1/4" fran the edges 

would give an uniform deposit over the inch square unpainted surface at 

the em of the panel on the side facing the anode. 

The anode consisted of a le ad strip l" X 5" X 1/811 • The cathode 

was a copper strip 111 X 5" X 1/8" 'Which was painted with a commercial 

"stop-off" lacquer ·except for a one inch square area at the bottom of the 

side facing the anode. The temperature of the bath was maintained at 

JQ° C. The position of the stirrer was the same throughout the experiments., 
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and the rate of stirring was held constant. 

A saturated calomel electrode was used as a reference electrode 

in measuring the cat,hode potential. The calomel cell was connected to the 

plating bath by means of a KC1 bridge. The end of the bridge dipping in 

the plating solution was a capillary tube, the tip bf which was held 

about 2' DDn. from the cathode surface. This was done in an attempt to 

eliminate, as nearly as possible, the potential drop through the solution. 

The potential between the cathode and saturated calomel electrode was 

measured wi t.h a Leeds arrl Northrup Student Potentiometer. 

The current for plating was supplied by a six volt Edison cell 

except far the runs at high current density, when it was necessary to emplOJ 

pulsating direct current supplied by a three phase 27 volt rectifier. 

In series wi. th the plating; bath and Edis on cell was placed a 

'D. c. ammeter, a 20 ohm rheostat and ·a 2 ohm rheostat. Across the cell 

was connected a 1000 ohm D. c. voltmeter. 

The cathode surface was buffed to high polish and then cleaned 

with petroleum. ether. The rheostats were adjusted to give a current below 

the desired value as determined .from preliminary experiments,and the 

circuit was completed by immersing the cathode in the p.Lating solution. 

The resistance was then lowered until the ammeter indicated the desired 

cu?Tent. The saturated calanel electrode was then placed in position. The 

vo.Ltage across the plating cell, the current through the cell and the · 

cathode potential were all recorded. The panel. was pJ.ated for twenty 

minutes after which it was washed · and dried and its appearance was recorded. 

At the very low current densities, it was necessary to give the panel a 

"strike". To "strike" a panel, one raises the current to a high value for · 

a few seconds arrl then lowers the current to the desired value. If this 

was not done at low current densities, no plate could be obtained. 



III. DISCUSSION 

The measurements am observations of the various runs are re

corded in Table I. Figure IV shows the current density cathode potential 

curve . 

Figure Vis the curve obtained by Haring and BarrOW's when . they 

plotted current density versus cathode potential for a chromic acid 

plating bath containing sulfate ion as an addition agent6 . Comparison 

of Figure IV and Figure V show that the increase in cathode potential 

with current density is even less for fluoride baths than for the sulfate 

bath. Thus, this factor does not indicate that the .... throwing power will 

be improved by substituting fluoride ion for sulfate ion . On t he contrary, 

the shape of the cathode potential curve would suggest that the throwing 

power will be even less favorable . 

From Table I , it can be seen that the bright plating range for 

this fluoride bath lies between a current density of .3 amps per square 

inch an.: 1.0 amps per square inch . Haring and Barrows report the bright 

plating range for a similar sulfate bath to lie between .35 amps per 

•are inch and • 76 amps per square inch6 • This data indicates a slightly 
"'I, 

wider plating range at these conditions fbr the fluoride bath . 



TABLE I • 

CURRENT DENSITY CELL ParENT IAL CA'IBODE POTENTIAL PLATE DE£CRIPTION 

. 2 
.010 amp ./in. . 1.2) + .490 No Plate 

.013 1.22 + .488 No Plate 

.020 1.27 + .485 No Plate 

.025 1.37 t .481 No Plate 

.0.30 1.42 t .483 No Plate 

.033 1.49 t .483 No Plate 

.040 1.53 t . 482 No Plate 

.050 2.62 - • 718~ - Milky-Thin 

.10 2.80 - . 770 Sl . Mi l ky 

.15 2.86 - . ?.74 Br. & Sl. Milky 

. 20 3.00 - • 797 Br . & Sl . Milky 

.30 3.22 - .806 Br • 

• 40 3~h3 - . 821 Br . 

.50 3. 72 - . 816 Br. 

J:IJ 3.81 - . 83) . Br . 

.10 4.00 - .825 Br . 

. 80 4.21 - . 846 Br • 

.90 4.25 .:. . 834 Br .-

1.00 4.29 - .849 Br . & Sat . 

1.10 4.34 . - . 856 Br . & Sat . 

1. 20 4.42 - .861 Satin 

1.30 4.46 . - . 867 Satin Brnt . 

1.40 4.57 - .875 Brnt . 

1.50 4.59 - . 887 Brnt . 

1.60 4. 72 - . 893 Brnt . 

2.00 5.10 - . 894 Brnt . 

3.00 . 6.28 - .916 Brnt . 

4 .00 7.22 . - .937 Brnt • 



43 

CA T·HODE POLARlZA TION 
30r-----------------------------------

25 

N 

L 
0 
" 20 

-----
Q. 

2 
<( 

>-
f--
(j) 

z 
w 
a 

J-
z 
w 
er 
a: 
:) 
u 

Satin 

15 -----

10 

Br,9ht 

5 

Milky 

o N~Dep.-
-0.6 ~o. 7 - o.a -o.e 
ELECTRODE POTENTIAL (eh)-VOLTS 
Polat-ization C u~ve. For aBai:h 2 .5 Min c,.03 
01nd 0.5 Min· Fl'Aoride. lor, . 

FIGURE IV 



CATHODE POLAR IZA Tl ON 
30---------------------------------------, 

a ----

Ftaosty 

)-
r -en 
z 
l.JJ 
0 10 Bright 

r-
z 
Lu 
a: 
cc 
::> 
u Milky 

No 

O Deposit 
-0.5 -1.0 

ELECTRODE POTENTIAL (eh) - VOLTS 

Polataiz.atior. Curve for a Bath 2.SM in Cr03 ar,d 
0 .5M in SO~{ TQkeh F..-oni Bur. Std, lech. PQf'er No.346 

FIGURE V 



IV. BIBLIOGRAPHY 

l . Haring and Blum - "Current Distribution and Throwing Power in 
Electrodeposition" , Trans . Am. Electrochem. Soc., 44, p . 313; 
1923 . 

3. Fischer - Korrosion and Metall schutz, vol . 17, #18, pp . 265-268, 
August , 1941. 

4. Brenner - Burkhead - Jennings - nphysical Properties of 
Electrodeposited Chromium", vol . 40 , from Journal of Research 
of the National Bureau of Standards , Research Paper RP 1854, 
pp . ·34, January, 1948 . · 

S. McKinley - "Progress Report . " University of Wichita Foundation 
for Industrial Research, Research Project No . 2 , Beech Aircraft 
Corporation, "Electrodeposition of Chromium to Tolerance , " 
May 31, 1946. 

6. Haring and Barrows - Technologic Papers of the Bureau of Standards 
No. 346. 

45 






