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24 Claims. 

1. 
This invention relates to chromium plating 

baths, compositions for making up and main 
taining Such baths, and to a chronium plating 
process. 
The essential feature of my invention is the 

utilization of what I shall call suppression agents 
to maintain and regulate the catalyst acid radi 
cal content of a chromium plating bath of the 
chromic acid type. I give below several ex 
amples of compositions to be used in making up 
chromic acid baths and these compositions in 
clude Suppression agents which have the effect of 
controlling the content of catalyst acid radicals 
in the bath from Whatever Source and controlling 
the solubility of the salts used to introduce such 
radicals into the bath. For instance, in Example 
I the Suppression agents are potassium bichro 
mate and strontium chromate. 
The present invention provides a bath and 

proceSS having numerous advantages, among 
Which are: 

1. Self-regulation of the catalyst acid radical 
content at or near the optimum concentration in 
baths of any desired chronic acid content; 

2. Reduced or eliminated need for analytical 
control; 

3. The ability to take up appreciable amounts 
of catalyst acid radical introduced as impurities 
or as drag-in without exceeding the operating 
limits in the bath for such radicals; 

4. Superior covering power; 
5. High operating efficiency Such as low power 

consumption, minimum rejections and low op 
erating costs; 

(C. 204-51) 
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In my invention, the total amount of catalyst 

acid radicals in solution is furnished from a plu 
rality of substances, each Supplying a portion of 
the total catalyst acid radical, the amount of 
each radical used being determined by the solubil 
ity of the particular salt used in introducing that 
acid radical into the bath. Thus, when the cata 
lyst acid radical from the salt is deplenished in the 
bath for one reason or another, the acid radical 
lost from the solution is replenished by acid rad 
ical from the catalyst acid radical bearing salt 
remaining in the bath as undissolved residue. 
The solubility of each of the catalyst acid radi 
cal bearing salts in the bath is in turn further 
regulated by the addition to the bath of other 
compounds having no catalyst acid radical but 
containing a cation common to that of the salts 
containing the catalyst acid radicals. The cata 
lyst acid radicals are the sulfate and the silico 
fluoride radicals. 

Examples of useful non-catalytic strontium 
and potassium compounds are SrCO3, Sr(OH)2, 
SrCrO4, etc., and KOH, K2CO3, K2CrO4, K2Cr2O7, 
etc. 
The control of the solubility of the catalyst acid 

radical salts in the bath is desirable in that self 
regulation of the catalyst acid radical content of 
the bath at or near the optimum concentration 
may thus be achieved at any desired chronic 
acid concentration, with the advantages peculiar 
to these different concentrations. 
Examples of compositions of matter formu 

lated according to the present invention in per 
centages are: 

6. Wide bright-plate range; 35 
7. High plating speed; Eacample I 
8. Good cathode activating properties; Chromic acid -------------------- 70 to 90 
9. Bright plate direct on stainless steel; Potassium bichromate ------------ 5.5 to 15.5 
10. Avoidance of iridescent film on articles Strontium chromate ------------- 0.6 to 3.6 

only partly covered in chronium plating. 40 Potassium silicofluoride ---------- 2.5 to 7.5 
The bath and composition consist essentially Strontium Sulfate ---------------- 1.4 to 3.4 

of chromic acid (CrO3), a sulfate radical bearing 
salt having a limited solubility in the chromic Eacample II 
acid bath, a non-catalytic compound of the Chromic acid -------------------- 85 to 95 
cation associated with the sulfate radical bear- 45 Potassium bichromate ------------ 2.5 to 7.5 
ing salt, a silicofluoride bearing Salt having a Strontium chromate ------------- 0.5 to 1.5 
limited solubility in the chronic acid bath, and Potassium silicofluoride ----------- 1.3 to 4.1. 
a non-catalytic compound of the cation aSSO- Strontium sulfate ---------------- 0.7 to 1.9 
ciated with the silicofluoride salt. For instance, 
by adding the composition given in Example I 59 Eacample III 
below to water a chromic acid bath is produced Chromic acid -------------------- 18 to 72.8 
which contains strontium Sulfate and potassium Sodium bichromate -------------- 23.4 to 70 
silicofluoride, each in excess of its solubility in Strontium chromate -------------- 0.8 to 3 
the bath, and also strontium chromate and po- Sodium silicofluoride ------------- .8 to 6 
tassium bichromate in Solution. 55 Strontium sulfate ---------------- 1.2 to 3 
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Eacample IV 
Chromic acid -------------------- 59 to 86.4 
Sodium bichromate -------------- 11.6 to 35 
Strontium chromate -------------- 0.5 to 1.5 
Sodium Silicofluoride ------------- 1.0 to 3.0 
Strontium sulfate ---------------- 0.5 to 1.5 

Eacample V 
Chronic acid -------------------- 85 to 95 
Sodium bichromate -------------- 1.6 to 5 
Strontium chromate -------------- 1.1 to 3.3 
Sodium Silicofluoride ------------- 1.9 to 5.5 
Strontium Sulfate ---------------- 0.4 to 1.2 

Eacample VI 
Chromic acid -------------------- 62.5 to 87.5 
Potassium bichromate ------------ 5.7 to 17.7 
Strontium chromate ------------- 4.3 to 12.3 
Potassium silicofluoride ----------- 2.0 to 6.0 
Strontium sulfate ---------------- 0.5 to 1.5 

Eacample VII 
Chronic acid -------------------- 85 to 95 
PotaSSium bichromate ----- m -- 2.4 to 6.6 
Strontium chromate ------------- 1.5 to 4.5 
Potassium silicofluoride ---------- 0.9 to 2.5 
Strontium sulfate ---------------- 0.4 to 1.2 

Eacample VIII 
Chronic acid -------------------- 85 to 95 
Sodium bichromate -------------- 2.3 to 6.7 
Strontium chronate -------------- 0.6 to .8 
PotaSSium Silicofluoride --------- 1.5 to 4.5 
Strontium sulfate ---------------- 0.6 to 2.0 

Eacample IX 
Chromic acid -------------------- 79 to 95 
Sodium bichromate -------------- 2.3 to 1.7 
Sodium silicofluoride ------------- 1.5 to 5.1 
Strontium Sulfate ---------------- 1.2 to 4.2 
Compositions given in Example I above are 

adapted to give satisfactory solutions over a 
range of chromic acid concentration from about 
150 g./l. to about 400 g./l., the optimum varying 
Somewhat with the basis metal upon which the 
chromium is plated and also with the type of ap 
plication of chromium. For example, when 
chromium plating stainless steel, a chromic acid 
concentration of about 150 g./l. to about 200 g./l. 
is usually preferred. When plating over a nickel 
plate, a chromic acid concentration of about 200 
g./l. to about 250 g./l. is usually preferred. For 
the production of a chromium deposit with max 
imum leveling action, a chromic acid concentra 
tion from about 250 g./l. to about 350 g./l. is 
usually preferred. 
The composition of Example II above is 

adapted to give satisfactory solutions over a 
range of chromic acid concentrations from about 
250 g./I. to about 500 g./l. The chief use of the 
composition given in Example II is as a mainte 
nance composition for baths made up from Ex 
ample I, but it may also be used to make a plat 
ing bath. When used as a plating bath for chro 
mium plating over nickel plate, the optimum 
chromic acid range is from about 275 g./l. to 
about 350 g./l. When used as a plating bath for 
producing heavy chromium deposits with maxi 
mum leveling action, a concentration range of 
about 350 g./l. to about 500 g./l. is usually pre 
ferred. The higher chromic acid concentrations 
made possible by Example II result in a bath 
having having high conductivity with minimum 
treeing of deposits for heavy chronium plating. 
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4. 
Example III represents a composition corre 

Sponding to that in Example I except that so 
dium Salts are used in place of potassium salts 
and all that has been said with respect to Ex 
ample I applies to Example III. 

Similarly, the composition of Example IV is 
the Same as that of Example II with the excep 
tion that the sodium salts are used in place of 
potassium salts of Example II and what has been 
Said with respect to Example II and the baths 
made therefrom applies to Example IV. 
The composition of Example V is especially 

useful for barrel chromium plating. It may be 
USed Over a range of chronic acid concentration 
from about 300 g./I. to about 500 g./I., the opti 
mum being about 400 g./l. These baths may 
also be used for Ordinary decorative and for 
heavy chromium plating. 
The compositions of Example VI above give 

satisfactory solutions over a range of chromic 
acid concentration from about 100 to about 250 
g./l., With an optimum of about 150 g./l. The 
provision of a Satisfactory bath having this low 
chromic acid concentration is one of the desir 
able features of my invention and gives the par 
ticular advantages of low cost and high efficiency. 
The chief use of the composition given in Ex 

ample VII is as a maintenance for baths made up 
from Example VI. However, it is also adapted 
to give satisfactory plating solutions over a range 
of chronic acid concentrations from about 200 
g./l. to about 400 g./1. 
Example VIII provides a composition which is 

useful in making chromium plating Solutions over 
a range of chromic acid concentrations from 
about 250 g./l. to about 500 g./l, with an opti 
nunn of about 400 g./l. The main feature of this 
composition is that it is adapted to regulate the 
sulfate catalyst acid radical in particular by the 
use of a single Suppression agent such as stron 
tium chromate as distinguished from the pre 
vious examples where both the Sulfate and the 
Silicofluoride radicals are regulated by a plurality 
of suppression agents. In this example only the 
Strontium chromate is a suppression agent, sup 
pressing the Sulfate content; the Sodiurn bichro 
mate does not function as a suppression agent 
inasmuch as the silicofluoride is present as the 
potassium salt, not the sodium salt, and the so 
diurn from the Sodium bichronate is present in 
insufficient quantity to have a suppressing effect 
on the Silicofluoride; i. e., any sodium silicoflu 
oride present would be in amount less than its 
Solubility in this solution. The sodium bichro 
mate merely Supplements the chronic acid as a 
supplier of chromate. This composition can be 
used for decorative, barrel, and heavy chromium 
plating. 
Example IX is similar to Example VIII except 

that in Example IX the silicofluoride radical in 
particular is controlled by the use of a single 
Suppression agent Such as Sodium bichromate. 
This composition can be used for decorative, bar 
rel, and heavy chromium plating. 
As pointed out above, the suppression agents 

used in the composition of Example I are stron 
tium chromate and potassium bichromate. 
These same agents are used in Examples II, WI, 
and VII. The Suppression agents used in Ex 
amples III, IV, and W are sodium bichromate and 
Strontium chromate. The Supression agent used 
in Example VIII is strontium chromate and that 
used in Example IX is sodium bichromate. The 
strontiun in the Suppression agents in all of the 
examples given herein suppresses directly the 
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sulfate content in the bath and the sodium or po 
taSSium of the Suppression agents suppresses di 
rectly the silicofluoride content in the bath. 

For those examples containing a non-catalytic 
potassium compound, it may be noted that the 
potassium content of Such compound ranges from 
0.64 to 4.7% by weight, while the strontium con 
tent of the non-catalytic strontium compound 
ranges from 0.21 to 5.3% by Weight. In those 
examples having a non-catalytic sodium com 
pound, the sodium content of such compound 
varies from 0.28 to 12.3% by weight, and the 
strontium content of the non-catalytic strontium 
compound varies from 0.21 to 1.4% by weight. 
A Special advantage of using a suppression 

agent for the silicofluoride radical is not only to 
adjust its concentration in Solution to the de 
sired value, but also to make it less affected by 
temperature changes and by changes in chronic 
acid concentration of the bath. 

Certain of the superior features of the baths 
made up from the compositions given above (and 
from similar compositions) are illustrated by the 
curves attached hereto and made a part hereof. 
In Fig. 1, curves A, B, and C illustrate the 

effect on the Sulfate radical concentration of 
baths made up using the composition of Example 
I to give 200 g./l. chromic acid as CrO3, 250 g./l. 
chromic acid as CrO3, and 300 g./l. chromic acid 
as CrO3, respectively, by the addition (i. e. drag 
in) of sulfate radical in amounts up to a little 
over 3 g./l. Curves A-, B-f, and C- illustrate 
the effect of the addition of sulfate radical (i. e. 
drag-in) on the sulfate radical concentration of 
ordinary solutions made up of only chromic acid 
and sulfate and with chromic acid and Sulfate 
concentrations corresponding to those of the 
baths represented by curves A, B, and C, respec 
tively. In solutions represented by curves A-, 
B-, and C-f, the sulfate radical concentration 
increases by the same amount as the Sulfate acid 
radical drag-in. Thus for 1 g./l. of SO4 drag-in, 
the SO4 concentration as shown by the curve C-, 
for example, is increased by 1. g./l. to a total 
value of about 1.83 g./l.; and likewise a 1 g./l. 
SO4 drag-in affects the SO4 concentration of so 
lutions represented by curves A- and B- in the 
same manner and to the same extent. 
By reference to curve C, it will be seen that a 

drag-in of 1 g/l. SO4 will raise the SO4 concen 
tration of the bath represented by that curve 
from about 0.83 to about 1.0, or by 0.17 g./l. Thus 
the rise of the SO4 concentration in Consequence 
of the drag-in of the 1. g./l. SO4 results in only 
about 20% increase of SO4 concentration with a 
bath represented by curve C as against 120% in 
crease of SO4 concentration in a Solution repre 
sented by curve C-1. The comparison is similar 
between curves A and A- and between curves 
B and B-f. 

In Fig. 2, curve B illustrates the regulating 
effect of the supression agents in baths of 200 
g/l. and 250 g./l. chromic acid concentrations 
made with a composition of Example III, with 
respect to temperature variations. Curve. A rep 
resents a bath made with a composition like that 
of Example III but without the suppression 
agents. Thus from curve B of Fig. 2, at 250 g./l. 
of chromic acid, for a temperature variation from 
900 to 130 F. the SiF6 content in solution varies 
only from about 1.4 to 2.7 (a difference of 1.3 
g/l.), whereas from curve A it will be seen that 
for a like change in temperature the SiF6 varies 
from 9.8 to 13.9 (a difference of 4.1 g./l.). Again, 
from curve B of Fig. 2, at 200 g./l. chromic acid, 
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6 
the SiF6 content varies only from 1.7 to 3.4 (a 
difference of 1.7 g./I.). As may be appreciated, 
for all of the baths contemplated by the inven 
tion, the SiF6 content varies little with tempera 
ture changes. Similarly, the SO4 content also 
varies little with temperature changes, the mag 
nitude of the variation being even less than in 
the case of the SiF6. 

Fig. 3 illustrates the effect of the suppression 
agents on the acid radical contents in solution. 
Curve A shows the effect of the Sodium content 
from the suppression agent on the silicofluoride 
content. Curve B shows the effect of the potas 
sium from the suppression agent on the silico 
fluoride content, and curve C shows the effect of 
strontium from the suppression agent on the Sul 
fate content. The curves of Fig. 3 represent the 
effects described above in a bath having a 
chromic acid concentration of 250 g./l. at 110 F. 
Thus, for example, as shown on curve C, if to 
the bath containing 8 g./l. of excess strontium 
(this is the strontium from the Suppression 
agent) which as shown by curve C contains 0.5 
g./l. of sulfate, there is added an amount of Sul 
fate (as from sulfuric acid, a common drag-in 
material) equivalent to 4 g./l. of strontium (i.e., 
4.4 g./l. of sulfate), in the range of 8 to 4 g./l. Of 
strontium on curve C, the amount of sulfate 
which will go into solution will be the difference 
between the sulfate concentrations at 8 g./l. 
strontium and at 4 g./l. strontium, i. e., 0.9 g./l. 
minus. 0.5 g./l., or only 0.4 g./l. Sulfate. Thus, 
only 0.4 g./l. Sulfate goes into solution for a total 
addition of 4.4 g./l. Sulfate, the balance being 
precipitated as strontium sulfate. As will be ap 
parent, the drag-in effect has been effectively 
minimized. Similarly, from curves A and B it 
will be clearly understood that a similar rela 
tionship exists between the amount of SiF6 
added and the amount that goes into Solution. 

In this connection, and Speaking in a general 
Way, it may be observed from Fig. 3 that the con 
centration of sulfate radical may be depressed by 
addition of strontium radical to a concentration 
lower than the unsuppressed saturation concen 
tration but above Zero concentration, the un 
Suppressed Saturation Value being given on Curve 
C at the point Zero Sr, which point represents 
the sulfate content of the solution saturated 
with strontium sulfate in the absence of any 
other strontium or Sulfate compound. In other 
words, sulfate radical concentration may be de 
pressed anywhere in the range of 2.1 g./I. to 
0.2 g./I., the latter value being taken at the right 
hand limit of the curve and being equivalent to 
about one-tenth of the unsuppressed saturation 
concentration. Of course, this value may be even 
lower if the curve is extended to the right. Simi 
larly, the silicofluoride radical (see curve B) may 
be depressed by addition of potassium radical to 
a lower concentration but above Zero, the con 
centration extending to as low as about one 
fourth, or less, of the unsuppressed saturation 
concentration, and it may be depressed by So 
dium radical (curve A) to a concentration as low 
as about one-fourth, or less, of the unsuppressed 
saturation concentration. These observations 
are generally applicable to the invention. 

It is preferred that the completed composi 
tions as given in Examples I to IX, inclusive, be 
prepared and used, but obviously the advantages 
of my invention can be secured equally well by 
preparing the composition of Example I, for in 
stance, omitting the chronic acid, the other in 
gredients of this example being added to a . 
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chronic acid solution prepared independently. 
Similarly, the benefits of my invention may be 
Secured by other combinations of the ingredients 
given in the various examples where One or more 
of the ingredients is added to the bath independ 
ently of the others. Also, as pointed out earlier, 
suppressing agents other than those Specifically 
listed in the examples may be used equally well. 
While I have given the compositions in the ex 

amples herein in terms of the percentages, it is 
understood of course that these may be ex 
pressed as 'in parts' which may be readily cal 
culated from the values given in the respective 
examples. Also, in view of the examples, where 
in a portion of the total CrO3 content is supplied 
by CrO3 added as such and a portion is supplied 
by non-catalytic salts like sodium bichromate, 
Strontium chronate, etc., the recitation in the 
claims of CrO3 is, unless otherwise specified, in 
tended to cover both the CrO3 added per se to a 
Cornposition or bath and also the CrO3 added as 
part of a non-catalytic compound. The CrO3 
content may thus be seen to range from a low 
of about 72% in Example III to a high of about 
97% in Example VII. 
What is claimed is: 
1. A composition of matter for making up an 

aqueous chromic acid bath for chromium plating 
in the range of 100 to 500 g./I. of CrO3, compris 
ing essentially about 72 to 97 per cent by weight 
of CrO3, an amount of strontium sulfate suffi 
cient to Saturate Said bath and to provide an un 
dissolved residue of strontium sulfate in the bath, 
an amount of potassium silicofluoride sufficient 
to Saturate said bath and to provide an undis 
Solved residue of potassium silicofluoride in the 
bath, a Soluble non-catalytic strontium com 
pound in an amount containing 0.21 to 5.3 per 
cent by Weight of strontium, and a soluble non 
catalytic potassium compound in an amount 
containing 0.64 to 4.7 per cent by weight potas 
sium. 

2. A composition of matter for making up an 
aqueous chromic acid bath for chromium plat 
ing in the range of 250 to 500 g./l. of CrO3, com 
prising essentially 35 to 95 per cent by weight of 
CrO3, sodium bichromate 2.3 to 6.7 per cent by 
weight, an amount of strontium sulfate which 
provides an undissolved residue of strontium sul 
fate in the bath, an amount of potassium silico 
fill Oride which provides an undissolved residue of 
potassium silicofiuoride in the bath, and a solu 
ble non-catalytic strontiun compound in an 
amount containing 0.26 to 0.78 per cent by weight 
strontium. 

3. A composition of matter for making up an 
aqueous chromic acid bath for chromium plating 
in the range of 250 to 500 g./l. of CrO3, compris 
ing essentially 79 to 95 per cent by weight of 
CrO3, an amount of strontium sulfate which pro 
vides an undissolved residue of strontium Sul 
fate in the bath, an amount of sodium silicofluo 
ride which provides an undissolved residue of so 
dium silicofluoride in the bath, and a Soluble 
non-catalytic sodium compound in an amount 
containing 0.4 to 2.0 per cent by Weight SOdium. 

4. A composition of matter for making up and 
maintaining an aqueous chromic acid bath for 
chromium plating in the range of 100 to 500 
grams per liter of CrO3, said composition com 
prising essentially about 72 to 97% by weight of 
CrO3, two catalyst-supplying compounds, and a 
soluble non-catalytic compound, one of Said cat 
alyst-supplying compounds being strontium Sul 
fate in an amount sufficient to Saturate Said 
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bath and to provide an undissolved residue of 
strontium sulfate in the bath, the other of said 
Catalyst-Supplying compounds being an alkali 
Inetal Silicofluoride in an amount sufficient to 
Saturate Said bath and to provide an undissolved 
residue of alkali metal silicofluoride in the bath, 
Said alkali metal being Selected from the class 
consisting of potassium and sodium, said non 
catalytic compound being present in an amount 
sufficient to suppress the concentration of one 
of Said catalyst-supplying compounds in Solution 
in said bath from the unsuppressed Saturation 
concentration of the latter compound to a lower 
but greater than Zero concentration, Said non 
catalytic compound being selected from the class 
consisting of a strontium compound and an alkali 
metal compound, and the alkali metal of Said 
alkali metal compound being the same as the 
alkali metal of Said alkali metal Silicofluoride. 

5. A composition of matter for making up and 
maintaining an acqueous chromic acid bath for 
chronium plating in the range of 100 to 500 
grams per liter of CrO3, said composition com 
prising essentially about 72 to 97% by weight of 
CrO3, two catalyst-Supplying compounds, ald a 
Soluble non-catalytic compound, one of said cat 
alySt-Supplying compounds being strontium Sul 
fate in an amount sufficient to Saturate said bath 
and to provide an undissolved residue of stront 
urn Sulfate in the bath, the other of Said catalyst 
Supplying compounds being an alkali metal silico 
fluoride in an amount Sufficient to Saturate said 
bath and to provide an undissolved residue of 
alkali metal silicofluoride in the bath, said alkali 
metal being selected from the class consisting 
of potassium and Sodium, said non-catalytic 
compound being a strontium compound in an 
amount Sufficient to Suppress the concentration 
of Said Strontium sulfate in solution in said bath 
from the unsuppressed saturation concentration 
of the latter compound to a lower but greater 
than Zero concentration. 

6. A composition of matter for making up and 
maintaining an aqueous chronic acid bath for 
chromium plating in the range of 100 to 500 
grams per liter of CrO3, Said composition con 
prising eSSentially about 72 to 97% by weight of 
CrO3, two catalyst-supplying compounds, and a 
Soluble non-catalytic compound, one of said cata 
lyst-Supplying compounds being strontium sul 
fate in an amount Sufficient to saturate said bath 
and to provide an undissolved residue of stronti 
um sulfate in the bath, the other of said catalyst 
Supplying compounds being an alkali metal silico 
fluoride in an amount sufficient to saturate said 
bath and to provide an undissolved residue of 
alkali metal Silicofluoride in the bath, said alkali 
metal being Selected from the class consisting 
of potassium, and Sodium, said non-catalytic con 
pound being an alkali metal compound in an 
amount Sufficient to suppress the concentration 
of Said alkali metal silicofiuoride in solution in 
Said bath from the unsuppressed saturation con 
centration of the latter compound to a lower but 
greater than Zero concentration, and the alkali 
metal of Said alkali metal compound being the 
Same as the alkali metal of said alkali metal sili 
cofluoride. 

7. A composition of matter for making up and 
maintaining an aqueous chromic acid bath for 
chromium plating in the range of 100 to 500 g/l. 
CrO3, said composition comprising essentially 
about 72 to 97% by weight of CrO3, and the bal 
ance of the composition consisting essentially of 
the following four compounds: (1) strontium 
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sulfate in an amount sufficient to saturate said 
bath and to provide an undissolved residue of 
strontium sulfate in the bath, (2) an alkali metal 
silicofluoride in an amount sufficient to Saturate 
said bath and to provide an undissolved residue 
of alkali metal silicofluoride in the bath, Said 
alkali metal being selected from the class consist 
ing of potassium and sodium, (3) a Soluble non 
catalytic strontium compound in an amount Suf 
ficient to suppress the concentration of the stron 
tium sulfate in solution in said bath from the 
unsuppressed saturation concentration of the 
latter to a lower but greater than Zero Concen 
tration, and (4) a soluble non-catalytic alkali 
metal compound in an amount Sufficient to Sup 
press the concentration of the alkali metal silico 
fluoride in solution in said bath from the unsup 
pressed saturation concentration of the latter to 
a lower but greater than Zero concentration, and 
the alkali metal of said non-catalytic compound 
being the same as the alkali metal of Said alkali 
metal silicofluoride. 

8. A composition of matter for making up and 
maintaining an aqueous chromic acid plating 
bath for chromium plating in the range of 100 
to 500 g/l. CrO3, said composition comprising 
essentially about 72 to 97% by Weight of CrO3 
and the balance comprising the following four 
compounds: (1) strontium sulfate in an amount 
sufficient to saturate said bath and to provide an 
undissolved residue of strontium sulfate in the 
bath, (2) an alkali metal silicofluoride in an 
amount sufficient to saturate said bath and to 
provide an undissolved residue of alkali metal 
silicofluoride in the bath, said alkali metal being 
selected from the class consisting of potassium 
and sodium, (3) a soluble non-catalytic strontium 
compound in an amount sufficient to Suppress the 
concentration of the strontium sulfate in Solu 
tion in said bath from the unsuppressed Satura 
tion concentration of the latter to a lower Con 
centration, said lower concentration being in the 
range extending from said unsuppressed Satura 
tion concentration to about one-tenth of the 
unsuppressed saturation concentration, and (4) 
a soluble non-catalytic alkali metal compound 
in an amount sufficient to suppress the concen" 
tration of the alkali metal silicofluoride in Solu 
tion in said bath from the unsuppressed Satural 
tion concentration of the latter to a lower Con 
centration in the range extending from Said last 
mentioned unsuppressed saturation concentra 
tion to about one-fourth thereof, and the alkali 
metal of said non-catalytic compound being the 
same as the alkali metal of Said alkali metal 
silicofluoride. 

9. A composition of matter for making up and 
maintaining an aqueous chromic acid bath for 
chromium plating in the range of 100 to 500 g/l. 
of CrO3, said composition comprising essentially 
about 72 to 97% by weight of CrO3, an amount 
of strontium sulfate sufficient to Saturate Said 
bath and to provide an undissolved residue of 
strontium sulfate in the bath, an amount of So 
dium silicofluoride sufficient to saturate said bath 
and to provide an undissolved residue of Sodium 
silicofluoride in the bath, a soluble non-catalytic 
strontium compound in an amount equivalent to 
0.21 to 1.4 per cent by weight of strontium, and 
a soluble non-catalytic sodium compound in an 
amount equivalent to 0.28 to 12.3 per cent by 
Weight of Sodium. 

10. A composition of matter for making up and 
maintaining an aqueous chromic acid bath for 
chromium plating in the range of 100 to 500 g./l. 
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of CrO3, consisting essentially of 90 to 70% by 
Weight of CrO3 per se, 1.4 to 3.4% by weight of 
strontium sulfate, 2.5 to 7.5% by weight of potas 
sium silicofluoride, 0.6 to 3.6% by weight of stron 
tium chromate, and 5.5 to 15.5 by Weight of potas 
Sium bichromate. 

11. A composition of matter for making up and 
maintaining an aqueous chromic acid bath for 
chromium plating in the range of 100 to 500 grams 
per liter of CrO3, consisting essentially of 95 to 
85% by weight of CrO3 per se, 0.7 to 1.9% by 
Weight of strontium Sulfate, 1.3 to 4.1% by Weight 
Cf potassium silicofluoride, 0.5 to 1.5% by Weight 
of strontium chromate, and 2.5 to 7.5% by Weight 
of potaSSium bichromate. 

12. A composition of matter for making up and 
maintaining an aqueous chromic acid bath for 
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chromiurn plating in the range of 100 to 500 grams 
per liter of CrO3, said composition comprising 
eSSentially two catalyst-Supplying compounds and 
a Soluble non-catalytic compound, one of said 
catalyst-Supplying compounds being strontium 
Sulfate in an amount Sufficient to saturate said. 
bath and to provide an undissolved residue of 
Strontium sulfate in the bath when said composi 
tion is added to said bath in the proportion of at 
least 5 parts of the composition to 95 parts of the 
chronic acid in Said bath, the other of Said cata 
lyst-Supplying compounds being an alkali metal 
silicofiuoride in an amount sufficient to saturate 
Said bath and to provide an undissolved residue 
of alkali metal silicofluoride in the bath when 
Said composition is added to said bath in the 
proportion of at least 5 parts of the composition 
to 95 parts of the chromic acid in said bath, said 
alkali metal being Selected from the class con 
Sisting of potassium and Sodium, said non-cata 
lytic compound being present in an amount suffi 
cient to suppress the concentration of one of 
Said catalyst-supplying compounds in solution in 
said bath from the unsuppressed saturation con 
centration of the latter compound to a lower but 
greater than Zero concentration, said non-cata 
lytic compound being Selected from the class con 
Sisting of a strontium compound and an alkali 
metal compound, and the alkali metal of said 
alkali metal Compound being the same as the 
alkali metal of said alkali metal silicofluoride. 

13. A composition of matter for making up and 
maintaining an aqueous chromic acid bath, for 
chromium plating in the range of 100 to 500 grams 
per liter of CrO3, said composition comprising 
eSSentially the following four compounds: (1) 
Strontium Sulfate in an amount Sufficient to sat 
'urate said bath and to provide an undissolved 
residue of strontium sulfate in the bath. When said 
composition is added to said bath in the propor 
tion of at least 5 parts of the composition to 
95 parts of the chromic acid in said bath, (2) an 

'alkali metal silicofluoride in an amount sufficient 
to Saturate said bath and to provide an undis 
Solved residue of alkali metal silicofluoride in the 
bath when said composition is added to said bath. 
in the proportion of at least 5 parts of the com 
position to 95 parts of the chronic acid in said 
bath, said alkali metal being selected from the 
class consisting of potassium and sodium, (3) a 
soluble non-catalytic strontium compound in an 
amount sufficient to suppress the concentration 
of the strontium Sulfate in Solution in said bath 
from the unsuppressed Saturation concentration 
of the latter to a lower but greater than zero con 
centration, and (4) a Soluble non-catalytic alkali 
metal compound in an amount sufficient to sup 
"press the concentration of the alkali metal silico 
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fluoride in solution in said bath from the unsup 
pressed saturation concentration of the latter to 
a lower but greater than zero concentration, and 
the alkali metal of said non-catalytic compound 
being the same as the alkali metal of Said alkali 
metal silicofluoride. 

14. A composition for use in making up and 
maintaining an aqueous chromic acid bath for 
chromium plating in the range of 100 to 500 grams 
per liter of CrO3, said composition comprising 
essentially about 2.4 to about 17.7 parts by weight 
of potassium bichromate, about 0.5 to about 12.3 
parts by weight of strontium chromate, about 
0.9 to about 7.5 parts by weight of potassium 
silicofluoride, and about 0.4 to about 3.4 parts by 
Weight of strontium sulfate. 

15. A composition for use in making up and 
maintaining an aqueous chromic acid bath for 
chromium plating in the range of 100 to 500 
grams per liter of CrO3, said composition con 
prising essentially about 1.6 to about 70 parts by 
weight of an alkali metal bichromate, about 0.5 
to about 12.3 parts by weight of strontium chro 
mate, about 0.9 to about 7.5 parts by Weight 
of an alkali metal silicofluoride, about 0.4 to 
about 3.4 parts by weight of strontium Sulfate, 
said alkali metal being selected from the class 
consisting of potassium and Sodiulin. 

16. A composition for use in making up and 
maintaining an aqueous chromic acid bath for 
chromium plating in the range of 100 to 500 
grams per liter of CrO3, said composition com 
prising about 1.6 to about 17.7 parts by weight 
of an alkali metal bichromate, about 0.9 to about 
7.5 parts by weight of an alkali metal silico 
fluoride, about 0.4 to about 4.2 parts by Weight 
of strontium sulfate, said alkali metal being Se 
lected from the class consisting of potassium and 
Sodium. 

17. A composition for use in making up and 
maintaining an aqueous chromic acid bath for 
chromium plating in the range of 100 to 500 
grams per liter of CrO3, said composition com 
prising essentially about 1.6 to about 70 parts 
by weight of sodium bichromate, about 0.5 to 
about 3.3 parts by weight of strontium chromate, 
about 1.0 to about 6 parts by weight of Sodium 
silicofluoride, and about 0.4 to about 3 parts by 
weight of strontium Sulfate. 

18. A composition for use in making up and 
maintaining an aqueous chromic acid bath for 
chromium plating in the range of 100 to 500 
grams per liter of CrO3, said composition Com 
prising essentially about 0.6 to about 1.8 parts 
by weight of strontium chromate, about 15 to 
about 4.5 parts by weight of potassium silico 
fluoride, and about 0.6 to about 2.0 parts by Weight 
of strontium Sulfate. 

19. An aqueous bath for chromium plating 
comprising essentially 100 to 500 g/l. of CrO3, 
two catalyst-supplying compounds, and a soluble 
non-catalytic compound, one of Said catalyst 
supplying compounds being strontium sulfate in 
an amount sufficient to saturate said bath and to 
provide an undissolved residue of strontium Sul 
fate in the bath, the other of Said catalyst-Sup 
plying compounds being an alkali metal Silico 
fluoride in an amount sufficient to Saturate Said 
bath and to provide an undissolved residue of 
alkali metal silicofluoride in the bath, Said alkali 
metal being selected from the class consisting of 
potassium and Sodium, Said non-catalytic Con 
pound being present in an amount sufficient to 
suppress the concentration of one of Said catalyst 
supplying compounds in solution in said bath 
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12 
from the unsuppressed saturation concentration 
of the latter compound to a lower but greater 
than Zero concentration, said non-catalytic com 
pound being selected from the class consisting of 
a strontium compound and an alkali metal Con 
pound, and the alkali metal of said alkali metal 
compound being the same as the alkali metal of 
said alkali metal silicofluoride. 

20. An aqueous bath for chromium plating 
comprising essentially 100 to 500 g./l. of CrO3, 
strontium sulfate in an amount Sufficient to Satu 
rate said bath and to provide an undissolved 
residue of strontium sulfate in the bath, an alkali 
metal silicofluoride in an amount sufficient to 
Saturate said bath and to provide an undissolved 
residue of alkali metal silicofluoride in the bath, 
said alkali metal being selected from the class 
consisting of potassium and Sodium, a Soluble 
non-catalytic strontium compound in an amount 
sufficient to suppress the concentration of the 
strontium sulfate in solution in Said bath from 
the unsuppressed saturation concentration of the 
latter to a lower but greater than Zero concen 
tration, and a soluble non-catalytic alkali metal 
compound in an amount Sufficient to Suppress the 
concentration of the alkali netai Silicofluoride in 
solution in said bath from the unsuppressed Sat 
uration concentration of the latter to a lower but 
greater than zero concentration, and the alkali 
metal of said non-catalytic compound being the 
same as the alkali metal of said alkali metal Silico 
fiuoride. 

21. An aqueous bath for chromium plating 
comprising essentially 100 to 500 g/l. Of CrO3, 
strontium sulfate in an amount Sufficient to Satu 
rate said bath and to provide an undissolved 
residue of strontium sulfate in the bath, an 
alkali metal Silicofluoride in an amount Sufficient 
to Saturate Said bath and to provide an undis 
Solved residue of alkali metal silicofluoride in the 
bath, said alkali metal being selected from the 
class consisting of potaSSium and SOdium, a 
soluble non-catalytic Strontium compound in an 
amount Sufficient to Suppress the concentiation 
of the strontium sulfate in Solution in Said bath 
from the unsuppressed Satulation concentration 
of the latter to a lower concentration, Said lower 
concentration being in the range extendiirag fron 
Said unsuppreSSed Saturation concertation to 
about one-tenth of the unsuppressed Saturation 
concentration, and a Soluble non-catalytic alkali 
metal compound in an allount Sufficient Lo Sup 
press the conceintration of the alkali I Getai silico 
fluoride in Solution in Said bath from the un 
Suppressed Saturation concentration of the latter 
to a lower concentration in the range extending 
from Said last-mentioned unsuppressed satura 
tion concentration to about one-fourth thereof, 
and the alkali Inetal of Said non-catalytic coin 
pound being the same as the alkali metal of 
Said alkali metal silicofluoride. 

22. A process of electrodepositing chromium 
comprising essentially passing current from an 
anode to an article-cathode immersed in an 
aqueous bath comprising essentially 100 to 503 
g./I. CrO3, two catalyst-Supplying compounds, 
and a Soluble non-catalytic compound, one of 
Said catalyst-Supplying compounds being stron 
tium Sulfate in an amount sufficient to saturate 
Said bath and to provide an undissolved residue 
of Strontium Sulfate in the bath, the other of 
Said catalyst-Supplying compounds being an 
alkali metal silicofluoride in an amount suffi 
cient to Saturate Said bath and to provide an 
undissolved residue of alkali metal silicofluoride 
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in the bath, said alkali metal being selected 
from the class consisting of potassium and So 
dium, said non-catalytic compound being present 
in an armount Sufficient to SuppreSS the concern 
tration of one of Said catalyst-Supplying con 
pounds in Solution in Said bath from the un 
Suppressed Saturation concentration of the latter 
compound to a lower but greater than Zero 
concentration, Said non-catalytic compound be 
ing Selected from the class consisting of a stron 
tium compound and an alkali metal compound, 
and the alkali metal of Said alkali metal corn 
pound being the same as the alkali metal of Said 
alkali metal Silicofluoride. 

23. A process of electrodepositing chronium 
comprising essentially passing current from an 
anode to an article-cathode immersed in an 
aqueous bath comprising essentially 100 to 500 
g./l. CrO3, strontium sulfate in an amount suffi 
cient to Saturate Said bath and to provide an 
undissolved residue of strontium sulfate in the 
bath, an alkali metal silicofluoride in an amount 
Sufficient to Saturate said bath and to provide 
an undissolved residue of alkali metal silico 
fluoride in the bath, said alkali metal being 
selected from the class consisting of potassium 
and SOdium, a Soluble non-catalytic strontium 
compound in an amount sufficient to suppress 
the concentration of the strontium sulfate in 
Solution in Said bath from the unsuppressed 
Saturation concentration of the latter to a lower 
but greater than Zero concentration, and a solu 
ble non-catalytic alkali metal compound in an 
amount Sufficient to Suppress the concentration of 
the alkali metal silicofluoride in solution in said 
bath from the unsuppressed saturation concen 
tration of the latter to a lower but greater than 
zero concentration, and the alkali metal of said 
non-catalytic compound being the same as the 
alkali metal of said alkali metal silicofluoride. 

24. A process of electrodepositing chromium 
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comprising essentially passing current from an 
anode to an article-cathode immersed in an ague 
ous bath comprising essentially 100 to 500 g/l. 
CrO3, strontium sulfate in an amount sufficient 
to saturate said bath and to provide an undis 
Solved residue of Strontium Sulfate in the bath, 
an alkali metal silicofluoride in an amount Suffi 
cient to Saturate Said bath and to provide an 
undissolved residue of alkali metal silicofluoride 
in the bath, said alkali metal being selected from 
the class consisting of potassium and SOdium, a 
Soluble non-catalytic strontium compound in an 
amount sufficient to suppress the concentration 
of the strontium sulfate in solution in said bath 
from the unsuppressed saturation concentration 
of the latter to a lower concentration, said lower 
concentration being in the range extending from 
said unsuppressed Saturation concentration to 
about one-tenth of the unsuppressed Saturation 
concentration, and a soluble non-catalytic alkali 
metal compound in an amount Sufficient to Sup 
press the concentration of the alkali metal silico 
fluoride in Solution in Said bath from the un 
suppressed saturation concentration of the latter 
to a lower concentration in the range extending 
from said last-mentioned unsuppressed Satura 
tion concentration to about one-fourth thereof, 
and the alkali metal of Said non-catalytic com 
pound being the same as the alkali metal of 
said alkali metal Silicofluoride. 
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