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The invention relates to electroplating and is more 
particularly concerned with the conditioning or special 
treatment of aluminum and aluminum alloys preliminary 
to plating with chromium to provide a tightly adherent 
bond between the chromium and the aluminum base 
metal. 
The invention is applicable to aluminum and its alloys. 

“Aluminum,” as hereinafter used in the specification and 
claims is intended in a generic sense to include both the 
commercially pure metal and alloys of the metal which are 
predominantly, or contain a substantial quantity of, alumi 
num. Also, reference to an article of aluminum is in 
tended to include to include a base metal which is entirely 
of aluminum or some other metal, which is clad with, 
or has a surface layer of, aluminum. 
Much effort has been expended in the endeavor to ob 

tain a tightly adherent deposit of chromium on aluminum. 
The metal is highly oxidizing in character, and presents 
an aluminum oxide film which is not receptive to a strong 
ly adherent electrodeposit. Various methods have been 
suggested for preparing or conditioning an aluminum sur 
face to make it receptive for electroplating. 
The process in widest commercial use today for prepar 

ing an aluminum surface for plating is the "zinc immersion 
process.” In this process a thin and adherent film of 
metallic zinc or alloy of zinc replaces the aluminum oxide 
film. The zinc provides a surface which is more readily 
plated with other metals than the aluminum. Not all 
metals, however, may then be simply deposited directly on 
the zinc surface. Where it is desired to deposit chromium 
upon the Zincated aluminum, special precautions are 
necessary because the zinc layer is very thin and any treat 
ment which penetrates the zinc layer and attacks the 
underlying aluminum will result in a poor deposit. When 
depositing chromium on the zincated surface, the plating 
must be kept at a low temperature, approximately 68 F., 
and then only a very thin layer of chromium may be ap 
plied. In order to produce thick and hard deposits of 
chromium a transition must be made to plate at a higher 
temperature. The zinc immersion process for preparing 
an aluminum article for chromium plating has procedural 
limitations and is expensive. 
One of the primary objects of the invention is to pro 

vide an improved process for plating chromium directly 
on to aluminum, with the resultant deposit so tightly ad 
herent to the base metal that the finished product is ca 
pable of withstanding the rugged and severe conditions en 
countered in industrial or engineering applications or 
SS. 

It has been proposed to replace the natural aluminum 
oxide by a relatively thick porous oxide film formed by 
anodic treatment of the aluminum. This approach to the 
problem is based on the idea that the plating metal will 
adhere better to the aluminum through the medium of a 
controlled oxide film. The results of this method, how 
ever, have not afforded maximum adhesion of plated metal 
to base metal. 
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Special plating solutions have been devised to permit the 

direct plating on aluminum; however, none of the electro 
deposits resulting from such solutions have furnished a 
truly satisfactory bond of the plate to base metal. 

Another process for plating aluminum involves immers 
ing the aluminum in a molten metallic salt bath prelim 
inary to plating. Such process, however, because of the 
degree of heat involved, frequently has a deleterious affect 
upon the aluminum, and has proved to be less than Satis 
factory for many applications. 

It has also been proposed to prepare the aluminum for 
direct plating by preliminarily etching the aluminum, the 
idea being to develop a keying or mechanical inter-locking 
between the roughtened aluminum surface and the under 
lying plate. This method is difficult to control, and has 
not furnished uniformly satisfactory adherence between 
the plate and the base metal. 

In accordance with my invention chromium may be di 
rectly plated on to aluminum without impairing the physi 
cal properties of the aluminum, while permitting the at 
tainment of a strong bond between the electrodeposit and 
the underlying aluminum. This is accomplished by con 
ditioning the surface of the aluminum in an aqueous so 
lution containing chromic acid, hydrochloric acid and a 
chloride of chromium. The addition of chromic acid and 
chromic chloride to hydrochloric acid seems to buffer or 
somehow modify the otherwise highly corrosive action of 
hydrochloric acid on aluminum to condition the surface in 
a manner which results in an unusually strong bond be 
tween the subsequent chromium deposit and the alumi 
num. The effect of the hydrochloric acid may be addi 
tionally tempered by the addition of a small amount of 
potassium permanganate to the solution. Also, the solu 
tion is preferably subjected to electrolytic action, although 
no current is used when the aluminum article is immersed 
in the solution. 

Describing the invention in greater detail, an aluminum 
article is degreased and cleaned in accordance with ac 
cepted practices. The article may be degreased in tri 
chloroethylene and cleaned with any suitable commercial 
cleaner such as hot caustic soda. After the alkaline clean 
ing step, the article is thoroughly rinsed in cold water and 
then immersed in nitric-acid of approximately sixty per 
cent (60%) concentration for a period of ten (10) to fif 
teen (15) seconds, which turns the surface of the alumi 
num to a white color. The article is then very thoroughly 
rinsed, and immersed in the conditioning solution of my 
invention. 
The conditioning solution to achieve firm adherence of 

electrodeposit to base metal is prepared by dissolving 
chronic acid in hydrochloric acid, which may be com 
mercial muriatic acid having a concentration of approxi 
mately 20' Bé. In terms of a solution of sufficient quan 
tity for commercial use, three and one-quarter (314) 
pounds of chromic acid may be dissolved in five (5) gal 
lons of the hydrochloric acid, or approximately ten (10) 
ounces per gallon of hydrochloric acid. The chromic acid 
must be added to the hydrochloric acid in very small 
amounts at a time, otherwise the reaction will become un 
controllably violent. In any event, strong gassing takes 
place, and for the amounts stated twenty-four (24) to 
thirty-six (36) hours should be allowed for the contents 
of the tank to stop gassing. 

Chromic chloride is added to the chromic acid-hydro 
chloric acid mixture. Metallic chromium in an amount 
of approximately eight (8) ounces may be partially dis 
solved in 1000 cc. of hydrochloric acid C. P., and added 
to the chromic acid-hydrochloric acid mixture. 
A small amount of potassium permanganate, approxi 

mately one-half (%) ounce, may be added to the hydro 
chloric acid solution containing the partially dissolved 
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metallic chromium before combining with the chronic 
acid-hydrochloric acid mixture. As an alternative, 
chromic chloride crystals in: an amount of ten (10) to 
twenty (20) ounces, and the potassium permanganate, 
may be added to the chromic acid-hydrochloric acid mix 
ture. Approximately three (3) gallons of water is then 
added, and the solution is allowed to stand for four (4) 
to six (6) hours before it is ready to receive aluminum 
pieces for treatment. 

It is preferred to subject the described solution to an 
electrolytic "cook,” and this is done by placing a pair of 
carbon rods, each having a surface area of approximately 
twenty (20) square inches in a tank containing the de 
scribed solution, connecting the rods to the cathode... and 
anode, terminals of a rectifier, set at four (4). volts, and 
electrolyzing the solution for several hours. After cool 
ing to room temperature, the solution is ready for use in 
the line. 
The aluminum article is immersed in the foregoing solu 

tion for approximately sixty (60), seconds. In about ten 
(10) seconds gassing action starts and increases rapidly. 
When the article is removed from the solution, after about 
sixty (60) seconds, the entire aluminum surface is literal 
ly bubbling, and has a grey appearance. The article is 
then thoroughly rinsed in cold water, preferably applied 
under high pressure, and is now ready for chromium 
plating. 
Any commercial chromium plating solution may be 

used. It is preferred, however, to plate in a hard chromi 
um plating bath containing thirty-three (33) ounces per 
gallon of chromic acid and 0.33 ounce per gallon of sul 
fate in the form of sulphuric acid. The bath is maintained 
at a temperature of approximately 132 F., and a current 
density of approximately three (3), amperes per square 
inch is used. The time of plating depends upon the thick 
ness of chromium deposit desired, plating under the condi 
tions stated furnishing a thickness of 0.001 inch per hour. . 
After plating the article is very thoroughly rinsed in cold 
running water, and then rinsed in hot water and allowed 
to dry. 

After final deposition of the chromium on the alumi 
num article, it is preferred to heat the plated article at 
approximately three hundred (300 F.) degrees for one. 
(1) to two (2) hours in a furnace or by immersing the 
article in hot oil. 
Aluminum articles preliminarily treated in the de 

scribed solution and then chromium plated provides an 
unusually adherent deposit to the underlying aluminum. 
The chromium deposit may be subjected to a grinding 
wheel without displaying any cracking or peeling of the 
plate. Upon bending the plated article, no cracking or. 
peeling of the plate occurs. 

It is believed that the novel process of the present in 
vention, as well as the advantages thereof will be apparent 
from the foregoing detailed description. It will also be 
apparent that while the invention has been described in 
several preferred forms, changes may be made without 
departing from the spirit and scope of the invention, as 
sought to be defined in the following claims. 

I claim: 
1. A process of electroplating an aluminum article 

with chromium comprising immersing the article in an 
aqueous solution containing chromic acid, hydrochloric 
acid and chromic chloride, the ingredients being present 
in the approximate proportions of three (3) pounds of 
chromic acid, five (5) gallons of hydrochloric acid having. 
a concentration of about 20 Bé. and ten (10) to twenty 
(20) ounces of chromic chloride, removing the article 
from the solution after gassing occurs, and electroplating 
with chromium. 

2. A process as set forth in claim 1, wherein the solu 
tion is electrolyzed prior to immersion of the aluminum 
article therein, there being no current applied when the 
article is immersed. 
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3. A process of electroplating an aluminum article 

with chromium comprising immersing the article in an 
aqueous solution containing chromic acid, hydrochloric 
acid, chromic chloride and potassium permanganate in the 
approximate proportions of three (3) pounds of chromic 
acid, five (5) gallons of hydrochloric acid having a con 
centration of about 20 Bé., ten (10) to twenty (20) 
ounces of chromic chloride and one-half (1/2) ounce of 
potassium permanganate, removing the article from the 
solution after gassing occurs, and electroplating the article 
with chromium. 

4. A process as set forth in claim 3, wherein the solu 
tion is electrolyzed prior to immersion of the aluminum 
article therein, there being no current applied when the 
article is immersed. 

5. An aqueous solution for preparing an aluminum 
article for direct electroplating with chromium compris 
ing chromic acid, hydrochloric acid and chromic chloride, 
the ingredients being present in the approximate propor 
tions of three (3) pounds of chromic acid, five (5) gallons 
of hydrochloric acid having a concentration of about 20 
Bé. and ten (10) to twenty (20) ounces of chromic 
chloride. 

6. An aqueous solution for preparing an aluminum 
article for direct electroplating with chromium comprising 
chromic acid, hydrochloric acid, chromic chloride and 
potassium permanganate in the approximate proportions 
of three (3) pounds of chromic acid, five (5) gallons of 
hydrochloric acid having a concentration of about 20 
Bé., ten (10) to twenty (20) ounces of chromic chloride 
and one-half (/2) ounce of potassium permanganate. 

7. A process of electroplating an aluminum article with 
chromium comprising immersing the article in an aqueous 
Solution made by mixing chromic acid and hydrochloric 
acid, in the amounts of approximately ten (10) ounces 
of chromic acid per gallon of hydrochloric acid, the hy 
drochloric acid having a concentration of approximately 
20' Bé., removing the article from the solution after gas 
sing occurs, rinsing, and electroplating the article with 
chromium. 

8. A process as set forth in claim 7, wherein the solu 
tion contains a small amount of chromic chloride. 

9. A process of electroplating an aluminum article with 
chromium comprising immersing the article in an aqueous 
solution containing chromic acid, hydrochloric acid and 
chronic chloride, the ingredients being present in the ap 
proximate proportions of three (3) pounds of chromic 
acid, five (5) gallons of hydrochloric acid having a con 
centration of about 20 Bé. and ten (10) to twenty (20) 
ounces of chromic chloride, the period of immersion being 
approximately sixty (60) seconds, rinsing the article in 
Water, and electroplating the article with chromium. 

10. A process as set forth in claim 9, wherein the solu 
tion contains approximately one-half (2) ounce of po 
tassium permanganate. 
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