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This invention relates to a method for pickling titanium 
and titanium alloys and compositions used therein. More 
particularly this invention relates to a method for descal 
ing and deoxidizing titanium and titanium alloys by the 
combined action of a pickling bath and electrolysis. 

Oxides of titanium and oxide scale are formed on the 
surfaces of articles formed from titanium and titanium 
alloys when such articles are manufactured or fabricated 
by methods using heat treatment in the forming or tem 
pering thereof. Proper ?nishing of such articles requires 
that the adherent scale and unsightly appearing discolora 
tions be removed. Conventional methods of descaling 
are di?icult to carry out and often result in such damage 
to the article itself in way of etching, pitting, discolora 
tion and decrease in the thickness of the articles that they 
were no longer ?t for the purpose intended and have 
to be discarded. 

Several conventional methods are known but the most 
common types are abrasion, contacting the oxidized sur 
faces With baths of molten salts or contacting such sur 
faces with acid pickling baths. 

Abrasion cleaning is limited by the shape of the arti 
cles to be worked on. The articles having irregular, com 
plex or tortuous surfaces are practically impossible to 
clean completely or evenly because of the inaccessability 
of portions of the surface. Molten salt treatment is not 
recommended since it is carried out at relatively high 
temperatures and usually result in discoloration of the 
article which requires a second treatment to remove the 
stain resulting from the ?rst. The articles cleaned in 
this manner often are scratched, pitted and generally of 
a roughed appearance. The surface is usually of an un~ 
even texture and the gauge thickness of articles so treated 
usually is worn down unevenly. Acid cleaning usually 
results in etched, pitted surfaces and from which com 
plete removal of scale must be accomplished by mechani 
cal means such as wire brushing. 
An object of the present invention is to provide a 

method for pickling titanium and titanium alloys to re 
move oxide ?lms and scale without severe treatment of 
the article. 

Another object of the present invention is to provide a 
method and bath for pickling titanium and titanium alloys 
which does not substantially pit or etch the surface of 
the article treated but which results in the complete re 
moval of oxide scale therefrom without removal of any 
appreciable amount of unoxidized metal. 
A further object of the present invention is to provide 

a method of cleaning the surface of articles made of 
titanium and titanium alloys which combines chemical 
pickling with electrolytic treatment. 
The present invention comprises using certain pickling 

bath compositions in conjunction with electrolytic treat 
ment of the articles of titanium and titanium alloys. This 
combination permits the use of a pickling bath which is 
less severe in its attack on the metal surface but more 
selective in its attack on oxide scale when the article of 
titanium or titanium alloy is alternately used as the anode 
and then the cathode by periodically reversing the ?ow 
of current in a direct current electrolysis in which the 
pickling bath compositions form the electrolyte. The 
cathode is made from a titanium or a ferrous metal. 
Stainless steel, graphite, platinum and gold may also be 
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used. The voltage of the direct current is in the range 
from 6 to 30 volts. The duration of this treatment varies 
in accordance with the amount of scale and stain present 
on the article. 
The pickling bath compositions must be selected with 

the utmost care in order to be effective in removing oxide 
scale and brightening the metal surfaces without being 
so harsh as to pit, etch or materially decrease the sur 
face of the articles to be treated therewith in conjunc 
tion with the application of direct current thereto. The 
following fonnulae have proven particularly effective in 
the present invention: 

I 

Water _________________ __ 88.5% by vol. 

Nitric acid (50-80%) ____ _. 10.5% by vol. 
Hydro?uoric acid (48— 
60%) _______________ __ 1.0% by vol. 

'Sulfamic acid ___________ _. 7-13% by wt. of liquids. 
Cadmium sulfate ________ _. 2—3.5% by Wt. of liquids. 

11 

Water _________________ __ 88.5% by vol. 

Nitric acid (50—80%) ____ _. 10.5% by vol. 
Hydro?uoric acid (48 
60%) _______________ __ 1.0% by vol. 

Sulfamic acid ___________ _. 7-13% by wt. of liquids. 
Zinc sulfate ____________ __ 2-3.5 % by Wt. of liquids. 

III 

Water _________________ __ 88.5% by vol. 

Nitric acid (50—80%)_____ 10.5% by vol. 
Hydro?uoric acid (48~ 
60%) _______________ -_ 1.0% by vol. 

Sulfamic acid ___________ _. 7—13% by Wt. of liquids. 
Calcium sulfate _________ ._. 2—3.5% by wt. of liquids. 

From the above examples, it is clear that the preferred 
nitric acid concentration of the pickling baths disclosed 
herein may vary from about 5.25 to 8.20 percent by 
volume, and that the preferred hydro?uoric acid con 
centration of the baths may vary from about 0.48 to 0.60 
percent by volume. 

Pickling baths of type I are preferred because of the 
overall uniformity of their descaling and brightening 
action. The baths of type II and type III have proven 
only slightly less ef?cient but quite satisfactory for the 
purposes of the present invention. 
The present invention utilizes bath solutions made in 

accordance with the formulae set forth above in combi 
nation with galvanic action on the article to be descaled 
and cleaned. The combination produces the desired re 
sult using a milder etching solution operating more ef? 
ciently than heretofore. The acid attack on the metal 
surface is lessened apparently because of the inclusion 
of sulfamic acid and the group II metal sulfate buffer. 
The bath’s active components being needed in less than 

conventional amounts makes unnecessary the storing of 
large amounts of hazardous material, usually in liquid 
form. The major component of the present invention, 
sulfamic acid (NH2HSO3), is a dry material which can 
be stored in that condition until it is desired to use it in 
preparing the bath composition. The sulfate salts of 
group H metals are also used in the dry state until in 
corporated into the bath composition. 
The present invention operates satisfactorily utilizing 

less than the amounts of active ingredients conventionally 
included in compositions designed to perform in a simi 
lar manner. This increase in effectiveness results in a 
substantial increase in the economies of a process which 
in commercial contemplation may use bath solutions in 
batches amounting to hundreds of gallons. 
The invention in its broader aspects is not limited to 
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the speci?c steps, methods, compositions and improve 
ments shown and described herein, but departures may 
be made within the scope of the accompanying claims 
without departing from the principles of the invention 
and without sacri?cing its chief advantages. 
What is claimed is: 
1. A method of removing oxide scale and stain from 

the surfaces of articles of titanium and titanium based 
alloys which comprises immersing the article in a pickling 
electrolyte bath which consists essentially of an aqueous 
solution of about 5.25 to 8.40 percent by volume of nitric 
acid, about 0.48 to 0.60 percent by volume of hydro 
?uoric acid, about 7 to 13 percent by weight of sulfamic 
acid and about 2 to 3.5 percent by Weight of a sulfate 
salt of a metal of group II of the periodic table of ele 
ments, connecting the immersed article as an electrode 
in an electrical circuit, passing a direct current between 
said article anda second electrode and periodically re 
versing the ?ow of current. 

2. A method of removing oxide scale and stain from 
the surfaces of articles of titanium and titanium based 
alloys which comprises immersing the article in a pickling 
electrolyte bath which consists essentially of an aqueous 
solution of about 75.25 to 8.40 percent by volume of 
nitric acid, about 0.48 to 0.60 percent by volume of hy 
dro?uoric acid, about 7 to 13 percent by weight of sul 
famic acid and about 2 to 3.5 percent by weight of a 
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sulfate salt of a metal of group II of the periodic table 
of elements, connecting the immersed article as an anode 
in an electrical circuit, passing a direct current having 
voltage of about from 6 to 30 volts between said article 
and a cathode, and periodically reversing the ?ow of 
current in said circuit. 

3. A method as set forth in claim 1 wherein the anode 
is a metal selected from the group consisting of ferrous 
metals and titanium metals. 

4. A method as set forth in claim 1 wherein the voltage 
of the current passed through the circuit is from 6 to 30 
volts. 
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