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ABSTRACT OF THE DISCLOSURE 
A process of chemically milling titanium, refractory 

metals, and their alloys, resulting in decreased absorption 
of hydrogen, thus allowing chemical milling of beta ti 
tanium and alpha beta titanium, which normally cannot 
be chemically milled in conventional chemical milling 
solutions because of hydrogen embrittlement. Another ad 
vantage of this process is a better chemically milled sur 
face ?nish and more rapid and uniform metal removal 
rates than obtainable in conventional refractory metal 
chemical milling solutions. The process also is suitable 
for alpha titanium alloys. The chemical milling solution 
itself consists of a mixture of nitric acid, hydro?uoric acid 
or ?uoride salts, and derivatives of carbonic acid such as 
carbamide, in concentrations of at least 10 grams per 
liter of ?nal solution. 

REFERENCE TO PRIOR APPLICATION 

This application is a continuation-in-part of prior co 
pending application Ser. No. 661,753 ?led Aug. 3, 1967, 
now abandoned, entitled Chemical Milling of Titanium, 
Refractory Metals and Their Alloys. 

BACKGROUND OF THE INVENTION 

Presently it is very di?icult to chemically mill titanium 
and refractory metals other than the alpha alloys of - 
titanium, because of the high af?nity of beta and alpha 
beta alloys for hydrogen. High hydrogen absorption re 
sults in great internal stresses which tend to crack the 
metal. It is very di?icult to machine beta and certain 
alpha beta titanium alloys and consequently these alloys 
have not been fully utilized in the aerospace industry, 
although the alloys do exhibit very attractive mechanical 
properties. It has always been the desire of the aero-space 
industry that a method of chemically milling these al 
loys be found. Additionally, the present invention pro 
vides a very convenient method of pickling, cleaning, and 
surface preparation for such alloys. 

SUMMARY OF THE INVENTION 

The present invention comprises a chemical milling 
solution for milling titanium, refractory metals, and their 
alloys, speci?cally beta and alpha beta titanium alloys, 
with little hydrogen absorption in the alloys and uniform 
titanium removal rates. The solution comprises nitric acid, 
hydro?uoric acid, and derivatives of carbonic acid in con 
centrations of at least 10 grams per liter of solution. In 
addition, small percentages of surfactants are added when 
the smoothness of the chemically milled surface is impor 
tant. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Example No. I 

The following is a speci?c detailed disclosure of a 
preferred process of chemically milling titanium, spe 
ci?cally beta titanium alloy. 
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2 
(1) The specimen (beta titanium alloy) is cleaned with 

trichloroethylene to remove contaminants such as grease, 
oil, etc. This pre-treatment is necessary for removal of 
oil, grease and other contaminants normally found on 
parts in metal fabrication. The purpose of this cleaning is 
twofold: (a) to eliminate contamination of chem-milling 
solution, and (b) to provide a clean surface for proper 
maskant adhesion. Both factors are important to produce 
acceptable parts; however, these factors do not affect 
hydrogen absorption and thus are incidental with respect 
to the invention. 

(2) The specimenn is dipped into a neoprene base 
maskant. This is a proprietory compound supplied ‘by 
Turco Products, Inc. The maskant is at room temperature, 
and has a viscosity of 40 seconds as measured ‘with Zahn 
No. 5 viscosimeter. This is a conventional solution and 
the step is well known in this art. 

(3) The coated specimen is permitted to dry at room 
temperature (about 76° C.) until tack free condition. This 
takes about 20 minutes. 

(4) Dipping and drying between dipping is repeated 
three more times to apply four coats of mask which pro 
vides about 0.016 in. thick coating. 

(5) After the ?nal coat, the specimen is kept at room 
temperature for about six hours to permit evaporation 
of solvents from the coating. 

(6) Then the masked specimen is baked at 200° F. for 
one hour. This treatment polymerizes the coating and 
renders it inert to chemical milling solution. 

(7) The chem-milling template, previously made from 
steel, is applied to the specimen. The template is designed 
to serve as a guide for the scribing knife to obtain the 
chem-milling pattern. The knife used is a commercial type 
X-Acto scribing knife. 

(8) After all the lines for chem-mill pattern are cut 
through the maskant, but not into the metal, the template 
is removed and the maskant is peeled by hand from the 
areas to be chem-milled. 

(9) The specimen is immersed into an activating or 
cleaning solution for one minute. The solution consists 
of 30% by volume of 67.18 wt. percent nitric acid, 2% 
by volume of 70 wt. percent hydro?uoric acid and the re 
mainder water. The solution is kept at room temperature. 
This step is necessary to remove the ?lm formed on the 
refractory metal where the maskant is removed. If the 
?lm is not removed, the etching solution will not etch 
uniformly. 

( 10) The specimen is transferred into the chem-milling 
solution. The solution composition is as follows: 682 g. 
of nitric acid, 63 g. of hydrofluoric acid, 50‘ g. of carbam 
ide, 0.01 g. dodecyl benzene sulfamic acid, and water to 
make a total volume of one liter. The solution is at 150° 
F. and is agitated by means of an electric stirrer. The 
specimen is suspended in the solution using plastic coated 
wire and is left in the chem-mill solution for 20 minutes. 

(11) After 20 minutes, the specimen is removed from 
the chem-milling solution, rinsed with cold water, and 
the amount of metal removal is measured using a microm 
eter. 0.024 in. of metal was removed which is a metal 
removal rate of 0.0012 in. per minute. 

(12) As the desired metal removal is 0.030 inch (half 
the thickness of the test specimens), the test specimen is 
immersed again into the same activating solution for one 
minute and returned to the chem-milling solution for an 
additional ?ve minutes, to obtain the desired metal re 
moval. 

(13) The specimen is removed, rinsed with cold water 
and the metal removal is checked again with a microm 
eter to ascertain that 0.030 in. of metal have been re 
moved. 

(14) The maskant from areas which had not been 
chem-milled is removed by hand peeling. 
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The foregoing process can be used to chem-mill other 
titanium alloys and refractory metals and their alloys. 
The following alloys are considered as refractory: colum 
bium, molybdenum, tungsten, and tantalum. 

Chemical milling of refractory metals is of major im 
portance since there are no known chem-milling proc 
esses for some of these metals, such as tantalum and tung 
sten. Furthermore, the known processes for columbium 
present hydrogen absorption problems which are elimi 
nated by the use of the present process. 
The chem-milling solution used in the foregoing Ex 

ample No. I contains 0.1 gram of dodecyl benzene sul 
famic acid. This ingredient or some other surfactant, such 
as alkyl benzene sulfonate, is necessary in the present 
process except when the smoothness of the ?nal chemi 
cally milled surface is not important. 
The surfactant amount is normally small and the range 

can vary from 0.001% to about 2%. The maximum 
amount is not critical as excess surfactant does not pro 
duce any harmful effect upon chemical milling. The min 
imum amount is determined by how much the solution 
surface tension is reduced. The reduction of surface ten 
sion is not critical in general except for extremely accu 
rate work. 
The chemically milling solution contains preferably 

70% by volume of commercially available 67.8 wt. per 
cent nitric acid. The range of nitric acid concentration 
can be varied between about 126 and about 682 grams 
of pure nitric acid per liter of ?nal solution. The use of 
nitric acid is critical. 

Between 1 and 20% by volume of commercially avail 
able hydro?uoric acid can be used, although 4~8% of 
said hydro?uoric acid is preferred. These ranges can be 
expressed as 12.6—251.6 grams of 70% hydro?uoric acid 
or about 8.8 to about 176.1 grams of pure hydro?uoric 
acid per liter of ?nal solution. While hydro?uoric acid 
is preferred, ?uoride salts such as lithium ?uoride, am 
monium ?uoride, sodium ?uoride, potassium ?uoride, co 
balt ?uoride, and the like, may be used. 

Carbamide is the preferred carbonic acid derivative 
and is present in amounts of at least 10 grams per liter 
of ?nal solution. Preferably the range is from about 20 
to about 200 grams per liter. At 200 grams per liter a 
super saturated solution is produced and increased con 
centration of carbamide is not more effective. 

However, increasing the concentration to 300 or 500 
grams per liter is not detrimental to the ?nal process. 
Other carbonic acid derivatives which may be used include 
urea nitrate, urea oxalate, semicarbazide, and mixtures 
thereof and the like. 
The temperature range of the chemical milling process 

may be between about 30° F. and 230° F., although the 
preferred range is about 80° to about 190° F. 
The areas of the titanium which are not to be chemi 

cally milled may be coated with certain inert coatings, 
such as neoprene, high melting wax, or other materials 
inert to the chemical milling solution. Such materials are 
commercially available. 

Hydrogaen content of the milled article is measured in 
parts of hydrogen per million parts of ?nal product. 
Aeronautical Materials Speci?cations maximum permis 
sible hydrogen concentrations are 150-200 parts per mil 
lion, depending upon the titanium alloy involved. These 
?gures are conservative and ‘for less critical applications 
than aero-space vehicles higher hydrogen contents could 
be tolerated, although above about 500 parts per million 
is not generally satisfactory. 
During the development of this process, Ti-13V-11Cr 

3A1 titanium alloy was used because this alloy has beta 
crystalline structure and is more susceptible to hydrogen 
embrittlement than other alloys. When chem-milled in 
standard solution, this alloy absorbed about 4,000 parts 
per million hydrogen by weight. This amount of hydrogen 
produced sut?cient stresses to cause the test piece to crack 
immediately after chem-milling. A similar piece chem 
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4 
milled in the present solution contained about 120 parts 
per million of hydrogen by weight. This does not affect 
physical and mechanical properties of titanium and is 
within limits established by Aeronautical Materials Spec 
i?cations. 

Another term used in the industry in describing the 
effects of hydrogen absorption is “hydrogen embrittle 
ment,” which is based upon the degree of deterioration 
of mechanical and physical properties of titanium as hy 
drogen is absorbed. Generally this means cracking and 
weakening of the structure. 
The time of chemical milling varies widely depending 

on the amount of metal removal. Normally ‘the rate of 
metal removal is about 0.001 inch per minute per sur 
face. Therefore, if the desired amount of metal removal 
is 0.030 inch, the treatment time would be 30 minutes. 
The majority of present aero-space parts require metal 
removal of about 1A; of an inch which would take about 
two hours in chemical milling time. On the other hand, if 
the only purpose for chemical milling is to obtain a clean 
surface, 0.001 inch removal is sufficient and the treatment 
time Would be about one minute. 
The use of the carbamide results in suppressing the 

hydrogen absorption of the titanium and additionally re 
sults in a very substantial increase in the metal removal 
rate. A solution having the same concentration of in— 
gredients but without carbamide has a very low metal 
removal rate, about one-tenth of the rate obtained when 
using carbamide. Accordingly, this very bene?cial sec~ 
ondary effect of the carbamide is desirable and very 
useful in many operations. 
The reaction mechanism of titanium milling with the 

composition of this invention also has the advantage of 
eliminating emission of noxious and dangerous gases. 
The gases emitted by this reaction are nitrogen and 
carbon dioxide both of which are normally present in 
the atmosphere. Presently known chemical milling opera 
tions release nitrogen oxide, hydrogen, or chlorine which 
requires elaborate and expensive equipment to remove 
from the effluent air stream. 
The invention is intended to cover all changes and 

modi?cations of the examples of the invention herein 
‘chosen for purposes of the disclosure, which do not 
constitute departures from the spirit and scope of the 
invention. 
What is claimed is: 
1. A method of chemically milling and surface treat 

ing a material selected from the group consisting of 
titanium, columbium, molybdenum, tungsten, tantalum 
and their alloys without excessive hydrogen absorption 
comprising the steps of: 

(a) exposing said material to a solution containing 
per liter of solution about 126 to about 682 g. of 
nitric acid, an amount of a ?uoride producing ma 
terial sufficient to provide the equivalent of about 
8.8 to about 176.1 g. of pure hydro?uoric acid 
and a derivative of carbonic acid selected from the 
group consisting of carbamide, urea nitrate, urea 
oxalate and semi-carbazide in an amount equivalent 
to at least about 10 g. of carbamide, 

(b) at a temperature of about 30°—230° F., 
(c) for a period of time su?icient to remove the unde 

desired material. 1 

2. The method of claim 1 wherein the material is 
titanium alloy. 

3. The method of claim 2 wherein the titanium ‘is 
beta and mixed beta alpha alloys. 

4. The method of claim 3 including the step of add 
ing from about 0.001% to about 2% of a surfactant 
to the solution. 

5. The method of claim 1 wherein the ?uoride ion 
producing, agent is hydro?uoric acid and the carbonic 
acid derivative is carbamide. 

6. The method of claim 1 wherein the chemical mill 
ing rate is on the order of 0.001 inch/minute/surface 
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and the hydrogen absorption is below 200 parts/million. 
7. The method of claim 6 wherein the material is 

beta titanium alloy. 
8. The method of claim 1 wherein the solution in 

cludes from about 0.001 to about 2.0% of a surfactant. 5 
9. The method of claim 8 wherein the surfactant is an 

alkyl benzene sulfonic acid. 
10. The method of claim 1 wherein the fluoride ion_ 

producing material is hydro?uoric acid and the carbonic 
acid derivative is carbamide and the solution includes 10 
from about 0.001% to about 2.0% surfactant. 
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