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[57] ABSTRACI 
The present invention discloses a method of forming an 
adhesion promoting oxide surface on titanium in which 
the titanium surface is ?rst abraded and then anodized in 
hydro?uoric acid free chromic acid. 

7 Claims, 1 Drawing Sheet 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more specific information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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CI-IROMIC ACID ANODIZATION OF TITANIUM 

This invention was made with Government support 
under a contract awarded by the Department of the Air 
Force. The Government has certain rights in this inven 
tion. 

This is a ?le wrapper continuation application of US. 
Ser. No. 07/409,228, ?led Sep. 19, 1989, now aban 
doned. 

DESCRIPTION 

1. Technical Field 
The present invention relates to the art of surface 

preparation, speci?cally to surface preparation of tita 
nium. 

2. Background Art 
The ability to form strong, durable bonds between 

titanium parts and other materials is an important prob 
lem in industries using this exotic material. Much re 
search has been performed in trying to optimize the 
performance of such bonds. The focus of such research 
has been on the surface preparation of the titanium 
metal. It has been found that the formation of an oxide 
layer on the titanium improves the bonding of the adhe 
sive to the metal. Further, it has been discovered that 
the porosity of the oxide coating formed on the titanium 
is also very important and that the more porous the 
oxide layer, the better the bond. 
The standard processing solutions comprise an alka 

line conversion coating such as the Pasa Jell materials, 
or the acid phosphate-?uoride aqueous conversion 
coating solution, or the acid anodize solutions such as 
the chromic acid/?uoride. In each case, it was found 
that in order to improve the bond strength of the oxi 
dized surface, a ?uoride ion was required to be present 
in the processing solution. Although it is not clear ex 
actly why this is necessary, it appears to improve the 
porosity of the oxide layer formed through the anodiz 
ing process and thereby afford a better surface for the 
adhesive to bond. 

Unfortunately, ?uoride ions and the materials which 
are used to generate these ions in the processing solu 
tions are environmentally unsound and in certain in 
stances, dangerous to the human operator. Therefore, 
what is needed in this art is an anodizing process for 
titanium which does not require the addition of halogen 
ions (in particular ?uorine) to the anodizing solution, 
yet still result in high adhesive bond strengths. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is the cure cycle for the primer for preparing 
the specimens. 
FIG. 2 is the cure cycle for the adhesive in preparing 

the specimens. 

DISCLOSURE OF INVENTION 

The present invention discloses a method for forming 
an improved oxide layer on titanium metal surfaces 
resulting in improved bondability of the titanium. The 
method comprises abrading the titanium surface to be 
bonded and then anodizing the abraded surface in a 
solution of chromic acid which is ?uoride ion free. 

Also disclosed is a titanium article having an oxide 
coating formed by the present invention on its surface. 
The foregoing and other features and advantages of 

the present invention will become more apparent from 
the following description. 
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Best Mode for Carrying Out the Invention 

The present method of preparing the surface of a 
titanium metal surface offers a halogen free process 
which results in adhesive bond strengths of overlap 
sheer, equivalent to those achieved by the more con 
ventional ?ouride ion containing methods. 

In the present method, the titanium surface which is 
to be bonded is first cleaned or degreased in a conven 
tional manner. This may be performed by washing the 
surface with a degreaser such as methyl ethyl ketone, 
toluene, trichloroethyane or any_ other common de 
greaser. It should be noted that it is not recommended 
that chlorinated cleaning solutions be used if it is in 
tended to expose the titanium part in an environment 
having temperatures in excess of 500° F. After the de 
greasing, the surface may then be further treated with 
an alkaline etch such as exposure to a hot aqueous solu 
tion of sodium hydroxide. Other conventional cleaning 
procedures which are used to prepare titanium for an 
odization with prior art processes may be used as well. 
Such procedures are well known to those skilled in the 
art and need not be set forth in detail here as they do not 
constitute part of the present invention. 
Once the titanium surface has been prepared and 

dried, it is abraded using conventional abrasion tech 
niques. By abraded, it is meant that the titanium surface 
to be bonded is exposed to a process which causes the 
surface to become uneven. This abrasive process, it is 
believed, increases the surface area of the titanium and 
removes the naturally occurring non-stoichiometric 
oxide layer so that a stoichiometric layer may be applied 
through anodization. Typically, the abraded surface is 
formed by conventional grit blasting techniques. The 
object is to remove all visible highlights present on the 
surface indicating that the surface is no longer smooth 
and has the requisite roughness to permit the anodic 
oxide to adhere satisfactorily to the surface. 
The material used to abrade the titanium surface may 

be any conventional dry grit blast material such as alu 
mina, silica, glass beads, silicon carbide or mixtures 
thereof with alumina being preferred. The particular 
size of the abrading material is not critical, however, it 
is believed that the preferred particular sizes range from 
about 45 microns to about 425 microns.- Further, it is 
believed that the smaller the particle size the better the 
surface preparation and the better the adhesive bond. 
The most preferred sizes are about 45 microns to about 
100 microns (these sizes are roughly equivalent to the 
Tyler mesh series of 80 to 300 mesh. This series may be 
used as a convenient method of measuring particle 
sizes). The optimum being about 75 microns to about 90 
microns (180 mesh to about 220 mesh of the Tyler se 
ries). The pressure at which the abrasion process taken 
place and the nozzle size through which the abrading 
material is directed will naturally vary depending on the 
abrading material selected and the size of the particles. 
However, the proper selection of these parameters 
would be a matter of simple experimentation to deter 
mine the required force necessary to remove the high 
lights from the titanium surface. Typically, using the 
preferred particle sizes, satisfactory results may be 
achieved using a pressure of about 35 psig to about 45 
psig and maintaining the nozzle distance about 0.5 
inches to about 4 inches from the surface to be abraded. 

After the titanium surface has been abraded, the ex 
cess abrasion material or residue of the abrasion process 
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is removed by blowing off the residue with dry, oil free 
gas such as nitrogen. 
Once the titanium surface has been abraded and 

cleaned, it is now ready to be anodized. The anodization 
' process takes place in an aqueous solution of chromic 
acid to which no ?uoride ions have been added. The 
solution contains from about 40 to about 60 grams per 
liter chromic acid (H2Cr04) and should be prepared 
using deionized water for best results. The preferred 
concentration of chronic acid is about 48 to about 52 
grams per liter. The temperature of the anodize solution 
is typically at room temperature which is between about 
60° F. to about 85° F. Although the bath may be oper 
ated at higher temperatures, it is preferred that it be 
below 90° F. The unique feature of this anodizing solu 
tion over those proposed by the prior art for anodizing 
titanium is that no ?uoride ions, and in particular no 
?uoride ions, are added to the chromic acid solution. It 
is substantially ?ouride ion free. (By this it is meant that 
only ?uoride ions inherently present in the chromic 
acid, if any, are present in the bath and no additional 
?uoride ions are added.) 
The titanium surface is immersed into the anodize 

solution and using conventional anodization proce 
dures, the voltage is increased to between about 12 volts 
to about 18 volts with a preferred range being between 
14 and 16 with the most preferred being about 15 volts. 
(All of these volts being obtained versus a titanium or 
titanium alloy cathode.) For best results, it has been 
found that the voltage should be increased gradually 
until the desired voltage is reached. This rate will vary 
depending on the particular anodizing set-up but as a 
general rule increases at rates of about 5 volts/min. to 
about 30 volts/min. are preferred with the most pre 
ferred being about 10 volts/min. to about 20 volts/min, 
while the best rate is about 14 volts/min. to about 16 
volts/min. The anodizing process continues until the 
voltage and current are stable and the titanium surface 
has turned a blue or grey-blue color. This means that 
the oxide surface has been formed. 

After the anodizing process has been completed, the 
titanium article is removed from the anodizing tank and 
rinsed off. Typically, this is done by ?owing cold water 
(below 85° F.) over the anodized surface to remove the 
residual anodize solution. A further cleansing is pre 
ferred, this time with warm water (about 100° R). How 
ever, other procedures for removing the residual chro 
mic acid may be used and the temperatures are not 
critical. 
The titanium surface is then dried, preferably with a 

?ow of dry gas (nitrogen). 
The oxidized titanium surface is ready for priming 

and bonding. The primers and adhesives used to bond 
the titanium are conventional in nature and the selection 
of the particular one depends on the environment to 
which the bond will be exposed and the substrate to 
which the titanium will be bonded. The adhesives may 
be either organic or inorganic and may include expox 
ies, phenolics, polyarnides, polyimides, polyesters, sili 
cones, polysulfides, etc. 
The primers which are typically applied to the tita 

nium anodized surface again are conventional and will 
depend on the type of adhesive used. However, the 
preferred binder is a polyarnide or a polimide such as 
BR-35, PMR-lS, BR-l27, (American Cyanimide, Havre 
de Grace, Md.). The primer is applied in a conventional 
manner and at conventional thicknesses over the anod 
ized titanium surface. It has been found that for best 
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4 
results it is best to prime the surface within four (4) 
hours from removal from the anodization tank. If prim 
ing is not going to be performed within this time, it is 
recommended that it be placed in a desiccator. Once the 
titanium has been primed, the adhesive may be applied 
and the part bonded to the second component to which 
it is to adhere using conventional techniques i.e. pres 
sure, heat. This second component may be another 
piece of metal such as titanium or steel or it could be an 
organic part such as a composite article formed of ?ber 
reinforced material having an organic matrix. The ma 
trices may include ceramic, epoxy, urethane, etc., natu 
rally. 

EXAMPLE 

A series of ?ve (5) test specimens were prepared to 
demonstrate the comparative lap shear strengths for the 
present process and processes using hydro?uoric acid in 
the anodize solution. Additionally, a comparison was 
made between the panels having been abraded and 
those having been prepared using a conventional etch 
prior to anodization. 
The titanium panels were prepared as follows: 
All of the panels were degreased using methyl ethyl 

ketone in a conventional manner and then dried. 
The panels were then immersed in a cleaning solution 

of Metex T 103 (available from the MacDermid Inc., 
Waterbury, Conn.) The solution comprised 8 to 10 
ounces of Metex T 103 per gallon of deionized water. 
The panels were immersed in this solution at a tempera 
ture of 160° to 180° F. for about 10 to about 15 minutes. 
The panels were then rinsed with tap water the temper 
ature of which was 100° F. or higher, and blown dry 
with oil free nitrogen. Three of the panels were then 
grit blasted. Samples 1 and 2 were grit blasted with 180 
to 220 mesh alumina (A1203) (=75 microns to about 90 
microns) at 40 to 60 psig at a distance from the nozzle of 
2 inches. The abraded surface of the panels were then 
exposed to a stream of oil free nitrogen gas to remove 
residual abrasion material. Panel 3 was abraded using a 
grit of silica (SiO2) having a grit size of 80 (180 micron 
average). The distance from the nozzle to the panel 
surface was again 2 inches. This panel was also exposed 
to a stream of oil free nitrogen gases. Panel 2 was then 
anodized using a chromic acid bath comprising 50 
grams per liter (g/l) in deionized water at an anodize 
voltage of 15 volts versus titanium cathode, for 20 min 
utes. The voltage having been raised at the rate of 15 
volts/minute. The bath temperature being 70° F. 

Panels 1 and 3 were anodized using a chromic acid 
bath containing a solution of 50 g/l of chromic acid in 
deionized water and 0.1 milliliters per liter (ml/l) of 
48% hydro?uoric acid (which was sufficient HF to 
maintain the current density of the bath at l-3 amps per 
square foot). The anodized panels were then rinsed 
under ?owing cold water (70° F.) for about 60 seconds 
and then under ?owing hot water (105° F.) for about 60 
seconds. The panels were than blown dry with oil free, 
dry nitrogen. . 

Panels 4 and 5 were not grit blasted after the Metex 
cleaner step but were instead etched using a solution of 
5.8 volume % of 48% hydro?uoric acid and 40 vol % 
nitric acid in distilled water. 
Then panel 4 was anodized in the same manner as 

panel 2 and panel 5 was anodized as were panels 1 and 
3. 
Five overlap shear specimens were then prepared 

from each of the panels. In preparing the specimens the 
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surface of each of the panels was primed using a primer 
identi?ed as BR-35 (available from American Cyani 
mide Co. Havre de Grace, Md.) which is a polyimide. 
The primer was then cured using the cure cycle shown 
in FIG. 1. The primed panels were then bonded using 
an adhesive FM-35 (available from American Cyani 
mide, Co.) which is an aluminum ?lled polyimide. The 
adhesive ?lm was 11 mils thick and was cured under 
heat and pressure using the cure cycle shown in FIG. 2. 
As may be seen from the table, their is no change in 

the overlap shear strengths with or without the pres 
ence of hydrofluoric acid in the anodize solution. Addi 
tionally, samples 4 and 5 demonstrate the contribution 
abrasion makes to the elimination of the hydro?ouric 
acid. 

TABLE 

AVERAGE OVERLAP SHEAR STRENGTH 
SAMPLE ‘FOR 5 SPECIMENS psi 

2249.1 
2624.7 
2681.9 
1809.2 
1518.6 

In addition, samples were prepared in which the tita 
nium panels were bonded to a ?ber reinforced resin 
matrix composite laminate. The results of these samples 
showed the same relative bond strengths between those 
samples having been prepared with hydro?uoric acid 
and those having been prepared with the present 
method. Although the absolute bond strengths of the 
composite samples was lower than those of the titanium 
to titanium samples. 
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6 
In conclusion, it appears that the surface preparation 

for titanium components which are to be adhesively 
bonded may eliminate the use of hydro?uoric acid if the 
surface of the titanium is ?rst abraded prior to anodiza 
tion. There is no loss of overlap shear strengths when 
such a substitution is made and offers a less dangerous, 
more environmentally sound process. 
Although this invention has been shown and de' 

scribed with respect to detailed embodiments thereof, it 
will be understood by those skilled in the art that vari 
ous changes in form and detail thereof may be made 
without departing from the spirit and scope of the in 
vention. ' 

I claim: 
1. A method of forming an adhesion promoting oxide 

surface coating on a titanium metal surface comprising: 
abrading the titanium surface, and anodizing said 

abraded titanium surface in an aqueous solution of 
substantially fluoride ion free chromic acid. 

2. The method of claim 1 wherein the titanium metal 
surface has been mechanically abraded. 

3. The method of claim 2 wherein the mechanical 
abrasion is performed by grit blasting. 

4. The method of claim 3 wherein the grit blast is 
either alumina, silica, glass beads or silicon carbide or a 
mixture thereof. 

5. The method of claim wherein the chromic acid 
solution contains about 4 percent by weight to about 6 
percent by weight chromic acid. 

6. The method of claim 1 wherein the anodizing pro 
cess is performed at a potential of about 12 volts to 
about 18 volts. 

7. A titanium article having an oxide coating formed 
by the process of claims 1, 2, 3, 4, 5 or 6. 


