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This invention relates to surface preparation of titani 
um, and titanium-containing metals. More particularly, 
this invention relates to chemically active baths for 
treating said surfaces, and to processes utilizing said 
baths, and articles of titanium, and titanium-containing 
metals treated thereby. 

It is well known that the fabrication and use of titani 
um, and titanium-containing metals, present certain severe 
and inherent difficulties. Of particular difficulty are the 
poor antigalling and antiseizing properties of such metals 
when they are subjected to reciprocal, rotary, or shaping 
forces and pressures, especially when their surfaces are 
in loaded contact with another metal surface. 

It is known that heating titanium, and titanium-con 
taining metals, in air tends to reduce the galling and 
seizing properties inherent in such metals when brought 
into contact with another metal surface in the presence 
of a lubricating film and subjected to light-reciprocating, 
low-rotary, and limited-shaping forces and pressures. The 
reduction in galling and seizing properties is due to the 
formation of a thin oxide film on the surface of the base 
metal. This oxide film functions to separate the metal 
surfaces and retain the lubricant, thereby reducing the 
tendency to gall and seize when subjected to light 
reciprocating forces, low rotary speeds and forces, and 
limited-shaping forces and pressures. However, the sep 
aration of the metal surfaces continues only so long as 
the relatively thin oxide film is not destroyed by the 
abrasion of foreign particles, rough surfaces, or by merely 
wearing away. 

Thus, even though a lubricating film is placed between 
a heat-treated titanium surface and another metal sur 
face, the lubricant does not eliminate galling and seizing problems. 

It is, therefore, an object of this invention to provide 
prepared surfaces of titanium, and titanium-containing 
metals, that will exhibit superior antigalling and antiseiz 
ing properties when subject to reciprocal, rotary, or 
shaping forces and pressures, when in loaded contact 
with other metal surfaces. 

Further, it is an object of this invention to provide 
a variety of chemically active baths for the surface treat 
ment of titanium, and titanium-containing metals. 

Still further, it is an object of this invention to provide 
processes utilizing chemically active baths, and articles 
of titanium and titanium-containing metals treated there by. 

Further objects and advantages of the present inven 
tion will be apparent in view of the following detailed 
disclosure and description thereof. 
The present invention relates to the formation of 

surface coatings on articles of titanium, and titanium 
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containing metals, with an aqueous chemically active bath 
solution comprising a halide, at least one salt selected 
from the group consisting of phosphates, borates, ox 
alates, citrates, and tartrates of alkali and alkaline earth 
metals, and a halogen acid. 
The present invention also relates to a process wherein 

the metal articles are treated with the aforesaid aqueous 
bath solution by immersion, dipping, spraying, or other 
suitable means; the aqueous bath solution being stirred, 
agitated, heated, or cooled, as required. The process also 
includes, if required, the step of furnacing the treated 
metal articles in a gaseous atmosphere at a temperature of 
from 600 F. to 1000 F. for a period of from one to 
five hours. Lastly, the process includes the steps of 
subjecting the treated metal to shaping forces and pres 
sures, such as are required to draw wire or form tubing. 
The titanium, and titanium-containing metals, herein 

after referred to simply as "titanium metal' are defined 
as pure unalloyed. titanium or titanium-base alloys. Ex 
amples of suitable alloying elements include: manganese, 
aluminum, molybdenum, vanadium, tin, iron, nitrogen, 
oxygen, copper, and chromium. Other refractory metals, 
such as zirconium and its alloys, could be treated by the 
practice of this invention. 
The halide of the aqueous, chemically active bath com 

position may be defined as a binary compound of fluorine, 
chlorine, bromine, or iodine, with an element or radical. 
In the practice of this invention, it has been found that 
halides of the alkaline metals and alkaline earth metals 
are satisfactory. Potassium fluoride, potassium chloride, 
and sodium fluoride have been found to be particularly 
adapted for use in the subject bath. 
The salt used in the aqueous, chemically active bath 

composition has been previously described as being se 
lected from the group consisting of phosphates, borates, 
oxalates, citrates, and tartrates of alkali and alkaline 
earth metals. In the practice of this invention, it has 
been found that, when one or more of the acid hydrogens 
of the acid have been replaced by an alkali or alkaline 
earth metal, satisfactory results are obtained. Tribasic 
sodium phosphate, dibasic sodium phosphate, potassium 
dihydrogen phosphate, sodium tetraborate, and sodium 
metaborate have been found to be particularly well adapt 
ed for use in the subject bath. 
The halogen acid may be hydrofluoric acid, hydro 

chloric acid, bromic acid, or iodic acid. Hydrofluoric 
and hydrochloric acids have been found to be particularly 
well adapted for use in the subject bath. The halogen 
acid need not be the same as the halogen of the halide. 

Further, each of the above three groups of bath in 
gredients could be used singly or in combination with 
others of the same group. 

In the use of the aqueous, chemically active bath, the 
temperature range may satisfactorily be from about 
15° C. up to 100° C. However, if a temperature lower 
than 25 C. is used, the immersion time becomes unduly 
long and quality of the coating may be lessened. The 
pH of the bath should not be greater than 6.8. 
The coatings formed on the titanium metal by treat 

ment in the bath have a filmlike gray appearance. The 
coating is soluble in HCl, HNO3, HF, concentrated 
NaOH, and boiling HO. The coating demonstrates high 
adsorption affinities for nonviscous fluids, such as lubri 
cating oils, inks, dyes, and paints. 
The surface of the titanium metal should be clean 

and free of any scale or oxide prior to immersion in the 
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bath. If the titanium metal has a grease film covering the 
surface, it has been found that the use of a hot sodium 
metasilicate degreasing bath prior to treating in the strip 
ping bath will remove such a grease film and facilitate the 
action of the stripping bath. An HF-HNO3 bath will 
satisfactorily remove scale or oxide subsequent to de 
greasing. The compositions of the above degreasing and 
stripping baths are set forth only for the purpose of aid 
ing one skilled in the art to practice the subject inven 
tion, and are not intended to limit the process claims 
hereinafter set forth to the use of specific degreasing and 
stripping baths as herein illustrated. Any such baths 
that will prepare a clean surface, free of oxide and Scale, 
will be satisfactory in the practice of this invention. 

After the treatment of the surfaces of titanium metal 
to form a coating thereon, it has been found that the 
properties of said surface with regard to wear resistance 
and adsorption of lubricants and oils will be improved if 
the treated titanium metal is heated in an air circulating 
furnace at 600°F. to 1000 F. for a period of from one 
to five hours. Experimental evidence indicates that the 
outer surface layer of the treated titanium metal is not 
altered by the heat treatment, but that a layer of anatase 
(TiO) is built up at the interface between the base 
metal and the surface coating layer. There is no oxygen 
penetration into the grain boundaries of the base metal, 
thus indicating that the formation of the anatase takes 
place at the base-metal surface-coating interface. The 
treatment coating permits the rapid formation of the de 
sirable anatase layer, the formation of which is limited 
and ineffective when bare, untreated titanium metal is 
heated in air. Further, the anatase thus formed does not 
weaken or alter the grain structure of the metal because 
there is no penetration into the grain boundaries of the 
base titanium metal. A gaseous furnace atmosphere 
other than air, which would supply oxygen for the forma 
tion of the anatase, could also be used in the practice of 
this invention. 
The following examples of the practice of this inven 

tion are set forth only for the purpose of illustrating said 
invention and are not to be construed as limiting or re 
stricting it thereto. 

In the examples set forth below, reference will be made 
to the following titanium and titanium-containing metals. 
RC 55 is pure titanium metal. RC 130A contains 7% 
manganese, the balance being titanium. RC 130B con 
tains 4% manganese, 4% aluminum, with the balance 
being titanium. Ti 75A contains 0.1% iron, 0.02% 
nitrogen and traces of oxygen, the balance being titanium. 
Ti 150A, contains 1.3% iron, 0.02% nitrogen, 0.25% 
oxygen, 0.2% carbon, and 2.7% chromium, the balance 
being titanium. 

Example I 
A 1-liter fluoride-phosphate bath solution was prepared 

having the following composition of ingredients per liter 
of aqueous solution: 

50 g/l. NaPO-12H2O and 
11.5 ml./1. HF solution (HF of a concentration 50.3% 
by weight was used in all of the bath solutions set 
forth by way of example) 

The solution was placed in a stainless steel container, 
fitted with a condenser and heating means. The pH was 
5.2 when measured colorimetrically. The solution was 
heated to a temperature of 85 C. Test specimens of 
RC 55, 130B, and Ti75A were immersed, one at a time, 
for 10-minute intervals in the solution. A light, silvery 
gray, adherent coating was formed on the surfaces of 
each test specimen thus immersed. An analysis of the 
coating indicated the following percent by weight com 
position; Ti 16.6, Na 8.5, K. 24.7, F 38.8 and PO, 3.1%, 
the balance being indeterminable by standard analytical 
procedures. 
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Example II 

A 1-liter fluoride-phosphate bath solution was prepared 
having the following composition of ingredients per liter 
of aqueous solution: 

20 g/l. KF•2HO 
35 g/l. NaPO-12H2O and 
15 m/1. HF solution 

The solution was placed in a stainless steel container 
open at the top. The pH was 3.0 when determined by 
indicator paper. No cover for the container, or condens 
er, was required because this bath was intended to op 
erate at room temperature (25-32 C.). Test Specimens 
of RC55, 130A, 130B, and Ti 75A were immersed, one 
at a time, for 35-minute intervals. Gray, adherent coat 
ings were formed on the surfaces of each test Specimen 
thus immersed. 

Example III 
A 1-liter fluoride-phosphate bath solution was prepared 

having the following ratio of ingredients per liter of 
aqueous solution: 

20 g/l. KF•2HO 
50 g/l. NaPO-12HO and 
28 ml/. HF solution 

The solution was placed in a polyethylene container, 
which was closed at the top. A 20 ml. sample of the bath 
was taken and added to 100 ml. of distilled water. This 
portion was titrated with 1 N NaOH solution using a 
phenolphthalein indicator. 11.8 to 12.0 ml. of NaOH 
were neutralized, indicating a pH of less than 1. With 
the bath solution at 85 F., test specimens of RC 55, 
130A, 130B, Ti 75A, and 150A were immersed, one at a 
time, for 14 minutes to form a silvery gray, adherent 
coating on the surface. When the bath was operated at 
75° F., an immersion period of 1% minutes was sufficient 
to produce a similar coating. 

Example IV 
A 2-liter fluoride-phosphate bath solution was prepared 

having the following composition of ingredients per liter 
of aqueous solution: 

84 g/l. KF•2HO 
160 g/l. NaPO-12H2O and 
30 ml/. HF solution 

This solution was placed in a stainless steel container 
fitted with a cover, condenser, stirring and heating means. 
The pH was 6.3 as determined by a Beckman indicator. 
The bath was heated to 95 C. and test specimens of RC 
55, 130B, and Ti 75A were immersed, one at a time, for 
30 minutes. A gassing of the solution was noted when 
the test specimens were first immersed. A slate-gray, 
adherent coating was formed on the surfaces of the test 
specimens. 

Example V 
A 1-liter fluoride-borate bath solution was prepared 

having the following composition of ingredients per liter 
of aqueous solution: 

18 g/l. KF•2HO 
40 g./l. NaBO 10HO and 
16 ml./. HF solution 

This solution was placed in a stainless steel container 
equipped with a cover, condenser, stirring and heating 
means. The pH was determined colorimetrically to be 
6.4. Upon a 20-minute immersion of test specimens of 
RC 55, 130A, 130B, Ti 75A, and Ti 150A at a tempera 
ture of 85 C., a dark gray, slippery, adherent coating 
was formed on the surfaces of each test specimen thus 
immersed. An analysis of the coating indicated the fol 
lowing per cent by weight composition; Ti 29.9, Na 7.4, 
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K242, F35.9 and BAO, 0.5, the balance being indeter 
minable by standard analytical procedures. - 

Example VI 
A 1-liter fluoride-borate bath solution was prepared 

having the following composition of ingredients per liter 
of aqueous... solution: 

30 g/l. KF•2HO 
50 g/l. NaBO" 10H.0 and 
22 ml/1. HF solution 

This solution was placed in a stainless steel container 
equipped with a cover, condenser, stirring and heating 
means. The pH was determined colorimetrically to be 
6.4. With the bath solution at 85 C., test specimens of 
Ti75A and 130B were immersed, one at a time, for 18 
minutes, to form a silvery gray, adherent coating on the 
surfaces of each test specimen thus immersed. 

Example VII 
A 1-liter fluoride-oxalate bath solution was prepared 

having the following composition of ingredients per liter 
of aqueous solution: 

6 g/l. KF•2HO -- 
20 g/l. NaCO and 
3 ml./I. HF solution 

The bath solution was placed in a stainless steel container. 
The pH was 4.2 as determined by a Beckman indicator. 
Test specimens of RC 55,130A, 130B, and Ti 75A were 
immersed, one at a time, for 30-minute intervals at a 
temperature of 31° C. Coatings were formed, which 
were gray, fairly thin, but durable and adherent. A dark 
color developed in the solution adjacent to the test speci 
mens upon immersion, and the bath turned a dark amber 
color as the duration of the immersion continued. A spe 
cial test conducted with five Ti75A test specimens indi 
cated that the coating reaction reaches an equilibrium 
point after 30 minutes and then proceeds in the opposite 
direction, after this time, removing the coating. The five 
test specimens were immersed simultaneously and re 
moved at 15-minute intervals. The most satisfactory 
coating was formed after a 30-minute immersion. 
Coatings formed by longer immersion became dark gray 
and increasingly nonadherent until, after a 75-minute im 
mersion, the coating was completely nonadherent and 
easily rubbed off. The temperature of the bath for this 
test was maintained at 31 C. . . . . . . . . . 

Example VIII 
This example was intended to show the effect of an in 

crease in temperature on the time required to satisfac 
torily coat the surface of test specimens. A 1-liter fluo 
ride-oxalate bath solution was prepared having the fol 
lowing composition of ingredients per liter of aqueous 
solution: 

20 g/l. KF•2H.O 
30 g/l. Na2CO and 
1 ml/1. HF solution 

This solution was placed in a stainless steel container, 
fitted with a condenser, stirring and heating means. The 
pH was 4.1 as determined by a Beckman indicator. Test 
specimens of RC 55,130A, 130B, and Ti 75A and 150A 
were immersed, one at a time, for 30 minutes at room 
temperature (15', C.) to produce light gray, durable, 
and adherent coatings. The temperature was raised to 
60 C. and a 20-minute immersion was sufficient to pro 
duce satisfactory coatings. By this time, the color of the 
bath was dark amber. 
raised to 90° C., an immersion time of 15 minutes was 
sufficient to produce satisfactory coatings, although the 
coatings were of a darker gray than those formed by im 
mersion in the bath at lower temperatures. 

When the temperature was further. 
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Example IX 

A 1-liter fluoride-phosphate bath solution was prepared 
having the following composition of ingredients per liter 
of aqueous solution: 

20 g/l. KF•2HO 
50 g/1. KHPO, 

and sufficient HF solution, so as to give a pH of less than 
one when measured by titration of the free acid content. 
The solution was placed in a stainless steel container 
open at the top. Test specimens of RC 130B and Ti 
75A were immersed, one at a time, for 5-minute intervals 
at a temperature of 30 C. A dark gray, adherent coat 
ing was formed on the surfaces of each test specimen 
thus immersed. 

Example X 
A 1-liter chloride-phosphate bath solution was prepared 

having the following composition of ingredients per liter 
of aqueous solution: 

20 g/l. KCl 
50 g/l. NaPO, 12H.O. 

and sufficient HF solution so that the pH of the solution 
was 4.0 when determined by titration of the free acid con 
tent. The solution was placed in a stainless steel con 
tainer with a closed top, condenser, and heating means. 
Test specimens of RC 55, 130A, 130B, Ti 75A and 150A 
were immersed, one at a time, for 10-minute intervals at 
a temperature of 85 C. Thick, greenish-gray coatings, 
adherent and durable, were formed on the surfaces of each test specimen thus immersed. 

Example XI 
To the chloride-phosphate bath solution, as described 

in Example X, was added sufficient HF solution so that 
the pH was indicated to be less than one. A 5-minute 
immersion at room temperature produced a coating simi 
lar to that formed on the surfaces of the test specimens in 
Example X, except that larger crystal formations, slightly 
less adherent than those coatings formed in Example X, 
were formed on the surfaces of each test specimen thus: 
immersed. 

Example XII 
A 1-liter fluoride-phosphate bath solution was prepared 

having the following composition of ingredients per liter 
of aqueous solution: 

5 g/l. KF•2HO 
10 g/l. CaHPO2HO 

and sufficient HF solution so as to give a pH of 1.0 as 
determined by titration of the free acid content. This 
solution was placed in a stainless steel container equipped 
with a cover and heating means. The test specimens of 
RC 55, 130A and 130B, Ti 75A and 150A were im 
mersed, one at a time, at room temperature for 5-minute 
intervals. A dark gray, slippery filmlike, yet fairly ad 
herent coating was formed on the surfaces of each test 
specimen thus immersed. 

Example XIII 
A 1-liter fluoride-tartrate bath solution was prepared having the following composition of ingredients per liter 

of aqueous solution: 
20 g/l. KF•2HO 
50 g/l. KNaC.H.O.4HO 

and sufficient HF solution so as to give a pH of 5.0 when 
determined by colorimetric means. This solution was 
placed in a stainless steel container equipped with a cover 
and heating means. Test specimens of RC 55, 130A and 
130B, Ti 75A and 150A were immersed, one at a time, 
for 10-minute intervals at a temperature of 85 C. Light 
gray, adherent and durable coatings were formed on the 
surfaces of each:test specimenthus immersed. ... - 
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Example XIV 
To the bath solution, as described in Example XII, was 

added sufficient:additional HF solution so as to lower the 
pH to 4.0. The temperature was maintained at 85 C. 
and the test specimens were immersed, one at a time, for 
10-minute intervals. Thin, yet durable and adherent, 
mottled, dark gray coatings were formed on the surfaces 
of each test specimen thus immersed. 

Example XV 
To the fluoride-tartrate bath solution, as described in 

Example XIV, was added sufficient additional HF solu 
tion so as to lower the pH to less than one. The bath 
solution was cooled to room temperaturer and the test 
specimens were immersed, one at a time, for 1-minute in 
tervals. A thick, dark gray, durable and adherent coating 
was formed on the surfaces of each test specimen thus 
immersed. 

Example XVI 
A 1-liter fluoride-citrate bath solution was prepared 

having the following composition of ingredients per liter 
of aqueous solution: 

20 g/l. KF•2HO 
50 g/l. NaCHO 11HO 

and sufficient HF solution so as to give a pH of 5.0 when 
measured by a Beckman indicator. The solution was 
placed in a stainless steel container equipped with a cover 
and heating means. The temperature was raised to 85 
C. and test specimens of RC 55, 130A, 130B, Ti 75A 
and 150A were immersed, one at a time, for 10-minute 
intervals. Medium gray, adherent, durable coatings were 
formed on the surfaces of each test specimen thus 
immersed. 

Example XVII 
To the fluoride-citrate bath solution, as described in 

Example XVI, was added sufficient additional HF solu 
tion so as to lower the pH to less than one. The bath 
solution was cooled to room temperature and the test 
specimens were immersed, one at a time, for 2-minute 
intervals. A thin, brownish gray, durable, and adherent 
coating was formed on the surfaces of each test specimen 
thus immersed. 

Example XVIII 

Test specimens of RC55, 130A, 130B, and Ti75A and 
150A, treated to form coatings as per Examples I through 
XVII, were introduced into a tube furnace and heated to 
temperatures in the range of from 600 F. to 1000 F. 
for a period of from one to five hours. During the heat 
ing, there was a constant circulation of outside air through 
the furnace. This "furnacing" or heat. treatment caused 
the formation of anatase (TiO) at the interface of the 
base metal and the surface" coating. 
The coatings thus formed on the surface of titanium 

metals may be evaluated by different types of tests. Two 
of these are: 

Reciprocating wear against steel or titanium wear plates 
under high loads, and 

Wire drawing under simulated commercial conditions. 
These evaluation tests show the effectiveness of the coat 
ing in preventing galling and seizing of the treated metal. 
The end points of these evaluation tests are clearly evi 
dent by galling and seizing of the titanium metals when 
a breakdown of the surface coating occurs. 

Data obtained from tests for improved reciprocating 
wear properties are set forth below in Tables 1 and 2. 
The tests were conducted with an apparatus in which two 
test specimens (4-inch diameter by 4-inch thick) were 
mounted on a carriage which reciprocated on machined 
wear plates, set in an oil-retainer recess which was filled 
with SAE 20 oil. The carriage was weight-loaded from 
underneath, thus bringing the test specimens directly 
against the wear plates under the full-weight load. 
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Actual pressure of the test specimens against the wear 
plate varied, depending upon the weightload.and the con 
tact area. The apparatus was run at 23 reciprocating 
strokes per minute until the prepared surfaces broke 
down, causing the test specimens to 'gall on the wear 
plates, automatically shutting of the apparatus. 
The test specimens for which data are set forth in Table 

1 were run against 1045 steel wear plates, hardened to 50 
Rockwell C. No. 1 was machined Ti 75A; No. 2 was 
machined Ti 75A, treated to form a coating as per Ex 
ample I, but not furnaced; No. 3 was machined Ti 75A, 
furnaced as per Example XVIII; No. 4 was machined Ti 
75A, lapped to optical flatness and furnaced as per Ex 
ample XVIII; No. 5 was machined Ti 75A, treated to 
form a coating as per Example I, and furnaced as per 
Example XVIII; No. 6 was machined Ti 75A, treated to 
form a coating as per Example V and furnaced as per 
Example XVIII. 

TABLE, 

Ioad Number of Strokes (and (p.s. i.) tine) before Galling and 
Seizing Occurred Test SpecimenNumber 

hrs.) - 
98 (837 h 

The test specimens for which data are set forth in 
Table 2 were run against Ti 75A wear plates, prepared 
as indicated. No. 1 was machined Ti 75A run against 
Ti 75A wear plates; No. 2 was machined Ti75A treated 
to form a coating as per Example I run against Ti75A 
wear plates; No. 3. was machined Ti 75A treated to form 
a coating as per Example I run against Ti75A wear plates 
also treated as per Example I; No. 4 was machined Ti 
75A treated to form a coating as per Example I and 
furnaced as per Example XVIII, run against Ti 75A 
wear plates; No. 5 was machined Ti75A treated to form 
a coating as per Example I and furnaced as per Example 
XVIII, run against Ti75A wear plates, also treated to 
form a coating as per Example I and furnaced as per 
Example XVIII. 

TABLE 2 

Number of Strokes (and Load 
Test Specimen Number time) before Galling and (p.s. i.) 

Seizing Occurred 

600 
550 
550 
550 

1,250 

The surfaces of titanium metal coated and furnaced by 
the practice of this invention clearly exhibit superior new 
and novel properties over uncoated, but furnaced sur 
faces of titanium metal when subjected to the above 
described evaluation tests. 
The improved properties of coated and furnaced titani 

um metal surfaces over uncoated, but furnaced titanium 
metal surfaces may be explained as follows: 
The improved reciprocating wear properties are due to 

the fact that the wear-resistant coating also adsorbs and 
retains the lubricant on its surface, thereby providing a 
lubricating phase at the points of contact and thus effec 
tively reduces the friction between the surfaces of the 
metals. The friction being reduced, there is less friction 
heat generated and, thus, galling conditions are alleviated 
or prevented almost completely. 
Another evaluation test was wire-drawing through a 

series of dies, with a planned reduction in diameter of 
85%. The wire sections were drawn using: Molykote-G 
as a die lubricant and were not annealed between passes. 
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No. 1 was bare Ti 75A wire; No. 2 was Ti 75A wire 
treated to form a coating as per Example I; No. 3 was 
Ti 75A wire treated to form a coating as per. Example 
III; No. 4 was Ti 75A wire treated to form a coating 
as per Example V; No. 5 was Ti 75A wire treated to 
form a coating as per Example I and furnaced as per 
Example XVIII. . . . 

... . . . . TABLE 3, 

Percent Total 
Test Specimen Initial Final To tal Number 

Number Diameter, Diameter, Reduction Passes 
Inches Inches Through 

Dies 

0.125------------------------ O 
0.124 0.048 85 8 
0,144 0.057 84 1. 
0.25 0.076 63 8 
0.25 0,048 85 9 

In the case of wire drawing, the coating on the surfaces 
serves two functions: it acts as a carrier for solid-phase 
lubricants, such as Molykote-G, as the blank moves into 
the die, and it functions as a lubricant itself under the 
high temperatures and pressures of the die by melting and 
forming a fluid layer between the blank and the die. 
This fluid layer acts not only to separate the surfaces but 
distributes evenly over the surface of the blank the hy 
draulic pressure exerted by the die face. 

This invention represents, so far as is known, the first 
instance of the surface preparation of titanium metals by 
forming on the metal surface a coating by treatment with 
an aqueous chemically active bath solution containing a 
halide, at least one salt selected from the group consist 
ing of phosphates, borates, oxalates, citrates, and tar 
trates of alkali and alkaline earth metals and a halogen 
acid. Further, the processes utilizing said bath wherein 
the treated titanium metal surfaces are furnaced at 600 
F. to 1000 F. for from one to five hours, or subjected 
to shaping forces and pressures, are believed to be new 
and novel in the art. 

Articles composed of, or fabricated from titanium 
metal, the surfaces of which have been prepared by the 
practice of this invention, will be useful in any applica 
tion where titanium, or titanium-containing metal, 
articles are to be put in loaded contact with another 
titanium or metal surface. The prepared surfaces will 
be particularly useful in applications where it is necessary 
that there be a lubricant phase present to lower the co 
efficient of friction between surfaces in loaded contact 
with each other. 
While the particular embodiments of the present inven 

tion have been shown and described, it will be obvious 
to those skilled in the art that various changes and modi 
fications may be made without departing from the inven 
tion in its broader aspects, and, therefore, the appended 
claims are intended to cover all such changes and modi 
fications as fall within the true spirit and scope of this 
invention. 
What is claimed is: 
1. A composite article comprising a basis material 

selected from the group containing titanium and titanium 
base alloys, and a coating on the surface of said 
basis material, said coating consisting essentially of 
a major proportion of chemically combined titanium, at 
least one metal selected from the group consisting of the 
alkali metals and the alkaline earth metals, and at least 
one halide, and a minor proportion of a non-metallic 
radical selected from the group consisting of phosphate, 
borate, oxalate, citrate, and tartrate. 

2. A composite article comprising a basis material se 
lected from the group consisting of titanium and titanium 
base alloys, and a coating on the surface of said basis 
material, said coating consisting essentially of a major pro 
portion of chemically combined titanium, at least one al 
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kali metal, and fluoride, and a minor proportion of a non 
metallic radical selected from the group consisting of 
phosphate, borate, oxalate, citrate, and tartrate. . . . . . 

3. The article of claim 2 wherein the non-metallic 
radical is phosphate. - - - - 

4. The article of clai 
radical is borate. . . . . : . . . . . . " 
5. In combination with the composite article of claim 

1, a layer of anatase at the interface of said basis material 
and said coating. 

6. In combination with the composite article of claim 
2, a layer of anatase at the interface of said basis mate 
rial and said coating. 

7. A process for coating the surfaces of titanium, and 
titanium-base alloys to form thereon a coating consisting 
essentially of a major proportion of chemically combined 
titanium, at least one metal selected from the group con 
sisting of alkali and alkaline earth metals, and at least 
one halide, and a minor proportion of a nonmetallic 
radical selected from the group consisting of phosphate, 
borate, oxalate, citrate, and tartrate, said process com 
prising: contacting said surfaces with an aqueous bath 
solution consisting essentially of a halide, at least one salt 
Selected from the group consisting of phosphate, borates, 
Oxalates, citrates, and tartrates of alkali and alkaline 
earth metals, and a halogen acid, the pH of said aqueous 
bath solution being not greater than 6.8; and removing 
said surfaces from contact with said aqueous bath solu 
tion. 

8. The process of claim 7 characterized in that said 
aqueous bath solution consists essentially of potassium 
fluoride, tribasic sodium phosphate, and hydrofluoric acid, 
and the temperature of said aqueous bath solution is 
maintained in the range of from 25 C. to 100° C. 

9. The process of claim 7 characterized in that said 
aqueous bath solution consists essentially of potassium 
fluoride, dibasic sodium phosphate, and hydrofluoric acid; 
and the temperature of said aqueous bath solution is main 
tained in the range of from 25 C. to 100° C. 

10. The process of claim 7 characterized in that said 
aqueous bath solution consists essentially of potassium 
fluoride, potassium dihydrogen phosphate, and hydro 
fluoric acid; the pH of said aqueous bath solution being 
not greater than 6.0; and the temperature of said aqueous 
bath solution is maintained in the range of from 25 C. to 
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11. The process of claim 7 characterized in that said 
aqueous bath solution consists essentially of potassium 
fluoride, sodium tetraborate, and hydrofluoric acid; the 
pH of said aqueous bath solution being not greater than 
6.6; and the temperature of said aqueous bath solution 
is maintained in the range of from 25 C. to 100° C. 

12. The process of claim 7 characterized in that said 
aqueous bath solution consists essentially of potassium 
fluoride, sodium metaborate, and hydrofluoric acid; and 
the temperature of said aqueous bath solution is main 
tained in the range of from 25 C. to 100° C. 

13. The process of claim 7 including subsequently sub 
jecting the coated surface to shaping forces and pressures. 

14. The process of claim 7 including subsequently 
heating the coated surface to a temperature of from 600 
F. to 1000' F. in a gaseous oxidizing atmosphere for from 
one to five hours. 

15. The process of claim 14 including subsequently 
Subjecting the heated, coated surface to shaping forces and 
pressures. 
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