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This invention relates to the art of metal coating and
is particularly concerned with the provision of a method
and a material for coating titanium or alloys thereof in
which titanium is the principal ingredient. ' Tn the follow-
ing specification and claims, wherever the word “titanium?”
appears it is to be ‘understood as including its alloys.

As is well known, titanium is a metal which is difficalt
to work with. It is not readily attacked by most acids
and alkalies and has a severe tendency to galling '‘when
in frictional contact with other metal surfaces or when
subjected to mechanical cold-working operations.

My invention has for its principal object the provision
of a method as well as of a material for. producing a use-
ful coating' on titanium - particularly - with respect to
lessening its galling tendencies.

The present invention is based upon the discovery that
a useful coating may be produced upon titanium by sub-
jecting the metal to the action of a substantially ho-
mogeneous. . dispersion. - or - solution, the. essential and
principal ingredients of which are as follows: from 0.1%
to 2.0% of acid from the class consisting of hydrofluoric,
hydrofluosilicic and fluoboric acids and from 0.3% to
30% of an organic lubricant which is substantially re-
sistant to the action of said acids. ~The remainder con-
stitutes the vehicle fof -the principal ingredients and,
where - the formulation ‘is substantially consclute, this
vehicle should consist primarily "of a’‘solvent system
which is resistant to the attack of the acids mentioned and
also capable of rendering the acid and the lubricant sub-
stantially -consolute. - If the formulation is in the ‘form
of a.dispersion, the vehicle is water which -should con-
tain sufficient emulsifying or ‘thickening agent, substan-
tially resistant to the action of the acids, to emulsify and
hold in homogeéneous admixture the acids and the lubri-
cant. - The percentages given above are weight/volume
percentages, i, . grams per-100' ml. .

With respect to the percentages of acid and of organic
lubricant mentioned above I wish to point out that, while
good. resuits- are obtainable within' the limits set forth,
I have found that optimum' resulfs are generally ob-
tained - where the acid content ranges between 0.5 and
1.5% -and the lubricant content between 8 and 12%.

Among the organic lubricants which are useful in my
invention may be mentioned parafiin’ wax," chlorinated
parafiin- wax, saturated straight chain fatty acids, (pref-
erably those having a chain length of at least 12 because
of their greater lubricity}, glycerides of ‘such straight
chain. fatty acids, etc.

Typical examples of the saturated straight chain fatty
acids which are particularly useful with my invention
are stearic acid, lauric acid and myristic acid. Typical ex-
amples of the paraffines are petroleum paraffines, whether
or not chlorinated. - Specifically, the high melting point
paraffines are preferred especially where the coated metal
is afterwards dried with the application of heat.

Where homogeneity is ‘secured through " solution the
solvent system should be substantially non-agueous and
typical exemples of suitable blending solvents which are
useful in rendering the composition. consolute are methyl
isobutyl carbinol, butyl Cellosoive, butyl Carbitol, hexyl
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- .- Cellosolve, mineral spirits, “such as kerosene, Stoddard
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solvent,” high flash naphtha from both petroleum “and

"coal tar-origin, hydrogenated petroleum solvent, etc.; and

pine: oil.:- The main requirement of the solvents is that
they be substantially resistant to the attack of the fluo-.
rine-bearing acids. :

In the case of certain alloys of titanium such as RC
130B,! the production of “a coating is ‘rather difficult
and for this reason I prefer to inclide in the composi-
tion from 0.5% to 2% of phosphoric acid. It is to be

‘understood, however, that in the coating of titanium

itself as-well as of some of its alloys the presence of
phosphoric: acid /is not essential although - its. inclusion
usually produces a better result. The chief advantage of
including the phosphoric acid is that the coating can be
produced in much less’ time. Additionally, the coatings
produced by such composition have shown exceptionally
good lubricant properties when the coated pieces. are
tested -on the Faville Le Vally “Falex” Lubricant Testing
Machine, -

By way of exemplification only and not necessarily by
way of limitation, I wish to list the following as typical
examples of homogeneous compositions which have:been
foun_d to be especially useful in connection with my-in-
vention:

Example 1
Stearic acid gm._ 10
Mineral spirit ml._ 56
Butyl Cellosolve __.._ ... _________-__ ml._ 16
Pine oil ml... 16
Hydrofluoric acid, 50% ml.. 1
Example 2
Paraffin. wax _-_ gm__ 2
Mineral spirit _ ml__ 44
Butyl- Cellosolve mi__ 24
Pine oil ml__ 24
Fluoboric acid, 50% ml 4
Example 3 :
Stearic. acid ‘ gm._ 5
n-Butyl' alcohol et ~mi.. 47
Butyl Cellosolve ml.. 45
Hydrofluosilicic acid, 30% ml_..2
SR Example 4 ‘ ‘
Oleic acid . ) ~-gm__. 10
Mineral spirit ml__ 52
Tertiary butyl alcohol mi__ 35
Hydrofluoric -acid, 50% ml 1
‘ Example 5 '
Stearic: acid gm._ 10
Mineral ‘spirit ml._ 56
Butyl Cellosolve ml:_ 15
Pine oil ml__ 15
Hydrofluoric acid, 50% _.___.__._____ ml.. 1 (.5%)
Phosphoric acid, 85% m] 1 (.85%)
Example 6 ’
Flexrock Paste (50% ) LN gm.. 4
Stearic acid e gm.. 1
Xylol - ml._ 20
Mineral - spirit ... — ml__ 40
Butyl Cellosolve - . ml.. 16
Pine oil ... = — ——ml.. 16
Hydrofluoric acid,” 50%. Soln. RESERENSREICRRRS | SR |
Phosphoric. acid, 85% e omll 1

i An alloy composed of 4% manganése, 4% aluminum and
929 titaninm. : ; ‘ o

A high temperaturs gtable chlorinated paraﬂ‘ln WAX,
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. Examp'le7
Flexrock paste (50% ) ceemn - - gm 4
Stearic aCide oo m e e, gm__ 1
XYIOL e e e e = mio. 20
Mineral Spiriti e ml.. 38
Butyl. Cellosolver - oen ml.. 16
Pine -oil: e —————— mi__ 16.
Hydrofluoric acid, 50%  Solnocmc o mii.. 4
Phosphoric acid, 85% - _— ml:. 1
' Example.8
Myristic racid o ciemmmaeas gm._ 0.5

Biij: 35% (polyoxyethylene lauryl alcohiol in» which

the:ethyléne; oxidé chain:length' is 12Yumoav gm=. 0.5
2N U SOOI IRNS ; § AP ).
Hydrofluoric acid® (50%) ___________________ mli. L0

o Example 9 '
Aliiminum:- stearate: — . gm-_, 0.5
Stearic: acidy ool gm:._. 0.5
VA T e et e e e e e ml.. 97
Methocel® (High- wscosxty methyl cellulése).__gm_. 1.0
Fluoboric acid (509 ) e e mli. 1.0

Example 10.
Stearic acids C em_.. 5.0
Biij* 35° (polyoxyethylene lauryl alcohiol’ in which.,
the ethylene oxide chain length is 12) .- g . 2.0

Brij 30 ((polyoxyethylene. lauryl alcohol having a
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chain length of 4) e gm_. 1.0
WaLer e e e e e e ml:_ 89
Hydrofluoric. acid (509 ) oo cceom e mii. 2

. " Example1l. 35
OletcratidsC o oo il s e e gm__ 268
Mineral SpiritSe -vocce e e ml_. 39
Butyl Cellosolve oo ml... 15
Pine ol e —— ml: 15
Hydroﬂuonc acxd____-_'___'_' ________ i mlz_. - 1 40

It the preceding- examples - the- total: volume- of each is
approximately-100-ml; Examples 1’ to- 7"inclusive and
11 form substantially non-aqueous solutions and Exam-
ples 8 to 10 form dispersions.

- Im-order to carry out the process of the present inven-
tionit*is- preferable that the titanium should: be.reason:
ably-clean: The cleaning step,.per se, forms no part
of the-present-invention and may be performed i any
. desired manner as by -solvent.cleaning, alkali cleaning
or acid cleaning, after which the cleaned parts are treated
with' a solittion according to the present invention by, im-
mersing, spraying or otherwise applying. the. solution. te
the surfice and’ permitting if to.remain. thereon Qr. t0
be repeatedly applied tHereto for a length of time which
is sufficient to produce a visible.coating. After the visible
coating has been. obtained, if the treatment has.been. by
means of immersion or spray processes, the-object.should
be removed fiom contact with the treating solution.and
dried.” If desited; this diying may be done with.the.ap;r
plication .of Heat but if'so care should.be. taken so. that
the Heat employed’is not high enough. .to.cause:the lubri:
cant” to melt” and “run ffom the surface of the work. In
this connection also it: will:be-obvious that, where the
coated titanium is to be employed .in.a hot atmosphere
a- suitably-high melting- point lubricant should. be-incor:
poratediin-thetreating solution:

The exact-chemical nature-of the coatingg produced by
my new-process-and-material-is-not fully known aithough
it" is- possible- that- the- coatings - are" conversion' coatings
which: adsorb- or-absorb- the-lubricant-in such a faslion
that-thiereis-co-action-between-the conversion coating; and
the-lubricant-and-that -this  produces the- désirable-results
characteristic of my invention.

The present application is a continuationsinspart: of
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my earlier application Serial No. 408,593, filed Febru-
ary 5; 1954, now abandoned: "

I claim: ,

1. A method of coating titanjum which includes the
step of treating the surface: with an admixture consisting
essentially. of from 0.1%. to. 2.0% of_ acid.from the class
which consists. of. hydrofluoric, hydroffuosilicic and
fluoboric acids and’ from 0.3% to 30% of ‘an organic
lubricant: substantially resistant: to- the. action: of: said:
acids: with:the remainder:constituting. a: vehicle: which:is
substantially resistant to the attack of said‘acids:and:ca-
pable of rendering the. admixture homogeneous; the.treat-
ment with said admixture: being continued until a visible
coating is produced.

2. The method of-claim 1 wherein the organic lubricant
is. chosen. from the .class which. consists of.paraffin. wax,
chilorinated . paraﬁin wax, saturated” straight: cham fatty,
acids and glycerides of such fatty acids.

3. THe method of claim,1 wherein.the organic libri-
cant is. chosen from the class consisting of the saturated
straight. chain fatty acids Having. a chain length of "at

least.12:

4, The metliod of claim.1 wherein the organic lubri-
cant is chosen from the:class which consists of stearic
acid, lauric acid and myristic acid.

5. The method of claim 1" wherein the treated surface

is dried at a. temperature below. that at which' the lubri-~

cant will melt and run from the surface..

6. The method of claim 1 wherein.the admixture in:
cludes ffom 0.5% to 2% of phosphonc acid.

7. A method of coating titanium which: includes. the
step, of treating the surface with an admixture consisting
essentially of from 0.1% to 2.0% of acid: from .the class
which. consists of hydrofluoric, hydrofluosilicic and fluo-
boric. acids and from 0.3% to 30% of an organic lubri-
cant chosen. from the class consisting of ‘paraffin. wax;
chlorinated paraffin wax, saturated straight:chain fatty
acids.having a chain.length of at:least 12 and glycerides
ofsuch. fatty caids.and. with the remairder constituting
a vehicle wherein homogeneity is secured. through use of
a-solvent system which. is chosen from' the. class which
consists of methyl” isobutyl” Carbinol, butyl Cellosolve,
Butyl- Carbitol, hexyl Cellosolve; kerosene, Stoddard sol-
vent, hlgh flash naphtha, hiydrogenated petrolenm solvent
and. pine oil, the treatment with' said” adimixture being
continued until a visiblé coating is produiced.

8. A metal coatinig bath the essential coatmg pro-
ditcing, ingredients of which arefrom 0.1% to 2% of acid
ffom: the class . which. consists of hydioffuoric, hydro:
fitiosilicic and fluobori¢ acids and’ from 0:3% t0.30%" of
arr organic- lubricant substantially resistant to the. action
of said acids with the remainder constituting a vehicle
whiich is-substantially resistant to the attack of’ ‘said’ acids
and’ capablé: of rendering the admixture homogeneous;

97 A bath according to claim & which includes: alse
from:0;5%" to 2% of phosphoric acid:

10- A bath_according to claim' 8" wherein the-lubricant
is chosen from the class' which consists  of* paraffin wax;
chlorinated’ parafiin. wax; saturated  straight chain fatty
acids-and:glycerides -of ‘such fatty-acids:

11 A bath- according to-claim’ 18° wherein the fatty
acids have a chain length of at'least-12:

12 A consolitte metal coating bath the essential coatmg
producing ingredients of which are from 0.1%" to 2% of
acid from the class which consists of Hydiofluoric; hydro-
fluosilicic. and. floboric acids and from 0.3% to 30%° of
an, organic lobricant substantially resistant to. the' action
ofsaid acids with the remainder. constituting, a solvent
systern: which also is substantially resistant to the attack of
said acids and.capable. of rendering the acid and the lubri:
cant substantially consolute.

13; A.bath_according to.claim 12 wherein.the lubricant
i§.chosen, fiom. the class which._consists of _paraffin. wax,
chlorinated” paraffin: wax,. saturated. siraight. chain, fatty
agids and ‘glycerides. of such: fatty, acids and: wherem_the
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solvent system is chosen from the class which consists of
methyl isobutyl Carbinol, butyl Cellosolve, butyl Carbitol,
hexyl Cellosolve, kerosene, Stoddard solvent, high flash
naphtha, hydrogenated petroleum solvent and pine oil.

14. A bath according to claim 13 wherein the fatty
acids have a chain length of at least 12.

15. A bath according to claim 13 which includes also
from 0.5% to 2% of phosphoric acid.

16. A bath according to claim 12 which includes also
from 0.5% to 2% of phosphoric acid.

17.. A bath according to claim 12 wherein the organic
lubricant “is chosen from the class consisting - of the
saturated straight chain fatty acids having a chain length
of at least 12.

18. A bath according to claim 8 wherein the content 15

o
of ‘acid lies between 0.5 and 1.5% and the content of
Iubricant between 8 and 12%.
19. The method of claim 1 wherein the content of acid
lies between 0.5 and 1.5% and. the ‘content .of lubricant

6  between 8 and 12%.
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