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Abstract

Electrolyte for electrochemically polishing metallic surfaces

5 The present invention relates to electrolytes for electrochemi-
cally polishing workpieces consisting of titanium, titanium
alloys, niobium, niobium alloys, tantalum and tantalum allovs,
which electrolytes contain sulfuric acid, ammonium bifluoride

and at least one hydroxycarboxylic acid, and a method for elec-

10 trochemical polishing.



10

15

20

25

30

35

CA 02525138 2005-11-08

Electrolyte for electrochemically polishing metallic

surfaces

The present i1nvention relates to electrolytes for elec-
trochemically polishing workpieces consisting of tita-
nium, titanium alloys, niobium, niobium alloys,
tantalum and tantalum alloys, and a method for electro-

chemical polishing.

The electrochemical polishing or brightening of metal-
lic surfaces 1s widely used 1n industry for the treat-
ment of smaller and larger metal articles. Owing to the
greatly i1ncreasing use of titanium and titanium alloys
1n the area of apparatus construction, vehicle con-
struction, aircraft construction or medical technology,
the surface processing of these materials by electro-
polishing 1s becoming increasingly important. In elec-
tropolishing, the articles to be polished, which hang
from appropriate support elements or are arranged in
baskets or the like, are lowered into the electrolvte,
1.e. the polishing bath, and are raised out of it after
a certain polishing time. After the bath liguid has
flowed off the polished surfaces, the articles are im-
mersed 1n wash baths 1n order to remove the electro-

lyte.

According to the prior art today, either electrolytes
comprising mixtures of perchloric acid/acetic anhydride
or mixtures of hydrofluoric acid/sulfuric acid/acetic
acld or hydrofluoric acid/sulfuric acid/acetic anhy-
dride or sulfuric acid/hydrofluoric acid/phosphoric a-
cid/ethylene glycol (FR 2 795 433) are used for the

treatment of titanium and titanium alloys.

Although these electrolytes are capable of achieving

satisfactory electropolishing results on pure titanium
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and a limited selection of titanium alloys, the elec-
trolyte according to Patent FR 2 795 433 is not suit-
able for electropolishing titanium-nickel alloys, such
as nitinol, which is becoming increasingly important as
a memory alloy, with sufficient surface quality. The
use of these two types of electrolytes has some disad-

vantages which prevent use on an industrial scale:

Although electrolytes consisting of mixtures of per-
chloric acid/acetic anhydride have long been known and
give good electropolishing results, their use is sub-
jJect to very narrow limits owing to the associated high
risk of explosion. In addition, the use of electrolytes
which contain acetic acid is associated with a consid-
erable odor annoyance, which requires correspondingly
complicated alir extraction at the workplace with com-
plicated waste ailr treatment. Electrolytes which, as
described i1n French Patent FR 2795433, contain hydro-
fluoric acid in considerable concentrations entail a
significant safety and health risk owing to the high
toxicity and corrosiveness of hydrofluoric acid, which
escapes 1n gaseous form in considerable amounts from
the electrolyte during the electropolishing process.
The operation of electropolishing units with such elec-
trolytes requires complicated safety precautions. In
addition, the loss of hydrofluoric acid via the exhaust
alr must be regularly replenished in order to keep the

electropolishing process stable.

The contacts of the workpieces to be electropolished in
the abovementioned electrolytes must consist either of
a material of the same type or of pure titanium. The
contact material 1s equally attacked and must be regu-
larly replaced. In view of the value of these metals,
this constitutes a considerable cost factor and leads
to premature wear of the electrolytes. Furthermore, it
1s thus not possible unambiguously to assign the cur-
rent distribution and hence the respective ablation

rates to the individual workpieces and the contact ma-
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terial. This constitutes an additional uncertainty fac-
tor where the accuracy of the electropolishing process
has to meet high requirements. During the electro-
polishing, moreover, the workpieces must each be con-
tacted solidly, for example by terminals, and cannot be
processed loosely as bulk material in drums or baskets.
In the case of parts of small mass, such as, for exam-
ple, screws, this gives rise to considerable costs due

to the necessary manual equipping of the contact racks.

It 1s an object of the invention to provide an electro-
lyte which is suitable for electropolishing titanium,
titanium alloys, including nickel-titanium alloys (nit-
1nol), niobium, niobium alloys, including niobium-
zirconium alloys, and tantalum and tantalum alloys. In
addition, it 1s intended to provide an electropolishing
process that can be carried out easily and safely for

such metals.

This object is achieved, according to the invention, by
an electrolyte as claimed in claim 1 and a process as

claimed in claim 6.

The electrolytes according to the invention consist of
mixtures of sulfuric acid, ammonium bifluoride and at

least one hydroxycarboxylic acid.

An advantage of the electrolytes according to the in-
vention 1s that they are neither explosive nor flamma-
ble. In addition, they contain no hydrofluoric acid in
excess which could escape in gaseous form as hydrogen
fluoride during the electropolishing process, and cause
no odor annoyance. Advantageously, a wide range of met-
als can be electropolished with the electrolytes ac-
cording to the invention. These include titanium,
titanium alloys, including nickel-titanium alloys, nio-
bium, niobium alloys, including niobium-zirconium al-
loys, and tantalum and tantalum alloys. In particular,

electrolytes according to the invention are suitable
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for electropolishing nitinol, which is a high-strength

nickel-titanium alloy comprising 55% of Ni.

Depending on the materials to be electropolished, the
electropolishing result can be optimized by changing
the mixing ratio of the three components within certain

concentration ranges.

Hydroxycarboxylic acids used are preferably hydroxy-
lated C,-C.-carboxylic acids. The hydroxycarboxylic ac-
ids may be present in the electrolytes according to the
invention in a concentration of 10-80% by volume, pref-
erably 20-60% by volume. The preferred hydroxycarbox-
vlic acids include glycolic acid and hydroxypropionic
acid. The hydroxycarboxylic acids are preferably sup-
plied as 60-80% solutions. It is also possible to use

combinations of different hydroxycarboxylic acids.

An electrolyte according to the present invention may
contain sulfuric acid in a concentration of 90-20% by
volume, preferably 80-40% by volume. 96% sulfuric acid

1s preferably used.

The ammonium bifluoride can be used in the electrolytes
according to the invention in a concentration of 10-

150 g per liter, preferably 40-85 g per liter.

By using the electrolytes according to the invention,
the corresponding metals can be efficiently and cleanly

electropolished.

The i1nvention also relates to a method for electro-

chemically polishing workpieces consisting of titanium,
titanium alloys, niobium, niobium alloys, tantalum and
tantalum alloys, in which method an electrolyte accord-

ing to the invention is used.

An advantage of the method according to the invention

1s that the application parameters of the method can be
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varied within a wide range, which considerably facili-
tates the process control. In the prior art, on the
other hand, the application parameters had to be kept
within narrow limits. The method according to the in-
vention is preferably used for polishing workpieces
consisting of nickel-titanium alloys, such as, for ex-

ample, nitinol, or niobium-zirconium alloys.

The method can be carried out at a temperature of from
0°C to 40°C, an electrical DC voltage of from 10 V to
35 V and a current density of from 0.5 to 10 A/dm?.

A further advantage of the present invention is that
not only can the materials to be electropolished be u-
sed as contact material, but it is also possible to use
aluminum, which is cheap to procure and is not attacked
by the electropolishing process. It is thus possible
unambiguously to assign the current density to the
workpieces to be electropolished and hence to control
the ablation within narrower tolerances. A further ad-
vantage of the method according to the invention is
that free-flowing mass parts can be economically proc-

essed 1n aluminum drums or baskets as loose bulk mate-
rial.

The i1nvention is further explained with reference to
the following examples.

Example 1

Workpieces consisting of pure titanium were electro-

polished in an electrolyte consisting of

glycolic acid (70%) : 20% by volume

sulfuric acid (96%): 80% by volume

ammonium bifluoride: 75 g/l
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with a current density of 1 A/dm* and in a processing

time of 20 minutes. The result showed a very bright

surface having good leveling of the microroughness.

Example 2

Workpieces consisting of TiAl,V,, nitinol and niob.iui

were electropolished in an electrolyte consisting of

glycolic acid (70%) : 60% by volume
sulfuric acid (96%): 40% by volume
ammonium bifluoride: 50 g/1

at temperatures of from 20°C to 30°C and current densi-
ties of from 1.5 to 5 A/dm’. After an electropolishing
time of 30 minutes throughout, all materials showed ve-

ry bright surfaces and good smoothness.
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Claims

An electrolyte for electrochemically polishing
workplieces consisting of titanium, titanium al-
loys, niobium, niobium alloys, tantalum and tanta-
lum alloys, characterized in that it contains

sulfuric acid, ammonium bifluoride and at least

The electrolyte as claimed in claim 1, character-
ized 1in that the hydroxycarboxylic acid used is

glycolic acid or hydroxypropionic acid.

The electrolyte as claimed in claim 1 or 2, char-
acterized in that it contains hydroxycarboxylic
acids in a concentration of from 10 to 80% by vol-

ume, preferably 20-60% by volume.

The electrolyte as claimed in any of claims 1 to
3, characterized in that it contains sulfuric acid
(96%) 1n a concentration of from 90 to 20% by vol-

ume, preferably 80-40% by volume.

The electrolyte as claimed in any of claims 1 to
4, characterized in that it contains ammonium
bifluoride in a concentration of from 10 to 150 g

per liter, preferably 40-85 g per liter.

A method for electrochemically polishing work-
pleces consisting of titanium, titanium allovys,
niobium, niobium alloys, tantalum and tantalum al-
loys, characterized in that an electrolyte as

claimed in any of claims 1 to 5 is used.

The method as claimed in claim 6, characterized in
that a nickel-titanium alloy or a niobium-

zirconium alloy is used.
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The method as claimed in claim 7, characterized 1n

that the nickel-titanium alloy 1s nitinol.

The method as claimed in any of claims 6 to 8,

characterized i1n that aluminum 1s used as contact

material.
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oLf claims 6 to 9,
characterized i1in that the method i1s carried out at
a temperature of from 0°C to 40°C, an electrical
DC voltage of from 10 V to 35 V and a current den-

sity of from 0.5 to 10 A/dm’.
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