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This application is a continuation-in-part of my co-
pending application Serial No. 65,301, filed October 27,
1960, and now abandoned.

This invention relates to a method for pickling a sur-
face of a titanium or titanium base alloy article.

Titanium and titanium base alloy articles, such as mill
products, casting or forgings, are often exposed to ele-
vated temperature during manufacture or fabrication.
Oxidation of the metal surface results, and a higher than
desirable oxygen content may be present in an outer layer
of the metal. This layer of contaminated metal can be
removed by pickling so that fresh, new, uncontaminated
metal is exposed. Pickling is also useful to remove a
layer of surface metal to eliminate surface imperfections,
for example, pits and scratches caused by a previous grind-
ing operation. Pickling can be additionally useful, if the
metal removal process can be accurately controlled, to
remove a predetermined thickness of surface metal to con-
trol dimensions of the article. Thus, titanium or titanium
base alloy sheet may be processed to an oversize thick-
ness and then pickled to reduce its thickness to desired
finish gauge.

Pickling has generally heretofore been accomplished by
immersing the article to be pickled in a strong acid solu-
tion. Such treatment can effectively dissolve titanium
and its alloys, but the dissolution action is often difficult
to control since powerful acids and elevated temperatures
are often required. The acid strength and temperature
necessary for metal attack may result in rapid and, to an
extent, uncontrollable reaction. A much more serious
result of acid pickling is its effect on the hydrogen con-
tent of the metal. Solution of titanium in acid, like other
metals, results in evolution of hydrogen at the metal sur-
face. This hydrogen is readily absorbed by titanium, par-
ticularly when the pickling acid is at elevated tempera-
ture. A hydrogen content above a minute level, measured
in parts per million, will adversely affect the properties of
titanium and titanium base alloys, resulting in loss of
ductility which could lead to catastrophic failure in
service.

Titanium and titanium base alloy articles during fab-
rication at elevated temperature may, in addition to ab-
sorbing oxygen in the metal itself, become covered with
a layer of scale. This scale is generally composed of
fused oxides of titanium and is not ordinarily soluble in
strong acids such as those used for pickling. Molten
caustic baths have been employed with some success for
descaling titanium and its alloys, and this has been found
to loosen the scale so it can readily be removed from the
metal surface. Following scale removal, however, a
pickling step is still necessary to remove a high oxygen-
content outer layer of titanium.

Electrolytic descaling processes have been proposed,
but those in which the titanium article is connected as the
cathode have not proved successful because hydrogen is
inevitably liberated at the cathode and, as previously de-
scribed, hydrogen can be readily absorbed by titanium and
titanium base alloys, resulting in deleterious effects on
their mechanical properties. Descaling methods in which
the article to be descaled is connected as an anode have
also been proposed; however, when employing elec-
trolytes ordinarily used, while the scale can be loosened
and removed, a layer of titanium oxide, referred to as an
anodic film, remains on its surface after descaling. Also,
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as with other methods in which a separate descaling step
is employed, an additional pickling operation is necessary
to produce a clean, uncontaminated metal surface.

It is a principal object of this invention to provide an
improved electrolytic process for pickling a surface of a
titanium or titanium base alloy article. Another object
of this invention is to provide a process for pickling a
surface of a titanjum or titanium base alloy article to
remove metal at a predetermined rate. Another object
of this invention is to provide an electrolytic process for
pickling and at the same time descaling a titanium or
titanium base alloy article. Yet another object of this
invention is to provide a process for pickling a titanium or
titanium base alloy article to produce a bright, polished
surface finish on said article. These and other objects of
this invention will be apparent from the following de-
scription thereof.

This invention in its broad aspects contemplates a meth-
od for pickling a surface of an article of metal selected
from the group consisting of titanium and titanium base
alloys which comprises immersing said article in an elec-
trolyte as described while passing an electric current be-
tween said article as anode and a cathode.

The electrolyte is an important feature of this inven-
tion. It will consist essentially of:

A compound selected from the group
consisting of HySO,;, Nay80, and

(NH,)3S80, 0.125 to 1 mole

per liter.

A soluble dichromate salt .-~ Up to 0.33 mole
per liter.

HE e 0.5 to 1.5 moles
per liter.

Balance - oo Substantially water.

The soluble dichromate salt will be selected from the
group consisting of ammonium, potassium and sodium
dichromate, and a preferred range for the dichromate
salt content is from 0.05 to 0.33 mole per liter. A pre-
ferred and advantageous electrolyte composition consists
essentially of about 0.25 mole per liter of sulphate com-
pound, advantageously ammonium sulphate, about 0.1
mole per liter of sodium dichromate and about 0.75 mole
per liter of hydrofluoric acid, balance water. The elec-
trolyte is conveniently prepared by dissolving and mixing
the ammonium sulphate, and dichromate salt, if used, as
commercially available salts, with 48 to 51% hydro-
fluoric acid, in which form it may readily be obtained com-
merically, with a proper amount of water to produce the
required concentration of electrolyte constituents.

The constituents of the electrolyte employed in the
practice of this invention appear to perform functions
which in combination in a one-step process produce the
unique and excellent results obtained. The sulphate is
considered to produce an ionized electrolyte when dis-
solved in water, which, under the influence of the electric
current, removes or loosens the oxide layer or scale if
present. Hydrofluoric acid is a good solvent for titanium
metal and it also dissolves any anodic oxide formed dur-
ing the electrolytic pickling step. The presence of hydro-
fluoric acid in the electrolyte also promotes the pickling
action during electrolysis to remove a surface layer of
titanium or titanium alloy metal. The dichromate con-
tent, when employed, provides an oxidizing element in
the electrolyte to prevent hydrogen contamination of the
titanium or titanium base alloy article being pickled. In
addition, an electrolyte as described containing a soluble
dichromate, promotes formation of a bright, polished
surface on the titanium or titanium base alloy article.
The process will descale and pickle in the same electro-
Iyte and in the same operation while not appreciably in-
creasing the hydrogen content of the titanium or ti-
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tanium base alloy article being treated.” The electrolytic
action is carried on with excellent efficiency of the current
used, -and the amount of metal dissolved and removed
can be predetermined and controlled within reasonably
accurate limits to produce a bright, polished surface.-on
the pickled article.

The composition of the electrolyte is critical, and the
various constituents should be employed within the ranges
disclosed above. Of the sulphates employed, ammonium
sulphate and sodium sulphate are preferred. These salts
are . effective, are available at comparatively low price,
and provide an.electrolyte which is not unreasonably cor-
rosive. - Ammonium sulphate has the.additional advan-
‘tage -of lower molecular weight than the sodium or po-
tassiuim - salt, thus providing more ions'in solution ‘per
weight unit. Potassium sulphate is effective as an elec-
trolyte constituent but' is somewhat higher priced than
the ammonium or sodium salt. Sulphuric acid may be
employed without adverse effect on the pickling action
and is reasonably priced, but its use results in a more acid
electrolyte .which intensifies equipment  corrosion prob-
lems: "Although they may produce a conductive elec-
trolyte, nitrates and chlorides cannot be employed to re-
place the sulphates in the electrolyte employed in the proc-
ess of this invention.
nitrates and chlorides result in severe and undesirable
pitting - or roughening of the metal surface, Phosphates
have been tried, but I have found that these promote an
anodizing effect and current efficiency measured by metal
removed per ampere minute is low. If less than 0.125
mole per liter of sulphate compound is employed, the
electrolyte will not be sufficiently electrically conductive.
If more than -1 mole per liter of sulphate compound is
employed, the pickling action, will tend to be uneven and
the uniformity of the surface of the pickled article will be
adversely affected. ;

The soluble "dichromate salt may. be employed :in
amounts up to-0.33 mole per liter. The.electrolyte will
function without the presence of a soluble dichromate,
but its inclusion is preferred in order to prevent hydro-
gen. absorption by the ‘titanium or titanium base alloy
being pickled and to produce a bright, polished finish.on
the metal surface. Up to 0.05 mole per liter of a solu-

ble dichromate is useful to act as an oxidizing agent to -

prevent hydrogen -absorption. When present in amount
from 0.05 mole to 0.33 mole per liter, the soluble dichro-
mate, in addition to preventing hydrogen absorption;, pro-
motes pickling to produce a bright, polished surface on
the pickled article. If mofe than 0.33 mole per liter of

soluble dichromate is employed in the electrolyte, the:

pickled metal surface will tend to be oxidized and dis-
colored. -

Ammonium  dichromate; sodium' dichromate, -and. po-
tassium dichromate are the common soluble dichromates.
Sodium dichromate -is preferred as a constituent: of the
electrolyte according to this invention since it is readily
available and comparatively inexpensive.

The hydrofluoric acid is preferably employed at the
higher end of its range, that is, from about 0.75 to 1.5

moles per liter to provide rapid and efficient pickling. A -

concentration ‘of more than 1.5 moles per liter will re-
sult in a smutty surface on the pickled metal. If ‘the
hydrofluoric acid concentration is less than 0.5 mole per
liter, the reaction rate will be slowed to the point where
efficient pickling cannot be obtained in a reasonable time,
even with excessively high voltage impressed.

Titanium and- titanium base alloy articles’ which can
be pickled by the method of this invention may be of any
shape or size, and will include forgings and castings as
well as mill products such as bars, rods, tubes, wire, plate,
sheet, and strip. Large articles will, of course, require
correspondingly large apparatus such as tanks, handling
equipment, and power supply. Elongated sheet or strip
can be processed as described in more detail hereinafter.
Such articles may be fabricated of titanium, that is'com-

When used in place of sulphate;.
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4! :
mercially pure titanium; or titanium base alloy, that:is an
alloy comprising a major part at least titanium- plus al-
loying. elements such as aluminum,- tin, zirconium, mo-
lybdenum,: vanadium, . iron,: chromium, manganese,. Co-
lumbinm, tantalum, tungsten, nickel, copper,. cobalt, sili-
con, and beryllium, individually or in.various combina-
tions.. Examples of such alloys will include those of the .
so-called alpha-beta type as: :

6% Al 4% V,balance Ti

8% Al, 1% Mo, 1% V, balance Ti.
8% Mn, balance Ti

4% Al, 3% Mo, 1% V; balance Ti-~ -

and the so-called beta type as:
13% 'V, 11% Cr, 3% Al, balance Ti
and the so-called-alpha type as:- :

5% Al, 2.5%; Sn, balance Ti
5% -Al, 5% Sn, 5% Zr, balance Ti::
2.5% Al; 11%. Sn, 5% Zr, 1% Mo, 0.25% Si; balance Ti,

all -of which.are commercially :available titanium: base
alloys. Articles: of titanium :.of all such alloys-can be -
successfully pickled, employing the method of this inven-
tion, and at-the same time descaléd with the exception:

sometimes. of large sheets and strips of tin-containing al-

loys from which it is difficult to-remove Tefractory and -
tightly adhering hot mill scale. . It is thought that:possi-

bly the: tin.content may. affect -the refractory mature of

such scale o form an uneven scale deposit on large sur- .
faces. Lighter anneal scale may successfully ‘and read-

ily be removed by the method-of this.invention from such -
tin-containing'alloys,: as well as others, and even mill
scale from small areas of:the tin-containing" alloys.

In the method of this invention; the article to be pickled !
is employed as an anode .and- therefore connected: to the: -
positive pole of a source :of direct electric current. A.
suitable cathode-is .also immersed in the electrolyte and i
may be fabricated-'of stainless steel, :titanium, or other
metal or electrically conductive material swhich is not.un- .
duly attacked by the electrolyte solution.+ It is often con- .
venient when pickling castings, forgings:or small articles,
for example, to employ the ‘electrolyte container as: the: .
cathode, and ‘a stainless steel tank or vessel is admirably
suited. for this purpose. when connected. to the negative
pole:of the D.C. electric current supply. Under such'con- .
ditions the article to be pickled is simply_ suspended in "
such a tank containing the electrolyte and maintained
without physical contact with the walls or bottom there-:
of. The- electrolyte container surrounding the: article’ to
be pickled will -provide cathode surface facing, and at -
least co-extensive with, thé surfaces of the article being
pickled.. When articles of irregular shapeare being han- -
dled in this manner, it will be found that the spacing be-
tween the cathode and the article surface is not critical,
and adequate.:and even pickling may . be obtained - pro-:
viding sufficient amperage, at high enough voltage is em= :

. ployed.” In the case of flat rolled products such as strip, .

60

plate, and sheet, a cathode which is itself flat correspond- -
ing to the surface to be pickled may. be-employed; and
to obtain best: current efficiency; this should. be closely
spaced and-advantageously no further than one-inch from _
the titanium or-titanium -alloy surface.. In the.case of a .
strip product being continuously passed through the elec-
trolyte, and which immersed. surface may. be .curved; a
cathode surface .shaped: and curved fo correspond with -
the immersed surface of the. strip is employed to preserve -
a uniform spacing over. the area - of -that portion of the.
strip ‘which js immersed. The cathode .area should be .
co-extensive with the immersed article area so that elec-
trolytic action-is obtained over the entire ‘surface of the
titanium of titanium base article in contact with the elec-

. rolyte.: Therefore, if the cathode is arranged to face only

qne surface .of the article: to ‘be pickled, or-a selected
portion: of such surface or surfaces, then the surface or
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surfaces not facing the cathode must be protected from
contact with the electrolyte in order to prevent corrosive
attack of these surfaces by the electrolyte.

The titanium or titanium base alloy article is main-
tained as the anode during the entire pickling operation
since reversal of the current connections making the ti-
tanium article the cathode would create serious danger
of hydrogen absorption. It is also important that pas-
sage of current be maintained while the article is im-
mersed in the electrolyte so that electrolytic action under
the pickling conditions of the method of this invention
is maintained during the immersion period. Titanium
and titanivm alloys in contact with the electrolyte with-
out electrolytic action may be seriously corroded. It is
necessary, therefore, in order to obtain best results when
practicing the method of this invention to make sure that
current is passed while the article remains immersed in
the electrolyte, that is, from the time it is initially im-
mersed until it is withdrawn from the electrolyte. In
the case of elongated strip, particularly strip wound as a
coil and which is to be treated by successive immersion
of portions thereof by being passed continuously through
the electrolyte, the matter of current passage will apply
to that portion of the strip immersed in the electrolyte
at any moment, and precautions should be taken that the
cathode is substantially co-extensive with the portion of
the strip so immersed.

Electric current is passed between the article as anode
and the cathode at a current density based on the
anode surface area of between about 0.55 and 8.5 am-
peres per square inch, and the voltage required will
vary, depending on the cell and the scale characteristics,
between about 5 and 70 wvolts. Temperature of the elec-
trolyte affects the voltage required, higher temperatures
with the range specified promoting faster pickling action
at lower voltage. The electrolyte composition also af-
fects voltage with higher sulphate and HF contents also
tending to reduce the voltage required. The higher cur-
rent densities within the range are useful for attacking
and dissolving the heaviest and most refractory scales.
Current densities in the lower portion of the range are
useful in treating articles having somewhat lighter scale
or oxide coatings and have the additional advantage that
the pickling action, that is the rate of metal removal,
may be somewhat more conveniently controlled.

T have found that a current density between 0.55 and
8.5 amperes per square inch base on the exposed anode
surface area will provide proper pickling and also descal-
ing; and when the current density is within this range, a
predictable metal removal rate may be obtained. This
metal removal rate will be about 120 amperes minutes per
gram of titanium metal removed and dissolved by the
pickling process. This metal removal rate may vary
somewhat from the optimum of 120 ampere minutes per
gram and will generally be within the range of 110 to
130 ampere minutes per gram. Thus the current passed
in a given time may be employed to control the amount
of metal removed within comparatively precise limits, and
this is an important and significant advantage.

If the current density on the anode is too low, that is,
below about 0.55 ampere per square inch, then the cur-
rent and metal removal interdependency no longer holds.
Under these conditions, pickling is accomplished to an
appreciable extent by chemical action, that is, by reac-
tion between the electrolyte and the metal. This is dis-
advantageous because hydrogen may be liberated at the
metal surface and additionally the pickled surface is
frosty and discolored. Therefore, to obtain essentially
electrolytic action with freedom from hydrogen pick-up
and best surface characteristics, the anode current den-
sity should be maintained above 0.55 ampere per square
inch.

Current densities on the anode of over 8.5 amperes
per square inch should not be employed because unde-
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sirable heating of the electrolyte will occur and also such
high currents will be approaching, or may exceed, the
current-carrying capacity of the electrolyte. High cur-
rent densities approaching 8.5 amperes per square foot
are, however, useful for producing an extremely bright
and even brilliant mirror-like finish; and, also, I have
found that the rapid metal removal rate produces a greater
planing effect to remove or level out surface imperfec-
tions and blemishes.

Articles of titanium and titanium base alloys may be
connected in any convenient and suitable manner to the
positive pole of a source of direct electric current. A
power lead wire may be attached by a clamp or bolted con-
nector to provide sufficient contact and current-carrying
capacity to transmit the amperage employed. For ar-
ticles of more or less uniform dimensions, as castings,
forgings, blocks, rods, sheets and plates of small area
and comparatively great thickness, the transmission of cur-
rent from the connection to the surface or surfaces facing
the anode will not be a problem. For thin section arti-
cles, however, such as flat-rolled products, which term in-
cludes sheet, thin plate and strip, small thickness and rela-
tively large area dimensions may require special con-
sideration. It is preferred when pickling such products
to make a current connection over a substantial portion
of the area of the article immersed in the electrolyte.
This avoids a long current travel path through a thin
product of relatively high resistance. For pickling large
size sheets of stripe it will be found advantageous to
pickle one surface (or face) at a time and to make cur-
rent contact over an appreciable area of the back of the
sheet or strip, preferably an area greater than one-third
of the face area and centrally located. This provides a
short current path diametrically through the sheet and
only to some slight extent laterally out toward the edges
to provide good electrical contact and current distribution.
The back surface of the article, that is the surface or face
opposite to that facing the cathode and the side to which
electrical connection is made, must be protected from
contact by the electrolyte as by application of an impervi-
ous coating of a plastic or film, or sealing means of rub-
ber-like material maintained in sealing engagement with
the back surface.

The fact that in the process of this invention the metal
pickled off and removed is proportional to the current
used per unit of time is extremely important. This pro-
vides an operating control so that the amount of metal
to be removed can be predetermined, and removal ac-
complished by control of the current flow and time, with
reasonable accuracy. In order to remove a desired thick-
ness of metal from the surface of an article being descaled
and pickled, it is only necessary to calculate the weight
of metal to be removed and then to pass current for the
required time at the selected amperage to provide about
120 ampere minutes of current for each gram of metal
desired to be dissolved by the pickling process. In actual
practice, the weight of metal dissolved has been found to
be close to the predetermined value and most generally
at least within 10 percent plus or minus. This is very
close control when the minute thicknesses involved, most
often of the order of thousandths of an inch, are con-
sidered.

The electrolytic process of this invention may be oper-
ated at room or ambient temperature. Increased attack
on refractory oxide and scale may be obtained by operat-
ing at elevated temperatures up to about 100° C. The
rate of metal removal may be slightly increased at the
higher temperatures within this range, but this factor is
principally governed as pointed out hereinbefore by the
ampere minutes of electric current used. However, it will
be found that at the higher elevated temperatures, the
reactivity of the electrolyte is greater and at temperatures
of 90 to 100° C. less voltage is required for passage of
high amperage.
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" Operation at temperatures from 90 to 100° C. may be
accompanied, however, by some fuming of the electrolyte
and temiperatures within a range of 50 to.100° C. can be
used to provide good- pickling action with those in the

lower part of this range avoiding the fume problem.
It will be understood that a desirable combination of
electrolyte composition, temperature of operation, and
voltage and current used can be employed for each type

of product to be pickled. For pickling irregular castings, -

for example, where cathode spacing will generally not be
close or uniform, a higher voltage will be required than
for pickling strip with a closely spaced cathode, and the
current density will probably not be as high. Pickling
efficiency and. desirable surface finish will, nevertheless;
be obtained.

When pickling strip, or sheet, and where one surface
is protected from contact with ‘the electrolyte, it will be
obvious that only one surface will'be pickled. To pickle
both sides, the strip will be turned over and the process
repeated with ‘the previously protected surface now ex-
posed to -the electrolyte.

The following examples will illustrate the practice of
the process of this invention. Examples 1-4 inclusive
illustrate employment of various sulphate compounds in
the electrolyte.

Example 1

An electrolyte consisting essentially of 33 grams per
liter of (NH,)3804, 24.5 grams per liter of K,CryO; and
30 milliliters per liter of 48-51% HF solution, balance
water, was placed in an open top stainless steel container
which was connected to the negative pole of a source of
D.C. electric current to act as a cathode. The electrolyte
composition corresponds to 0.25 mole of (NH,),SO;,
0.083 mole of KyCryOy and 0.90 mole of HF per liter.

A section of unalloyed titanium sheet, having a sur-
face area of 8 square inches, was suspended in the electro-
lyte, free from the container bottom and sidewalls and
was connected to the positive pole of the D.C. current
source to act as an .anode.- Electric current was passed
between anode and cathode at 5 amperes (.6 amperes
per square inch) and with the voltage varying from 2
to 9 volts. Temperature of the electrolyte was 75° C.
At the end of 10 minutes under these conditions the elec-
tric current supply was shut off and the sheet section re-
moved from the electrolyte and rinsed with water.
Titanium had been removed from each surface in amount

to reduce the gauge or thickness of the sheet by 0.001

inch. The weight loss in the sheet section was found to
be 0.4321 gram corresponding to a metal removal rate
per 100 ampere minutes of 0.8642 gram (115 ampere
minutes per gram).

The pickled sheet surface was bright and clean without
pits or- other imperfections and thickness measurements
over its area indicated the gauge had been-evenly dimin-
ished.. Its hydrogen content was not appreciably raised as
a result of the pickling treatment,

Example 2

An electrolyte consisting essentially of 35 grams per
liter of NaySOy, 25 grams. per liter of NayCryOq-2H,0
and 25 milliliters per liter of 48-51% HF solution, balance
water, was placed in an open top stainless steel container
which was connected to the negative pole of a source of
D.C. electric current to act as a cathode. The electrolyte
composition corresponds:-to 0.25 mole of Na,SO,, 0.083
mole of NayCryO; and 0.75 mole of HF per liter.

A section of unalloyed titanium sheet having a surface
area of 10 square inches was suspended in the electrolyte
free from the container bottom and sidewalls and was
connected to the positive pole of the D.C. current source
to act as an anode. Electric current was passed between
anode and cathode at 15 amperes (1.3 amperes per square
inch) and with the voltage about 30 volts. Temperature
of the electrolyte was 70° C. At the end of 5 minutes
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under these conditions’ the electric cuirrent supply was..
shut off and the sheet'section removed from the electrolyte
and rinsed with. water. : Titanium -had been removed
from each surface in"amount to reduce a gauge of thick-

.ness of the sheet by 0.0021 ‘inchi The .weight loss id

the sheet was found to be-0.6173 gram corresponding. to
a metal removal rate of: 121 ampere minutes: per gram.

The pickled surface was smooth and clean ‘without pits -
or other imperfections, and. its gaiige had been evenly
diminished, : » . o o
‘  Example’3 .

The electrolyte of this test-was similar to that of Ex-.
ample 2 except: that' it .contained 44 grams- per liter of
K,S0y instead. of NagS0Q,. The. electrolyte: composition
corresponds to 0.25 mole. K5SO,, with the same propor-
tions of NayCr0; and HF’as Example 2. - The specimen
of unalloyed titanium pickled was similar. - Temperature
of ‘the pickling operation- was 78° C. ~Voltage was. 29
and amperage was 15 for similar current density of 1.3
amperes per square inch. . Apparatus:and procedure -were
similar to Example 2. :

At the end of 5 minutes-pickling, 0.6134 gram of metal
had been removed for- a removal rate of 122 ampere
minutes per gram. . The product was similar. to that. of
Example 2. :

" Example 4

The electrolyte -of this example was similar to that.
of Example 2 except that it contained 45 grams per liter-
of H,SO, instead of NaySO, The electrolyte composi- -
tion corresponds to 0.46 mole of H;S0O, with the same
proportions of NayCry,Qq and HF as Example 2.. The
specimen of .unalloyed titanium -pickled: was:similar.: =
Temperature of-the-pickling operation-was 78° C. . Veolt-: -
age was 28 and -amperage was 15 for a similar: current
density of 1.3 amperes per square inch.; Apparatus-and
procedure were similar to Example. 2.7 ) )

At the end of 5 minutes pickling, 0.6444 gram of metal:

‘had ‘been removed for a removal rate of 116 -ampere

minutes per gram.  Theé product had a bright and shiny
surface and was otherwise similar to that. of Example 2.
Theé following Examples 5, 6 :and 7 illustrate the effect..
of. variations in:the proportions of-the ‘constituents of
the electrolyte: '
Example 5

An electrolyte consisting “of *100- grams: per :liter of !

- (NH,) 4S04 25 grams per liter of NagCryOq-2H0, 25
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milliliters per:liter -of . 48—-51% HF solution, balance wa-~ -
ter,. was placed in an open top -stainless steel:-container
which was connected to the -negative pole of .a-source
of D.C. electric current to act as-a cathode.. The elec-.. -
trolyte composition corresponds to 0.75 mole of :

(NH,;)550,

0.083 mole.of Na,CryO; and 0.75 mole of HF per liter. .

A strip of - unalloyed titanium :sheet 1-inch’by 7%- .
inches long was suspended.in the electrolyte free from
the container bottom and sidewalls and connected to the
positive pole of the: D.C. current source to. act as an
anode. - Electric .current was: passed between :anode and
cathode at 15 amperes (1.0 ampere per:square inch) with
the voltage at about 40.volts.. Temperature of the -elec-
trolyte was 45° C. 'At the end of 5 minutes under these
conditions the electric current supply was:shut .off and the
section of titanium strip was removed - from:the electro-. .
lyte- and rinsed with water, - Titanium had been removed
from each surface in amount to reduce. the gauge or thick-
ness of the strip by 0.0011 inch. . The weight loss in the .
strip section was-found to be 0.6383 gram corresponding
to a metal removal rate of 117 ampere minutes per gram.

The pickled strip surface was smooth and bright. with
a slight bluish discoloration. Hydrogen content of. the

strip was not increased by the pickling treatment..
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Example 6

An electrolyte consisting of 33 grams per liter of
(NH,);SO,, 80 grams per liter of NayCryOq 2H0, 25
milliters per liter of 48-51% HF solution, balance wa-
ter, was placed in a stainless steel container which was
connected to the negative pole of a source of D.C. elec-
tric current to act as a cathode. The electrolyte com-
position corresponds to 0.25 mole of (NH4)380, 0.27
mole of Na,Cr,O7 and 0.75 mole of HF per liter.

A strip of unalloyed titanium similar to that employed
in Example 5 was immersed in the electrolyte, which was
maintained at 44° C. The unalloyed titanium strip was
connected to the positive pole of the D.C. current source
to act as an anode as before. Electric current was passed

" between anode and cathode at 15 amperes (1.0 ampere
per square inch) at 4 volts for a period of 5 minutes.
Then the unalloyed titanium strip was removed from the
electrolyte, and it was determined that the thickness of
the strip had been reduced by 0.0013 inch and the weight
of metal removed was 0.6060 gram, corresponding to a
metal removal rate of 123 ampere minutes per gram.

The pickled strip surface was smooth, bright and shiny,
and gauge had been evenly reduced over its surface.
Hydrogen content of the strip was not increased by the
pickling treatment.

Example 7

An elecirolyte consisting of 33 grams per liter of
(NH,)4S04, 25 grams per liter of NayCroOq-2H,0, 40
milliliters per liter of 48-51% HF, balance water, was
placed in the same type of open top stainless steel con-
tainer which was connected to the negative pole of a
source of D.C. electric current to act as a cathode as in
the previous examples. The electrolyte composition cor-
responds to 0.25 mole of (NH).804 0.083 moie of
Na,CryO4 and 1.2 moles of HF per liter.

A strip of unalloyed titanium 1-inch by 7%-inches long
was pickled in the electrolyte described in the previous
parapgraph at a temperature of 40° C. employing a cur-
rent density of 1.0 ampere per square inch at a voltage of
32 volts. In a time period of 5 minutes, the gauge of the
strip had been reduced by 0.008 inch and the amount
of metal removed was 0.6094 gram corresponding to a
metal removal rate of 123 ampere minutes per gram.
The pickled strip was smooth, bright and shiny and its
hydrogen content had been raised only an insignificant 3
parts per million.

The following Examples 8 and 9 illusirate operation
of the process of this invention employing an electrolyte
containing no dichromate constituent; in addition, the ef-
fect of somewhat higher current density is shown by com-
parison of the surface finish results obtained in the test
of Example 9 compared to that of Example 8:

Example 8

An electrolyte consisting of 33 grams per liter of
(NH,),S0,, 23 millimeters per liter of 48% HF, balance
water, was placed in an open top stainless steel container
which was connected to the negative pole of a source of
D.C. electric current to act as a cathode. The electrolyte
composition corresponds to 0.25 mole of (NH,);S0, and
0.69 mole of HF per liter.

A strip of unalloyed titanium 1-inch by 7%-inches
long was immersed in the electrolyte to provide an im-
mersed anode surface area of 14 of a square foot. Elec-
tric current was passed between anode and cathode at a
rate of 10 amperes at 35 volts for 5 minutes. This was
equivalent to .7 ampere per square inch. The tempera-
ture of the electrolyte was 70° C. At the end of the 5-
minute electrolytic pickling period, the electric current
supply was shut off and the titanium strip was removed
from the electrolyte and rinsed with water. Titanium
had been removed from the titanium strip surface to
provide a reduction in gauge of 0.0005 inch, the total
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amount of metal reduced being 0.4422 gram. The metal
removal rate was equivalent to 111 ampere minutes of
electric current per gram of metal removed.

The pickled strip surface was stained but was smooth
and even. Thickness measurements over its area indicated
uniform pickling action, although it did not have the
bright finish which was produced when dichromate was
included as an ingredient in the electrolyte,

Example 9

A specimen similar to that used in Example 8§ was im-
mersed in an electrolyte of the same composition but
was so arranged that only one-half the previous surface
area was immersed in the electrolyte. Other conditions
were similar, except that 12 amperes of electric current
were passed over a period of 5 minutes to provide a cur-
rent density of 1.7 amperes per square inch. After elec-
trolytic pickling had been completed, the strip specimen
was removed and rinsed with water, and it was found that
0.5011 gram of metal had been removed, corresponding
to a metal removal rate of 120 ampere minutes per gram.

The pickled strip surface was bright and shiny with-
out pits or other imperfections, and thickness measure-
ments over its area indicated that gauge had been evenly
diminished. It will be noted that the higher current den-
sity compared to Example 8 resulted in a brighter and
more polished surface on the titanium strip.

The following example illustrates the practice of the
process of this invention to descale as well as pickle and
also its use to treat a titanium base alloy sheet:

Example 10

An electrolyte consisting of 33 grams per liter of
(NH4) S0, 24.5 grams per liter of NayCryOq-2H;0 and
30 milliliters per liter of 48-51% HF solution, balance
water, was placed on an open top stainless steel container
which was connected to the negative pole of a source of
D.C. electric current to act as a cathode. The electrolyte
composition corresponds to 0.25 mole of (NH,)sSO,,
0.081 mole of NayCryOq, and 0.90 mole of HF per liter.

A section of titanium alloy sheet of composition 4%
aluminum, 3% vanadium, 1% molybdenum, balance
titanium, and having a surface area of 12 square inches
and with this surface covered by a layer of tightly adher-
ing mill scale, was suspended in the electrolyte free from
the container bottom and sidewalls and connected to the
positive pole of the D.C. source to act as an anode, Elec-
tric current was passed between the anode and cathode
at 20 amperes with the voltage varying from 10 to 18
volts (1.6 amperes per square inch). Temperature of the
electrolyte was 80 to 95° C. At the end of 10 minutes
under these conditions the electric current supply was
shut off and the sheet section removed from the electrolyte
and rinsed with water, The mill scale had been com-
pletely removed from the surface of the sheet and the
titanium alloy had been removed from each surface in
amount to reduce the gauge or thickness of the sheet by
0.0037 inch. The weight loss in the sheet section was
found to be 1.8108 grams corresponding to a metal
removal rate per 100 ampere minutes of 0.9054 gram
(110 ampere minutes per gram).

The pickled sheet surface was bright and clean without
pits or other imperfections and thickness measurements
over its area indicated that gauge had been evenly
diminished. 1Its hydrogen content was not appreciably
raised as a result of the pickling treatment.

The following Examples 11 and 12 illustrate practice
of this invention for pickling a flat rolled titanium metal
product. In addition, Example 12 illustrates employment
of a very high current density to provide the utmost in
a brilliant and polished metal usrface.

Example 11

A coil of unalloyed titanium metal strip 36-inches wide
and 0.040-inch thick was pickled by continuously passing
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the strip through an electrolyte to immerse -successive
portions thereof. The strip-was led around the lower

portion of a rotatable drum partially immersed in- the :

elecirolyte, contact being made through the drum . rim
to the back side of the titanium strip. The . electrical
contact area of the drum rim was about one-half the area
of the portion of the strip ‘with which it was in contact,
the outer portions of the back strip surface being snugly
held against: rubber collars. - The edges of the titanium
strip were thus sealed with respect to the drum rim to

prevent. contact of the electrolyte -with: the back isurface -
The drum rim was -connected to. the.-

of the strip.
positive ‘pole’ of a- source -of D.C. electric .current: A
cathode of arcuate shape corresponding to the curve -of
the metal strip following the rim -of -the contact drum
was ‘arranged spaced apart from the ‘strip surface a
uniform distance of about three-fourths of an inch:

An- electrolyte consisting . essentially ~of 600-pounds
of  (NH,;)eS0,, 400-pounds of NayCryOq-2H,0, 334-
pounds of 70% HF, made up with 2,000 gallons of water;
was continuously circulated through the- space between
the cathode and the exposed strip surface. The electro-
lyte composition: corresponds to 0.26 mole per liter of
(INH,)80,, 0.09 mole per liter of NayCryO; and-0.75
miole ‘per liter of HF.

During passage of the -sheet through the - electrolyte,
electric current was caused to flow between the exposed
sheet surface -and the cathode with a flow of 20,000
amperes' at ‘14 volts. . .The sheet progressed through the
electrolyte at a speed of 4 linear feet per minute with a
total length of strip immersed at one time being 16 linear
feet. By calculation, the current density on the anode
(strip surface) was found to be 2.8 amperes per square
inch. Temperature of the electrolyte was maintained.at
about 57° C.

After passage through the electrolyte, the titanium strip
was rinsed with water and dried. Its surface appear-
ance was bright and shiny and no hydrogen pickup would
occur ‘ with this grade of material. The electrolytic
pickling action had removed 0.0013 inch thickness of
metal from the exposed face of the strip. The rate of
metal removal calculated from the gauge loss was about
120 ampere minutes per gram.
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The strip was then turned over and run -through the - .

process a second time with the previously protected back

surface -of the strip now exposed to electrolytic pickling

action, and the pickled surface lying next to the.drum
and protected. The same operating conditions were em-
ployed: and the same results in metal removal and-sur-
face -were obtained. The. finished ‘strip “product :was
pickled uniformly with a bright, shiny finish on.both
sides.

Example 12

The same type. of apparatus and titanium strip pickled
as in Example 10 was employed for this example. The
electrolyte composition was the same, and the tempera-

ture of operation and electric current employed  were

the same. Voltage was slightly higher at 20 volts.. The
principal difference was in the total length of strip im-

mersed at any one time, which was 5 to 6 feet compared:

to 16 feet in the process illustrated in Example 11." This
was. arranged by lowering the level of the electrolyte in
its container around the lower part of the contact drum:
This ‘increased the current density on the anode from
about 2.8 amperes per square inch to about 8.4 amperes
per-square inch.

As a result:of the high current density, the pickled sur-
face of the titanium metal. strip was characterized by a
brilliant mirror-like polish.

As would be expected,-the amount of metal removed
per unit area was about 3 times that of the practice of
Example 11, and amounted t0.0.004 inch gauge removal.

The pickling process .of this invention is versatile and
under good control.
effectively pickled:and simultaneously descaled -if: desir-

A variety of metal shapes:- may be.
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able or necessary. The amount of metal pickled and re- -
moved is related dependably to the current and time em-
ployed so that -a predetermined: amount: of metal .may.
be removed. with very reasonable accuracy.. Additional- -
ly, a range of surface finishes may be produced. Metal = .
may be removed to. produce an even,:flat finish. or,:as:. -
described, a brightly .polished :surface .may be obtained: .
At the hlghest current levels; -an extremely :bright, mir-: .-
ror-like finish can be produced. :

Iclaim:

1./ A method for pickling -an article: of - mietal selected :
from the group. consisting .of titanium and titanium- base
alloys which comprises; immersing, said article “in_an
electrolyte at.a-temperature  between room: temperature :
and up to about 100° C., while passing: electric-current
between said-article as anode and-a cathode :at'a current
density based ‘on the immersed anode’ surface ‘area of .
between: about 0.55 and 8.5 amperes per. square inch, said .
electrolyte consisting essentially of:from*0.125 to-1-mole -
per liter-of a compound selected .from::the group: con-
sisting of sulphuric acid, sodium sulphate, potassium sul- .
phate and ammonium sulphate, up t0-0.33 mole per:liter::
of a soluble -dichromate, from 0.5 to.1.5 :moles: per: liter
of hydrofiuoric acid, balance substantially water.

2.°A ‘method for pickling an article of metal selected
from the’ group consisting of titanium and titanium base
alloys which comprises; - immersing said article in-an elec-."
trolyte at-a temperature between room:temperature and
up to. about 100° C., whilé passing electric.current be-. -
tween said article as .anode and a cathode at a current:
density based on the immersed anode’ surface ‘area:of:
between about 0.55 and 8.5 amperes: per. square inch,
said electrolyte consisting essentially of -from:0.125 to-1
mole per: liter of sulphuric acid, up:to 0.33 mole per:liter-*
of a soluble-dichromate,.from* 0.5 to 1.5 moles:per-liter:
of hydrofiuoric acid, balance substantially water. ..

3.7 A method for: pickling -an article of metal selected
from the group consisting of titanium and.titanium base
alloys which comprises;immersing said article in :an -elec-
trolyte at:a temperature between room:temperature and
up to about: 100° C., while passing electric current: be-:
tween-said article as: anode :and :a cathode at a current .
density. based ‘on the immersed anode surface .area of:
between about 0.55 and 8.5 amperes perisquare-inch, said |
electrolyte consisting: essentially ‘of from.0.125 to 1 mole
per liter of sodium sulphate, up:to:0.33 mole per. liter:
of a soluble .dichromate, from-0.5 to 1.5 ‘moles; per liter: -
of hydrofiuoric: acid, balance substantially water. .

4.. A method for pickling an.article of metal selected:
from_the: group -consisting: of: titaniumand- titaninm ‘base :
alloys which comprises; immersing: said article in an elec-
trolyte at a temperature beétween-room: temperature: and
up to about 100°: C., while -passing electric.current be-
tween said article as anode and-a.cathode at a current
density based on :the immersed anode surface-area of be-
tween about 0.55 and 8.5 amperes-per:square inch, said
electrolyte consisting essentially of from 0.125 to 1 mole:
per liter of potassium sulphate, up to 0.33 mole per-liter
of a soluble dichromate, from 0.5 to 1.5 moles per liter of
hrydrofluoric acid, balance substantially water: -

5. A method for pickling. an article -of .metal selected .
from the group consisting of titanium and titanium-base
alloys which comprises; immersing said article in-an elec-
trolyte -at a.temperature between room temperature and
up to. about 100 C., while passing electric current ‘be-
tween said -article as anode and a cathode at a:current
density based on-the immersed . anode surface area:of
between-about 0.55 and 8.5 -amperes per square inch, said
electrolyte consisting essentially of from 0.125 to 1 mole-
per liter. of ammonium sulphate, up to 0.33 mole: per liter
of a soluble dichromate, -from 0.5.to 1.5 moles per litér
of hydrofluoric acid, balance substantially water.

6. A method for pickling anarticle of metal selected
from the group .consisting of- titanium and titanium base
alloys which comprises; immersing said article in an elec-
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trolyte at a temperature between room temperature and
up to about 100° C., while passing electric current be-
tween said article as anode and a cathode at a current
density based on the immersed anode surface area of
between about 0.55 and 8.5 amperes per square inch, said
electrolyte consisting essentially of from 0.125 to 1 mole
per liter of a compound selected from the group consisting
of sulphuric acid, sodium sulphate, potassium sulphate
and ammonium sulphate, from 0.05 to 0.33 mole per liter
of a soluble dichromate salt, from 0.5 to 1.5 moles per
liter of hydrofluoric acid, balance substantially water.

7. A method for pickling an article of metal selected
from the group consisting of titanium and titanium base
alloys which comprises; immersing said article in an elec-
trolyte at a temperature between room temperature and
up to about 100° C., while passing electric current be-
tween said article as anode and a cathode at a current
density based on the immersed anode surface area of
between about 0.55 and 8.5 amperes per square inch,
said electrolyte consisting essentially of from 0.125 to 1
mole per liter of a compound selected from the group
consisting of sulphuric acid, sodium sulphate, potassium
sulphate and ammonium sulphate, from 0.05 to 0.33 mole
per liter of a soluble dichromate salt, from 0.75 to 1.5
moles per liter of hydrofluoric acid, balance substantially
water.

8. A method for pickling an article of metal selected
from the group consisting of titanium and titanium base
alloys which comprises; immersing said article in an elec-
trolyte at a temperature between room temperature and
up to about 100° C., while passing electric current be-
tween said article as anode and a cathode at a current
density based on the immersed anode surface area of
between about 0.55 and 8.5 amperes per square inch,
said electrolyte consisting essentially of about 0.25 mole
per liter of a compound selected from the group consisting
of sulphur acid, sodium sulphate, potassium sulphate and
ammonium sulphate, about 0.1 mole per liter of sodium
dichromate, about 0.75 mole per liter of hydrofluoric acid,
balance substantially water.

9. A method for pickling an article of metal selected
from the group consisting of titanium and titanium base
alloys which comprises; immersing said article in an elec-
trolyte maintained at between about 50 and 100° C., while
passing electric current between said article as anode and
a cathode at a current density based on the immersed
anode surface area of between about 0.55 and 8.5 am-
peres per square inch, said electrolyte consisting essentially
of from 0.125 to 1 mole per liter of a compound selected
from the group consisting of sulphuric acid, sodium sul-
phate, potassium sulphate and ammonium sulphate, from
0.05 to 0.33 mole per liter of a soluble dichromate salt,
from 0.5 to 1.5 moles per liter of hydrofluoric acid, bal-
ance substantially water.

10. A method for pickling an article of metal selected
from the group consisting of titanium and titanium base
alloys which comprises; immersing said article in an elec-
trolyte maintained at between about 90 and 100° C,,
while passing electric current between said article as
anode and a cathode at a current density based on the
immersed anode surface area of between about 0.55 and
8.5 amperes per square inch, said electrolyte consisting
essentially of from 0.125 to 1 mole per liter of a com-
pound selected from the group consisting of sulphuric
acid, sodium sulphate, potassium sulphate and ammonium
sulphate, from 0.05 to 0.33 mole per liter of a soluble
dichromate salt, from 0.5 to 1.5 moles per liter of hydro-
fluoric acid, balance substantially water.

11. A method for pickling an article of metal selected
from the group consisting of titanium and titanium base
alloys which comprises; immersing said article in an elec-
trolyte at a temperature between room temperature and
up to about 100° C., while passing electric current be-
tween said article as anode and a cathode in amount of
about 120 ampere minutes for each gram of metal to be
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dissolved by the pickling process, said electrolyte con-
sisting essentially of from 0.125 to 1 mole per liter of ¢
compound selected from the group consisting of sulphuric
acid, sodium sulphate, potassium sulphate and ammonium
sulphate, from 0.05 to 0.33 mole per liter of a soluble
dichromate salt, from 0.5 to 1.5 moles per liter of hydro-
fluoric acid, balance substantially water.

12. A method for pickling a flat rolled product of metal
selected from the group consisting of titanium and ti-
tnaium base alloys which comprises; immersing said prod-
uct in an electrolyte at a temperature between room tem-
perature and up to about 100° C. while protecting one
face of said product from contact with said electrolyte
while passing electric current between said product as
anode and a cathode co-extensive with and facing the
other and unprotected face of said product at a current
density based on an anode immersed and unprotected
surface area of between about 0.55 and 8.5 amperes per
square inch, said electrolyte consisting esentially of from
0.125 to 1 mole per liter of a compound selected from the
group consisting of sulphuric acid, sodium sulphate, po-
tassium sulphate and ammonium sulphate, up to 0.33
mole per liter of a soluble dichromate, from 0.5 to 1.5
moles per liter of hydrofluoric acid, balance substantially
water.

13. A method for pickling a flat roller product of metal
selected from the group consisting of titanium and ti-
tanium base alloys which comprises; immersing said prod-
uct in an elecirolyte at a temperature between room tem-
perature and up to about 100° C. while protecting one
face of said product from contact with said electrolyte
while passing electric current between said product as
anode and a cathode co-extensive with and facing the
other and unprotected face of said product at a current
density based on an anode immersed and unprotected
surface area of between about 0.55 and 8.5 amperes per
square inch, said cathode being spaced apart from said
product as anode a uniform distance of not more than
about one-inch, said electrolyte consisting essentially of
from 0.125 to 1 mole per liter of a compound selected
from the group consisting of sulphuric acid, sodium sul-
phate, potassium sulphate and ammonium sulphate, up to
0.33 mole per liter of a soluble dichromate, from 0.5 to
1.5 moles per liter of hydrofluoric acid, balance sub-
stantially water.

14. A method for pickling a flat rolled product of metal
selected from the group consisting of titanium and ti-
tanium base alloys which comprises; continuously pass-
ing said flat rolled product through an electrolyte to
successively immerse portions thereof at a temperature
between room temperature and up to about 100° C. while
protecting one face of said product from contact with
said electrolyte while passing electric current between
sajid product as anode and a cathode co-extensive with
and facing the other and unprotected face of the im-
mersed portion of said product at a current density based
on an anode immersed and unprotected immersed sur-
face area of between about 0.55 and 8.5 amperes per
square inch, said electrolyte consisting essentially of from
0.125 to 1 mole per liter of a compound selected
from the group consisting of sulphuric acid, sodium
sulphate, potassium sulphate and ammonium sulphate,
up to 0.33 mole per liter of a soluble dichromate, from
0.5 to 1.5 moles per liter of hydrofluoric acid, balance
substantially water.

15. A method for pickling a flat rolled product of
metal selected from the group consisting of titanium
and titanium base alloys which comprises; immersing
said product in an electrolyte at a temperature between
room temperature and up to about 100° C. while pro-
tecting one face of said product from contact with said
electrolyte while passing electric current between said
product as anode and a cathode co-existensive with and
facing the other and unprotected face of said product at
a current density based on an anode immersed and unpro-
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tected surface area of between about 0.55 and 8.5 amperes
per square inch, said electrolyte consisting essentially
of from 0.125 to 1 mole per liter of a compound selected
from the group consisting of sulphuric acid, sodium sul-
phate, potassium sulphate and ammonium sulphate, up to
'0.33 mole per liter of a soluble dichromate,-from 0.5 to
1.5 moles per liter of hydrofluoric acid, balance sub-
stantially water,” meanwhile circulating said electrolyte
between :said flat rolled product and said cathode.

16.- A-method for pickling a flat rolled- product: of

metal selected from the group consisting of titanium.and.

titanium base alloys which: comprises; continuously pass-
ing said flat rolled product’ through an electrolyte to suc-

cessively immerse portions thereof at a temperature be-:
tween room temperature and up to about 100° C. while’

protecting .one face ‘of said .product from contact with

said electrolyte while . passing electric current between

said product as anode and a cathode co-extensive with
and facing the other and unprotected face- of the im-
mersed portion of said product at a current density based
on an anode unprotected immersed surface area of be-
tween about 0.55 and 8.5 amperes per square inch, said
electrolyte consisting essentially of from 0.125 to 1 mole
per liter of a compound selected from the group consist-
ing of sulphuric acid, sodium sulphate, potassium sulphate
and ammonium sulphate, up to 0.33 mole per liter of a
soluble dichromate, from 0.5 to 1.5 moles per liter of
hydrofluoric acid, balance substantiaily water, said elec-

tric current being connected to the said protected face of

said product.
17. A method for pickling a flat rolled product of
metal selected from ‘the group -consisting of titanium
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and titanium base alloys which comprises; continuously
passing said flat rolled product through -an -electrolyte .
to successively imerse. portions-thereof at a temperature -
between Toom temperature and up .to about ‘100° C.
while .protecting one. face of said.product -from contact
with -said . electrolyte .while - passing electric current be-
tween said product as.an anode and a cathode co-exten-
sive with and fating the. other: and unprotected face of. .
the immersed portion of said product-at a current density
based on an anode. unprotected immersed surface -area
of between about 0.55 and 8.5 amperes.per square-inch, .
said electrolyte consisting essentially .of -from: 0,125 to 1
mole per liter .of a compound selected . from: the group
consisting of: sulphuric acid, sodium sulphate, potassium
sulphaterand ammonium sulphate, from 0.05 to 0.33 mole
per liter: of a soluble dichromate and -0.5to 1.5 moles
per liter-of hydrofluoric acid, balance substantially water,
said ‘electric current. being connected to.the said pro-
tected face of said product by contact with a current
conductor over at least one-third of ‘the .area of said
protected  face.
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