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This invention relates to an electrolytic

process for selectively stripping a metal coating
particularly a compound of a group IVB and VIB metal
of the periodic table from a base metal of titanium

or an alloy of titanium without chemically attacking '

the base metal.

Background of Invention

High performance components in aircraft
engine turbomachines such as compressor blades,
bearings, gears, impellers and diffusers are
typically coated with a'metal compound of titanium,
zirconium, chromium or tungsten to improve their wear
characteristics and to provide erosion protection.
The engine parts are cast or otherwise molded or
machined from superalloys, stainless steels, alloy
steels or titanium alloys'and represent very
expensive precision components. Removal of the _
coating from the underlying base metal is necessary
if a defect is discovered in the coating and/or for
restoring worn components. It is essential to remove
the protective coating from the base metal without
suffering any detrimental attack to the underlying
base metal.

To selectively strip a metal compound of the
group IVB and VIB metals of the periodic table
inclusive of: t1tan1um, zirconium, hafnium,
chromium, molybdenum and tungsten from a t1tan1um
alloy base metal is particularly difficult due to the
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using an aqueous solution of chromic acid, peroxide,
sulfuric acid and water. A reverse current stripping

process is also taught in US Patent No. 4,128,463 for

stripping a coating of a metal carbide such as
tungsten carbide from a titanium or titanium alloy
substrate. The composition of the electrolyte
comprises an aqueous solution of chromic acid or a
chromate ion producing material and optionally a
sulfate ion added as sulfuric acid. A method for
electrolytically stripping a metal containing
refractory coating from a base metal using a caustic
electrolyte is taught in U.S. Patent No.'s 3,151,049
and 4,886,588 respectively.

None of the prior a;t processes are suitable-
for stripping a metal coating compound of a group IVB

and VIB metal such as, for example, a titanium or
zirconium compound from a base metal of titanium or a
titanium alloy without attacking the base metal or
leaving unwanted corrosion pits on the surface of the
base metal. The electrolytic process of the présent
invention is particularly suited for stripping a
titanium or zirconium compound or any group IVB or
VIB metal compound from a base metal of a titanium
metal or alloy without chemically attacking the base
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JSnetal substrate is well known and is basically the re- verse of

el ectrodeposition. A reverse current stripping process is disclosed in U S.
Pat. No. 4,356,069 for re- noving coatings ®f-chrom um and ni ckel from
<zinc, steel, alum num brass or copper using an aqueous solu- tion of
chron1c aC|d peroside, sulfuric acid and water. erse curr.e

strippi ng proces@etélap§of95mgﬁﬁ FﬁrgoglOPaﬁltﬁoln4 ?5% éilﬁ ppi ng a
coating ofa metakyggabede such as tungsten carbide fron1a tltanlun1or
titaniumalloy substrate. The conposition of the electro- Iyte conprises an
-aqueous sol ution O omate ion producing material and
optionally a sul ¥&atce ’io ~S$ ric acid. A nethod for
electrolyti- cally st ri ppll‘hg @rlestealt daveaitdiony prefwigdssoray mﬂi’hqmg froma

g?i§1?828|aﬁg'zgggéﬁgggﬁh§l %%HE%HYE%I'§QH3%¥¥ df & comping Nk 'S

group IVB and VIB metal of the periodic table from a
base metal of titanium or an alloy of titanium.

According to the process of the present invention the
base metal is made the anode in an electrolytic cell
utilizing as an electrolyte an aquebus solution
comprising an oxidizing reagent and an acid at a
concentration to provide a solution pH of less than
4.5 and imposing an applied voltage of from about 6
to 40 volts DC at a current density of between 20-700
amperes per square meter over a predetermined time
period at a bath temperature of between 50-70°C. No
detrimental attack of the base metal was found to
occur and no pitting was observed on the base metal
surface;

The concept of the present invention is
based upon the use of an oxidizing reagent which .
causes a reaction with the metal coating combound for
forming an oxide with the metal in the metal
coating. A layer by layer separation of the newly
formed oxide film from the metal coating takes place
until the coating is removed without attacking the
base metal. The stripping rate is primarily
controlled by diffusion of oxygen ions through the
coating from the solhtioni The oxidizing reagent can
be any source of oxygen such as air or an oxygen
producing compound such as H;0,.
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-REPLACEMENT SHEET - 2- - None of the prior
art processes are suitable for strip- ping a nmetal coating-compound of a
group VB and VIB netal such as, for exanpr% a titaniumor zirconium
=conpound froma base netal of titaniumor a titaniumalloy w thout
attacking the base netal , C - e'f. on the
Dis 1 i b L V)]
surface of the base netal~ ' g esent
invention is particularly SUIted for AﬂELEﬁbughﬁﬁtltanlun1or zi rconi um

The present invention relates specifically

to an electrolytic process for removing a metal
coating from a base metal of titanium or a titanium
alloy. Although the process should have
applicability to any metal coating which would
combine with oxygen for forming an oxide it is -
particularly suited for use in removing a metal
coating of a metal compound of a group IVB and VIB
metal of the periodic table inclusive of: titanium,
zirconium, hafnium, chromium, molybdenum and
tungsten. An example of a titanium compound includes
‘titanium nitride, titanium boride and titanium
carbide. A typical examplé of a titanium alioy base
metal is Ti-6A1-4V(AMS4928). Any coating method may
be used to form a coating on the base metal.

The configuration of the electrolytic cell
is standard and is accordingly not shown. The
titanium or titanium alloy base metal is supported or
suséended within the aqueous electrolyte solution for
forming the anode. The cathode may'be any suitable
conductor inert to the electrolyte preferably a
non-magnetic stainless steel. A DC electrical supply
(not shown) is connected from the anode to the
cathode to form a direct current circuit through the
aqueous electrolyte stripping solution with the '
applied voltage fixed in a range of between 6 to 40
volts, preferably between 8 to 30 volts at a current
density of between 20-700 amperes per square meter.

The aqueous electrolyte comprises a source
of oxygen as the oxidizing reagent and an acid in a
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.conpound or any group |IVB or VIB netal conpound froma base netal of a
titaniumnetal or alloy w thout chem cal Lygattacking the base netal or
formng corro- sion pits in the base netal surface SUMVARY COF THE
=l NVENTI ON  The present invention provides a nethod particularly suited for
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peroxide or another equivalent peroxide source such
as, for example, a perborate, peroxydiphosphate,
peroxysulfate and the like.

Any acid may be added to control the acidity
of the solution and at a concentration to maintain a
pH of below 4.5. The preferred acid is an organic
carboxyi or carboxyl-hydroxyl group acid such as
lactic acid, oxalic acid, tartaric acid, formic acid,
propionic acid or citric acid. Alternatively, a
diluted inorganic acid may be used such as, for
example, acetic acid, nitric acid, HCl or H;S804. The
preferred pH range is between .5 to 4.5 and the
optimum range in between 1 and 3.5.

The temperaturé'of the electrolyte should be
held to between 50-85°C and preferably between |
50-70°C.

The follow1ng examples substant1ate the

invention:

Example 1
' Ti-6A1-4V and Ti6Al-2Sn-42r-2Mo titanium
alloy base metal coupons (1.50 x 25 x 50 mm) were
coated with a 12 pm TiN coating and immersed in an
electrolyte of H,0-(0.05-0.75) wt.% citric acid -
_ (2.6-4.3) wt.% Hy0, in an électrolytic stripping
- ) cell. The coated surface of the coupon was
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sThe coricept of the present invention is based upon the use of an oxidizing
reagent which causes a reaction with the mefar coati ng conpound for formng
an oxide with the netal in the nmetal coating. A layer by |layer separation

oating Ts 1 emovBITAOMRORE HEIA NS R Ao He Fade 0o Tate 1o
primarily controleledtnicailf foesidwetdmgmedmriiadnsudh agylstdienless i ng from
the solution. Theg¢gghd ZiE'i%Jt‘iﬁQ‘%’lt &ﬁﬂ:at%c -@ﬁ;basqulf.qufpmgprgwﬁ as air
or an oxygen producing conpound such as Herr err].
_ was connected from the coupon as the anode to the
cathode ring via alligator clips; The electrolyte
had a pH value between 3-3.5 and was agitated and
kept at a bath temperature of between 50-70°C. The
power supply was adjusted to provide an electrical
potential between 8-25 Vdc across the coupon and the
cathode ring. The current density was 20-160 amperes
per square meter. After 120 minutes, the coating was
completely dissolved into the solution without damage

to the underlying base metal of the coupons.

Example II

The following table is a compilation of
variations in électrolyte, pH and operating
conditions using the electrolytic stripping technique
as described in Example I for removing a 10 um ZrN
coating from a Ti-6Al1-4V compressor blade. The
coating was completely removed without any chemical
attack to the base metal in one hour. '

Electrolyte Composition (wt.%) ——————Conditions
' Current

Lactic Oxalic Citric Tartaric Applied Density Temp.
No. M0 M0, _Acid _Acid _Acid _Acid  _pH Voltage(V) (A/nf) _(C)
A bal. 7.5 6.4 — -— — 2 25 <240 65
8 bal. 7.5 -— 1.2 1.5 20 <400 65
C bal. 7.5 - — 2.5 _— 2 29 <320 65-70
D bal. 7.5-15 ~- —_ — 0.5-3.0 0.5-3.5 25 <270 65
Example III

A Ti-6A1-4V coupon (1.50 x 25 x 50 mm)
coated with a 25 um thick TiB,-Ni coating was
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- 3- C DETAI LED DESCRI PTI ON OF THE | NVENTI ON AND EXAMPLES
The present invention relates specifically to an elec- trolytic process
for removing a netal coating froma base metal of titaniumor a titani um
=al l oy. Al though the process should have applicability to any nmetal coating
whi ch woul d conbi ne with oxygen for formng an oxide it is particularly
suited for useiimmawsndr@pbonbhejeleohrbhgtefcanﬁéshﬁHGOQﬁoéﬁdHQQZa gr oup

I'VB and VIB rmetpl ofai{® $E{ Odéﬁdtﬁﬁ’ien#] HCl A weight bé&:eahum waithCO-
nium hafnium c romtﬂatﬁna% denum and ngst en. n exa a titani um

conpound i ncl ude® BH = §$|%ef°¥|%%ﬁlﬂhPBB?$de the © F&Hpﬁﬁﬂcarblde
A typical exanmeétQip awds t@EéeFiBed o¥n bRREMPEEak . | STHE- BPp1iedV( AVB4928) .
Any coating ”Ethéﬁégietﬁzgsfdv&c and the current density was less
than 700 amperes per square meter. The coating was
completely removed from the substrate without ani

damage to it.

Example IV

The electrolytic stripping set-up was the
same as that in Example I. A solution consisting of
water and citric acid up to 10 weight percent with a
pH value of 2 was used as an electrolyte. 12 um TiN
and 100 um WC-Co coated Ti-6Al1l-4V coupons (1.50 x 25
x 50 mm) were immersed into the electrolyte at
approximately 60°C; a N,-20 vol.% O, gas was
introduced into the electrolyte via a gas dispersion
tube with a flow rate of .11m3/hr. and a 15 Vdc
electrical potential was applied between the coated
coupon and the cathode ring. The current density was
less than 440 amperes'per square meter. For
approximately 150 and 210 minutes, TiN and WC-Co
coatings were removed from the Ti-6Al-4V substrate
without any chemical attack to it, respectively.

A TiN coated Ti-6Al-4V impeller was immersed
in a solution of 0.3% citric acid, 4.2% H,0, and
95.5% water (in weight percent). The electrolyte had
a pH = 3 and was kept at 60°C. The coating thickness
was approximately 10 pm. A 10 Vdc electrical
potential was appiied between the impeller and the
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forma coating on the base netal. The confi-guration of the el ectrolyt
cell is standard and is accordingly not shgwa. The titaniumor titan

al l oy base nmetal is supported or suspended within the aqueous electro
solution for form ng the anode. The cathode nay be any suitabl e condu

inert to the

el edithyde e Ader aldy mmesmgtleéicostiamlleas st eel .
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solution with

t oyt iow \auibskratfe xed in a range of betmeen 6 to 40

volts, preferably between 8 to 30 volts at a current density of betwe
20- 700 anperes pqﬁﬁﬁﬁugiﬁﬂgeter The aqueous electrolyte conprises a
ge

source of oxy-
tion to adjust

n as the OX|d|2|Fd:ﬂ rea t and an aci centr

to pH of theNA®YE
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solution at a contro ) OW te t [ OV. (S r percen
oXy- gen in soId?‘@ﬁfajﬁﬁﬁfﬁ%ﬂéhﬂ)?fégkékt%f%ﬁ'oxfgéﬁgeggkyggl

potential of 10-15 Vdc was applied between the
cathode and the coated coupon (anode) with a current
density up to 320 amperes per square meter at 60°C.
Typically, the current density depends on acid
concentration, pH value, surface area of the coating,
and applied voltage; A N,-20 vol.% O, gas was
supplied through a gas dispersion tube with a pore
size of 10-15 um to facilitate the oxidation process
of the coating. The gas flow rate was .028 cubic
meters per hour. After several hours, the coating
was completely removed from the substrate without any
chemical attack to it. The results are summarized as

Ty dﬁY49%P%9RF g}eggrﬁb EePQeen

e
um
lyte
ctor

A DC

odg
pp1 ng

en

a_

t of

following: _

Electrolytes (wt.%) Conditions

. Current Total

Citric Oxalic Applied Density Stripping
HQ  _Acid  _Acid  _pH - Voltage(V) (A/wR) time (min}
ba% 1 -_ 2.5 10 <180 240
bal. 0.1 -— 4.5 15 < 80 720
bal. . 3 — 1.5=2 15 : <200 205
bal. - 2 1 10 " <320 120

From the above results it can be'concluded
that a pH value of 4.5 is the highest pH value for
practical application. '
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_produci ng conpound whi ch reacts with water to re- |ease oxygen such as
"hydr ogen peroxi de or another -equivalent: perOX|de source such as, for
exanpl e, a per- borate, peroxydi phosphat®,® peroxysul fate and the Iike.
sAny acid may be added to control the acidity of the solution and at a
concentration to_maintain_a pH of below 4.5. The preferred acid is an
organic carboxylﬁéﬂmﬂéﬁ+¥$%yl-hydroxyl group acid such as lactic-acid,
oxalic acid, tartaric aciH, thetnat aprdyefr chiromiamaciadbddecictoatding,

- 4 - Cr3Cy-20 wt. % Nichrome (Nichrome: Ni-20 wt.% Cr)
with a coating thickness of 150 pm on a Ti-6A1-4V
button (12 mm diameter x 2 mm in thickness) was
immersed in an electrolyte, consisting of 9 wt. %
H,0,, 1 wt. % oxalic acid and 90 wt. % H0. A 5-10
Vdc electrical potential was applied between the
cathode and the coated button at electrolyte
temperature of 60-85°C. The current density varied
from 250 to 2200 A/m2. After 300 minutes, the
coating was compietely removed from the metal
substrate without deleterious effect on it.
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acid. Alternatively, a diluted inorganic acid may be -used such
as, fOrcféi:?LSTﬁEEELLE_ggLﬂ’ nitric acid. ECI - or

Herr]S pH range is “b&Pween .5 to 4.5 and
% he opti rruin‘mmm“!m\ ‘G 1 and 3.5 The tenperature of
the electr

eld to ng;m§b6tmeen 50[err]-85[err] C and
preferably Bet ween 50[err]-70[err] C. The -fol | owi ng exanpl es

substantiate the invention: EXAMPLE |
Ti - 6A1-4V and Ti 6Al - 2Sn- 441 - 2MVg hétﬁahuﬁb§|b@&ctrochem1ca119359 met al
coupons (1.50x25x50 mm were coated th [err]m Ti N

coating and i me¥SEPPANgn2cPeER L compound of a W?Féloﬁe ected rrom
H%err% 8(0 ]05 0.dboupWM VB0 6kt VIB BEi dhé2p6r4o|a)ic table from \& Hé¥se
H err err] in an e#e tic strippi ce g coate
curtace of the BOEEh TRELEPPENRGRE"R; P BRIk, 24305 2H (i ng whi ch
was made of el ecelecurolyphiiaccehy whichi ebmprises the s$e@h @€ :stai nl ess
steel . El ectrical qOpLafk &5?81BaEbCheta1 having BOWdRLiRGPR'EY s43%
connected fromthe coupoh as
group IVB or VIB metal compound thereon into an
electrolyte aqueous solution comprising an oxidizing
reagent and an acid, said acid having a concentration
' so as to maintain a solution pH of less than 4.5,
connecting said base metal as the anode of said
electrolytic cell and a metallic member inert in said
aqueous solution as the cathode, imposing a direct
current voltage across said anode and cathode in a
range of from about 6 to 40 volts DC at a bath

temperature of between about 50°C to 85°C.

2. A method as defined in claim 1 wherein
said oxidizing reagent is a source of oxygen.

3. A method as defined in claim 2 wherein
said source of oxygen is air fed into said
electrolyte at a controlled rate.

4. A method as defined in claim 2 wherein
said source of oxygen is an oxygen producing compound

which generates oxygen upon contact with water.

S. - A method as defined in claim 4 wherein
said source of oxygen is selected from the group
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anode tc‘mmu f““ﬁ\‘u L‘h via alligator clips. The el ec-
trolyte etween 3-3.5 and S agitated- and kept

at a bath terrperature of between-50[err]-7 1er"r] C The power
supply was adjusted to provide an el ectrical potential between -
8-25 Vdc across the_coupon and a . The current
density was 20- 1%8“5&%&?‘(5@ ot hsrlgl%ogen Sgrrogégfr'etp%%%gr{gt%g’ter 120 m nut es,
the coating was peroxydiphospiatlecteanidy péirosylswddf atet-o t he sol uti on wt hout

damage to the underlying base netal of the coupons.
EXAMPLE | | The following table is a conpilation of varlatlons
in - el ectrol yt &+ pHPaARtHOE &S fefdned tinp L aidnh? (He 2 ec-

trolytic strippi aereshnisaia azideie iakedriganDOmyia Iselected fromfor

[ 10 Z f Ti
bl ade. The coat | FeWEE-PORTIcRaRye OF carboxy1-bYdrsmyd aoRhny

chem cal attack taitlke base met aI in one hour.
Condi ti ons :

7. A method as defined in claim 6 wherein
said solution pH is adjusted between 1 and 3.5.
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_Electrol yte Conposition (w. %) . ,Current . Lacti ¢
xalic Gitric Tartaric - Appl i ed™” Densd‘y "Tenp. -No. Herr]O '
Herr]Qerr] Acid Acid Acid Acid pH Voltage (V) (A/nferr])

=((err]) A bal. 7.5 g§,gbTROLYTIC PROCESS FOR STRIPPING X5 <240
65 B bal. 7.5 ) 15 20
bal. 7.5 - : : % :
7.5-15 - .
-5-

ABSTRACT OF THE INVENTION

An electrolytic 'process for 'stripp:'g_ng 'a
group IVB or VIB metal coating compound from a
titanium based metal substrate using an aqueous
electrolyte comprising an oxidizing reagent and an
acid with a solution pH of less than 4.5.
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EXAVPLE ||| A Ti-b
thick TiBlerr]-N coat
6% Herr]derr], 1% ox
a pH= 1.5 at 65[err]

descri bed in Exanple
density was | ess than
conpletely renoved fro
EXAMPLE IV The el ect
Exanple L A solution c

6A14V coupon (1.50x25x50 mm) coated wth aﬁgo‘ﬁ,grﬁ?rHS
ing was inmmersed into the electrolyte consisting of
alic acid, and 93% H err]O (in weight [peEcent). - WMIN .
C. for 120 minutes. The stripping 'set-Lpﬁ&gﬁwem':mFE%ET
L The applied voltage was 6 Vdc and thg Jjcurrent
700 anperes per s\(;]\klare meter. The coat]i g v@sMAY 1993
mthe substrate wthout any danage to|it]

Sk triibde e Srabiher s 12 T,

NI O

percent with a pH val uMETAL GRATINGFROMA TIBANIUM/BASED [errIm Ti N and
100 [err] m WC-Co coated Ti-6A - A\METALSUBSTRATE25x50 nm) were i nmersed
into the electrolyte at approximately 60[err] C.; a N err]-20 voL% (J err]

gas was introduced int

th | t | vt
0 the ¢ SSErD OF THE INVENTION

This invention reiates to an electrolytic procsss for
selectively stripping a meal coating particularly a com-
pound of a group IVB and VIB meul of the periodic
table from a base metal of titanium or an alloy of tita-
pium without chemically attacking the base metal.

BACKGROUND OF INVENTION

High performance components in aircraft engine
turbomachines such as compressor blades bearings,
gears, impellers and diffusers are typically ccated with
a metal compound of titanium, zirconium, chromium or
tungsten to improve their wear characteristics and to
provide erosicn protection. The eagine parts are cast or
otherwise moided or machined from superalloys, stain-
less stasis, alloy stesls or titanium alloys and represeat
very expensive precision componeats. Removal of the
coating from the underlying base metal is necessary if a
defect is discovered in the coaring and/or for restoring
worn components. It is essential to remove the protec-
tive coating from the base metal without suffering any
detrimental attack to the underlying base metal

To selectively stoip 2 metal compound of the group
IVB and VIB metals of the periodic table inclusive of:
ticanium, zirconium, hafnium, chromiom, molybdenum
and tungsten from a titanium alloy base metal is particu-
larly difficult due to the similarity in high corrosion
resistance of both the base metal and coating.

Electrochemical stripping of a metal coating from a

metal substrate is well known and is basically the re-
verse of electrodeposition. A reverse current stripping
process is disclosed in U.S. Pat. No. 4,356,069 for re-
‘moving coatings of chromium and nickel from zinc,
steel, aluminum, brass or copper using an aquecus solus
tion of chromic acid, peroxide, sulfuric acid and water.
A reverse current stripping process is also taught in
U.S. Pat. No. 4,128,463 for stripping a coating of a metal
carbide such as tungsten carbide from 2 titanium or
titanium alloy substrate. The composition of the electro-
lyte comprises an aqueous solution of chromic acid or a
chromate ion producing material and optionally a sul-
fate jon added as sulfuric acid. A method for electrolyti-
cally stripping a metal containing refractory coating
from a base metal using a caustic electrolyte is taught in
U.S. Pat. No."s 3,151,049 and 4,886,588 respectively.



via a gas dispersion tube with a flowrate of 0.1 nferr]/h}. :
el ectrical potential was applied between the coated couponrﬁﬁmﬁ@w%@{%ﬁgg]‘

ring. The current density was | ess than 440 anperes per sqyu

a
approximately 150 and 210 mi nutes, Ti N and WC-Co coati ngs e
the Ti-6Al -4V substrate wi thout any chem cal attack to it,{|r

meter. For

e
e 2r2 A 4998 o

bspectively.

m

EXAMPLE V. A TiN coated Ti-6Al -4V inpel]er was imersed iph a solution of

0.3%citric acid, 4.2% Herr](err] and“5.5% water (in welght percent)
The el ectrolyte had a pH=3 and was kept at 60[err] C. The coating thickness

was ap- proximately 10 [err]m A 10 Vdc el ectrical potenti al

was applied

between the inpeller and the cathode. After 180 m nutes, the coaling was
conpl etely renoved wi thout any chemi cal attack to the underlying substrate.

None of the prior art processes are suitable for strip-
ping a metal coating compound of a2 group IVB and
' VIB metal such as, for example, a titanium or zirconium
‘compound from a base metal of titanium or a titanium
alloy without attacking the base metal or leaving un-
wanted corrosion pits on the surface of the base metal.
The electrolytic process of the present invention is
particularly suited for stripping a titanium or zirconium
compound or any group [VB or VIB metal compound
from a base metal of a titanium metal or alloy without
chemically attacking the base metal or forming corro-

sion pits in the base metal surface. S
SUMMARY OF THE INVENTION

The present invention provides a method particularly
suited for removal of 2 compound of a group IVB and
"VIB metal of the periodic table from a base metal of
titanium or an alloy of titanium. According to the pro-
cess of the present invention the base metal is made the
anodc in an electrolytic cell utilizing as an electrolyte an
aqueous solution comprising an oxidizing reagent and
an acid at'a concentration to provide a solution pH of
less than 4.5 and imposing an applied voltage: of from
about § to 40 volts DC at a current density of between
20-700 amperes per square meter aver a predetermined
time period at a bath temperature of between 50°-70° C.
No detrimental attack of the base metal was found to
occur and no pitting was observed on the base metal

surface.

The concept of the present invention is based upon
the use of an oxidizing reagent which causes a reaction
with the metal coating compound for forming an oxide
with the metal in the-metal coating. A layer by layer
separation of the newly formed oxide film from the
metal coating takes place until the coating is removed
without attacking the base metal. The stripping rate is -
primarily controlled by diffusion of oxygen ions.
through the coating from the solution. The oxidizing
reagent can be any source of oxygen such as air or an

oxygen producing co_mpound such as H;O».




-6 - ‘= EXAMPLE VI TN coated Ti-6Al -4 V coupons

(1:50 X 25 X 50 nm) with a coating thickness of 17 [err] mﬁé’md%&-r

acid containing electrolytes. An electrical potential of 1
appl i ed between the cathode and the coated coupon (anode) Wi a current

density up to 320 anperes per square neter at 60[err] C. Typ ca IZyMﬁt hig98
cur- rent density depends on acid concer%tration, pH val ue, '

DETAILED DESCRIPTION OF THE
INVENTION AND EXAMPLES

The present invention relates specifically to an elec-
trolytic process for removing a metal coating from a
base metal of titanium or a titanium alloy. Although the
process should have applicability to any metal coating
which would combine with oxygen for forming an
oxide it is particularly suited for use in removing a metal
coating of a metal compound of a group [VB and VIB
metal of the periodic table inclusive of: titanium, zirco-
nium, hafnium, chromium, molybdesum and ungsten.
An example of a titanium compound includes titanium
nitride, titanium boride and titanium carbide. A typical
example of a titanium alloy base metal is Ti-6Al-
4V(AMS4928). Any coating method may be used to -
form a coating on the base metal.

The configuration of the electrolytic cell is standard
and is accordingly not shown. The titanium or titanium
alloy base metal is supported or suspended within the
aqueous alectrolyte sclution for forming the anode. The
cathode may be any suitable conductor inert to the
electrolyte preferably a non-magnetic stainless steel. A
DC electrical supply (not shown) is connected from the
ancde to the cathode to form a direct current circuit
through the aqueous electrolyte stripping solution with
the applied voltage fixed in a range of between 6 to 40
volts, preferably between 8 to 30 voits at a current .
density of between 20-700 amperes per square meter.

The aqueous electrolyte comprises a source of oxy- -
gen as theoxidizing reagent and an acid in a concentra- -
tion to adjust to pH of the solution to below 4.5 and
preferably between 0.5 and 4.5. The source of oxygen
can be air which is fed into the solution at a controlled
flow rate to provide a desired volume percent of oxy-
gen in solution or may bé supplied from an oxygen
producing compound which reacts with water to re-
lease oxygen such as hydrogen peroxide or another
equivalent peroxide source such s, for example, a per-
borate, peroxydiphosphate, peroxysulfate and the like.

Any acid may be added to control the ac:dtty of the
solution and at a concentration to maintain a2 pH of
below 4.5. The preferred acid is an organic carboxyl or
carboxyl-hydroxyl group acid such as lactic acid, oxalic
acid, tartaric acid, formic acid, propionic acid or citric



surface area of the coating, and applied voltage. A N Q2O T-0¢]
gas was supplied through a gas disper- sion tube with § RBPIACEMENTOBHEET 1
[errImto facilitate the oxidation process of the coatijng-
rate was 0.028 cubic neters per hour. After several hoyrsg, é?eM s(ogggn

was conpletely renoved fromthe substrate w thout any dhgmTal At tjo
it. The results are sum nmarized as fall ow ng: . -

Condi ti ons El ectrolytes (wt. % -Appl4i'ed. Current Tqt al Ctric
Oxal i c Voltage Density Stripping Herr]O Acid Aerd—pHt—<")
(AVnmerr]) time (mn) bal. 1 - 2.5 10 <150 240 bal .
0.1 - 4. 15 <j30 ) 720 .bal .. 3 . -. 1.5%e 15 ~ <200
205 bal . - 2 agid. Altgnativelys s diluted ingyganic ﬁ‘gﬁ%&bove resul ts

it can be concl uded ted SYCHs for example, acetic acid, nitric a
or H3S0;. The preferred pH range is between .5 to 4.5

and the optimum range in between | and 3.5. _
The temperature of the electrolyte should be held to

between 50°-85" C. and preferably between 50°-70° C.
The following examples substantiate the invention:

EXAMPLE I

Ti-6A1-4V and Ti6Al:2Sn<4Zr-2Mo titanium alloy
base metal coupons (1.50X25X50 mm) were coated
with a 12 um TiN coating and immersed in an electro-
lyte of H;0-(0.05-0.75). wt.% citric acid-—(2.6-4.3)
wt.% H201 in an electrolytic stripping csil. The coated
surface of the coupon was surrounded with a cathode
ring which was made of electrical conducting material
such as stainless stesl. Electrical contact from a D.C.
powder supply was connected from the coupon as the
anode 1o the cathcde ring via alligator clips. The elec-
trolyte had a pH value between 3-3.5 and was agitated
and kept at a bath temperarure of between 50°-70° C.
The power supply was adjusted to provide an electrical
potential between 8-25 Vdc across the coupon and the
cathode ring. The current density was 20-160 amperes
per square meter. After 120 minutes, the coating was
completely dissolved into the solution without damags
to the underlying base metal of the coupons.

EXAMPLE II

The following table is'a compilation of variations in
electrolyte, pH and operating conditions using the elec-
trolytic stripping technique as described in Example 1
for removing a 10 um ZrN coating from a Ti-6Al-4V
compressor blade. The coating was completely re-
moved without any chemical attack to the base metal in

one hour.
Conditions
Electrolyte Composition (we. %) Current
Lactic Ozalic Citric  Tartaric Applied Densi Temp.
No. H;O HO; Acid Acid Acid = Acid pH  Valuge (V) (A/m (C.9)
A bal 15 64 —_ -— — 2 25 <240 65
g :::L ;.g - 12 ’s 15 20 <400 65
. . -— -— 2 ' 29 320 45-70
D bal. 75-15 - p;

-_ — 0.5-3.0 05-35. 25 <270 -6



value.of 4.5 is the highest pH value for practical applica- tion.

EXAMPLE VI1° A thermal sprayed chrom um carbide coating, C[err]Clerr]- 20
wt. % Ni chrome (Nichrone: Ni-20 w.% Cr) with a coating-thickness of 150
[err]mon a Ti-6A -4V button (12 mmdianmeterx2 mmin YhREMCEMENTASHEET
i mersed in an electrolyte. consisting of 9 wt. % H enr | J-ertr]—Lwt—%
oxalic acid and 90 wt. % Herr]O A 5-10_Vdc el ectricdl poiznmi @gawéts
appl i ed between the cathode and the codt®d button at dl dct ‘
tenperature of 60[err]-85[err]C. The current density \arf-ed—i+em20-—40
2200 A/nferr]. After 300 m nutes, the coating was conpletely renoved frgm
the netal substrate wi thout deleterious effect on it.

EXAMPLE III

A Ti-b 6Al4V coupon (1.50%25X 50 mm) coated
with a 25 um thick TiB»-Ni coating was immersed into
the electrolyte consisting of 6% H;02, 19 oxalic acid,
and 93% Hz0 (in weight percent) with apH=1.5 at 65°
C. for 120 minutes. The stripping set-up was described
in Example I. The applied voltage was 6 Vdc and the
current density was less than 700 amperes per square
meter. The coating was completely removed from the
substrate without any damage to it.

EXAMPLE IV

The electrolytic stripping set-up was the same as that
in Example I. A solution consisting of water and citric
acid up to 10 weight percent with a pH value of 2 was
used as an electrolyte. 12 um TiN and 100 pm WC-Co
coated Ti-6Al-4V coupons (1.50X25X50 mm) were
immersed into the electrolyte at approximately 60° C,; a
N2-20 vol.% O3 gas was introduced into the electrolyte
via a gas dispersion tube with a flow rate of 0.11m3/hr.
and a 15 Vdc electrical potential was applied between

the coated coupon and the cathode ring. The current
density was less than 440 amperes per square meter. For
approximately 150 and 210 minutes, TilN and WC-Co
coatings were removed from the Ti-6Al-4V substrate
without any chemical attack to it, respectively.

EXAMPLE V

A TiN coated Ti-6Al-4V impeller was immersed in a
solution of 0.3% citric acid, 4.29% H:0: and 95.5%
water (in weight percent). The electrolyte had a2 pH=3
and was kept at 60° C. The coating thickness was ap-
proximately 10 um. A 10 Vdc electrical potential was
applied between the impeller and the cathode. After 180
minutes, the coaling was completely removed without
any chemical attack to the underlying substrate.



CLALLM | claim
Corrpound of a netal

1. Anethod for electrochemcally stripping a netal

selected fromgroup VB or VIB" ofW
froma base netal of titaniumor a titaniumalloy in|aRER ENTySHEEE 4 |

whi ch conprises the steps of: imersing said base netjal HdVIHg a—coatji nNg

of said group IVB or VIB netal compound thereon into ({an OCMAY I}ggg
al d ad

aqueous sol ution

havi ng a concentration so as to maintdi'n a solution Eiﬂ o1 Tesstiran

connecting said

conprising an oxidizing reagent andjan aC|d

base metal as the anode of said el ecgrolytic cell and

(1.0

EXAMPLE VI

TiN coated Ti-6Al-<4 V coupons (1.50X 25X 50 mm)
with a coating thickness of 17 um wers immersed in
acid containing electrolytes. An electrical pateatial of
10~-15 Vdc was applied between the cathede and the
coated coupon (anode) with a current density up to 320
amperes per square meter at §0° C. Typically, the cur-
rent density depends on acid concentration, pH value,
surface area of the coating, and applied voltage. A
N2-20 vol.% O3 gas was supplied through a gas disper-
sion tube with a pore size of 10-13 pm to facilitate the
oxidation procsss of the coating. The gas flow rate was
0.028 cubic meters per hour. After several hours, the
coating was completely removed from the substrate
without any chemical attack to it. The results are sum-
marized as following:

Conditions

_Electrolytes (wt. %) Appiled Current Tatal

Citric Osxalic Voltage De'\sxty Stripping
HyO Acid Acid pH (0] (A/m?) time (min)
bal. i -— 5 .10 <150 240
bal. 0.1 - 4.5 15 <80 720
bal. 3 -— 1.5-2 15 <200 205
bal. - 2 | . 10 <320 120

From the above results it ciin be concluded that a pH
value of 4.5 is the highest pH value for practical applica-
tion.

EXAMPLE VII

A thermal sprayed chromium carbide coating, Cr;Cz-

20 wt. 9 Nichrome (Nichrome: Ni-20 wt.% Cr) with a
_coating thickness of 150 um on a Ti-6Al-4V button (12
mm diameter X2 mm in thickness) was immersed in an
electrolyte, consisting of 9 wt. % H203, 1 wt. % oxalic
acid and 90 wt. % Hz00. A 5-10 Vdc electrical poten-
tial was applied between the cathode and the coated
button at electrolyte temperature of 60°-85° C. The
current density varied from 250 to 2200 A/m?2. After

300 minutes, the coating was completely removed from
the metal substrate without deleterious effect on it.



a.metal | i c member inert in said aqueous solution as the cathode, inposing
a~direct current voltage across said anode and cathode in from
about 6 to-40 volts DC at a bath tenperature of between ab lREFQQBEMENT%

to 85[err] as defined in claim1 wherein shi = T
r eagent |s”mmluﬂ 'm'ﬁ"ﬂﬂ’an 3. A nethod as defined in ¢l a %%WZI n
said source* ok okxygen s r fed into gaid; electrolyte at g C | &8
rate. 4. A method as defined in claim2™herein said sourde ~of~exygen_j
an oxygen produci ng conpound whi ch generates oxygen upon contact with
water. 5. A nmethod as defined in cl aigLAIMherein said source of oxygen.js -
selected fromthe group consisting of hy-- drogen peroxide, perborate,

peroxydi phosphate and peroxysulfate. 6. A nethod as defined in claims 2
or 5 wherein said ai/d,is an orgam c acid sel ect ed fromthe carboxyl group

I
b | - hyd | G‘ﬂj
or carboxyt-hydroxy 99‘ etgod ?’or electrochemicaily stripping a metal
compound of a metal selected from group IVB or VIB

of the periodic table from a base metal of titanium or a
titanium alloy in an electrolytic cell which comprises
the steps of: immersing said base metal having a coating
of said group IVB or VIB metal compound thereon into
an electrolyte aqueous solution comprising an oxidizing
reagent and an acid, said acid having a concentration so
as to maintain a solution pH of less than 4.5, connecting
said base metal as the anode of said electrolytic cell and
- a metallic member inert in said aqueous solution as the
cathode, imposing a direct current voltage across said
anode and cathode in a range of from about 6 to 40 volts
CDC at a bath temperature of between about 50° C. to 85°

2. A method as defined in claim 1 wherein said oxidiz-
ing reagent is a source of oxygen.

3. A method as defined in claim 2 wherein said source
of oxygen is air fed into said electrolyte at a controlled
rate.

4. A method as defined in claim 2 wherein said source
of oxygen is an oxygen producing compound which
generates oxygen upon contact with water.

5. A method as defined in claim 4 wherein said source
of oxygen is selected from the group consisting of hy-
drogen peroxide, perborate, peroxydiphosphate and
peroxysulfate.

6. A method as defined in claims 2 or § wherein said
acid is an organic acid selected from the carboxyl group .
or carboxyl-hydroxyl group of acids.

7. A method as defined in claim 6 wherein said solu-
tion pH is adjusted between 1 and 3.5. :




7., A-nethod as defined in cIa|m6 V\/nereln said solu- tion p

~s—adj ust ed
between 1 and 3.5. Do TN T e REPLACEMENT SHEET
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ABSTRACT OF THE INVENTION

ELECTROLYTIC PROCESS FOR STRIPPING A
METAL COATING FROM A TITANIUM BASED
METAL SUBSTRATE

An electrolytic process for stripping a group IVB °F VIB metal coating
compound from a titanium based metal substrate using an aqueous electrolyte comprising
an oxidizing reagent and an acid with a solution pH of less than 4.5.



