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DEVELOPMENT OF A PROCEDURE FOR ELECTROPLATING ON Ti-6A1-4V ALLOY 

A. 0. Schlosser  and J. R. Lowery 

ABSTRACT 

A procedure was developed f o r  t h e  product ion of adherent  e l e c t r o -  
p l a t e d  coa t ings  on Ti-6A1-4V a l l o y .  The process  c o n s i s t s  of anodic 
a c t i v a t i o n  i n  an a c e t i c  acid-hydr.ofluoric ac id  s o l u t i o n ,  followed by 
e l e c t r o p l a t i n g  by convent ional  methods. 
e n t  and p ro tec t ed  t h e  m e t a l  s u b s t r a t e  from r e a c t i o n s  wi th  LOX under 
impact. Processing t rea tments  d i d  no t  appear t o  have any e m b r i t t l i n g  
e f f e c t s  on t h e  t i t an ium a l l o y  due t o  excessive hydrogen pick-up. 

Coatings produced w e r e  adher-  
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DEVELOPMENT OF A PROCEDURE FOR ELECTROPLATING ON Ti-6A1-4V ALLOY 

BY 

A .  0. Schlosser and J. R. Lowery 

SUMMARY 

A procedure was developed for the production of adherent electro- 
plated coatings on Ti-6A1-4V alloy. 
in activation of the alloy surface by anodic treatment in a mixed acid 
solution, and subsequent electroplating by conventional methods. The 
electrolyte used for activation was composed of 875 ml of glacial 
acetic acid and 125 ml of 48% hydrofluoric acid. An anodic current 
density of 20 amps/ft2 for 20 to 40 minutes and a bath temperature of 
120'F (49'C) were required during the process. Copper, nickel, and 
chromium electroplates, as well as electroless nickel coatings, have 
been deposited by this method. 

This process consisted essentially 

Conventional bend and scrape tests showed adhesion to be excellent. 
In addition, a small copper plated titanium alloy tank was burst by 
hydrostatic pressure, and another tank similarly coated was cycled be- 
tween liquid nitrogen and boiling water temperatures. The adhesion of 
the copper to the substrate remained satisfactory in both cases. 
conducted to detect embrittlement of the titanium alloy due to absorp- 
tion of hydrogen during pretreatment and plating showed no significant 
differences in the mechanical properties of plated or unplated speci- 
mens. Tests for LOX impact sensitivity indicated that 0.001 inch of 
copper or nickel was necessary to render the titanium alloy insensitive 
at the 10 Kg-M (72.3 Ft-Lb) impact level. 

Tests 
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INTRODUCTION 

Because t i t an ium a l l o y s  have h ighe r  s t rength- to-weight  r a t i o s  a t  
cryogenic temperatures than  commonly used aluminum o r  s tee l  a l l o y s ,  
they  o f f e r  much promise f o r  use  i n  space veh ic l e  systems. 
t o  t h e i r  r e a c t i v i t y  wi th  l i q u i d  oxygen (Ref. l ) ,  tbey  cannot be used 
s a f e l y  i n  d i r e c t  con tac t  w i th  t h i s  m a t e r i a l .  
p'lete puncture of t he  metal  s u b s t r a t e  can be e l imina ted ,  a means of 
overcoming t h i s  d i f f i c u l t y  would be t o  coa t  t h e  t i t an ium su r faces  w i t h  
m a t e r i a l s  t h a t  a r e  LOX impact i n s e n s i t i v e  and of s u f f i c i e n t  s t r e n g t h  
and th ickness  t o  p r o t e c t  t h e  t i t an ium a l l o y  s u b s t r a t e s  from r e a c t i o n .  
w i t h  LOX when subjec ted  t o  r e l a t i v e l y  h igh  impacts. E lec t rop la t ed  coa t -  
i ngs  appeared t o  be u s e f u l  f o r  t h i s  a p p l i c a t i o n  i f  a r e l a t i v e l y  s i n p l e  
method of applying a coa t ing  w i t h  c o n s i s t e n t l y  good adhesion were 
a v a i l a b l e .  

However, due 

If t h e  p o s s i b i l i t y  of COP 

The cons iderable  weight saving and des ign  s i m p l i f i c a t i o n  t h q t  
could be achieved by mounting ' t i t an ium a l l o y  helium p r e s s u r i z a t i  71' 

b o t t l e s  i n s i d e  t h e  LOX tank  i n  t h e  S - I C  s t a g e  of t he  Sa tu iLl  Li Vel:it.!e 
f u r t h e r  increased  t h e  i n t e r e s t  i n  coa t ings  f o r  t i t an ium.  On i l ~ e  b a s i s  
of mechanical p r o p e r t i e s  a t  LOX temperatures and ease  of f a b r i c a t i o n ,  
Ti-6A1-4V was chosen a s  t h e  most favorable  a l l o y  f o r  use i n  t h i s  a p p l i -  
c a t i o n .  Consequently, a program was i n i t i a t e d  t o  develop a procedure 
f o r  producing an adherent e l e c t r o p l a t e d  coa t ing  on t h i s  m a t e r i a ,  

EXPERIMENTAL PROCEDURE 

From a s tudy  of t h e  chemical p r o p e r t i e s  of t i t a n i u m  and a knowledge 
of e l e c t r o p l a t i n g  p rocesses ,  i t  was a n t i c i p a t e d  t h a t  t he  main problem 
would be t h a t  of poor adhesion, which i s  caused by t h e  formation of an 
extremely tenac ious  oxide f i l m  when t i t an ium i s  exposed t o  the  atmos- 
phere. Before an adherent e l e c t r o p l a t e d  coa t ing  can be ob ta ined ,  i t  i s  
imperative t h a t  t h i s  f i l m  e i t h e r  be removed long enough t o  l a y  down an 
i n i t i a l  e l e c t r o d e p o s i t  o r  rep laced  by another  f i l m  t h a t  would not  i n t e r -  
f e r e  wi th  adhesion. Af t e r  surveying t h e  l i t e r a t u r e ,  s e v e r a l  a c t i v a t i n g  
methods, repor ted  t o  Rrovide good adherence f o r  e l e c t r o p l a t i n g  on t i t a -  
nium, were eva lua ted .  Work was done w i t h  chranium, n i c k e l ,  e l e c t r o l e s s  
n i c k e l ,  and copper p l a t i n g ,  bu t  s i n c e  f i r s t  i n d i c a t i o n s  were t h a t  more 
adherent coa t ings  could be produced w i t h  copper,  e f f o r t s  w e r e  concen- 
t r a t e d  on p l a t i n g  t h i s  meta l .  The types  of copper p l a t i n g  ba ths  used 
included a "Coppralyte"" potassium cyanide formula t ion ,  an a c i d  copper 
s u l f a t e  b a t h a n d  a copper f luobora t e  ba th .  Nickel was p l a t e d  from a 
Watt 's-type b a t h  and chromium from a s tandard  chromic a c i d - s u l f a t e  ba th .  

-1. 

" Trade name of t h e  E .  I. du Pont de Nemours & Company 
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P l a t e d  specimens, 4.0 inches long by 0.5 inch  wide and 0.062 inch  
t h i c k ,  were eva lua ted  on the  b a s i s  of s tandard  q u a l i t a t i v e  adhesion 
tests. The test  specimens were bent r epea ted ly  through an angle of 180" 
u n t i l  f r a c t u r e  of t h e  b a s i s  m e t a l  occurred. A f t e r  f r a c t u r e ,  a t tempts  
w e r e  made t o  detach the  p l a t i n g  from t h e  b a s i s  metal  w i th  a sharp i n -  
strument.  
l a r g e  f l a k e s  o r  pu l l ed  off e a s i l y .  

I n  cases  of very  poor adhesion, the  p l a t i n g  separa ted  i n  

Since t i t an ium a l l o y s  a r e  known t o  be suscep t ib l e  t o  damage from 
hydrogen evolved during metal  f i n i s h i n g  ope ra t ions ,  t e s t s  were made t o  
d e t e c t  poss ib l e  hydrogen embrittlement i n  t r e a t e d  specimens. Tests w e r e  
made t o  d e t e c t  changes i n  notch s e n s i t i v i t y  a t  room temperature and a t  
l o w  temperatures  on samples subjected t o  var ious  p r e p l a t i n g  and p l a t i n g  
p rocesses .  Some con t ro l l ed  bend t e s t s  and chemical ana lyses  were a l s o  
made t o  f u r t h e r  v e r i f y  the e f f e c t s  of hydrogen. 

To determine LOX impact s e n s i t i v i t y  of coated and bare  specimens, 
sample d i s c s  0.625 inch i n  diameter w e r e  immersed i n  LOX and impqcted 
wi th  a plunger a t  a 10 Kg-M energy l e v e l  a s  descr ibed  i n  Ref. 2 and R e f .  
3. V i s i b l e  f l a s h e s ,  f i r e s ,  o r  burned a r e a s  on the  specimen su r face  
were taken  a s  evidence of s e n s i t i v i t y .  

DISCUSSION O F  RESULTS 

Evalua t ion  of Adhesion 

A number of a c t i v a t i o n  processes repor ted  t o  have g iven  f a i r  adhe- 
s i o n  on o t h e r  t i t an ium a l l o y s  were found t o  be completely u n s a t i s f a c t o r y  
on Ti-6A1-4V. Other repor ted  procedures, however, showed vary ing  de- 
g rees  of success ,  and e f f o r t s  were concentrated on improving these  proc- 
e s s e s .  The a c t i v a t i o n  methods inves t iga t ed  a r e  descr ibed  i n  t h e  fol low- 
ing  paragraphs.  I n  a l l  c a s e s ,  c leaning  of specimens cons i s t ed  of vapor 
degreas ing  i n  perchlore thylene  and soaking f o r  10 t o  20 minutes i n  
"Enthone" a l k a l i n e  c l eane r  f160.' 

.1. Sodium Dichromate - Hydrofluoric Acid Etch (Ref. 4) 

Pane l s  of Ti-6A1-4V a l l o y ,  4.0 inches  long and 0.5 inch  wide,  
w e r e  cleaned and then immersed f o r  20 minutes a t  room temperature  i n  a 
ba th  con ta in ing  250 g r a m s / l i t e r  of sodium dichromate and 75 grarns / l i t e r  
of 48% hydro f luo r i c  a c i d .  
cyanide s t r i k e  followed by p l a t i n g  i n  a "Coppralyte" bath.  Test pane ls  
were a l s o  p l a t e d  i n  a copper f luobora te  ba th  a f t e r  f i r s t  r ece iv ing  t h e  
a c t i v a t i o n  t rea tment .  The depos i t s  had very  l i t t l e  adhesion t o  the 
b a s i s  metal  and could be peeled away e a s i l y .  

They were then given a convent ional  copper 

* Trade name of Enthone , ' Incorporated 
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2 .  Acetic-Hydrofluoric Acid Etch, Immersion (Ref. 5) 

Test pane ls  were cleaned by convent iona l  methods and immersed 
f o r  15 minutes i n  a ba th  conta in ing  875 m l / l i t e r  of g l a c i a l  a c e t i c  a c i d  
and 125 m l / l i t e r  of 48% hydro f luo r i c  ac id .  
cyanide s t r i k e  and copper p l a t e d  i n  a "Coppralyte" ba th  f o r  20 minutes.  
The adhesion of t h e  depos i t  was completely u n s a t i s f a c t o r y .  

They were g iven  a copper 

3 .  Ethylene Glycol-Hydrofluoric Acid-Zinc F luo r ide  Etch (Ref. 6 )  

This e l e c t r o l y t i c  method of a c t i v a t i o n  was r epor t ed  t o  provide 
good adhesion f o r  p l a t i n g  of copper,  chromium, n i c k e l ,  t i n ,  cadmium, 
and s i l v e r .  S ince  work was concent ra ted  on p l a t i n g  copper,  t h i s  was 
t h e  only metal  t e s t e d  us ing  t h i s  technique. Process  d e t s i l s  a r e  
1 i s t e  d be low: 

a. 

b. 

Degrease and c l ean  by convent iona l  methods. 

Anodically e t c h  a t  35 amps/ft2 f o r  10 minutes i n  a ba th  
conta in ing  800 m l  of e thylene  g l y c o l ,  200 ' m l  of hydro f luo r i c  a c i d ,  and 
100 g r a m s / l i t e r  of z inc  f l u o r i d e .  

c. Make cathode a t  20 amps/ft2 i n  same s o l u t i o n  f o r  10 minutes. 

d. 

e.  

Immerse i n  50% "NO3 t o  d i s s o l v e  loose  z i n c  f i l m .  

Rinse and p l a t e  i n  copper f l u o b o r a t e .  

I n  an e f f o r t  t o  o b t a i n  b e t t e r  adhesion by t h e  use  of t h i s  method, a 
Wood's n i cke l  s t r i k e  and a copper cyanide s t r i k e  were a l s o  used p r i o r  
t o  f luobora t e  p l a t i n g .  D i f f e r e n t  c u r r e n t  d e n s i t i e s  were employed i n  
t h e  e t c h  s o l u t i o n  along w i t h  v a r i a t i o n s  i n  the  t i m e  of t r ea tmen t .  The 
r e s u l t a n t  d e p o s i t s  were uniform i n  appearance, bu t  adhesion was  ve ry  
poor. 

4 .  Hydrochloric Acid Etch (Ref. 7) 

This process  was r epor t ed  t o  provide a su r face  cond i t ion  on 
t i t an ium base a l l o y s  r ecep t ive  t o  a s i l v e r  p l a t e .  Expezience from a ' 
previous  study on Ti-5A1-2.5 Sn a l l o y  showed t h a t  s a t i s f a c t o r y  adhesion 
could be obtained by t h e  use of t h i s  p re t r ea tmen t .  
immersed i n  concent ra ted  hydrochlor ic  a c i d ,  hea t ed  t o  170"-175"F ( 7 7 " -  
79'C) f o r  5-15 minutes ,  and then  p l a t e d  i n  both a cyanide and f l u o -  
bo ra t e  copper ba th .  
t h e  specimens a f t e r  t h e  e t c h i n g  p rocess ,  was a l s o  t r i e d  p r i o r  t o  copper 
p l a t i n g .  In a l l  c a s e s ,  t h e  d e p o s i t  could be peeled away from t h e  b a s i s  
meta l .  

Tes t  pane ls  were 

A Wood's n i c k e l  s t r i k e ,  appl ied  without r i n s i n g  
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5. Simultaneous Activation-Plating Treatment (Ref. 8 1  

This method has been employed in the plating of metals such 
as nickel and certain stainless steels that form passive films similar 
to those on titanium alloys. 
ft2 for two minutes in a bath containing 32 oz/gal of nickel chloride 
andllfl oz/gal of hydrochloric acid. Without being removed from the 
bath, they next received a cathodic treatment at the same current den- 
sity for six minutes. 
tional methods. 
vious methods but still was not considered satisfactory. 

Panels were treated anodically at 20 amps/ 
, 

Subsequent plating was carried out by conven- 
The quality of adhesion was improved over that of pre- 

6 .  Sulfuric Acid Etch 

Panels were immersed for five minutes in a solution of 30% by 
volume of sulfuric acid in water at 2209 (104"C), followed by plating 
in both a cyanide and acid copper sulfate bath. The acid copper sul- 
fate bath.was also employed as a simultaneous activation-plating bath 
similar to the nickel chloride-hydrochloric acid process. The panels 
first received an anodic treatment followed by plating in the same. solu- 
tion. In all cases, the quality of adhesion was unsatisfactory. 

7. Sulfuric Acid Pickle-Electrolytic Etch-Nickel Strike 

This method consisted essentially of a combination of the 30% 
sulfuric acid pickle and the hydrochloric acid-nickel chloride strike. 
Process details were as follows: 

a. Clean by conventional methods. 

b. Water rinse. 

c. Pickle in a solution of 30% by volume of H2SO4 in water 
at a temperature of 200°F (93°C). 

d. Water rinse. 

e. Anodically etch at 25 amps/ft2 in Wood's nickel strike 
. (NiC12-HCl) for two minutes. 

f. Without removing from solution, make the specimen cathode 
at 50 amps/ft2 for six minutes. 

g . Water rinse. 
h. Plate by conventional methods. 

The adhesion produced by this process was inconsistent. 
was difficult to contro1,and uniform etching was not achieved over the 
entin sample surface. 

Current density 
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8.  Ethylene Glycol-Hydrofluoric Acid (Ref. 9) 

This b a t h ,  i n  a number of v a r i a t i o n s ,  w a s  r epor t ed  t o  provide 
adherent depos i t s  of i r o n  and copper on Ti-6A1-4V a l l o y .  
which gave the  b e s t  r e s u l t s  i n  t h i s  s tudy  contained 800 m l  of e thy lene  
g l y c o l  and 200 m l  of hydro f luo r i c  a c i d  (48%). The met.hod c o n s i s t e d  of 
anod ica l ly  a c t i v a t i n g  a t  50 amps/ft2 i n  the  hydro f luo r i c  ac id-e thylene  
g lyco l  mixture and then e l e c t r o p l a t i n g  i n  a conventional ba th .  While 
good r e s u l t s  from t h i s  procedure were ob ta ined ,  non-adherent coa t ings  
w e r e  produced from t i m e  t o  t i m e  f o r n o  apparent reason .  Another un- 
d e s i r a b l e  f e a t u r e  of t h i s  method was an i n a b i l i t y  t o  produce a uniformly 
a c t i v a t e d  su r face .  F requen t ly ,  t h e  r e s u l t a n t  coa t ings  would be more 
adherent  i n  t h e  cen&r than on t h e  edges of t es t  pane l s .  

The ba th  

9 .  Acetic Acid-Hydrofluoric Acid, E l e c t r o l y t i c  (Ref. 5 ) -  

This  process a s  r epor t ed  was used on 75A t i t an iu r ;  a l i 3 y  I:, 

immersion e t c h  followed by e l e c t r o l y t i c  t r e a t m e n t ,  us ing  60 cycle 
a l t e r n a t i n g  c u r r e n t .  Because an a l t e r n a t i n g  c u r r e n t  c o n t r o l  systel:: 
was not r e a d i l y  a v a i l a b l e ,  t he  procedure w a s  modified s l i g h t l y ,  and 
d i r e c t  c u r r e n t  w a s  used f o r  t h e  e l e c t r o l y t i c  e t c h  process .  The use of 
t h i s  method of a c t i v a t i o n  gave coa t ings  w i t h  adhesion t h a t  was con- 
s i s t e n t l y  good. The modified procedure c o n s i s t e d  of an anodic e t c h  L r  
t h e  mixture of a c e t i c  and hydro f luo r i c  a c i d ,  followed by e l e c t r o p l a t i n g  
i n  a conventional ba th .  Process d e t a i l s  a r e  l i s t e d  below: 

I 

a .  Degrease and c l e a n  by conventional methods. 

b .  Anodically e t c h  a t  20 amps/ft2 f o r  20-40 minutes a t  120°F 
I 

(49°C) i n  a ba th  con ta in ing  875 m l  of g l a c i a l  a c e t i c  a c i d  and 125 m l  
of 48% hydro f luo r i c  a c i d .  

c .  Rinse.  

d. E l e c t r o p l a t e  by conventional methods. 

Close c o n t r o l  of t h i s  process w a s  necessary  t o  o b t a i n  c o n s i s t e n t l y  good 
adhesion. The temperature of t h e  e t c h  ba th  w a s  no t  c r i t i c a l  although 
b e t t e r  adhesion was obtained a t  a ba th  temperature of 120°F (49°C). 
Adherent coa t ings  were. produced a t  room temperature by inc reas ing  t h e  
e t c h  t i m e .  It was important t o  avoid d i l u t i o n  of t h e  e t c h  s o l u t i o n  by 
wa te r .  S tudies  showed t h a t  c u r r e n t  d e n s i t y  should be kept  c l o s e  t o  
20 amps/ft2. 

O f  a l l  t h e  p l a t i n g  systems t r i e d ,  c o n s i s t e n t l y  good adhesion 
was achieved only  by us ing  t h i s  a c t i v a t i o n  method. I n  a d d i t i o n  t o  
copper,  n i cke l  and chromium were p l a t e d  s u c c e s s f u l l y  employing t h i s  
technique. Nickel was p l a t e d  from a Wat t ’ s  h igh  pH ( N i S O 4 - N i C 1 2 )  ba th  
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and chromium from a conventional chromic acid-sulfate bath. Adhesion 
was comparable to that of copper. The good bonding qualities of this 
activation method were further demonstrated by applying electroless 
nickel coatings with adhesion that surpassed that of electroplated 
coatings. 
compos it i on: 

Electroless nickel was plated from a bath of the following 

Nickel Chloride - 80 oz/gal. 
Sodium Hypophosphate - 1.33 oz/gal. 
Sodium Citrate - 1.33 oz/gal. 
As a further evaluation of the adhesion produced by the use of the 

acetic-hydrofluoric acid activation method and as a test of its use on 
larger components, two cylindrical tanks 9 inches long and 3 inches 
in diameter were constructed of 0.064 inch titanium sheet, plated with 
1.0 mil of copper, and tested as follows: One tank was burst by hydro- 
static pressure and the rupture edges were examined under magnification. 
There was no evidence of plating separation at these edges nor could 
plating be peeled or flaked off by using a sharp instrument. The second 
tank was thermocycled 50 times between boiling liquid nitrogen and 
boiling water temperatures. Adhesion remained excellent. 

Plating of the cylindrical tanks for adhesion testing revealed a 
disadvantage in the acetic-hydrofluoric acid activation nethod, that 
being the relatively high power requirement for processing.1arger areas. 
Approximately 80 volts were required to maintain the necessary.current 
density (20 amps/ft2) for activating the test tanks. During activation, 
the temperature of the electrolyte rose from 129°F (49°C) to 180'F 
(82°C). It appears that the plating of large areas by this method 
might require the use of excessive amounts of electrical power. Further 

comitant electrolyte heating in order to improve the efficiency of this 
process. 

. work needs to be done toward reducing the voltage requirement and con- 

Hydrogen Embrittlement 

Since the mechanical properttes of titanium alloys are adversely 
affected by fairly small amounts of interstitial hydrogen, it is impor- 
tant that the concentration of this element be controlled during proc- 
essing. For most titanium alloys, more than 200 parts/million (Ref.10) 
of hydrogen will cause such a reduction of ductility that the metal 
tends to fail by brittle fracture. 
ing system, therefore, must provide sound adhesion to the basis metal 
without reducing its toughhess and useful ductility by embrittlement. 
All procedures in which hydrogen gas is evolved at the metal surface 
should be suspected as sources of embrittlement. 

An acceptable activation and plat- 
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In testing for embrittlement, tensile tests were made on notched 
and unnotched specimens which were activated and plated by the most 
promising process (acetic acid-hydrofluoric acid electrolytic etch). 
The notches were made prior to activating and plating of the specimen. 
Tables I and I1 show the results for room temperature and cryogenic 
temperature tests and indicate no significant increase in notch sensi- 
tivity. Some bend tests were also made in which specimens were sup- 
ported as simple beams in a tensile machine and were bent by pressure 
applied at the center of the specimen. Pressure was applied contin- 
uously until a sudden reduction in load was observed, at which point 
the angle of bend was measured. These tests demonstrated in a qual- 
itative way the embrittling effects of the H 2 S O 4  pickle activation as 
compared to other processes. Results are given in Table 111. 

Some chemical analyses for hydrogen and oxygen content of : , n m p l e  
specimens were made. These results are tabulated in Table TV. All of 
these test results showed that specimens activated in acetic-h-;r,-c.. 
fluoric acid mixture and subsequently copper plated in a flllUbu?-dtP 
bath suffered no loss in mechanical properties or unusual absorpiic,n 
of hydrogen. 

LOX Impact Sensitivity 

LOX impact sensitivity tests were made to determine the coaring 
thickness needed to protect adequately the titanium alloy in a liquid 
oxygen environment. Specimen discs, 0.625 inch in diameter and 0.062 
and 0.25 inch thick, were plated with copper or nickel, using the 
acetic-hydrofluoric acid method of activation. Tests were conducted 
according to MSFC-SPEC-106, "Testing Compatibility of iaterials for 
Liquid Oxygen Systems." Results are shown in Table V. It was found 
that a coating at least 0.001 inch thick of either metal was necessary 
to protect the titanium alloy from reaction with LOX at an impact level 
of 10 Kg-M (72.3 Ft-Lbs). Plated coatings 0.0005 inch thick still 
afforded considerable protection to the titanium alloy substrate when 
compared t o  non-plated specimens. In all cases, nickel and copper 
furnished the same amount of protection. 



9 

CONCLUSIONS AND RECOMMENDATIONS 

By using the acetic-hydrofluoric acid anodic activation process 
described in this report, adherent electrodeposits of copper, nickel, 
and chromium can be obtained on Ti-6A1-4V alloy. Good adhesion of 
other electroplated deposits may reasonably be expected using this 
method. All other procedures which were tried yielded inconsistent or 
entirely unsatisfactory adhesion to the titanium alloy.substrate. 
Electroless nickel deposits can also be applied to Ti-6A1-4V alloy with 
adhesion equal to that of electroplated nickel if the substrate is 
first activated in the acetic-hydrofluoric acid electrolyte. 

No significant loss in mechanical properties, resulting from 
hydrogen embrittlement, occurred from the use of acetic-hydrofluoric 
acid activation procedure. Attempts at activation of Ti-6A1-4V by 
pickling in sulfuric acid resulted in a significant loss in ductility. 
Copper and nickel, when plated to a thickness of at least 0.001 inch 
on Ti-6A1-4V alloy, substantially reduced the LOX impact sensitivity 
of this material when tested at the 10 Kg-M level. 
copper and nickel were shown to be equally effective in protecting a 
titanium alloy substrate , nickel would probably be preferred for 
application to vehicle hardware, e.g. the helium pressurization bottles,, 
beceuse of its greater hardness 2nd scratch resistance. Before it 
could be considered for use, however, a more thorough study would have 
to be made relative to plating methods and the subsequent effect of 
hydrogen embrittlement. 

Although both 

One disadvantage found with this process was the relatively high 
electrical power required for large parts. 
be investigated more fully before the process could be considered 
operational for use on large components. However, the primary purpose 
of this study was  accomplished because adherent electroplated deposits 
were produced on titanium surfaces which reduced the LOX impact sen- 
sitivity of the titanium to an acceptable level. 

This aspect will have to 
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Tens i l e  
S t rength  

KS I 

146 
14 7 
146 
146.3 

163 
159 
158 

160 

157 
157 
158 
155 
150 
155 
155 

TABLE I 

Notched Tens i le  Tests of Ti-6A1-4V Alloy (Room Temperature) 

Yield 
S t rength  

KS I 

140 
140 
14 1 
140.3 

153 
154 
153 

153.3 

151 
152 
153 
150 
146 
150 
150 

Tre a t m e  n t 

10 
9 
8 
9 
8 
9 

10 

9 

Annea led 

158 
155 
153 
166 
16 8 
148 
156 

157.7 1 . 0 2  

Average 

S o lu t ion 
t r e a t e d  and 
aged 

Average 

Solut ion 
t r e a t e d  aged 
anod ica l ly  
e tched i n  
ace t ic-hydro- 
f l u o r i c  a c i d ,  
p l a t ed  i n  cop- 
per  f luoborate 

Average 

I 

155.3 150.3 

;'c S t r e s s  concent ra t ion  f ac to r :  Kt = LO 
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223 

243 
240 
240 

24 1 

227 
22 7 
230 
232 
231 
228 
222 

TABLE I1 

Notched T e n s i l e  Tests of Ti-6A1-4V Al loy ,  -320°F (-196°C) 

2 1 7  

233 
232 
233 

232.6 

22 1 
227 
225 
220 
222 
223 
228 

Treatment 

Annealed 

Average 

S o l u t  i on 
t r e a t e d  and 
aged 

Aver age 

So l u  t i on 
t r e a t e d  aged, 
anod ica l ly  
e tched  i n  
a c e t i c  -hydro - 
f l u o r i c  ac id  
s o l u t i o n  f luo- 
bo ra t e  copper 
p l a t e d  

Average 

Tens i l e  Yield 
S t r eng th  S t rength  
KSI I KSI 

223 
224 
221 

2 14 
220 
217 

* Stress concent ra t ion  f a c t o r :  Kt = 10 

Elon- 
g a t i o n  
Percent  

8 
8 
8 

8 

3 
3 
2 

2.7 

4.7 

Notched 
Tens i l e  
S t r eng th  

KSI 

16 7 
16 1 --- 
164 

149 
181 
166 

165.3 

130 
160 
151 
173 
163 
15 7 
153 

Notched / 
Unnotchec 
Ratio" 

0.74 

0.69 

155.3 I 0.68 
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Treatment 

Annea led 

Heat treated 

Heat treated,  anodically etched 
i n  acetic-hydrofluoric ac id  m i x -  
ture ,  f luoborate copper plated 

TABLE I V  

Vacuum Fusion Analyses of Ti-6A1-4V Alloy 

Hydrogen, Oxygen Y 

PPM by Weight Percent by Weight 

54 0.11 

80 0.12 

82 0.12 



1 2  

TABLE I11 

Bend Tests of Ti-6A1-4V A'lloy (Room Temperature) 

Treatment" 

None 

Anodically etched i n  e thy lene  g lyco l -  
hydro f luo r i c  a c i d  s o l u t i o n  

Anodically etched i n  e thy lene  g lyco l -  
hydro f luo r i c  a c i d ,  copper p la ted '  i n  
cyanide bath 

H2SO4 p ick le  (220°F f o r  10 minutes) 

H2SO4 p ick le  (220°F f o r  10 minutes) , 
anodica l ly  etched i n  n i c k e l  s t r i k e  
s o l u t i o n ,  NiC12 s t r i k e ,  copper p l a t e d  
i n  f luobora t e  ba th  

Anodically e tched  i n  acetic-hydro- 
f l u o r i c  a c i d ,  f luobora te  copper 
p l a t e d  

Average 
Bend 
An Remarks 

101 " 6 t e s t s  - one 
€ r a  c t u  r c: 

104 O 6 t e s t s  
f i a c t u !  t 

. ._ . . . . 

84 " 6 tes t s  - f o u r  
f r a c t u r e s  

1 ----- - 
41" 6 tes ts  - a l l  

f r a c t u r e s  

6 t es t s  - a l l  
f r a c t u r e  s 

I 
99 " 4 t es t s  - one 

f r a c t u r e  

* 
A l l  samples were taken  from annealed sheet. 

Outside angle  measured from 180". ** 
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TABLE V 

LOX Impact Test Data OF Ti-6A1-4V Alloy 

Treatment 

None 

Copper plated to a 
thickness of 1.0 mil 

Copper plated to a 
thickness of 0.5 mil 

Nickel plated to a 
thickness of 1.0 mil 

Nickel plated to a 
thickness of 0.5 mil 

No. of Reactions 

1/16" Thick Specimens 

12/20 @ 72.3*  
7/20 @ 3 6 . 2  

0 /20  @ 7 2 . 3  

1/4" Thick Specimezi 1 I 

.I 

! 18/20 @ 72.3 
8/20  @ 1,.0 

I O/20 @ 72 .3  

JC 
Impact energies are in Ft-Lbs. ( 7 2 . 3  Ft-Lbs equals 10 Kg-M) 
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