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The present invention relates to chemical nickel plating 
of the amphoteric metals of group Vi B of the periodic 
systems of elements, and their alloys, and to processes of 
effecting such plating with aqueous chemical nickel plat 
ing baths of the nickel cation-hypophosphite anion type. 

Heretofore the chemical nickel plating of workpieces 
having surfaces formed essentially of the aniphoteric 
metals of group IV B and their alloys, has been of little 
practical utility, as such coatings as have been produced 
thereon readily flake-off, since the coatings are not inti 
mately bonded thereto. This statement is particularly 
applicable to the important ampheteric element titanium, 
although it is applicable to the other elements of this 
group that consists of: titanium, zirconium and hafnium. 
The principal reason for this lack of adhesion between 

the amphoteric metal surface and the coating is that such 
a surface is extremely sensitive to hydrolysis and im 
mediately films over upon contact with the aqueous 
chemical nickel plating bath; whereby there is a film layer 
at the interface between the amphoteric metal surface and 
the coating of nickel-phosphorus alloy that is inherently 
produced by a plating bath of this type. Of course, this 
prevents initiation of the plating and intimate bonding 
between the amphoteric metal surface and the coating, 
with the result that the coating exhibits no substantial 
adhesion to the surface carrying the same. 

Accordingly, it is a general object of the invention to 
provide a process of chemical nickel plating of a work 
piece having an amphoteric metal surface, wherein the 
coating produced is intimately bonded to the surface and 
exhibits great adhesion thereto. 
Another object of the invention is to provide a process 

of preparing the amphoteric metal surface of a work 
piece for plating with a chemical nickel plating bath so 
that the subsequently produced coating carried thereby is 
intimately bonded to the prepared surface. 
A further object of the invention is to provide a process 

of the character noted, that is expressly adapted for use 
in the chemical nickel plating of titanium and its alloys. 
A further object of the invention is to provide a process 

of the character noted that involves a heat-treatment step 
following the nickel plating of the amphoteric metal Sur 
face, whereby a diffusion reaction is produced between 
the amphoteric metal surface and the nickel-phosphorus 
alloy coating, whereby the interface is alloyed to produce 
an intimate bond therebetween. 

Further features of the invention pertain to the par 
ticular arrangement of the steps of the method, whereby 
the above-outlined and additional operating features 
thereof are attained. 
The invention, both as to its organization and method 

of operation, together with further objects and advantages 
thereof, will best be understood by reference to the fol 
lowing specification taken in connection with the accom 
panying drawing, in which: 

Figure 1 is a fragmentary end elevational view of a 
compressor rotor that is made in accordance with the 
process of the present invention; 
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Figure 2 is an enlarged fragmentary view, partially in 

section, of a portion of the compressor rotor, shown in 
Fig. 1, illustrating the manner in which one of the blades 
is detachably sécured to the associated support and in 
volving a threaded connection therebetween; 

Figure 3 is a greatly enlarged sectional view of the 
threaded connection or joint between the root of the 
blade and the support, illustrating the protective coatings 
respectively carried by these two parts and preventing 
galling therebetween; and 

Figure 4 is a fragmentary vertical séctional view of an 
other machine that is made in accordance with the process 
of the present invention. 

Referring now to the drawing, there is illustrated in 
Fig. 1 a fragmentary portion of a compressor rotor 10 
that may comprise a part of the air compressor that co 
operates with an associated gas turbine in a jet engine, or 
the like. More particularly, the rotor i0 comprises a 
support 11 of substantially drum-like configuration, and 
a plurality of annular rows of blades 12 disposed about 
the outer surface thereof. The rotor 10 is housed in aii 
associated casing or stator, not shown, and mounted for 
rotation at high speed therein so that the annular rows of 
blades 12 cooperate with other annular rows of blades 
carried internally of the stator, so as to provide a multi 
stage ceritrifugal air compressor. In the rotor 10, the 
support.11 and each of the blades 12 is formed of a suit 
able titanium alloy, and each of the blades 12 is detach 
ably secured to the support 11 to accommodate replace 
ment and overhatil in a ready and simple mianner. . 
As best shown in Fig. 2, each of the blades 2 ter 

minates at the base thereof in a threaded root 12a that 
is normally arranged in threaded relation with a co 
operating threaded opening ia provided in the support 
11; and as illustrated in Fig. 3, the threads carried by the 
root 12a are designated 12t and the threads carried by the 
wall of the support 11 about the opening ila therein are 
designated 11t. Also, as shown in Fig. 3, the threads 
12t and the root 12a and the adjacent shoulder provided 
on the base of the blade 12 carry a unitary coating 12c, 
and the threads 11t and the surface of the support 11 ad 
jacent to the opening 11a therein carry a unitary coating 
1ic; whereby the coatings 12c and 11c are in direct fric 
tional engagement with each other. 3 
The coating 12c is intimately bonded to the root 12a, 

including the threads 12t, and has a substantially uniform 
thickness normally in the general range 2 to 1 mil; and 
similarly, the coating 11c is intimately bonded to the 
support it, including the threads 11t, and has a substan 
tially uniform thickness normally in the general range 
14 to 1 mil. Each of the coatings 11c and 12c essentially comprise nickel-phosphorus alloy of the composition in 
herently produced by chemical nickel plating from an 
aqueous chemical nickel plating bath of the nickel cation 
hypophosphite anion type; and such alloy essentially com 
prises 89% to 97% nickel and 3% to 11% phosphorus, 
by weight. - - 

The arrangement of the coatings 11c and 12c in direct 
engagement with each other is very advantageous as these 
coatings prevent galling that would otherwise take place 
between the parts 11 and 12 formed essentially of tita 
nium, with the resulting freezing of these parts together 
so that subsequently it would be impossible to remove the 
blade 12 from the support 11, as is the usual case where titanium alloy parts are arranged in pressure engagement 
with each other. However, the coatings 11c and 12c 
do not exhibit galling therebetween, whereby the titanium 
alloy parts 11 and 12 may be readily disassembled and 
reassembled at will, without damage thereto. 
This anti-galling characteristic thus imparted to the 

titanium alloy parts 1 and 12 by the protective nickel 



phosphorus alloy coatings 11c and 12c is totally foreign 
to the nature of titanium alloys and now affords an ex 
ceedingly large scope of utilization of such parts. 

In the construction of the rotor 10, the support 11 and 
the blades 12 may be formed of any one of a number of 
commercially available titanium alloys, including that 
manufactured by the Republic Steel Corporation and sold 
under the name “C-130AM'; which alloy contains the 
following principal components: 

Percent 
Al ------------------------------------------- 4. 
Mg ------------------------------------------ 4 
Ti ----------------------------------- Remainder 

These titanium alloys normally contain titanium in the 
general range 90% to 95% and other alloying elements 
in the range 5% to 10%. Another typical titanium alloy 
of this character contains the following principal com 
ponents: 
Al ---------------------------------------- 3.18 
Cr ---------------------------------------- 4.68 
Fe ---------------------------------------- 0.22. 
Ti----------------------------------- Remainder 

Still another typical titanium alloy of this character con 
tains the following principal components: 
Cr -----------------------------sa as as as 2.84 

Fe ---------------------------------------- 1.43 
Ti ----------------------------------- Remainder 
A further typical titanium alloy of this character con 
tains the following principal components: 
Mn ---------------------------------------- 7.8 
Ti----------------------------------- Remainder 

The composition of the titanium alloy is in no way 
critical with respect to the present process, since any such 
alloy containing in excess of 90% titanium exhibits the 
previously mentioned amphoteric characteristic rendering 
it impossible to obtain an intimately bonded nickel-phos 
phorus alloy coating thereupon, without special treatment 
in accordance with the present process. 

In the foregoing description of the rotor 10 it was 
explained that the elements 11 and 12 are provided with 
the respective coatings 11c and 12c, and while this is 
the preferred construction, it will be appreciated that 
really only one of the coatings 11c or 12c is essential 
to prevent the titanium-upon-titanium contact and result 
ing galling therebetween. More particularly, there is no 
galling of a titanium alloy upon a nickel-phosphorus alloy 
of the character described. 

Referring now to Fig. 4, a fragmentary portion of a 
machine or device 20 is illustrated that comprises a 
support or plate 21 having an opening 21a formed therein 
into which a shaft or bar 22 is mounted and arranged 
for relative movements with respect thereto, the shaft 
22 being mounted for rotation about its longitudinal axis 
or longitudinal sliding movement, or both. The plate 21 
and the shaft 22 are formed of suitable titanium alloys 
and respectively carry chemically deposited nickel-phos 
phorus alloy coatings 21c and 22c arranged in engage 
ment with each other, so as to prevent galling between 
the elements 21 and 22, as previously explained. This 
bearing arrangement is very advantageous as the nickel 
phosphorus coatings 21c and 22c resist wear and may be 
lubricated with any light oil, or the like. 

In the foregoing description of the machine 20 it was 
explained that the elements 21 and 22 are provided with 
the respective coatings 21c and 22c, and while this is 
the preferred construction, it will be appreciated that 
really only one of the coatings. 21c or 22c is essential to 
prevent the titanium-upon-titanium contact and resulting 
galling therebetween. 

Considering now the process of the present invention, 
the work-piece formed essentially of titanium, and nor 
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4. 
mally comprising an alloy thereof, as previously noted, 
is first subjected to a conventional vapor degreasing step 
in order to effect substantial and ordinary cleaning there 
of. Next the work-piece is subjected to alkaline clean 
ing (Such as Enthone if 160, or equivalent) to remove 
therefrom buffing compounds, etc., that may have been 
employed in the machining thereof; and normally a hot 
aqueous solution of the alkaline cleaner is employed at a 
temperature of about 195 F. throughout a time interval 
of about 2 to 5 minutes. The work-piece is then rinsed 
in cold water. 

Next the work-piece is pickled by immersion thereof 
for about 10 to 15 seconds in a special pickling solution 
described hereinafter; and then the work-piece is again 
rinsed with cold water. The two last-mentioned steps are 
repeated so that the work-piece is again subjected to... the 

with cold water for about 10 to 15 seconds. 
time, the surface of the work-piece has been conditioned 

20 

pickling step for about 10 seconds and thereafter rinsed 
At this 

or prepared for chemical nickel plating, as explained 
more fully subsequently. 
Turning now to the composition of the picking bath, 

it essentially comprises an aqueous solution of hydro 
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chloric acid, hydrofluoric acid and a mild oxidizing agent, 
both the hydrochloric acid concentration and the hydro 
fluoric acid concentration being high. Specifically, the 
pickling bath may be composed from 900 cc. 10 cc. 
hydrochloric acid (18 Bé.) and 100 cc. 2 cc, hydro 
fluoric acid (70%), together with the mild oxidizing 
agent, such, for example, as FeCl3.6HO in the approxi 
mate range 25 to 100 gms. This pickling bath thus com 
prises about 8 mole/liter of hydrochloric acid, about 4% 
mole/liter of hydrofluoric acid and about 0.1 to 0.4 
mole/liter of ferric chloride. Specifically, in formulating 
the plating bath, the following proportions are recom 
mended: 

900 cc. HCl solution (18 Bé.) 
100 cc. HF solution (70%) 
50 gm. FeC6HO 

In preparing the pickling bath the two acid solutions 
are mixed, and the required amount of ferric chloride 
is melted in a steam bath and then added to the acid 
mixture under agitation. 
While ferric chloride is preferred as the mild oxidiz 

ing agent, because of the simplicity and economy there 
of, other suitable oxidizing agents may be employed, 
such, for example, as the water soluble salts of iron: 
ferric sulfate, ferric acetate, etc.; and the water soluble 
salts of manganese: manganese chloride, manganese sul 
fate, manganese acetate, etc. 

Apparently, the fundamental modulus of this pickling 
bath is dependent upon this high concentration of hy 
drochloric acid in combination with this high concen 
tration of hydrofluoric acid, since with this composition 
of the pickling bath there is removed the amphoteric 
film that immediately forms upon the surface of the 
titanium work-piece incident to contact thereof with the 
aqueous chemical nickel plating bath, and as a result 
of hydrolysis. It is postulated that this film that nor 
mally forms upon the surface of the titanium work-piece 
involves the equilibrium: 

Ti(OH) seiO, 
In any case, the film that is present upon the surface of 
the titanium work-piece is effectively removed by this 
pickling bath, so that the subsequently applied coating 
of the nickel-phosphorus alloy in the chemical nickel 
plating bath is continuous and intimately bonded thereto. 
A number of suitable plating baths are available for 

the present purpose, as disclosed in U.S. Patent No. 
2,532,283, granted on December 5, 1950, to Abner Bren 
ner and Grace E. Riddell, in U.S. Patent No. 2,658,841, 
granted on November 10, 1953, to Gregoire Gutzeit and 
Abraham Krieg, and in U.S. Patent No. 2,658,842, grant 
ed on November 10, 1953, to Gregoire Gutzeit and Ernest. 
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J. Ramirez, as well as in the copending application of 
Gregoire Gutzeit, Serial No. 376,977, filed August 27, 
1953, the copending application, of Gregoire. Gutzeit, 
Paul Talmey and Warren G. Lee, Serial No. 478,492, 
filed December 29, 1954, and in the copending applica 
tion of Gregoire. Gutzeit, Paul Talmey, and Warren, G. 
Lee, Serial No. 569,815, filed March 6, 1956, now. Patent 
No. 2,822,294, granted February 4, 1958, 
A chemical nickel plating bath of this type essentially 

comprises an aqueous solution of nickel cations and hypo 
phosphite anions, the nickel cations being derived from 
nickel Sulfate, nickel chloride, nickel hypophosphite, etc., 
and the hypophosphite anions being derived from hypc 
phosphorous acid, sodium hypophosphite, potassium hy 
pophosphite, nickel hypophosphite, etc. Preferably, such 
a plating solution comprises an absolute concentration 
of hypophosphite anions within the range 0.15 to 1.20 
moles/liter, a ratio between nickel cations and hypo 
phosphite anions expressed in molar concentrations with 
in the range 0.25 to 1.60, and a pH in the range. 4.5 to 
11. The plating bath disclosed in the Gutzeit, Talmey 
and Lee application, Serial No. 569,815, is particularly 
advantageous and comprises, in addition to the nickel 
cations and the hypophosphite anions, lactic anions and 
propionic anions, and having a pH in the acid range 4.4 
to 5.6; and specifically this plating bath comprises an 
absolute concentration of the hypophosphite anions within 
the range 0.15 to 1.20 moles/liter, a ratio between nickel 
cations and hypophosphite anions expressed in molar con 
centrations within the range 0.25 to 1.60, an absolute 
concentration of lactic anions, within the range 0.25 to 
0.60 mole/liter, and an absolute concentration of pro 
pionic ions within the range 0.025 to 0.060 mole/liter. 
A typical plating bath of this, type has the following 
composition: 
Nickel ion (as nickel sulfate) ---------- m.p.l-...- 0.08 
Hypophosphite ion (as sodium hypophosphite) 

m.p.l.-- 0.225 
Lactic ion (as lactic acid) ------------- m.p.l.. 0.30 
Propionic ion (as propionic acid) --------m.p.-- 0.03 
pH (adjusted with HSO and NaOH) --------- 4.7 

In the plating step, the work-piece is immersed in the 
chemical nickel plating bath, while the plating bath is 
at a relatively high temperature, normally, in the general 
range 94 C. to 98 C., throughout an appropriate time 
interval depending upon the thickness of the nickel plat 
ing required. For example, the particular plating bath 
set forth above has a normal plating rate of about 1 
mil/hour; and of course, as previously noted, the coat 
ing that is inherently produced by a plating bath of this 
type essentially comprises a nickel-phosphorus alloy con 
taining about 89% to 97% nickel and about 3% to 
11% phosphorus, by weight. In this step, the work-piece 
is Suspended in the plating bath by an insulating line 
(Dacron etc.) and out of contact with any metallic 
part, so as to avoid any galvanic action, and the result 
ing surface blemish or discontinuity. 

Following this chemical plating step, the work-piece 
is subjected to heat-treatment that merely constitutes ele 
vating the temperature thereof to about 425 C., where 
by a diffusion reaction takes place at the interface be 
tween the surface of the titanium work-piece and the 
nickel-phosphorus alloy coating. The diffusion reaction 
mentioned occurs at the temperature 421 C. (800' F.); 
whereby there is probably formed in the interface a 
ternary alloy of titanium and nickel and phosphorus. 
This ternary alloy in the interface intimately bonds the 
nickel-phosphorus alloy coating to the titanium Work 
piece; and the resulting coating is highly corrosive-resist 
ant, smooth and bright, and prevents the normal galling 
of titanium-upon-titanium, as previously explained. 

In the foregoing description of the present process, 
the work-piece has been described as being formed es 
sentially of titanium or a suitable titanium alloy. How 
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6 
ever, the process has been carried out successfully pre 
cisely, in the manner described when the work-piece has 
been formed of the other of the amphoteric elements 
of group IV B. including: zirconium alloys and hafnium 
alloys. For example, the heretofore experienced diffi 
culty in the chemical nickel plating of the zirconium al 
loy. Surface of a work-piece has resided in the circum 
stance that this amphoteric metal (like titanium), is sub 
ject to the formation of a film upon the outer surface 
thereof due to hydrolysis upon immersion in the aqueous 
chemical nickel plating solution. However, in accord 
ance with the present process, the film mentioned is re 
moved from the outer surface and the re-formation of 
this film thereupon is inhibited; whereby upon contact 
with the aqueous chemical nickel plating solution, the 
plating reaction takes place directly upon the zirconium 
alloy surface of the work-piece, without the interfering 
film at the interface. Of course, in this example, and 
following the chemical nickel plating of the zirconium 
surface of the work-piece, the heat-treatment step at the 
elevated temperature of about 425 C. is employed, so 
as probably to produce a ternary alloy at the interface 
comprising zirconium and nickel and phosphorus. 

In view of the foregoing, it is apparent that there has 
been provided an improved process of chemical nickel 
plating of work-pieces having amphoteric metal surfaces, 
as well as an improved subcombination in the process 
with respect to the preparation of the surfaces noted for 
the subsequent chemical nickel plating of the coatings 
thereupon, Also the process is productive of an im 
proved article of manufacture and particularly in a 
assembly of two parts formed essentially of titaniuin. 
and completely devoid of galling therebetween. 
While there has been described what is at present con 

sidered to be the preferred embodiment of the invention, 
it will be understood that various modifications may be. 
made therein, and it is intended to cover in the appended 
claims all such modifications as fall within the true spirit 
and scope of the invention. 
What is claimed is: 
1. The process of plating with nickel the metal sur 

face of a work-piece, wherein said metal surface essen 
tially comprises an amphoteric element selected from 
the group consisting of titanium, zirconium and hafnium; 
said process comprising cleaning said metal surface by 
contact with a suitable cleaning bath, then conditioning 
said metal surface by contact with a pickling bath, where 
in said pickling bath essentially comprises an aqueous 
solution of hydrochloric acid and hydrofluoric acid and 
a mild oxidizing agent, the absolute concentration of 
hydrochloric acid in said pickling bath being about 8 
mole/liter, the absolute concentration of hydrofluoric 
acid in said pickling bath being about 4% mole/liter, 
then contacting said metal surface with a chemical plat 
ing bath of the nickel cation-hypophosphite anion type 
throughout a sufficient time interval to obtain a nickel 
plating upon said metal surface, and then heating said 
work-piece to a temperature at least as high as about 
425 C. so as to effect a diffusion reaction at the inter 
face between said nickel plating and said metal surface. 

2. The process of plating with nickel the metal surface 
of a work-piece, wherein said metal surface essentially 
comprises an amphoteric element selected from the group 
consisting of titanium, zirconium and hafnium; said proc 
ess comprising cleaning said metal surface by contact 
with a suitable cleaning bath, then conditioning said 
metal surface by contact with a pickling bath, wherein 
said pickling bath essentially comprises an aqueous solu 
tion of hydrochloric acid and hydrofluoric acid and a 
soluble salt of iron, the absolute concentration of hydro 
chloric acid in said pickling bath being about 8 mole/ 
liter, the absolute concentration of hydrofluoric acid in 
said pickling bath being about 4% mole/liter, then im 
mersing said work-piece in a chemical plating bath of 
the nickel cation-hypophosphite anion type throughout 
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a sufficient time interval to obtain a nickel plating upon 
said metal surface, and then heating said work-piece to 
a temperature at least as high as about 425 C. so as 
to effect a diffusion reaction at the interface between said 
nickel plating and said metal surface. 

3. The process of plating with nickel the metal surface 
of a work-piece, wherein said metal surface esssentially 
comprises a titanium alloy, said process comprising clean 
ing said metal surface by contact with a suitable cleaning 
bath, then conditioning said metal by contact with a 
pickling bath, wherein said pickling bath essentially con 
prises an aqueous solution of hydrochloric acid and hy 
drofluoric acid and a mild oxidizing agent, the absolute 
concentration of hydrochloric acid in said pickling bath 
being about 8 mole/liter, the absolute concentration of 
hydrofluoric acid in said pickling bath being about 4%. 
mole/liter, then contacting said metal surface with a 
chemical plating bath of the nickel cation-hypophosphite 
anion type throughout a sufficient time interval to obtain 
a nickel plating upon said metal surface, and then heat 
ing said work-piece to a temperature at least as high as 
about 425 C. so as to effect a diffusion reaction at the 
interface between said nickel plating and said metal 
surface. 

4. The process of plating with nickel the metal sur 
face of a work-piece, wherein said metal surface essen 
tially comprises a titanium alloy, said process comprising 
cleaning said metal surface by contact with a suitable 
cleaning bath, then conditioning said metal surface by 
contact with a pickling bath, wherein said pickiing bath 
essentially comprises an aqueous solution of hydrochlo 
ric acid and hydrofluoric acid and a soluble salt of iron, 
the absolute concentration of hydrochloric acid in said 
pickling bath being about 8 mole/liter, the absolute con 
centration of hydrofluoric acid in said pickling bath being 
about 4/2 mole/liter, then immersing said workpiece in 
a chemical plating bath of the nickel cation-hypophos 
phite anion type throughout a sufficient time interval to 
obtain a nickel plating upon said metal surface, and then 
heating said work-piece to a temperature at least as high 
as about 425 C. so as to effect a diffusion reaction at 
the interface between said nickel plating and said metal 
surface. 

5. The process of preparing the metal surface of a 
work-piece for plating thereon by a chemical plating 
bath of the nickel cation-hypophosphite anion type, 
wherein said metal surface essentially comprises an am 
photeric element selected from the group consisting of 
titanium, zirconium and hafnium; said process compris 
ing cleaning said metal surface by contact with a suitable 
cleaning bath, and then conditioning said metal surface by 
contact with a pickling bath, wherein said pickling bath 
essentially comprises an aqueous solution of hydrochlo 
ric acid and hydrofluoric acid and a mild oxidizing agent, 
the absolute concentration of hydrochloric acid in said 
pickling bath being about 8 mole/liter and the absolute 
concentration of hydrofluoric acid in said pickling bath 
being about 4% mole/liter. 

6. The process of preparing the metal surface of a 
Work-piece for plating thereon by a chemical plating bath 
of the nickel cation-hypophosphite anion type, wherein 
said metal surface essentially comprises an amphoteric 
element Selected from the group consisting of titanium, 
Zirconium and hafnium; said process comprising clean 
ing said metal surface by contact with a suitable cleaning 
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8 
bath, and then conditioning said metal surface by contact 
with a pickling bath, wherein said picking bath essen 
tially comprises an aqueous solution of hydrochloric acid 
and hydrofluoric acid and a soluble salt of iron, wherein 
one liter of said pickling bath contains the substantial 
equivalent of 900-10 cc. hydrochloric acid (18° Bé.) 
and 1002 cc. hydrofluoric acid 70%. 

7. The process of preparing the metal surface of a 
work-piece for plating thereon by a chemical plating bath 
of the nickel cation-hypophosphite anion type, wherein 
Said metal surface essentially comprises an amphoteric 
element selected from the group consisting of titanium, 
Zirconium and hafnium; said process comprising clean 
ing said metal surface by contact with a suitable clean 
ing bath, and then conditioning said metal surface by 
contact with a pickling bath, wherein said pickling bath 
essentially comprises an aqueous solution of hydrochloric 
acid and hydrofluoric acid and ferric chloride, the ab 
solute concentration of ferric chloride in said pickling 
bath being in the general range 0.09 to 0.36 mole/liter, 
the absolute concentration of hydrochloric acid in said 
pickling bath being about 8 mole/liter, and the absolute 
concentration of hydrofluoric acid in said pickling bath 
being about 4/2 mole/liter. 

8. The process of preparing the metal surface of a 
work-piece for plating thereon by a chemical plating 
bath of the nickel cation-hypophosphite anion type, 
wherein said metal surface essentially comprises a ti 
tanium alloy, said process comprising cleaning said metal 
Surface contact with a suitable cleaning bath, and then 
conditioning said metal surface by contact with a pick 
ling bath, wherein said pickling bath essentially comprises 
an aqueous solution of hydrochloric acid and hydro 
fluoric acid and a mild oxidizing agent, the absolute 
concentration of hydrochloric acid in said pickling bath 
being about 8 mole/liter and the absolute concentration 
of hydrofluoric acid in said pickling bath being about 
4/2 mole/iter. - 

9. The process of preparing the metal surface of a 
work-piece for plating thereon by a chemical plating 
bath of the nickel cation-hypophosphite anion type, 
wherein said metal surface essentially comprises a ti 
tanium alloy; said process comprising cleaning said metal 
surface by contact with a suitable cleaning bath, and 
then conditioning said metal surface by contact with a 
pickling bath, wherein said pickling bath essentially com 
prises an aqueous solution of hydrochloric acid and hy 
drofluoric acid and ferric chloride, the absolute concen 
tration of ferric chloride in said pickling bath being in 
the general range 0.09 to 0.36 mole/liter the absolute 
concentration of hydrochloric acid in said pickling bath 
being about 8 mole/liter, and the absolute concentration 
of hydrofluoric acid in said pickling bath being about 
42 mole/liter. 
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