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PROTECTION OF MOLYBDENUM ' “mm 
STEN AT men TEMPERATURES‘ 

Martin F. Quaely, Montclair, and William‘ c. Lilliendahl, ' 
Mountain Lakes, N. J., assignors to Westinghouse Elec 
tric Corporation, Eastl’ittsburgh, Pa‘., a corporation 

ofPennsylvania ‘a . H: " V Application June 29, 1953, Serial No. 364,632 

5 claimsiwicl. 204-32), ‘ ‘ 

' This, invention relatesjtovreadily- oxidiaable metalsiand . 
improved means for protecting them. against oxidation at 

elevated temperatures. 1 a, . , . _, ~ . The principal object of , our invention, generallyron 

sidered,.is to produce ‘,articlesfrom refractory readily 
oxidizable metals in1whichv-oxidation thereof at elevated 
temperatures is prevented by acomplex coating, which 
is not only, ?rmly adherent, but ?exible without peeling 
from the base material. _ , , U , 

_,-Another object, of our ‘invention is ‘to protect articles 
which,. are constructed of refractory butv readily-oxidizable 
metals, such as molybdenum, tungsten, alloys thereof with 
eachother, and alloys ithereof with smallproportions of 
metal of the group consisting of cobalt, ,nickel and iron, 
comprisingcleaning said articles,.and, electroplating them 
with a black chromium-vanadium or chromium-nickel 
vanadium complex.‘ ; _ _‘ o . . o , 

A further object of our invention, is the protection of 
molybdenum and other materials havingjsimilar oxidation 
characteristics with coatings of improved ductility and’, 
resistance consisting‘of‘black complex chromium base 
coatings electrolytically applied and including a proportion 
of, vanadium. . 

Other objects and advantages of the'invention‘ will be- . 
comeapparent as the description proceeds. 

_ Referring to the drawing: 
Figure 1 is a yertical ,sectional viewof a plating bath 

which may be usedfor coating articles in accordance 
with our invention. . , ,. 

_ Figure 2 is a transverse sectional view of;an article of 
molybdenum coated or plated with a chromium-vanadium _ 
complex. 

Figure 
which articles soplate'd may be heat treated for improv 
ing their characteristics. , . . . . , 

v here are a number of metals, such as molybdenum, 
tungsten and alloys thereof, and particularly molybdenum, 
which have very good and useful properties as to strength, 
hardness and relatively high melting. points, but which 
are,’ susceptible to oxidation‘ at moderately high tempera 
tures. ‘Molybdenum, .for' example, starts to oxidize at 
about 400°¢.C., and at about 700° C. ‘the oxide is not only 
rapidly formed but is volatile, so that at any temperature 
thereabove it not only oxidizes whenin contact with an , 
oxidizing atmosphere, but the formed oxide volatilizes 
very quickly, and at a corres‘po’ndingrate as the tempera 
ture‘ is increased. It is obvious that under such conditions 
molybdenum is very soon destroyed unless ‘protected. ‘ 

Various methods forprotecting ‘molybdenum, tungsten, I 
alloys thereof with each other, and alloys thereof having. 
approximately the oxidation properties of .such metals, 
such as those with only small'proportions of metal 'of 
the group consisting of cobalt, nickel and iron, have been 
proposed and tried. By the expression ‘,‘alloys of molyb4 
denum with ‘small proportions of metal selected from the 
group ‘consisting ‘ of cobalt, ‘nickel, iron >_a_nd tungsten,” 
we mean-such in‘ Which‘the proportion of‘any one of the 

3 is a vertical ‘sectional view of a, furnace in . 
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-. ?rst three mentioned, alloyingmetalsis ‘not greater than 
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115%, and in which the proportion of tungsten is not 
greater than ‘20%. In the same way the expression “al 
loys of tungsten with small proportions of metal selected 
from the group consisting of cobalt, nickel, iron and 
molybdenum,” means such in which the proportion of any 
one of‘the ?rst three mentioned alloying metals is not 
greater than J/2% and in which the proportion ofv molyb 
denum is not greater than 20%., It will, however, be 
understood that our invention is also suitable for protect-_ 
ing‘ alloys of molybdenum and tungsten in any propor 
tion, with and without small proportions of alloying 
metals selected from the group consisting of’ ‘cobalt, 
nickel and iron. .In other words, our method is suitable 
for protecting any refractory readilyoxidizable metal 
from oxidation at high temperatures; 

, At the present time, probably the most widely used 
protection for molybdenum is a coating of molybdenum 
silicide. Such av coating may be produced by vapor de 
positing a thin layer of silicon on the hot surface of 
molybdenum. ,It can also be formedby a painted or 
sprayed on and sintered method, or one such as described 
and claimed in the Garrison and Lovett application, Ser. 
No. 759,256, ?led July 5, 1947, now patent No. 2,650,903, 
?led July 5, 1947, and owned by the assignee of the 
present application. While such a coating has very good 
protective value at elevated temperatures, its brittleness 
may result in cracking when struck or deformed. In 
ordertobe of . value, any-protective coating must com 
pletely cover the molybdenum or tungsten surface. Any‘ 
defects, such as a crack or pinhole makes the coating use 
less since molybdenum, or other similar material, will 
erode by oxidation at the pointof defect. 

Other suggested methods of protection for molybdenum 
are the formation of alloys thereon, the application of 
ceramic coatings, and cladding. All of such methods 
however are very limited in application, and there is still 
a great need for protective coatings for molybdenum and 
the like. ‘a 

In accordance with our’ invention, we employ electro 
deposited coatings for the protection of metals of the 
class contemplated. Speci?cally, we propose a process 
whereby a black complex chromium base coating is ap 
plied electrolytically to the surface of the metal to be 
protected. Such a coating is preferably a chromium~ 
vanadium or chromium-nickel-vanadium complex. 

Before applying such a coating to a surface to be pro 
tected against oxidation, the same is thoroughly cleaned to 
remove any oil, grease, or contamination therefrom. This 
may be accomplished by methods now in general use for 
such purpose. However, a more thorough cleaning can be 
given, in addition to the above, by ?ring the molybdenum 
in a non-carburizing reducing atmosphere, such as is pro 
vided by hydrogen. Such a treatment produces a very‘ 
clean active surface on molybdenum or other similar mate 
rials, as contemplated. 
The clean molybdenum piece is made of the cathode 

13 in ‘an electrolytic! cell, with the anode or anodes 14 
made of lead, carbon, graphite, or other material which 
is insoluble when so used in chromium plating. Such 
a cell is represented in Fig. 1 of the drawing, which is 
now referred to speci?cally. In said ?gure, a container 
or tank 11 of material resistant to the action of the. 
electrolyte, such as glass‘ or other ceramic, is shown 
holding an electroplating bath 12 of a composition con 

- _sisting of an aqueous solution of chromium trioxide 

70 

(150 to 350 grams per liter) and a vanadium salt or 
salts (2 to 10‘ grams of vanadium per‘liter) so that 
there is present from 100' to 20 parts by weight 'of 
chromium per part of vanadium. Thus, a solution vis 
desirably‘ prepared from chromium trioxide (C103) 



and ‘a vanadium salt‘or salts, in the ratio of about 20 
parts-chromium-to aboutl‘part vanadium. Although‘ 
any soluble vanadium salt, not including harmful mate 
r1al,,may be employed, we prefer. ammonium ,metavanar 
date‘; However, ,other. soluble Ivanadiu‘m compounds,v 
such as_vanadium halide or the nitrate, may be sub? 
stituted. ' 

~ Atypical solution contains chromium trio‘xide (CrOs), 
ZOO-grams per liter, ammonium metavanadate, 20‘ grams ‘ 
per~liter, and glacial?‘acetic acid, 6.5 ml‘. per liter.. The 

acetic acid, ‘or. other soluble‘ carboxylic acid, such formic, citric‘, oxalic or propionic' acid is addedin a 
proportion of from :3 to 20‘grams per literto increase 
the working temperature range and ‘obtain more uniform. 
coatings. _ I I 

Another-electrolyte that can be used to ‘produce such 
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“ ‘evident lo'ss 'of"“molybde‘num. The higher the tempera-' 
?red in air at 1200° C. for several hours without any 

ture of the ?ring in hydrogen and the longer the dura 
tion of this ?ring, the more diffusion of the coating into 
the molybdenum occurs. The use to which the article 
is to be put determines .whethenit is permissibly ?red 
at such,_,temperatures., , , I , I , 

Althoughgp‘referred.fembodiments have been disclosed, 
' it will be understood that modi?cations may be made 
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protectivecoatings contains chromium trioxide, nickel‘ 
chloride, and ,a soluble vanadium salt, in an approximate 
ratioiof 20 ‘parts chromium to 4 parts nickel to 1 part 
vanadium. A typical “,solution' contains chromium 
trioxide '(Cros‘), 200‘ grams per‘ liter; nickel chloride 
(NiC'l2-6H‘2O), 80 grams per liter; and 5 ‘grams per 
liter of vanadium dissolved in just su?‘icient nitric acid 
toeffect solution of the metal. To each liter of' solu-v 
tion,~ 5 to 10ml. of glacial acetic acid, or other soluble 
carboxylic acid, is added. Nickel‘ sulfate is not a sub 

within. the, ‘spirit: and {scope .of.i.the. invention; . 
We claim: _ . ' 1 a . r 

1.1 The method'of protecting against oxidation-at high 
temperatures articles constructed of metal-of‘the group 
consistingpfmolybdenum; tungsten,_ and alloys there 
of with each otherand with small proportions of metal 
of the group consisting toftcobalt,>'nickel*and iron, com 
prising cleaning said articles, and electroplating by mak 

_. ing them cathodes in an electrolytic cell with lead anodes, 

20 
and 'in' which the electrolyte ‘consists of an aqueousso 
lution~ o?i'chronioacid "containing 150 to 350"'gramsv 
of chromium trioxide per liter and vanadium salt con 
tainingl‘to 10 grams-of vanadium per liter, with a ratio 

- .of about twenty'parts chromium to one part'vanadium, 

25 

stitute' for nickel chloride in such an electrolyte, as the‘ 
sulfate radical produces inferior coatings. 

After electroplating from‘ one ofthe solutions before 
mentioned, a-black uniform deposit is obtained upon 
the-metal ‘surface with a current-density of one‘ ampere 
per square centimetenand at a potential difference be 
tween the electrodes 13 and 14 of‘ about l2'to‘ 15 volts. 
The temperature of the» bath is desirably maintained 
between'35" ‘and 50° C., cooling coils (not shown) being ‘ 
used in- the electrolyte, ifv necessary.‘ The deposit on 
the cathode 13 consists of ?nely divided chromium metal, 
in- a mixture of the oxides of chromium and-vanadium 
or 'in a mixture of the oxides of chromium, nickel and 
vanadium and of ?nelydivided "nickel metal. 
must be taken that the deposit‘completely covers the 
surface of the material to be protected, with‘no ‘pin 
holes. 
plete coverage of vvthe‘ surface. The thickness of the 
deposited material 18,- as-shown in Fig. 2,'of' course 

Care , 
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The application of several layers insures com-7 

depends on the length of time the plating is continued. ’ 
A ldesirable thickness is from .001" to .005", which 
may vbe obtained in'a period of, from 5 to 25 minutes. I 

After plating, the oxidizable refractory metal has a 
protective coating on its surface, which isv not only re- ' 
sistant to oxidation when heated in an oxidizing atmos— 
phere, but it is also resistant to the‘ action of nitric 
acid and many other chemical reagents, except hydro 
chloric acid by which it is slowly-attacked. 

Durability of the coating may ‘be improved by ?ring ' 
in-hydrogen'for‘several hours at>about 1200° C. An 
electric furnace,~for this purpose, is illustrated at '15 
inmFig. 3. In such a furnace‘ the plated molybdenum 
or-the like is-heated in a strea‘mof hydrogen, or other 
non-carburizing reducing or, protective atmosphere in 
which hydrogen is the active ingredient, as'by means of 
an electrical resistance element 16 surrounding a tube 17 
of- alumina to‘ about 1200° C. for preferably several 
hours. 
furnace in a boat 19, of alumina or other inert refractory 
material,‘ while subjected to the'action of the reducing 
atmosphere. 

After the ?ring in hydrogen -or the like, additional 
layers of the coating can be applied, followed by another 
cycle of ?ring in the reducing atmosphere after the 
application of each layer. In thisway the' coating is 
at, least partially diffused into ‘the metal to be protected,‘ 
thereby increasing its protectiveproperties and bonding, 
and a "dense, protectiveHcoating is obtained. , Molyb-v 
denum. 1f0.r.;.examPle,-...coated. in..~.thi.s manner?!‘ has :been = 

The'coatedmaterial 13 may be held insaid~ 

saidele'ctrolyte'also-containing acetic acid to increase 
the working temperature‘range and obtain more uniform‘ 
coatings‘, ‘With‘ia current! density during plating of about= 
one ampere per square centimeter, with a potential dif-' 
.fereneeofabout 12 to‘ 15 volts, and a bath temperature 
of~between35~° and~509 C.,‘ to'i'produce thereon a/chror 
mium-vanadium complex. > 

2.‘1_The=method= of‘ protecting against oxidation at/high ' 
temperatures articles constructed ‘of-metal of the group 
consisting'of-imolybdenum, tungsten, and alloys thereof " 
wit-h‘ eachhoth‘er and'with smalbproportions of metal‘ of ' 
‘the group consisting, of cobalt, nickel and iron, compris- 
ing cleaningsaid'articles, electroplating 'by'making them 
cathodes inkanéelectrolytic 'cell' with ‘lead ‘anodes, and 
in twhich"the5'electrolyte consists'of an aqueous solution 
of chromic-acid- containing 150 to'350 grams ofchro 
miumetrioxide per liter-and vanadium'salt' containing 2 
to 10 grams of vanadium per liter, with a ratio of about 
twenty‘ parts'chromium‘to one part vanadium, said elec 

ing temperature range and obtain more uniform‘ coat 
ings,-'with~a-current' density during plating of about one 
ampere per square ‘centimeter, with a potential ‘differ-‘I 
ence of about 12 to 15 volts, and a bath temperature 
of between *35‘?‘ and 50° C., to produce thereon a chr0 

.trolyte also containing acetic-acid 'to'increase 'theworki’ 

mium-vanadium' complex, and ?ring in hydrogen for‘ 
several hours at about 1200° C. to diffuse the coatings ‘ 
into the articles.‘ 

3. The method ‘of protecting against oxidation at high‘. 
temperatures articles constructed of "metal'of ‘the group 
consisting -of"inolybdenum,_ tungsten, and alloys thereof 
wi_th*eachother-and‘withsmallproportions of metal of ' 
the groupIconsisting of, cobalt, nickel and iron, compris-‘ 
ing cleaning said,’ articles, and electroplatingby making 
them‘ca'thodes in an electrolytic cell in which the elec-I 
troly'tIe'consists, of an aqueous solution of chromic acid 
containing 150‘ to '350 grams of chromium trioxide. per 
liter, and ‘vanadium salt containing 2 to 10 grams of 
vanadium‘ per; liter, said electrolyte also containing 
acetic acid to increase ;the working temperature range I, 
and ‘obtain more uniform coatings, with a current‘den 
sity during plating" of about one ampere per square 
centimeter, and a bath temperature of between 35"v and 
50° C., to produce thereon a chromium-vanadium com 
plex. I I ‘ I 

I 4. ‘The method of protecting against oxidation at high 
temperature articles constructed of metal of the group, 
consisting ,of_ molybdenum, tungsten, and. alloys thereof. 
with each other~_and_ with small proportions of. metalof 
the groupiconsisting Iof;cobalt, nickel and iron, compris-t 
ing A .cleaning said garticles,v electroplatingby making 7 them} 
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cathodes in an electrolytic cell in which the electrolyte 
consists of an aqueous solution of chromic acid contain 
ing 150 to 350 grams of chromium trioxide per liter and 
vanadium salt containing 2 to 10 grams of vanadium 
per liter, said electrolyte also containing acetic acid to 
increase the working temperature range and obtain more 
uniform coatings, with a current density during plating 
of about one ampere per square centimeter, and a bath 
temperature of between 35° and 50° C., to produce 
thereon a chromium-vanadium complex, and ?ring in 
hydrogen for several hours to diifuse the coatings into 
the articles. 

5. The method of protecting against oxidation at high 
temperatures articles constructed of metal of the group 
consisting of molybdenum, tungsten, and alloys there 
of with each other and with small proportions of metal 
of the group consisting of cobalt, nickel and iron, com 
prising cleaning said articles, and electroplating by mak 
ing them cathodes in an electrolytic cell in which the 
electrolyte consists of an aqueous solution of chromic 
acid containing about 200 grams of chromium trioxide 

10 

15 

20 

per liter, nickel chloride containing about 80 grams 
NiCl2~6H2O per liter, and vanadium salt containing 
about 5 grams of vanadium per liter, said electrolyte 
also containing acetic acid to increase the working tem~ 
per-ature range and obtain more uniform coatings, with a 
current density during plating of about 1 ampere per 
square centimeter, and a bath temperature of between 
35° and 50° C., to produce thereon a chromium-nickel 
vanadium complex. 
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