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UNITED STATES PATENT OFFICE 
2,555,372 

METHOD OF COATING REFRACTORY 
READLY OXDZABE WETALS 

John H. Ramage, Bloomfield, N. J., assignor to 
Westinghouse Electric Corporation, East Pitts 
burgh, Pa., a corporation of Pennsylvania, 
Application October 2, 1944, Serial No. 556,810 

(CI, 204-38) 3 Claims. 
1. 

This invention Irelates to readily-oxidizable re 
fractory metals protected against oxidation, and 
methods for accomplishing Such a result. 
The principal object of my invention, gener 

ally considered, is to produce articles constructed 
of refractory but readily-oxidizable metals, in 
Which oxidation thereof is prevented by a coating 
Or plating of chromium. w 
Another object of my invention is to protect 

articles which are constructed of refractory, but 
lreadily-oxidizable metal Such as molybdenun, 
tungsten, tantalum, zirconium, thorium, uranium 
and other similar metals and alloys thereof, by 
electroplating with chromium and then heat 
treating in a hydrogen atmosphere at a temperas 
ture sufficient to cause the plating to form a 
chromium-molybdenum eutectic or such between 
the chromium and metal on which it is plated, 
Which provides for firm adherence between the 
chronium and the refractory metal, Whereby the 
latter is protected from oxidation up to 1500° C., 
and possibly as high as the melting point of the 
chromium-refractory-metal eutectic, that is, 
about 1725° C. if the refractory metal is molyb 
denum. 
A further object of my invention is to protect 

Such metals and alloys as above mentioned by 
chronizing the surfaces thereof, that is, packing 
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2 
moderately high temperatures. Molybdenum, for 
example, Starts to oxidize at about 400° C. and at 
about 700° C. the oxide is volatile, so that at any 
temperature above that mentioned, it not only 
Oxidizes when exposed to an oxidizing atmos 
phere, but the oxide formed volatilizes away very 
quickly and at an increasing rate as the tempera 
ture is increased. 

I have found a method to prevent this Oxida 
tion and volatilization and thus make it possible 
to utilize the high temperature properties of a 
metal Such as molybdenum, even in an oxidizing 
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then in powdered chromium or a mixture of 
powdered chromium and chronic oxide, and heat 
ing for Several hours in hydrogen at a tempera 
tuite of about 100° C. 

Still further objects of my invention are arti 
cles of refractory readily-oxidizable metals, the 
Surfaces of which are protected against oxida 
tion by firmly adherent coatings of chromium. 
Other objects and advantages of the invention 

Will become apparent as the description proceeds. 
Referring to the drawing: 
Fig. 1 is a vertical sectional view of a plating 

bath which may be used for coating articles with 
chronium, 

Fig. 2 is a vertical Sectional view of a furnace 
in which articles so plated may be heat-treated, 
or in which articles may be chromized. 

Fig. 3 is a transverse sectional view of an arti 
cle of molybdenum coated or plated with chromi 

There are a number of metals such as molyb 
denum, tungsten, tantalum, zirconium, thorium, 
Iranium, and other similar metals 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 
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atmosphere. My method consists in coating the 
Surface of the molybdenum with chromium, either 
by plating and heat treating, or chronizing by 
heat treating the article while covered with pow 
dered chromium or a mixture of powdered chro 
Inium and chronic oxide, as distinguished from 
using therewith a lower melting-point alloying 
metal or metals. The heat treating of the plated 
molybdenum is in hydrogen or other reducing 
or protective atmosphere, preferably at about 
1100 C. for from about 15 minutes to A hour. 
However, the chromizing of molybdenum parts 
requires Several hours in hydrogen or other re 
ducing or protective atmosphere at about 1100° C. 

I have found that molybdenum, so coated or 
plated with chromium in this manner, resisted 
oxidation and volatilization even in an oxidizing 
atmosphere up to about 1500° C. It is believed 
that such resistance extends up to the melting 
point of the chromium-molybdenum eutectic, 
that is, up to about 1725° C. The thickness of 
the coating in the instance referred to was about 
12 mils, but such thickness may be varied de 
pending On the uses to which the article is to be 
put and the temperature to which it is to be sub 
jected. 
On heating, the chromium migrates into the 

molybdenum at such a rate that it will be ab 
Sorbed completely in about 25 hours at 1630° C. 
It is conceivable, therefore, that the effectiveness 
of chromium as a protector may be impaired if 
the coated article is held at a temperature as high 
as 1630°C. for about 50 hours or more. However, 
I have found that operating as low as 1500° C., 
the chromium-plated molybdenum would still ef 
fectively resist oxidation for several thousand 
hours and at lower temperatures almost indefi 
nitely. Although the surfaces do tarnish or dark 
en a little, probably due to a superficial coating of 
Some oxide of chromium, such coating adheres 
very tightly to the metal therebeneath and stops 
further oxidation. 

Referring to the drawing, like parts being des 
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ignated by like reference characters, a container 
is shown in Fig. 1 holding an electroplating 

bath 2 of a chromium compound Such as is used 
conventionally for chromium plating. The arti 
cle to be plated, designated 3, is made the cath 
ode and in this instance, is formed of molybden 
um. The anode 4 may be made of chromium or 
carbon. 

After electroplating the article 3, or as much 
thereof as desired, with chromium to the required 
thickness, the plated article is covered with pow 
dered chromium or a mixture of at least 50% 
chromium powder and powdered chromic oxide, 
and transferred to an electric furnace 5 where 
it is heated in a hydrogen or other reducing or 
protective atmosphere, as by means of an elec 
trical resistance element 6 surrounding a tube 

7 of alumina, to about 1100° C. for from about 
15 to 30 minutes. 
As an alternative, an article 3 of molybdenum 

may be covered with powdered chromium 8, or 
a mixture of at least 50% of such powdered chro 
mium and powdered chromic oxide, and placed 
in a boat S of alumina or other inert refractory 
material and subjected to heating in a hydrogen 
or other reducing atmosphere for Several hours 
at about 1100° C. This causes chromium to be 
deposited on the surface of the molybdenum 
article, the thickness of the coating depending 
on the length and temperature of treatment. 
From the foregoing, it will be seen that I have 

provided for the protection of molybdenum and 
other similar materials against Oxidation, where 
by such may be used in oxidizing atmospheres up 
to relatively high temperatures. Although Spe 
cific methods for treating molybdenum Only has 
been disclosed, it will be understood that Similar 
methods may be used for applying protective 
coatings to molybdenum alloys, tungsten and 
alloys, and tantalum and alloys With equal facil 
ity. It is also believed that such coatings can 
be applied to other similar metals Such as Zir 
conium, thorium, uranium and other easily oxi 
dizable but refractory metals and alloys thereof. 
Although preferred embodiments of my inven 

tion have been disclosed, it will be understood 
that modifications may be made within the Spirit 
and scope of the appended claims. The term 
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4. 
"hydrogen' or "hydrogen atmosphere' in Said 
claims includes such in which hydrogen is a 
diluted active ingredient and the Word 'metal' 
includes alloys of metals. 

I claim: 
1. The method of protecting against oxidation 

at high temperatures, articles constructed of re 
fractory but readily-oxidizable metals and alloys 
thereof comprising electroplating them with 
chronium, covering said plated articles with pow 
dered chromium, and heating in hydrogen at a 
temperature of about 1100° C., to obtain a firmly 
adherent coating of chromium thereon. 

2. The method of protecting molybdenum arti 
cles against oxidation at high temperatures, com 
prising electroplating them with chromium, 
covering said plated articles with powdered chro 
mium, and heating in hydrogen at a temperature 
of about 1100° C., to obtain a firmly-adherent 
coating of chronium thereon. 

3. The method of protecting against oxidation 
at high temperatures, articles constructed of 
metal selected from the group consisting of 
molybdenum, tungsten, tantalum, zirconium, 
thorium, uranium, and refractory but readily 
Oxidizablé alloys thereof, comprising electroplat 
ing them with chromium, covering Said plated 
articles with powdered chromium, and heating 
in hydrogen at a temperature of about 1100° C., 
to obtain a firmly-adherent coating of chromium 
thereon. 

JOHN H. RAMAGE. 
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