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(57) ABSTRACT 
A solid solution layer of comprising one or 
more of the carbides of the metals titanium, vanadium, 
tantalum, or columbium or their carbides is formed 
on the surface of a hard metal body, such as tungsten 
carbide, by heating the hard metal body in contact 
with the coating metal, or an alloy, or a readily de 
composable compound thereof, at a temperature 
above about 900°C., or by electrolytic deposition, 
followed by heating. 

10 Claims, No Drawings 

  

  



Ra. 28,485 

METHOD OF PRODUCING COATINGS ON HARD 
METAL BODES 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by relissue. 

BACKGROUND OF THE INVENTION O 
It is well known that titanium carbide at elevated 

temperatures readily and rapidly incorporates large 
amounts of tungsten or tungsten carbide into its lattice, 
whereas tungsten carbide does not correspondingly ab 
sorb titanium or titanium carbide, or only in very small 
amounts. Therefore, in a mixture of titanium carbide 
and tungsten, the tungsten is taken up by the titanium 
carbide to a considerable percentage as the tempera 
ture increases. 

It is further known that in a mixture of titanium, tung 
sten and carbon, solid solution is mixed crystals 
are formed with the titanium carbide lattice at elevated 
temperature. Only when the amount of tungsten ex 
cceds the solubility limits for tungsten in titanium car 
bide, is tungsten carbide formed. These circumstances 
apply correspondingly to the metals vanadium, tanta 
lum, and columbium, as well as to their carbides. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, there is 
provided a process for the preparation, upon the sur 
face of a hard metal (cemented carbide) body contain 
ing tungsten carbide of a solid solution layer 
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of comprising titanium carbide, vanadium carbide, 35 
tantalum carbide and/or columbium carbide with 
tungsten carbide. This layer exhibits good adhesion 
to and coalescence with the hard metal body surface. 
The present invention comprises forming said solid 

solution layer by the reaction of any of the metals ti 
tanium, vanadium, tantalum, or columbium, or their 
alloys or readily decomposable compounds, individu 
ally or in combination, with the tungsten carbide of a 
hard metal body, on the surface of the hard metal body, 
at elevated temperature. The invention is based upon 45 
the principle that in a mixture of tungsten carbide with 
one or more of the aforementioned metals, or their al 
loys, or readily decomposable compounds, such as, for 
example, titanium hydride, or titanium tetrachloride. 
the tungsten carbide does not take up any titanium, but 50 
rather, the tungsten carbide is decomposed, and tita 
nium carbide is formed , and the latter absorbs the 
liberated tungsten into its lattice . 

DESCRIPTION OF THE PREFERRED 55 
EMBODIMENTS 

In accordance with one embodiment of the inven 
tion, the new method can be advantageously carried 
out in such manner that the hard metal body is embed 
ded in titanium hydride powder, heated under cover of 
a protective gas to a temperature above about 900C. 
and held at this temperature for the desired period of 
te 

in accordance with another embodiment of the in- 65 
vention, the hard metal body is heated in vacuum with 
titanium vapor and finally maintained for the desired 
time at a temperature above about 900'C. 

4) 

2 
in accordance with another embodiment, the hard 

metal body is exposed to the vapor of a volatile, readily 
decomposable titanium compound at elevated temper 
ature; advantageously there can be employed for this 
purpose titanium tetrachloride vapor at a temperature 
above about 900C, The higher the temperature of the 
treatment, the more rapid is the formation of the de 
sired solid solution layer. 

In accordance with still another embodiment of the 
invention, the hard metal body is coated with a layer of 
titanium electrolytically, and then maintained in a vac 
uum or under a layer of protective gas for the desired 
period of time at a temperature above about 900°C. 

In place of titanium or its compounds or alloys, there 
can also be employed, correspondingly, the decompos 
able compounds or alloys of the metals vanadium, tan 
talum, and columbium. 
Examples of suitable alloys of titanium and of the 

other metals include: 30% Ti, 70% V; 10% Ti, 90% 
Cb; 80% Ti, 20% Ta; 50% V, 50% Cb; 20% V, 80% 
Ta; 40% Cb, 60% Ta; 30% Ti, 30% V, 40% Cb; 10% 
Ti, 30% Cb, 60% Ta; 70% V, 15% Cb, 15% Ta; 25% 
Ti, 25% W., 25% Cb, 2.5% Ta. 
Examples of suitable decomposable compounds of 

titanium, and of the other metals include: TiCl, TiBr; 
Ti; VI; WC; CoCl: TaCls; TaBr. 
The upper limit of temperature of heating employed 

may vary within a wide range, but will generally not ex 
ceed about 1800C, 
Examples of protective or inert gases which may be 

employed in performing the process of the invention 
include: Hydrogen, helium, argon. neon, krypton, and 
mixtures thereof. 
Typical compositions of the hard metal body include: 

98% WC, 2% Co; 70% WC, 30% Co; 60% TiC, 35% 
WC, 5% Co; 5% TiC, 85% WC, 10% Co; 5% Tac, 
85% WC, 10% Co. 
The proportions of the coating metals or their com. 

pounds or alloys to those of the hard metal body may 
vary widely, but in general will range from about 0.0 
to about 2 parts per 100 parts of hard metal body, by 
weight. 
Where a powder is used for embedding purposes the 

average particle size is about 10pm. 
Where a vacuum is used, the range will be about 

10 mm. Hg. to the highest vacuum obtainable. 
EXAMPLE 

In a vacuum of 10 mm. Hg., titanium metal is 
heated to a temperature of 1260C., and by this means 
a titanium layer is vaporized upon a hard metal body 
consisting of 90% WC and 10% Co held at a tempera 
ture of 30°C. The hard metal body coated with this 
titanium layer is then heated, under argon, to a 
temperature of 1000°C. and held at this temperature 
for a period of 15 minutes. 

EXAMPLE I 

A hard metal body consisting of 5% TaC, 85% WC ) 
and 10% Co is embedded in fine-grained titanium hy 
dride powder having an average particle size of 10 p.m, 
is heated, under hydrogen, to a temperature of 1000°C. 
and held at this temperature for a period of 15 minutes. 

EXAMPLE II 

A hard metal body consisting of 70% WC and 30% 
Co is embedded in a fine-grained powder of a 20% 
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wanadium. 80% tantalum alloy having an average 
particle size of 10 um, and held, under helium, at a 
temperature of 1200°C. for a period of half an hour. 

EXAMPLE IV 

A hard metal body consisting of 20% TiC, 70% WC 
and 10% Co is exposed for a period of half an hour to 
a hydrogen flow carrying vaporized titanium tetrachlo 
ride, at a temperature of 1050°C. The grain size of the 
coating is 1 p.m to 5 p.m. 

EXAMPLE V 

In a process as described by M. E. Sibert and M. A. 
Steinberg in Journal of Electrochemical Society, vol. 
102 (1955), p. 641 to 647 a hard metal body consisting 
of 98% WC and 2% Co is electrolytically coated with 
a titanium layer having a thickness of about 5 um, and 
is then held, under hydrogen, at a temperature of 
1 100°C. for a period of half an hour. 

it will be understood that the above description of the 
present invention is susceptible to various modifica 
tions. changes and adaptations, and the same are in 
tended to be comprehended within the meaning and 
range of equivalents of the appended claims. 
We claim. 
1. A process for forming a solid solution layer 

on a surface of a hard metal body containing tungsten 
carbide, the layer comprising at least one member se 
lected from the group consisting of titanium car hide, 
vanadium carbide, tantalum carbide and columbium 
carbide, comprising applying to the surface of the hard 
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metal (dy a coating of (a) at least one member se - 
hected from the group consisting of titanium, vanadium. 
tantulum, and columbium, (b) alloys of (a) or e ) 
readily decomposable compounds of (a) and subject 
ing said surface of the hard metal body to an elevated 
temperature above about 900°C. for a period sufficient 
for forming the solid solution layer thereon. 

2. The process of claim 1 in which the surface is sub 
jected to the elevated temperature under vacuum. 

3. The process of claim 1 in which the surface is sub 
jected to the elevated temperature under a protective 
gas cover. 

4. The process of claim 1 in which the coating is ap 
plied to the hard metal body surface by vapor coating. 

5. The process of claim 1 in which the coating is ap 
plied in vapor form at elevated temperature. 

6. The process of claim 1 in which the coating is ap 
plied electrolytically, followed by heating at elevated 
temperature. 

7. The process of claim 6 in which said heating takes 
place in a vacuum. 

8. The process of claim 6 in which said heating takes 
place under a protective gas. 

9. A process according to claim 1 wherein the solid 
solution layer comprises titanium carbide. 

10. A hard metal body containing tungsten carbide 
and having a surface coated with a solid solution 
layer comprising at least one member selected from the 
group consisting of titanium carbide, vanadium car 
bide, tantalum carbide and columbium carbide. 

k : k is k 
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