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ticularly described in and by the following 
statement: — 

The present invention relates to the reduc-
10 tion of oxides of refractory metals and is par-

ticularly directed to the reduction of tungsten 
oxide and molybdenum oxide. It will be well 
known that tungsten and molybdenum metals 
and their carbides have very great import-

15 ance, for example for special steels and tool 
tips. 

In the particular case of tungsten, it has 
hitherto been the practice when making either 
tungsten metal or its carbide to reduce tungstic 

20 oxide with hydrogen in order to form the 
metal. This process has to be carried out at 
temperatures up to 1000°C and using a large 
excess of hydrogen, which requires to be 
carefully dried before recirculation. In order 

25 to make the carbide it has been the practice 
to take the metal produced as described above, 
ball mill it with the calculated proportion of 
carbon, compact it, sinter it in hydrogen 
at about 1500°C, and finally reduce the result-

30 ing sintered compact to a fine powder. It will 
be appreciated that both the above processes 
are difficult and expensive. 

It is an object of the present invention to 
provide a new or improved process for the 

35 reduction of tungsten oxide and molybdenum 
oxide. 

According to the present invention a process 
for reducing tungsten oxide or molybdenum 
oxide comprises contacting, a bed of the hot 

40 oxide with a current of carbon monoxide gas 
and recirculating the mixed monoxide and 
dioxide off-gases over a reducing agent for 
reducing carbon dioxide to monoxide to the 
bed. 

45 In the case of tungsten, the reactions which 
take place can be represented as follows: 

In practice, we have found that the product 
is either the carbide or the metal, depending 50 
upon the temperature and the partial pressure 
of carbon dioxide. Thus if a very low con-
centration of carbon dioxide is maintained, 
the reaction follows the second equation and 
the carbide is prepared. On the other hand, 55 
if the carbon dioxide concentration is allowed 
to build up, the metal itself is formed, and 
the permissible limits of carbon dioxide con-
centration depend on temperature, as will be 
apparent hereinafter. 60 

According to a particular aspect of the 
invention the reducing agent is therefore 
arranged to reduce substantially all the carbon 
dioxide in the mixed off-gases to the mon-
oxide and the bed is maintained at a tem- 65 
perature and the carbon dioxide concentration 
is maintained below an equilibrium value such 
that the product is tungsten carbide or molyb-
denum carbide. 

It will be appreciated that in die reactions 70 
in accordancc with the present invention no 
hydrogen is present, so that the hazards of 
using this material are avoided, and more-
over there is no production of water, which 
causes undesirable grain growth. Simple recir- 75 
culation of the off-gases over a reducing agent 
such as a bed of hot carbon converts the 
carbon dioxide back to carbon monoxide. It 
will also :be appreciated that since the carbon r 

for the production of carbide is present in 80 
the gas phase, better control of the stoichio-
metry of the product is possible. Thus the 
present invention may also be used for refin-
ing carbon-deficient carbide (e.g. tungsten 
carbide containing oxide) made by other 85 
routes. 

The invention from another aspect also 
comprises a process for producing tungsten 

I P ERRATA SUP ATTACHED 



PATENT SPECIFICATION <u> 1 312 457 
DRAWINGS ATTACHED 

^ (21) Application No. 20865/69 (22) Filed 23 April 1969 
QO (23) Complete Specification filed 14 April 1970 

(44) Complete Specification puplished 18 April 1973 
rH (51) International Classification C01B 31/34 

(52) Index at acceptance 
H CIA E10A E2G G21 G38 

C7D 14A2 14A3B 14A3C 14A4B 
F4B IB A13A4A C12 C3 

(72) Inventor THOMAS RHYS JENKINS 

(54) IMPROVEMENTS IN OR RELATING TO THE 
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(71) We, UNITED KINGDOM 
ATOMIC ENERGY AUTHORITY, London, 
a British Authority, do hereby declare the 
invention, for which we pray that a patent 

5 may be granted to us, and the method by 
which it is to be performed, to be par-
ticularly described in and by the following 
statement: — 

The present invention relates to the reduc-
10 tion of oxides of refractory metals and is par-

ticularly directed to the reduction of tungsten 
oxide and molybdenum oxide. It will be well 
known that tungsten and molybdenum metals 
and their carbides have very great import-

15 ance, for example for special steels and tool 
tips. 

In the particular case of tungsten, it has 
hitherto been the practice when making either 
tungsten metal or its carbide to reduce tungstic 

20 oxide with hydrogen in order to form the 
metal. This process has to be carried out at 
temperatures up to 1000°C and using a large 
excess of hydrogen, which requires to be 
carefully dried before recirculation. In order 

25 to make the carbide it has been the practice 
to take the metal produced as described above, 
ball mill it with the calculated proportion of 
carbon, compact it, sinter it in hydrogen 
at about 1500°C, and finally reduce the result-

30 ing sintered compact to a fine powder. It will 
be appreciated that both the above processes 
are difficult and expensive. 

It is an object of the present invention to 
provide a new or improved process for the 

35 reduction of tungsten oxide and molybdenum 
oxide. 

According to the present invention a process 
for reducing tungsten oxide or molybdenum 
oxide comprises contacting a bed of the hot 

40 oxide with a current of carbon monoxide gas 
and recirculating the mixed monoxide and 
dioxide off-gases over a reducing agent for 
reducing carbon dioxide to monoxide to the 
bed. 

45 In the case of tungsten, the reactions which 
take place can be represented as follows: 

W O a + 3 C O ^ W + 3 C O . 
... (1) 

WOs+5 CO ^ WC+4 C02 
... (2) 

In practice, we have found that the product 
is either the carbide or the metal, depending 50 
upon the temperature and the partial pressure 
of carbon dioxide. Thus if a very low con-
centration of carbon dioxide is maintained, 
the reaction follows the second equation and 
the carbide is prepared. On the other hand, 55 
if the carbon dioxide concentration is allowed 
to build up, the metal itself is formed, and 
the permissible limits of carbon dioxide con-
centration depend on temperature, as will be 
apparent hereinafter. 60 

According to a particular aspect of the 
invention die reducing agent is therefore 
arranged to reduce substantially all the carbon 
dioxide in the mixed off-gases to the mon-
oxide and the bed is maintained at a tem- 65 
perature and the carbon dioxide concentration 
is maintained below an equilibrium value such 
that the product is tungsten carbide or molyb-
denum carbide. 

It will be appreciated that in the reactions 70 
in accordance with the present invention no 
hydrogen is present, so that the hazards of 
using this material are avoided, and more-
over there is no production of water, which 
causes undesirable grain growth. Simple recir- 75 
calation of the ofi-gases over a reducing agent 
such as a bed of hot carbon converts the 
carbon dioxide back to carbon monoxide. It 
will also be appreciated that since the carbon 
for the production of carbide is present in 80 
the gas phase, better control of the stoichio-
metry of the product is possible. Thus the 
present invention, may also be used for refin-
ing carbon-deficient carbide (e.g. tungsten 
carbide containing oxide) made by other 85 
routes. 

The invention from another aspect also 
comprises a process for producing tungsten 
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carbide or molybdenum carbide wherein 
tungsten oxide or molybdenum oxide at an 
eleyated temperature is contacted with carbon 
monoxide and the partial pressure of the 

5 carbon dioxide produced is maintained below 
an equilibrium value, dependent on said tem-
perature, at which conversion to tungsten 
carbide or molybdenum carbide as distinct 
from tungsten metal or molybdenum metal is 

10 favoured. 
The said partial pressure may be main-

tained below said value by controlling the 
supply of carbon monoxide. 

According to a further aspect of die present 
15 invention the reduction of tungsten oxide or 

molybdenum oxide is carried out under con-
ditions such that the product is tungsten metal 
or molybdenum metal. 

According to yet a further aspect of the 
20 present invention there is provided tungsten 

oxide or molybdenum oxide reducing 
apparatus for reducing either tungsten oxide 
or molybdenum oxide to produce either metal 
or carbide comprising a kiln for containing a 

25 bed of the oxide, heating means external to 
the kiln for heating the bed of oxide, means 
to pass carbon monoxide gas to the lain to 
contact the bed of oxide, a vessel for contain-
ing a reducing agent for reducing the gas 

30 leaving the kiln to carbon monoxide, means 
for passing the gases leaving the kiln to 
the vessel for containing the reducing agent 
and means for recycling the carbon monoxide 
from the vessel for containing the reducing 

35 agent to the bed, there also being provided 
means for controlling the relative proportions 
of carbon monoxide and carbon dioxide in 
the lain and the temperature of the oxide so 
as to produce either metal or carbide as 

40 required. 
The apparatus may include a conveyor 

means for continuously feeding oxide to the 
kiln and means to continuously remove from 
the kiln the product produced by the reaction 

45 with the carbon monoxide gas. 
In order that the present invention may 

more readily be understood, certain embodi-
ments of the same will now be described 
by way of example and with reference to the 

50 accompanying drawing in which: 
Figure 1 shows typical thermo-balance 

curves. 
Figure 2 shows curves relating vol%(CO») 

eq, against temperature, 
55 Figure 3 shows schematically an apparatus 

for carrying out the invention, and 
Figure 4 shows also schematically a further 

apparatus for carrying out the invention. 
Referring now to Figure 1, tungsten oxide 

60 was heated on a thermo-balance at 850°C 
and 1000°C in a flowing atmosphere of 
carbon monoxide. It will be seen from the 
curves that the reaction at the higher tem-
perature goes first to the metal and then, as 

65 the carbon dioxide product is. purged , away, 

goes to the carbide. At die lower temperature 
die reaction goes more nearly directly to the 
carbide. We have found that using gas at 
attnosphric pressure, a carbon dioxide , con-
centration in the range 5—37% by volume 70 
at 1100°C will give the metal. At 1500°C a 
carbon dioxide concentration as high as 33% 
may be used. It follows that to produce the 
carbide at 1100°C the carbon dioxide con-
centration must be less than 5%, but to 75 
produce the carbide at 1500°C the C02 con-
centration would need to be kept to an 
unpractically low level. 

It will be apparent that it is easy to ensure 
a relatively low proportion of carbon dioxide 80 
in a furnace by ensuring an adequate flow 
of carbon monoxide gas. On the other hand, 
if it is desired to have a high proportion 
of carbon dioxide, this is best ensured by 
having a low flow rate of carbon monoxide. 85 

Two comparative experiments were carried 
out at 1100°G on a fixed bed of 400 grams 
of tungstic oxide. This oxide was reduced by -
carbon monoxide in the first experiment by 
allowing a build-up of the carbon dioxide 90 
content of the gas phase, and in the second 
experiment by purging away the carbon -
dioxide as it was formed. 

The product was analysed, and in the first 
exoeriment die weight analysis was tungsten 95 
99.95%, carbon 0.03%, oxygen 0.02%. In the 
second experiment the weight analysis was 
tungsten 93.8%, carbon 6.15%, oxygen 
0.05%, and it will be appreciated that this 
analysis corresponds to tungsten carbide. 100 

Using the fixed bed described above, the 
reaction was slow and therefore a series of 
experiments were carried out using a rotating 
kiln with fixed blades. These experiments 
indicated that the more efficient gas/solid 105 
contacting which can be achieved using this 
type of apparatus reduced the reaction time 
from that found necessary in the fixed bed. 
Moreover, a more uniform product was 
obtained. 110 

The calculated equilibrium percentage con-
centrations of COo are shown- plotted against 
temperature in Figure 2 for each of the 
reactions represented by equations fl) and 
(2) above. If will be appreciated that the 115 
reactions are complicated and do not neces-
sarily take place as single reactions and that 
the curves are therefore indicative only of 
the equilibrium conditions for the overall 
reactions. However, with this proviso, it will 120 
be appreciated that within the areas under 
each curve the reactions will tend to go from 
left to right as represented by the equations 
and under the conditions represented at, say, 
a point x the 'driving force' for reaction (2) 125 
represented by xz is greater than the 'driving 
force' for reaction (1) represented by xy and 
if sufficient time is allowed for the reaction to 
be completed the solid reaction product will 
be wholly tungsten carbide. 130 
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The graphs of the thermal equilibrium 
curves demonstrate that although in principle 
both tungsten carbide and tungsten metal 
might be formed from W03 at C02 concen-

5 nations of say 10% at temperatures up to 
1500°C, it has been found that to form 
tungsten carbide the temperature limits in 
practice extend from a lower limit of about 
800°C below which the reaction is too slow 

10 for practical purposes up to the region of 
900 to 1050°C. 

As the temperature increases from this 
region there is an increasing tendency for the 
metal to be formed as the final product in 

15 preference to the formation of the carbide. 
* In other words within the area subtended by 

the curves for equations (1) and (2) between 
temperatures of about 1,000°C and say 
1,500°G the reaction of equation (1) will 

20 tend to go from left to right to produce 
tungsten metal and C02 whilst the reaction of 
equation (2) will tend to go from, right to 
left i.e. to produce tungstic oxide and CO. 
The driving force to produce tungsten metal 

25 and C02 is greater than that required to pro-
duce the W03 and CO. Within the area under 

: c u r v e of equation (2) at temperatures between 
1,000°C and 1,500°C the reaction of equation 
(1) tends to go from left to right to produce 

30 tungsten metal whilst the reaction of equation 
(2) tends to go from left to right to produce 
tungsten carbide. Here again, the driving force 
to produce tungsten metal is greater than that 
required to produce tungsten carbide hence 

35 there is a greater tendency for the final product 
to be tungsten metal. 

The gaseous reaction product is carbon 
dioxide and a feature of .the inveniton is to 
pass the off-gases through a reducing agent 

40 and to return them as substantially pure 
carbon monoxide to the reaction zone. 

An example of a form of apparatus in which 
the gaseous reactants are continuously re-cycled 
is shown in Figure 3 in which a rotating drum 

45 reactor 1 adapted to be charged with a batch 
of tungsten oxide or molybdenum oxide 2 
and heated by a heat source 3 is connected 
in a circuit comprising a blower 4 and a 
reducing chamber 5. The circuit is closed 

50 and may be operated at atmospheric pressure 
or slightly above. The temperature of the 
reactor and the gas flow rate (determined by 
the blower speed) will depend on the par-
ticular oxide being treated. 

55 The reducing chamber 5 may contain 
carbon maintained at 1100°—1500°C which 
will reduce the 4C03 of equation (2) as 
follows: 

4C02+4C—> 8C0 

60 thus an excess of carbon monoxide corres-
ponding to 3C0 is continuously formed and 
requires to be bled off at point 6. Also, 
for start-up, a supply of carbon monoxide 

will be required and this is fed into the 
circuit initially through valve 7. 65 

A plant for the continuous production of 
carbide or metal from the oxide will now 
be descibed with reference to Figure 4. 
Powdered oxide is fed to a hopper 8 from 
whence it is conveyed by a screw 9 to the 70 
solids inlet of a rotating kiln 10. The kiln 
is slightly inclined to promote slow movement 
of the powder along its length to the outlet 
where the powder discharges over a weir 11 
into a hopper 12 which can be emptied 75 
through a valve 13 into a churn 14. Depend-
ing on the physical nature of the powder 
it may be necessary to vibrate or periodically 
hammer the kiln to ensure an even flow of 
powder as will be well understood. 80 

The kiln 10, which is heated externally by 
a series of electrical heaters 15, consists of a 
metal tube in gas tight connection through 
rotating seals 16 at each end with gas inlet 
and outlet headers 17 and 18 respectively. The 85 
outlet header 18 is connected through a filter 
19 to the inlet of a gas circulator 20 which 
discharges to the top of a coke bed 21 con-
tained in a vessel 22 surrounded by electrical 
heater 23. Coke contained in a hopper 24 is 90 
fed as required through a valve 25 to the 
vessel 22. Gas from the bottom of the coke 
bed 21 is fed via a lagged pipe 26 through 
the gas inlet header 17 into the lain 10. 
Carbon monoxide for start-up is supplied from 95 
a bottle 27 through a valve 28 and excess 
carbon monoxide is purged from the system 
through a valve 29. 

It is preferred not to lag the filter 19 and 
piping to the circular 20 so that there is a 100 
substantial reduction in the gas temperature 
before reaching the circulator thus avoiding 
the necessity of a special high temperature 
circulator. 

In operation for the production of tungsten 105 
carbide .the kiln 10 is desirably operated at 
a temperature of about 850°C and the gas 
circulator 20 controlled to give a flow rate 
such that the out-gases passing through the 
filter 19 and circulator 20 to the coke bed 21 110 
contain not more than 20% vol. of carbon 
dioxide. In one particular example a kiln 
of 30 cm internal diameter and 6 m heated 
length arranged to discharge tungsten carbide 
at 10 kg per hour required a flow rate of 115 
approximately 0.4 cubic metres per minute 
to keep the dioxide concentration down to 
20% . 

The coke bed 21 consists of calcined 
petroleum coke to minimize hydrocarbon and 120 
sulphurous pick-up and is maintained by its 
heater 23 at a temperature of between 1100— 
1500°C. As will be appreciated from the 
equilibrium curve on Figure 2 for the 
reaction: 125 

C + C 0 2 ^ 2 C 0 

there is a lower limit to the carbon dioxide 
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concentration which can be achieved at the 
outlet from the coke bed 21 but a percentage 
concentration of 1% is acceptable. As 
explained above, excess carbon monoxide is 

5 purged from the system through valve 29, 
and the purge may be at a rate such as to 
maintain the system pressure just above atmo-
spheric pressure. Some of the carbon mon-
oxide from the purge valve 29 may con-

10 veniently be used to pressurise the rotating 
seals 16 and any remainder bottled. 

The present invention has been particu-
larly described with reference to the reduction 
of tungstic oxide and it will be appreciated 

15 that similar reactions can be carried out to 
produce allows of tungsten or molybdenum 
such as ferro-tungsten from a starting material 
containing oxides of the metals. 

WHAT WE CLAIM IS: — 
20 1. A process for reducing tungsten oxide 

of molybdenum oxide comprising contacting 
a bed of the hot oxide with a current of 
carbon monoxide and recirculating the mixed 
monoxide and dioxide off-gases over a reduc-

25 ing agent for reducing carbon dioxide to 
monoxide to the bed. 

2. A process as claimed in claim 1 wherein 
the reducing agent is arranged to reduce sub-
stantially all the carbon dioxide in the mixed 

30 off-gases to the monoxide, and the bed is 
maintained at a temperature and the carbon 
dioxide concentration is maintained below an 
equilibrium value such that the product is 
tungsten carbide or molybdenum carbide. 

35 3. A process as claimed in claim 2 for 
producing tungsten carhide wherein the tem-
perature is 850°C and the carbon dioxide con-
centration is maintained below 20% by 
volume. 

40 4. A process for producing tungsten carbide 
or molybdenum carbide wherein tungsten 
oxide or molybdenum oxide at an elevated 
temperature is contacted with carbon mon-
oxide and the partial pressure of the carbon 

45 dioxide produced is maintained below an 
equilibrium value, dependent on said tempera-
ture, at which there is preferential conversion 
to tungsten carbide or molybdenum carbide 
as distinct from tungsten metal or molybdenum 

50 metal. 
5. A process as claimed in claim 1 wherein 

the reduction of tungsten oxide or molyb-
denum oxide is carried out under conditions 
such that the product is tungsten metal or 

55 molybdenum metal. 
6. A process as claimed in claim 4 wherein 

said partial pressure is maintained below said 

value by controlling the supply of carbon 
monoxide. 

7. A process as claimed in claim 4 or claim 60 
6 wherein the carbon dioxide produced is 
reduced and recirculated as the monoxide. 

8. Tungsten metal made by the process 
claimed in claim 1 or 5. 

9. Tungsten carbide produced by the pro- 65 
cess claimed in any one of claims 1, 2, 3, 4, 6 
or 7. 

10. Molybdenum metal made by the process 
claimed in claim 1 or 5. 

11. Molybdenum carbide produced by the 70 
process claimed in any of the claims 1, 2, 4, 
6 or 7. 

12. Tungsten oxide or molybdenum oxide 
reducing apparatus for reducing either tungsten 
oxide or molybdenum oxide to produce either 75 
metal or carbide comprising a kiln for con-
taining a bed of the oxide, heating means 
external to the kiln for heating the bed of 
oxide, means to pass carbon monoxide gas 
to the kiln to contact the bed of oxide, a 80 
vessel for containing a reducing agent for 
reducing the gas leaving the kiln to carbon 
monoxide, means for passing the gases leav-
ing the kiln to the vessel for containing the 
reducing agent and means for recycling the 85 
carbon monoxide from the vessel for con-
taining the reducing agent to the bed, there 
also being provided means for controlling the 
relative proportions of carbon monoxide and 
carbon dioxide in the kiln and the tempera- 90 
ture of the oxide so as to produce either metal 
or carbide as required. 

13. Apparatus according to claim 12 wherein 
there is provided a conveyor means for con-
tinuously feeding oxide to the kiln and means 95 
to remove from the kiln the product produced 
by the reaction with the carbon monoxide 
gas. 

14. A process for reducing tungsten oxide 
or molybdenum oxide substantially as herein- 100 
before described with reference to the accom-
panying drawings. 

15. A process for producing tungsten carbide 
or molybdenum carbide substantially as herein-
before described with reference to the 105 
accompanying drawings. 

16. A process for producing tungsten metal 
or molybdenum metal substantially as herein-
before described with reference to the 
accompanying drawings. 110 

M. J. LOFTING, 
Chartered Patent Agent, 
Agent for the Applicants. 
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