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[57] ABSTRACT 
A method for sintering workpieces of a pressed pow~ 
dered refractory metal in vacuum. The method envis 
ages simultaneous heating of the workpiece by elec 
tron bombardment over its entire surface. The work 
piece to be treated is heated to a temperature which 
makes from 10 to 15 per cent of its material melting 
temperature and is at such temperature till gases cease 
to evolve therefrom. 

A vacuum furnace for performing the method has a 
heater made as a cathode surrounding the entire 
surface of the workpiece to be treated and placed at a 
uniform distance from the workpiece. 

3 Claims, 2 Drawing Figures 
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METHOD FOR SINTERING WORKPIECES OF 
PRESSED POWDERED REFRACTORY METAL OR 

ALLOY AND VACUUM FURNACE FOR 
PERFORMING THE SAME 

The present invention relates to methods for sinter 
ing workpieces of pressed powdered refractory metal 
and to a vacuum furnace for effecting the process. 
A method for sintering workpieces of pressed‘ pow 

dered refractory metal or alloy is known, which com 
prises heating the workpiece by electron bombardment 
of its surface in a vacuum, the workpiece being moved 
in the focused electron beam. 
The sintering process is a vacuum furnace with a 

heater emitting an electron beam is a very slow one be 
cause the workpiece is heated gradually over small ar 
eas. The gases released from the heated area are par 
tially absorbed by the previously heated areas. Addi 
tionally workpieces different in thickness and form 
cannot be heated evenly. Therefore only small ?at and 
thin workpieces are treated using means for moving 
them in the focused beam of an electron gun. The 
workpiece areas to be treated are heated to a sintering 
temperature without retention it at intermediate tem 
peratures; some gas has no time to escape from the 
workpiece before its shrinkage, which results in the for 
mation of deep cracks on its surface and blowholes in 
side. 
The object of the present invention is to overcome 

the disadvantages of the above described method and 
apparatus known in the art. 
A speci?c object of the invention is to provide a 

method for sintering workpieces of pressed powdered 
refractory metal speeding up the sintering of the work 
pieces and improving their quality as well as ensuring 
the sintering of large articles of intricate shape. 
These objects are achieved by providing a method for 

sintering workpieces of pressed powdered refractory 
metal, comprising heating the workpiece by electron 
bombardment of its surface in a vacuum, whereby, ac 
cording to the invention, the entire surface of the work 
piece is subjected to the electron bombardment simul 
taneously. 
The method according to the invention allows speed 

ing up the sintering process and sintering large intricate 
workpieces. 

it is preferable to keep a workpiece heated to a tem 
perature which makes from 10 to 1-5 percent of its ma 
terial melting temperature till the gas ceases to evolve 
from it. 
This ensures a high quality of the articles, that is, by 

avoiding the formation of blowholes and deep cracks 
on their surfaces. 
For performing this process, a vacuum furnace has 

been developed with a heater emitting an electron flux; 
according to the invention the heater is made as a cath 
ode surrounding the entire surface of the workpiece 
being treated. 
This furnace ensures a higher output and a higher 

quality of the articles obtained. 
Preferably, the heater surrounding the workpiece to 

be treated is uniformly spaced from its surface. 
This allows improvement of the quality of the intri 

cate workpieces to be treated. 
The invention will be more clearly understood by 

way of example with reference to the accompanying 
drawings, in which: 
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2 
FIG. 1 is a vertical longitudinal sectional view of the 

vacuum furnace according to the invention; and; 
FIG. 2 is a sectional view of the furnace taken along. ' 

the lines ll—ll of FIG 1. 
The vacuum furnace for performingv th‘em‘eth‘od for 

sintering workpieces according to the present invention 
comprises a cylindrical water-cooled housing 1 with a 
cover 2 and a lifter 3. Inside the housing 1 on high 
voltage insulators 4 there are mounted shields 5 made 
from sheet molybdenum. A heater 6' attached to elec 
tric lead-ins 7 is made as a cathode of ‘tungsten or mo 
lybdenum sheets or wire which surrounds the entire 
surface of the workpiece 9. The heater 6 is coupled to 
heating and recti?ed high voltage-sources (not shown). 
A table 8 supports'the workpiece in a predetermined 
position and is driven vertically through a vacuumseal 
10. The furnace housing 1 and the supporting table- 8 
are grounded/For providing vacuum conditions in the 
range of 10"7 mm of mercury, the furnace is equipped 
with a high vacuum oil-free pump backed with‘ a me 
chanical pump (not shown in the drawing). An optical 
pyrometer 11 and thermocouples (not shown) are pro‘ 
vided for measuring the workpiece temperature, as well 
as the temperature of separate elements of the furnace. 

In the operation of the apparatus described hereinbe 
fore the cover 2 is opened by the lifter 3. The pressed 
workpiece 9 is lowered onto the table 8. The heater 6' 
is placed around the workpiece at an equal distance 
from its surface. Then the cover 27is lowered. and the 
furnace is hermetically closed. The vacuum pumping 
equipment (not shown) is put into operation to provide 
the vacuum conditions required. Further the source of 
the heating voltage is switched on (not shown) and the 
cathode- heater 6 — is heated to a temperature at 
which‘ electron emmission commences from its surface. 
Then the source of recti?ed high voltage is switched on 
(not shown) and a negative potential is applied to the 
cathode. Thus a ?ux- of electrons from the cathode is 
directed to the entire surface of the workpiece which 
becomes an anode. The surface of the workpiece is 
heated by the impingement of electrons upon it. By the 
electron bombardment, the workpiece is heated up to 
the melting temperature, which makes from‘ 10 to l5 
per cent of its material melting temperature, and is kept 
at this temperature till the gases cease to evolve there 
from. The holding time depends on the amount of vola 
tile components in the powder. Further heating of the 
workpiece right up to the sintering temperature is car 
ried out at a rate of 50°/min. After the isothermic hold 
ing at the sintering temperature, the heating of the 
cathode is discontinued and the high-voltage source. is 
disconnected. After the cooling of the workpiece down 
to room temperature, the furnace housing is unsealed 
and the workpiece removed from the heater. 
When high-voltage insulator 4 is used instead of seal 

10, a high positive potential may be applied to the table 
8, and the housing 1, shields 5 and the heater 6 are then‘ 
grounded. The principle of the sintering method re 
mains the same because in this case the cathode — 
heater 6 — will have a negative potential with respect 
to the anode - the workpiece 9. The application of this 
mode of furnace electric supply allows separation of 
the sources of heating and recti?ed high voltages which 
simpli?es the operation of the furnace. 
The method has been tested for sintering workpieces 

of powdered tungsten, molybdenum, columbium and of 
other refractory metals and alloys. 
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The method according to the present invention al 
lows obtaining practically porous-free sintered articles 
from the above-mentioned metals up to 250 mm in di 
ameter and up to 400 mm in height. The articles con 
tained insigni?cant amount of gaseous components 
uniformly distributed therein. 
What we claim is : 
l. A method for sintering workpieces of a pressed 

powdered refractory metal comprising providing a vac 
uum of about 10"7 mm of mercury around said work 
piece, heating the workpiece by simultaneous electron 
bombardment of its entire surface, from a heated cath 
ode, up to a temperature which makes from 10 to 15 
per cent of its material melting temperature, holding 
the workpiece at such temperature until gases cease to 
evolve from the workpiece, and then heating the work 
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piece to a complete sintering temperature. 

2. A vacuum furnace for sintering workpieces, com 
prising a table for supporting the workpiece to be 
treated; means movably supporting the table inside said 
furnace; a heater constituted as a cathode surrounding 
the entire surface of said workpiece, said heater com 
prising a plurality of parallel elements encircling the 
workpiece in facing relation at a substantially uniform 
spacing therefrom; and an electrical lead-in connected 
with said heater and with sources of high and heating 
voltages. 

3. A vacuum furnace as claimed in claim 2 wherein 
said parallel heater elements extend substantially be 
yond the ends of the workpiece for heating the end 
faces of the workpiece. 

* * * * * 


