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(54) A METHOD OF PRODUCING GERMANIUM, 
TITANIUM, ZIRCONIUM OR HAFNIUM MONOXIDES 

(71) We, NIKOLAI MEFODIEVICH 
SUKHANOV, VADIM SERGEEVICH 
KRIKOROV, VLADIMIR GRIGORIE-
VICH KRASOV, VITALY KAZIMORO-

5 VICH KOKIN, BORIS IVANOVICH 
SHEVCHENKO, BORIS YAKOVLEVICH 
YAKOVLEV, ANATOLY VASILIEVICH 
MARKELOV, IRINA ANATOLIEVNA 
KOLESNIICOVA, BORIS ALEXANDRO-

10 VICH SUKHODAEV, VALENTINA 
ALEXANDROVNA TVERSKOVA, 
ALEXEI DANILOVICH GERASMIMOV, 
respectively of kvartira 102, korpus 504; 
kvartira 20, 5 ploschad Junosti; kvartira 118, 

15 korpus 447; kvartira 36, korpus 320; 
kvartira 4, korpus 505; kvartira 57, korpus 
511; kvartira 59, korpus 153; kvartira 111, 
korpus 301-b; kvartira 9, korpus 349; 
kvartira 26, 3 ploschad Junosti; kvartira 34, 

20 27 ulitsa Nalichanaya; all of Moscow, 
Zelenograd, Union of Soviet Socialist 
Republics (U.S.S.R.) and VLADIMIR 
NIKOLAEVICH ROZHDESTVENSKY, of 
kvartira 34, 27 ulitsa Nalichnaya, Leningrad, 

25 U.S.S.R., all Soviet Citizens, do hereby 
declare the invention, for which we pray that 
a patent may be granted to us, and the 
method by which it is to be performed, to be 
particularly described in and by the follow-

30 ing statement: — 
The present invention relates to methods of 

producing monoxides of the elements of group 
IV of the periodic system, and more particu-
larly of germanium, titanium, zirconium or 

35 hafnium monoxides to be used in electronics, 
radio engineering, optics and lighting 
engineering. 

A prior art method of producing germanium 
monoxide consists in heating a mixture of 

40 germanium, silicon carbide and iron at 900°— 
1100°C in a current of a mixture of oxidizing 
and inert gases under a pressure of from 2 
to 40 mm Hg with subsequent cooling in an 
inert gas and separation of germanium 

monoxides. Yield of the desired product is 45 
60—80 by weight (cf. British Patent No. 
757,736). 

Thus prior art method has a disadvantage 
residing in the complexity of the technological 
process requiring high temperature and the 50 
use of a gas mixture. 

Another disadvantage of the above-men-
tioned method is that a low grade product 
containing iron impurities is obtained. 

This method is inefficient and not suitable 55 
for application on a commercial scale. 

Also known in the art is a method of pro-
ducing titanium monoxide consisting in mixing 
titanium dioxide with carbon, charging the 
resulting mixture into a graphite crucible and 60 
passing carbon monoxide, hydrogen o r a m i x -
ture of carbon dioxide and hydrogen there-
through. 

The process is performed for 2—3.5 hours 
at a temperature of from 1400° to 1600°C. 65 

Yield of titanium monoxide is 75% by 
weight (cf. US Patent No. 2,848,303). 

This method has a disadvantage residing 
in a low yield of the desired product and in 
the use of complicated equipment necessitated 70 
by the use of explosive and noxious gases. 

An object of the present invention is to 
obviate or mitigate the aforesaid disadvant-
ages. 

According to the present invention there is 75 
provided a method of producing germanium 
monoxide, comprising mixing germanium with 
germanium dioxide in a molar ratio of 
Ge: Ge02 of from 1:1 to 1.3:1, sintering 
the resulting mixture at a temperature within 80 
the range from 800 to 900°C, heating the 
sintered mixture in a vacuum not exceeding 
1X10-' mm Hg at a temperature within the 
range from 800 to 950°C to evaporate the 
germanium monoxide, and condensing the 85 
germanium monoxide at a temperature with-
in the range from 150 to 250°C. 

Preferably the sintering is effected in air. 
[Price 25p] 
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In order to produce high quality german-
ium monoxide it is desirable that the german-
ium and the dioxide thereof be used in a 
molar ratio of from 1.2:1 to 1.3:1. 

5 Further according to the present invention 
there is provided a method of producing 
titanium monoxide, zirconium monoxide or 
hafnium monoxide, comprising mixing 
titanium, zirconium or hafnium with the 

10 corresponding dioxide thereof in a molar ratio 
of M:MO.. of from 1:1 to 1.3:1, sintering 
by heating the mixture in a vacuum not 
exceeding 1X10 ' mm Hg with uniform 
growth of temperature up to 1550 to 1900°C, 

15 and maintaining the mixture at this tempera-
ture. 

In order to produce high quality titanium, 
zirconium or hafnium monoxides the molar 
ratio of the metal to the corresponding dioxide 

20 thereof should preferably be 1:1. 
An embodiment of the present invention 

will now be described by way of illustration. 
In producing germanium monoxide 

germanium, comminuted into particles of 
25 2—3 mm, is mixed with germanium dioxide 

which has been preliminary dried at 100°— 
150°C for 2—3 hours. Germanium is mixed 
with the dioxide thereof at a molar ratio 
M: MO, of 1:1 to 1.3:1, preferablv for 10— 

30 12 hours. 
The resulting mixture is gradually heated 

from 100° to 800°C during 1.5—2 hours and 
maintained at 800°—900°C for 3 hours. 

The sintered mass thus formed is subjected 
35 to heating at 800°—950°C in a vacuum not 

exceeding 1 x 1 0 ' mm Hg for 1.5—2 hours 
followed by condensation of the resulting 
permanium monoxide at 150°—250°C. 
Germanium monoxide is obtained in the form 
of a vitreous black-grey mass. The yield is up 
to 85% by weight. 

In producing titanium monoxide titanium 
powder and titanium dioxide are mixed in a 
molar ratio M: MOL. of 1:1 to 1.3:1, pre-

45 ferablv 1:1 for 5 hours. The resulting mix-
ture is dried at 150°C for 5 hours. 

The mixture is simultaneously sintered and 
heated at a uniform temperature growth up 
to 1550°C in a vacuum of 1 x 10 1 mm Hg 

50 and maintained at this temperature for 2 
hours with subsequent cooling of the product 
thus obtained for 4—5 hours. The yield of 
the desired product is up to 95 / by weight. 

In producing zirconium and hafnium 
55 monoxides, zirconium or hafnium powder is 

mixed with the respective dioxide at a molar 
ratio of 1:1 to 1.3:1, preferably 1:1 for 5 
hours. 

The mixture which is thus obtained is 
60 dried at 150°C for 5—6 hours. 

The mixture is simultaneously sintered and 
heated with a uniform temperature growth up 
to 1700°—1900°C in a vacuum not exceeding 
IXlO"4 mm Hg and is allowed to stay at 

65 this temperature for 2 hours. The product 

thus obtained is cooled during 4—5 hours. 
The yield of the desired product is up to 
95% by weight. 

The method according to the present inven-
tion simplifies the process technology, and the 70 
use of a gas mixture and temperature varia-
tion is dispensed with. 

The method of the invention ensures an 
increase in the yield of the desired product 
up to 95 V* by weight and to improved 75 
quality thereof. 

Deviation from stoichiometry in the 
monoxides thus obtained is of ± 10% and 
ranges over MO,,,—M::. 

Purity of the monoxides thus obtained is 80 
99.9—99.99 / by weight. 

The present invention will be more clearly 
understood from the following examples of 
a method of producing germanium, titanium, 
zirconium or hafnium monoxides. 85 

Example 1 
1,400 g of polycrvstalline germanium was 

crushed in a iaw crusher into particles of 
1—3 mm. 2000 g of germanium dioxide was 
dried at 150°C for 3 hours and ground in a 90 
mill along with germanium (molar ratio 
M: MO. is 1.2:1) for 10—12 hours to a 
particle size of 50 micron. Then the resulting 
mixture was charged into a steel cylinder pro-
vided with a graphite jacket and was 95 
gradually heated from 100° to 800°C over 
1.5—2 hours and sintered in a chamber 
furnace at a temperature of 800°—900°C for 
3 hours. The sintered mass was crushed into 
particles of 5—10 mm size and charged into 100 
quartz cylinders in an amount of 1000 g. The 
crushed mass was heated in a vacuum furnace 
at 800°—950°C for 1.5—2 hours in a vacuum 
of 1X10 *—1X10-' mm Hg. 

The product which had been thus obtained 105 
was precipitated in a condenser at 150°— 
250°C, discharged from the furnace and classi-
fied into fractions of from 1 to 5 mm. 820 g 
of germanium monoxide (82°;-, by weight) 
was produced. 110 

Example 2 
600 g of metallic titanium and 1000 g of 

titanium dioxide (molar ratio M: MO, is 
1:1) were dried in a drying cabinet at 150°C 
for 5 hours, whereafter the mixture was 115 
stirred and milled for 5 hours into particles 
of 75 micron size. 

The mixture thus obtained was compressed 
into tablets with a diameter d=20 mm and a 
height h=25 mm at a pressure of 150 kg/ 120 
cm2 and was charged into a vacuum furnace. 

Titanium monoxide was synthesised with 
gradual and uniform temperature growth up 
to 1550°C in a vacuum at 1X10 ' mm Hg 
for 6 hours. Then the mixture was main- 125 
tained at 1550°C for 2 hours and the pro-
duct thus obtained was cooled to 60°—70°C 
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during 4—5 hours. The yield of the desired 
product was 1450 g (91% by weight). 

Example 3 
740 g of metallic zirconium and 1000 g 

5 of zirconium dioxide (molar ratio M:MO« 
is 1:1) were dried in a drying cabinet at 
150°C for 5 hours. Then the mixture was 
ground and milled for 5 hours to a particle 
size of 50 micron. 

10 The mixture thus obtained was compressed 
into tablets with a diameter d=20 mm and a 
height h=25 mm at a pressure of 150 kg/cm2 

and charged into a vacuum furnace. Zirconium 
monoxide was synthesised with gradual tem-

15 perature growth up to 1700°C in a vacuum 
of 1X10 4 mm Hg over 5 hours. The mixture 
is maintained at 1700°C for 2 hours, and the 
resulting product was cooled to 60°—70° C 
for 4—5 hours. 

20 The yield of zirconium monoxide was 1560 
g (91% by weight). 

Example 4 
850 g of metallic hafnium and 1000 g of 

hafnium dioxide (molar ratio M: M02 is 1:1) 
25 were dried in a drying cabinet at 150°C for 

5 hours. Then the mixture was milled for 5 
hours to a particle size of 50 micron. 

The mixture was compressed into tablets 
with a diameter d=20 mm and a height h=25 

30 mm at a pressure of 150 kg/cm2 and was 
charged into a vacuum furnace. Hafnium 
monoxide was synthesised with gradual tem-
perature growth up to 1900°C in vacuum 
1X10^4 mm Hg over 5 hours. The mixture 

35 was maintained at 1900°C for 2 hours, where-
after the product thus obtained was cooled 
to 60°—70°C during 4—5 hours. 

The yield of hafnium monoxide was 1660 
g (91% by weight). 

40 WHAT WE CLAIM IS: — 
1. A method of producing germanium 

monoxide, comprising mixing germanium 
with germanium dioxide in a molar ratio of 
Ge: GeOo of from 1:1 to 1.3:1, sintering 

45 the resulting mixture at a temperature within 
the range from 800 to 900° C, heating the 
sintered mixture in a vacuum not exceeding 

1X10" ' mm Hg at a temperature within the 
range from 800 to 950°C to evaporate the 
germanium monoxide, and condensing the 50 
germanium monoxide at a temperature within 
the range from 150 to 250°C. 

2. A method as claimed in claim 1, wherein 
the sintering is effected in air. 

3. A method as claimed in claim 1 or 55 
claim 2, wherein the molar ratio of german-
ium to germanium dioxide is within the range 
from 1.2:1 to 1.3:1. 

4. A method of producing titanium 
monoxide, zirconium monoxide or hafnium 60 
monoxide, comprising mixing titanium, 
zirconium or hafnium with the corresponding 
dioxide thereof in a molar ratio of M:M02 
of from 1:1 to 1.3:1, sintering by heating 
the mixture in a vacuum not exceeding 65 
1X10 4 mm Hg with uniform growth of tem-
perature up to 1550 to 1900°C, and main-
taining the mixture at this temperature. 

5. A method according to claim 4, wherein 
the molar ratio of titanium, zirconium or 70 
hafnium to the corresponding dioxide thereof 
is 1:1. 

6. A method of producing germanium 
monoxide according to claim 1, substantially 
as hereinbefore described and with reference 75 
to Example 1. 

7. A method of producing titanium 
monoxide, zirconium monoxide or hafnium 
monoxide according to claim 4, substantially 
as hereinbefore described and with reference 80 
to any one of Examples 2, 3 and 4. 

8. Germanium monoxide whenever pro-
duced by the method claimed in any one of 
claims 1 to 3 and 6. 

9. Titanium monoxide, zirconium 85 
monoxide or hafnium monoxide whenever pro-
duced by the method claimed in any one of 
claims 4, 5 and 7. 
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