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9 Claims. 

This invention provides a specific and novel 
process for making ethylene oxide. It essentially 
consists in causing ethylene to combine directly 
With molecular oxygen at temperatures of about 
150 to about 400° C. in the presence of a sur 
face catalyst which favors the oxidation of 
ethylene to ethylene oxide under these condi 
tions. The process can be carried out at at 
mospheric pressure, and it may also be conducted 
at pressures above or below atmospheric pres 
Sure. This process is characterized by an entirely 
unique reaction in which the direct addition of a 
single oxygen atom to the ethylene molecule oc 
Curs without the formation of significant 
amounts of other oxygenated COmpounds such as 
aldehydes. This novel reaction may be expressed 
aS 

2OH-C-O-2C-CH No/ 
and it is accompanied by complete oxidation of 
Some of the ethylene to give carbon dioxide and 
Water according to the equation: 

Ethylene from any desired source may be used, 
including that obtained from coke oven gas, 
hydrogenation of acetylene, or dehydration of 
ethyl alcohol. The oxygen can be the oxygen of 
the air, and can convendently be mixed with the 
ethylene prior to the reaction. 
The oxidation of ethylene takes place with a 

giving off of heat, and it is, of course, desirable 
to maintain the temperature of the Zone of reac 
tion Within the range specified. This can be 
facilitated by suitable dilution of the reaction 
gases, such as that accomplished by the use of 
air as the source of oxygen, and some water or 
carbon dioxide in addition to that formed can 
be admitted to the mixture in the reaction zone if 
desired. Hydrogen may be similarly added. 
The process can be conveniently conducted by 

passing a mixture containing air and ethylene 
through a tube, for example, of Silica or of a ma 
terial capable of withstanding high pressures, 
within which is placed such a surface catalyst as 
one composed of silver in finely divided form, and 
which may be disposed within the tube on a sup 
porting material, or in other known ways. The 
temperature of the reaction zone is maintained 
between about 150 and about 400 C., for exam 
ple, at about 200 C., and the issuing products 
from the tube contain ethylene oxide, carbon di 
oxide and water without objectionable aldehydes, 

(C. 260-54) 
The ethylene oxide can be recovered in any suit 
able way, preferably in liquid form by condensa 
tion or solution. 
The surface catalyst is preferably silver as 

Stated, but other metals such as bismuth and 
antimony may be used. Likewise oxides of these 
metals or mixtures containing these metals or 
their oxides may be used. Experiments have also 
indicated that the catalyst may be silver acti 
wated by the addition of Small amounts of gold 
or copper or iron. 

In any case, the ethylene and oxygen are thus 
reacted simultaneously at the tenperatures set 
forth in the presence of a surface catalyst and 
of Water, and the process is conducted to produce 
ethylene oxide as a direct product in substantial 
and economic amount. The ethylene oxide can 
be recovered by known methods, and it may be 
further reacted to form ethylene glycol or deriva 
tives of ethylene glycol. 
I claim: 1. A process for the production of ethylene 

oxide, consisting in Subjecting ethylene to the 
simultaneous action of oxygen and water at a 
temperature between 150 and 400° C. in the 
presence of a catalyst composed of silver activated 
by small quantities of a metal selected from a 
group consisting of gold, copper and iron. 

2. A process for the production of ethylene 
oxide, consisting in subjecting ethylene to the 
simultaneous action of the oxygen and water at a 
temperature between 150° and 400° C. in the pres 
ence of a catalyst composed of a mixture of silver, 
gold, copper and iron. 

3. A process for the production of ethylene 
oxide, consisting in subjecting ethylene to the 
simultaneous action of oxygen and Water at a 
temperature between 150° C. and 400° C. in the 
presence of a catalyst composed of a mixture of 
silver and gold. 4. A process for the production of ethylene 
oxide consisting in subjecting ethylene to the 
simultaneous action of oxygen and steam at a 
temperature between 150 and 400° C., and at a 
pressure below atmospheric pressure, in the pres 
ence of a catalyst composed of a metal selected 
from a group consisting of silver, gold, copper and 
iron, and in the presence of hydrogen in the pro 
portion of 5 per cent of the total volume. 

5. A process for the production of ethylene 
oxide consisting in Subjecting ethylene to the 
simultaneous action of oxygen and steam at a 
pressure below atmospheric pressure, in the pres 
ence of a catalyst composed of a metal selected 
from a group consisting of silver, gold, copper 
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and iron, and in the presence of hydrogen in the 
proportion of 5 per cent of the total volume, and of CO. 

6. A process for the production of ethylene ox 
ide consisting in subjecting ethylene to the simul 
taneous action of oxygen, steam and hydrogen at 
a temperature between 150 and 400° C. in the 
presence of a catalyst composed of silver activated with small quantitles of gold. 

10 7. A process for the production of ethylene ox 
ide consisting in subjecting ethylene to the si 
multaneous action of oxygen, steam and hydro 
gen at a temperature between 150 and 400° C. in 
the presence of a catalyst composed of silver 

15 activated with small quantitles of a mixture of gold and copper. 
8. The process of making ethylene oxide by the 

direct chemical combination of oxygen with eth 
ylene in the proportions of one atom of oxygen to 

20 one molecule of ethylene, which comprises form 
ing a mixture containing ethylene and molecular 
oxygen and conducting said mixture through a 
confined reaction zone which is maintained at 
an elevated temperature; controlling said ten 

26 perature to maintain said mixture in said Zone 
at a temperature between about 150' and about 
400° C. subjecting said mixture in said Zone at 
said elevated controlled temperature to intimate 
contact with an active surface catalyst of a 

30 material having the catalytic characteristics of 
silver which favors the direct oxidation of said 
ethylene in said mixture by said molecular oxy 
gen to form oxidation products containing ethyl 
ene oxide in the presence of water and which 
does not favor the existence in said products 
of substantial amounts of aldehydes; correlating 

20,870 

the passage of said mixture through said reaction 
zone in the presence of said catalyst and the 
controlled elevated temperature of said mixture 
and said catalyst to effect said oxidation of said 
ethylene directly to form substantial amounts of 
ethylene oxide; and thereafter recovering ethyl 
ene oxide-containing product in liquid form. 

9. The process of making ethylene oxide by 
the direct chemical combination of oxygen with 
ethylene in the proportions of one atom of oxygen 
to one molecule of ethylene, which comprises 
forming a mixture containing ethylene and mo 
lecular oxygen and a heat-absorbing diluent and 
conducting said mixture through a confined reac 
tion zone which is maintained at an elevated 
temperature; controlling said temperature to 
maintain said mixture in said zone at a tempera 
ture between about 150 and about 400° C. sub 
jecting said mixture at said elevated controlled 
temperature to intinate contact with an active 
surface catalyst material composed essentially of 
silver which favors the direct oxidation of said 
ethylene in said mixture by said molecular oxy 
gen to form oxidation products containing ethyl 
ene oxide in the presence of Water and which 
does not favor the existence in said products of 
substantial amounts of aldehydes; correlating the 
passage of said mixture through said reaction 
zone in the presence of said catalyst and the con 
trolled elevated temperature of said mixture and 
said catalyst to effect said oxidation of said ethyl 
ene directly to form substantial amounts of ethyl 
ene oxide; and thereafter separating ethylene 
Oxide from the products of oxidation. 
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