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SILVER CATALYST FOR PRODUCTION OF ETHYLENE OXIDE, 

METHOD POR Pl\ODUCTIOR TB!QOP, AlU'J 

METHOD FOR PRODUCT!ON OF ETHYLENE OXIni 

BACKGROUND OF THE INVENTION 

5 Field of the Invention: 

This invention relates to a catalyst fer the production 

of ethylene oxide, a method for the production of the catalyst, 

and a metbod tor the production of ethylene oxide. It relate8 

more partioula.rly to a silvex- catalyst which excels in 

10 catalytic activity, selectivity, and service life and 

pem1ts produc-ci.On ot ethy.lene oxide at high selectivity for 

a long time, a method for the production thereof, and a method 

for the production of ethylene oxide by the use of this silver 

catalyst. 

15 Description of the Related Art: 

irhe production of ethylene oxide by the catalytic vapor 

phase oxi.dation of ethylene with a molecular oxyqen­

c:ontain.in~ 9as in the presence of a silver oatalyst is widely 

practiced on a commercial scale. concerni.nq the silver 

20 catalyst to be used for the catalytic vapor phase oxidation, 

nwnerous inventions covering carriers for the catalyst, 

methods for depositinq the catalyst on such carriers, and 
reaction promoters used therein have been filed as the 

patent.. 

25 Thouqh the silver catalysts proposed to date are already 

bllproved enou9h to allow h19h levels ot seleativity, tlle 

desirability of developinq a silver catalyet capable of etill 

hiqber selectivity finds recoqnition because an increase of 

the selectivity even by lt has a hiqh economic effect in the 
30 liqht of the scale of pi:oduotion of ethylene oxide. .By the 

same token, the improvement in the service life or durability 

of a silver catalyst brinqs a high commercial significance. 
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The mechanism of the deterioration in efficiency of a 

silver catalyst has not been fully elucidated. A method 

which improves a silver catalyst effectively in service life 

has not yet been known to the art. 

S In the production on a CcllUllerCial scale of ethylene 
oxide by the catalytic vapor phase oxidation of ethylene with 

a molecular o.xyqen-containinq qas in the presence of a silver 

catalyst, it has been heretofore custoMai:y to incorporate 

in the f eGd gas for a reaction zone auch a 9a5eoue organic 

10 chlorine compound as, for example, ethylene dichloride, in 

an amount generally in the approximate ranqe of 0.1 to 10 

ppm for the purpose of improvement in selectivity. The 

present status of this practice, ho~eve.r, is such that the 

protracted use of the organic chlorine compound of this sort 

15 results in deterioratin~ the catalyst in performance and 

eventually shortening the service life of the catalyst. 

Our diliqent study on the ca.use tor this deterioration, 

though fallin9 sho.rt of definitely elucida't.in9 the mechanism 

thereof, has demQnstrated that the adhesion to or the 

20 adsorption on the catalyst of the organic chlorine compound 

in the reaction 9'as induces the catalyst to suffer from the 

deterioration. This invention bas been perfected on this 

knowledqe. 

It has been further found that the adhesion or 

25 adsorption of eblorine to or on the catalyst. mentioned above 

can be effectively precJ.uded by havinq the surface ot the 

catalyst treated with an orqanic nitrogen compound. This 

knowledqe has brouqht this invention to perfection. 

~e practice of uainq such an organic amine as, fo~ 
30 example, ethanolamine, 1,3-propanediamine, ethylenediam:I ne, 

or an amide in impreqnating a carrier for a catalyst with 

a solution of a silver com.pound thereby effecting deposition 
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of silver on the carrier has been heretofore known publicly 

(as disclosed, for exain.ple, in us-A-4,769,35S 1 JP-A-47-

11,467, JP-B-59-29,291, JP-B~OS-29,501, JP-A-62-114,654, 

etc.). 

5 ~he catalyst obtained by utilizing this pi:actice, 

however, is at a disadvantage in requiring the organic amine 

to be incorporated in the solution of the silver compound 

and, as a result, sufferinq the organic amine to decompoee, 

volatili2e, and leave behind subetantially M residue in the 

10 finished catalyst when the carrier havinq uru:ierqone the 

im.pre<Jnat.ion is d~ied and then calcined. The practice under 

discussion, therefore, is not effective in preventing the 

ca~alyst trom adhesion or adsorption of chlorine. 
An object of this invention, therefore, is to provide 

15 a silver catalyst which excels in catalytio activity, 

selectivity, and service life and permits production of 
ethylene oxide at high selectivity for a long time. 

Another object of this invention is to p:covide a inetbod 

for the production of the silve:c catalyst mentioned. above. 
20 Yet another object of this invention is to provide a 

method for the production of ethylene oxide by the use of 

the silver catalyst mentioned above. 

SUMMAl\Y OP XHE INVENTION 

'rhe objects described above are accomplished by a silver 

25 c~talyst which is intended to produce ethylene oxide by 

perfozminq the vapor phase oxidation of ethylene such that 

an amount of chlorine suffered to adhere thereto is not more 

than 2 mol t per mol of silver after the duration of the 
reaction caused under the following condition has totalled 

30 240 hours from the start of the reactioni 

(Conditions for vapor phase oxidation) 

Reaction tube: Made of stainless steel and measurinq 
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25 mm in inside diameter and 600 mm in length 

Amount of catalyst loaded: 2.2 liters 

Reaction pre13sure: 15 kq/cm2 G 

Reaction temperature: such a temperature as attains 
5 ethylene conversion, 11 mol%, of 

Composition of fe~ gas: Ethylene 20 vol. t, oxygen 

8 vol. % , carbon dioxide 1 vol . \, ethane O .1 vol, ', ethylene 

dichloride 2. O ppm, and at least one inert qas selected from 

among methane, nitrogen, and a~gon 

10 Gas hourly space velocity of qas:. 6500 hr-1 

The objects inentloned above are accomplished by a method 

for the production of a catalyst used for the production of 

ethylene oxide, which method comprises causinq a eatalyst 

having silver deposited thereon to inco.tPOrate therein an 

15 orqanic nitrogen compound. 

Xhe objects mentioned above are accomplished by a method 

for the production of ethylene oxide, which method com.prises 

effectinq vapor phase oxidation of ethylene with a molecular 

oxygen-containing gas in the presence of the sil'V'er catalyst 

20 mElntioned above. 

The objects mentioned above are also accomplished by 

a silvez; catalyst for the production of ethylene oxide, which 

catalyst contains an orqanic nitroqen compound. 
The objects mentioned above are accomplished by a methocl 

25 tor the production of a silver catalyst intended for 

produc:in9 ethylene oxide, comprisinq the steps of (a) 

preparing an aqueous silver-amine complex solution by adding 

an aqueous amine complex solution to a water slurry 

containing a silver salt, (b) illlpreqnatinq a poxous carrier 

30 with the aqueous silver-amine complex solution and then 
subjecting the cai:rier i.mpreqnatad with the aqueous solution 

to a heat treatment, (c) impregnatinq the heat-treated porous 
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carrier with a solution of an organic nitroqen compound and 

then causin.9 the carrier impreqnated With saict solution to 

dry, and further (d) causing the carrier consequently 

incorporated the orqanic nitrogen compound to be impregnated 

S with an alkali metal and then dcyinq the resultant wet 

carrier. 
The objects mentioned above are further accomplished 

by 4 method for the production of ethylene oxide, which method 

comprises effecting vapor phase oxidation ot ethylene with 

10 a molecular oxygen-containing qas in the presence of the 

siiver cataly~t mentioned above. 

The silver catalyst of this invention enjoys high 

activity and hiqh selectivity and excels in service life and, 

therefore, pe.onits production of ethylene oxide at high 
15 selectivity for a lon9 time. 

This silver catalyst proves hiqhly advantageous from 

the economic point of view because it elongates the interval 

of replacement of catalyst so much as to lower the cost of 
the catalyst and consequently the cost of production of 

io ethylene oxide. 

DESCRIPTION OF '?Bl!! PREFERnO EMBO.OIMEN'r 

Specifically, the efficiency of the catalyst of this 

invention is evaluated by a method which comprises 

preparatorily heatin~ a stainless steel reaction tube, 25 

2S mm in inside diameter and 6000 mm in length, provided with 

an external heatinq device to a temperature lower than the 

reaction temperature (within about 50°C less the reaction 
temperature), loadinq the ceaction to.be with 2. 2 liters of 

t:he silver catalyst to be evaluated, supplyinq to this 

30 reaction tube a feed qas composed ot 20 vol. t ot ethylene, 
8 mol. l ot oxyqen, 7 vol. l of carbon dioxide, 0.1 vol. t 

of ethane, 2.0 ppm of ethylene dichloride, and at least one 
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inert gas selected from among methane, nitrogen, and arqon 

under a pressure of 15 kg/cm2 Gata gas hourly space velocity 
of 6500 hr-1

, gradually heating the reaction tube in such a 
manner that the conversion of ethylene :may reach 11 mol. * 

5 after the duration of the supply of the feed qas has totalled 

t9 2 hoUrS ( Q days) I thereafter maintaining thQ tenperatUJ;e 

of the reaction tube at a level for keeping the conversion 
of ethylene at 11 mol. %, allowing the reaction to proceed 
at thi.s reaction tempcu;ature !or 240 hours ( 10 days) , 

10 subsequently removing the catalyst from. the reaction tube, 
and examining the catalyst to measure the amount of chlorine 
deposited thereon. 

The expression used herein in i.mplyin9 "240 hours from 
the start of the react:ion "onward means the duration of 240 

15 hours as reckoned from the time at which tl\e convers.i,on of 

ethylene attained reaches 11 mol6 %. 

Incidentally, the coii.version of ethylene and the 

selectivity of ethylene oxide are determined by subjecting 
the reaction qas emanating from the rea.ction tube to analysis 

20 by means of the gas· chromatography. 
The silver catalyst of this invention bas such a 

capacity as to attain deposition of not more than 2 m.ol. -t, 

preferably not more than 1.5 mo!. i, and particularly 
prefQrably not more than l mol. \, of chlorine per mol of 

25 silver after the du~ation of the reaction of vapo4 phase 
oxidation of ethylene cctused under the conditions 11entioned 

above has totalled 240 hours from the start of the reaction. 
The silver catalyst which has such a low deposition of 
chlorine as mentiOned above excels in catalytic activity, 

30 selectivity, and senice life and, therefore, manifests an 
outstandinq catalytic efficiency fo~ a lonq time. 

The amount of chlorine deposited on the catalyst which 
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is contemplated by this invention is determined by dividing 

the catalyst in the reaation tube after completion of the 

reaction into five substant.ially equal portions (five 

catalyst layers cUvided asunder substantially QqUally in the 

5 direction of length of the reaction tube} , extractinq these 

portions sequentially from. the reaction tube, mf!asuring the 

amounts of chlorine deposited on the portions of catalyst 

by meane of a fluorescent X-ray analyzer, averaging the five 

measurements consequently obtained, and reporting the 

10 average as the total amount of chlorine c:!eposited on the whole 

eatal.yst. 

conditions for fluorescent X-ray analysis 

Bulb used: Cr 

Spectral crystal: SDOT 

15 Analytical spectrum: Ket, 20 ::: 64. 94 

The amount of chlorine deposited on a siven port.ion ot 

catalyst is determined by preparing a sample for analysis 
by pulverizing part of the portion o.f catalyst and press 
molding the resultant powder in a prescribed shape, analyzing 

20 this 2'ample, and ratinq the result of analysis relative to 

a calibration curve formed in advan~e with an unaltered 

catalyst impreqnated with a known amount of potassium 

chloride (KCl). 

The catalyst which is intended for producin9 ethylene 

25 o~ide by effectinq the vapor phase oxidation of ethylene so 

that the amount of chlorine deposited thereon after the 
duration of the reaction has reached 240 hours from the start 

of the reaction may total not more than 2 mol. % per m.ol of 

silver can be produced by causing the carrier having 

lo undergone the deposition o! silvex- to incorporate therein 

an organic nitrogen compoul}d. '!he incorporation of the 

orqanic nitrogen compound can be attained by variou~ methods 
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such as, tor example, impregnation, immersion, spraying, and 

mixing-
As typical examples of the o~qanic nitrogen compound, 

amide compounds may be cited. Amonq other amide compounds, 
5 formamide, propionamide, malonamide, lactamide, and urea are 

used advantaqeously. These organic nitrogen compounds may 

be used either sinqly or in the form of a :mixture of two or 

more •embers • 

Properly, the c::ontent of the o.rqanic nii:rogen compot11'ld 

10 in the catalyst is such that the atoltti.c ratio of the nitrogen 
atom (lf) to tbe silver atom (Aq}, {B : Aq), may fall in the 

range of o.oooos : 1 - o.s ; 1, preferably in the ranqe of 
0.0001 : l -0. l : 1, and particularly preferably in the ranqe 

of O. 0005 : l -o . OS s l. If this content is unduly small, 

15 the catalyst ~ill produce only an insufficient effect in 

preventing the deposition of chloride. conve:rsely, if the 

content is unduly large, the initial selectivity of the 
catalyst will be intolerably low. 

The incorporation of the organic nitrogen compound can 

20 be basically accomplished by the standard m.ethod of making 

the addition of this org•nic nitrogen compound at a proper 

staqe in the process for the p~oduction ot the silver catalyst .. 
To be specific, this incorporation of the organic nitro~en 
COJllPOund may be satisfactorily attained as disclosed in 

25 J.P-A-62-114, 654, for example, by suitably making the 

addition of the compound dur1.ng the pi:ocess of precipitation 
of reduced metallic silver in the fox:m of minute particles 
on the inner and outer surfaces of a carrie~ which ocau~s 
in consequence of a procedure comprising the steps of 

30 impreqnatinq a po.rous in.organic carr1e:r: represented by 

a-alumina with an aqueous solution prepued by dLssolvinq 

in water a silver salt such as silver nitrate, silver 
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carbonate, silver acetate, or si.tve.r oxalate and a 

eomplex-forminq aqent such as mono·, di- or tri-ethanol a.llline, 

dryin9 the imprec;nated car:cier, and then heat-treating the 

dried carrier in a current ot air at a temperature of not 
5 more than 400l>c, preterably not more than 300°C. 

~houqh typical ~ethods for .implementing the 

incorporation of the organic ttitroge.n compound will be 

de:scri.bed below, ~his invention doe.s not need to discriminate 

the incorporation on accoqnt of the manner Of addition. The 

10 use of a-alumina as a ca:r:rier is assumed herein for the sake 

of convenience. 

{ 1) a-Alumina is impregnated with an aqueous solution 

obtained by dissolvinq ethanol amine in a water slurry of 

silver ox•late, dried, and then heat-treated in a curent 

15 of air. separate-ly, the (l-almnina mentioned above is 

im.preqnated with an aqueous ui.de com.pound solution prepared 

by dissolvinq an amide compound in water and then dried. 

subsequently, this a-alumina is i.nm\.e.t'sed in a solution of 
cesium carbonate in ethanol, deprived of excess solution, 

20 and dried in nitroqen to obtain an amide compound-containing 

sil~er catalyst (Example 1 refers). 
( 2) a-Alumina is impreqnated with an aqueous solution 

obtained by dis sol vinq an amide compound in water and dried, 

fo.r: example, at 120°C for S hours. Separately, the u-altU11ina 

25 mentioned above is impreqnatecl with an aqueous solution which 

is separately prepared by diasolvinq ethanol amine in a water 

·slurry of silver oxalate, and then suJ:>jec'Ced to a heat 

treatment. For example, the impregnated a-altUtdna is heated 

at go•c for 1 hour and then heated in a current of au by 

30 the use of a hot air drier at 2oo•c for ten minutes and further 

at 300°C for 10 minutes. Subsequently, this a-al\lllL1na is 

inmlersed in a solution of cesium carbonate in ethanol, 
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deprived of excess solution, and dried in a stream ot nitrogen 
to obtain an amide compound~containing ailver catalyst. 
Incidentally, the temperature used for the drying in the 
stream of nitroqen is prefei:"red to avoid surpassing 20°c. 

5 ( 3) <l-Alumina is impregnated with a solution prepared 

by adding an amide compound dissolved in water to a water 
slurry of sil~er oxalate, further adding ethanol amine 
thereto, and dissolvinq them. altoeJe~her. Then the 

impre911ated a-alumina is heat·treated. For ex8lllple, the 
LO impregnated a-alumina is heated at 90°C for l hour and thtl!!ln 

heated in a current of air by the use of a hot air dl;ier at 
200°c for 10 minutes and !urther at 300°C for IO minutes. 
snbsequently, this a-alumina is immersed in a solution of 
cesium carbonate in ethanol, deprived of exoese solution, 

15 and dried in a stream of nitrogen to obtain an amide 

compound-containin<J silver eatalys t. Incidentally, the 
tempe:ratu~e used in the impregnation and that used in the 
dl:')'ing in the stream of nitrogen are preferred tQ avoid 
surpassing 20°c. 

20 ( 4) a-Alumina is impregnated with a solution obtained 

by adding an aqueous oxamide solution and an aqueous cesium 

ca~bonate solution to a water slurry of silver oxaiate, 
further addinq ethanol a.mine thereto, and dissolvin9 theDl 

altogether. Then, the impregnated a-alumina is sUbjected to 
25 a heat treatment which is perfo:rmed, for example, at 90°C 

for 1 hour and subsequently in the open ail: by the use ot 
a hot air dr:i.er at 200°c for io minutes and fuJ!'ther at Joo•c 
tor 10 minutes to obtain an aiaide colllPOund-containing silver 
catalyst. 

30 (5) a-Alumina is impregnated with a solution of 

obtained by dissolving ethanol amine 1n a water sltttry of 
sU-ver oxalate and then subjected to a heilt-treatment. 1:his 
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heat treatment is perfoJ:11ed, for example, at 90°C and then 

a cUi'rent of air by the use of a hot air drier at 2oo•c for 

10 minutes and further at 300°C for 10 minu-ces. Subsequently, 

the o.-alwnina mentioned above is impregnated with an aqueous 

5 solution obtained by dissolvinq an amide compound and cesium 

carbonate in water and then driQd, for example, at 120°<: tor 
s hours to obtain an amide compound-containinq catalyst. 

( 6) a-Alun\ina is impreqnated with an aqu~us solution 

obtained by d1sso1vinq ethanol amine in a water SlutrY of 

10 silver oxalate and then subjected to• heat treatment which 

is performed, for example, at 90°C for 1 hour and then in 

the open air by the use of a hot air drier at 200°C for 10 

minutes and further at J00°C for IO minutes. Subsequently, 

the a, .. alumina mentioned above is im.preqnated with a solution 

15 of cesium carbonate in ethanol, deprived of excess solution, 

and then dried in a stream of nitrogen. The temperature used 

during this drying in the stream. of nitrogen is prefer~ed 

to be adjusted so a.a to avoid surpassi.nq 2o~c. Then, the 

a-alumina mentioned above is impregnated with the aqueous 

20 solution of an amide compound and dried, for example, at 120l'>C 

fox: S hours to obtain an amide compound-containin~ silver 
catalyst. 

In the methods { 1} - ( 4) mentioned above, when the heat 

treatment is performed in the open air, for example, at 200°C 

25 and further at 300°C, the amide com.pound of certain species 

has the possibility of being scattered to the extent ot 
rendering the deposition thereof inteasil>le or the 
adjustment of the amount of its clepoaition difficult. In 

the method (5), it possibly becomes difficult to atta.tn 

30 uniform deposition of cesium as a reaction pt"o.moter on the 

catalyst because the solvent to .be used requires to possess 

a hiqh solubility for the ces iu:m (alkali aetal) and the dryinq 
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also requires to be performed at a high temperature. In the 

method ( G}, the uniform deposition o! cesium on the catalyst 

or the adjustment of the amoqnt of deposition thereof may 
possibly become ·difficult because the eesiUJl\ carbonate 

s deposited in advance on the catalyst is inevitably dissolved 

when the a-alumina carrier is impregnated with the aqu&ous 

amide compound solution. 
In contrast, in case of the method (1), the cesium 

{alkali metal} can be unifoi:mly dispersed and deposited on 

l O the catalyst because the a-alumina is preparatorily made to 
carry silver and an amide compound the:reon and then the 

a.-alW11ina carrier mentioned above is immersed in a solution 

of the cesium in a solvent of low solubility such as, for 

example, ethanol and consequently enabled to induce 

15 adsorption of cesiWll thereto and further deprived of the 

solvent at a low temperature. 

By the methods desariDed above, it is made possible to 

obtain a silver catalyst which allows the amount ot Chlorine 

suffered to adhere thereto af~er the duration of the vapor 
20 phase oxidation of ethylene performed under the conditions 

mentioned above has totalled 240 hours tront the start of the 

reaction to be decreased to about a .1 mol. \per mol of eilvel:'. 
~he use of the silver catalyst which has the amount of 

adherin4 chlorine in the range of o .1 - 2 mol t, preferably 

25 G.1-1.s mol most of preferably 0.1-1 mol ,, perll\Ol of silver 

permits ethylene oxide to be continuously produced at a high 

selectivity for a long time. 

The silver caulyst incorporatinc;t an organic: nitrogen 
com.pound therein accordi!lg to this invention is prochlced by 

30 the steps of (a) preparing an aqueous silver-amine complex 

solution by adding an aqueous amine complex solution to a 

water s~urry containing a silver salt, (b) impreqnating a 
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porous carrier with the aqueous &ilver-amine complex 

solution and then sUbjectinq the carrier impreCJQated with 
the aqueous solution to a heat treatment, {c) impregnating 

the heat-treated porous carrier with a solution of an oi:9anic 

s nitroqen compound and then causinq imtt:req.nated with the 

solution to dry, and (d) causing the cal'rier consequently 
incorporated the orqanic nitrosen compound to l:>e itllpreqnated 

with a solution of an alkali metal and then drying the wet 

impregnated carrie~. 

lo The silveE salt, a.mine complex·for:minq agent, porous 
carrier, and alkali metal salt to be used herein ma.y be those 

whieh a.re generally adopted in the prepa:r:a.tion of a catalyst 

intended for the production of ethylene oxide. AS typical 

examples of the silver salt, silver nitrate, silver acetate, 

15 and silver oxalate may be cited. As typical examples o! the 

amine type complex-forming' agent, mono-, di-, and tri­

ethanol amines may be cited. As a typical example of the 

porous carrier, a-alumina may be cited. AinOng other species 

of <l-alumi.na, the (I-alumina which has a specific surface area 

20 determined by the BET method in the ranqe of o • 1 - s m2 I<;, 
preferably 0.2 - 3 D11 /q, and an app~rent porosity in the ranqe 

of 25 - 10', preferably 35 - 70t. As a typical example of 

the alkali metal salt, cesium carbonate may be cited. 
An amount of the supported silver to the carrier is 5 

25 to 25 ' by weight, preferably S to 20 t by weiqht, most 
pl:eferably 5 to 18 'by weiqht per total weiqht of the catalyst. 

An alkali metal is usually incorporated as a p.romoto.r into 

the silver catalyst in accordance with the preeent invention 

and the amount thereof is O. 0004 to o. 04 ' hy weiqht, 

30 preferably O .0008 to 0.02 'by weight, most preferably o. 001 

to 0.01 \ by weight to silve~ per k13 of tin1sned catalyst. 
Among these alkali metals, cesium is the most p:referQble. 
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Now, the steps (a) - (d) mentioned above will be 

described more specifically below by citinq a case o! using 

silver oxalate as a silver salt, ethanol amine as an amine 

complex-forming agent, a-alumina as a porous carrier, cesium 

s carbonate as an alkali metal salt, and an amide compound as 

an organic nitroqen compound. 

Step (a) 

An aqueous silver-amine complex solution is prepared 

by a.ddinq ethanol amine to a water slurry containing silvei: 

10 oxalate and allowinq the silver oxalate to be thorou9hiy 

dissolved therein. Concerning the proportion of the.amount 

of the ethanol amine to that of the silver oxalate, the 

ethanol amine to be used accounts for a proportion in the 

approximate ranqe of 1 ... 2 ltlols per mol of .silver. Though 

15 the water slurry containing the silver oxalate uses water 

as a solvent, it may additionally use an alcohol such as 

methanol. 

Step (b) 

The aqueous silver-iam.ine complex solution obtained at 

2 o the step {a) is used for i.mpreqn.atin.q <x-alwnina. For the 

purpose of enabling this impreqnation to proceed effectively, 

the o-alumina is pref erred to be heated in advance. After 

the i.mpre9nation is comple.ted, the impregnated a-alumina is 

qenerally heated at a temperature of not more than 100°c to 

25 induce removal of water to a certain extent by vaporization. 

'then, this a-alwuina is heat-treated to induce precipitation 

of silver by way ot the so-called activating treatment. 

The activatinq treatment mentioned above can be 

implemented by the method generally adopted in the 

30 manufacture of a catalyst intended for the production of 

ethylene oxida. As disclosed in JP-A-62-114 1 654, for 

example, the activation can be accomplished by heatinq the 
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a-alumina in a current of air in one continuous step or in 

two separate steps at a temperature of noi:m.al temperature 

to 400°c, preferably normal teinperatu~e to 300°c. 

specifically, this heating may be satisfactorily implemented 

5 by the use of a hot air drier which is operated vitb heated 

air to heat the carrier, for examplet at 200°c for about 10 

minutes and further at 300°C for a~out lO minutes. 
Step (c) 

An amide compound solution is prepared by dissolving 

10 an amide compound in a solvent, preferably water or a mi:Jtture 

of water with an alcohol such as, for: exam.ple, ethanol. 'this 

a.mi.de com.pound solution is used for impregnated the a-alwaina 

has undergone the heat treatment at the step (b). The 

impregnated a-alumina is dried by bein~ properly heated. 

15 Step (d) 

A cesium.-containinq solution is prepared by dissolving 

cesiwn carbonate in a solvent, preferably an alcohol such 

as, for example, ethanol. The a-alumina obtained at the step 

(c) is immersed in the solution and then dried preferably 

20 in a stream of an inert qas to obtain an amide compound­

containinq silver catalyst. 
The silver catalyst of this invention can be otherwise 

obtained by any of the followinq methods. 

( 1) a-Allllnina is impregnated wit.h an aqueous solution 

25 of an amide compound and dried, for example, at 120°C for 

5 how;s.. separately, the a-a.lumina mentioned above is 

impi:egnated with an aqueous solution., of which is separataly 

prepared by dissolving ethanolamine in a water slurry of 

silver oxalate and then subjected to a heat treatment. For 

30 example, it is heated at 9D°C for 1 hour and then heated in 

a current of air by the use of a hot air d::r:ier at 200°c for 

10 lllinutes and further at 300°C for 10 minutes.. subsequently, 
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this a-alumina is immersed in a solution ot cesium carbonate 

in ethanol, deprived of excess solution, and then dried in 

a st.t'eam of nitrogen to obtain an amide compound-containing 

silver catalyst. The temperature used for the d:cyinq in the 

5 stream. of nitrogen is preferred to a~oid suxpassin9 20°c. 

( 2.) a-Alumina is impre~nated with a solution prepared 

by addinq a !iolution of an amide compound in water to a. water 

slurry of silver oxalate, further adding ethanol thereto, 

and dissolving them altogether and the im.preqnated a-alumina 

10 is subjected to a heat treatment. This heat treatment is 

performed, for example, at 90°C for 1 hour and then in the 

open air by the use of a hot air d:cier at 200°c for ten minutes 

and fnrther at 300°C for 10 minutes & Subsequently, this 

o-alu:mina is immersed in a solution of cesium carbonate in 

15 ethanol, deprived of excess solution, and then dried in a 

stream of nitroqan to obtain an amide compound-containinq 

silver catalyst. The tem.perature used for the immersion and 

that for dryin9 in the stream ot nitrocien are preferred to 

avoid surpassing 20°C. 

20 (3) An aqueous solution of oxa.tnide and an aqueous 

solution of cesium carbonate a.re added to a water slun:y of 

silver oxalate, ethanolamine is furtb.er added thereto, and 

they are dissolved altogether. ~-Alumina is im.preqnated 

-ith the resultant solution and then subjected to a heat 

25 treatment. Ttiis heat ti:-eatai.ent is implemented, for example, 

at 90°C tor l hour and then in a current of air by the use 

of a hot air drier at 200°c for lO minutes and further at 
300°C for 10 minutes. 

( 4) a-Alumina is impreqnatQd with a solution obtained 

30 by dissolvinq ethanol amine in a water sluri:y of silver 

oxalate and then subjected to & heat treatment. Tb.is heat 

treatment is implemented, fo~ example, at 90°C for l hour 
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and then in a current of air by the use of a hot air drier 

at 200°c for 10 minutes and further at 300°C fo~ 10 minutes. 

Thereafter, the c-alumina mentioned above is impreqnated 

with an aqueous solution obtained by dissolving an alltide 

5 compound and cesium carbonate in water and then dried, for 
example, at 120°C for 5 hours to obtain. an amide 

compound-containing silver catalyst. 

( :S) a-Alumina 1s impregnated with an aqueous solution 

obtained by dissolvinq ethanol antine in a water slurry of 
LO silver oxalate and t.hen subjected to a heat treatment. This 

heat treatmen~ is carried out, for example, at 90°C for l 

hour and then in a current of air by the use of a hot air 

drier at 200°C for 10 minutes and further at 300°C for 10 
minutes. Subsequently, the a ... alumina mentioned above is 

15 imlt\ersed in a solution of cesium carbonate in ethanol, 

deprived of excass solution, and then dried in a stream of 

nitrogen. The temperature used in this case is preferred 

to he adjusted so as to avoid surpassing 20°C. !hen, the 

~-alumina mentioned above is im.pregnated with an aqueous 

20 solution of an amide CoBlpound and dried, for example, at l20°C 

for s hours to obtain an amide compound-containing silver 

catalyst. • 

In the method (1) ... (3) mentioned above, when tbe heat 

treatment is performed in the open air, for example, at 200°C 

25 and further at 3oo•c, the amide compound of certain species 

has the possibility of beinq scattered to the extent of 

renderinq the incorporation thereof infeasible or the 

adjustment of the amount of its inc:oq>oration difficult. In 

the .ethod (4), it possibly becomes difficult to attain 

30 uniform deposition of cesium as a .r:eaction proJaOter on the 

catalyst because the solvent to be u$ed :z:equues to possess 

a hiqh solubility for the cesium (alkali metal) and the drying 
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also requires to be pertoi:med at a hiqh temperature. In the 

method ( 5), the deposition of cesium on the catalyst or the 

adjustment of the amount of deposition thereof may possibly 

become difficult because the cesium carbonate deposited in 

5 advance on the catalyst is inevitably dissolved when the 

a-alumina carrier is impre9nated with the aqueous amide 
compound solution. 

In contrast, the method of this invention permits 

uniform di1:1persion and deposition of cesium on the catalyst 

10 because the deposition of silver and an amide CQl1\l>OUnd on 

t:he a-alumina precedes the immersion of the a-alumina in a 

solution of cesium ~ a solvent of low solubility s'Qch as, 

for example, ethanol and the consequent adsorption of cesium 

to the a-alUlll.ina and the impreqn..ated a-alundna is therea.!t.er 

15 deprived of the solvent at a low temperature. 

Incidentally, the a-alumina which is used as a porous 

carrier is preferred 'to have a specific surface area 

detexmined by the BET method in the rang-a of 0.1 - S m2/9, 

preferably o. 2 • 3 m:' /q, and an apparent porosity in the ranqe 

20 of 25 - 70\, preferably 35 w 70%. 

'l'he silver catalyst of this invention is s1:1.itable ro.r 

the production of ethylene oxide by the vapor phase oxidation 

of ethylene. This vapor phase oxidation of ethylene can be 

accomplished by adopting any of the methOds heretofore known 

25 to the art while using the sil'lter catalyst of this invention 

instead. 

The st4ndztrd conditions which prevail in the production 

on a commercial scale, namely a z:eaction temperature in the 

ranqe of 150° - 3oo•c, preferably 190° - 2so•c, a reaction 

30 pressure in the ranqe of 2 - 40 kg/cm.1 G, preferably 10 -

30 kq/cm1 G, and a space velocity in the range of 1,000 -

JO, 000 hr~1 
( STP), preferably 3, 000 - 8, 000 hr-1 (Sn'} • As 
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respects the composition of the feed qa• which is passed 

throuqb the catalyst, the method of using o.s - 30 vol. \ 

of ethylene, 5 - 30 vol. t ot carbon dioxide qas, and the 

balance of such an inert gas as, for example, nitrogen, argon, 

5 or steam and further usinq a lower llydrocarbon sueh a.s aethane 

or ethane and, as a reaction inhibitor, O.l - 10 ppm (by 

volttnte} of an organio chloride compound such as ethylene 
dichloride or ethyl chloride can be suitably adopted. 

A5 typical examples of the molecular oxyqen-containinq 

10 gas to be used in this invention, air, oxyqen, and enriched 

air may be cited. 

The conversion and the selectivity which are indicated 

in the working examples and the control represent the 

magnitudes which have been calculated in accordance with the 

1 S following formulas. 

conversion (i) ~ [(Nwnber of mols ot reacted 

ethylene)/{Numbe:r of mols of ethylene in the feed qas)J x 

100 

Selectivity ( % } = [(Number of mo ls of ethylene converted 

20 to ethylene oxide)/(Number of mols of reacted ethylene)] x 

100 

Now, this invention will be described more specifical1y 

below with reference to workinq examples. The letter "L" 

stands for liter. 

25 Example l 

<Preparation ot catalyst> 
catalyst accordinq to this invention (Catalyst A) 

To a water slurry containing 420 g of silver oxalate, 

360 q ot ethanolamine was added as kept cooled in a watar 

30 bath so as to effect thorough .solution of the silver oxalate .. 
The resultant aqueous solution was used for impregnating a.n 

~·alumina carrier (havinq an apparent porosity of 55• and 
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a BET specific surface area cf o. 70 m"'/9) heated in advance 

to so0c and the impregnated carrier was heated at 9o0c for 

l hour. The composite consequently obtained was heated at 

200°c for 10 minutes by the use of a perforated belt tYPe 

5 hot air drier adapted to feed air at a ra.te. of o • 5 m/ second 

and then heated further at JOO"'C for 10 minutes. An aqueous 

oxamide solution p:cepared separately by dissolving 244 <J of 

oxamide in water was used for impregnatinq the Q-~lUlllina 

carrier which had undergone the treat:Jltent described above 
10 and dried at l20°C for 5 hours.. Then, the u-alumi.M. c:al:rier 

so treated was immersed in a solution of 1&16 g of cesia 

carbonate in 1580 ml o! (jUaranteed grade ethanol and left 

standinq therein at 20°C for 3 hours. Thereafter, the wet 

carrier was deprived of excess solution and dl:ied thoro\lghly 

15 by being swept with dry nitrogen supplied at a rate of 50 

L/minute for s hours to prepare the catalyst A. In this while,. 

the temperature was kept trom surpassing 20°c. Silver 

cont:ent and ces iwn content in the catalyst were respectively 
13 .. 5% by weight and 3.Sl >e 10-3 qram equivalent/kg-catalyst. 

20 control 

catalyst for comparison (Catalyst B) 
The catalyst B was prepared by faithfully following the 

p.rocedure used for the preparation of the catalyst A while 

using an aqueous oxamide solution prepared by dissolving 
25 o;.244 9 of oxamide in water tor .i.mpregnatinq the treated 

u-alumina carrier and deying the impregnated carrier at 120°C 

tor 5 hours. Silver content and cesium content in the 

catalyst were respectively 13.St by weight itlld 3 .. 5b: io-J gram 

equivalent/kq~catalyst. 

30 <Evaluation of efficiency> 

A raaetion tube of stainless steel p:r:ovided with an 

outer heatinq device and measuring 2S mm in inside diameter 
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and 6000 mm in length was loaded with a sample, i.e. 2.2 L 

of the catalyst A (or the catalyst B). To this reaction tube 

kept under a reaction pressure of 15 kg/c:m.2 G, a feed gas 
composed of 20 vol. % of ethylene, 8 vol. \of oxygen, 7 vol. t 

5 of carbon dioxide 1 0. 1 vol. i of ethania, 2. 0 ppin of ethylene 

dichloride, and the balance of methane, nitroqen, and argon 

was introduced at a space velocity o! 6:500 11r1
• The reaction 

tube thus operated ~as gradually heated so that the 

conversion ot ethylene reached 11 :m.ol. % after the duration 
10 of the supply of the feed gas totalled eight days. When the 

reaction temperature was raised to 234°c, the ethylene 

conversion reached 11 mol \. Incidentally, the reaction 
temperature was l90°C when the reaction was started. 
'!'hereafter, the reaction was: continued foJ: ten days with the 

15 reaction temperature adjusted so as to keep the conversion 

of ethylene at 11 11101. %. The tact that the conversion of 

ethylene was not changed in this while means that the reaction 

temperature was maintained at 23411>c. 

After the reaction was coinpleted, the catalyst bed in 

20 the reaction tube was divided into five substantially equal 

portions and the portions were sequentially extracted f;r::om 

the reaction tube. '?he portions of the catalyst was tested 

for the amount of chlorine adhering to the catalyst by the 

use of a fluorescent X-ray a.Ilalyzer (made by .R.igaku Denki 

25 K<>gyo Co., Ltd. and sold und.er the trademai;k designation ot 
nIKl·3063")• The results obtained of the S portions were 
averaqed and the ave:raqe thus foQnd was reported as the total 
amount of chlorine adheriuq to the whole c::atalyat. 

The amounts of chlorine {per mol of ailvar) adhering 

30 to the catalyst A and the aatalyst B ve~e as follows. 
catalyst A: 0.3 mol. t 

catalyst B: 3.0 lllOl. t 
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<Comparison of efficiency between the catalyst A and 

the catalyst B> 

!n the same manner as in the evaluation of efficiency 
mentioned above, the reaction was continued for 5 O days and 

s for one year respectively as reckoned from the start of 

reaction. The reaction temperature was so adjusted as to 

keep the conversion of ethylene at 11 t1101. '. Xhe ditte:rence 

in selectivity and the dif farence in reaction temperature 
bet"1een the .reaction continue<% for 50 days and the reaction 

10 continued for one year were as follows. 
catalyst A: 

15 

Difference in selectivity = - 0.5 mol. % 

Difference in reaction temperature = +2°C 
catalyst B: 

Difference in selectivity = - 2-0 :rnol. ' 
Oiff erence in reaction te:inperature ~ +5°C 

~he catalyst A, for the purpose of keepinq the 

conversion of ethylene at 11 •ol. % at the end of l year•s 
reaction, had only to increase the reaction temperature by 

20 2°c over the reaction temperature at the end of so days• 

reaction and had suffered a decrease of only O .. 5 mol. t in 

the selectivity as compared with that obtained at the encl 

of so days• reaction.. In contrast, the catalyst B, for the 

purpose of keepinc; the conversion of ethylene at 11 mol. \ 

25 at the end of one yea.r 1 s reaction, had to increase the 

reaction temperature by s•c over the reaction temperature 
at the end of So days • reaction a.nd had suffered. a decrease 

of as much as 2 m.ol. % as compared with that obtained at the 

end of so days• reaction. 
30 From the results, it i8 noted that the catalyst A enjoyed 

a satisfactory service life and exhibited high selectivity 

over a long period as compared with the catalyst B for 
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comparison (conventional product). 
Examples 2 - 6 

catalysts were prepared by followin~ the procedure of 
Example l adopted tor the preparation of the catalyst A while 

5 using p.t'opionamide, formamide, malonam.ide, lactam.ide, and 

urea respectively in the amounts indicated in Table 1 in the 

place of oxamide. Silver content and cesiUJll conten~ were 
respectively 13.5% by weight and 3.51 x 10~ gram 

equivalent/kq-catalyst. 
10 In the same manner as used for the evaluation of 

efficiency in Exainple 1, these catalysts were tasted for the 

amounts of chlorine suffered to adhere thereto a~er 240 
hours' reaction. 

The reactions u.s 1ng these catalysts in the same manner 

15 as adopted for the comparison of eff icieney between the 
catalyst A and the catalyst B in Example 1 were continued 
for 50 days and for one year and the difference in selectivity 

and the difference in reaction temperature k>etween the 
reaction continued for SO days and the reaction continued 

20 for one year. 

The results of the experiment are shown in Table l 

toqether with the results obtai.ruad of :Sxuple 1 using 

oxamide. 



txample Kind of amide Amount 

con.pound charged 
(g) 

l ox amide 0.244 

2 Propionamide 1.213 

3 Formamide 0.747 

4 Ma1onami.de 0.847 

5 X.aotamide 1.478 

ti urea 0.499 

Control None -

rrahle 1 

Atomic ratio Amount of chlorine 
of contents suffered to adhere 

(N/Ag) (mol 'per mol of Ag) 

O.G02 0.3 

0.()06 0 .. 5 

0.006 (}.9 

0.006 1.0 

O.OOfi 1.1 

0.006 1.0 

- 3.0 

Chanqe in quality 
of catalyst 

Selectivity Temperature 

(mol \} c••c \ 
-o.s +2 

-0.5 +2 

-0.6 +2 

... 0.1 +3 

-0.8 +4 

-0.7 +3 

-2.0 +5 

N 
.i:-
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Chanqe in quality: 
Reaction temperature: (Reaction temperature 

required for keepin.9 the eonv-ersion of ethylene at 11 mol. l 
at the end or one year's reaction} - (Reaction tem.perat~re 

5 required for keeping the conversion of ethylene at 11 mol. ' 
at the end of 50 days' 4eaction) 

Selectivity: (Selectivity of ethylene oxide at the 
end of one year· s reaction) - (Selectivity of ethylene oxide 
at the end of SO days• re~ction} 
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WHAT IS CLAIMED IS: 

1. A silver catalyst intended tor producinq ethylene 

oxide by performinq vapor phase oxidation of ethylene such 
tnat an amount of chlorine suffered to adhere thereto is not 

s more than 2 mol ' per mol of silver after the duration of 
the reaction caused under the followinq c:ondition has 
totalled 240 hours fro~ the start of the 4eactiont 

(Conditions for vapor phaee oxidation) 
Reaction tube: Made of stainless steel and measurinq 

10 25 a in inside diameter and 600 mm in length 
Amount of catalyst: loaded: 2.2 liters 
Reaction pressure: 15 kg/cm.1 G 

aeaction teltlperature: Such a temperature as attains 

ethylene conversion, 11 mol% 
15 Composition of f&Qd qas: Ethylene 20 vol. t, oxygen 

a vol.,, aarbondioxide 1 vol. t, ethane 0.1 vol.,, ethylene 

dichloride 2. O ppm, and at least one inert qas selected from 

among metha~e, nitrogen, and arqon 

Gas hourly space velocity of gas: 6500 hr-:i. 

20 2.. A catalyst according- to claim 1, wherein the amount 

of chlorine sutfered to adhere thereto is in the range of 

0.1- i.s JllOl ' per 111.ol of silver. 
3 • A catalyst according to claim 1, wherein a carrier 

thei:efor is a.-alwaina, said carrier suppart.s silver thereon 

25 in an amount in the ranqe of 2 .. 25 ' by weight per total 

weight of the catalyst, and said carrier further supports 
an alkali metal thereon in an aniount ln the range of 0.0004 
- 0.04 gram equivalent weight per kq of finished c:atalyat. 

4 • A ce.talyst according to claim 3, wherein said alkali 

30 metal is cesium. 

5. A catalyst accordinq ·to claim 3, wherein said 

carrier has a ar.r specif ie surface area in the range of o .1 
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- 5 m" /q ai}d an apparent porosity in the ranqe Of 25 - 70t. 

6. A •ethod for the p.roduct;.ion of a catalyst intended 

for the production of ethylene oxide as set forth in any of 

claims l, which llethod comprises causing the catalyst after 

5 the precipitation of silver thereon to incorporate an organic 

·nitrogen compound therein. 

7. A method accordinq to claim 6, wherein said organic 

nitroqen ooJD.pound is an amide CoAtpound. 

8. A method accord.in~ to claim 7, wherein said amide 

10 compound is at least one member selected from the group 

consisting of fo.rmam1de, propiona.Illide, oxamide, malonudde, 

lactamide, and urea. 

j. A method for the production of ethylene oxide, which 

comprises effecting vapor phase oxidation of ethylene with 

15 a molecular o~qen-containinq qas in the presence of a silver 

catalyst set forth in any of claims L 

10. A silver catalyst for the production of ethylene 

oxide, incorporati.119 an organic nitrogen compound therein. 

11. A catalyst according to claim 10, wherein the 

20 content of said orqanic nitroqen compound is such that the 

atomic ratio of nitroqen atom (N) ; silver atom. (Aq) falls 

1n ~he ranqe of o.oooos : 1 - o.s : l. 

12. A catalyst accordinq to claim. 10, wherein said. 

or9anic nitrogen compound is an amide compound. 

25 13. A catalyst aeeordin~ -Co claim 12, vhe.rein said 

amide compound is at least one member selected from the 9roup 

consistin9 of fo.rmainide, propio:aa:m.ide, oxamide1 malonamide, 

laota.m.ide, and urea. 
14. A method far the production of a silve~ catalyst 

30 intended for the production of ethylene oxide, comprising 

the steps of (a) preparinq an aqueous silver-amine complex 

solution by adding an aqueous amine complex solution to a 
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water slurry containing a silver salt, (b) illpregnating a 

porous carrier with said aqueous silver-amine complex 

solution and then subjecting the carrier impregnated with 

said aqueous solution to a hea~ treatment, (c) imp:r:eqnating 

s the heat·treated porous carrier with a sol11tion of an organic 

nitro9en compound and then causinq the carrier i.mpreqnated 

with said solution to dry, and f~rther (d) causing said 

carrier consequently incorporated said organic nitroqen 

ooapound to be illlpreqna~ed with a solution of an alkali metal 

10 and then drying the resultant wet c~rrie~. 
15. A method according to claim 14, where.in the content 

of said orqanic nitroqen compound is such that the atomic 

ratio of nitrogen atom (N) : silver atom (Aq) falls in the 

range of 0.00005 1 l - o.s : 1. 

15 16. A method according to claim 14, wherein said 

organic nitroqen compound i4 an amide eoUtpOund. 

17. A in.ethod according- to claim 16, wherein said amide 

compound i& qt least one member selected from. the group 
consisting ot tom.amide, propionamide, oxam.ide, malonamide, 

20 lactamide, and urea. 

18. A method acc:ordinq to any of claims 14, wherein 

aca.rriertberefor is a-alumina, saidoarriersupports •Uver 

thereon in an amount in the ranqe of 5 - 25 t; by weight pel:' 

total weight of the catalyst, and said carrier :further 

25 supports an alkali metal thereon in an u.ount in the range 

of o. 0004 - o • 04 gram equivalent weight per kg of finished 

catalyst. 

19. A method according to any of claims 14, wherein 

said carrier has a BET specific surface area in the range 
30 of o .1 - 5 mi lg and an appuent porosity in the range of 25 

.. 70\. 

20. A method for the production ot ethylene oxide, 
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which comprises effecting gaseous-phase oxidation of 

ethylene with a molecular oxyqen-c:ontairu.nq gas in the 

presenae of a aat4lyst set forth in any ot claims 10. 


