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Abstract

Silver catalyst was prepared with a-alumina support by the impregnation methed and used to
produce ethylene oxide by oxidation of ethylene with air. A continuous flow reactor system was
set up to investigate the activity as well as the selectivity of the catalyst under various reaction
conditions. Beth the catalyst in powder form (20-40 mesh) and that in pellet form (1/4 in. in
diameter) were tested. While both catalysts obtained a selectivity ranging from 60 to 709%, the

catalyst in pellet form exhibited a better performance. Within the range of experimental conditions,
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the production rate of ethylene oxide reached the highest value, 1.2X107® mole/hr-gm catalyst,

when the reaction mixture containing 7.2mole% ethylene was supplied at a rate of 300m//min and
the reaction temperature was maintained at 230°C. Barium added as a promoter improved the
selectivity to some extent, although there resulted in a significant decrease in the total conversion

of ethylene. Dispersions of silver and barium inside the catalyst particle were examined by utilizing

a metallurgical microscope.
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Fig.1. Pore-size distribution in a-alumina support (1/4 inch pellet).
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Fig.2. Micrographs of catalysts prepared by various
methods (magnification=400). (1) Lactic acid
method. (2) Silver nitrate method. (3) Oxalic
acid method.
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Table.1 Reaction conditions and compositions of
product streams for the catalyst in powder
form,

Reaction temp. °C) | 230 | 230 | 230

Total flow rate (m//min) 200 300 400
Contact time (sec) 5.76 .84 2.88
Reactant | Oz 19.5 | 19.5 | 19.5
composition | Na 73.3 73.3 73.5
(mol%) | c,u, 7.2 | 72| 7.0

_ ] U | —
Product CO, 5.9 4.9 6.3
composition | CoH,0 P 4.0 4.4 3.0
(mol %) | CaH 04| 05| 05
Conversion (%) 94.2 93.1 87.1
Selectivity (%) | 61.2 } 64.2 | 49.2

HWAHAK KONGHAK Vol. 16, No. 2, April 1978



114 ENX - FER - ZEA

oz AIE 94.7%s 252
"}%% T AE 7Hs4 & AA
23w, 7o Bl uhg =22
g Ve 2ste] HAJ Aol 5‘]"]'3‘]
Az A g 1.% 75?

AA fEE g
F& AR H. 2
o5 2o

4, P&
gt 3l
%%ﬂ il

ra

220 E AHA @e 2y 29 A4
W £% W8k JE Figd
% Fig.5o) vhehigich $29 299 B =

O O

CONVERSION (%)
a
o

~
o

20

i ! [
200 240 280
TEMPERATURE {° C)

Fig.4. The effect of the reaction temperature on
conversion.

248188 Hl16H Ai2® 1978 43

80
60 |
s
>
= L
=
-
(&)
W L0 .
Lt
v —O— POWDER
[~ —@— PELLET
AN
20
| | I |
200 240 280

TEMPERATURE(°C)

Fig.5. The effect of the reaction temperature on
selectivity.

2 AA 8 200ml/min, ¥EE F9 olE
T 7.0mol%olH, dAF F %S =
2 AA Sz 200ml/min, VSE F9
ek 9.8mol% ©]r},

F AL 25 L5t 45Tl o}t A%
Z7bsh AE st A8 gl o AL
oA A o] FA Hohe A 4
= Aold, 2x7t Zastd A%REH Adw
PE 7basle o] ube-o HA exsl A
Hols 9l

gl A4 A4 2xrb 230°C oz

g

oA A
O
2

g

o % S K r

LrlN'

vhehe, R 210°Col A 7HF B A
=5 3o, LT w3t A¥E FAe] 20°

CAHE ALZ2oE o]FH Ut

3-2. ORI e FE

HSE Fo olHal mol%E WA HA g
T AY AE Fig. 6o A3t o= b



ol Falg Fuff Aste] 3 Ag LA Az 115

100
CONVERSION
— —-——— SELECTIVITY
POWDER
80 -0 0

=]
o

couveasxou/saecnvzw (%!
~.
(=]

20

o} 20 40
ETHYLENE IN FEED (md©s)

Fig.6. The effect of the ethylene content in the
reaction mixture,

& 27L& we &5 230°C, W-SE AA f
200m/min o] =},

By Ed]e}h 1Ay Eof
o] 10mol% A& dod A
5 Zras=, 7 %el3t o

A
L & g

Azt Zraste 3FE 3
ghA F71 5 AFA R AHE3E A

gake 7Tmol% W7k AL AdE
o, &9, QIAE Ee) e PEE
mol %ol A A= =7t 70%0l
Zdjo] AYxe] AZEud FEoE A

32

ft e? o @l a4l o
Lo‘:o\)_h,rg“

£ e ol

Fojol w3k ARG A e A
Bile A, AAez dagel 4
1 34% ol F¥Aoz wd 48

< of

s}

o b efe

L )
§)

of 93 A4 (hot spot)e] FHHE A& uA
Bk, webA A4 ubse] JAlES] HEoR of
ek, o)A Fo kg dAF F ol o
F#so] Az JFgg A2 JE= A=, 53
A3k uke Eul 9] A 2 ALl gle] BAA
oz zEsojol & ykg FEA FA o)l

3-3. MH el IE
T Foie] dote] g Ex=F 230°C, %

e
E:h
2

o,

=0t 64.2% % FEE e, ARE
= A FAH, A3 ddae] g4 Szt
11.4X107* mol/hr-g cat. o Z3lgh o}, o= 3
T AEF A 7L 3.84sec o] FE Vo] nzH A
Z A7HY AW 2~6secs) & 3= A
E v s gl

100

80—

60 +—

CONYERSIO N/SELECTIVI TY {%])

—O—O— CONVERSION
—@®~-@— SELECTIVITY

ol 1 L1
200 300 400
FLOW RATE {ml/min)

Fig. 7. The effect of the total flow rate for the
catalyst in powder form.

HWAHAK KONGHAK Vol. 16, No. 2, April 1978



116 BEX - ¥R - FEA

ol 2 ulgS Ao}

=EF B % =
Az vhE §3e] g e =

Z3 Soljo] At

73_ vhE9 E8)7F 0.03Y =H7F 0.19

Fol o] fA3st o FFEH, ol =
Zojj 2 Hh;-% ALEE o, 2 Ak AR
o] EASHE A& AT 230°Cell A 2of
g uhgo] v ARz ole] A Fig. 8o %
Algtgom, o] RE Lo 3t ulFo Eul:
0.033 =2 3 Zo] 42T Aoz s}
¥oz o ©e AY FAFL Esko HAAAE
ARE 8o gk 2o

d, 2302 0tgg Aobekd AdEE
7hatt, A ZHEe] A FadE A g ¢F
ek, ubg Fob S E< Al s A
(Fig.9 3z), svhgo A3 &9 Ensl 0190

B0, CONTENT (wi.%)
0. 1.0 2.0
| [ T I

~—O— CONVERSION
—®— SELECTIVITY

/SELECTIVITY (%)

CONVERSION

20 Y S W I S '
0. 0.04 0.08 0.2

Bq/Ag MOLE RATIO

Fig.8. The effect of the content of barium as a
promoter.

sat3 gt MI163 Hi2E 19784 43

Fig.9. Micrographs of catalysts with barium as a
promoter (magnification=800). Mole ratio of
Ba to Ag: (1) 0.1 (2) 0.03.
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