Proc. Tth Intern. Vac. Congr. & ard Intern. Conl. Solid Surfaces (Vienna 1877} g27

frrd ALl

AL

TRANSIENT MOLEJIULAR FLOW THROUGH CAPILLARIES FOR THI

el

=l
‘5 STUDY OF CATALYTIC REACTIONS
..";
-3
Sl £. Haul arnd W. Littmann
73
B
!
<} Inst. £. Physikalische Chemie und Elektrochemie,
I

Techn. Univ. Bannoveol. Fed. Republ. Germany

nbhstract: Residence +imes, adsorpticn jsptherms {-16 to
r X

Fab by om e £

+30%c)and iscobars (up te 100°%C) of C2H4 were measured on
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E velean” and orygen covered Ag. Freundlich type isotherms
l'-: & ( on "clean™ Ag at coverages between 5'1011 and 2-1013
'_% molecules/cm2 resulted in iscsteric heats of adsorption
- % botween 76 and-21 kJ/mole. At pressures t10_3 to 10_‘I
T Torr) on a silver wire catalyst the oxidation of C2H4
;‘} leads only to CO, and H,0. Transient molecular flow
--} curves under reaction conditions WeTE treated by means
_ig 0f computer simulations.
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'i of rare gases, isomeric and isoto- a gas inlet system various gases
ﬁ? vic hydrocarbons have been previous- could be suddenly intreduced at
B constant pressures 91(10_4—10_2
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_— ( row Seen meodified to investigate flux of moleculres recordcd with
. collision processes with capilla- & ruaarupol mass spectrometer. The

ry surfaces which are ca=alwiti- kg surface was ~leaned after conta

cally active. A5 an exanple the mination with oxygen by flowing
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was chosen. Despite extensive re- gvacuation to a basic pressure
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Frem the transient flow curves cof

C_H, residence times were evaluated
4

2
/1/ reszulting in ET= 35kJ/mole and
= 2.4.107 s

ges correspending to p1=5.10

for surface covera-
_BTOEL
A5 previcusly described /1,3/
adsorption lsotherms can be ob-
tained from molecular flow experi-
ments. Typical Freundlich type isco-
P

silwer

The

therms o C2H4 for a "clean"

surface are shown in fig.3,

isctherms indicate a common point

of intersection which, howevar, on (P

thecretical grounds /5/ cannot be

directly interpreted as correspon-

dinyg to the meonclayer capacity, as
has been suggested /6/.
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Fig.3. Adsorption isotherms forx

C_JH4 on "clean™ Ag,

Adzorpiicn iosbars {fig.4.) show a
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decrease of the amount adsorhed up
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4t 30°C with a subseguent
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for the

silver. W

comparati-

vely smaller on aoxygen covered

zerfiace.

Iscsteric heats of adusorption de-

vent logarithmicaliy on surface

coverage and range hetween 76 and
21 k/mole at 5,10 and 1.1000
mclecules/cm2 hased on the gecne-

triec surface. These heats of adsamp

tion indicate strong surface
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hetercgeneity and are comparable
witn the scanty data in the litere-

ture of about 38 kj/mole J7.8/.
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Fig.4. Adsorption isabars

~ha present results indicate an in-
teraction of C.Hy with clean and
oxygen covered Ag wnich could be
interpreted as essentially physi—
sorption at the lower temperatures
with indications for weak chemi-

orption as the temperature is

LAl

raised. It is generally agreed that
at temperatures of the catalytic
oxidation, usually 2500C} C2H4 is
not adsorbed on clean Ag. In the
prresence cf oxygen either a chemi-
sorption complex (C2H400—Ag) is
postulated /9/ or more recently
/107 en the hasis of IR findings it
igs assumed that C2H4.iséfhemisorbed
on partially charged Ag formed DY

adjfacent oxygen chenisorption.
OXIDATION OF ETHALENE

mwo sets of catalytic flow experi-
ments were carried cut under the
following reproducible conditions:
(i) after cleaning the Ag by treat-
rent with 02/H2 and subseguent
evacuation a mixture of C,H, and G,
was fed to the column. {ii) after
covering the Ag suriace with
oxyvgen by means of a steady O2 flow
a stream of C2H was added. Tran-
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4
sient flow curves of such two

typical experlments are shown in
fig. 5 and 6.

At temperatures between 100 and
z00¢, pressures between 10*3and
107 Torr and C254/02 ratios of
1:10 to 10:1 only CO, and H20
were found as reactlon products;no
traces of ethylene oxide were
detectable. This 1s 1in agreement
with both antagonistic reaction
mecharisms which are presently
discussed, In one case /9,11,12/,
i.e. epoxide‘formation via chemi-
scroed molecular O;, the concen-
tration of this species as com-
parced to adsorbed O can be
expeczted to be neglibibly small at
the low pressores used in the
molezular flow experiments. In the

other case /10/ the formation and
mo*tual reaction of surface

conplexes
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Fig.6. Ethylene oxidation:
C2H4/oxygen covered Ag




830 Proc, 7th intern. Vac. Congr, & 3rd Interpn, Coaf. Solid Sudaces (Vienna 1977)

(&

g 6+C2H4, 2y '07) leading to co,
and PZO would he prefered at low
pressires to the reaction of Ag+0"
with I d, {rom the gas phase lea-
ding o C_H,.

The (rocess of transient molecular
flow has bpeen treated by Cottwald
and roth/13/ vsing computer simu-
laticn techniques. This metheod has
noWw teen extanded to 1nclude chemi-
cal reactions /14/.

As ar example the expariments of
fig. % and & were succesfully
simalated on the bhasis of ¢he
lollewing processes:

1} transzor: of reaction components

azteriziad by transsort

2] siative chenmisnrcotion
i a0

3) EBlwv-dideal mechanisam

¢4 30 237
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(C,H,00]

a by bulk
diffusicn and/or surfaoe oxida
fommation.
s Mo
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--= Timmoh
5) cosbesiion reactlon
. . gk q
(m,cor + 20,9 T 200, 942809
BT 2 Tt 2
Of coarsa, other and addivional ole—
mentary osteps can be considered.
Experirents at various pressures,
T p
Cate/ 2

catal /st treatments are in PrOYCaas,

ratios, teampzratures and
The dascoriboed method enables a
study of the kinetics of vatalytic
react .ons uncar well defined ceome-
tric :nd clean surface conditions.
The [ ow expuriments can he extended

to kigher pressures and then be

compaed with transient gaschromatn-

yraph ¢ studics with commercial

udi
catal'sts /11
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