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CARBON MONOXIDE AS A POISON
IN THE ETHYLENE-HYDROGEN COMBINATION

IN THE PRESENCE OF METALLIC COPPER

Introduetion.

According to the adsorption theory of contact
catalysis,any substance which 1s condensed on the surface of
the catalyst in preference to the reactants,which the surface
activates,should decrease the activity of the catalyst, or,
as it is said at present,should act ag a poison, The poison
or inhibitant may be some foreisn non-volatile substance
such &s orease or it may be some compound whieh Fforms on the
surface, for example a sulphur or arsenic compound, which
remains permanently located on the surface, thereby coverins
or "masking"™ it, The above cases are known as permanent poisons
ing, Again,the poison may be some substanee which is reversib-
ly adsorbed,but adsorbed in preference to the substance to be
activated, This substance may be one of the reactents or
products,or it may be some foreign substance present as an
impurity,which is preferentially adsorbed. Thus in the contact
process for the manufacture of sulphurie acid,SO% hags been
shown by Fink to be strongly adsorbed and in this way acts as

a poison, An example of a reactant acting as = poison is the







ethylene-hydrogen combination,metallic copper beins used
as a eatalyst, The ethylene is preferentially adsorbed as
was shown by adsorption measurements and slso by certain
internal evidence, The above cases are known as temporary
poisoning,

Taylor and Burns have shown that carhon monoxide
is strongly adsorbed on nickel and copper. Recently mueh

work has been done by Pease (J.A.C.S. 45,1196,192%3;45 2235,

— ¥

;and 45,2296,1923) on the adsorption of gases on metallic

‘!(‘}"U'}é
copper and on the reaction velocities of the ethylene-hydrogen
combination to give ethane,using metallic copper as a catalyst,
Amonge other things,he found that earbon monoxide is mueh more
strongly adsorbed at low pressures than either éthylene or
hydrogsen,and should, therefore,according to the theory of
poisoning,aet as a poison in the ethylene hydrogen combin-
ation, Accordinely sinee no quantitative dasta exist relatine
strong adsorption and tempprary poisoning,work was besun

under his direction to clear up this problem, This thesis is

a8 preliminary report on the work that has been carried out so
far,

The writer chose the same catalyst and the same
recction that Pease used in his work on adsorptions and
reaction velocities for the following reasons;(1) a laree
amount of data has heen aceumulated on the adsorption of these
cases (namely CO,C,H,,H, and C,Hg);(2) the reactants and
product are gaseous and reasonably stable,(3) the reaction

goes practically to completion, (4)there is no possibility of






interaction of catalyst or of side reactions,(5) the reaction
takes place at normal temperatures,(6) its course is easily
followed,since it occurs with a decrease of pressure at
econstant volume., CO was chosen for the following reasond:

(1) it is a well known poison,(?) data are already possesed

rezarding its adsorption,{3) it is very strongly adsorbed

and should therefore be a good poison,(4) it is easily prepared

&

and purified,(5)it is a gas and does not react with reactants
products, or eatalyst,and () it is not a permanent poison,

the catalyvtic powers of the catalyst heing recenerated on

1 =

heating and

L=

umping out,
Because of the knowmn variability among samples of

catalytically active material both as regards catalytic

vity and adsorptive capacity,it was considered vital
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to obtain measurements ot the relative adsorptions and the
reaction velocities on the same sample of catalyst,and, i
possible,to establish a relation between the two, This was
done, The measurements of the veloeity without poison have
usually been alternated with those with poison so as to take
aceount of any change in 2etivity of the eatalyst, The

adsorption measuremts were also made at the begimning of

the investiration snd at the end so as to cateh any change

in the adsorptive capacities,







- Apparatus and Procedure -

The apparatus used is pictured in Fig., T
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Fig. 1.—Apparatus.

Its essgsential parts are:-

B. Mercury Manometer,

C. Gas Buret,
The apparatus is similar to the one used by Pease
(J.A.C.S. 45,1197,1923) in his work and for detailed deserip-

tion of the apparatus see the above table, The cetalyst

ethylene, ete.,,were prepared and the procedures carried out as

therein deseribed., Where differences oeccur thevy will be siven
in this paper.
The catslvst wus prepared from C.P. Kahlbaum copper

Ve

oxide as deseribed above,






The OO0 =« - e 9 -
the CO was prepared by dropprine formiec aecid into

warm co 1 h a1 P 3
ne, sulvhurie acid, It was purified by passine throush

8 tower containine 1t KO
aining a solution of H,=lass beads heing used to

break up the bubles,and then throush a tubhe immersed in a

+ a -+ 3 ) ]
mixture of solid earbon dioxide and alecohol to remove econden-

sible impurities, It was then stored in a sasometer (not

L

e T N el
ghnowrn 1n diagsram but Similar t the ethvlene cagsaometar)

and was used as needeqd
I'he measurements of reaction veloecity were

out as deseribed by Pease with some few changes, For simple

reacti 5] ¢ 1 r 1 ol
reaction velocity measurements 1.2, wvhere no CO was used. the
S A | L U o ] urle

s N1
ethylene and hydrocen were elways mixed in as nearlv equal

volumes as it was possible to mix them, Hsually

'] L'-O”'P"'-F-'T; there

e 1 ool -
7as slightly more ethylene than hydrogen, the total volume of
. - iy LAE sl L 9, =

£ases beings At LE an. Havma =
383 ing about 65 ce. here CO was nged ag = roison two

A:pp + =
ditrerent procedures were used, The firsgt differed from the
r b L rom the

regular procedure in that the CO was run into the eatalvet

bulh wi+ 11 oL 1
ulb with the ethylene and hydrogen,it being run into the

buret sepn 41 p PO .
ret second, the hydrocen b m i 1
. 2 hydrogen being run in first, the ethylene

gst The £ a8 W 7 i 1 1
last, The zases were then mixed and run into the ecatalyst

(=)

bulb as in +he 2o lur pr ol
1lb a8 in the rezular Procedure, The other procedure used was

28 follows:*+he ON w 1 4
as Tollows:the CC was run into the catalyst bulb betore the

+1++1 & A . 2
ethylene-hydirogen mixture, Varying amounts of CO could be let

; S RS A e =
into the bulb by evacuatine the manometer (B on diazram) and

H

unning the 00 4§ 1 + 3 " }
mnin cne CU Into it first and then from the manometer into

the

> C

eatalyst buldb, For measuri the 0.03
. ; iring the 0.03 ee of CO, just the

lﬂ £
10le in the stopcock on the manometer B was filled at atmos

. ;
pheric pressure with CO and just this volume run into the







eataulyst bulpb., The hole in the stopcock was afterwards
calibrated with mereury and its volume found to be about
0.0% ce, After the CO was run over, the regular ethylene-
hydrogen mixture was made up in tne buret and run into the
bulb., About 30-45 minutes usually elapsed betweed the time
- . - : ) hydfo‘)”‘- m !.TLIFG
that tne CO was run in and the time the ethyleneiwas’run in,
thus giving the CO plenty of time to be adsorbed.
All of the experiments earried out were run at 0 C

and the ecatalyst bulb was always evacuated at 250°C after a

run was made,

-Adsorption Measurements and Diseussion-

As has been pointed out the objeet of this researech
wzs to correlate strong adsorption with poisoning, this being
done through the chenge in reaction veloeity produced throuch
the addition of varying amounts of CO.

It has been shovn by Taylor and Burns(J.A.C.S. 43,
127%,1921) and others that both the sctivity and adsorptive
ability of a catalyst depends on the method of preparation,
heat treatment,and other factors, Due to these many variable
factors that play a part as to the aetivity and absorptive
ability of the catelyst,the catalyst used in this investica-
tion does not sive exaetly the same results as those obtained
by Pease, The eurves showing the relation between the ahsorpt-
ive ability of the catalyst used for the three gases are given
in Fig, II.

Two sets of absorption measurements were run. One

set,the first one run,came about the middle &f the investication,
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the other set came at the end of the investigation, On
caleulating the results of the first set of measurements it

was found that the amount of hydrogen and ethylene adsorbed

was practically the same,the ethylene being adsorbed slightly
more than the hydrozen. As would be expected the CO adsorption
curve comes far to the right of the other two curves, thus
showing strong adsorption. On ealeulsting results of the second
set of mezgurements,it was found that the enrves gsotten appro-
ach in character nearer those obtained by Pease,although there

was still some didfference in degree, Unfomwtunately,during

these later measurements,some merenry by accident zot into the

=

catalyst bulb before a CO adsorption measurement had been

n

made,and the eurve gotten for CO adsorption was &f no value;

for,as has been shown by Pease (J.A.C
; ] { C

[y

E 2Z0N 109%)
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mercury shifts the curve from right to left({decreases the
adsorption) parallel to the curve obtained with no merecury in
the catalyst bulb, The CO curve given is the one obtained in
the first measurement,while the hydrogen and e&hylene curves
are those obtained in the second set of measurements,

Sinee the two sets of adsorption eurves did not

[

checlk each other due to small amounts of mercury gettine over
into the eatalyst bulb at various times during the investiga-
tion and due to various other factors,it was thoucht advisable
to check these curves;and an indireect method had been worked
out using data gotten from reaction velocity measurements, If
we take one of our reaction velocity experiments where very

1ittle CO is present (C.03% cc for instance),we know the total
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bulb and we have the initial pressure, If we subtract

volume in
the helium value corresponding to the same initial pressure
from this total volume run in,we get the number of ec

adsorbed and we assume that this all hydrogen and ethylene,

the amount of CO being small enouvuegh to neglect. Now using

the reaction velocity experiment in which 9.14 ee of CO was
used,we find the total volume of the gases run in =2nd the
initial pressure and subtract the cérresponding helium value
from it, This gives us the number of cec of gas adsorbed. Thus
we found one half an atmosphere of ethylene plus one half

an atmosphere of hydrogen gives an adsorption value of 5.350 ce,
while one half an atmosphere of ethylene plus one hslf an

atmosphere of hydrogen plus $.14 ce of CO gives a value of

7.70 ee adsorbed, If the latter is all adsorption of CO, this
adsorption is 7.0 ce,the partial pressure of CO heing 30 mm,
if the latter is adsorption of CO plus adsorption of ethylene

and hydrocen (this heine same as normally i.e. 5.30 ee) then

the adsorption of the CO is 2.50 cec,the partial pressure of

CO being 95mm,
Direct experiments showed that the adsorption of

~

ethylene alone at 100 mm, pressure was ?2.72 ec while the

13

adsorption of hydrogen was 1. ce 2t 100 mm, pressure, At

the very least, therefore,almost ag much CO is adsorbed at

N3N
U5

mm, pressure as ethylene (and more than hydrogen) at
atout 10C mm. pressure;and as a maximum the CO adsorption

may amount to three times the ethylene adsorption although

at only one third the pressure of the ethvlene, No doubt
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the truth lies somewhere in between these values, As has been

pointed out the adsorption eurves obtained by direet measure-
ments probably vary from the true curves to some evtent,yet
they are not very far wrong,as is shovm by eomparine them
with the above caleulated values, Although these eurves do not
express the true adsorptive capacities of the catalyst during
the entire investigation,we know that thev are sufficiently

near to the truth 1o use them,sinece the main objeet of runmine

these adsorbtion measurements was to show that the CO was
adsorbed eonsiderably more than ethyleme,and that ethylene in
turn was more adsorbed than hydroecen, This has been shown,

It might be noted also that these curves approach those

obtained by Pease in shape and relation +to one another,differin

only in deecree,

-Reaetion Veloeity Measurements and Discussion-

As has been mentioned,reaction velocities have been
run,where the method of introdueing the CO was varied in two
ways, One way,the first tried,was to mix the CO in with ihe
hydrogen and ethylene and run them into eatalyst bulb
together, The other way was to run in the GO first,and then
the hydrogen and ethylene were mixed and run into the bulb,

The two methods gave two types of curves as shown in Fig, ITT

™h et

y differ in character only durine the first sir eor seven

minutes, There was practically the same amount of CO in the
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bulb durine both reactions, Where the CO was run in T

rst

the catalyst's surface is covered up with CO and when the
hydrocen and ethylene mixture is run in,the reaction takes
place at practically the same speed throughéut the entire
range studided, the velocity depending mainly on how fast

the hydrozen and ethylene molecules can get to the surface of
the catalyst, On the other hand,where the C6 was run with the
mirture,for a short time the hydrogen and ethylene had pract-
teally the same chance to zet to the surface and be adsorted,
CO 4id, Durinz the time that it

and conseguently react,as the CO 1.

took the CO to get to the surface and shut off the hydrogen
and ethylene the reaction veloeity was quite fast as compared
to the velocity after the CO has covered up the surface,After
this first period of relatively high veloeity,note that the
eurves 20 off parallel to each other, showing that after this
first period they zre of the same type.

A esreater part of the work was done using the first
method,but the results gotten could not be made to check as
well as desired due to the various factors that the reaction

velocity depended upon,such as ;the extent the gases were

how fast they were run into the catalyst

mixed in the buret,
bulb,and such other factors that determine which of the gases
0t to the surface of the catalyst first, For the above
reasons,it was decided to try the second method of rumning
these measurements, It was found that check results could bhe
»otten by this method and also it was known from the nature
of the curves gotten what was taking place during the first

minutes of the reaction,since there was not such a






drop

in the pressure for the first few minutes as was the

in the first method used and this was important for

case

explaning the mechanism of the reaction., Accordiingly a set of

measurements were made by this method, the amount of CO beinge

varied over a wide range, These measurements are summarized

Tl

5]

ble T and the curves are given in Fie, IV

Table T.

dp in mm, CO present
per, minute (ee)
23 41.15 none
-~ A > 20 n fa
’\c ;3."-{? ﬂ\‘—II
AL 1,02 A AD
A 4 A
] 15.06 none
~0 A o~ -~ .-15
0 .57 9,14
390 22 ke )
> 4 £A 0
54,10 none
rilo) 67 . 47
3T 4 none
H, ran in before
" mivture
33 99.03 R.81
ChoH, T™aun in before
E mixture
34 55.55 9.80

non

e
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The activity of the ecatalyat remained constant

during these experiments,as is shown by curve no. 7,which

represents three different reaction veloecity experiments

fala)

where no CO was present, These three runs brzcketted the CO

runs shown. Great trouble was experienced elsewhere during

tion on account of the wariability in activity
of the catalyst, Very small amounts of merecury cettine to it
change it permanently,and it was noticed that the activity of

the catalyst was found to be greatly inereased after each CO
the catalyst und to v in

run in which a large amount of CO was used,seven or eight ce

being sufficecient to increase the aetivity considerably. The

probhable explanation of this fsct lies in the fact that

rrobably s very small amount of oxyzen would eget into the
catalyst bulb and oxidize the most active points of the

catalyst to the oxide, We say the most zetive portions of the

catalyst because of the fact that when ethylene or hydrogen

are adsorbed these are the points that are first covered (this

3\

will be shovm later) and from the faet that on these points

most of the reaction takes place. Consequently if a few of
them are oxidized to copper oxide by the very small amount of
oxygzen that gets in through various means, then we would expect

1 I3

the ethyleune-hydrogen combination (a measure of the constancy

of the activity) to be slowed do'm,sinece Cu0 is not 2 eatalyst
. ]

2

for the reaction, After the eatalyst is ox

[

dized to CuO, the
larcse amount of CO beine run in reduces these now inactive
parts back to active parts,and thus we get a speedine up of

the reaction veloeity during the next run, This invariably







happened after the addition of a large amount of CO, This
probably was the cause of the difference between results
sotten in the two sets of ethylene and hydrogen adsorption
measurements: for the first set was made after the CO
measurement of adsorption,while in the second case the CO
adsorption measurements were made after those of hydrogen and

lene,

We see that the curves in Fig, IV fall in the order
that is to be expected from the theorv advanced,namely that
the veloecity should be deereassed more in the case where more

is present, However it might be said for the curves gotten

by the first method of measurement,that in spite of the

=

variability of the activity they ususlly fall in the order

that they should, that is,those that were carried out with a

larze amount of CO were slower than those where a smaller

amount was used.

Taking the data from the curves in Fig, TV and

]

lottinzg the ce of CO used agzainst dp,the change in pressure

per minute, for the interval £00mm, Dpressure to 700 mm
'] L]

pressure,we get the curve shown in Fies, V. The most import-

ant part of rve is that part down at very low

concentrations of C0O,and to brine this part out it was

nte a2t hicher concentrations.,

e

necessary to leave out two po
However, these lie on an extension of the curve showm,as was
shovmn by plottines on larger coordinate psper using a smaller

4L ile

seale, The eurve should also toueh the dp axis at some value

about 50,but this to®® could not be shown on account of the

seale used,
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the eurves in Fig, IV,and

rLi s V o

as shovm differently
in Fig. V,we see that a very small amount of CO cuts down

the reaetion velocity to a very large extent, Givine the

exact figures we have for the averzzse dp in mm. per minute

or the interval A00-700 mm, pressure of Hg.,for the ethylene-

hydrogen combination without CO being present,a value of

)

about 50,while with 0.0% ce of CO we get a dp equal to 5.

n ineressing the amount of.CO up to 1.97 ee we zet =

thile on inereasing it s%ill furthur to

Y.14 ee of CO we gzet a velue of only 0.£ for dp. This shows
that the very smallest trace of CO that was first added was

U

comparatively the most

rmful,and that the inhibitive effect
of successive increments of CO present decreases as the
amount of CO in the eatalyst bulb inereases, In other words

AN

.03 ee of CO will cover up that por

+

ion of the eatalyst
upon which nine tenths of the reaction takes plaece,while a
relatively very large increase does not cover up completely
the portion on which the other one tenth takes place, It is
rno'm fpom the adsorption date that mueh more CO than this
.0%2ce is adsorbed,also that mueh more hydroecen or ethylene
are adsorbed, This seemz to indieate that the surface of the
catalyst is made up of certain parts on which most of the
reaction takes place and ecertain other portions on whieh the
rest takes place,the former portions being only a very small
part of the total surface area of the catalyst,while the latter
makes up,probably,the greater part of the remainineg surface

area, In other words some parts of the ecatelyst are more

active than others. This is furthur shown by the faect that







over one ec of any of the gases can he added before an

higsher pressures. This, however,dces not mean that all of
this cas that is adsorbed is a measure cf the active portions,

hut that it is adsorbed by the most sctive and some of those
in other words it is a measure of those

relatively high in activity.

In connection with these experiments it seemed
that furthur light could be throwvm on the mechanism of the

reaction by runnine in part of the ethylene or hydrogen

firet. just a8 the CO was run in first. Accordinsly suech
irst, ] 28 the CO was 1 ]

experiments were carried out,the sum of the reactant that
was run into bulb first together with that in the mixture

being enoush to give a resular one-%o-one mixture, Tt was

found that if about ten ce (one third of the total hydroeen

L 1

he reaction velocity was

o+

volume) was run over first that

Nals

rily gotten,thet is,dp was about 100,

about twice that ordins

However the valus gotten where ethylene was run over first
was about the seme as that gotten for the ordinayy run,The
ot 1o

sbgence of any difference in veloeity,whether the ethylene

was run over first or not,mey mean,either that it is normally

m

present in full concentration on the surface,or that it is

unnecessary that it be activated,and that the reaction

depends primarily on the activation of the hydroecen only.
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1. It has been shomm that

(sl
L¥]

does poison the catalytie

combination of ethylene and hydrogen, copper beine used as

velocities and adsorption measurements

have been made at 0°C

2., It was foun

that very small quantities (C.03 ee) of CO

were enough to decrease the reaction veloeity to about nine

tenths the value gotten where no CO was Present,

s

3. These results appear to indicate that of the surface

active in adsorption only about 1 % is responsible for

Yar: s
2% 0O

= e . p Ao
the eatalytic activity at 0°C ,

(s
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