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Nitroge chemisorption is studied on promoted and
unpromot d supported ruthenium catalysts as a function
of both te perature and pressure. Ru/carbon covered
alumina ( CA) catalyst does not chemisorb nitrogen at
all the te peratures. Addition of ptomoters enhances
the nitrog n chemisorption capacity of the catalysts (Cs­
Ru/CCA d Cs-Ru-Ba/CCA) remarkably at and above
250°C. T e chemisorption isotherms are characterized
by three w IIdefined adsorption steps, These adsorption
steps are ributed to the structure sensitive chemisorp­
tion of nit ogen on the three low Miller index planes of
ruthenium (101),(100) and (001).

Ammoni' synthesis over metal catalysts is shown to
he highl, structure sensitive by many investi­
gators 1-', t is well known that dissociative nitrogen
chemiso tion is the rate determining step in ammo­
nia synth sis. On conventional Fe catalysts it has
been s110 n that the synthesis gas mixture with a
H/N2 m Ie ratio of 2.5 instead of the reaction stoi­
chiometri mol(f ratio of 3.0, would produce higher
yields of onia over the catalyst5,6. This is attri­
buted to he higher concentration of chemisorbed
nitrogen s a result of lower concentration of chemi­
sorbed h rogen. Promoted ruthenium catalysts ex­
hibit muc higher activity than the conventional Fe
catalysts 7 The ammonia synthesis activity of ruthe­
nium cat ysts is found to be influenced by the sup­
port and' Iso by the promoter8 - 10,Recently carbon
covered al 'nas (CCA) are proved to be much superi­
or suppo ts for ruthenium than the conventional
supports ike active carbon and alumina 11.In the
present c mmunication the results of a study of ni­
trogen c emisorption on Ru/CCA (wt. ratio
10:100), s-Ru/CCA (51:7.7:100) and Cs-Ru-Ba/
CCA (51 7.7:5:100) catalysts as a function of both
tempera re and pressure are presented, Inspired
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by the fact that dissociative nitrogen chemisorption
is the rate determinine, step in ammonia synthesis,
these studies are carried out with a view to get infor­
mation on the influence of temperature and the
morphological structure of ruthenium on the nature
of chemisorption on thc~secatalysts.

Experimental
Three catalysts Ru/CCA (Catalyst 1), Cs-Ru/

CCA (Catalyst 2), and Cs-Ru-BaiCCA (Catalyst 3)
were prepared by the stepwise impregnation and re­
duction method. CsN03 (Fluka Chemie) and
RuCI3.3H20 (Aldrich, USA) were used as precur­
sors for Cs and Ru respectively. The details of the
method of preparation of the catalysts were given in
a previous publication 11. Carbon covered alumina
(CCA) support was prepared by the pyrolysis of
ethylene (Matheson, USA) in N2 (IOlAR-l, India)
at 600°C over commercial y-Al203 (Harshaw, AI­
3996 R, 18/25 BSS mesh)l1. The flow rates of ethy­
lene and nitrogen wert~ 2 ml min-I and 15 mI min-I
respectively per gram of alumina. The procedure
followed was similar to the't of Vissers et aL12.

3-4 g of each catalyst were taken for nitrogen
chemisorption and hydrogen chemisorption studies.
The catalysts were reduced at 400°C in H2 at a flow rate
of 10 I h -I till they were free from chloride or nitrate
(as judged by testing the exit gases with AgN03 or
with Nessler's reagent), thoroughly degassed at 10- 6

torr pressure and hydrogen chemisorption was stud­
ied on the reduced cataJlystsat 25°C in a conventional
gas adsorption unit. The catalysts were again treated
with H2 at 400°C for 20 h and degassed
at 10- 6 torr pressure, Nitrogen chemisorption
was studied on these catalysts in the temperature
range from 250°C to 400°C in the same way as hy­
drogen chemisorption as a function of pressure upto
one atmosphere. An equilibration period of one
hour was found to he sufficient to attain equilibrium
for each adsorption pomt. Two nitrogen fhemisorp­
tion experiments wer,e intercepted by hydrogen
treatment at 400°C and d,;gassing at 10-6 torr pres­
sure in order to remove nitrogen chemisorbed
strongly on the catalyst surface.

Results and discussiolll
It was observed that catalyst 1 (Ru/CCA) without

promoter did not adsorb any measurable quantity of
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Fig. 2-Nitrogen chemisorption isotherms of Cs-Ru-Ba/CCA
catalyst at different temperatures. 250·C; 0 300°C; A 350·C;

.400·C
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Fig. l-Nitrogen chemisorption isotherms of Cs-Ru/CCA catal­
yst at different temperatures. 2500C; 0350°C; • 400°C
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therms would certainly indicate the heterogeneity of
ruthenium surface in the catalysts. Structure sensi­
tivity of nitrogen chemisorption and ammonia syn­
thesis was very well demonstrated on Fe single crys­
tal surfaces. N z chemisorption rates and NH3 syn­
thesis rates were found to decrease in the order:
(111) > (110) > (100) for the three low Miller index
planes of iron1,zo. The Fe(111) crystal plane has a
less dense and more open structure than the other
two crystal planes. Very recently Strongin and Som­
orjaP have demonstrated that on mild treatment
with NH3 at 400°C the less active crystal faces (110)
and (100) get transformed into the more active crys­
tal plane (111).

The present experimental results and the infor­
mation on Fe crystal planes in the literature suggest
that the three low Miller index planes of Ru, (101),

nitrogen at all the temperatures. This catalyst exhi­
bited very low activity in this temperature rangell.
The catalysts 2 and 3 (with promoters) did not
chemisorb nitrogen and did not exhibit ammonia
synthesis activity at lower temperatures upto 200°C.
Addition of the promoters Cs and Ba to catalyst 1
was observed to enhance the adsorption capacity
and activity of the catalysts only at and above
250°C. The results indicate the importance of elec­
tron donation by the promoter to the metal and the
back donation of Ru d electrons to the antibonding
orbital of nitrogen molecule. Aika et aL8 have attri­
buted the inertness of Ru/ AC (or Ru/CCA) to the
drift of Ru d electrons to the electron deficient gra­
phite lattice of the support. The nitrogen chemi­
sorption isotherms of the promoted catalysts 2 and
3 are presented in Figs 1 and 2. The results of the
ammonia synthesis activity studies of these catalysts
have been published elsewhere13,14. It is clear from
Figs 1 and 2 that the Nz chemisorption isotherms of
these catalysts contain three well defined adsorption
steps in them. The three steps in nitrogen chemi­
sorption do not show up at 400°C because of the
small amount of nitrogen chemisorption on both the
catalysts.

The highest Nz uptake of 43 J.l mol g-l was mea­
sured on Cs-Ru/CCA catalyst at 350°C and at a
pressure ·of 740 torr (Fig.l). Nitrogen chemisorp­
tion was found to increase with rise in temperature
upto 350°C and decrease on further rise in tempera­
ture. The increase in nitrogen chemisorption with
rise in temperature should be attributed to the
promotional effect of temperature on the electron
donation by the promoter to the metal and also on
the elecvon donation by the metal to nitrogen mole­
cule. Maximum electron transition seems to occur at
350°C. It is clear that temperature has a detrimental
effect on the adsorption of nitrogen above 350°C.

Nitrogen chemisorption isotherms are not report­
ed on Fe and Ru catalysts in the literature. Isotopic
nitrogen exchange transient response studies on Ru
catalysts15,16 have clearly shown that a major part of
adsorbed nitrogen is in the form of activated nitrog­
en atoms under reaction conditions. Aika and Oza­
ki17 have studied nitrogen adsorption as a function
of time on K-RujAC catalysts and have carried out
IR studies of nitrogen adsorbed on these
catalaysts18,19. They found that the equilibrium nitr­
ogen chemisorption increased proportionately with
K loading on the catalyst. It was observed that potass­
ium decreased the vibrational frequency of N == N
bond on the catalyst surface.

The three steps in the Nz chemisorption iso-
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(100) and 001) also playa prominent role in chemi­
sorption nitrogen and ammonia synthesis. There­
fore, the tree adsorption steps in N2 chemisorption
isothemls on these catalysts can certainly be attri­
buted to t e structure sensitive nitrogen chemisorp­
tion on 1:h three Ru crystal planes.

Transm' sion electron microscopic studies of ruthe­
nium cat ysts derived from Ruel3 and supported
on Si02 d MgO carried out by Datye et al.21 pro­
vide an . direct support to the results of nitrogen
chemisor tion studies on ruthenium catalysts. They
have obs ed that Ru particles in the catalysts with
Ru loadi s below 1 wt% are small and spherical in

shape. R particles in the catalysts with Ru loadings
above 1 t% assume ellipsoidal shapes with diame­
ters abov 2 nm. These hexagonal platelets have
well deve oped facets of ruthenium (101), (100) and
(001),

Buglas et al.22 have carried out transition elec­
tron mic oscopic studies and ammonia synthesis
over acti e carbon supported Ru catalysts with con­
stant loa ing of the promoter KN02• They have ob­
served t at tiny Ru crystallites with well defined
faces are urrounded by small islands of the promo­
ter and e turnover frequ~ncy of ammonia synthe­
sis inCfl~ ed with Ru loading. This leads to the con­
clusion at TOF of ammonia synthesis increases
with iner ase in Ru crystallite size and hence that Ru
crystal fa es playa prominent role in ammonia syn­
thesis. Vi ry recently Masthan et al.14 have invoked
the struc re sensitivity of Ru crystal planes to ex
plain the hysteresis phenomenon observed during
ammoni synthesis over these catalysts. They have
suggest that the more dense and presumably less
active c stal planes (100) and (001) get trans-­
formedl' to less dense and more active crystal plane
(101) w ch has open structure like that of Fe(111)

under the influence of nitrogen and ammonia under
reaction conditions. So it can be concluded that the
three nitrogen adsorption steps undoubtedly dem­
onstrate the structure sensitivity of nitrogen chemi­
sorption on the three dominant crystal faces of ru­
thenium on supported ruthenium catalysts.
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