LBL-14134
Preprint <

Lawrence Berkeley Laboratory

UNIVERSITY OF CALIFORNIA RECEIVED

r - 4 e — TORY
- Materials & Molecular VR 82
Research Division LIBRARY AND

PN 4

DOCUMENTS SECTION

Submitted to the Journal of Physical Chemistry -
lLetters

RHENIUM - AN AMMONIA SYNTHESIS CATALYST

N.D. Spencer and G.A. Somorjai

March 1982 | 2 ' \\
TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call

~ Tech. Info. Division, Ext. 6782.

- 5:.‘:,'

PEeR

=,

Prepared for the U.S. Department of Energy under Contract DE-AC03-76SF00098

\{_"D



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.

o




LBL-14134

RHENTUM - AN AMMONIA SYNTHESIS CATALYST

N.D. Spencer* and G.A. Somorjai
Materials and Molecular Research Division,

¢ Lawrence Berkeley Laboratory, and
Department of Chemistry,
<§ ' University of California, Berkeley, CA 94720
ABRSTRACT

Polycrystalline rhenium has been stﬁdied as a catalyst for the synthesis
of ammoﬁia from its elemehts. It appeafs to have an initial activity which is
nearly an order of mégnitude greater than that of the most active crystal.plane :
of irén (Fe(lll)) at the reactant preésure; (20 atm.) tehperatures studied (603;
713 K). It‘displays an éctivation énergj for aﬁmonia syﬂthesis,of 16.2 kcal
ﬁole‘i, which 1is appreciaﬁly lower than that of iron(111) (19.4 kcal mole'lj'
under identical experimental éonditionsf Rheﬁium appears to become reversibly
poisoned by ;he presence of 1f2 torr éf‘proauct (amﬁonia), althoughvequsure to
water or pre-sulfidation appears to have 1ift1e»effect on the cétalytic activity‘

(in marked contrast to the behavior of iron under similar conditions).

\
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While rhenium, when dispersed with platinum, is used extensively as an indusf
trial reforming catalyst, the ability of this element tb catalyze the synthesis
of amﬁonia from nitrogen and hydrogen has not been explored under well-defined
conditions.[1:2] 1In this letter we describe 6ur investigations of the cataly-

, tic activity of clean rhenium for ammonia synthesis. We also compare the behavior
of rhenium under synthesis conditions with that of_iron——the principal component
of the industrial ammonia éynthesis catalyst used at present.

The high pressure-low pfessure apparatus used for these studies has been

described in detail elsewhere.[3,4] It consists of a stainless steel UBV cham-
.ber containing_an Auger spectrometer, quadrupole mass spectrometer and argon
sputter-ion cleaning facilities. In addition, a high-pressure cell could be
placed around the catalyst éémple and‘connected to an external circulation loop,
enabling catalytic reactions to be run in situ and monifored at pressures of up
to éO atmospheres. Ammonia was detected by means.of a photoionization detec-
tor (iamp energy'10.2 ev) attachéd to the external loop, and reactant and p;oduct
gases were circulated by ﬁeaﬁs of a positive displacement pﬁmp. The catalyst
sample consisted of a 6 mﬁ x 6 mm équére polycrystalline rhenium foil (99.977,
0.025 mm thickness, Alfa Division, Ventron Corporation$ which was cleaned by
repeated argon ion bombardment (500 V, 1.5 x 1073 Aem~2) and annealing at 1000°C.
The principal contaminant in the foil was found to be carbon.

dver the temperature range studied (603-713 K), rhenium displayed an ini-
tial catalytic activity which was ﬁearlyvan order of magnitude higher than that
of the ﬁost active.plane of iron (Fe(lll)la]). At 673 K, the maximum turnover
rate was approximately 3.3 x 1078 moles NH 4 em 2 s7l,  The synthesis activity
decreased as the background pressure of ammonia rose above ~ 1-2 torr (Figure 1):
.this ié in contrast to the Sehavior of iron. The fall-off in catalytic activity

of the rhenium is apparently due to "product poisoning” of the catalyst surface
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by the synthesized ammonia. This could be prevented by'trapping the product
periodically in a cooled section of the circulation loop, after which the rhen-
ium was able to synthesize ammonia at the initial rate. This procedure could
be repeated many times, with little diminution of the initial catalytic activity.
By plotting the logarithm of the maximum acFivity (i.e., the slope of the
straight;line section of the'synthésis cufve),vs; reciprocal temperature, Qe
obtained a straight line, whose slope yielded an activation energy of 16.2 keal
mole~l. In Figure 2, this line is plotted with comparable data obtained for the
most active iron crystal face (Fe(lll)[4}). If similar surface coverages during
reaction are assumed, the pre-exponential factors for the rhenium— and iron(1ll1l)-
catalyzed synthesis appear to.be the same, The similar activation energies also
suggest, but do not prove, that.the mechanisms for ammonia synthesis on iron and
rhenium catalysts are related.

Iron catalysts are poisoned by the presence of surface sulfur or By the

"introduction of water with the reactant gas mixture.[AI. .However, surface

sulfur or water in the reactant feed had little effect,on_ﬁhe activity of the
rhenium catalyst used in these experiments. | |

- The higher turnover fate over rhenlum appears to be the result of the
somewhat lower activation energy for the diésociatiOﬁ ofvdinitrogen on rhenium
than on iron. The most'likely explanation of the product poisoning is that a
high coverage of iﬁtermediétes such as NH of NH2 is blocking catalytic surface
sites, and that their concentration is in equilibrium with that of the gas
phase ammonia. Thus, when the gaseous ammonia coﬁcentration is'reduced by

condensation, the surface site-blocking species' concentration is concommitantly

reducéd. The. decomposition of ammonia by rheniun Has been studied by others[5’6]

- who have postulated that NH9 or NH species may be involved in the rate-limiting

step of the decomposition reaction. If this is the case, then it would account



~fym

for the apparent equilibrium relationship between gas phase ammonia and the
site-blocking adsorbed species.

The greater poison resistance of rhenium to water and sulfur, as compared
to that of iron, may be explained in terms of the relative reactivity of the two
elements. While iron reacts with water to produce iron oxides, even at room
temperature, rhenium is resistant to attack by water at teﬁperatures and pres-
sures wWell in excess of those used in the present study. Although surface sulfur
is known to react rapidly with iron to produce sulfides which are inactive as
ammonia catalysts, the rate of the rhenium—sulfur reaction to produce a chemi-
sorbed sulfur layer or rhenium sulfide is uncertain, and is at present the sub-
ject of investigation in our laboratory. The fact that rhenium did not become
significantly poisoned in the presence of surface éulfur suggests that eithe? the
thenium-sulfur species 1s as effective at ammoﬁia synthesis as rhenium itself,
or that the active sites for ammonia synthesis on rhenium are distinct from those
which adsorb sulfur. Since the sample used in the present investigation was poly-
crystalline, it is conceivéble that some crystal faces are active in amﬁonia syn-
thesis and unable to adsorb sulfur, while others sulfide rapidly, but are unable

to catalyze ammonia synthesis.
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FIGURE CAPTIONS

Figure 1: Evolutioh of Ammonia during synthesis reaction on rhenium catalyst.

Figure 2: Arrhenius plots for polycrystalline rhenium and Fe(1lll) ammonia
catalysts. ' '
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