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Disclaimer

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor any of
their employees, makes any warranty, express or implied, or assumes any legal liability or
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 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. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the United
States Government or any agency thereof.

Abstract

Work involving the synthesis of monometallic transition metal carbides supported on
alumina is described. The catalysts have excellent initial activity in the hydrodechlorination of
CCLF, (CFC 12), but deactivate with time by the deposition of carbon. Initial work on the
preparation of unsupported bimetallic oxynitrides is also described.
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Executive Summary

Several supported transition metal carbides and nitrides were prepared and tested in the
catalytic dechlorination of the freon CFC 12 (CCI2F2). The catalysts had excellent initial
activity compared to noble metal catalysts, but deactivated due to the deposition of carbon.
Good progress was made with the preparation of bimetallic oxynitrides, and several stable
compositions were obtained.

Introduction

In the previous quarterly report we described the synthesis and characterization of a
series of unsupported transition metal carbides and nitrides. The catalysts had excellent activity
in hydrodenitrogenation (HDN) of a model coal-liquid feed. Because of the exceptional
hydrogenation activity it was decided to test them for the dechlorination of CC,F, (freon 12), a
chlorofluorocarbon. Dechlorination of freons to hydrofluorocarbons is an important
environmental objective which warranted examination.

In the first quarterly report it was shown that the best catalysts were molybdenum and
tungsten carbide. It was decided to prepare these compounds in supported form on an alumina
substrate. Also, because of the positive initial results and the good prospects for developing the
carbides and nitrides, it was also decided to prepare new compositions based on combining two
different metals. Such bimetallic alloys could be prepared by the same temperature-programmed
techniques used to synthesize the monometallic compounds.

Results and Discusion
Preparation of Supported Compounds

Supported carbide catalysts were prepared by temperature-programmed reaction of
supported oxide precursors. These precursors were made by impregnating Al,O; (Degussa
Aluminum Oxid C) with ammonium molybdate and ammonium metatungstate (20% loading of
oxide). The precursors were pelletized and reacted with a stream of 20% CH, in H,. X-ray
diffraction analysis of the compounds showed the presence of Mo,C and W,C. These supported
carbides were also themselves impregnated with 1% Pd, to test for synergy between the carbides
and a noble metal. The catalysts were characterized by chemisorption of CO and BET
measurements.

Testing of Catalysts



The catalysts were tested for the conversion of CCI,F, (CFC 12) in a medium pressure
reactor system consisting of two stainless steel reactors in parallel. The reaction products were
analyzed by on-line gas-chromatography (Varian, Model 3700) using a PoraPLOT Q column
(Chrompack, Inc.). The catalysts were compared to a standard palladium catalyst. The results
are summarized in Table 1. It was found that the initial activities of the carbides were high,
rivaling those of the palladium catalyst, but that the activity deteriorated with time. Examination
of the spent catalysts by XPS indicated that they had substantially contents of carbon.
Evidently, some cracking had occurred to cause coke deposition. The work has been published
and is reported in Ref. 1.

Table 1
Initial Activities of Catalysts at a Space Velocity of 1800 h*
Catalyst Temp Conv of CFC Selectivity to Turnover rate
(K) (%) HFC 32 (%) s
0.1% Pd-Mo,C/Al,O4 573 13 100 0.055
1% Pd-Mo,C/Al,O4 623 43 100 0.183
Mo,C/Al,O4 623 46 100 0.196
W,C/AlL,O; 623 73 100 0.310
Mo,C 623 4 100 0.017
WC 623 6 100 0.026
1% Pd/activated C 523 47 45 0.200

Preparation of Bimetallic Compounds

A new class of materials, M;-M,;-O-N (where M;, M;; =V, Mo, W, and Nb) were
synthesized by nitriding bimetallic oxide precursors with ammonia gas via a temperature
programmed reaction. The oxide precursors were prepared by conventional solid state reaction
between two appropriate monometallic oxides. The synthesis of the oxynitrides involved
passing NH3 gas over the oxide precursors at a flow rate of 6.80 x 102 nmol s* (1000 cm® min™)
and raising the temperature at a rate of 5 K min™ to a final temperature which was held constant
for a short period of time. The oxynitrides thus obtained were pyrophoric and needed to be
passivated before exposing them to air. All these new bimetallic oxynitrides had a face centered
cubic metal arrangement and high values of surface area. They had good CO uptakes and are
likely to be surface active. Their XRD patterns are reported in Figure 2 and indicate pure
substances. The work has been published (Ref. 2,3).

Conclusions

The supported carbides and nitrides show good activity in hydrodechlorination, but
deactivate. This may be due to the acidity of the alumina support. The bimetallic oxynitrides



can be made in a homologous series and are promising for hydroprocessing.
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