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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
disclosed, 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.



Semi-annual Technical Progress Report
(Period November 1, 97 to March 31, 98)

The primary  objectives of research during this period were :
1. To prepare  ferric molybdate –molybdenum trioxide catalysts with different Fe/Mo

ratio using co-precipitation method.
2. To investigate the adsorption character, prior to, after adsorption of CO only, and

after adsorption of CO+H2 (syngas)  by diffuse reflectance FTIR technique.
3. To examine the catalytic character of these catalysts.

Sample Preparation

Three samples were prepared at ambient temperature using the co-precipitation
method.  They were sample A, Fe/ MoO3, 25.9%;  sample B, Fe/MoO3, 15.5% and
Sample C, Fe/MoO3, 5.2%.  The reaction conditions were kept the same for all samples
during the preparation.  In a typical preparation, a 0.2 M ferric nitrate solution was added
to o.1 M molybdate solution made from ammonium paramolybdate at a rate of 3.5 –4.0
ml/min via a burette while stirring. The pH of the solution was 5.6 –5.7 at the beginning of
the precipitation process  and dropped to 1.58-1.62 at the end of the precipitation process.
After the completion of the  precipitation, the mixture was kept stirring for 1 hr and
standing for 24 hrs.  The resulting gelatin was stirred again adding 50 ml of water, filtered,
and rinsed.  The precipitate was dried at 70oC in a vacuum oven overnight and ground to a
fine powder for calcination.  The percent yields for samples A and B are > 95%.
However, the percent yield for sample C was only 66%.  MoO3 is the major content in
sample C.  Since it is slightly soluble in an acid solution a decrease in the percent yield
might have occurred  .

FTIR Studies
Experimental:

The samples A, B and C with different iron percentages were calcined in  an oven
for 18 hrs at 400oC.  To obtain the spectra of the pure samples:  first a background
spectrum of KBr was taken at a scan rate of 500, resolution of 4cm-1 and a gain of 10.
Then each catalyst sample was mixed with KBr and loaded into the sample cup of the
DRIFT accessory and evacuated for about 2 hrs at 80oC to remove moisture and any
adsorbed gases. IR spectra were taken for each sample at 25oC, 50oC, 100oC and 200oC
maintaining the same scan rate, resolution and gain. The back ground spectrum of KBr
was subtracted from  the sample spectrum and the resulting spectrum was analyzed.

To obtain the carbon monoxide and syngas (CO+H2) adsorbed spectra the
following procedure was followed.  Calcined samples were loaded into the sample cup and
evacuated for 2 hrs at 80oC.  The samples were reduced at 400oC under continuous
hydrogen flow at a rate of 20 cc/min.  After reducing the samples for 18 hrs, hydrogen 





significant changes were observed due to change of temperature in any of the three
samples investigated.  In sample C we observed a band around 813 cm-1 attributable to
MoO3 bulk phase in the presence of CO and was absent in the pure sample.  A band
around 1050 cm-1 was present when CO+H2 was adsorbed and the 813 cm-1 band
disappeared.  While in samples A and B 840 cm-1 was absent but a band around 1040  cm-1

was observed in the presence of CO. This process is reversed when CO+H2 was adsorbed
in both these samples.   It appears that when CO or CO + H2 is adsorbed on the sample the
MoO3 is displaced from the Fe-MoO3  structures.   Earlier investigators reported that bulk
phase  MoO3 gives rise to bands at 813 cm-1 and 1016 cm-1.  In all the samples we find
bands due to bulk phase MoO3 only in the presence of CO or CO+H2 but absent in the
pure samples.  The high frequency bands due to Fe-MoO3 present in pure samples
disappeared when CO or CO+H2 is adsorbed.  These findings support the suggested
hypothesis that the high frequency bands are due to mono-dentate and bi-dentate
formations.

No significant changes were observed due to increasing iron content except that
fewer vibrational modes were excited in the low frequency region in the presence of CO in
samples A and B while the number of vibrational modes in the low frequency region
increased in the presence of CO+H2 in these samples.

We did not observe any strong bands due to carbonyls or carbonate formations in
all the three samples studied in the presence of CO.  However we observed some very
weak bands which are at the noise level when syngas was adsorbed on the catalyst in
samples A and C.  Literature survey (4-6) on ferric-molybdenum catalyst reveals that this
catalyst  essentially functions as an oxidative dehydrogenation catalyst rather than a
catalyst for indirect liquefaction.  The absence of carbonyls or carbonates in our
investigation might indicate that ferric molybdate may not be a suitable catalyst for indirect
liquefaction process.  We have sent the samples A, B and C to Dr. Waller- the industrial
Partner for catalytic studies.  Their results might shed some light on the observed FTIR
data.



Fig. 1 Vibrational Frequencies of Fe-MoO
          (Effect of Metal Ratio)
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Fig. 2  Vibrational Frequencies of Fe-MoO CO Adsorbed Species
                                (Effect of Metal Ratio)
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Fig. 3 Vibrational Frequencies of Fe-MoO CO+H2 Adsorbed Species
                                      (Effect of Metal Ratio)
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Fig. 4   Comparison of Vibrational Frequencies
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Sample   + CO Sample + (CO+H2) Sample   + CO Sample + (CO+H2)
2927.1 - - - - Fe-MoO3

2852.3 - - - - Fe-MoO3

1952 - - - - Fe-MoO3

1886.6 - - - - Fe-MoO3

1741.5 - - - - Fe-MoO3

1615.3 - - - - Fe-MoO3

1454.8 - - - - Fe-MoO3

- - 1054.3 1083.1 1094.7 MoO3  Bulk phase
988.7 986.3 - - - Mo=O

- 958.3 961.5 972.5 962.4 Fe-O-Mo
- 916.6 - 918.2 -

874.5 870.8 - - - Mo-O
- - 830.6 822.8 - Mo-O
- 813.5 - - 814.9 MoO3  Bulk phase
- - 762 773.3 - Mo-O

697.1 687.6 695.4 - 681.8 Fe-O

 Table 1   Vibrational Frequencies of Fe-MoO

Assignments

5%
DesorbedSample Fe-Mo Adsorbed



Sample   + CO Sample + (CO+H2) Sample   + CO Sample + (CO+H2)

1948.7 - - - - Fe-MoO3

1769.3 - - - - Fe-MoO3

1615.1 - - - - Fe-MoO3

- 1044 - 1041.5 - MoO3  Bulk phase
993.9 988.9 - 984.7 - Mo=O
957.4 - 966.6 - 960.1 Fe-O-Mo

- - 923.7 - -
- - 874 - - Mo-O

841.6 - 834.5 839.2 838 Mo-O
- - 812.8 - - MoO3  Bulk phase
- 791.1 - - - Mo-O

766.8 767.3 - Mo-O
- - 737.2 - -

16%

Table 2  Vibrational Frequencies of Fe-MoO

Desorbed
Assignment

Adsorbed
Sample Fe-Mo



Sample   + CO Sample + (CO+H2) Sample   + CO Sample + (CO+H2)
2929.1 - - - - Fe-MoO3

1927.8 - - - - Fe-MoO3
1757.9 - - - - Fe-MoO3
1611.7 - - - - Fe-MoO3
1149.6 - - - - Fe-MoO3

- 1038.5 - - - MoO3  Bulk phase
993.8 - 995.8 - - Mo=O
957.7 974.1 970.6 972.7 959 Fe-O-Mo

- - 934.1 929 -
- 883.9 882.1 884.9 - Mo-O

861.7 830.7 837.9 821.9 842.8 Mo-O
- - 812.7 - - MoO3  Bulk phase

786.9 - 780 781.8 778.7 Mo-O
- - - 737.1 -

Table 3  Vibrational Frequencies of Fe-MoO

25%
Desorbed AssignmentAdsorbedSample Fe-Mo



Future Plans:

Magnetization characterization studies on the CO and syngas adsorbed samples will be
done during the summer 1998.  We also plan to prepare the same three ratios using the
Pyrolysis technique and characterize the catalysts using magnetization and FTIR
techniques. Three Fe/Co/MoO samples in the range 0.3< Fe/Co <3.0 will be prepared
using Co-Precipitation technique for FTIR studies.

Student Training:

One of the objectives of this project is to provide training for minority
undergraduate students at a school with predominant minority enrollment. Out of the 4
students  involved in these projects, two are engineering majors and two are physics
majors. One physics major Shalarma Davis has graduated but will be training two new
students this summer in the preparation and characterization of the catalysts.
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