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Figure 1. Temperature Programmed Reduction of the UCI unsupported catalyst in CO.
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magnetite --> α-Fe are seen.  Peak identification is based on TEM analysis of samples
withdrawn at various stages as well as from x-ray diffraction
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Fig. 2  CO TPR of the UCI unsupported catalyst.  After the first run, the sample was
oxidized and a  second TPR was run.  TEM analysis was performed as indicated by
arrows.  These TEM images are presented in the following figures.
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Figure 3a Low magnification view of UCI unsupported catalyst after CO TPR up to 290 °C.  The
“Swiss-cheese” morphology of the hematite catalyst is preserved, however the catalyst has com-
pletely transformed into magnetite
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Fig. 3b  Higher magnification view of the catalyst shown in Fig. 3a.  Lattice fringes corresponding to
magnetite can be clearly seen.  The individual particles are single crystals.
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Fig. 4a Low magnification view of UCI catalyst after CO TPR to 500 °C.  Large
metallic particles of α-Fe are seen.  The surface oxide is caused by exposure to air
during transfer to the electron microscope.  What is surprising is the absence of any
amorphous carbon or graphite considering that the sample was reduced in CO at 500
°C.

Fig. 4b (on the next page) shows an electron diffraction pattern from this sample.  The
large Fe particles give rise to the diffraction spots while the surface oxide (magnetite)
gives a diffuse ring pattern.

Fig. 4c (on the next page) shows a higher magnification view of the α-Fe crystals
showing lattice fringes.
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a

b

Figure 5 TEM of UCI catalyst during the 2nd TPR (i.e. after reduction in CO, oxida-
tion at 500 °C).  Low mag view (a) and Higher magnification view (b).  Note the
magnetite is much more dense than the one in Fig. 3 explaining the higher temperature
required for reduction.
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Fig. 8 CO TPR of a supported Fe(Cu) catalyst.  The catalyst support consists of
microspheres of silica.  Three peaks are seen, first hematite --> magnetite, second
magnetite --> iron carbide and the third corresponding to the Boudouard reaction CO -
-> C(surface) + CO2.  Peak identification is based on TEM images shown in Fig. 9 and
10 and on the x-ray diffraction pattern in Fig. 11.
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Fig. 12  Ultrasonic Fragmentation results for catalyst PRFECUBUAL-ED12-108 (12
a), PRFECUAL4K-ED12-112 (12 b, next page) and PRFECUPRAL/4K-ED11-117
(12c, next page) prepared by Robert Gormley, FETC.  Samples 112 and 117 have had
K added and had been calcined at 350 °C and appear comparable in strength to the
uncalcined sample 108.  These results suggest that calcination at this temperature does
not result in a significant increase in agglomerate strength compared with the
uncalcined sample.
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Fig. 13  Ultrasonic fragmentation results for a precipitated Fe catalysts prepared by Robert Gormley at FETC.  Fig. 13 a
shows a co-precipitated Fe-Cu oxide catalyst, while 13 b represents a co-precipitated Fe-Cu-Al oxide catalyst with the -
400 mesh fines removed.  Both had no K added and were uncalcined.  The alumina does not appear to impart any
additional strength to the powder.
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Fig. 14 Scanning Electron Micrograph of sample PRFECU-ED15-148 whose ultra-
sonic fragmentation results were presented on the previous page.  The catalyst was
prepared by Robert Gormley at FETC and is a precipitated Fe, Cu catalyst dried in
vacuum at 110 °C.  The catalyst is composed of irregularly shaped agglomerates.  As
seen from Fig. 13, these agglomerates are quite strong but they have a rather broad
size distribution with a significant amount of fine particles.
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Fig. 15  Scanning Electron Micrograph of a precipitated Fe, Cu, K catalyst spray dried
at UNM with a silica binder.  Spherical particles typical of a spray dried powder can
be seen.  Ultrasonic fragmentation results on this sample are presented on the next
page.
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Fig. 16 Ultrasonic fragmentation results for the spray dried powder shown in Fig. 15.
For comparison, fragmentation results obtained with the base case Fe catalyst (used
for Laporte I) and a Vista alumina catalyst support are shown on the next page (repro-
duced from our Feb 1997 progress report).  The spray dried Fe catalyst (shown above)
appears to be comparable in strength to the alumina support (17 b).
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Fig. 17 Comparison of the ultrasonic fragmentation of the Fe base catalyst and a com-
mercial alumina support.  The Fe catalyst appears to break down by particle rupture as
well as erosion, while erosion is the only mechanism occurring with the alumina
support.  Compaction tests for these two catalysts are shown in Fig. 18
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Figure 18  Compaction tests of three catalyst powders
a) Davisil silica gel (strength = 20.12 MPa)
b) Fe catalyst used for Laporte I (strength = 6.3 MPa)
c) Vista alumina support (strength = 7.4 MPa)
Davisil silica appears to have the strongest particles while the Vista alumina and the
Fe catalyst are comparable.  Note that the Davisil silica is not spray dried and while
the strengths of the alumina and Fe catalysts are similar, their fragmentation behavior
shown in Fig. 17 is very different.  The Fe catalyst shows significant breakdown at
energies where the alumina only exhibits mild erosion.
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