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ABSTRACT

Modified ferrisilicate catalysts can be activated for use in
the conversion of syn-gas to liguid fuel preducts. Through
deteiled characterization of the new modified ferrisilicate
materials, correlations can ultimately be drawn between the
location of the iron and the degree of dispersion with its
catalytic activity. Ultra-high dispersion iron oxide within the
pores of the 2SM-5 molecular sieve structure can be uniguely
prepared through selective thermal and hydrothermal treatment of
the single phase ferrisilicate molecular sieve. After careful
characterization, samples containing SiO;/Fe;03 ratios of 90 which
bad been thermally (550°C) and hydrothermally (550°C, 1 hr, 100%
steam) were chosen as characterization technigues employed
indicated they contained significantly high dispersions of the
iron oxide within the channels and minimum migratiomn to, or
presence of, surface iron on the crystals. Changes.in product
distribution, when these catalysts were tested for syn-gas
activity were observed, Presence of carbon numbers C, and higher
were directly dependent on the modification method used to prepare
the initial iron oxide/molecular sieve catalysts. Olefinic
products formed preferentially over the steamed catalyst while the
more acidic thermally treated material produced higher carben
number and more paraffinic products.

METALLOSILICATE MOLECULAR SIEVES

The substitution of other elements for framework aluminum in
the molecular sieve zeclites has provided an alternative means of
modifying the acid properties [1-3]). However, framework
substitution of the elements containing catalytically active oxide
forms followed by post-synthesis modification provides a unique
method for generating high dispersions of that catalytically active
metal oxide within the pores and channels of the molecular sieve
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atruyctura [4-103. Such & catalyst exhibits characteristic
progerties of the active metal oxide phaze as well as the shape
gelective properties jdentified with the molscular sjeve SEruStuTe.

In this program we have examined the modificetion of pure
single phace ferrisilicate molecular =ieves with the ZEM=5
striuc-ure csing @ combination of thermal and hydrothermal
treatment to develop @ high dispersion irom oxide/moleculay sieve
syn-gas catalyst. Hydrotharmal treatmenT is KNOwn to encourage
joss of structural aluminum in the zeolite molecular sieves and
similar loss has also begn observed in the ferrisilicates
materiakls. Unlike the aluminosilicates, nonframework iren pxide
can be directly examined using magnetie messurements, EPR and
Mossbauer spectroscopy. In addition, rhe sizable mass difference
betwaen the iron oxide and the silicate matrix allows one to
readily examine the lgcation and follow the migration .of smail
particlies of iron oxide within the highly eilicious crystal using
high cesclution transmission electron micrRscopYy . Twe modified
irnm Bilicete catalysts ware then examiped For their effectliveness
as a Syn-gas CORversion catalyst.

EXPERIMENTRL PROCEDURI

The synthesis procedures used for the preparation of the izon
cilicate analogs of zeolite Z5M-5 as well as the theomal and
hydrothermal treatment of these materials and syn-gas reacior
conditions have been described in detail elsewhere [7,8,11). The
netation used in this paper to represent the iron silicate
materials with varying SiQ;/Fep03 rarios ig: Fe(xx) where [xx) 15
the bulk Si0p/Fep03 Tatio of the sample as obtained from atomic
abzorptipen. Thus Fe(98) is the iron silicate with the EZSM-5
gtructure and a bulk 510,/Fe303 ratic of 98. '

The as-synthesized iron silicates lack celor while developing
their charscteristic iron-oxids color during the various
_ treatments. Shown in rable 1 are the colors of the iron silicate
and modlfied ireon silicate materials after the modification
procedure described. Ths method of preparation of the pareat iron
cilicare was also found to change the nature of the resulting
catalyst. Table 2 provides the comparison of catalyst samples
prepared from samples of iron silicete which wara crystallized i
stirred and unstirred autoclaves. The diffsrence in color A6 well
ap resultant properties werse jnpitially ntilized in jdentifying and
melecting appropriate catalysss for the syn-gat reaction.
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Table 1l: Colors of the iron silicate and modified iron silicate
molecular sieve catalysts.

Color of Samples
Sample
Name As- Calcined |Hydrothermally treated at
synthesized 550°¢C : 700°C
1 hour 4 hours 4 hours
Fe(175) White White Light Brown Brown
& Fe(171) Brown
Fe(92) White White Light Dark Reddish
Brown Brown . Brown
Fe(54) White Off- Brown Dark Reddish
& Fe(51) White Brown Brown
Fe(24) White Brown Reddish
' Brown

Table 2: Comparison of colors of iron silicate catalysts which
were prepared using stirred and unstirred crystallizing
autoclaves.

Color of the Materials
Sample
Name - As- Calcined Hydrothermally
synthesized treated at 550°C
for 4 hours
Fe(92) White White- Brown
Stirred
Fe(98) White Off- Brown
Un- White
Stirred

EFFECT OF FERRISILICATE PREPARATION METHODS ON IRON HOMOGENEITY

crystallization system. Evenness in iron distribution was
determined using the compositional analysis capability available
on the transmission electron microscope. Crystallization of the
FeZSM-5 crystals appears to decrease in homogeneity with
increasing $i0;/Fe,03 ratio but overall crystallization utilizing
the stirred autoclave produced the best compositionally invariant
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product. A comparison between crystals obtained from a Btirred
crystallizer &nd an unstirred ecrystallizer at aelected Si0;/Fep0l3
reticas are shown in Figure 1. It waE determined that the most
suicable preparation method for the ferrisilicates WAaE
crystallizatien in a stirred autoclave vessel.
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FIGURE 1
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DETERMINING FRAMEWORK AND NON-FRAMEWORE IR0ON

_ The firet step in ldentifying a viable modified iron silicate ‘
catalyst is to determine the extant of frawmework iron removal after

tine various thermal and hydrothermal treatments. This was

accomplished using both compositicnal analysis and Mosspauer

spectroscopic technigues. Selected results of thie study comparing

the twe methods and showing excellent agresment in rasults are

provided in Table 3 below.

Table 3. Comperison of tha amount of ~arrahedral iron as
determined using compositional analysis and Mossbauer SpeCcLIOSCORY .

rsample Sample Descriptlion 4 Iron present in
Hame cetrahedral framawork siten
uging
Comp. Analysis Hnssbauer5
As-synthesized 1ot
Fe(l7l) Calcined 37 a5
Steaned 4 hours 46 is
at 550°C
Fe(s5ly calcined 40 45
Stesmed 4 hours 15 1o
et 550°C
Fe(24) Steaned 8 hours ] B
at. 550°C

COMPOSITION VARIATION ACROSS A PARTICLE OF FeZSHM-5

The spherical ferrisilicate particles crystallized from the
stirred autoclave were composed of clusters of much smaller
crystailites. The spheres were sectioned apd analysis taken at
points at the edge and near the center of the sphere to determine
the homogeneity of lron within the individual particles. The
center of the spherss appesred lesp dense than the outer ghell and
contained a greater conceptration of iron than the crystaliites
near the surface of the sphare. The regulte observed puggest that
the nucleatieon of more ircn rich cryctallites is preferred at the
ongat of crystalllzation with :ubsequunt'crystallizntion of high
silica containing material. Detailed examination of the proress of
iron silicate moleculsr sisve crystal growth was not pursued in
this gtudy.

SIZE AND LOCATION OF HON-FRAMEWORE IRON

bue to the significant diffsrence ip mass betwesn the _
nonframework lron-oxide particles and the cilicare framework, iran

y
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oxide particles &5 small as 2.5 nm could be observed in the
transmigssion microscope images. In sampies of Fe-ZSM-5 which had
been steamed for ¢ hours at 700°C two ranges of particles were
observed, Very large 14-16 nm particles were found at the edges of
the crystals at high iron content (8i05/Fe;03 = 54) whilie 4 -7 nm
iron clusters appeared to be trapped within the pores regardless of
iron content. Smaller clusters of iron were observed to form (11
nm) when the iron was in more dilute concentration in the material.
In an unstirred sample prepared under the same coaditions, a larger
variability in particle size was observed. These results are shown
in Table 4 belaow. )

Under milder steaming conditions (550°C for 1,2 or 4 hours)
only very small (2.5-4 nm) size particles inside the crystallites
could be observed. Longer steaming times (12 hrs) identified a
migration and small degree of agglomeration of the iron particles
to the edge of the crystals. The size of the particles, after
prolonged steaming still did not approach that observed at the
higher temperatures indicating the effectiveness of the mild
temperatures in maintaining secondary phase iron particle size.
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Table 4: Iron oxide particle size imaged in the transmission
alsgtron microacohe.

FaZSM-~5({s,4hrs,7000C)

ElQ; /Fesly tize of Fe particles
Ly 14-16 pm t{edge) 4-7 om (lnsid=)
az 11 nm 7 bm {inside} 4-7 nm few
175 1) nm ? om (inside} nare observead

FeZSM-5%{E,4hre,Ta09CY

5102 fFa 203
20p 4=-7T o {(iLside) 6-i1 nm (outside’

* Note:; Neon-unlform distrisntion

FaZEM-5(s,1,2E4hrE, 55090

$10a/7e ;04
54 2.5-4 nm (insidea)

—

FaZSM-5(&,12hrs, 5090

3i0g fFey0y
54 : 4-5.5 nm {=dgm) 2.5-4 om {(in=ide}

850
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SUMMARY OF THE RESULTS OF THE MODIFICATION PROCEDURE

© Hydrothermal synthesis of TPR Fe(50),(90) and (200)
Highly dispersed iron in lattice framework sites.

o Thermal treatment (550°C) to remove TPA
Some framework iron lost

o Mild(550°C) hydrothermal treatment for 1 hr in 100% stceam
Significant framework iron loss .

o Severe(550°C) hydrothermal treatment for 4 hrs in 100% steam
Further framework iron loss

o 12 hr(550°C) hydrothermal treatment in 100% steam
large iron oxide particle agglomeration '

o High temperature (700°C) hydrothermal treatment for 4 hrs in
100% steam - Large particle agglomeration of iron oxide

SYN-GAS ACTIVITY

A preliminary examination of the ability of two of the
catalysts [Fe(90) calcined and steamed 1 hr at 550°C] was
undertaken. Silicalite was used as a reference catalyst a&s it is
expected to exhibit no activity in this reaction and was,
therefore, used as a diluent for the modified ferrisilicate
catalysts. No C,p+ hydrocarbons are formed over the silicalite
catalyst. Overa%l the activity of the steamed ferrisilicate
catalyst for the production of Cy+ products was higher than that of
the thermally treated catalyst. Such results are expected as the
amount of active non-framework iron is greater for the
hydrothermally modified material determined by the physical
characterization of these materials. The most notable difference
between the two catalysts is the ability to produce olefinic
products. The steamed catalysts sample shows a greater tendency to
produce unsaturated C,+ products beginning at 300°C than does the
thermally treated catalyst.

CONCLUSIONS

Based on the results obtained in these studies, three factors
contribute to the product distribution observed using the modified
ferrisilicate catalysts: 1) high dispersion, 2) agglomeration,
and 3) intrinsic framework acidity. The calcined ferrisilicate
(high dispersion, low agglomeration) produces almost exclusively
alkane products and products with carbon numbers greater than 5
which may be attributed to the presence of acidity, albeit weak,
contribution from the ferrisilcate framework. Mild hydrothermal
modification of this material (moderate dispersion, moderate
agglomeration, very low acidity) produces both alkane and alkene
products with sensitivity with temperature observed for the C
alkenes but not the corresponding alkane. The modification o
ferrisilicate molecular sieves thus provides a level of control
over product specificity in the reaction between CO and Hj.
Examination of these catalysts under conditions which wili produce
higher carben number products is presently under investigation.
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