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ABSTRACT
Fiécher—Tropsch Synthesis (FTS) is one of .th'e major indirect routes for converting syngas
(CO+Hy). Iron .CatalySIs are the preferred datalysts for the conversion of syngas based on coal,
due to their water gas (WGS) capabiiities. Since FTS is highly exothermic, slurry bubble
column reactors (SBCRs) has been suggested for this reaction due to their excellent heat removal
capability. However, the catalyst attrition encountered, especially when iron catalyst is used, has

hindered the application of SBCRs. To improve the physical strength of the iron catalysts, the

spray drying technique has recently been used for preparation of iron SBCR Fischer-Tropsch (F- |

T) catalysts. However, the effects of such preparation in the improvement of catalyst attrition
resistance are still not clear.

In this study, two series of spray dried iron F-T catalysts having the composition
Fe/Cu/K/SiOz have been studied to better understand the characteristics important for attrition
resistance. XRD results confirmed that the c;atalysts after calcination are in the same hematite
Fe,05 phase. Crystallinity and BET surface area were found not to be relevant to the catalyst
attrition performance. TPR results indicated little or no SiO, and metal interaction. However,
the porosity of the catalysts was found to be relevant to the ;:atalyst attrition resistance. After
acid leachiﬂg .of the catalysts, further study of the SiO; in the catalyst showed a porous and
uniform SiO; construct is suggested to provide the best attrition resistance for the catalysts.

Since phase change during reaction has always been a concern for iron catalysts in terms
of attrition resistance, some of the catalysts were carburized and tested using the jet cup. The

attrition resistance was found to actually improve after carburization.
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1.0 INTRODUCTION

Fischer-Tropsch synthesis (FTS) is one of the major indirect ways of converting coal into
a wide variety of hydrocarboné. Iron-based catalysts are the prefefred catalysts for FT'S based on
coal and have been a research focus for FTS recently (Bukur et al., 1990; 1996; Schulz et al.,
1994; Kalakkad et al., 1995; Huahg etal,, 1993). Such catalysts are relatively inexbensive,
possess reasonable activity for FTS, and have high WGS activity compared to cobalt catalysts.
This enables iron Fischer-Tropsch (F-T) catalysts to process low H,/CO ratio syngas without an
external shift reaction step.

In the development of FI'S over the past 20 years, the application of slurry bubblé
column reactors (SBCRs) has drawn much attention. This is due to their excellent heat removal
éapability of SBCRs during reaction. Since FTS is a highly exothermic reactioh, the use of
SBCRs can largely solve the reaction control problem. However, commercial application
SBCRs is just now being to be appliéd. One of the major drawbacks in the industrial épplication
of SBCRs is catalyst attrition, especially when iron catalysts are used (Bhatt et al., 1997). The
attrition of catalysts in SBCRs causes filter plugging problems as well as lower product quality.
The use of supported iron catalysts can imﬁrove the catalyst attrition resistance, but at the
expensé of lower specific catalyst activity.

In order to try to improve the physical strength of the catalysts without sacrificing their
activity, the spray drying technique has been recently used in the preparation of ifon F-T
catalysts (Sﬁnivasan et al., 1996; Jothimurugesan et al., 1999). This improvement in physical
strength by use of spray drying has stimulated much interest in preparing iron F-T catalysts by
this technique as well. In practice, many parameters are relevant td final catalyst attrition
resistance, such as solids concentration in the slurry, calcination temperature etc. Differe;it

preparation conditions result in different catalyst morphology, BET surface area, and porosity,
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which can affect not only the catalyst attrition resistance, but also the catalyst activity. The
effects of each'preparation parameter on the performance of a catalyst are therefore complex.
In the present research, the structures of two series of spray-dried Fe catalysts were
studied. The.gc')al was to investigate the relationship Bctween the structure of the catalysts and
binder material and their attrition resistances. At the absence of iron phase change, such -
understanding caﬁ help us to better address the impact of the catalyst physical properties on

catalyst strength and separate these phase effects from further studies of Fe catalyst attrition

- performance under reaction conditions. Preliminary results had indicated significant differences

in attrition resistance and it was desired to better understand these differences. The effects of
type and concentration of refractory silica (precipitated or binder silica), as well as morphology

and porosity of particles on attrition resistance of spray dried iron catalysts are addressed.

2.0 EXPERIEMENTS
2.1. Catalyst Preparation

~ The iron catalysts were prepared at Hampton University and then it was shipped to
University Sf Pittsburgh fof attrition tests. In brief, two series of iron catalysts were prepared for
this study. One series of catalysts were prepared without precipitated silica but with different
weight percentages of binder silica. The other series of catalysts were prepared with different
levels of precipitated silica and with v12 wt % of binder sili&a. For both series, ca.talysts were
prepared having compositions of 100Fe/5Cu/4.2K/xSiO; by weight. First precipitation from an
aqueous solution containing Fé(N03)3.9H20, Cu(NO3),.2.5H,0, Si(OC,Hs)4 (if added to give

precipitated SiO;) in the desired ratio by the addition of ammonium hydroxide. This precipitate

| was then slurried with the binder SiO; precursor. The final step was to spray dry the catalysts at

250°C in a Niro Spray drier, which is scalable spray drier. After spray drying, the catalysts were
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then calcined at 300°C for 5 hours in a muffle furnace. The detailed preparation conditions and
procedures can be found in section 3.1 of the main text. -

In this report, the following nomenclature is used: the letter p represents precipitated

silica while the letter b stands for binder silica. For example, a catalyst designated as Fe-bSi(12)

refers to an iron éatalyst prepared without precipitated silica but with 12 wt % binder silica.
Since the concentfations of Cu and K were not varied relative to Fe, tﬁey are not addresséd in the
nomenclature used. In additifm, since two different types of SiO, was used in the preparation of
catalysts, i.e. precipitated and binder SiO,, the term SiO, study refers to either or both of them.
In order to study the precipitated and/or binder silica incorporated in the catalysts, acid |
leaching was performed by. treating the catélysts using an HCl solution. After the iron dissolved,
the SiO; remaining was washed 5 times using deibnized water. After filtration, the SiO, was
dried under vacuum condition \‘at room temperature in order to avoid any possible agglomeration

caused by heating.

3. CATALYST CHARACTERIZATION
3.1 Attrition Resistance

The attrition resistance of the catalysts were evaluated using the jet cup test, a proposed
ASTM method and one which has been demonstrated to cause attrition characteristic in an SBCR
(Zhao et al., 1999). In the present study, 5 grams of each sample were used fér the attrition tests,
- which were all performed using the air flow rate of 15 l/nﬁn with a relative humidity of 60 % at
room temperature for 1 hour. The detailed attrition assessment study for SBCR catalysfs, system
configuration and test procedure can be found in Appendix B. The fines were ‘collected by a
thimble filter at the outlet of the jet cup chamber and were analyzed for particle size distribution

together with the particles remaining in the chamber.
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3.2, Particle Morphoiogy

Particle morphology was obtained for each catalyst (as prepared and after attrition
testing) and acid-leached sample using a Philips X130 FEG Scanning Electron Microscope
(SEM). The samples were coated with palladium before measurement to avoid charging
problgms. |
3.3. Particle size Distribution

ALeeds & Northfup Microtrac Model 7990-11 laser particle size analyZer was used in
order to measure the particle size distributions. Both size. distributions of the samples as
prepared and after jet cup testing Were measured. Each sample was put into 50 ml of deionized
water anci dispersed using an ultrasonic bath. The results of several measuréments of the same
éample averaged in order to minimize the error. The detailed sampling and measuring
procedureé were described in Appeﬁdix B.

Since size distribution in attrition studiés are usually plotted as weight (or volume)
percentage versus average projected area diameter of particles, change in the volume moment, a
type of average particle size commonly used to represent a particular PSD, has been selected as a
useful indicator of the attrition process. The volume moment, Xy, can be calculated by (Allen,
1997).

Y. Y, x*dN

Xym =Xwm = = '

where, xvy is the volume moment, Xw the weight moment, M the size moment, V the particle
volume, and N the number of particles of size (diameter) x.
3.4. BET Surface Area and Pore Size Distribution

~ The BET surface area and pore size distribution (micropore and mesopore) of the
catalysts were determined by N> physisorption using a Micromeritics ASAP 2010 a'ﬁtomated
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system. The samples were degassed in the Micromeritics ASAP 2010 at 100°C for 1 hour, and
then 300°C for two hours prior to each measurerhent. These parameters were determined for
both catalyst samples as prepared and after attrition tésts. _
3.5. Reducibility
| The redﬁcibility of the iron catalysts as prepared were measured by temperature

programmed reduction (TPR) using an Altamira AMI-1 systems. 'fhe TPR measurements were
cam'ed out using 5% Hj in Ar with a flow rate of 30 cc/min and the temperature was ranged from
30°C up to 900°C at a ramping rate of 5°C/min.
3.6. Phase and Crystailinity

X-ray powder diffraction patterns were obtained using a Philips PW1800 x-ray unit using
Cu'Koa radiation. Analysi.s was conducted for each catalyst sample as prepared and some

samples after acid leaching using a continuous scan mode at a scan rate of 0.05° (26) per second.

4.0 RESULTS

The attrition resistance results for all the iron catalysts studied are summarized in Table
1. It can be seen that catalysts without precipitated silica in genefal are rel.ativély more attrition
resistant compared to the catalysts with precipitated silica. For the series of catalysts with

precipitated silica, the attrition resistance obviously decreased with an increase in the
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concentration of the precipitated silica. On the other hand, for the series of catalysts without
precipitated silica, an optimum concentration of binder silica was obscrved in terms of
improvement of the catélyst attrition resistance. The cataiyst with 12 wt% of binder silica but no
précipitated silica, Fe-bSi(12), appears to be the most attﬁtion resistant one among all the
catalysts tested. A cobalt catalyst with 20 wt% of cobalt prepared using incipient wetness of a
spray dried silica is also liéted in Table 1 as a benchmark. This cobalt catalyst was found to be
suitable for use in an SBCR (Zhao et al., 1999). The comparison of the attrition results shows
that some of thé spray dried iron catalysts in their calcined state are physically as strong as, or
stronger than, the cobalt catalysts. These iron catalysts are there for considered to have strong
potential for SBCR use.

The XRD results of these catalysts verify that the components of the fresh
catalysts are rather the same, consisting primarily of hematite Fe,O3; (Figure 1). A sample of
hematite Fe,O3 (purity 99.98%), Aldrich Chemicals, Co., was also examined by XRD as a
benchmark (see also Figure 1). Compared to this pure Fe,O3 sample, the iron catalysts was
- obviously less XRD crystalline. Othei' components, even the SiO; (bi'ndér silica and/or
preci_pitaied silica) were not detectable by XRD results for any of the catalysts.

The reducibiiity of the catalysts was determined using TPR and the results are listed iﬁ
Table 2. The TPR results indicate that H; consumption during TPR decreased with an increase
in' the concentration of the binder silica. However, this change was due mainly to decrease in the
overall concentratipn of iron oxide in the catalysts. The reducibilities of the iron catalysts were
approximately the same (as an iron basis) for all the catalysts. In Figure 2, a typiéal reduction
curve is shown. This curve is similar to other in the literature (Jothimurugesan et al., 1999). The

first peak is considered to be the reduction of Fe;O3 to Fe304 and the second peak to be the
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Table 2. TPR results of spray dried iron catalysts.
Catalyst Hz TPR (mmol H;/g cat) Reducibility (%)

Fe-bSi(4) 1390 0.74

Fe-bSi(8) | 38.8 0.76

Fe-bSi(12) 345 0.70

Fe-bSi(16) 349 0.74

Fe-bSi(20) 34.1 074

Fe-pSi(5) 34.6 0.74

Fe-pSi(10) 32.8 0.73

Fe-pSi(15) | 33.1 o 0.77

Fe-pSi(20) 316 0.76 -
o

.....
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Figure 2. A typical TPR result [Fe-bSi(16) as prepared]
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reduction of Fe;O, to metallic iron. The small shoulder before the first peak has been suggested -
to be due to the reduction of the CuO. ‘

: The BET surface areas and average pore sizes were measured for both catalysts as
prepared and after attrition tests using N2 physisofption. As shown in Table 3, the BET surface
areas, for each series of catalysts, generally‘incr'eased with an increase in the conéentration of
SiO,. The series with precipitated silica had relati\}ely higher surface areas compared to the
~ series without precipitated silica. The pofe volumes (micropore and mesopore) slightly
increased with an increase in} the concentration of SiO;. The series of catalysts with precipitated
silica appears to have had higher pore volumes cofnpare to the series without precipitated silica.
The average pore sizes (calculated using 2*pore volume/surface area) varied slightly for all the
catalysts. In general there was a decrease in average pore size for both series of catalysts, as
Si0, content increased-related obviously to the large increase in BET surface érea. After the jet -
cup tests, the average pore sizes remained unchanged for all the catalysts compared to those of
the catalysts as prepared, while the BET surface areaé slightly decreased after the test for most
catalysts. |

Figure 3 and Figure 4 illustrate the morphologies of the catalyst with and without
precipitated silica, respectively. For each catalyst, micrographs_of the particles both as prepared ‘.
and after attrition testing are shown. It is apparent that the particles were mofe spherical (less
agglomeration) with the increasé of binde_;' concentration for both series of catalysts. There are
relatively less agglomeration observed for the series of catalysts with precipitated silica and
some “donut”-shape particles (the particles with holes) can be observed (where the arrows
pointed in Fi gﬁre 3). Such “donut”-shape particles are not observed for the series of catalysté

without precipitated silica, even for those having higher concentration of binder silica.
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Table 3. BET surface areas and average pore sizes of the iron catalysts.

BET Surgace Area
Catalyst (m'/g)
Fresh Attrited | Fresh | Attrited | Fresh Attrited

Pore Volume (cm’/g) Average ?X;’e Radius

Fe-bSi(4) 1013 94.23 0.29 0.28 43.6 447
Fe-bSi(8) 124.6 108.1 0.28 0.26 35.3 36.1
Fe-bSi(12) | 1462 | 137.1 0.28 0.29 32.0 33.9
Fe-bSi(16) 176.6 1731 | 037 | 034 33.8 333
Fe-bSi20) | 1583 168.2 0.33 0.34 373 | 377
Fe-pSi(5) 1794 | 180.5 0.34 034 | 352 35.8
Fe-pSi(10) | 190.8 177.1 0.37 035 | 369 37.3
Fe-pSi(15) 216.8 1887 | 036 033 30.8 334
Fe-pSi(20) 245.0 2439 0.39 0.40 30.2 32.6
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Before Attrition After Attrition

Figure 3. Morphology of the series of iron catalysts with precipitated silica
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Before Attrition After Attrition
Figure 5. Morphology of binder silica catalysts.
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When comparing the particles before énd after attﬁtion, it appears that the agglomerates
formed during catalyst preparation were broken apart during the attrition test (Figures 3 and 4).
The particle siie obviously decreased for most catalysts after the attrition tests, especially for the
series of catalysts with precipitated silica. The apparenfdecrease in the particle sizes was similar
as seen by SEM and determined using laser diffraction. The only catalyst that did not change
much in particle size was Fe-bS‘i(12), as also seen by particle size analysis. For this catalyst,
~ some agglomerates still remained even after the jet cup test.

In order to study the phase and morphology of the supports, which plays an important
role in attrition resistance of the catalysts, both series of catalysts were treated using acid

leaching. This is due to the strong signal of iron oxide during XRD or SEM measures make the

analysis of the supports very difficult. The XRD results of the supports are shown in Figure 5.

The single peak in the XRD patterns shows thaﬁ iron oxide is almost completely' resolved during
acid leaching; The supports are identified as silica, but are found all t§ be not crystallized.

The morphology of the supports was further studied using SEM. The results are
summarized in Figure 6 and 7 for the supports of the series of catalysts with or witﬁout
precipitated silica, respectively. The supports for the catalysts Without precipitated silica (Figure
7) agglomerated more after dry compared to those without precipitated silica (Figuré 6). The
supports of the cétalyst Fe-bSi(12) seem to agglomcfate the least in series of catalyst without
precipitated silica. On the contrary, the supports of the series of catalysts with precipitated silica
seem to form individual épherical particle with very seldom agglomeration. There are also
“donut”-shape particles that can be observed for the supports of the series of catalysts with

precipitated silica (where the arrows pointed at in Figure 6).
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Figure 6. Morphology of the supports of the series of iron catalysts with precipitated silica
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Figure 7. Morphology of the supports of the series of iron
catalysts with binder silica
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5.0 Discussion

Although the catalysts tested were prepared under similar coﬁditions using spray dry |
technique, the attrition resistances vary in a large range (Table 1). After the addition of the
precipitated silica, not only is the overall catalyst attrition resistance worse than ,thai of the -
catalysts without precipitated silica, but also the attrition resistance decreases with the increase in
the concentraﬁon of precipitated silica. Without the addition of the precipitated silica, it is not .
very clear how cafalyst attrition resistance is affected by the concentration of the binder silica,
even though there seems to be a trend of an optimum concentration of binder siljca atca. 12 wt
%. In order fo find out why and how the type and concentration of the suppo;'ts have such an
effect on attrition résistance, some further studies were performed.

As we expected, the XRD results (Figure 1) shows ‘that the iron phase present in all the
catalysts after calcination is Fe,Os. It is less likely that the difference in attrition resistance was
| due to any phase difference. Nor is the crystallinity of the iron oxide found to be responsible for
the differénces in the catalyst attrition resistance. It is shown in Fi‘gurév 1 that iron oxide in the
catalysts are not as crystél as the plire Fe,0; elements, but slight differences were found for all
the catalysts.

To find out any possible support and metal interaction, the TPR analysis was carried out.
‘The calculated results (Table 2) showed that the reducibilities of the catalysts are very close.
The addition of precipitatéd silica does not appear to affecf the catalyst reducibility. These .
results suggest an unlike interaction of the supports énd iron metal.

It is apparent from the XRD and TPR results that the cataiysts as prepared are not very
different chemically, except for the concentrations of the components. Therefqre, the physical

properties of these catalysts have drawn more attention in our studies. The morphology of the
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catalysts was determined using SEM (Figure 3 and 4). To our sufprise, the sphericity of the
catalysts is found to héve insignificant effects on the attrition resistancc. For the catalysts with
: precipitéted silica (Figure 3), the catalysts are more spherical compared to the ones without
precipitated silica (Figure 4), whereas the attrition resistances of the oﬁes without precipitated
silica are relativel.y. better (Table 1). Further study of the catalyst structure at higher magnitude
-using SEM did not show any differences among the catalysts. Since iron oXide is the dominant
phase in the particles, iron oxide crystals are the only élements observed.

Although the BET surface areas are found different for these catalysts, they do not appear
to affect the attrition resistance of the catalysts. In general, the surface area increases with the
increase in the Supﬁort concentration for both serie‘,svof catalysts. On the other hand, when plot
the average pore size with the attrition resistance (weight loss of fines during jet cup tests), it
éppears for the series of catalyst without precipitated silica that the attrition resistance decrease
with the increase of average pore size. On the contrary, the series of catalysts with precipitated
silica, similar trend was not observed .

From the above analysis, it seems that the poros_ilty of the catalyst particles appears to
have some impact on the attrition resistance. Yet the mechanisms of the structure effects are not
clear from the data above. Itis known that the iron oxide itself does not have much attrition
resistancé, the supports incorporated in the catalyst particles obviously are the key elements in
the attrition pérformance of the catalysts. It is therefore interesting to find 6ut whether such
structure of the supports also present in these iron catalysts and whether any egg-shell type
structure of the supports also present in these iron catalysts and whether the formafion of such

structure is the key factor in the attrition resistance improvement as well.
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Since the signals of iron oxide is much stronger than those of the silica supports during XRD and ?F
SEM measurements, the catalysts were therefore treated using HCI solution in order to resolve

the iron oxide. The XRD results of some of the supports after acid leaching (Figure 5) show that i
the suppoﬁs are all silica. The supports are also found not crystallized, which is considered to be
due to the low calcination temperature of the catalysts.

The study of the support morphoiogy (Figure 6 and 7) shows that the supports for the
catalysts appeared to be relatively smaller compafed to the catalysts as prepared, especially for
the catalysts without precipitated silica. The supports of the catalysts without precipitated silica
appear to agglomerate more easily compared to those of catalysts with precipitated silica. When
the supports were observed at higher magnification, it was found that these agglomerates were
made of spherical particles (~30-40 pm in diameter) and some “amoi'phous” material (Figure 8).
The XRD reéults (Figufe 5) Show that both of the spherical particles and the “amorphous”
material should be silica, since no other elements present in the XRD patterns. It is, therefore,
‘interesting to notice that silica exist in the catalyst partig:les seems to ‘have two types: one forms
the skeletal stmcturé that appear to be spheres, the other appear to be more “amorphous” which
causes aggloﬁxeration of the supporfs during drying. |

For the supports of the catalysts with precipitated silica (Figure 9), the “amorphous”
silica is seldom observed. Since the lacking of such “glue”, these supports were not
agglomerateci much after the acid leaching. At higher magnification, it can be observed that the
particles are spherical in shape and appear to be more porous (Fi gufe 9) compared to the supports
of the catalysts without precipitated silica (Figure 8). “Donut”-shape particles can also be found
for the supports of catalysts with precipitated silica (Figure 6), whereas this type of particles is

seldom observed for those of the catalysts without precipitated silica (Figure 7). Itis
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therefére speculated that addition of preéipitat’ed silica eliminated the existence of the
“amorphous” silica and helped the silica to form a more porous structure. The increase in
‘concentration of precipitated silica further increases the porosity of the supports. Such iﬂcrease
in the porosity of the supports is not beneficial for catalyst attrition resistance at all. On the
contrary, decrease in the attrition resistance of the catalyst particle is observed with the increase
of precipitated silica. |

In Figure 9, a broken support particle of catalyst Fe-pSi(15) is shown. As can be: seen,
this particle is not 6nly porous from an overall view, but also contains inner vacancy. Compared
to a broken particle of the catalyst without precipitated silicé (Figure 8), such porous structure is
not observed. Instead, 2 much solid structure is found in Figure 8. These results are viewéd as
strong support of the above speculations. This also explains the “donut”-shape particles
observed for the catalysts/supports with precipitated silica. Since the addition of precipitated
siliéa facilitates the formation of a more porous structure and possible inner vacancies, such
inner vacancy might be bigger enough that can be seem from outside the particles as a hole into
the particle. In brief, it is suggested that the addition. of the precipitated silica make it easy for
the support to forrﬁ primary silica particles and form more porous skeletal structure. It ié also
suggested to facilitate the formation of the structure With inner vacancy (shell type strﬁcture).

On the contrary, as seem in Figure 8, when precipitated silica is not added during catalyst .
preparation, the supports form less porous structure compared to those with précipitated silica.
In addition, some silica seems to not form any primary silica particles (granules) but rather exist
in an “amorphous” form. This less porous structure of the supports seems to provide better
attrition resistance of the catalyst particle compared to the more porous structure of the supports.
Another pdssibility is that the presence of the “amorphoué” silica improved the attrition

resistance. However, when the catalyst Fe-bSi(12) was studied, it is found that it is less likely
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that “amorphous” silica is responsible fbr the catalyst attrition resistance improvement. Instead,
for the support of the catalyst Fe-bSi(12), it is found that the support particles do not agglomerate
as much as other supports for the same serieé of catalysts. A broken support particle of the Fe-
bSi(12) catalyst (Figure 10) shows that this catalyst has a relatively mb,re porous but uniform

structure compared to other support particles of thé same serieé of catalysts. No inner vacancy
was observed for this catalyst even though it is porous. Other supports for the series of catalysts
without precipitated silica, except for Fc-bSi(lZ), were found to have much less porous interior
structure.

It is therefore speculated that at the absence of the precipitated silica, the support is less
likely to form primary silica particle and therefore form l;ass porous structure. The silica added
seems to exist in the particle as an “amorphous” fonn. This more cbndensed structure (core type
structure) seems th provide a better attrition resistance compared to the supports with shell type
structures. However, there seems to bve an optimum point between these two different types of
structure. The catalyst of Fe-bSi(12) showed thét when the porosity of the suppoﬁ isata
optimum point, whefe the inner vacancies are minimized, the porous structure became uniform
through out the whole catalyst particles. At this point the presence of the “amorphous” silica is
also eliminated to an amount that is not observable. The attrition resistance is the highest at this
point. -

Carburized Fe Catalyts

To further investigate the effects of phase change on catalyst attrition resistance, some of

the spray dried catalysts were carburized under CO flow (Table 4). Surprisingly, the weight

percentage of fines loss during jet cup test was found less compared to the attrition test of the

same catalyst under calcined state.
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6.0 CONCLUSION
Two series of spray dried ifon catalysts were studied in the present research. Both of the series.
of catalyst were prepared similarly except for the difference iﬁ the concentration of the supports
- (precipitated and binder silica). It is found that the attrition resistances of these catalysts vary in |
a large range. The XRD results confirmed that all the catalysts after calcination are Fe;0;3 in
phase and similar in crystallinity. TPR results further show a unlike metal and support
interaction. ?hysical properties was thereafter our research focus. |

BET surface areas were found to increase with the increase in the concentratioﬁ of the
supports, but less relevant to the catalyst attrition resistance. On the other hand, average pore
 size of the catalysts seemed to have some impact on the attrition performance, but the effects are
not ciear from the porosity of the éatalysts.

Since the iron oxide is known not to be attrition resis'ta_nt,' the ca_taiysts were therefore
treated using acid leaching in order to better study the support with a clearer vision.v The XRD
results of the supports showed that only silica remains after the acid leaching for all the catalysts.
However, SEM micrographs of the support show that there seems to be two different types of
silica existing in the catalysts. For the series of catalyst without precipitated silica, there are a
‘type of “amorphous” silica in addition to another type of silica that forms spherical skeletal
structure. Such spherical structure are, however, found to be smaller compared to the catalyst
particles. This is considered to be a “core_” type of structure. On the contrary, the addition of
precipitated silica appears to eliminate the amount of such “amorphous” silica, and facilitate the
formation of more porous skeletal structure, which even appears to contain inner vacancy. Such
structure was found not beneficial for catalyst attrition resistance at all. It is also suggested that

such “shell” type of structure is the reason of the formation of the so-called “donut”-shape
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particles. With the increase in the conéentration of precipitated silica, the skeletal structure of
the supports becomes more porous and therefore less attrition resistant.

For the series of catalysts without precipitated silica, it is found that the presence of such
“amorphous” silica does not improve the attrition resistance of the catalysts. On the other hand,
it is the less porous structure appear to be more attrition resistant compared to the more porous
~ structure of the series of catalysts with precipitated silica. However, such “core” type of
~ structure does not seems to provi.de the best attrition resistance either. It is found that only when
the skeletal structure is porous’ and uniform can the catalyst particles Bave the best attrition
performance.

Since phase change during »reaction has always been a concern for iron catalysts in terms
of attrition resistance, some of the catél_ysts were catbuﬁzed and tested using the jet cup. The
attrition resistance was found to actually improve after carburization in terms of weight

percentage of fines lost. Such improvement was considered to be due to the change in catalyst

bulk density upon carburization.
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