Chapter 5

Microwave modification of silica-supported FischerTropsch

catalysts: The effect of potassium

5.1 Introduction

Fischer-Tropsch synthesis (FTS) is a heterogenemialytic process for the
transformation of synthesis gas (CO 3) thto hydrocarbons. This process was first
reported more than eighty years ago by two Gerrmamcsts, Hans Fischer and Franz
Tropsch™? Iron-based FTS catalysts provide both hydrogenatiod water-gas-shift
activities, imposing a flexible option for a typicaoal-derived CO-rich syngas
conversion process. However, the use of conventional, precipitatedc&elysts in
the most economical reactors, slurry bubble colyrhas been limited by their low
structural integrity; i.e. unsupported, precipithieon catalysts undergo attrition at
high rates to fine particles (approximately microenaliameter or smaller), leading to
uneconomical loss of catalyst, high slurry visogsénd difficulty in separating
catalyst particles from the wax proddct

Supports can play a variety of roles in heterogesemtalysis: 1) disperse the active
phase giving a catalytically active phase with ghhsurface area; 2) stabilise the
active phase against loss of surface area duriagréhction; and 3) maintain the
catalyst mechanical strength and 4) facilitatertfass or heat transfer in a diffusion-
limited or an exothermic reactidh.SiO, has been studied extensively as a catalyst
support for the FT reaction, and has been shovae tan excellent structural promoter
for Fe based catalyst&*

Pre-treatment of iron catalysts has an importafitence on the FTS activity and

selectivity™ In the preceding chapter, it was shown that mienvpre-treatment
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changes the surface properties of unsupportedystdand these changes have been
found to be dependent on the loading of potassi@mcourse, it is desirable to
understand why this phenomenon occurs. The obgectit/ this work was to
investigate the existence of a relationship betwtaermicrowave pre-treatment effect
and the content of potassium in well-dispersed;assupported Fe catalysts. Effects

due to the catalyst crystallite size and the peattnent time were also investigated.

5.2 Experimental

Catalyst preparation was mainly done using thepieaot wetness impregnation
technique as explained in Chapter 3, and the talynpositions are tabulated in
Table 5.1. For brevity, the catalyst labellirig/10Fe/SiQ was used, where is the
weight percent of potassium in the sample. Micrasvenodified samples are denoted
as xK/10Fe/SiQ-MW. A 10% iron loading was maintained in all thangples.
Techniques used in this study include XRF, TEM, EBE&T, TPR, TPSR-MS and
FTS. Further details on how these techniques wemrtompned are discussed in
Chapter 3. The effect of crystallite size on thenmivave effect was also investigated

by preparing smaller size crystallites using thpa$&ion precipitation procedure.

5.3 Results and discussion

The effects of microwave pre-treatment on the lprikperties of the catalysts were
studied. In the latter sections of this chaptes,affect of microwave pre-treatment on

the surface properties of the catalysts will besprged.
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5.3.1 X-Ray fluorescence (XRF)

Elemental composition of the catalysts was confdnusing XRF. The actual and
calculated weight loadings of potassium and irothencatalyst are displayed in Table
5.1. For all the catalysts, the intended weightdiog of iron was 10 wt. %. It is

apparent from Table 5.1 that the calculated anédtiteal weight loadings of both iron
and potassium are similar, indicating that reaskenabcuracy was attained during
catalyst preparation. For iron loadings, the maxmerror between the calculated and
the actual values confirmed by XRF was found tdewt. %, while a 0.09 wt. %

maximum error was found for potassium. The catalytout any loaded potassium
(OK/10Fe/SiQ) was analysed twice to verify the precision of ith&rument. A value

of 10.1 wt. % for the Fe content was observed ith lamalyses. Variations between
the calculated and the XRF determined values weakent to be due to catalyst

preparation procedures.

Table 5.1Elemental compositions of the catalysts as detexthby XRF.

Fe loading (wt. %) K loading (wt. %)

Catalyst Calculated Actual Calculated Actual
OK/10Fe/SiQ 10.0 10.1 0.00 0.01
0.2K/10Fe/SiQ 10.0 104 0.2 0.24
0.5/K10Fe/SiQ 10.0 104 0.5 0.54
0.7K/10Fe/SiQ 10.0 10.4 0.7 0.79
1.0K/10Fe/SiQ 10.0 10.2 1.0 1.09
1.5K/10Fe/SiQ 10.0 10.0 15 1.59

OK/10Fe/SiQ 10.0* 10.1* 0.0* 0.01*

* This sample analysis was repeated to verify tleeigion of the instrument
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5.3.2 Transmission electron microscopy (TEM)

The morphology and patrticle size of the crystadlieas analysed using TEM. Figure
5.1 shows typical images of (a) 0.2K/10Fe/Se#nd (b) 0.7K/10Fe/SiDcatalysts.
TEM results for the other samples are shown inAppendix. In these images iron
particles are seen as dark spheres while the silipport is much lighter in colour.
Energy dispersive X-ray spectroscopy (EDS) was tsembnfirm the identity of the
particles. Figure 5.2 shows an EDS spectrum confgrthe presence of both iron and
silica in the catalyst. An EDS spectrum of thecsilalone is displayed in Appendix B.
In both spectra a copper signal is observed sioppar grids were used to suspend
the samples. Potassium peaks were not detectatyiofahe catalysts, which could
indicate that the potassium was evenly distributedughout the sample. From the
TEM images it can be noted that the iron crystslivere also well dispersed on the
silica support. The average particle size for tbe-microwaved iron particles was
found to be in the range 40 — 60 nm for the varioaslings of potassium. Microwave
pre-treatment did not alter the morphology or thetiple sizes of the catalysts since
similar data was recorded for both the microwawved the non-microwaved samples.

90 15l

Figure 5.1 TEM images of 0.2K/10Fe/Siand 0.7K/10Fe/Si@catalysts.
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Spectrum 1

Figure 5.2 A typical EDS spectrum of a K/Fe/Si©@atalyst confirming the presence

of iron.

5.3.3 BET analysis by M physisorption

The determination of surface area is considerdzktan important requirement in the
characterization of a catalyst, although the cétalgctivity may only be indirectly
related to the total surface area. In additions iisually necessary to specify the pore
content and pore structure since these parametayscontrol the transport of the
reactants and products in a catalytic reactfon.

Table 5.2 summarizes the surface area and porenealneasurements of the different
catalysts, prior to and after exposure to microwaadiation for 10 seconds. A

maximum error of + 2% is associated with these eslThe BET surface areas of all
the silica-supported catalysts are in the rang226f — 284 rfig. By comparing the

BET surface areas of the catalysts with varyinglilogs of potassium, it is observed
that catalysts with higher loadings of potassiunaehbbwer BET surface areas (see
Figure 5.3). The study of Dry and OosthuiZeover a fused iron catalyst also gave
similar results: as more alkali was added, thetgrethe loss in surface area. These

findings were ascribed to the fact that potassiomdimprove the agglomeration of
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the FeOOH precursor and could further enlarge thstallite size ofa-Fe,O3 after

calcination, which would induce the decrease ificsgrarea.

The pore volume of these catalysts decreases nadlygin a similar way to that
observed for the surface area. The unpromotedysathhs the highest surface area
and pore volume while the catalyst with the higheatliing of the promoter shows the

lowest surface area and pore volume.

The catalysts were then pre-treated with microwadation at a 450 W power level
for 10 seconds. The results obtained are shownainleT5.2 and Figure 5.3. The
surface areas were found to decrease with an sen@athe content of potassium in
the catalysts as was observed in non-microwaveglsamrhe data shown in Figure
5.3 lillustrates that the loss of surface area wpttassium is similar in both
microwaved and non-microwaved samples. This suggé#sat microwave pre-

treatment does not affect the textural propertfabe catalysts.

Table 5.2 Textural properties of the silica supported catmlybefore and after

microwave pre-treatment.

Catalyst BET surface area Pore volume
composition (m?/g) (cm*/g)

(wt. %) A B A B
10 Fe/SiQ 281 284 0.88 0.85
0.2 K/10 Fe/SiQ 256 252 0.86 0.87
0.5 K/10 Fe/SiQ 255 254 0.87 0.86
0.7 K/10 Fe/SiQ 235 237 0.85 0.85
1.0 K/10 Fe/SiQ 231 233 0.85 0.84
1.5 K/10 Fe/SiQ 221 220 0.85 0.84

A = Without any microwave exposure; B = After 10@ats of microwave pre-treatment (450 W power level)
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Figure 5.3BET surface areas of microwave pre-treated and paareated catalysts

of different loadings of potassium.

5.3.4 Temperature programmed reduction (TPR)

The catalysts with different potassium loadingseventher characterized using-H

TPR prior to microwave pre-treatment. The hydrogensumption profiles obtained
as a function of temperature are displayed in KEdhed. Data from this figure is
tabulated in Table 5.3. While the reduction of yppsrted iron catalysts occurs in
two simple steps, a more complex behaviour is etddlby silica supported samples.

In unsupported catalysts the two steps represenetiuction ofi-Fe,03; to FeO, and

then further reduction of &, to a-Fel®

At a low promoter loading (0.2 wt. % K) the profs@ows four reduction peaks. The
small peak at 316C could be related to a minor process of reductbrsmall
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particles of FgOs occurring at the surface i.e. at temperaturesidign 390°C. This
peak increases in intensity and also shifts to drigbmperatures as the loading of
potassium is increased in the samples. Also, atssatm loadings of 0.7, 1.0 and 1.5
wt. % K the peak gradually separated to two distipeaks. The second reduction
peak for the 0.2K/10Fe/Siatalyst occurs at 42% and it represents the reduction
of bulk FeO3 to FegO,. Corresponding peaks in the other samples at higtoenoter
contents have been highlighted using a dotted {early the peak shifts to higher
temperatures with an increase in the potassiumirigadhis is because potassium
inhibits the reducibility of irort® In contrast to Peak 1, this peak decreases insite

for samples with higher potassium contents. Thiseolation is consistent with the

assignment of Peak 1.

0.7% K

TCD signal (a.u.)

0.5% K

0.2% K

| ! | ! | ! | ! | ! | ! | ! | ! |
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Figure 5.4H,-TPR profiles for the catalysts of the compositiil0Fe/SiQ, x

varies from 0 to 1.5 wt. %.

)
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Table 5.3Reduction temperatures for the various silica suggl catalysts.

Reduction temperatures {C)
Catalyst Peak 1 Peak 2 Peak 3 Peak 4
0.2K/10Fe/SiQ 310 425 S77 657
0.5 K/10Fe/SiQ 333 448 583 669
0.7 K/10Fe/SiQ 335/389 479 586 672
1.0 K/10Fe/SiQ 341/390 505 578 660
1.5 K/10Fe/SiQ 341/385 505 581 663

The reduction of F#, to Fe occurs at 57°C for the 0.2K/10Fe/Si9sample and is
labelled as Peak 3. This peak does not shift withaddition of potassium. Peak 4
occurs between 657 and 683 for the various samples as tabulated in TableThi
peak represents the reduction of iron(ll)silicateatFe. This peak is broad and it
indicates that large amounts of iron silicates wanesent in the samples. The large
amounts of iron silicates are attributed to strorigraction between the iron species
and silica. A rather small peak at ~7%Dis also observed. It could be assigned to the
reduction of the KCOs; phase, in agreement with its growth with the iaseeof the

potassium content and the analogous assignmertobé & al.*°

and Guglielminotti
and co-workeré! Microwave pre-treatment did not introduce any Higant changes
in the reduction profiles of the silica supportegtatysts since similar data was

recorded before and after microwave modification.
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5.3.5 Temperature programmed surface reaction-masspectrometry
(TPSR-MS)

5.3.5.1 Blank run

In this study, CO was adsorbed on pre-reduced KiBgttype catalysts. Catalyst
reduction was performed for 6 hours at 380 CO adsorption was then done for an
hour. The adsorbed species were subsequently hguiabed with H at a flow rate of
20 ml/min to give hydrocarbons. Data in Figure Stdws typical profiles obtained
during the TPSR experiment. One profile shows tlge rof formation for
hydrocarbons as monitored using a flame ionisatietector (FID), while the other
profile shows the rate of methane formation whi@swnonitored using a quadrupole
mass spectrometer (QMS). From this figure it camdted that the FID and the QMS
signals are similar, indicating that methane isrfa@n hydrocarbon produced during
the hydrogenation of previously adsorbed CO spetiggher hydrocarbons (ethane,
propane, etc.) were not detected during these emeets. This is quite reasonable
considering the very high #CO ratio on the surface of the catalyst durings thi
experiment. The total amount of methane producesl saéculated by measuring the
total peak area under the TPSR profile and theotisgethane calibration curves (see
Chapter 3). Therefore, using constant flow condgjahe FID detector output can be
taken to be proportional to the rate of the reactithe peak intensity is proportional

to the rate of formation of methane at a partictéanperature.

Two methane signals are observed in Figure 5.5sd peaks indicate that there are
two kinds of CO adsorption sites on the surfacéhefcatalyst. The observed peaks
are broad, suggesting that several overlappingyealexist. The peaks have been
de-convoluted and studies on this procedure aceiss®ed in the next sections.
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Figure 5.5 A comparison of typical TPSR profiles obtainednfran FID ) and a

QMS () that were performed simultaneously when usindj@ssupported catalyst.

5.3.5.2 The effect of potassium

Figure 5.6 shows TPSR profiles of catalysts withyieg loadings of potassium (0 to
1.5 wt. % K) as monitored using a gas chromatogr@p@) fitted with a flame
ionization detector (FID) to detect species evajvas a function of temperature. As
was shown in the preceding section, methane wasntia hydrocarbon detected
during TPSR experiments. The ¢profiles shown in the figure look similar in shape
i.e. two sets of peaks appearing at ~3D@nd at ~506C are common in the profiles.
The peaks shift to higher temperatures as the igaoli potassium is increased. It is
known that KO on the surface of an iron catalyst increases~t#eC bond strength
for CO bonded to F& hence leading to the shift to higher peak tempeeatwith K
loading. Graf and Muhléf reached the same conclusion on the influence ef th
potassium promoter after performing CO temperapuogrammed desorption (TPD)
experiments. The peaks recorded in this work amadrand this indicates the
existence of several overlapping peaks that caekistse signals were deconvoluted

by fitting Gaussian curves.
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Figure 5.6 TPSR profiles ok K/10Fe/SiQ-type catalystsy varies from 0 to 1.5 wt. %.

The total areas under these peaks were obtaingddgration and were used together
with methane calibration data to quantify the ,Cevolved during the TPSR
experiments. The total amounts of methane evolven fthe various catalysts are
listed in Table 5.4 as a function of the potassaomtent. The Chiproduced from all
the catalysts is in the range 31-32 pmidl Brom this table it is evident that the
potassium loading does not have a significant immac the amount of methane
produced over these catalysts. This implies thatase iron crystallites are not
affected by the potassium ions. The data shown ablel 5.4 was also used to
ascertain the reproducibility of the results obedirirom the TPSR technique. From
the results obtained it can be appreciated thathallsamples analysed varied by 1
umol g* CH,, which shows that the data recorded from thisrtiegte is reproducible.
Despite the different loadings of potassium in Hamples, the results were still
conclusive since all the samples were not microwaltenvas noted that even though
potassium did not affect the total ¢ldvolved, it did change the surface carbon
species from which CHis then produced. For example adsorbed atomicnaf@,)

formation decreased monotonously as the loadimptafssium was increased.
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Table 5.4Peak parameters and the total amount of @dduced from the catalysts.

Peak parameters Total CH,
evolved
Catalyst Carbidic amorphous carbide graphitic (umol ¢
a B Y )
OK/FelSiQ 22.2/268 31.9/339 33.3/474 12.6/535 31
0.2K/10Fe/SiQ 18.9/288 35.5/348 16.7/493 28.9/528 32
0.5K/10Fe/SiQ 12.7/296 35.4/357 29.6/468 22.3/594 32
0.7K/10Fe/SiQ 14.1/314 39.4/381 35.6/507 10.9/601 31
1.0K/10Fe/SiQ 9.4/328 55.7/386 26.5/512 8.4/594 32
1.5K/10Fe/SiQ 7.0/304 32.1/360 36.1/439 24.8/540 31

5.3.5.3 The microwave pre-treatment effect

Solid-state modification of the catalysts using noweave radiation was done for 10
seconds using a power level of 450 W. Prior totpgatment, the catalysts were
evenly dispersed in a microwave-transparent Pyratchvglass. The microwave pre-
treatment effect was investigated as a functiorithef loading of potassium in the
catalysts. The effect of microwave pre-treatment tba supported catalysts is
illustrated in Figure 5.7. From this plot it can mheted that the profiles obtained after
microwave pre-treatment differ from the non-micreed samples which gave similar
profiles independent of the promoter loading (segife 5.6). Four Cklpeaks could

be detected upon fitting Gaussian curves to thesfdgs. This suggests that there are
four different active sites of iron that bond t@ t80O during the adsorption process.
These different iron sites lead to four differestE interactions and the four C atoms
are assigned as, B, y andé-carbons in this work. Correspondingly, these carbo
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species are designated to be due to adsorbed atmariion, amorphous surface
methylene chains or films, bulk iron carbide, andapditic carborf**® The

contributions of these carbon species to the tbyalrocarbon content have been
compared. The comparison was also made betweeonwaeed and non-microwaved

samples of similar promoter contents as shownartdbles and figures given below.
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Figure 5.7 The effect of microwave pre-treatment on suppofddcatalysts with

varying promoter loadings.
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Figure 5.8 shows TPSR profiles for 0.2K/10Fe/Si@not modified) and
0.2K/10Fe/Si-MW (modified using microwave radiation) catalystisplaying the
evolution of methane as a function of temperatubata on the individual
contributions of the carbon species is tabulatedahle 5.5. From the data in Table
5.5 and Figure 5.8 it is evident that microwave-fpeatment at this loading of
potassium induces a small increase in the ovetdll €olved. The total area for the
CH, peaks in the 0.2K/10Fe/SiMW catalyst corresponds to 36 pmot, gvhereas
32 pmol " CH, was evolved from the 0.2K/10Fe/Si€atalyst. This increase in the
CH, content is equivalent to 13%, which is inducedthy microwave pre-treatment
effect. An analysis of the contributions from tregieus carbon species shows that the
o- and the-carbon species appearing at 289 and °@44espectively, decreases after
microwave pre-treatment. However, Figure 5.8b armahld 5.5 shows that GH
formation in the microwaved sample is severely eckd from they- andd-carbon
species. As a result the and thed- species contribute a combined 61% of the
36 umol g produced from the 0.2K/10Fe/SiMW catalyst.
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Figure 5.8 TPSR profiles of (a) 0.2K/10Fe/SiCand (b) 0.2K/10Fe/SioMW

catalysts. Pre-treatment conditions: 10 seconds\W5

Upon increasing the loading of potassium from 0t2%vto 0.7 wt. % in the samples,
a significant change in the TPSR profile for thecnowave modified catalyst was
noted. The methanation plots obtained from 0.7K&I8K) and the 0.7K/10Fe/S©O
MW catalyst are displayed in Figure 5.9a and Figbr8b respectively. Peak
parameters for the individual carbon species andilddor the total Ckievolved are
listed in Table 5.5. The microwaved catalyst digplan overall increase in the rate of
methanation of 23% relative to the non-microwawatlyst. This increase in methane
production is attributed to the microwave pre-tneant effect as all other parameters
were kept constant. Figure 5.9b shows that the ggham the profile is due to CH
produced fromd-carbon species at 58@ which increases considerably. Microwave
pre-treatment results in slight decreases in thaributions from adsorbed atomic

120



Slica supported FT catalysts

carbon (@), surface methylene chainsgjCand bulk iron carbide (§ species at
0.7 wt. % K.

Table 5.5Peak parameters of individual carbon species atatl €H, peak areas from
the TPSR profiles of 0.2K/10Fe/SIO 0.5K/10Fe/SiQ, 0.7K/10Fe/SiQ,
1.0K/10Fe/SiQ and 1.5K/10Fe/SI@MW catalysts prior and after microwave pre-

treatment.

Peak parameters CH, total area
— . _ (umol g%

Catalyst Carbidic amorphous carbide graphitic

o B Y )
0.2K/10Fe/SiQ 18.9/288 35.5/348 16.7/493 28.9/528 32
0.2K/10Fe/SIGMW  14.5/289 24.2/344 23.9/511 37.4/563 36
0.5K/10Fe/SiQ 12.7/296  35.4/357 29.6/468 22.3/594 32
0.5K/10Fe/SIGMW  12.7/354 13.8/413 46.2/509 27.3/586 40
0.7K/10Fe/SiQ 14.1/314 39.4/381 35.6/507 10.9/601 31
0.7K/10Fe/SiMW  3.8/288 32.1/359 31.3/500 32.8/559 40
1.0K/10Fe/SiQ 9.4/328 55.7/386 26.5/512 8.4/594 32
1.0K/10Fe/SIMW  1.6/280 26.2/368 27.2/510 45.0/553 53
1.5K/10Fe/SiQ 7.0/304 32.1/360 36.1/439 24.8/540 31

1.5K/10Fe/Si@MW  3.6/297 16.1/358 8.0/426 72.3/541 51
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Figure 5.9 TPSR profiles for 0.7K/10Fe/SyCand 0.7K/10Fe/Si@MW catalysts.

Microwave pre-treatment conditions: 10 secondstturad50 W power level.

Figure 5.10 and Figure 5.11 displays TPSR profileshe 1.0K/10Fe/Si@and the
1.5K/10Fe/SiQ catalysts that were modified using microwave réoiieand those
that were not. Contributions from the various carlspecies generated from these
catalysts are shown in Table 5.6. The TPSR profitesthe modified catalysts
(1.0K/10Fe/SIi-MW and 1.5K/10Fe/Si@MW) clearly differ when compared to
those recorded on the un-modified catalysts. Bo#lsé catalysts display a huge signal
at around 540C which is due to ClHformed from carbide and graphitic carbon.
These signals account for a combined 72% and 80%heftotal hydrocarbons
produced from the 1.0K/10Fe/SIMW and 1.5K/10Fe/Si@MW catalysts. This is
to be compared with the 35% and 61% combined daritans from carbide and
graphite-like carbons recorded from the non-micnoeda catalysts of the same
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composition. The total methane evolved when udiegltOK/10Fe/SiMW catalyst
was 53 pmol g, which shows a 66% CHncrease relative to the 1.0K/10Fe/$iO
catalyst which only produced 32 umof.gAn increase of 64% was induced by
microwave pre-treatment for the catalysts with Wi % potassium. Methanation
from thea- and-carbon species was found to decrease after matidic of both the

1.0 and 1.5 wt. % K samples, hence the declinbeir percentage contribution to the

total CH, evolved.
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Figure 5.10TPSR profiles of 1.0K/10Fe/Sbefore and after microwave (MW) pre-

treatment. Pre-treatment conditions: 10 seconds\W5
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Figure 5.11 TPSR profiles of 1.5 K/10 Fe/Sibefore and after microwave (MW)

pre-treatment. Pre-treatment conditions: 10 secotals W.

A comparison of the total hydrocarbon content poeduin both the microwaved and
the non-microwaved catalysts during TPSR experimenshown in Figure 5.12, as a
function of the potassium loading. Clearly the e@ases seen were induced by
microwave pre-treatment since all other variablesenkept constant when catalysts
of the same potassium loading were analysed. Fhignptot it can be seen that the
microwave pre-treatment effect increases with daeling of potassium and attains an
optimum value at 1.0 wt. % potassium loading wrerencrease of 66% in the total
hydrocarbon content is attained. At low K loadingsgrowave induced effects were
seen to promote mainly methanation frgmand 6-carbon species, while- and -
carbon formation decreased. At high K loading, rae#tion from thes-, f- andy-
species was noted to decline after microwave m@a&htent. In contrast, GH
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produced from graphitic carbon increases upon M\osure. Un-modified catalysts
display the opposite behaviour since methanatigeierally favoured from- andp-

carbon species.
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Figure 5.12 Comparisons of methane formed in microwaved angt-mmrowaved
samples as a function of potassium loading. All ¢htalysts are supported on silica
and they contain 10 wt. % Fe.

The general increase in microwave-induced effegta tunction of potassium can be
explained by considering the known effects of psitam in Fischer-Tropsch
synthesis. Without iron atoms it is difficult taeelve the C—O bond. The addition of K
is done to further enhance this effect. The eff#ctnicrowave pre-treatment on a
catalysts is believed to result in the migratiorpofassium ions to the surface of the
catalyst?® Thus surface iron atoms in a microwave modifiethlyat are surrounded
by potassium ions and become “electron rich”. TR®©®ond on such iron atoms is
easily cleaved and more hydrocarbons are produdedanisd® has shown using
SIMS studies that microwave pre-treatment resalthé migration of potassium ions

to the surface of a catalyst hence increasingciisity.
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The observed increase in ¢hroduced from graphitic-like carbon species upon
microwave exposure is consistent with the explanatihat potassium ions migrate to
the surface of the catalyst during pre-treatmens Well known that surface basicity
can promote CO adsorption and suppresadsorptiorf.”

5.3.5.4 The effect of the MW irradiation time

The microwave pre-treatment effect reported thushias been accomplished by
exposing the catalyst to microwave radiation teaiti450 W power level for only 10
seconds. To investigate the effect of the pre+meat time, catalysts with 1.0 wt. %
potassium loading were studied using both tempergitogrammed reduction (TPR)
and temperature programmed surface reaction (TP$RR was performed to
investigate whether the period of MW pre-treatmaffitcts the reducibility (a bulk
property) of the catalyst, while TPSR was usedudysany effects that the irradiation
time may have on the surface properties of thelysdteEarlier studies showed that
the 1.0 wt. % loading was optimal for the microwgwe-treatment effect, and hence

it was used in these investigations.

5.3.5.3.1 Temperature programmed reduction

The reduction profiles of iron catalysts that waradiated for varying periods with

microwaves are displayed in Figure 5.13. The teatpees at which the different

reduction stages occur are listed in Table 5.6. fEukiction behaviour of the non-
microwaved sample was discussed in detail in seiB.4 where the four peaks (that
are observed here) were assigned. MW pre-treatmastfound not to change the
general reduction profile of the catalyst. As ithased in the table, the peaks from the
microwaved samples show a marginal shift to lowengeratures. This indicates that
MW pre-treatment could be used to enhance the ieititycof a catalyst. However,

increased irradiation time does not affect the céda behaviour of the catalyst as the
profiles obtained after 40 seconds of microwavetmatment are similar to those

recorded after 20 seconds.
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Figure 5.13 TPR profiles for a 1.0K/10Fe/SiCcatalyst that was microwave pre-

treated for varying periods.

Table 5.6 TPR reduction temperatures obtained from Figut8.5.

MW irradiation | Reduction temperatures {C)

time

Peak 1 Peak 2 Peak 3 Peak 4
0 seconds 335/389 479 586 672
20 seconds 325/382 466 571 660

40 seconds 323/378 472 575 661
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5.3.5.4.2 Temperature programmed surface reaction

TPSR profiles acquired during the investigatiortted effect of the MW irradiation
time followed the general pattern as discussedectian 5.3.5.3 with the profiles
displaying two broad peaks before de-convolutioge (&\ppendix C). Tabulated in
Table 5.7 are the values of the total methane edotluring the TPSR experiments
for the 1.0K/10Fe/Si@ catalyst that was irradiated for varying periodsing
microwaves. It can be seen from this table thatitted methane produced increases
as the microwave irradiation time is increased frOnseconds (without any pre-

treatment) to 10 minutes.

Table 5.7 Total methane produced on the TPSR experimentsigughe
1.0K/10Fe/SiQ catalyst that was microwave pre-treated for vayyieriods.

Microwave pre-treatment time Total CH,4 evolved fimol g*)
0 seconds 32
10 seconds 53
20 seconds 50
30 seconds 59
40 seconds 57
2 minutes 188
5 minutes 194
10 minutes 232

To identify the origin of the increases in methgmeduction after microwave pre-
treatment, a plot of the GHrom the two broad peaks is shown in Figure 5Ag}.
seen in preceding sections, the low temperaturadommeak accounts mainly for
methane produced from and p-carbon species, while the high temperature broad
peak accounts for methane evolved frgmand 6-carbon species. As illustrated by
this figure, the broad low temperature peak arefairty constant throughout the
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irradiation period. It is not affected by the iriaibn time. On the contrary, the high
temperature peaks displays significant increasebesrradiation time is increased,

especially between 50 and 100 seconds of MW irtiadhia
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Figure 5.14 Variations in methane content produced from thve {femperature and
the high temperature TPSR peaks as a functioneofnicrowave irradiation time. The
1.0K/10Fe/SiQ catalyst was studied.

5.3.5.5 Microwave effect on the catalyst crystalkt size: DP vs. IWI

The microwave pre-treatment effect on catalyst$ whfferent crystallite sizes was
examined by preparing catalysts of the same corposusing two techniques;
deposition precipitation (DP) and incipient wetneapregnation (IWI). The loading
of potassium was maintained at 1 wt. % , whileitbe loading was kept at 10 wt. %
in both catalysts. The catalyst prepared usingXtRerocedure is herein referred to as
1.0K/10Fe/Si@-DP, while the IWI-prepared catalyst was labelle@KI10Fe/SiQ
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(results taken from preceding section). As repontetihe literature, the iron particles
in a catalyst prepared using deposition precipitatiave much smaller particle sizes
than those prepared using the incipient wetnessreigmation techniqu&:®
1.0K/10Fe/SiQ-DP catalysts had an average particle size indhgea 10 — 25 nm,
whereas 1.0K/10Fe/Spratalysts had an average particle size in theerdfg— 60

nm.

Changes in the surface properties of these casallgat were induced by microwave
pre-treatment have been studied using the TPSRiitpeh Peak analysis for these
catalysts was done as shown in the preceding seeaima the profiles were also
recorded as a function of the MW irradiation timeplot of the total CH evolved for
the two catalysts prepared using these differenteqatures is shown in Figure 5.15.
The data is tabulated in Table 5.8. As expected, dhtalyst prepared using the
deposition precipitation technique produced mordharee relative to its incipient
wetness impregnation counterpart for the un-maodlitatalysts (i.e. at 0 seconds).
This is because catalysts prepared using the DEegooe have small crystallites and
are hence highly active. As the pre-treatment twmas increased to 10 seconds, 2
minutes, 5 minutes and then eventually 10 minutes,total methane produced is
seen to increase from both samples. The DP-prepatadyst showed lower TPSR
activity relative to the IWI-prepared catalyst. $hindoubtedly shows that microwave
pre-treatment is favoured for larger particle sittes for smaller ones. As seen in the
preceding sections, MW pre-treatment also favouss ©rmation fromy- and 6-

carbon species even in these samples.
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Figure 5.15 Total CH, produced in the TPSR by the 1.0K/10Fe/SiP and the

1.0K/10Fe/SiQ catalysts that were irradiated for varying periadth microwaves.

Table 5.8Total methane produced values that were used td-gare 5.15.

Total methane evolved gmol g7

Microwave irradiation time DP IWI
0 seconds 37 32

10 seconds 40 53

2 minutes 41 188

5 minutes 96 194

10 minutes 123 232
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5.3.5.6 Methanator studies

Methanation studies were performed to confirm itmowave pre-treatment had an
effect on the strength of CO chemisorption on thefage of the catalyst. The
methanator used consisted of a nickel catalystyveaslused to convert CO into GH

Figure 5.16 shows the methane profiles resultioghfTPSR experiments performed

via a methanator for the catalysts with varying logdiof potassium.

As can be observed in the figure the hydrogenatibadsorbed CO leads to the
formation of numerous CHpeaks. These peaks occur at 2C5and 211°C for the
0.2 wt. % K sample and extra peaks are observédyaer temperatures for samples
with increased potassium loadings. Both the lowperature peaks are attributed to
weak CO chemisorption in the molecular state. Dhetemperature peak at 116 is
due to catalytic active sites that are not inflleehby the potassium promoter, while
the signal at 212C is due to sites that are influenced by the patasgromoter. A
similar classification has also been used by Rbat.*>3' when copper was used to
promote an Fe catalyst. In this work these peak® ieind to be the biggest when
using the 1.5 K/10 Fe/SiOcatalyst. The low temperature peak is absent at a
potassium loading of 1.5 wt. %, indicating that tak catalytic sites responsible for
weakly chemisorbed CO at this loading were affedigdthe potassium promoter.
CH, signals produced from strongly chemisorbed COtshd higher temperatures

when a methanator is used, appearing at about®21
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Figure 5.16 TPSR profiles indicating the effect of potassium Fe/SiQ catalysts,
prior to microwave pre-treatment. These experimergrse performed in a GC fitted

with a methanator that utilizes a nickel catalyst.

5.3.5.6.1 The effect of microwave pre-treatment

The TPSR profiles illustrated in Figure 5.17 shdw formation of methane from
0.7K/10Fe/SiQ and 0.7K/10Fe/Si@MW catalysts that were analyseda the
methanator. Table 5.9 compares the integrated pea&s for the three signals
obtained from the microwaved and the non-microwavathlysts. Analysis of data
from Peak 1 and Peak 2 from both catalysts showatthere is a slight decrease in
CH, formation from the 0.7K/10Fe/S§MW catalyst, whereas these peaks are much
bigger for the 0.7K/10Fe/Sixatalyst. On the other hand the area for Pealnuizh
bigger for the 0.7K/10Fe/SEEMW than the 0.7K/10Fe/SiQOcatalyst. Since this
signal is attributed to strongly (dissociativelyhemisorbed CO, it is clear that

microwave pre-treatment favours the formation obrsy CO chemisorption sites.
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Microwave pre-treatment results in a 6% overalr@ase in methane production at

this potassium loading.

116°C  216°C

FID signal (a.u.)

T T T T T T T
200 400 600 800

Temperature (°C)

Figure 5.17 TPSR profiles for the 0.7K/10Fe/Si@nd 0.7K/10Fe/Si@MW catalyst
before MW pre-treatment (a) and after 10 secondM¥f pre-treatment (b). Pre-

treatment conditions: 450 W, 10 seconds.

Table 5.9 Peak areas obtained when TPSR is performn@dhe methanator using a

0.7K/10Fe/SiQcatalyst.

Catalyst Peak 1 Peak 2 Peak 3 Total
(a.u.)
0.7K/10Fe/SiQ 806 1236 385 2427

0.7K/10Fe/SiG-MW 704 1186 678 2568

XX
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The pre-treatment effect was also investigatedhtalgsts with a 1.0 wt. % potassium
loading. Figure 5.18 shows methane profiles foK110Fe/SiQ and 1.0K/10Fe/Si®
MW donevia the methanator. The data from these profileshsléded in Table 5.10.
These catalysts display the microwave effect se@n7awt. % potassium loading in a
more pronounced manner. The signals due to wedldynisorbed CO (116C and
209 °C) resulted in 2142 and 1303 units of Lfar the non-microwaved sample,
whereas the microwaved sample led to 789 and 1&&k area units. However, Peak
3 resulted in a larger peak area of 5794 uniteiénnhicrowaved sample relative to its
non-microwaved counterpart (2746 units). This dagafirms earlier findings that
microwave pre-treatment promotes the formationtadng CO chemisorption sites
while suppressing weak CO chemisorption sitesan tatalysts. This could indicate
that the MW pre-treatment effect actually increabesbinding efficiency of CO on to
iron. Microwave pre-treatment resulted in a 34%rallencrease in the total CGH
evolved at this potassium loading. It is clear fritva profiles that modification of the
catalysts using microwave irradiation does afféet production of hydrocarbons and
the effect is dependant on the loading of potassium

Table 5.10Peak areas obtained when TPSR is performethe methanator using a
1.0K/10Fe/SiQ catalyst.

Catalyst Peak 1 Peak 2 Peak 3 Total (a.u.)

1.0K/10Fe/SiQ 2142 1303 2746 6191

1.0K/10Fe/SiQ-MW 789 1716 5794 8299
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Figure 5.18 TPSR profiles for the 1.0K/10Fe/SiCzatalyst (a) before MW pre-
treatment and (b) after 10 seconds of MW pre-treatmPre-treatment conditions:

450 W, 10 seconds.

136



Slica supported FT catalysts

5.3.6 Fischer Tropsch synthesis (FTS)

5.3.6.1 The effect of potassium

The effect of potassium ions on FT activity at acte®n temperature of 27%& was
tested in a stainless steel fixed bed reactor. I@@taactivity was measured by
computing the carbon monoxide (CO) conversion wéhkpect to time on stream
(TOS). The CO conversions with time on stream fbe t0.2K/10Fe/SigQ
0.7K/10Fe/SiQ and 1.5K/10Fe/Si@catalysts are shown in Figure 5.19. The steady
state CO conversions for these catalysts are gisgplan Figure 5.20. For the samples
with potassium loadings of 0.2, 0.7 and 1.5 wejgdricent, CO conversions of 24.6,
17.8 and 12.4% were obtained at steady state domslit This data shows that

increasing the loading of potassium significandwérs the CO conversion ability of

a catalyst.
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Figure 5.19 CO conversions for the 0.2K/10Fe/$jO0.7K/10Fe/SiQ and

1.5K/10Fe/SiQ catalysts that were not microwaved.
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A = 0.2K/10Fe/SiQ
B = 0.7K/10Fe/SiQ
C = 1.5K/10Fe/SiQ
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Figure 5.20 Steady state conversions for the various cataheftsre microwave pre-
treatment.

Several researchéfg® have investigated the effect of potassium on 8 Bctivity
over various iron-based catalysts under differez@ction conditions. It has been
reported that FTS activity either increaSesr passes through a maximum as a
function of potassium loading?®’, and potassium either has little effect on thévigt

for FTS or suppresses?t>’ Data obtained in this study indicates that addité the
alkali metal ions suppresses FT activity and thoslld be explained by various
reasons. At high promoter concentrations, the acsites in the catalyst may be
covered by potassium, resulting in a decline of dagalyst activity. Dry and
Oosthuize’ have also reported that carbonization of iron mrFTS proceeded
more rapidly on potassium promoted catalysts.

Data showing the steady state performances for cdtalysts is tabulated in
Table 5.11. From the table it is evident that iasieg the promoter loading decreases
the CO consumption rate, the FT reaction rate hadittivity. The activity decreases

from 21.4 to 3.9@umol/sec.gFe as the potassium content is increased .2 to 1.5
wt. %.
138



Slica supported FT catalysts

Selectivity towards different hydrocarbon fractiomas studied using an online GC
fitted with an FID and they are reported as pemages. Selectivity towards methane
was observed to decline as the promoter conteneased. The 1.5K/10Fe/SIiO
catalyst had the highest sCg proportion (44.9 wt. %), followed by the
0.7K/10Fe/SiQ catalyst (28.0 wt. %). This indicates that asKiiée ratio increases,
the proportion of methane in the products decreasdshe fraction of & products
increases. Addition of the alkali metal ions isoadgen to increase ethylene selectivity
in the G hydrocarbons. The increase is from 7.69 to 61.D8é.observed trends were
expected and they are consistent with the tendehttye alkali metal ions to decrease
the hydrogenation ability of a catalyst and thusessrate chain growth probability
and the olefin selectivity, possibly as a resulttef increased basicity. The chain
growth probability was seen to increase from 0bB.79 as the loading of potassium

was increased.

Table 5.11Effect of potassium content on the catalyst aigtiand selectivity.

Catalyst 0.2K/10Fe/SiQ  0.7K/10Fe/SiQ 1.5K/10Fe/SiQ
CO conversion (%) 24.6 17.8 12.4
Rate CO (mol/s) -5.34 x 10/ -3.84 x 10/ -9.90 x 1¢°
Rate CO, (WGS) 2.08 x 10’ 1.25 x 10/ 2.33x1¢
Rate FT 3.26 x 10’ 2.59 x 10’ 7.57 x 10°
Activity 21.4 15.4 3.96
(umol/sec.gFe)

o 0.55 0.59 0.79
C, olefin %? 7.69 39.3 61.9
Selectivity

C, 28.2 14.6 3.8
Co—Cy 38.6 42.4 36.2
Cs—GCs 18.2 28.0 44.9
CO; 8.55 5.11 1.27

4 C,JC, + Cyo) [Olefin to total G hydrocarbon weight ratio]
Reaction conditions H,/CO = 2, flow rate = 20 ml/min, t= 150 h, T = 275, P = 1.0 MPa
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5.3.6.2 The effect of microwave pre-treatment

The prepared samples were subsequently microwavechddify their catalytic
properties. Microwave modification was performed4&0 W power level for 10
seconds. FTS was performed using a set of preatefiaction conditions for all the
catalysts (275C, 1.0 MPa, K/CO: 2). Figure 5.21 shows the effect of potassam
the CO conversion behaviour for the various micngdasamples. The activity of the
catalysts declines from 30.5 to 14.6% as the prenmintent is increased from 0.2 to
1.5 wt. %.
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Figure 5.21 CO conversions for the various microwave pre-geatatalysts. Pre-

treatment conditions: 450 W power level, 10 seconds

Figure 5.22 compares the CO conversions for theesponding microwaved and
non-microwaved samples at steady state. It is avittat both microwaved and non-
microwaved samples display a similar trend: askhee ratio increases, the activity
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of the catalyst declines. It was observed, howetleat the 0.2K/10Fe/SEMW
sample gave a significantly higher CO conversiof.5%) relative to its non-

microwaved counterpart (24.6%). This is attributedhe microwave pre-treatment
effect.
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Figure 5.22 A comparison of CO conversions for microwaved and-microwaved

samples obtained at steady state conditions.

Data comparing the steady state performances omibewave pre-treated and the
non-pre-treated samples is displayed in Table SAtlition of the promoter to the

microwaved samples lowers the selectivity towardeth@ne and the low

hydrocarbons (&C,), while the selectivity towards the heavier hy@ndons (G-Cg)

is enhanced. Analysis of the microwave effect om@as of the same composition
indicates that selectivity towards methane is segged in the microwave modified
catalysts at low potassium loadings (0.2 and 0.7%)t Microwave pre-treatment
seems to enhance methane selectivity at high potaskadings. The modified

samples also displayed improved chain growth pntibab at low alkali loadings,
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while a slight decrease in the alpha value is olegkion the sample with a high

potassium loading.

Olefinity was analysed by measuring the dlefin proportion relative to the total,C
fraction in the products. Potassium addition cledalours the formation of olefins
for both microwaved and non-microwaved samplessBesa for this observation are
well documented in the literatut®* Comparing catalysts of similar compositions
shows that microwave pre-treatment enhances dlefiation for the samples with
0.2 and the 0.7 wt. % potassium. Ethylene contareases from 7.69 to 16.8 wt. %
for the 0.2K/10Fe/SiIMW catalyst, while for the 0.7K/10Fe/SiMIW catalyst the
increase is from 39.3 to 41.5 wt. %. The increasthe olefin content is attributed to
the effect of microwave pre-treatment, since dtleotvariables were kept constant.
The ethylene fraction declines from 61.9 to 55.6 %tfor the 1.5K/10Fe/SiEMW
sample. This suggests that microwave modificatinoly @nhances olefin formation
when low alkali metal loadings (0.2 to 0.7 wt. %¢ ased. However, the microwave

effect suppresses olefin formation at high promtmtadings.

Using iron catalysts instead of cobalt catalyst&TS promotes the water gas shift
(WGS) reaction. C@selectivity is normally used as a measure of tH@SMActivity.
When making the calculations, all the £@oduced during FTS is assumed to be
produced by the WGS reaction. Selectivity towardd, Gvas noted to decline
relatively at low promoter loadings while it washanced in the sample with the
highest potassium content. A decline in the WGStrea is undesirable since it
results in excess water in the reactor. Excessrvpatenotes the deactivation of the

catalyst.
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Table 5.12Effect of potassium content and microwave prettneat on catalyst activity and selectivity.

Catalyst® 0.2K/Si0, 0.2K/Si0-MW 0.7K/Si0, 0.7K/Si0,-MW 1.5K/SiO; 1.5K/Si0-MW
CO conversion (%) 24.6 30.5 17.8 17.7 12.4 14.6
Rate CO (mol/s) -5.34 x 10’ -3.71 x 10 -3.84 x 10/ -3.50 x 10’ -9.90 x 1¢° -2.13 x 10/
Rate CO, (WGS) 2.08 x 10/ 1.16 x 10’ 1.25 x 10’ 1.16 x 10’ 2.33x 1¢° 7.34 x 10°
Rate FT 3.26 x 10/ 2.55 x 10/ 2.59 x 10’ 2.34 x 10/ 7.57 x 1¢° 1.39 x 10’
Activity 21.4 14.8 15.4 14.0 3.96 8.50
(umol/sec.gFe)

o 0.55 0.56 0.59 0.66 0.79 0.77
C, olefin %" 7.69 16.8 39.3 41.5 61.9 55.6
Selectivity

C. 28.2 26.2 14.6 11.4 3.8 12.4
C2—Cy 38.6 39.9 42.4 38.3 36.2 35.8
Cs—GCs 18.2 18.9 28.0 35.3 44.9 36.7
CO, 8.55 4.77 5.11 4.74 1.27 3.09

& All the catalysts contained 10 wt. % Fe

® C,J(C, + C,.) [Olefin to total G hydrocarbon weight ratio

Maximum error is = 5%

Catalyst mass:0.5 g

Reaction conditions:H2/CO = 2, flow rate = 20 ml/min, t = 150 h, T 25°C, P = 1.0 MPa
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5.3.6.3 Effect of the MW irradiation time

In the preceding section, it has been shown thatltbK/10Fe/Si@@MW catalyst had the
largest improvement in activity (3.96 to §iBol/sec.gFe) which was induced by microwave
modification of the catalyst. Of course, it wasiddde to understand why this was the case.
The microwave irradiation time of the sample wasssmguently increased from 10 seconds to
10 minutes but the power level was maintained 8t\A5 The FT data obtained is compared
in Table 5.13. It is evident from the table thatregasing the microwave exposure time does
not have a significant influence on CO conversibime CO conversion was 12.4% for both

the non-microwaved and the microwaved (10 minugas)ples.

Table 5.13The effect of the MW irradiation time on FT actiwand selectivity

Catalyst 1.5K/SiO, 1.5K/SiO,-MW 1.5K/SiO,-MW
(10 seconds) (10 minutes)
CO conversion (%) 12.4 14.6 12.4
Rate CO (mol/s) -9.90 x 10-8 -2.13 x 10-7 -2.25x 10-7
Rate CO, (WGS) 2.33x10-8 7.34 x 10-8 5.46 x 10-8
Rate FT 7.57 x 10-8 1.39 x 10-7 1.70 x 10-7
Activity 3.96 8.50 8.99
(umol/sec.gFe)
a 0.79 0.77 0.63
C, olefin %?® 61.9 55.6 67.0
Selectivity
Cy 3.8 12.4 9.33
C,—-C 36.2 35.8 39.3
Cs—Cs 44.9 36.7 36.3
CO, 1.27 3.09 2.25

Further increase of the microwave exposure timg bat a slight effect on the activity as it
increased from 8.50 to 8.99nol/sec.gFe after 10 minutes. Nonetheless prentezat clearly
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improved the activity of the catalyst because tbe-microwaved sample had an activity of
3.96 umol/sec.gFe. Hydrocarbon selectivities were aldecédéd by the longer duration of

microwave exposure. Increasing the microwave iat@ah period was noted to increase
methane selectivity and thus lower the formatiomigher hydrocarbons. Consequently, the

alpha value dropped from 79 to 63% as the irrasiigbieriod was increased to 10 minutes.

Even though the percentage CO conversions are agjntthe rate of CO consumption
increases from -9.90 x POto -2.25 x 10 mol/s as the irradiation time increases. This is
justified by the considerably high G@vels produced from the samples that were irtadia
for 10 seconds and 10 minutes. This is desirablé agggests that the WGS reaction is
enhanced. Data on the rate of {@oduction (WGS) confirms this observation. Aswghan
Table 5.15 ethylene selectivity was also enhancednbreasing the duration of the pre-

treatment period.

It was observed that certain parameters like thgl@te and C@selectivities were enhanced
by microwave pre-treatment (10 seconds) at lowlialaa concentration. These parameters
were suppressed by high alkali ion concentratiothensurface of the metal if pre-treatment
was performed for 10 seconds. However if the iatdn period is increased, even at high
promoter loadings these parameters do improveastalso noted that certain parameters like
the FT reaction rate and the activity declined assalt of having excess potassium on the
surface of the catalyst. However, pre-treatmentrawed both the FT reaction rate and the
activity. It is therefore believed that microwavefreatment can enhance FT performance at

all potassium loadings, but different loadings liegdifferent irradiation times.
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5.4 Conclusions

The aim of this chapter was to determine the etbégtotassium in silica supported catalysts
that were pre-treated using microwave radiatiore phtassium weight loading was varied
within the range 0-1.5 wt. %. As with the unsupedrtatalysts, microwave pre-treatment

was found not to induce any modifications on thi lpuoperties of these catalysts.

Microwave solid-state modification of the cataly$tad a significant impact on the CO
adsorption characteristics of these catalysts. &Vtiike effect of potassium was relatively
insignificant in non-pre-treated catalysts on tlRSR-MS, the effect was huge in microwave
modified catalysts. Microwave pre-treatment indueed overall increase of 13% in GH
formation for a 0.2 wt. % K catalyst, and this éoned to rise with the potassium loading up
to a 1.0 wt. % K catalyst where an increase of 68%CH, evolution was recorded.
Microwaves were found to promote Gkbrmation from ‘graphitic’ carbon in these catdsys
while decreasing CHformation froma- andp-carbon species. CO adsorption investigations
done via a methanator also showed that microwave pre-tesgtniavoured strong CO
adsorption while suppressing weak CO adsorptioms dicated that the binding of CO to

iron is enhanced in microwave modified catalysts.

The microwave effect was seen to increase dralstisalthese silica-supported catalysts as
the irradiation time was increased from 10 secdadg to 10 minutes. Comparing catalysts
with small and large crystallites of the same logdvf potassium showed that the microwave

effect is amplified in catalysts with larger pales compared to smaller crystallites.

FTS performance was also improved by microwave froadion. At low alkali

concentration, microwaved samples showed improvbgllene selectivities, higher alpha
values and low methane and-C, selectivities. For the 0.7K/10Fe/Si@atalyst, the alpha
value improved from 0.59 to 0.66 due to microware-fpeatment. Microwave modification
of catalysts with high alkali loadings resultedardecline in the chain growth probability,

olefin selectivity and also improved methane séléygt
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