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The effect of Mn-promotion on high surface area Al-pillared montmorillonite (AlMMT) supported Co
nanoparticles prepared by hydrothermal method have been investigated. A series of different weight% Mnpromoted Co nanoparticles were prepared and characterized by XRD, TPR, TGA, BET and SEM techniques.
An increase in the surface area of MMT is observed with Al-pillaring. Fischer-Tropsch catalytic activity of the
as prepared catalysts was studied in a fixed bed micro reactor at 225 oC, H2/CO = 2 and at 1 atm pressure. The
data showed that by the addition of Mn the selectivity of C1 dropped drastically while that of C2-C12
hydrocarbons increased significantly over all the Mn-promoted Co/AlMMT catalysts. The C13-C20 hydrocarbons remained almost same for all the catalysts while the selectivity of C21+ long chain hydrocarbons
decreased considerably with the addition of Mn. The catalyst with 3.5%Mn showed lowest C21+ and highest
C2-C12 hydrocarbons selectivity due to cracking of long chain hydrocarbons over acidic sites of MMT.
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Introduction
Due to increasing energy demands and rapidly depleting
resources of petroleum, huge reservoir of natural gas, coal
and biomass can be utilized as an alternative to crude oil for
the synthesis of sulfur, aromatics and nitrogen free ultra
clean fuels along with value added fine chemicals via
Fischer-Tropsch (FT) synthesis.1,2
FT synthesis reaction has attracted worldwide attention to
convert syngas (CO and H2) via gasification of coal, natural
gas and biomass to liquid hydrocarbons by the use of
different catalysts.3,4 The most widely used catalysts for the
FT synthesis include different forms of Ni, Fe, Ru and Co
metals. The use of these catalysts is limited due to the
excessive CH4 production in case of Ni and high price of Ru,
leaving only Co and Fe as feasible catalysts in FT synthesis.5
Due to the lower extent of deactivation, water gas shift
activity and selectivity towards linear hydrocarbons, Co is
preferred over Fe-based catalysts in academic as well as on
industrial scale.6
The catalytic activity of Co-based catalysts can be improved
by the dispersion of Co on the surface of refractory oxides
such as silica and alumina and mesoporous oxides like
MCM-48, MCM-41 and SBA-15 which are thought to be
responsible for increase in the surface area of Co and hence
its catalytic activity.6-10 The catalytic activity as well as the
products selectivity of FT catalysts is also affected by the
nature of support. In FT synthesis, Zeolites have been used
as a support to synthesize hydrocarbons of specific molecular weights and to change the FT catalyst products distribution.11

The application of montmorillonite (MMT), a naturally
occurring layered material has been studied extensively in
the field of catalysis for the hydrocracking of petroleum
products in refineries.12 Besides this pillared clay supported
Co-catalysts show good selectivity and catalytic activity in
FT synthesis.13 But the presence of alkali metals especially
Na in the MMT catalyst is responsible for the production of
large amount of CH4, CO2 and lower FT catalytic activity,
due the hindrance in CoO reduction. The FT catalytic activity
of MMT supported catalysts can be increased by pillaring
MMT with certain larger metal cations, among which Al
show higher CO-conversion, indicating that AlMMT has a
positive impact on the CO-conversion in FT synthesis.4
The addition of Mn, Ti, Zr etc. as a promoter can also
boost the performance and suppress the metal support
interaction of FT catalysts.14-20 The CH4 selectivity of Fe or
Co-FT catalysts is significantly decreased by the addition of
Mn.21 It is reported that Mn-promotion stabilizes the catalytic activity, improves the formation of light olefins, higher
hydrocarbons and decreases the CH4 selectivity for Fe, CoFT catalysts.22-26 Also the metal support interaction in case
of Co/TiO2-FT catalyst is suppressed by the addition of 3
wt % Mn and the selectivity of this system for lower olefins
and C5+ hydrocarbons is enhanced due the stabilization of
larger Co particles.26-28 To decrease the methane and increase
the hydrocarbons selectivity the promotional effect of Ce or
Ru on Co catalysts supported on pillared MMT has also
been reported,13 though there is no report on the effect of Mn
on MMT supported Co-catalysts for FT synthesis.
In light of the above discussion, we have set ourselves a
task to study the effect of Al-pillaring and the promoter
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effect of Mn on AlMMT supported cobalt nanoparticles for
FT reaction.
Experimental
Materials. Sodium montmorillonite (NaMMT), Aluminium
chloride (AlCl3·6H2O), manganese nitrate (Mn(NO3)2·4H2O)
and cobalt nitrate (Co(NO3)2·6H2O) from Sigma-Aldrich
were of analytical grade and used without any further
purification. NaMMT was selected as a starting material to
prepare the AlMMT.
Preparation of AlMMT. In a typical synthesis procedure,
0.5 M NaOH solution was slowly added to 0.25 M solution
of AlCl3·6H2O with OH/Al ratio of 2/1 with continuous
stirring. This suspension was aged at room temperature for
24 h. In the second step, above pillaring solution was added
(5 mmol Al/g of clay) to the suspension of 2 wt % MMT and
stirred for 3 h at 100 oC. The resultant slurry was centrifuged
at 5000 rpm, washed several times with deionized water in
order to remove excess sodium and chlorine, dried overnight
at 100 oC, grinded and finally calcined at 400 oC for 5 h.29,30
Preparation of Different wt % Mn-20 wt % Co/AlMMT.
20 wt % Co/AlMMT and 20 wt % Co/AlMMT with 0.10,
0.30, 0.70, 1.50, 3.50 wt % Mn designated as 0.10Mn-Co/
AlMMT, 0.30Mn-Co/AlMMT, 0.70Mn-Co/AlMMT, 1.5MnCo/AlMMT, 3.5Mn-Co/AlMMT respectively, were synthesized by hydrothermal method.
To prepare 5 g of catalyst, a calculated amount of the
calcined pillared clay was added to calculated amount of
Co(NO3)2·6H2O and Mn(NO3)2·6H2O (0.1 molar solution)
with constant stirring. The resultant suspension along with
NH4OH (33%) was transferred into teflon-lined stainless
stell autoclave previously flushed with argon. The pressure
of the autoclave was increased from 10 bar to 20 bar on
heating at 160 oC for 1 h. After thermal treatment the
resultant material was cooled, filtered, washed thoroughly
with deionized water to remove all the NH4OH and then
dried overnight at 100 oC. The dried material was grinded &
then sieved through a 125 µm sieve and finally calcined at
400 oC for 5 h.
Characterization of Prepared Catalysts. The synthesized
catalysts were analyzed using Scintag XDS 2000 diffractometer. BET surface area and pore volume were measured at
liquid nitrogen temperature (78 K) by Coulter SA 3100 BET
surface area and pore volume analyzer. The reduction study
for supported cobalt phase was carried out using H2Temperature Program Reduction Catalytic Surface Analyzer
(TPDRO/1100 Series, Thermo Electron Corporation, Italy).
Thermo gravimetric analysis (TGA) of all catalysts has been
studied on Mettler TGA/SDTA 851e. The morphological
and compositional characterization of catalysts were carried
out with scanning electron microscopy (JEOL JSM 6490-A)
equipped with Energy Dispersive X-ray Spectrometer (EDX).
Catalyst Evaluations. The catalytic test was carried out in
a fixed bed micro reactor Figure 1 operating at atmospheric
pressure. Different experiments with catalyst volume, reaction
temperature, reaction pressure and composition were per-

Figure 1. Schematic diagram showing the positioning of equipment and flow of gases.

formed and tested for activity and selectivity. From this data,
experimental conditions were standardized. The Mn-promoted Co/AlMMT catalyst (1.0 g) was held in the middle of
the reactor using quartz wool. It was pre-reduced in situ at
atmospheric pressure in a flowing H2 stream at 400 oC for 6
h before syngas exposure. The H2/CO reaction was carried
out at 225 oC (P = 1 atm, H2/CO = 2) for 30 h. Reactant and
product streams were analyzed using on line gas chromatograph (Varian, model CP-3800) equipped with a sample
loop, a thermal conductivity detector and flame ionization
detector. The contents of sample loop were injected automatically into a packed column (CP-PoraPLOT Q fused silica
PLOT, 25 m × 0.53 mm, dn = 20 μm). Helium was employed
as a carrier gas for optimum sensitivity. The calibration of
GC was carried out using standerd hydrocarbons mixtures
and pure compounds obtained from Scott Specialty Gases,
UK.31
Results and Discussion
Textural and Structural Properties. Figure 2(a) shows
the XRD pattern of MMT having (001) diffraction peak with
a basal spacing of 12.06 Å and the thickness of the host layer
of MMT is 9.3 Å.30 The gallery height was found to be 3.3
Å, which was calculated by subtracting the host layer
thickness from the basal spacing of the MMT.
As can be observed in the XRD pattern of AlMMT in
Figure 2(b), the Al-addition has shifted the peak to a lower
2θ value with a corresponding increase in d-spacing from
12.06 to 18.7 Å and the gallery height from 3.3 to 9.4 Å.
This causes the expansion of the clay inter planar distance
with Al-pillar, similar to the ionic structure of Keggin type

Figure 2. XRD pattern of (a) MMT (b) AlMMT.
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Figure 3. XRD pattern of (a) Co/AlMMT (b) 0.10Mn-Co/AlMMT
(c) 0.30Mn-Co/AlMMT (d) 0.70Mn-Co/AlMMT (e) 1.5Mn-Co/
AlMMT (f) 3.5Mn-Co/AlMMT.

Figure 4. Adsorption desorption isotherm of MMT, AlMMT, Co/
AlMMT and Mn-promoted Co/AlMMT.

7+

12,29,32

[Al13O4(OH)24(H2O)12] as reported in reference.
The
intensity of the (001) peak was also decreased which can be
attributed to the intercalation of Al into the MMT clay
interlayer’s, no other structural changes were observed in the
XRD spectra of both the samples as rest of the peak
positions remained unchanged.
Figure 3 shows the XRD pattern of AlMMT catalysts
loaded with Mn and Co. All the catalysts show (001) diffraction peaks and basal reflection of AlMMT with a small
decrease in their intensity which corresponds to the slight
decrease in layered structure of MMT. Co-loaded catalysts
giving cubic cobalt oxides (Co3O4) diffraction at 19.1o,
31.4o, 37o, 45o and 60o (JCPDS 65-3103) indicated a uniform
dispersion of pure Co3O4 nanoparticles on pillared MMT.
The average crystallite size of the Co3O4 nanoparticles
calculated using the scherer equation was found to be in the
range of 22-50 nm. Due to high dispersion and lower content
of Mn on AlMMT, all the XRD spectra showed no peaks
corresponding to Mn or Co3-xMnxO4 with the exception of
3.5Mn-Co/AlMMT as shown in Figure 3(f), which showed a
small peak for Co3-xMnxO4 and a shift to lower 2θ value as
observed in another study.28 There was no reflection of
cobalt aluminates or silicate in the XRD pattern confirming
that only highly dispersed Co3O4 phase exists. The addition
of Mn helped in uniform dispersion of Co3O4 nanoparticles
and enhanced the reduction responsible for increased FT
activity.
Figure 4 shows the N2 adsorption and desorption isotherm
of Mn-promoted Co/AlMMT which is Type IV isotherm
indicative of porous structure of AlMMT. The narrow slit
shaped porous structure of MMT was confirmed after Al
pillaring from the hysteresis loop. The Mn and Co-loading to
the AlMMT did not change its narrow slit shape porous
structure as obvious from the same isotherm shown for all
the catalysts, although there was a decrease in the BET
surface area for Co and Mn-loaded Al-pillared catalysts
along with minor changes in pore diameter and volume.
Table 1 shows BET surface area, pore diameter and average pore volume of our prepared catalysts after calcinations

3007

at 400 oC. There was no evidence of decrease in surface area
for all prepared catalysts upon calcinations at 400 oC.
The pillaring of MMT with Al produces significant increase
in the surface area from 39.243 to 254 m2/g along with
increase in pore volume and pore diameter, which can be
explained by the contribution of Al to replace the Na+ in the
MMT causing its pore openings to adsorb N2.12 The loading
of Co nanoparticles and Mn to the catalysts produce minor
decrease in the surface area, pore diameter and pore volume
of AlMMT which may be attributed to the presence of active
metal particle on the surface and specifically at pore openings but the average pore size and volume remains constant
for all of the catalysts, therefore the pore blocking of Co and
Mn are negligible.13 The total pore diameter of our prepared
catalysts AlMMT, Co/AlMMT, and Mn-promoted Co/
AlMMT were 18.3 Å, 15.75 Å and 17.32 Å which are larger
than the inter layer distance of these catalysts. The reason for
this increase in pore size is the formation of delaminated
structure responsible for increase in MMT pore size, a
similar behavior reported in reference.30 Due to the larger
BET surface area 254 m2/g and much larger pore size, we
claim that AlMMT can play a positive role as support for the
FT catalysts.
SEM Studies. SEM characterization was carried out to
study the surface morphology of prepared catalysts. Powdered specimens of the samples were used to obtain SEM
micrograph. The SEM micrograph in Figure 5(c) and (d)
showed uniform distribution of Co nanoparticles on the
surface of AlMMT, pillaring with Al, loading of Co and Mn
to the MMT and calcinations at 400 oC produced no distinct
Table 1. Textural properties of the prepared catalysts
Sample
MMT
AlMMT
Co/AlMMT
Mn-promoted Co/AlMMT

BET
(m2/g)
039.2
254.0
235.0
229.68

Pore
diameter
(Å)

Pore
volume
(cm3/g)

4.8
14.60
15.75
17.32

0.080
0.200
0.189
0.190
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Figure 6. H2 TPR profile of the prepared samples.
Figure 5. SEM Images of (a) MMT (b) AlMMT (c) Co/AlMMT
(d) Mn-promoted Co/AlMMT.

effect on the layered structure of MMT, hence the flake like
morphology of MMT remained unchanged.
Reduction Behavior. Figure 6 shows the reduction profile
of as prepared catalysts. The reduction of cobalt oxide
normally takes place in two steps.
(i) Co3O4 → CoO

(1)

o

(ii) CoO → Co

(2)

The Co/AlMMT catalyst showed two reduction peaks at
268 oC and 365 oC for Eqs. (1) and (2), respectively. A
distinct change in the TPR profile was observed for Mnpromoted Co/AlMMT catalyst. The reduction of Co3O4
occurs at different temperatures for different wt % of Mn as
shown in Table 2.
A decrease in reduction temperature was observed for a
lower Mn-loading up to 0.70% for both reactions in Eqs. (1)
and (2) while for 1.5% a decrease in the reduction temperature for reactions in Eq. (2), because of high degree of
dispersion and stabilization of Co3O4.
The highest Mn-loading (3.5%wt) hindered the reduction
of Co3O4 possibly due to the formation of Co-Mn spinal or
mixed Co-Mn oxides on the surface. The high temperature
Table 2. Two steps Co3O4 reduction Temperature
Catalysts
0.10Mn-Co/AlMMT
0.30Mn-Co/AlMMT
0.70Mn-Co/AlMMT
1.5Mn-Co/AlMMT
3.5Mn-Co/AlMMT

Reduction
Temperature

Reduction
Steps

265 oC
350 oC
255 oC
335 oC
270 oC
345 oC
300 oC
368 oC
395 oC
595 oC

Eq. (1)
Eq. (2)
Eq. (1)
Eq. (2)
Eq. (1)
Eq. (2)
Eq. (1)
Eq. (2)
Eq. (1)
Eq. (2)

Figure 7. TGA of Co/AlMMT and Mn-promoted Co/AlMMT.

reduction peak at 595 oC in the TPR profile of 3.5% Mn was
assigned to Co-Mn spinal reduction as reported in the
previous findings.28 It can thus be inferred that the minimum
loading of Mn enhances and promotes the Co3O4 reduction,
which becomes less significant as we increase the Mnloading.
Thermogravimetric Analysis (TGA). To study the decomposition of our prepared catalysts at high temperature
thermo gravimetric analysis (TGA) was performed as shown
in Figure 7. TGA spectra showed that Co/AlMMT and Mnpromoted Co/AlMMT follow continuous weight loss till 800
o
C. Weight loss at 160 oC can be attributed to the evaporation
of adsorbed water on the surface of the sample,33-36 while the
continuous weight loss from 160 oC to 800 oC with variation
at 400 oC was attributable to the removal of hydroxide
groups as a result of dehydroxylation of pillar and clay structure, causing collapse in MMT layer structure.37 The increased Mn-loaded samples showed greater weight loss due to the
dehydroxylation of Co and Mn species, which is in agreement with the previous reported data for Vanadia-loaded
pillared clays.33
FT Catalytic Performance
Effect of Mn-addition on Co-based FT Catalysts. Several
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reports on the effect of Mn addition on the catalytic activity
of Co supported on several supports. Silicalite-1 supported
Co-Mn catalyst was reported by Das et al..38 Due to the
addition of Mn, good activity and selectivity for light hydrocarbons in the C2-C4 range was attained along with very low
WGS activity. Moreover, the addition of Mn increased the
CO conversion while the selectivity towards alkenes slightly
decreased. ZSM-5 supported Mn-Co FT catalyst was
investigated by Koh et al..39 The results showed that the Mn
promoted ZSM-5 supported catalyst resulted in the cracking
of high molecular weight hydrocarbons into lower alkanes.
Zhang et al. reported the Mn-promotion in Co/Al2O3
catalysts.40 It was observed that Mn improved the catalytic
activity in addition to the C5+ selectivity. On the other hand
methane formation and C2-4 hydrocarbons was considerably
reduced. Mn-promoted Co/SiO2 catalyst was investigated by
Klabunde et al..41 The high CO conversion and C5+ hydrocarbon selectivity was achieved due to increased Co dispersion. Voβ et al. reported the effects of Mn-promoter on Co/
TiO2 catalysts.42 It was concluded that MnO had little effect
on the catalytic properties and worked only as an additional
support. The use of mesoporous Co/SBA-15 catalysts
promoted with Mn for FT synthesis was studied by Martinez

et al..43 Mn enhanced the formation of n-paraffins (C10+),
while decrease in methane selectivity was observed. The use
of Mn-promoted MMT supported Co based FT catalyst have
been investigated for the first time in this study.
The catalytic performance of Co/AlMMT and Mn-promoted Co/AlMMT in terms of CO-conversion, CH4 selectivity and time on stream is presented in Figure 8(a), (b)
respectively.
One of the main disadvantage of the AlMMT supported
catalyst is its higher selectivity towards CH4, which is the
most undesirable product of FT synthesis due its behavior of
cracking reaction.44 For this reason, the catalysts were
promoted with Mn and the effects of Mn-promotion is
shown in Figure 8(a), (b). The CO-conversion (%) is calculated according to the normalization method given below.22,31
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CO-Conversion (%)
( Moles of COin ) – ( Moles of COout )
= ----------------------------------------------------------------------------------- × 100
Moles of COin
The selectivity (%) towards the individual components on
carbon-basis is calculated according to the same principle:
Selectivity of J product (%)
Moles of J product
= ----------------------------------------------------------------------------------- × 100
( Moles of COin ) – ( Moles of COout )

Figure 8. (a) CO-conversion (b) CH4 Selectivity Vs Time on
stream over Co/AlMMT and Mn-promoted Co/AlMMT catalysts.

CO-Conversion. 20 wt % Co/AlMMT catalysts showed
higher CO-conversion of up to 28% (Figure 8(a)) which
decreased with time on stream (TOS) and reached a minimum
of 11% after 10 h of TOS. The CO-conversion increased to
around 42% for an initial increase in the Mn-loading of upto
1.5 wt % but further loading of Mn (3.5 wt %) resulted in a
reduced CO-conversion of up to 30% which is nearly equal
to that for Co/AlMMT catalyst. Since the FT reaction
occurred on the surface of metallic cobalt rather than oxide
of cobalt, therefore, the catalytic activity and selectivity was
largely dependent upon the reduction of Co3O4 to metallic
Co. The lowered catalytic activity and higher CH4 selectivity
Co/AlMMT catalysts was due to the incomplete reduction of
Co3O4 near the reaction temperature. Thus increased catalytic activity and lower CH4 selectivity (Figure 8(b)) were
achieved by Mn-promotion obvious from the H2-TPR profile (Figure 6) that Mn-loading helped to lower the reduction
temperature of Co3O4, as a result of small and highly dispersed Co particles formation as compared to the un promoted Co3O4. While the decreased activity of high Mnloading (3.5 wt %) as shown in Figure 8(b), was due to the
hindered reducibility of Co3O4 as evident from the H2-TPR
profile shown in Figure 6. The highest Mn-loading (3.5
wt %) hindered the reduction of Co3O4 possibly due to the
formation of Co-Mn spinal or mixed Co-Mn oxides on the
surface, hence their catalytic activity is decreased.
Apart from this, the Mn-addition to the Co/AlMMT catalyst increased the catalyst stability, as the catalysts having
larger Mn-loading showed greater TOS stability and is in
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Table 3. Results of different catalysts for FT synthesis
Catalysts
Co/NaMMT
Co/AlMMT
0.10Mn-Co/AlMMT
0.30Mn-Co/AlMMT
0.70Mn-Co/AlMMT
1.5Mn-Co/AlMMT
3.5Mn-Co/AlMMT

CO
conversion

CO2
Selectivity

C1
(wt %)

C2-C12
(wt %)

C13-C20
(wt %)

C21
(wt %)

10.0
28.0
32.0
39.0
40.9
42.5
30.5

2.3
2.5
2.6
2.4
2.5
2.6
2.6

40.0
27.2
19.5
17.0
17.0
14.0
12.98

12.5
18.2
38.8
31.9
39.5
44.0
63.0

8.0
11.0
9.3
12.0
13.0
11.0
4.0

37.2
41.0
29.3
36.3
26.5
28.4
17.2

agreement with previously reported data.45
CH4 Selectivity. Figure 8(b) shows the CH4 selectivity of
the prepared catalysts with TOS. The Co/AlMMT catalyst
showed higher CH4 selectivity of 27% which remained constant on TOS for 30 h. For the Mn-promoted Co/AlMMT
catalyst, the CH4 selectivity decreased with increase of Mncontent along with increase in CO-conversion for Co/
AlMMT catalyst.28 The CH4 selectivity for 0.10Mn-Co/
AlMMT, 0.30Mn-Co/AlMMT, 0.70Mn-Co/AlMMT, 1.5MnCo/AlMMT, 3.5Mn-Co/AlMMT samples was 19.5%,
17.05%, 17.5%, 17%, 14.1% and 12.5%, respectively which
was much lower than that for Co/AlMMT catalyst. The best
results showing the least CH4 selectivity were achieved for
3.5% Mn-loading where a constant 12.5% CH4 selectivity
was observed for 30 h of TOS. This was also observed in
another study where lower CH4, higher olefins and C5-C12
hydrocarbons selectivity of Mn-promoted catalysts was
attributed to the presence of large number of Mn atoms on
the catalysts surface.46
Furthermore, the addition of small quantity of Mn decreased the CH4 and increased the higher hydrocarbons
selectivity due to the electronic effect of Mn which increases
the electron density of chemisorptions site of catalysts. This
depresses the hydrogen chemisorptions which normally
donates electron density to the metal chemisorptions sites,
consequently decreasing the coverage of metal surface by
hydrogen which is responsible for CH4 formation. This
inhibits CO hydrogenation to CH4, giving rise to more unsaturated hydrocarbons and enhanced hydrocarbons chain
growth as reported in our previous study.47
FT Reaction Products of 20 wt % Co-Mn/AlMMT. Al
pillaring of MMT resulted in an increase in the surface area
of MMT from 39.243 to 254 m2/g and frequently increase in
its catalytic activity.12 The products obtained over Co/AlMMT
catalyst mainly consisted of C2-C12 hydrocarbons and lower
concentration of higher molecular weight hydrocarbons C21
mainly due to the cracking of long chain hydrocarbons at the
acidic site of MMT.48-52 Since the best results for all the
prepared catalysts were obtained for TOS of 8 h, the combined data of the selectivity of the un-promoted and Mnpromoted catalysts at this TOS is presented in Table 3. From
this table we find that the selectivity towards C1, C2-C12, C13C20 and C21 hydrocarbons changed with the addition of small
amount of Mn. Acidic sites of MMT catalysts are responsible for the cracking of higher hydrocarbons to increase C2-

C12 and decrease C21 hydrocarbons selectivity of Mn-promoted Co/AlMMT catalysts. By the addition of Mn the
selectivity of C1 dropped drastically while that of C2-C12
hydrocarbons increased significantly over all the Mn-promoted Co/AlMMT catalysts which was due to the limited
hydrogen adsorbed on the surface of catalysts or due to the α
olefins re-adsorption by a secondary reaction responsible for
chain growth. These findings are in agreement with the
results reported by Weckhuysen et al. for Mn-promoted
catalysts.26,28 This effect can also be attributed to the Mn and
Co interaction.24,26,45,53,54 Furthermore, the C13-C20 hydrocarbons remained almost same for all the catalysts while the
selectivity of C21+ long chain hydrocarbons decreased considerably with the addition of Mn. The catalysts having
3.5% Mn showed lowest C21+ and highest C2-C12 hydrocarbons selectivity. The noticeable improvement in selectivity
of C2-C12 hydrocarbons and considerable decrease in selectivity of C21+ hydrocarbons can be explained on the basis of
cracking of long chain hydrocarbons over MMT based
catalysts as reported by Wang et al. for Co/ion-exchanged
MMT catalysts.12 In this study, the spillover of hydrogen
from Co to the acidic sites was attributed to the long
distances between Co present on the surface of MMT and
acidic sites of the MMT originated from interlayer region
and sheets. This is responsible for increased selectivity of
C2-C12 and decreased selectivity of C21+ hydrocarbons. These
findings are in conformity of the results presented in this
study.

Figure 9. Influence of Mn-promotion on O/P ratio with in C2-C6
fraction.
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The olefin to paraffin ratio of FT reaction products are
shown in Figure 9. It is known that the interaction of Mn
with Co decreased the availability of adsorbed hydrogen
hence the Mn-promotion increased the olefin to paraffin
ratio (O/P).55 The promotion of catalyst with Mn suppressed
the H2 addition and enhanced the light olefin production as
reported previously. 28
The Co/AlMMT catalyst showed that the C2-C4 hydrocarbons were almost olefinic with lower CO-conversion.
When the CO-conversion increased, the fraction of C2-C4
paraffins also increased and resultantly, olefinic fractions
decreased due to the secondary hydrogenation of olefins to
paraffins and higher hydrocarbons which had also been
reported earlier by Dinse et al..55

References

Conclusions
The FT catalytic activity of Co/AlMMT and the effect of
Mn-promotion on their activity were investigated in this
work. Following are the main conclusions of this study.
(1) The AlMMT having large surface area of 254 m2/g
along with increase in pore volume and pore diameter were
valuable support for FT catalysts.
(2) Pillaring with Al, loading of Co and Mn to the MMT
and calcinations at 400 oC had no distinct effect on the
layered structure of MMT. The flake like morphology of
MMT remains unchanged.
(3) The lower Mn-loading pf upto 1.5% enhanced the
reduction of Co3O4, which is the most important step in FT
synthesis because of high degree of dispersion and stabilization of Co3O4.
(4) The catalytic activity of MMT was increased by
pillaring with Al and the promotion of catalysts with Mn
decreased the CH4 selectivity and increased the catalytic
activity in order of 1.5Mn-Co/AlMMT > 0.7Mn-Co/AlMMT
> 0.3Mn-Co/AlMMT > 0.10Mn-Co/AlMMT > 3.5Mn-Co/
AlMMT > Co/AlMMT, mainly due to the reduction behavior
for all sets of the catalysts.
(5) Mn-promoted Co/AlMMT catalyst showed increased
C2-C12 (63.02%) and decreased C21+ (20%) hydrocarbons
selectivity due to the acidic sites of MMT catalysts which s
were responsible for the cracking of higher hydrocarbons.
(6) By the addition of Mn the selectivity of C1 dropped
drastically while that of C2-C12 hydrocarbons increased significantly over all the Mn-promoted Co/AlMMT catalysts.
(7) The promotion of catalyst with Mn suppressed the H2addition and enhanced the light olefin production and also
increased the olefin to paraffin ratio (O/P).
Further studies on the effect of reaction conditions such as
pressure, temperature, and the reactant gas flow rate are
underway.
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