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Abstract: One important goal of research on heterogeneous catalysis for Fischer Tropsch synthesis 

(FTS) is to understand the connection linking catalyst morphology and its activity. Development of 

these effective catalysts highlights the potential for understanding the effectiveness of promoted 

supported catalysts and revealing their complex and dynamic effects in FTS. The metal-support 

interaction (MSI) is influenced by the physicochemical and textural features provided by the 

modified support and can directly influence the sizes of active metal crystallites, reactants and/or 

products mass transfer, dispersion, mechanical strength, stability and consequently the adsorption-

desorption characteristics of the catalyst. Herein, this article explores the general strategies for 

modifying silica supports (achieved through doping, coating, or promoting the support or support 

precursor) and how these strategies can be manipulated to further alter catalyst performance and 

product selectivity by enhancing the amount of active metal species and improving the intrinsic 

turnover frequency (TOF). Furthermore, the review emphasises a new strategy (the inverse model 

of the silica support modification) aiming at overcoming the challenges posed by active metal 

coating or coverage, as well as pore blockages by promoters that occur during conventional 

preparation of promoted silica supported FT catalysts.  

Keywords: support modification; metal-support interaction; inverse model; activity; selectivity 

 

1.0. Introduction  

Current developments of global FT synthesis capability and the advances of scholar research on 

the subject validate the continuing attention to the synthesis methods of promoted supported 

catalysts [1–6]. The current plentiful of natural gas and elevated market need for clean fuels all around 

the world has led to a shift in attention to supported Co-based FTS catalysts more especially for the 

production on long chain hydrocarbons (C5+). These supported catalysts (promoted or unpromoted) 

have been considered to be ideal for FTS. However, the key barrier in the FTS process is product 

selectivity, as formation of products is linked to the Anderson-Schulz Flory (ASF) law [7–12]. So, to 

be economically viable, it is important to optimally alter the catalyst composition and structure as 

well as process parameters as illustrated in Figure 1 below. By so doing, product distribution can be 

shifted towards target products [13,14]. So, the selection of the optimum factors, whichever 

individually or in mixture, can sustain the yield, without any need for catalyst replacement in a short 

time. Different parameters, therefore, (mainly catalyst type), can be manipulated to maximize FT 

activity coupled with higher product selectivity.  
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Figure 1. Factors that affect catalyst performance and product selectivity for FTS [14]. 

Catalyst formulation plus activation are some of the important factors that can be modified to 

give the supported Co catalyst the desired characteristics for enhanced selectivity, i.e., development 

and manipulation of catalyst or support structures of Cobalt-grounded FT catalysts to obtain 

enhanced pore transfer rates which leads to limited secondary hydrogenation plus increased 

proportion of liquid olefins. Alternative approaches have demonstrated beneficial aspects that 

restrict unwanted over-cracking in the FTS process, [15,16]. Both the pore transport improvement 

and surface modification effects can offer a blueprint regarding eccentric FT product dispersals 

aiming at high α-olefin product and heavier paraffinic fuel selectivities maintaining the principal zero 

CO2 by-product characteristic of supported cobalt-based FT catalysts [17]. 

Early investigations primarily concentrated on synthesizing and characterizing well-defined 

model catalysts. These studies yielded valuable insights into the influence of factors such as Co 

particle size [18–21], crystallographic structure [22], thermal history [23], and the effect of promoters 

[24–26] on catalyst functioning. Nevertheless, they often overlooked the impact of support materials 

on catalytic behaviour. 

Support materials play a pivotal role in cobalt-based catalysts for FTS by providing framework 

strength and stabilizing the distributed Co particles. Various materials including alumina, (Al2O3) 

[33–37], silica (SiO2) [27–32], silicon carbides (SiC) [45], Titania (TiO2), [38–40] mixed oxides [41], 

zeolites [42–44], , and carbon nanostructures [46] have been studied as support candidates. Among 

these, surface modified SiO2, Al2O3, and TiO2 are predominantly used for Co-based catalysts due to 

their appropriate porosity, stability and, mechanical features under FTS environment. 

Silica, a commonly used support material, offers benefits for instance increased surface area, 

microporosity and microporosity properties as required [28,47–50]. However, the limited interaction 

between metal catalysts and silica can hinder the crystallites dispersion, thereby reducing the 

quantity of active sites available for catalysis. Conversely, alumina is considered the most desirable 

catalyst support because of its great surface area likewise excellent mechanical properties. Despite its 

benefits, alumina faces challenges such as stability issues and the development of tough-to-activate 

aluminates, particularly in acidic or alcoholic reactions [28,47–50]. 

Advancements in the materials design have empowered significant fabrication of very porous 

supports expanding the range of potential catalyst supports for various processes. Additionally, 

catalyst support modification has emerged as a approach to boost the performance hence high 

product selectivity of heterogeneous catalysts [52]. By modifying the support material chemically or 

physically, it is possible to influence features including pore size distribution, surface area, 

acidity/basicity, and thermal stability, thereby improving FT synthesis efficacy. 

Earlier studies explored the impact of supports on the performance of catalyst, i.e., they 

examined the effect brought by chemical composition of supports. Reuel and Bartholomew [53] noted 

a decrease turnover frequency (TOF) following the sequence Co/TiO2 > Co/SiO2 > Co/Al2O3 > 

Co/MgO. Conversely, Borg et al. [54] observed a significant support effect on hydrocarbon selectivity 
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patterns when comparing Co crystallites of the same size on various Al2O3 supports. However, Iglesia 

and colleagues [55] reported negligible support effects catalyst performance and product formation 

on catalysts supported on magnesiochromite (MgCr2O4), SiO2, and Al2O3. Moreover, investigation 

has been done on the function of rare-earth-metal and alkali-metal oxides. Takahashi et al. [56] found 

that modifying an Al2O3 support using rare-earth-metal oxides positively impacted catalyst 

performance and formation of long chain hydrocarbons for CoRu/ Al2O3 catalysts, contrasting with 

observations by Bertole et al. [57] who realised negative effects on FT performance while using 

yttrium oxide (Yox) for CoRe/TiO2 and CoRe/Al2O3 catalysts. Thus, despite advanced scientific and 

technical magnitude, the influence provided by the chemical features of support materials on 

catalytic activity remains incompletely understood, with contradictory findings in earlier literature. 

Modification of the textural features of Al2O3 facilitates the addition of active metals also it 

enhances accessibility of active metal species. Co/SiO2 FTS catalysts display improved C5+ formation 

and reduce CH4 compared to Co/ Al2O3. Larger Co crystallites (lower dispersions) that are simpler to 

reduce are frequently formed during the Co FTS catalyst production process when silica is used as a 

support in place of alumina [58,59]. Extensive research has been conducted about the impact of silica 

structure as a cobalt catalyst support. Ernst et al. [60], for instance, looked at the FT performance of 

cobalt supported by silica in both basic and acidic conditions. They discovered that the support 

surface area and catalyst activity are directly connected, and that SiO2 supported catalysts having 

typical pore sizes of less than 4 nm yield the least methane selectivity. According to a study by Saib 

et al. [61], silica supports with medium pore size (10nm) had the high catalytic performance and 

heavy hydrocarbon formation.TiO2 displays exceptional chemical and thermal resistance. The 

intensity of the MSI of Co-TiO2 lies between those of Al2O3 and SiO2 [39,62]. Zeolites are attractive 

due to their shape-selective properties, which can restrict product development bigger than their pore 

sizes also limiting higher hydrocarbon selectivity in FTS by constraining chain growth. Carbon 

materials have also gained attention for their exceptional resistance in both basic and acidic 

environments [63–67]. The pore structure of carbon materials can be tailored to target specific 

reactions. Carbon’s fundamental inertness towards producing weak MSI is crucial for achieving a 

higher reduction degree, making it suitable as an FTS catalyst support [62]. 

Current understanding points to two primary causes of differences in previous research. First, 

intra-pellet diffusion rates of reactants and products are impacted by the variation in intrinsic textural 

qualities across various oxides, which influences both activity and selectivity [68,69]. Second, 

catalysts with significantly varied metal dispersions exhibit distinct activity and selectivity due to 

particle size effects when a specific cobalt weight loading is applied to supports with varying specific 

surface areas. Therefore, it is necessary to precisely control parameters like support texture, the 

degree of Co reduction, and particle size in order to isolate the inherent impact of the chemical nature 

of the support material on catalytic performance [70]. 

In this article, we explored the different and contemporary strategies for catalyst support 

modification and their effects in terms of active metals (mainly Co) crystallite sizes, degree of 

reduction, and catalyst activity and selectivity for FTS. Advancement of these capable catalysts draws 

attention to the possibilities of understanding the efficacy of promoted supported catalysts and 

illuminating their complex and dynamic effects in FTS.  

2.0. Strategies for Support Modification 

2.1. Support Doping 

Traditionally, choosing the support has concentrated on the non-reactivity factor of the support 

material (i.e., alumina, silica, titania, polymers, and zeolites) [39]. It is only recently that industry and 

researchers value that majority of supports influence of the steric and electronic features of the 

catalyst and can take place in collective or individual reactions. Utilizing the capabilities of these 

“non-innocent” supports during FTS catalyst preparation, one should develop extensive knowledge 

of intricate catalyst surface chemistry [71]. This will then allow one to be knowledgeable in model 

systems which can permit organized exploitation of acid−base characteristics. These can be altered 
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through support doping with compatible M2+ M3+ cations such a Mn2+, Cu2+, Zn2+, Ni2+ etc, [72]. In this 

case, the electronic properties of such a s catalyst can be altered without affecting catalyst morphology 

and surface area [71]. Here, support doping entails introducing dopant species into the support 

material to modify its characteristics and improve the performance of supported catalysts. Various 

methods commonly employed for support doping in catalysis include: 

 Incipient Wetness Impregnation (IWI): This approach involves saturating the support material 

with a solution containing dopant precursors. Subsequent drying and calcination yield the 

doped support material, with dopant species dispersed on the support surface or integrated into 

its structure during calcination [73–77]. 

 Co-precipitation: In this method, the support material and dopant precursors are blended in a 

solution, and a precipitating agent is added to prompt the formation of dopant-incorporated 

support particles. The resulting mixture is then subjected to drying plus calcination to achieve 

the doped support material [78–80]. 

 Sol-Gel Method: This technique means hydrolysis then condensation of metal oxides in the 

presence of the support material and dopant species. The resultant gel is subsequently dried and 

calcined to produce the doped support material [81–83]. 

 Atomic Layer Deposition (ALD): A precise method facilitating controlled deposition of atomic 

layers of dopant species onto the support material’s surface [84,85]. 

These methodologies offer flexibility in regulating the doping level, distribution, and 

composition of dopant species within the support material. This allows for the customization of 

support properties to meet specific catalytic needs. 

Vast research on support doping has been studied to try to boost catalytic features. An example 

of this was carried out by Wei H and company [86], in which they developed transition metals 

including Fe, Cu, Mn, Mo, or Co-doped ceria nanozymes. These were found to display superior 

catalytic activity in comparison to pristine CeO2. These were ascribed to the synergistic result plus 

surface oxygen compounds [86]. Similar results were obtained when rare-earth elements including 

Zr, La, Pr, Eu, or Nd were doped in the CeO2 catalyst, i.e., with increased oxygen vacancy 

imperfections, and high Ce3+ active sites, it led to improved peroxidase-like, oxidase-like, and 

antioxidant enzyme-imitating performance [87]. 

Xu. X. L and the company [32] have explored a method of silica support modification by doping. 

They realized that silica-supported Au on TiO2 support was relatively new for the selective 

cyclohexane oxidation process. Thus, opted for SiO2 doping with TiO2 and utilized the modified silica 

(doped) as Au support. This was based on the surface sol–gel (SSG) preparation that was formerly 

established by Kunitake and company that simplifies the production of thin films supported on solid 

substrate coupled with wideness regulation of molecular accuracy [88]. Afterall, they realised that 

the catalytic performance and product composition may be greatly maintained in four recycling 

oxidation outcomes, indicating an elevated stability of the doped supported gold (Au) catalyst. 

Furthermore, Yan and company have utilized the above process to alter the silica prior to adding Au 

elements, [89]. In the initial experiment, the catalytic activity of the doped and un-modified Au/SiO2 

catalysts were performed for an hour. The un-modified Au/SiO2 catalyst displayed a clear 0.9 % 

conversion as compared to the doped catalyst (Au/TiO2/SiO2-1) which demonstrated a 3.2% 

conversion and enhanced selectivity towards cyclohexanol and cyclohexanone. They concluded that, 

with a small loading titania doping, catalyst activity increased notably. [32]. Likewise, the 

Au/TiO2/SiO2-1 catalysts displayed higher selectivities close to 90 %. Therefore, small doping of silica-

supported Au catalysts using TiO2 leads to elevated selectivity as compared to non-doped silica-

supported catalysts. This corresponds to results by Luo and company who detailed that doping 

allows for diverse contact of boundary sites among Au and metal oxide, and this is the main effect 

leading to differences in catalytic performance. Luo et al observed that for doped Au/SS@Cu, the CO 

conversion reached 80% as compared to 60% for non-doped Au/SS at 300 °C. This is attributed to 

silica and titania assisting the activation of oxygen (O2) in 2 ways i.e., movement within the metal 

bulk and water transport around the gold species [90]. 

Savost’yanov et al [91]researched how alumina dopant addition affects catalyst performance 

plus selectivity of Co/SiO2 catalyst for FTS. Catalyst preparation was achieved using IWI. They 
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uncovered no apparent promotional effects were observed for alumina doping at atmospheric 

pressure. As soon as the pressure was increased to 20 Bar, an increase (from 49 to 54%) in CO 

conversion was noted when dopant loading enlarged from 0 to 1%. Similarly, CH4 selectivity 

decreased to 10.7% from 15.4%; at the same time, selectivity for higher hydrocarbons (C5+) grew to 

80.1% from 77.4%. Still, an additional increase in alumina dopant loading above 1 wt.% gives the 

reverse outcome. Alumina-doped (1 wt.%) silica-supported cobalt catalyst creates a narrower 

molecular weight distribution, and this is due to the cumulative growth of C8 – C25 fraction and 

decreased long-chain hydrocarbons. It is important to note that electronic effects can influence FTS 

performance alongside structural features. Alumina has been identified to possess an electron-

donating atmosphere. These catalyst-surface electron-donating features promote CO adsorption as 

opposed to hydrogen (H2) adsorption because CO is an π-acceptor. Therefore, alumina as a structural 

promoter can enhance Co dispersal and be used as an electronic promoter to control Co metal 

chemisorption effects [91]. The above experimental outcomes are consistent with late stated doping 

effect of alumina on activated carbon-supported cobalt (Co/AC) [92]. 

Advancing from conventional catalyst preparation method, the synthesized catalyst with 

manageable loadings, precise morphology, and crystalline phases can easily increases the catalytic 

performance of nanoenzymes, and this is attributed to increased surface oxygen as well as enhanced 

electron transfer among the substrate and the oxidant [93–95]. In summary, doping supports with 

specific elements can boost the catalytic performance for supported metal catalysts. Perhaps, doping 

silica with transition metal ions like Fe, Co, Ni, or other oxides supports can introduce additional 

active sites or modify the support electronic features, leading to improved catalytic performance. 

2.2. Support Coating  

Another support modification that can be implemented in catalyst synthesis include support 

coating. It is mainly due to the detrimental effects brought by the MSI (whether weak or strong) that 

had led to studies aiming at overcoming these challenges gaining more attention. Previously, the 

interactions between metals and supports were frequently disregarded, with only simplistic metal 

active sites believed to be critical in catalytic reactions. However, supported metal catalysts have 

demonstrated that metal sites interacting with supports can possess distinct electron cloud densities, 

geometric structures, particle morphologies, and chemical compositions. Furthermore, alterations in 

geometric or electronic structures induced by these MSI and/or strong MSI significantly influence the 

reactivity at the active centres. This phenomenon can be intricate, particularly when multiple factors 

are intertwined [96–99]. In this section, the focus is to manipulate MSI via support coating. Coating 

the catalyst support has been found to generate excellent effects that are beneficial to FT performance. 

To achieve support coating in catalysis, it comprises of placing of a light layer of catalytically 

active material onto a support material to enhance its performance. This includes the used of different 

methods such as: Here’s an overview of common methods used for coating support in catalysis, along 

with relevant literature: Impregnation, in which the support is put in a solution comprising the 

catalytically active material. The solution is then allowed to impregnate the pores of the support 

[74,76]; Deposition-Precipitation, whereby a precipitant is deposited into a solution having both the 

support material and the catalytically active material [100,101] ;Chemical Vapor Deposition (CVD), 

here gas-phase technique is utilised to add thin films of catalytically active substances on the support 

surface [102,103]; Physical Vapor Deposition (PVD) includes the evaporation or sputtering of the 

catalytically active material in a vacuum chamber, followed by deposition onto the support material’s 

surface to make a thin sheet on the support; ALD technique that allows for the controlled deposition 

of atomic films of catalytically active materials on the support exterior [104]. 

Research on the abovementioned technique of support modification has been done. In their 

work, Xu et al coated copper (Cu) species with mesoporous silica, and this was found to enhance the 

catalytic ester hydrogenation. Results obtained from both experimental and simulation have shown 

that during H2 dissociation, Cu–Hδ− and SiO–Hδ+ species have developed at the Cu-O-SiOx 

boundaries. This mechanism through stabilizing transition steps enhanced the hydrogenation of 

esters. When followed by H2 reduction, this method of coating Cu with silica provided a useful tool 
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for developing applied Cu catalysts with ample Cu-O-SiOx interfaces as well as limiting Cu 

nanoparticles from sintering [105]. 

Jiang et al, showed the control of MSI by impregnating cobalt nitrate on a silica support coated 

with various loading, and contemplating the relevant advantages of both the carbon when loaded on 

oxides support, and oxides, the MSI is easily regulated as a result of covering the carbon material 

with oxides or vice versa. They also outlined that further improvements in metal dispersion can be 

achieved via modification/coating carbon supports with reactive groups which include, N-, O-

containing groups as well as MnO or La2O3. The improvement in terms of FT activity was found for 

Carbon nanotubes-modified MgO catalysts and this was attributed to a decreased MSI [65]. 

Research conducted by L. C. Almeida and colleagues [106] explored the catalytic activity and 

product selectivity for Co/γ-Al2O3 catalysts presented as both powder and washcoated monoliths. 

The findings demonstrate the feasibility of employing washcoated monolithic structures in FTS. 

Overall performance of the examined catalysts exhibited considerable similarity. However, the 

structured catalysts exhibit slightly higher catalytic activity compared to the powder form, with the 

coated foam showing greater activity than the parallel channel monoliths. Regarding selectivity, the 

observed high values of parameter Į (ranging between 0.73 and 0.82) and the substantial selectivity 

towards C5+ (between 80% and 85%) indicate a product distribution favoring fuels like gasoline and 

diesel. Additionally, the selectivity in terms of methane percentages remains relatively low (around 

10%) and consistent across all tested samples. Based on these outcomes and considering the 

characteristic diffusion lengths calculated for the various systems, it can be inferred that all catalytic 

samples evaluated in FTS under similar operating conditions are devoid of diffusion limitations. 

2.3. Support Promotion 

Several substances are normally added to the catalyst to modify the turnover rate of such 

catalysts. This includes an additive that enhances the rate per second per active site (TOF) [3,107]. It 

is because of this concept that promoters gained attention and led researchers to find convectional 

ways to establish promoter effects on FT catalysts. Promoters are deposited in small amounts on 

catalysts to enhance catalyst performance and stability [14,108–112]. In numerous circumstances, the 

effects of promoters are interconnected creating a tough decision to exactly tell the real role brought 

by such a promoter. However, the reflective purpose of the promoter is occasionally not easy to 

explain because of the lapping effects between the support and metal catalyst. [25].  

A wide range of promoters, such as noble metals (e.g., Ru, Pt and Re) [113–116], alkali metals 

(Na, K, Rb and Li) [117–119], transition metal oxides (La, Cu, Gd, Ni, Zr and Mn ) [1,120–122], as well 

as alkaline earth metals including Mg, Ba, and Ca [123–125]; have been researched and applied on 

FTS, but, there is still controversy on the their effect regarding catalyst performance, selectivity, and 

deactivation. [62]. The way promoters modify the catalyst or support can be tied to the loading of the 

support, the support, plus the synthesis method [126]. A lot of reviews have been produced 

investigating the effects of mainly structural promoters and electronic promoters. Structural 

promoters’ main purpose is to enhance the dispersion of active metal by controlling the interaction 

between cobalt-support. These promoters do not normally influence the selectivity since they are 

responsible for increasing the metal active sites which is usually accomplished through: 

 Stabilizing the support oxide 

 Sticking the cobalt species on the support oxide by acting as an oxidic interface between support 

and Co particle 

Electronic promotion usually happens once a chemical connection among the promoter and Coo 

surface. They are better understood through the ligand effects [127]. The active Co species’ electronic 

environment can be manipulated by introducing a promoter. The effect of this scenario is that there 

will be an electronic donation or withdrawal causing enhanced intrinsic turnover frequency and 

change in product distribution. There is a synergistic effect brought by promoters as they influenced 

the catalyst activity indirectly by changing the local feed configuration. Effects such as [25,62] : 

 Hydrogenation or dehydrogenation reactions- sometimes promoter elements either affect the 

hydrogenation or dehydrogenation reactions, hence shifting selectivity. 
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 Coke burning at the regeneration stage- promoters can lower the oxidative treatment 

temperature, this limits the clustering of supported Co species. 

Table 2 above highlights the promotional type, and mode plus the prompt of different catalyst 

promoters utilised to enhance FT activity, selectivity towards long chain HCs, and catalyst stability. 

Despite vast research on catalyst promotion, the matter of the best practice or loading of the promoter 

to give the highest stability, activity as well as selectivity is still in question.  

Table 2. The mode and effect of different elements during catalyst development [25]. 

 Effect on the support and/or catalyst Promoter 

elements Type of 

promotion 

Mode Activity  Selectivity  Stability  

Structural  Support stabilization       Mg, Zr, Nb, Rh, 

Si, Re, Pt, La 

 Increasing metal 

dispersion  

     Mn, Zr, Ti, Cr, 

Pd, Ce, Re, Ru, 

Th 

Electronic Metal catalyst alloying       Ni, Re, Pt, Ir, Cu, 

Pd 

Synergistic  Water-gas Shift       Ce, Cu, Mn, B 

The promoter integration can control the MSI and thus attain great activity because of the 

enhanced degree of reduction of Co oxides with limited development of non-reducible compounds. 

Therefore, accessible inorganic supports like alumina, silica, and/or titania, have been promoted with 

other oxides i.e., manganese oxides, magnesium oxides, zirconium oxides, and lanthanum oxides to 

alter the contact between metal and support. For example, alumina supported Co catalyst can be 

modified using oxides such as La2O3, ZrO2, and TiO2 to prevent the formation of irreducible Co-

aluminate species as well as improve the degree of reduction of such a catalyst. [128].  

On their experiments, Lu et al. [129] realized a lower reduction for titania-supported platinum 

catalysts (Pt/TiO2) because of obstruction on Pt metal active species by titanium oxides complexes 

which did not reduce completely, and this suppressed the catalytic activity hydrogenation of 

naphthalene. To counteract the above challenge, they promoted the catalyst support with ZrO2. This 

limited the blockages of Pt limiting the agglomeration of TiOx species and hence improvement in the 

degree of reduction as well as catalyst performance on Pt/TiO2-ZrO2. Furthermore, Ruppert et al. 

[130] likewise explored the outcome of ZrO2 on the crotonaldehyde hydrogenation process using 

Pt/ZrO2-TiO2 catalysts and found out that the ZrO2 incorporated on the supports efficiently repressed 

the movement of TiOx species thus limiting blockages of Pt and upgraded its catalytic performance. 

In the cases above, one can deduce that the promotion of TiO2 with ZrO2 can significantly decline the 

strong MSI and alter the catalyst morphology. But low thermal stability and surface area, SA of the 

above-promoted support TiO2-ZrO2 was found, and these are undesirable in catalyst development. 

This has led to some researchers shifting their attention to alleviating TiO2 and ZrO2 on a SiO2 support 

via the grafting method, producing fresh supports comprising a bulk surface area and great thermal 

stability jointed with exclusive features of TiO2 and ZrO2 [38]. 

Recently, ordered mesoporous SiO2 including SBA-15 and MCM-41 has been studied 

worldwide. The primary benefit of such supports relates to being able to successfully regulate the 

optimal active metal crystalline size. Nevertheless, the challenge posed is the weak interaction of the 

tailored SiO2 support and metal catalyst that generally leads to poor metal catalyst dispersion. This 

is the reason TiO2 and ZrO2 have been used as promoters to improve or increase metal-support 

interaction [131]. Researchers have found out that the promotion of ZrO2 for silica-supported Co 
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catalyst has boosted the reduction degree as well as improved catalyst conversion, and selectivity of 

higher hydrocarbons. Ali et al. (All, Chen & Goodwin, 1995) reflected that the enhanced catalytic 

performance and selectivity towards heavy hydrocarbons were attributed to the development of 

boundary linking Co metal plus ZrO2, which encouraged carbon monoxide CO dissociation.  

In addition, there is still a deficiency in support and promoter impact or benefits for the normal, 

fairly low dispersion cobalt catalyst i.e., the influence brought by the metal additives and support on 

CH4 and C5+ selectivity is still debatable. It was found by Iglesia, that a flat CH4 selectivity for catalyst 

supported on Al2O3, SiO2, and TiO2 having comparable intraparticle transport/site-density 

appearances [133], while other stated substantial support and metal-promoter influence [134]. 

Generally, C5+ and CH4 selectivity is also dependent on reaction parameters, mass transfer limitations, 

and CO dissociation. Regarding the above aspects of promoter addition together with metal-support 

interaction, to improve our understanding of their influence on FT catalytic performance and 

selectivity, the following subjects are priority topics in catalysis.  

 Examine the influence of support reformation plus promoter addition on the fundamental FT 

activity by utilizing in-situ studies, hence preventing possible faults from catalyst deactivation. 

 Exploring how support modification on the fundamental CH4 selectivity of FT cobalt catalyst 

happens without process parameters and mass- transport influence. 

 Explore how CO adsorption and dissociation are affected by promoter addition and explore 

their relationships with variations in FT performance and selectivity towards higher 

hydrocarbons [57]. 

3.0. Support Modification for FTS 

Divergence in the effect brought by supports in FTS regarding activity and hydrocarbon 

selectivity still exist. Iglesia [55] has conveyed information saying that oxide supports as well as their 

altered kinds do not affect FTS performance as opposed to the improved activity ascribed to better 

metal dispersion. Nonetheless, variations in product selectivity are primarily attributed to reactants 

and products-diffusion effects brought by enhanced secondary reactions i.e., re-adsorption of olefins 

[135]. Further research has shown that the chemical structure and support permeability are vital in 

the fundamental product selectivity in the FT reactions. 

In addition, it is reflected that the support can influence the FTS activity indirectly. The 

physicochemical support features, including pore volume and diameter, can effectively alter the 

particle sizes of Co0 plus its degree of reduction. Despite so much satisfactory research on 

conventional supports i.e., silica, alumina, and titania on FT catalysts, there is a lot that can be done 

to discover and develop new support materials with boosted characteristics. Novel carriers including 

silicon carbides, nanoparticles, and ordered mesoporous supports with advanced chemical 

compositions have attracted substantial consideration for numerous applications with minimum 

undesired properties such as extremely weak or strong metal-support interaction. [136,137] 

3.1. Effect of Support Modification on Catalyst Reduction for Fischer Tropsch Synthesis 

Promoter integration can adjust the MSI as well as accomplish an improved performance 

because of the effortless activation of cobalt oxides and limitations on the development of non-

reducible eliminates and silicates. Hence, commercially accessible inorganic supports [138,139], have 

been tailored with additional oxides such as MgO, La2O3, ZrO2, and other elements as “promoters” 

to modify the MSI. In many cases, the incorporation of oxides to modify the support and hence the 

catalyst has shown signs of an improved degree of reduction and improved performance due to the 

weakened MSI [140].  

Li et al performed H2-TPR on their catalysts to evaluate the reduction performance of cobalt 

oxide Co3O4. Two key peaks were noted in all catalysts. It is well-detailed that the 1st peak 

corresponds to the reduction of Co3O4 to CoO and the 2nd peak corresponds to the conversion of CoO 

to metallic Co [28,36]. In their experiment, they found the 2nd peak broader which implies various 

CoO particles have interacted differently with the support SiC or particles of CoO having broad 

particle size distribution. For the catalyst promoted with ZrO2 i.e., Co/Zr/SiC, the catalyst was simpler 
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to reduce as compared to the non-promoted Co/SiC as illustrated by the sharp 1st and 2nd peaks 

activating 319 and 370 oC. The easement in reduction for the catalyst Co/Zr/SiC was mainly due to 

bigger crystallite size coupled by exterior located cobalt oxide species. Apart from the two main 

peaks, the small peak was realized at a temperature of 620oC which was the result of better interaction 

of the Co-Zr particles with SiC. However, these results were contrary to what was obtained for 

catalysts promoted with Ca and Mn. It was discovered catalyst promotion with Mn and Ca triggers 

shifts in the activation of Co species together with subsequent degrees of reduction which dropped 

to 57% and 45% respectively. Therefore, it has been established that putting additives of Zr enhanced 

Co catalyst reduction while Mn and Ca decreased the reducibility of Co catalyst [141]. 

For Illoy and Jalam’s experiments, it was found that more than two peaks occurred in the H2-

TPR experiment which showed that some of the Co species did not reduce at the same time i.e., as N2 

adsorption results indicate some kind of catalyst’s pore impediment which implies that some 

particles reduced following the ones blocking the pores reduced. By promoting with potassium K, 

the degree of reduction was decreased further due to the following reasons: (i) The catalyst activation 

temperatures changed to higher rates, e.g., at the beginning of the reduction procedure, unpromoted 

catalyst reduction temperature shifted from 170 to 210oC and 255oC for catalyst promoted with 1% 

and 3-5% K respectively; (ii) As K-addition increased, the area under the TPR outline under 500oC 

declined, signifying lower reduction degree (iii) the broader peak for catalysts containing 5% K at 

temperature of 512oC, indicating strengthened support interaction with Co catalyst. This undesirable 

influence on the K on the degree of reduction agreed to Jacobs et al. [142] experiments who observed 

that loading (0.5-5%) K lifted reduction temperatures to elevated temperatures and hence lesser 

reduction degree. So, has been indicated that potassium affects the interaction connecting cobalt 

particles with the silica support [143]. 

Table 3. Summary of modified catalysts and/or supports and their effects on catalyst reducibility. 

Sample  Reduction degree (DOR) Ref. 

Co/Al 39 Garcilaso et_al, 2019 [144] 

Co/Zr-Al 40 Garcilaso et_al, 2019 [144] 

Co/Ce-Al 35 Garcilaso et_al, 2019 [144] 

   

Co/Al 42 Barrientos, Garcilaso, Venezia, & Aho, 2017 [145] 

Co/Zr-Al P 44 Barrientos et_al, 2017 [145] 

Co/Zr-Al ME 40 Barrientos et_al, 2017 [145] 

   

Co/MS 98.28 Wu, Yang, Suo, Qing, Yan, Wu, et al., 2015 [146] 

Co/Zr-MS 97.55 Wu, Yang, Suo, Qing, Yan, Wu, et al., 2015 [146] 

Co/TiZr-MS 71.17 Wu, Yang, Suo, Qing, Yan, Wu, et al., 2015 [146] 

   

Co/Pt/SiO2 96 Breejen et_al, 2011 [147] 

Co/MnO/Pt/SiO2 94 Breejen et_al, 2011 [147] 

From Barrientos et al, [145] the approximated (DOR) was done after 16 hours in an H2 

environment. The DOR was as little as around 40% for all three catalysts with a slight difference with 

Zr addition. These findings were anticipated because the TPR results reveal that Co2+ activates at a 

temperature over 600 °C. However, the little changes in the reduction degree might have developed 

from instrument and technical errors. With these results, they presumed that adding some Zr to 

modify the alumina support has an insignificant effect on the catalyst reducibility. Furthermore, 

varying catalyst particle sizes were observed, which further made it difficult to conclude that the 
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slight difference in DOR was due to Zr modification or the trivial distinctions in Co particle size 

distribution. This, however, is confusing because normally Co/ZrO2 catalysts show superior DOR as 

compared to Co/Al2O3 catalysts. This is because alumina surfaces were not coated by the Zr. So, it 

could be concluded that the Cr modification can effectively improve the DOR when it has fully coated 

the alumina to avoid the presence of alumina sites that can form aluminates during reduction. This 

explains the somewhat higher DOR shown by the Co/Zr-Al P catalyst in which the catalyst surface 

had more Zr islands as compared to Co/Zr-Al ME.  

Wu et al [128] have realized with the addition of TiO2 on the mesoporous silica MS, catalyst 

reducibility improved i.e., the reduction peaks moved to a lesser temperature. Modification of the 

support using Zr has shown that indeed Zr impacts the catalyst DOR. It was established that by 

depositing a bit of Zr, a decline in the intensity of reduction peaks leads to improved DOR. However, 

with more raise in Zr addition to Co/nTiZr–MS catalysts reduction moved to elevated temperatures 

which lowered the DOR. Nonetheless, there are inadequate investigations on the synthesis of Co 

supported on TiO2–ZrO2–SiO2 and the modification impacts of ZrO2 on the catalyst morphology FT 

activity.  

From this table, Breejen et al [147] have determined that complete reduction at reduction 

temperatures of about 450oC was achieved for both catalysts calcined in air and helium, with and 

without MnO promotion. However, Smaller crystallite sizes were obtained for MnO promoted 

catalyst (Mn/Co = 0.08) coupled with a decrease in degree of reduction (62%) which only increased 

after 2 hours of FTS. The lower DOR may be ascribed to the impeding influence of MnO on the 

magnitude of reduction. This is in agreement with what was obtained by Morales et al for their 

catalyst Co/MnO/TiO2 [148].  

3.2. Effect of Support Modification on Catalyst Particle Size for Fischer Tropsch Synthesis 

Promoters on supports have been shown to alter the catalyst support pore size and surface area. 

The results display that cobalt with increased metal-support strength on silica led to a substantial 

drop in surface area. This phenomenon is normally justified by the increase in cobalt oxide crystallites 

inside support pores in the course of catalyst calcination, consequently causing some pore 

impediment. This is in line with the pore volume results, which displayed a declining size. Adding 

of promoters including potassium K, ranging over 3% in the supported catalyst, also strengthens this 

occurrence. Furthermore, the Scherrer equation was applied to approximate the mean Co crystallite 

sizes. Even though no apparent relation in the data regarding the Co3O4 and Co, it looks like the mean 

crystallite size for CoO declines with rising K loading. It can then be concluded that the addition of 

potassium regulates the size of Co oxides [143]. 

In another work done by Johnson and Bell, the TEM images showed Co particle sizes ranging 

from 2-20mn for Mn promoted. For loading of Mn/Co = 0.5, there was visible proof of Mn-rich species 

with a surface diameter larger than quite a few nanometres. The compositions of each nanoparticle 

were calculated by choosing rounded areas about the Co nanoparticle as well as the neighbouring 

Mn in the species maps produced by STEM-EDS. As for the Mn/Co atomic ratio, the X-ray totals for 

Mn and Co were summed and converted for individual quantification areas. It was found that the 

mean nanoparticle composition was nearly similar to the catalyst containing Mn/Co =0.01 nonetheless 

catalysts with more promoter amount displayed mean nanoparticle compositions significantly lower 

as compared to their equivalent bulk compositions [1]. 

The Scherrer equation was engaged to compute the mean crystallite sizes of Co3O4 as well as the 

dispersion of Co0 on the catalyst using the peak of 2θ = 36.90. Even though using total crystal sizes is 

not very accurate, it was convenient for assessment [149]. The calculated mean crystallite size of 

Co3O4 grew by 48% (i.e., 25 to 37nm) nm concerning increasing Zr promoter, whereas 16 and 18 nm 

were calculated for Mn and Ca promoted silica supported catalysts respectively. The Co0 dispersion 

reduced from 8.3 to 5.8, 7.8, and 3.5% for the corresponding catalysts when Ca, Mn, and Zr promoters 

were loaded, respectively. These outcomes were in line with the previous studies showing that for 

silica-supported cobalt catalysts, the Co crystallite sizes increased with increasing Zr [150]. A minor 

reduction in the Co0 dispersion was stated for Co/CNF catalyst promoted with Mn (L. Bezemer, 2006), 
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as well as enhanced Co3O4 crystallite size for Co/Al2O3 promoted with at least 1% Ca. [152] 

Furthermore, Li et al realized that for SiC-supported catalysts, the Co3O4 particle sizes were equal to 

or surpassed the mean pore diameter. This showed that bulk of Co3O4 species were situated either on 

the exterior surface or the support pores entrance. This agrees with the literature previously stated 

based on the elucidation of the decrease in mean pore size [141]. 

In his work, Pardo-Tarifa found out that promoting Zr decreases the SBA-15 and MFC silicas’ 

pore size and, consequently, the Co3O4 crystallite size. This on the other hand leads to strengthened 

metal-support interaction and low reducibility. Nevertheless, the cobalt dispersions are still higher 

as compared to the Zr-free promoted catalysts because of the small Co particle sizes [14]. 

After reporting the effect of promoter on reduction, Breejen et al. further recorded the effect of 

MnO on particle size. They found that there is an insignificant change in Co3O4 crystallite size for 

catalysts calcined in air or helium. Nonetheless, a decline in particle size was noted following 

promotion with a little quantity of MnO (i.e., Mn/Co = 0.06) in comparison with the unpromoted 

catalyst. Furthermore, they realized that for helium calcined catalysts, however, the particle sizes of 

the Co/MnO/Pt/SiO2 catalysts are not affected by the quantity of MnO added, while for air calcinated 

catalyst particle sizes increased with increasing MnO amount [147]. 

3.3. Effect of Support Modification on Catalytic Activity and Product Selectivity for FTS 

FTS has been demonstrated to be a process that can effectively convert syngas attained from 

non-renewable feedstocks such as natural gas and coal, or renewable feedstocks including biomass 

as well as municipal solid waste to clean chemicals and fuels using a catalyst in the process. The 

process performance and product selectivity, however, can be enhanced by altering the 

physicochemical features of the catalyst via such as support and promoter additions and changing 

process parameters. 

FTS product selectivity can be expressed by polymerization kinetics, in which the various chain 

propagation or termination possibilities can be established for the individual routes i.e., �� = �� ∗

exp (��/��). These routes are affected in cooperation with operating environments and catalysts 

[153]. Therefore, by creating modifications, the product selectivity will normally be altered due to 

kinetic effects and/or structural effects [154].  

Furthermore, it was found by Li et al [141] that FTS activity for catalyst promoted with Mn and 

Zr, the CO conversion improved by approximately 10% from 71% to 81% and 82% respectively. This 

was attributed to the weaker Co-SiC interactions introduced via adding additives of Mn or Zr as 

proved by the hydrogen-TPR & XPS study. As for the product selectivity, based on the weight basis, 

it was revealed that no CO2 formation was observed for all promoted catalysts, and this corresponded 

to the conclusions done by Khodakov et al. [70]. They also noticed that the Co/Zr/SiC displayed a 

slight growth in the C5-C22 hydrocarbon selectivity in comparison to the non-promoted Co/SiC 

catalyst that exhibited a product percentage peak mainly at C12. 

Additionally, literature [28,36] have shown that the promotion of Mn or Zr enhanced the catalyst 

activity and long chain hydrocarbon C5+ production. The increase in the selectivity of C2-C4 given by 

Mn-promoted catalysts agrees with results obtained for Co/MnOx. This further proves that Mn is an 

efficient support promoter for boosting light olefins production. Consistently, the chain growth alpha 

value α obtained was equal for non-promoted Co/SiC and promoted Co/Zr/SiC catalyst (α = 0.84) 

whereas an upper limit α-value for the promoted Co/Mn/SiC catalyst was 0.88. A low CO conversion 

value of 13% for promoted Co/Ca/SiC catalyst, and elevated lower molecular weight hydrocarbons 

(i.e., CH4, C2-C4) of nearly 95%, can be tied to the low DOR. This is comparable with the explanation 

in the literature that states that the low degree of reduction leads to poorer FT performance and higher 

CH4 selectivity [70,141]. 

Dinse et al, demonstrated the effect of silica support modification using Mn. They found that it 

triggers the CO conversion rate to reach a maximum at the ratio of Co/Mn of 0.05. This results are 

ascribed to the relation linking the impacts of MnO placed onto the supported Co catalyst surface i.e., 

the enhancement in the FT activity by Co species positioned side by side with MnO and as such 

leading to the promotional effect of CO dissociation caused by Mn2+ cations with the O atom; once 
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again, the decline in the amount of exposed Co sites, resulting from a rise in the ratio of Co/Mn. 

Another pattern that developed was realized when reaction pressure was raised to 10 atm. For Mn 

loading at Mn/Co equals 0.125, the Co intake rate declined. This outcome is assigned to increased 

stability in CO adsorption, which limits inhibited hydrogenation of CO. They accurately calculated a 

declining reaction rate as the CO conversion increased at a lower pressure of 1 atm, but could not 

explain the practical small growth in conversion degree and conversion-independent for the Mn-

modified catalyst and un-modified catalyst respectively at the 10 atm.  

The product selectivity (C5+) increased with raising Mn addition in the entire working 

environment. The olefin-paraffin (O/P) proportion regarding C2-C4 segment was superior for Mn 

addition due to a limitation in paraffin formation and enhancement in the olefin formation, i.e., Mn 

addition repressed secondary reactions responsible for paraffin formation [1,157], 

Potassium promotion on SiO2-promoted Co catalyst was performed by Illoy and Jalama. They 

realized that potassium addition, especially using a small amount of about 1% will lead to a 

considerable decline in CO2 conversion from 39 to 16%, when it is matched to the unpromoted 

catalyst. Adding more potassium further worsens this performance but with reduced impact. This 

behaviour could be assigned to (i) K coating of active sites, even though regarded to occur at a little 

degree due to lower K-loading, (ii) rise in CO2 adsorption ability i.e., the decline in CO2 conversion 

versus K promotion that was also stated by Shi et_al [8] and Owen et al. [13] when dealing with 

CoCu/TiO2 and Co/SiO2 catalysts, respectively. They realized that K addition lowers the catalyst H2 

adsorption capability and increases CO2 adsorption. Furthermore, an above 1% addition of K was 

found to cause an extra drop in CH4 selectivity plus improvement in CO selectivity. On the other, 

while increasing the K loading, the C2+ hydrocarbons lessened when compared to loading of less than 

1% potassium. At K lower loading, the C2+ increase can be credited to a declined surface H/C ratio. 

This means that the carbon-containing elements from CO2 dissociation will polymerize instead of 

being hydrogenated which is a norm in a hydrogen-rich reaction [143]. 

Table 4. Summary of modified catalysts and/or supports and corresponding influences on 

C5+selectivity. 

Catalysts Conversion 

(%) 

Main 

Product 

Selectivity 

(%) 

Ref. 

     

12%Co/γ-Al2O3 45 C5+ 80 Enger et al., 2011 

[154] 

12%Co-0.5%Re/γ-Al2O3 45 C5+ 83.1 Enger et al., 2011 

[154] 

12%Co-0.5%Re/5%Mg-γ-Al2O3 45 C5+ 81.8 Enger et al., 2011 

[154] 

12%Co-0.5%Re/5%Zn-γ-Al2O3 45 C5+ 82.5 Enger et al., 2011 

[154] 

     

9.3%Co/TiO2 29.2 C5+ 85 Eschemann, 

Oenema, & De Jong, 

2016 [158] 

9.0%Co-0.12%Ag/TiO2 33.0 C5+ 89 Eschemann, 

Oenema, & De Jong, 

2016 [158] 

8.9%Co-0.11%Pt/TiO2 30.4 C5+ 83 Eschemann, 
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Oenema, & De Jong, 

2016 [158] 

9.4%Co-0.25Re%/TiO2 33.1 C5+ 88 Eschemann, 

Oenema, & De Jong, 

2016 [158] 

     

15%Co/SiC 71 C5+ 80 Li, Wu, & Wu, 2017b 

[159] 

15%Co-5%Zr/SiC 82 C5+ 81 Li et al., 2017b [159] 

15%Co-5%Ca/SiC 81 C5+ 82 Li et al., 2017b [159] 

     

10%Co/SiO2 41.7 C5+ 82.5 Wu, Yang, Suo, 

Qing, Yan, Wu, et al., 

2015 [146] 

10%Co/TiO2-SiO2 85.9 C5+ 85.6 Wu, Yang, Suo, 

Qing, Yan, Wu, et al., 

2015 [146] 

10%Co/TiO2-ZrO2-SiO2 80.3 C5+ 75.4 Wu, Yang, Suo, 

Qing, Yan, Wu, et al., 

2015 [146] 

     

20%Co-0.1wt.%Pt/ZSM-5 26.8 C12+ 52.2 Subramanian et al., 

2016 [160] 

20%Co-0.1%Pt/ZSM-5 27 C12+ 52.0 Subramanian et al., 

2016 [160] 

20%Co-0.1wtPt/SiO2-ZSM-5 26.4 C12+ 60.5 Subramanian et al., 

2016 [160] 

20%Co-0.1wtPt/MOR 40 C12+ 60.9 Subramanian et al., 

2016 [160] 

Enger and co-workers illustrated the product selectivity (C5+) at 50% CO conversion for the 

catalyst loaded with 12 wt% Co. To obtain a constructive effect of catalyst modification using Re, a 

comparison was done for similar γ-A2O3 supports. For the catalyst modified by adding Mg or Zn, it 

was realized that the heavy hydrocarbon selectivity is dependent on the amount of modifier added 

as well as the procedure that was used to load Mg or Zn (whether on the support followed by 

calcination at a temperature of >900 0C, before impregnating with Co-Re precursor or simultaneous 

impregnation with Co and Re on the support. Note that, there may be optimal crystallite sizes for the 

definite Co/Re ratio, in which one can achieve the highest C5+ selectivity due to modification using Re 

on the catalysts, in which modification of Co using Re generates the highest C5+ selectivity. The 

improvement in the C5+ fraction could be ascribed to the insertion and re-adsorption into the 

expanding hydrocarbon chain [133]. 

Depending on the preparation procedure, variations in olefin-paraffin (o/p) were observed 

stretching from 1.3 on unpromoted α-Al2O3, possibly indicating a greater degree of re-adsorption to 

2.1 on the Zn- and Mg-modified catalysts, conceivably implying limitations of re-adsorption. There 
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was no relationship between the Mg or Zn modified catalysts for o/p ratios of C3 and C4 whereas for 

C5 and C6 a noticeable increase was found for increase Mg addition. An opposite correlation was 

found for co-precipitated Re and Zn on the support before calcinating that catalyst at high 

temperatures [154].  

As for Eschemann et al, they carried FTS at 493 K, 20 Bar and recorded almost similar CO 

conversion ranging between 29.0 to 33.1 for all catalysts. The findings indicated that for the 

unprompted catalyst, a cobalt-time yield (CTY) of 6.5*10-5 molCO/gCoS coupled with C5+ formation of 

85 wt.%. With Ag additives, it was found that the CTY improved to about 12*10-5 molCO/gCoS whereas 

the C5+ formation considerably increased to 89 wt.%. Enhancement in the catalyst activity was 

retrieved for Pt loaded catalyst, with an optimal loading realized at 0.21 wt.% Pt. The catalyst 

performance benefit, however, came with a decrease in C5+ selectivity of 83 wt.%. Hydrogenolysis 

and methanation reactions have been thought to have led to this decline. Moreover, the turnover 

frequency (TOF) for catalysts loaded with Pt, or Re were established to have gone up by a factor of 2 

above that of unpromoted catalyst, but no significant effect was found for Ag-promoted catalyst 

[158]. 

3.4. Effects of Preparation on Activity and Product Selectivity 

Catalysts preparation, the underlying/core configuration of the designed catalysts plus the 

resultant catalytic activity go together in catalysis. The preparation technique decides the structure 

of the catalyst and, accordingly, is vital for such catalyst’s application. It has been realized that a small 

change in the catalyst synthesis procedure might poses a substantial effect on the outcome of such a 

catalyst concerning catalyst structures, consequently having noteworthy differences in catalytic 

activity and selectivity, [161]. To further emphasize the importance of the catalyst preparation 

method, more latest experiments by Ai et al. utilizing tungsten-doped Ni/Al2O3 catalysts, has shown 

that in CO methanation the addition of tungsten enhances reducibility and accordingly improves the 

number of active sites as well process performance but only when the appropriate preparation 

procedure is used [162]. 

Impregnation is one of the commonly utilized methods in the formulation of industrial catalysts. 

In this case, the primary metal precursor is spread on supports such as silica, titania, alumina, or 

carbon. Next is drying followed by calcination in nitrogen or air to get a catalyst synthesized by the 

impregnation method. Oxides support has been identified to be ideal for such catalysts because of 

their higher surface area and is ideal for stabilizing metal crystallites as well as boosting the 

mechanical intensity of the formed catalysts. Alternatively, the precipitation method of catalyst 

synthesis may be used to place the metal catalyst on the support. This is done by putting the 

appropriate precipitator into the metal precursor solution, which is then dried and calcined. In this 

preparation method, regulating and monitoring the pH and temperature is key to obtaining a well-

defined nanostructured catalyst [163]. 

Moreover, inverse models [164,165], whereby the support precursor is placed on the active metal 

catalyst (or its precursor), can be utilized as a way of differentiating the effect at the MSI interface as 

well as the variations in morphology and reducibility. Petersen and company [165] have 

demonstrated that when a certain amount of the support precursor (in alkoxide form) is loaded on 

the metallic cobalt precursor, it leads to the development of nano-sized islands mimicking support-

like structures on the active cobalt phase. The importance of controlling these small islands on the 

active metal phase may simulate MSI, hence providing insights into the influence brought by MSI 

regarding the performance of the metal active phase [165]. 

A variety of FTS catalyst modifications have been developed for the manufacture of alcohol, 

with the Cu–Co bimetallic catalyst being widely used for the generation of mixed alcohols from 

syngas[166–168]. Nevertheless, the products of this catalyst have a negligible C6+OH proportion [169–

171]. Professor Ding invented a series of cobalt catalysts that are supported by activated carbon and 

are used to create mixed higher alcohols that have a greater concentration of C6+OH. Pei et al. [172] 

discovered that although activated carbon-supported cobalt catalysts normally had low activity, 

adding the right amount of silica to the modification increased both activity and alcohol selectivity. 
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Liu and colleagues observed that the addition of silica species to CuZnAl catalysts enhanced the 

selectivity of alcohols. While silica is commonly used to directly assist cobalt catalysts in the catalytic 

conversion of syngas to hydrocarbons with a higher carbon number, these silica-supported cobalt 

catalysts often exhibit relatively higher catalytic performance but reduced alcohols formation. 

Recently, Dai et al. [174] reported a 12.7% alcohols selectivity over a sodium-promoted Co/SiO2 

catalyst at increased temperatures, while Ribeiro et al. [173] attained a 10.5% alcohols selectivity at 

22.7% CO conversion over LaOx-promoted Co/SiO2 catalysts. Sodium addition, however, resulted in 

a drop in CO conversion, suggesting a trade-off between the selectivity of alcohol and activity loss. 

In light of these discoveries, cobalt catalysts backed by modified silica have been developed to 

produce mixed alcohols with enhanced activity and selectivity in addition to premium liquid fuels. 

Hong Du and colleagues [50] synthesised a single-metal cobalt catalyst (Co/SiO2-EOAM) by 

impregnation, using silica pellets modified with ethanolamine as a support for syngas conversion. 

During catalyst calcination, the combustion of carbon and nitrogen species improved cobalt 

dispersion while impeding cobalt oxide reduction by promoting cobalt-support contact. The activity 

and selectivity of the (Co/SiO2-EOAM) catalyst towards alcohols were much higher than those of the 

unmodified silica-supported cobalt catalysts (Co/SiO2). The enhanced dispersion of cobalt was 

credited with this increased activity, and the abundance of metallic cobalt and Co2+ atoms enhanced 

the selectivity towards alcohols. 

5.0. Conclusions  

Several metals especially from groups 8-10, mainly Fe, Co, or Ni, can aid carbon monoxide and 

hydrogen adsorption and dissociation, therefore ideal metals for FT catalysts. Owing to its 

insignificant water-gas shift activity, better stability, plus higher selectivity towards higher 

hydrocarbons, cobalt has been widely used for FTS. An optimal number of cobalt nanoparticles must 

be finely spread on the support to enhance catalyst performance and selectivity towards liquid 

hydrocarbons. However, the effectiveness of the catalyst with respect to activity and product 

formation is dependent on the support type and the promoter, as well as the preparation method. 

Therefore, catalyst support selection is an important factor, i.e., support with superior surface area, 

optimum pore diameter, and well-definite surface chemistry, because such features can substantially 

modify the catalyst’s activity. As already been stated, active metals are spread on oxides to enhance 

the surface area of such metals, and subsequently the quantity of active sites. Nevertheless, an 

optimum contact within the two (oxide and metal) is required to obtain vastly active metal 

distribution with the best possible strong metal-oxide contact. Lack of optimum metal-oxide 

interaction has detrimental effects on the entire features of the catalyst that may lead to poor 

reducibility and or even poor performance due to inactivity. The preparation technique decides the 

structure of the catalyst and, accordingly, is vital for such catalyst’s application. It has been realized 

that a small change in the catalyst synthesis might have a substantial effect on the outcome of such a 

catalyst regarding catalyst structures and, consequently, have noteworthy differences in catalytic 

activity and selectivity. 

This article further stresses the importance of support modification particularly the reverse 

model which has the potential to over challenges such as coverage of active metal species and pore 

blockages by promoters during the preparation of conventional supported catalysts. This modern 

catalyst synthesis technique can provide an effective substitute for nanoparticle preparation with 

optimum and relevant particle size distributions for ultimate catalytic research specifically for 

structure-dependent FTS catalysis studies. 
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