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ABSTRACT: Three novel heterogeneous catalysts were prepared by immobilization of a synthesized 

cesium salt of 4-tungsto-8-molybdophosphoric acid (abbreviated as CW4Mo8) on well prepared and 

modified support materials of UiO-66, microsphere SBA-15 and Graphene Oxide (GO). The aim of 

this work was the investigation of the support effects on the Oxidative DeSulfurization (ODS) 

performance under a similar condition. These catalysts were characterized using FTIR, XRD, BET, 

BJH, N2 adsorption-desorption, SEM, and EDX methods. The Cs modification was performed to have 

an insoluble CW4Mo8 on the support materials. The Keggin structure of the synthesized CW4Mo8 and 

well immobilization on the supports were confirmed by the characterization results. A comparative 

examination was performed on the capability of these nanocomposites as catalyst-adsorbent in ODS 

process. Dibenzothiophene (DBT) in n-hexane was used as an oil model. The examination results 

indicated the special impact of the support type on the catalyst design; High surface area and 

porosity, and functional group type significantly affected the efficiency of DBT oxidation and 

adsorption of DBTO2 from fuel by these catalysts. The maximum removal of 100 and 99% of DBT 

was achieved using CW4Mo8 supported on mesoporous SBA-15 (after 60 min) and UiO-66 (after 120 min) 

respectively. Furthermore, the best catalyst could be reused four times without a remarkable decrease in 

activity. 
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INTRODUCTION 

The harmful effects of sulfur compounds during fuels 

combustion can be along with the production of acid rain, 

equipment destruction and catalyst poisoning in vehicle  

 

 

 

exhaust systems. This led to create stricter environmental 

laws so that in US and Europe the sulfur value in diesel 

fuel should be less than 10 ppmw [1]. Currently,  
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hydrodesulfurization (HDS) as a commercial method,  

has been broadly employed for elimination of sulfur 

compounds such as sulfides, disulfides and thiols [2]. 

Nevertheless, this process cannot be effective for deep 

elimination of refractory sulfur compounds like 

dibenzothiophene (DBT) and its derivatives because of 

severe operational conditions such as high temperature  

and high pressure of expensive H2 [3-6]. Considering these 

drawbacks, researches about finding more suitable 

alternatives or complementary methods had a great 

importance over the past few years. Under this situation, 

other alternative desulfurization strategies, e.g. extraction [7,8], 

adsorption [9,10], biodesulfurization [11,12], and 

photocatalytic desulfurization [13,14] have been 

extensively investigated. Newly, the oxidative 

desulfurization (ODS) is introduced as a promising 

alternative that has some benefits like mild reaction 

conditions (at temperature less than 100 ̊C and atmospheric 

pressure), high selectivity and ecofriendly [15]. By this 

process, refractory sulfur matters are easily oxidized  

to polar products which can be quickly separated from oil 

phase by absorption or extraction [16-18]. Various  

catalytic systems such as layered double hydroxides, [19,20] 

zeolites, [21,22] ionic liquids, [23-26] organic acids [27,28] 

and supported solid catalysts, [17,29] are assayed for ODS 

reactions. Nevertheless, there are attractive reports about 

heteropoly acids (HPAs) compounds [30-33]. HPAs are  

a large group of nanosized metal-oxygen cluster anions 

which can be a special choice for ODS reactions due to 

unique acidic properties, fast reversible multi electron 

redox transformation, wide ranges of their acid and redox 

behavior, and a good stability [34]. However, there are 

some challenges to gain deep desulfurization by HPAs;  

A low surface area and high solubility in a polar solution 

(resulted in a hard separation and recovery) limited widely 

application of HPAs [35]. To address these issues, many 

researches focused on the use of “supported HPAs” 

catalysts for ODS process such as carbon [36], metal oxide [37], 

polyvinylalcohol [38], silica [39-41], metal organic 

frameworks [42-44]. 

In this regard, despite the type and catalytic ability of 

HPA, the textural properties of the support material could 

also be very important to have an effective ODS process. 

Moreover, the modification of the support may also 

improve the immobilization of HPAs on the support 

surface [45-47]. Silica, metal organic framework and 

graphene oxide materials are three sets of favorable 

supports which have been widely used in catalytic 

reactions. However, to select the best support for HPAs 

immobilization, the comparative performance of these 

carriers at a similar reaction conditions were not investigated 

in previous ODS researches. In this work, three support 

materials of UiO-66 metal organic framework,  

SBA-15 and Graphene Oxide (GO) were prepared and 

then modified, for the first time, by a Cesium (Cs) salt. 

After that, a prepared Keggin HPA of tungsten and 

molybdenum addenda atoms (H3PW4Mo8O40)  

was immobilized on the modified supports and were used 

as a catalyst-adsorbent in the ODS system. The Cs 

modification of the supports was performed to form  

an insoluble salt of Cs2H[PMo8W4O40].nH2O on the surface 

for less leaching of HPAs. Furthermore, by changing of H+ 

with Cs+ cations, the Lewis acidity was enhanced that 

could have a promoter role in ODS process [46,47]. A high 

surface area, easy functionalization and good stability  

of these supports could be suitable factors for ODS process [45]. 

These synthesized nanocomposites were characterized  

and then tested in ODS of DBT while the effect of support 

type was considered for the first time. The reusability  

of the most effective catalyst was also investigated.  

 

EXPERIMENTAL SECTION 

Materials 

All of the following used chemicals for synthesis of 

HPA, support materials and catalysts, as well as DBT,  

n-hexane and hexadecane as internal standard for ODS tests, 

were utilized without further purification and purchased 

from Merck and Sigma-Aldrich companies.  

 

Synthesis of H3P W4Mo8O40  

The synthesis of H3P W4Mo8O40 was carried out using 

a modified procedure reported by Huixiong et al. [48].  

The atomic ratios of P/Mo/W were determined by ICP analysis 

and obtained as: 1.00/7.81/3.68. This product was labeled 

as W4Mo8. 

 

Synthesis of Supports 

Synthesis of UiO-66 

 At first, 0.38g ZrCl4 and 0.27g 2-aminoterephthalic 

acid (NH2BDC) were mixed with 20 mL 

dimethylformamide (DMF) and stirred for 40 min. Then, 

this mixture was transferred to an autoclave and heated 
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at 120 °C for 24 h [49]. The achieved precipitate was separated 

by centrifugation and washed for several times with DMF 

and methanol. Finally, it was dried at 120 ̊C.  

 

Synthesis of microsphere SBA-15 

In this procedure, 3 g of P123 ((poly (ethylene oxide)-

poly (propylene oxide)-poly (ethyleneoxide)) was dissolved 

in 60ml HCl (2M) and stirred for 2h. Then 30 mL  

of dionized water was added. In the next step, 0.5 g CTAB 

(cetyl trimethyl amonium bromid) was dissolved in 

methanol and added and finally, 4 ml of TEOS (tetraethyl 

orthosilicate) was dropped to the prepared solution.  

This final mixture was refluxed for 24 h and subsequently 

was transferred to an autoclave and maintained at  

100 °C for 18 h. The obtained sample was washed  

with ethanol and water. Finally, the powder was calcined 

at 600 °C for 6 h [50]. 

 

Synthesis of GO 

The GO nanolayers were prepared by modified 

Hummers method [51]. 

 

Synthesis of Heterogeneous Supported Catalysts  

A two-step method was used as follows:  In the first 

step, the modification of each synthesized support (UiO-

66, microsphere SBA-15 and GO) was done by aqueous 

incipient wetness impregnation of Cs2CO3 (30 wt.% Cs  

on the support). The collected solid was dried at 110 °C  

for 24 h and then calcined at 300 ̊C for 2 h [47]. In the second 

step, the impregnation of the synthesized W4Mo8 on  

the obtained Cs modified supports was done. For example, 

microsphere SBA-15 (0.7 g) along with W4Mo8 (0.3 g)  

and distilled water (10 mL) was stirred at 90 ̊C for 12 h. 

The obtained powder was dried at 110 ̊C and then calcined 

at 300 ̊C for 3 h. This product was labeled as 

CW4Mo8@SBA-15. A similar procedure was employed 

for preparation of the supported Cesium salt of W4Mo8  

on UiO-66 (CW4Mo8@UiO-66) and GO (CW4Mo8@GO).  

 

Characterization 

The XRD patterns of as-synthesized samples  

were recorded on Philips X-pert diffractometer using  

the radiation source of Cu Kα (wavelength, λ= 1.5418 ˚A). 

Scanning electron microscopy (Philips XL-300 

instrument) was used to assay morphology of products. 

Shimadzu-8400S spectrometer was employed to gain  

the FT-IR spectra of the synthesized samples. N2 adsorption-

desorption isotherms were obtained on a Nova Station A 

instrument at 77 K. The Brunauer–Emmet–Teller (BET) 

and the Barrett–Joyner–Halenda (BJH) methods were used 

for determination of the specific surface area and the pore-

size distribution respectively. The sulfur compounds 

before and after reaction were determined by GC–MS 

(Agilent 7890/5975 C-GC/MSD; HP-5 MS column, 30 m 

×250 μm i.d. ×0.25 μm; temperature program: 100 °C-

temperature increasing 15 °C min−1 to 200 °C for10 min). 

 

Catalytic Experiment 

The model oil was prepared by dissolution of 2.9 g 

DBT in 1L n-hexane. The ODS process was performed  

in a 50 mL glass batch reactor as follow: 0.1g of catalyst 

was mixed with 25 ml of model diesel (containing 500 

ppmw sulfur), 0.18 mL of 70 wt % TBHP (tert-Butyl 

hydroperoxide) and 0.6 mL of n-dodecane as internal 

standard. The mixture was stirred in a constant speed of 

1000 rpm at 60 ̊C under reflux. The model oil samples 

were separated at desired times for sulfur content 

measurement by GC-MS. 

Desulfurization efficiency was calculated by the 

following equation:  

Sulfur removal (%)

=
Initial sulfur content − Residual sulfur content

Initial sulfur content
 

 

RESULT AND DISCUSSION 

Characterization of Catalysts 

FT-IR spectra of the prepared samples were illustrated 

in Fig. 1. In the spectra belong to W4Mo8 (Fig. 1a),  

the characteristic peaks of kegging structure could be detected 

at 1051 (ν P-Oa), 951(ν M=Ot), 877 (ν M-Oc-M) and 741 cm-

1 (ν M-Oe-M) [48]. The observed vibrational bands  

at 1050 and 780 cm-1 in Fig. 1b, were referred respectively 

to the stretching vibrations of Si-O-Si (asym) and Si-O-Si 

(sym) in the silica framework [52]. In the UiO-66 spectra 

(Fig. 1d), the characteristic band at 430-700 cm-1  

was assigned to the combination of Zr–O modes with OH and 

CH bending vibration [53]. Furthermore, the stretching 

vibrations of conjugated C=C of benzene ring and C=O 

were located at 1612 and 1730 cm-1 respectively. Moreover, 

the N-H stretching vibration was placed at 3456 cm-1  

in Fig. 1d. For GO sample (Fig. 1f), the spectrum 

contained bands at 1732, 1622, 1226 and 1056 cm-1  
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Fig.1: FT-IR spectra of W4Mo8(a), SBA-15(b), CW4Mo8@SBA-

15(c), UiO-66(d), CW4Mo8@UiO-66(e), GO(f) and 

CW4Mo8@GO(g). 

 

that were respectively corresponded to C=O, C=C, C-O-C and 

C-O stretching vibrations [54]. In the spectrum of SBA-

15, the Si-O-Si symmetric and asymmetric stretching 

vibrations of mesoporous silica are appeared at 780 and 

1050 cm-1, respectively. So the characteristic bands  

of keggin structure of HPA are covered by frequencies  

of silica support. Nevertheless, in comparison with pure 

SBA-15, supported HPAs spectra show a slight shift that 

can be contributed to the interactions due to the formation 

of cesium salt of heteropolyacids on the surfaces  

of support. As seen in Fig. 1c, e and g, the FT-IR spectra 

of the nanocomposite indicated the main characteristic bands 

of both support and W4Mo8, although some of peaks had 

an overlap with together. However, a slight shift was also 

detectable for spectra belong to nanocomposites 

comparing to the pure supports that could be corresponded 

to the formation of a cesium salt of W4Mo8 on the surface 

of the supports [55]. This observation confirmed  

a successful formation of nanocomposites under  

the mentioned conditions.  

To assay the purity and crystalline phase of  

as-synthesized samples, XRD patterns were illustrated in Fig. 2. 

The XRD pattern of W4Mo8 in Fig. 2a, was well matched 

with its Keggin structure [47]. No peak was observed  

in high angle XRD pattern of SBA-15 because of its 

amorphous feature (Fig. 2b) [56]. Fig. 2c revealed that  

the Keggin structure of W4Mo8 was well-maintained after 

immobilization on SBA-15. Although, the reduction  

in intensity and a minor shift to higher angles had been observed 

possibly coming from incorporation of W4Mo8  

into mesoporous channels of silica. The XRD pattern of 

SBA-15 exhibited a sharp peak at 2θ=0.58 ̊ which  

can be indexed to (100) plane of ordered mesoporous silica 

channels (Fig. 2h) [55]. This characteristic peak  

was retained in the XRD pattern of CW4Mo8@SBA-15, 

however a decrease in its intensity was observed that can 

be corresponded to a change in arrangement of ordered 

channels belong to silica through immobilization of 

W4Mo8. For the case of UiO-66, the peaks in Fig. 2d  

were in agreement with previous reports that verified its 

formation without any impurities [57]. As shown in Fig. 2e, 

the major XRD pattern of UiO-66 was also detected after 

immobilization of W4Mo8; this confirmed that UiO-66  

was not disturbed by W4Mo8 loading. In the XRD pattern 

of GO (Fig. 2f), the peak placed at 2θ=11̊ was assigned  

to (001) crystalline plane of GO [58]. In Fig. 2g, similar 

with Fig. 2c and e, the presence of W4Mo8 was well detectable. 

The crystal spacing for (100) plane of CW4Mo8@SBA-15 

is 21.5 ̊A, for (111) plane of CW4Mo8@UiO- 66 is 

18.51  ̊A, and for (001) plane of CW4Mo8@GO is 10.81 ̊A 

N2 absorption-desorption isotherms of the prepared 

samples were indicated in Fig. 3. These isotherms  

for SBA-15 and CW4Mo8@SBA-15, UiO-66 and 

CW4Mo8@UiO-66 are categorized as type IV signifying 

mesoporosity of them. The shape of isotherms belongs  

to CW4Mo8@GO, was attributed to types III according  

to IUPAC classification indicating the existence of 

macroporous window. The surface area and pore 

characteristic of all samples were represented in Table 1. 

As seen, the CW4Mo8@SBA-15 has a more surface area 

than other nanocomposites that can be an effective 

parameter in ODS reaction. 

It should be noted that the GO has a low specific 

surface area of 65.01 m2.g-1 and total pore volume  

0.15 cm3/g. However, it has a flat structure that  

can be appropriate for immobilizing of HPAs, although  

its surface area is relatively low compared to SBA-15 

(670.06 m2/g) and UiO-66 (856.06 m2/g). 

To investigate morphology of the samples, SEM 

analysis was used. Fig. 4a indicated the microsphere  

of SBA-15 which was modified by Cesium and coated  

by W4Mo8 nanoparticles (Fig. 4b). The octahedral shape 

of UiO-66 was well observed in Fig. 4c that had a size 
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Fig. 2: High angle XRD patterns of W4Mo8 (a), SBA-15 (b), 

CW4Mo8@SBA-15 (c), UiO-66(d), CW4Mo8@UiO-66 (e), GO 

(f), CW4Mo8@GO (g) and low angle XRD pattern of SBA-15 

(red pattern) and CW4Mo8 @SBA-15 (blue pattern) (h) 

between 200-250 nm. The presence of W4Mo8 

nanoparticles on the surface of UiO-66 was well detectable 

(Fig. 4d). The comparison between the images of the GO 

supports before and after immobilization (Fig. 4e and f), 

illustrated a highly dispersion of W4Mo8 nanoparticles  

on the layers of GO support.  

Furthermore, the main grain size of CW4Mo8  

in CW4Mo8@SBA-15 was 110 nm and as seen in fig.4d,f, 

high agglomeration of  CW4Mo8 was occurred that led  

to a significant increase in grain size up to 540 nm.  EDX 

analysis has been indicated in Fig. 5. It verified  

the presence of P, W, Mo, O, and Cs elements for all prepared 

samples. In the pattern belong to CW4Mo8@UiO-66,  

the presence of Zr peak belong to UiO-66 was well visible, 

while in CW4Mo8@SBA-15 and CW4Mo8@Go  

the presence of Si and C were confirmed respectively. 

 
Comparison of Various Catalysts in ODS System 

Fig. 6 indicated the comparative ODS efficiency of  

the prepared catalysts. These experiments were performed  

at 60 ̊C for 120 min, using 0.1 gr of catalyst and initial sulfur 

concentration of 500 ppmw. Fig.6 revealed that all  

of the catalysts had an ability for sulfur removal of model oil. 

However, a significant difference was observed between 

the performance of the catalysts immobilized on different 

supports. The order of CW4Mo8@SBA-15> 

CW4Mo8@UiO-66> CW4Mo8@GO was found for  

the performance of the catalysts in ODS of DBT. After 60 min, 

100% removal of DBT was attained using 

CW4Mo8@SBA-15, while 79 and 38% of DBT 

elimination was obtained using CW4Mo8@UiO-66 and 

CW4Mo8@GO respectively. Furthermore, after 120 min, 

99 and 59 % removal of DBT was achieved using 

CW4Mo8@ UiO-66 and CW4Mo8@ GO, respectively.  

To clarify the catalytic activity, it was appropriate to describe 

the mechanism of the reactions firstly. Based on the 

previous reports [59-61] and our results, the following 

mechanism was proposed (Fig. 7). At first, W4Mo8 (WM) 

received an oxygen from TBHP (T) and turned into 

peroxometalate intermediate (WM*).  

𝐹𝑖𝑟𝑠𝑡 𝑠𝑡𝑒𝑝: 𝑊𝑀 + 𝑇 → 𝑊𝑀 ∗ 

Consequently, this active intermediate supplied 

oxygen for DBT to form dibenzothiophene sulfoxide 

(DBTO). 

𝑆𝑒𝑐𝑜𝑢𝑛𝑑 𝑠𝑡𝑒𝑝: 𝑊𝑀 ∗ +𝐷𝐵𝑇 → 𝐷𝐵𝑇𝑂 
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Fig. 3: N2 adsorption–desorption isotherms and the BJH pore-size distribution of (a) CW4Mo8@SBA-15 (red isotherm)  

and SBA-15 (blue isotherm); (b) CW4Mo8@UiO-66(red isotherm) and UiO-66 (blue isotherm); and (c) CW4Mo8@GO  

(red isotherm) and GO (blue isotherm). 

Relative pressure (P/P0) 

0                                         0.5                                        1 

Q
u

a
n

ti
ty

 a
d

so
r
b

e
d

 (
cm

3
/g

) 

200 

 

 

 
 

 

100 

 

 

 

 
0 

(a) 

rp/nm 

1                                          10                                     100 

d
V

p
/d

r
p

 

0.36 

 

 

 
0.24 

 

 

 
0.12 

 

 

 

 
0 

(b) 

Relative pressure (P/P0) 

0                                         0.5                                         1 

Q
u

a
n

ti
ty

 a
d

so
r
b

e
d

 (
cm

3
/g

) 

800 

 

 
600 

 
 

400 

 

 
200 

 

 
0 

(b) 

rp/nm 

1                                          10                                     100 

d
V

p
/d

r
p

 

0.1 

 

 
 

0.075 

 

 
 

0.05 

 

 
0.025 

 

 
0 

Relative pressure (P/P0) 

0                                         0.5                                         1 

Q
u

a
n

ti
ty

 a
d

so
r
b

e
d

 (
cm

3
/g

) 

30 

 

 

 
20 

 

 

 
10 

 

 

 
 

0 

(d) 

rp/nm 

1                                         10                                     100 

d
V

p
/d

r
p

 

00.06 

 

 

 
 

0.004 

 

 

 

 

0.002 

 

 

 

 

0 



Iran. J. Chem. Chem. Eng. Three Novel Sets of Cs2H[PW4Mo8O40] Based on Various Supports: ... Vol. 39, No. 6, 2020 

 

Research Article                                                                                                                                                                  155 

Table 1: Surface area, average pore size distribution and pore volume of samples. 

Sample BET surface(m2/g) Total pore volume(cm3/g) Mean pore diameter (nm) 

CW4Mo8@SBA-15 330.64 0.32 3.99 

CW4Mo8@ UiO-66 70.06 0.27 15.86 

CW4Mo8@GO 14.11 0.03 10.26 

GO 65.01 0.15 - 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: SEM images of SBA-15(a), CW4Mo8@SBA-15(b), UiO-66(c), CW4Mo8@UiO-66(d), GO(e) and CW4Mo8@GO(f). 

 

Another generated peroxometalate from W4Mo8 and 

TBHP, oxidized DBTO to its corresponding sulfone 

(DBTO2) by a subsequent oxygen capturing.  

𝑇ℎ𝑖𝑟𝑑 𝑠𝑡𝑒𝑝: 𝑊𝑀 ∗ +𝐷𝐵𝑇𝑂 → 𝐷𝐵𝑇𝑂2 

According to a higher polarity of DBTO2 than DBT,  

it could be easily adsorbed on the surface of the catalyst. 

In the final step, DBTO2 products can be collected  

by separation of the solid catalyst and then washing with  

a polar solvent. No peak corresponded to DBTO2 was 

observed in GC analysis of the oil after ODS which 

confirmed well adsorption of DBTO2 by the porous 

supported catalysts. The main steps in this ODS pathway 

regarding to different supports, were the accessibility of 

DBT and oxidant intermediates as well as DBTO2 onto  

the catalyst surface. Clearly, the increasing surface area 

provided a better access of DBT to the active oxidant 

intermediates generated on the surface, so a more effective 

ODS reaction was occurred. Besides, a higher surface area 

increased the adsorption capacity for DBTO2 on the 

surface and finally resulted in an enhancement of ODS 

efficiency. According to Table 1, among the three 

catalysts, CW4Mo8@SBA-15 had the maximum surface 

area. As discussed above, the surface area of 

CW4Mo8@SBA-15 has a special effect on more 

accessibility of the oxidant and DBT to the active sites,  

and thus enhanced the ODS reactions, ultimately leading to 
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Fig. 5: EDX analysis of CW4Mo8@SBA-15(a), CW4Mo8@UiO-

66(b), and CW4Mo8@GO(c). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Oxidative desulfurization of DBT by different modified 

supported catalysts 

 

increase in efficiency. Moreover, the larger pore volume 

belonged to CW4Mo8@SBA-15 led to a less pore 

blockage and thus the mobility of the active 

peroxometalate units occurred with a faster rate 

compared with the other nanocomposites.  

For CW4Mo8@UiO-66, the creation of hydrogen bonding 

between DBT molecules with amine and carboxylic 

acid functional groups (from 2-aminoterephthalic acid 

ligand in UiO-66 framework), resulted in the increase 

of DBT presence around the active sites; Furthermore, 

the π-π interactions between the benzene ring of UiO-

66 and DBT caused to more adsorption of DBT from oil 

on the catalyst surface for oxidation reaction. However, 

the smaller pore volume slightly limited ODS 

performance of UiO-66 comparing to SBA-15. 

Therefore, the functional groups had an important effect 

on the catalyst activity similar to the surface area and 

porosity. This effect had also been used for design of 

the proper cation and anion structure for an appropriate 

extractant/catalyst dual-function ionic liquid for ODS 

process, usually [23,24]. As seen in Fig. 4e and f,  

the GO layers were agglomerated in some area that could 

explain its lower catalytic ability in ODS process.  

To evaluate the efficiency of the optimum catalyst 

(CW4Mo8@SBA-15) for industrial applications, the 

recovery tests were also essential. For this examination, 

after each ODS run, the recycled catalyst was washed  

by methanol for several times and dried at 110 °C for 12 h, 

then used in the next ODS run. The ODS efficiency 

decreased only 7% after 4 recycling (Fig. 8) which confirmed 

the stability of the catalyst and low leaching of W 4Mo8 
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Fig. 7: The proposed mechanism of ODS in the presence of the synthesized catalysts 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: Recyclability of the synthesized CW4Mo8@SBA-15. 

 

 (that has a main role in ODS system) by formation of  

an insoluble Cs salt of W4Mo8 on the surface. 

 

CONCLUSIONS 

In summary, three sets of cesium salt of W4Mo8 

immobilized on Cs modified supports including SBA-15, 

UiO-66 and Go were prepared using the impregnation 

method, then were characterized by XRD, FT-IR, SEM, 

EDX and BET analyses. FT-IR spectra confirmed  

a successful formation of nanocomposites and impregnation 

of HPA on the support by the used approaches. Moreover, 

XRD results revealed that the Keggin structure of W4Mo8 

was well-maintained after immobilization on the supports. 

Micro-spherical shape of modified SBA-15, octahedral 

shape of UiO-66 and layers of GO were observed by SEM 

images. Surface area of three catalysts followed the order 

of CW4Mo8@SBA-15>> CW4Mo8@UiO-66> 

CW4Mo8@GO, based on BET results.  

The catalytic activity of the synthesized catalysts  

was assayed for the ODS of DBT (500 ppm). The results 

indicated that desulfurization efficiency strongly depends 

on the type of support and, all catalysts have positive 

effect on DBT removal, however the efficiency of 

CW4Mo8@SBA-15 was superior to other 

nanocomposites where 100% removal efficiency  

was obtained after 60 min. Its better performance  

was attributed to its high surface area, large pore volume, 

as well as a good incorporation of W4Mo8 into mesoporous 

channels of silica based on XRD results. While  

the smaller pore volume of UiO-66 and agglomeration of GO 

layers led to relatively limit the activities of 

CW4Mo8@UiO-66 and CW4Mo8@GO in ODS process. 

Despite relatively low surface area and porosity of 

CW4Mo8@UiO-66, the amine and carboxylic acid 

functional groups as well as the benzene rings  

in the structure enhanced its catalytic activity. Subsequently, 

the best proposed catalyst of CW4Mo8@SBA-15 

provided a high reusability which had no significant loss 

of activity during 4 recycling. The leaching of CW4Mo8 

from the support was limited through Cs modification. 

This work also underlined the importance of catalyst 

design to have a high efficient and profitable ODS 

system. Following the favorable results achieved in this 

study, other efficient nanocomposite based POM 

catalysts will be synthesized to enhance the catalytic 

desulfurization efficiency using the real diesel model. 
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