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Abstract  
 

Niobium containing aluminophosphate molecular sieve 

(NbFAPSO-5) was hydrothermally synthesized with AlPO-5 

type structure. Characterization of this catalyst was performed by 

X-ray diffraction to determine its structure, inductive coupled 

plasma-atomic emission spectrometry (ICP-AES) for its 

elemental composition and infrared spectrometry (IR) to access 

its acidic properties. X-ray diffraction patterns confirmed well 

AlPO-5 type structure. ICP-AES analysis confirmed the 

incorporation of silicon (12.9%), aluminium (15.4%), 

phosphorous (21.9%), iron (5.62%) and niobium (0.39%) into 

AlPO-5 framework. Infrared spectrometry analysis showed that 

both Bronsted and Lewis sites were found in the synthesized 

sample. A fixed-bed reactor was used to investigate the activity 

of the resulting catalysts in the removal of sulfides and benzene 

in fluid catalytic cracking gasoline. Under suitable conditions of 

a metal loading of 15%, a reaction temperature of 423K, a 

reaction time of 30 min, a space velocity of 3 h
−1

, and a reaction 

pressure of 1 MPa; desulfurization and debenzolization ratios 

reach 100% and 19.9% respectively. Research octane number of 

the gasoline increased by two units. This remarkable behavior 

makes NbFAPSO-5 family, a potential candidate for industrial 

application as catalysts in the clean fuel. 
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Introduction  
 

Due to air quality deterioration caused by consumption of fossil 

fuel, new regulations have been proposed to limit the content of 

aromatic compounds and sulfides in gasoline [1-4]. Sulfides 

produce sulfur dioxide after combustion under high temperature, 

which can contribute to acid rain and poison the catalytic 

converter used in automobiles. In general, refiners convert 

aromatic compounds into saturated naphthenic compounds 

through hydrogenation at first, and the second procedure is to 
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hydrogenate the saturated naphthenic molecules into 

isoparaffinic compounds, which have the same carbon atoms as 

the original molecules but with more branches. The process 

includes ring contraction, and selective ring opening [5-9]. The 

removal of sulfides and benzene has been widely studied [10-

15]. Efforts have been made in the study of aromatic and sulfide 

hydrogenation under mild conditions [16-19]. Simple aromatic 

hydrogenation into saturated hydrocarbons, e.g., naphthenes, 

would result in a decline in the research octane number (RON) 

of gasoline [20,21]; the side reactions, e.g., cleavage, would 

produce hydrocarbons with low molecular weight, which not 

only decreases vehicle fuels yield [22], but also causes high Reid 

vapor pressure (RVP), which is strictly regulated to be under 

0.05 MPa for gasoline in most states. This poses a challenge to 

refiners, who need not only to sustain quality and properties of 

gasoline, but also to decrease the benzene and sulfur content. 

The challenge with catalyst design is that hydrogenation of 

benzene takes place in the process of deep desulfurization of 

gasoline. Therefore, the catalysts need to be highly active 

towards hydrogenation in the presence of heterocyclic sulfur 

compounds. In our previous work, simultaneous removal of 

sulfides and benzene in FCC gasoline was explored by in situ 

hydrogenation over NiLaIn/ZrO2-r-Al2O3, with emphasis on the 

influence of catalyst properties and operating conditions on 

activities [23]. In this paper we report the removal of sulfides 

and benzene in FFC gasoline over NbFAPSO-5molecular sieve 

catalyst. 

 

Experimental Procedures  
Synthesis and Characterization of NbFAPSO-5 

Molecular Sieve  
 

Synthesis of NbFAPSO-5 follows the same procedure as 

described for FAPSO-5 [31, 32], except that niobium solution is 

added just after putting silicon source. X-ray powder diffraction 

data was obtained on a Rigaku D/max diffractometer using Cu 

ka radiation at 40 kv and 60 Ma. Elemental composition of this 

catalyst was accessed using ICP-AES performed on IRIS 1000 

and the acidity by mean of infrared spectrometry performed on 

Nicolet Magna-IR 550. 
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Catalyst Tests  
 

The reaction apparatus setup is illustrated in Figure 1. Catalyst 

was activated at 673 K for 25 minutes under a nitrogen 

atmosphere. The reaction temperature set to 313– 600 K. The 

raw material and methanol preheated to 313–600 K and 

introduced in the reactor. The product was cooled, separated by a 

gas-liquid separator, and then analyzed by gas chromatography-

mass spectrometry. 

 

 
 
Figure 1: A scheme of the reaction setup for hydrogenation of sulfides and 

benzene (1. preheater, 2. pressure gauge, 3. hydrogenation reactor, 4. 

condenser, 5. tail gas processor, 6. product tank). 

 

The desulfurization and debenzolization ratios were calculated as 

follow: 
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Results and Discussions  
Catalyst Characterization  
 

The XRD pattern of NbFAPSO-5 is shown in Figure 2. 

Compositional analysis of the synthesized sample NbFAPSO-5 

showed that 39% of niobium was confirmed to be incorporated 

while maintaining AIPO-5 type structure. 

 

 
 
Figure 2: XRD patterns of niobium containing NbFAPSO-5. 

 

The resulting infrared spectrum of pyridine chemisorption on 

NbFAPSO-5 is shown in Figure 3. 
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Figure 3: Infrared spectrum of NbFAPSO-5. 

 

Treatment at 200˚C shows an expressed peak at 1450and light 

intensity peak at 1450 cm
−1

. Treatment at 350˚C does not show 

peak at 1450 cm
−1

 meaning that in this catalyst, both strong and 

weak Lewis acid sites exist with strong Brönsted acid sites. 

Brönsted and Lewis acid are nearly at equilibrium; this behavior 

can promote both oxidation and esterification reactions. 

 

Effect of Nb Loading on Desulfurization and 

Debenzolization  
 

From Figure 4, we can see that desulfurization ratio significantly 

increased, while debenzolization ratio displayed a gentle trend as 

a whole with the increase of the Nb loading in NbFAPSO-5. The 

desulfurization and debenzolization ratio reached 99%, 19.9%, 

respectively, at the Nb loading of 15%. 
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Figure 4: Effect of Nb loading on desulfurization and debenzolization. 

 

Effect of Reaction Temperature on Desulfurization 

and Debenzolization  
 

From Figure 5 we can see that when the reaction temperature 

was increased from 313 to423K, the desulfurization and 

debenzolization ratios, increased gradually with increasing 

temperature to rich 100% and 38.8% respectively. 
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Figure 5: Effect of reaction temperature on desulfurization and 

debenzolization. 

 

Effect of Reaction Time on Desulfurization and 

Debenzolization  
 

Desulfurization and debenzolization ratio gradually increased as 

the reaction time was increased (Figure 6). With a reaction time 

of 40 minutes, 99% of desulfurization was performed and 

22%debenzolization completed. At 60 minutes of reaction, 

desulfurization and debenzolization of gasoline decreased 

significantly, meaning that a proper contact time of substances 

and catalyst was more needed. 
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Figure 6: Effect of reaction time on desulfurization and debenzolization. 

 

Effect of Pressure on Desulfurization and 

Debenzolization  
 

Desulfurization and debenzolization were carried out over 

NbFAPSO-5 catalyst at the pressure from 0.4 to 1.4 MPa (Figure 

7). The desulfurization and debenzolization increased with 

increasing pressure, which indicates that pressure has significant 

effect on desulfurization and debenzolization activity. 

Debenzolization decreased when the pressure was higher than 

1.0 MPa 
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Figure 7: Effect of pressure on desulfurization and debenzolization. 

 

Effect of Space Velocity on Desulfurization and 

Debenzolization  
  

There is a consistent increase in the desulfurization and 

debenzolization with the increase in space velocity (Figure 8). 

The desulfurization and debenzolization reached a maximum of 

98% and 18.9% respectively, with the space velocity of 3 h
−1

. 

The space velocity of 3 h
−1 

is suitable for the desulfurization and 

debenzolization over NbFAPSO-5 catalyst. 
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Figure 8: Effect of space velocity on desulfurization and debenzolization. 

 

Test of Stability  
 

 The stability of NbFAPSO-5 evaluated for desulfurization and 

debenzolizationis shown in Figure 9. 

 

 
 

Figure 9: Stability of NbFAPSO-5(a metal loading of 15%, a reaction 

temperature of 423 K, a space velocity of 3 h−1, and reaction pressure of 1 

MPa). 
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Desulfurization and debenzolization were almost the same for 25 

h reacting time, showing the steady performance of NbFAPSO-5 

catalyst. This behavior could be explained by the stable 

properties of the catalyst. Deactivation of the catalyst was 

usually observed in high temperature condition. 

 

Conclusion  
 

Niobium containing aluminophosphate with AlPO-5 type 

structure (NbFAPSO-5) is a prominent active catalyst for 

desulfurization and debenzolization of gasoline under mild 

conditions. This catalyst showed good performance in 

desulfurization and debenzolization of FCC gasoline. 

Desulfurization and debenzolization ratios reached 99% and 

19.9%, respectively, at the Nb loading of 15%. Desulfurization 

and debenzolization increased with increasing pressure, which 

indicates that pressure has significant effect on desulfurization 

and debenzolization activity. Desulfurization and 

debenzolization are dependent on reaction temperature, reaction 

pressure, metal loading, and reaction time. Although other 

variables affect these reactions, mild conditions are more 

favorable for these reactions to proceed. NbFAPSO-5 has high 

catalytic activities and stability for a reacting period of 25 hours. 
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