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Effect of different precursor species on the metal dispersion
of a Ni/c-Al2O3 adsorbent for sulfur adsorption
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Abstract Nickel adsorbents supported on the c-Al2O3 with different nickel precursor species were prepared by the

incipient impregnation method to investigate the influence of different precursor species on the metal dispersion and the

sulfur capacity of the adsorbents. The adsorbents were characterized by N2 adsorption–desorption, H2 temperature-

programmed reduction (TPR), transmission electron microscopy (TEM), O2–H2 chemisorption, and FT-IR of adsorbed

pyridine. The sulfur adsorption performance was investigated at ambient temperature and pressure. The results showed that

adsorbent’s metal dispersion and sulfur capacity were influenced significantly by the metal precursor species. The

adsorbents prepared by nickel nitrate exhibited higher sulfur capacity and metal dispersion compared to the adsorbents

prepared by nickel formate and nickel acetate. The higher performance of adsorbent prepared by nickel nitrate can be

mainly attributed to the relatively more uniform metal dispersion and the smaller particle size of the nickel particles. This

study demonstrates that the precursor species is an important factor for affecting the adsorption performance and provides a

novel design idea of high metal dispersed catalysts.

Keywords Precursor species � Dry impregnation � Metal

dispersion � Ni/c-Al2O3 adsorbents

Introduction

As a result of environmental legislations set by the govern-

ments all over the world, the sulfur concentration of gasoline

has been decreasing constantly these years [1]. However, for

ultra-deep desulfurization (sulfur\10 lg/g) of gasoline,

traditional hydrodesulfurization (HDS) is unsuitable [2]. For

one thing, the hydrotreating unit requires more severe

operation conditions to meet the standard of ultra-deep

desulfurization. For another, the HDS process for ultra-deep

desulfurization will result in an unacceptable loss of octane

number [3]. Recently, selective adsorption desulfurization

(SADS) has attracted increasing attention because of its

visible advantages. Operation conditions of the SADS unit

are mild, so equipment and operational capital expenditures

are low. Moreover, there is nearly no octane number loss for

gasoline desulfurization using the SADS process [4]. Hence,

selective adsorption has been reported as an efficient way for

desulfurization of gasoline. Nevertheless, due to vulnera-

bility of SADS process, that is low sulfur capacity and short

stability of the adsorbents, the process has not been indus-

trialized up to now [5].

As a result of the advantages of SADS, efforts have been

made to improve the metal dispersion and the stability of the

adsorbent because of the positive correlation between metal

dispersion and sulfur capacity based on the same metal

loadings. Qiu [6] found that adding ethylene glycol into the

precursor aqueous solution can promote the interaction of

active metal with the support, which caused the formation of

small metallic particles and high metal dispersion. Chang

Hyun Ko [1] synthesized the nickel nanoparticles in solution

in the presence of a capping agent, then the nickel particles
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were incorporated into the support by sonication. Results

showed that the method can maintain the particle sizes after

calcination, but it is difficult to remove the capping agent

completely from the adsorbent. Also, changing the calcina-

tion temperature of the catalyst, adding some titanium into

the catalyst, and using the ethanol as the solvent rather than

water, etc., were tried already [7, 8]. However, high tem-

perature can dramatically destroy the pore structure of the

support and result in the formation of the nickel alumina

spinel. Other methods need expensive capping agents or

complex preparation processes that are too difficult to apply

in industry.

Ni/c-Al2O3 catalyst is widely used in the petrochemical

industry. The most common utilization of Ni/c-Al2O3

catalyst is the methanation of CO and CO2, where CO and

CO2 are reacted to methane by hydrogenation to product

the synthesis nature gas [9, 10]. Furthermore, the Ni/c-
Al2O3 is used on the ultra-deep desulfurization for the feed

of fuel-cell [11]. Also, Ni-based catalyst plays an important

role in the field of hydrogenation for gasoline, diesel, and

even heavy oil [12, 13].

Herein, we investigated the influences of different pre-

cursor species on metal dispersion and sulfur capacity of

adsorbents. Three kinds of adsorbents synthesized by dif-

ferent nickel precursor species (nickel formate, nickel acet-

ate, and nickel nitrate) and supported on the c-Al2O3 were

synthesized via the incipient impregnation method. The as-

prepared adsorbents were characterized by nitrogen

adsorption–desorption, temperature-programmed reduction

(H2-TPR), O2–H2 chemisorption, transmission electron

microscopy (TEM), and FT-IR of adsorbed pyridine. Results

show that adsorbent prepared by the nickel nitrate exhibits

better performance compared to the adsorbents prepared by

the nickel formate and nickel acetate precursors as a result of

the smaller particle size and higher metal dispersion.

Experiment

Materials

c-Al2O3 (surface area, 300 m2/g; pore volume, 0.7 cm3/g)

was chosen as the support. Nickel formate, nickel acetate

and nickel nitrate (analytical reagents) were purchased

from Sinopharm Chemical Reagent Co. Ltd. Ammonium

hydroxide was purchased form Xilong chemical Co. Ltd.

All chemicals were used as received.

Adsorbents preparation

c-Al2O3 (90 g, divided into three equal parts) was dried in

the oven at 120 �C for 4 h. Simultaneously, Nickel formate

(6.636 g), nickel acetate (11.104 g), and nickel nitrate

(12.976 g) were dissolved in the deionized water and stir-

red for half an hour. Then, two cups of 13.8 mL ammo-

nium hydroxide were added into nickel formate and nickel

acetate solutions because the solubility of these two pre-

cursors was low and precipitates emerged. The Ni/c-Al2O3

adsorbents were prepared by the incipient-wetness

impregnation method. Thereafter, the adsorbents were

obtained by drying in air for 12 h, drying in the oven at

120 �C for 4 h, and calcining in the muffle furnace at

300 �C for 4 h. In the end, the samples prepared by nickel

formate, nickel acetate, and nickel nitrate were labeled as

adsorbent-F, adsorbent-A, and adsorbent-N, respectively.

Adsorbent characterization

TPR was performed on a chemisorption analyzer (Au-

toChem 2905 HP). 0.1 g of each sample (dried and unre-

acted) was loaded in a U-shaped quartz glass tube. 50 mL/

min of argon gas was passed through the tube for 20 min to

remove the H2O vapor in the pores of c-Al2O3 at 60 �C
first. Then, the oxide was reduced in a H2/Ar (10% H2) gas

with a flow rate of 50 mL/min. The sample was heated to

the experiment-defined temperature with a rate of 10 �C/
min. A liquid nitrogen/isopropanol cold trap was necessary

to condense the resulting water in the effluent.

O2-H2 chemisorption was performed at the temperature

depending on the TPRmeasurement. Amixture of H2 andAr

(10% H2) gas was introduced into the quartz tube reactor by

means of impulse at a frequency of 2 min-1. The chro-

matographic peaks were recorded, and the experiment con-

tinued until the peak area remained unchanged. The liquid

nitrogen/isopropanol cold trap was still necessary.

XRD measurements of the dried, solid, and powder

samples were performed on an X’pert pro Philips diffrac-

tometer with Cu Ka radiation (k = 0.15406 nm). The

scanning range of 2h was from 5 to 75� at scanning

velocity of 10�/min. The step size was 0.0167� at 25 �C.
A micromeritics TriStar II (3020) N2 adsorption and

desorption analyzer was used to measure specific surface

area (SSA) and pore structure properties. Specifically, the

SSA was measured via BET isotherm and the pore struc-

ture properties was measured following the BJH method

from the desorption isotherms. Samples were degassed at

250 �C and 0.1 mbar for 6 h before nitrogen adsorption.

TEM characterization was performed on the reduced

adsorbents. The samples were grinded to a powder and then

dispersed uniformly in ethanol. A drop of the suspension

was then placed onto a carbon–coated copper grid in the

electron microscope (F-20 FasTEMm FEI) operated at

200 kV.

The Bruker VERTEX 70 spectrometer was used to

identify the acid types and quantities of the as-prepared
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adsorbents. Before measurement, samples were dried in

200 �C for 1 h to remove the vapor in the pores. The scan

range of equipment was 400–4000 cm, and the resolution

ratio was 2 cm-1.

Adsorbents performance evaluation

The performance of the adsorbents was evaluated in a

10 mL fixed-bed micro-reactor.

The feedstock was a mixture of n-hexane (10 wt%),

cyclohexane (80 wt%), and n-heptane (10 wt%). The mass

fraction of thiophene in feedstock was 0.0102 wt% and the

density of themixturewas 0.7738 g/cm3. The adsorbentswith

the size of 20–40 mesh were loaded in the reactor and pre-

reduced in H2 at 450 �C for 4 h before the adsorption. After

cooling to room temperature in hydrogen, the liquid feed was

introduced into the reactor at a certain flow rate of 12 mL/h at

ambient temperature. To make the liquid contact the adsor-

bents fully, theflowdirectionwas from the bottom to the topof

the reactor and the liquid productwas collected on the top. The

concentration of thiophene in the outlet liquid was measured

by a GC chromatograph equipped with a FPD detector and a

HP-5 column. The temperature-rising speed was 1 �C/min

and the flow velocity of gas was 0.1 mL/min. The adsorbent

was considered to be deactivated once the sulfur capacity in

the outlet product was consistent with that in the feed. The

calculation formulas of the breakthrough sulfur capacity and

the metal dispersion of the adsorbent are described below:

Breakthrough sulfur capacity:V Sð Þ

¼ S wt%ð Þ � q � V

m
� 100% ð1Þ

Metal dispersion:D ¼ VðSÞ � Ma

F �Ms
� 100% ð2Þ

Equations (1) and (2) assume that the sulfur atom in the

thiophene molecule interacts with metallic nickel directly by

the lone pair electrons. Where V(S) stands for the

breakthrough sulfur capacity and D stands for the metal

dispersion. S (wt%) signifies the sulfur capacity of the feed,

lg/g. q (g/cm3) stands for the density of the feed and V (mL)

stands for the volume of the product after the adsorption.

Fmeans the loading of theNiO andm (g) stands for theweight

of the adsorbent which loaded in the reactor. Ms and Ma

(g/mol) stands for the molar mass of the sulfur and the NiO.

Results and discussion

H2-TPR

Figure 1 shows the H2-TPR patterns of the as-prepared Ni

adsorbents supported on the c-Al2O3 with different pre-

cursor species. The reduction profiles of the adsorbents can

be classified into four bands, band e, band a, band b, and
band d. The peaks in band e at around 200 �C are attributed

to the highly dispersed nickel species, such as Ni2O3 and

NiO on the surface of the adsorbents. In the band a, the
peaks between 250 and 440 �C are attributed to the

reduction of the bulk Ni2O3 and NiO [14]. In the band b,
the broad peaks between 440 and 700 �C are attributed to

the reduction of the strong interaction between the nickel

oxide and the support. The peaks in the band d from 750 to

850 �C belong to the reduction of the spinel phase of the

nickel aluminate.

Figure 1 shows that profiles of adsorbent-F and adsor-

bent-A are similar whereas adsorbent-N profile is different.

In the three samples, the main nickel species are the bulk

Ni2O3 or NiO and the nickel oxide interacted strongly with

the support (band a and band b) [14]. Simultaneously, on

the surface of the adsorbent, there are a little highly dis-

persed nickel oxides and nickel aluminates that are difficult

to reduce. Since the reduction temperature in the fixed bed

reactor was 450 �C, only nickel species in band e and band

a can be reduced to the metal phase. In the band a, the
temperature of adsorbent-F and adsorbent-A peaks are both

360 �C while the reduction peak temperature of Adsorbent-

N is 315 �C. The lower reduction temperature of Adsor-

bent-N signifies that the bulk nickel oxide on the Adsor-

bent-N is easier to reduce compared to those on the other

two adsorbents. Hence, the active nickel oxide particle size

(average size) of the Adsorbent-N is the smallest one

among the three adsorbents, indicating that the metal dis-

persion of the Adsorbent-N is the best [1]. The result

matches with the adsorbent evaluation experiment result

well. On the other hand, in the band a, the peak area of

Adsorbent-F is like to that of adsorbent-A. The peak area of

Adsorbent-N is the largest of the three samples and much

Fig. 1 TPR profiles of adsorbents with different precursor species-

adsorbent-F, adsorbent-A, adsorbent-N
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bigger than those of the former two samples, indicating that

Adsorbent-N consumes more H2 during the TPR reaction.

The main reason is that the nickel particles on the surface

of Adsorbent-N are smaller and disperse more uniformly

than those on the surface of adsorbent-F and adsorbent-A.

Thus, there are more nickel atoms exposed on the surface

of Adsorbent-N and result in consuming more H2. Another

reason is that CO is generated while the nickel format and

the nickel acetate decompose in high temperature. And CO

can partly reduce the nickel oxide to the metal phase in

high temperature so that adsorbent-F and adsorbent-A

consume less hydrogen than Adsorbent-N.

O2-H2 chemisorption

The metal dispersion was measured by O2–H2 chemisorp-

tion method. A hydrogen diluted stream (H2 10%, Ar 90%)

was introduced into the quartz tube reactor by means of

pulse. The chromatographic peaks were recorded by

computer, and the experiment was not finished until the

peak area kept unchanged. In this way, the nickel atom

numbers on the surface of the adsorbent were obtained via

calculating the volume of hydrogen consumed. The process

of O2–H2 chemisorption was that the metallic nickel was

oxidized to NiO by O2 and then reduced to metallic nickel

by H2. Eventually, the nickel adsorbed the hydrogen atoms

and the band exited in the form of adsorption affinity. The

formulas are as follow:

O2 + 2Ni ! 2NiO ð3Þ
2NiO + 3H2 ! 2Ni-H + 2H2O ð4Þ

Formulas (3) and (4) showed that the mole ratio of H2

which is assumed and nickel on the surface of the

adsorbent is 3:2. Thereby, the calculation method of

metal dispersion is deduced:

Metal dispersion (R):

R ¼
NðNiÞ
NðNiÞtotal

ð5Þ

N Nið Þ¼
2NðH2Þ

3
¼ 2ðnV�VlÞP

3RT
ð6Þ

Where N(Ni) signifies the mole number of nickel on the

surface of the adsorbent and N(Ni) total means the total mole

number of nickel-based adsorbent. N(H2) stands for the total

mole number of hydrogen used during the process.

V means the volume of hydrogen introduced into the

reactor for each time (V = 0. 058 mL). Vl signifies the

volume of hydrogen unreacted with the nickel oxide (the

total area of the characteristic peaks and the value is gained

by integration) and P stands for the pressure of the system

at that time, that is atmospheric pressure. T stands for the

temperature of system during the reaction (383.15 K) and

R is 8.314 J/(mol K). The meaning of n in Eq. (6) is the

times of pulse, which value is the number of characteristic

peaks (n can be obtained in O2–H2 chemisorption titration

patterns in support material). The calculation results of

metal dispersion are shown in Table 2.

Table 1 shows that the metal dispersion of adsorbent-F,

adsorbent-A, and adsorbent-N are 5.47, 13.5, and 15.1%,

respectively. The result is in line with other characteriza-

tion results and experiment evaluation result. However, the

metal dispersion values of adsorbents by O2–H2

chemisorption are much higher than those by evaluation

experiments. The differences are attributed to three main

reasons. First, the size of a thiophene molecule is much

larger than that of a hydrogen molecule so that there are

some nickel particles in narrow places that thiophene

molecules have difficulties contacting with while hydrogen

molecules can do that easily. Second, thiophene molecules

interact with nickel particles via several methods, such as

end-on adsorption, lie-down adsorption, and bridge

adsorption [15, 16]. That is, thiophene molecules interact

with one, two, or even more metal particles but hydrogen

contacts only one metal particle. In the end, the result of

evaluation experiment assumes that the sulfur atom in the

thiophene molecule interacts with metallic nickel directly

by the lone pair electrons, but actually there are many

contact methods between thiophene and metal nickel

atoms. Therefore, the metal dispersion results obtained by

O2–H2 chemisorption are much higher than those obtained

by evaluation experiments.

FT–IR characterization of adsorbed pyridine

To identify the acid types and quantities of the adsorbents

prepared by three different precursor species, the FT–IR

spectra of pyridine adsorbed on the as-prepared adsorbents in

the wave number ranging from 1800 to 1300 cm-1 were

measured and the results are shown in Fig. 2. The peaks at

1540 and 1445 cm-1 correspond to those specific to the

pyridine molecules chemisorbed on Bronsted and Lewis acid

sites, respectively [17]. The band at 1485 cm-1 is ascribed to

the adsorbate on both Bronsted and Lewis acid sites. Fan

studied the acidity of Al2O3, the medium Lewis acid site

occupied the most acid sites, but there were no Bronsted acid

sites [18]. Each line in Fig. 2 shows that the most acid sites

are the medium Lewis sites. The Bronsted acid sites are very

Table 1 Metal dispersion of Ni-based adsorbents by O2–H2

Chemisorption method

Adsorbent Adsorbent-F Adsorbent-A Adsorbent-N

Metal dispersion 5.47% 13.5% 15.1%

Stand deviation (10-4) 7.33 6.39 5.11
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little in all of the adsorbents from the Fig. 2, though the

profile of adsorbent-N shows a small signal of Bronsed acid

site. The intensity of Peaks at 1445, 1590 and 1618 cm-1 are

similar. However, the intensity of peaks at 1485 cm-1 are

discrepant. It is visible that characterization peak intensity of

adsorbent-N is stronger than those of the other two adsor-

bents. Thiophene molecule is Lewis base due to the existence

of lone pair electrons. Therefore, the relationship between the

sulfur capacity of adsorbent and acid sites is positive corre-

lation, that is the more acid sites, the more sulfur capacity.

So, the result of Py-IR shows that adsorbent-N have more

Lewis acid sites and hence the performance of the adsorbent-

N is better. The result agrees with other characterization and

experiment results.

TEM

Figure 3a–c show the TEM images of the adsorbents pre-

pared by three different precursor species (the adsorbents

were reduced at 450 �C for 4 h before the TEM charac-

terization). The special structure of c-Al2O3 is observed

clearly from Fig. 3 and the black points in the images

signify the metallic nickel particles. The images in Fig. 3

indicate that the metallic nickel particles disperse more

uniformly in images of adsorbent-A and adsorbent-N while

the distribution of metallic nickel particles of Adsorbent-F

is more concentrated. Thereafter, the average metallic

nickel particles radius are obtained by Gatan Digital

Micrograph Suite (GMS) software. 200 nickel particles on

each adsorbent are measured and the particle diameters

distribution are shown in Fig. 4. Simultaneously, the

average nickel diameters of adsorbents are calculated and

shown in Fig. 3.

Figure 4 shows the metallic nickel particle radius dis-

tribution of as-prepared adsorbents. Particles of metallic

nickel with the size of 1–8 nm are dispersed on the support.

Result shows that the average particle radius of Adsorbent-

F is the largest. The particle radius of adsorbent-A is close

to that of adsorbent-N and the particle radius of adsorbent-

N is the smallest. Namely that the metal dispersion of

adsorbent-F is the worst. The adsorbent-N metal dispersion

is the best and the metal dispersion of adsorbent-A is

similar to that of adsorbent-N.

Fig. 2 Acid-type distribution of adsorbents obtained by the Py-IR

spectra

Fig. 3 TEM images of adsorbents with different precursors: a adsor-

bent-F, b adsorbent-A, c adsorbent-N
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Scholten researched the relationship between the metal

dispersion and average particle sizes of several kinds of

metals and the result are utilized here [19]. Thereafter, the

value of corresponding metal dispersion of the as-prepared

adsorbents are obtained and the result is also shown in

Fig. 3.

The nickel particles were composed of several nickel

crystals. For Adsorbent-N, smaller nickel particles are

observed in the spaces of the c-Al2O3. The results

confirmed that nickel nitrate precursors were distributed

more uniformly at the beginning of the preparation and

prevented the nickel species from growing into larger

nickel particles during the calcination and high temper-

ature reduction process, as compared to the other two

nickel precursor species [20]. However, the metal dis-

persion results measured by TEM were different with the

O2–H2 chemisorption results. The main reason was that

the mechanism of the two measurements were funda-

mentally different. For TEM characterization, the bonds

of points (nickel particles) were distinguished via eyes.

Moreover, the curve of metal dispersion and average

particle size was an experimental curve, so the errors

were unavoidable. Thus, there were differences between

results obtained by TEM and O2–H2 chemisorption

method.

Adsorbent evaluation experiment

Figures 5 and 5 (supplementary material) shows the

breakthrough sulfur capacity of adsorbents prepared by

different precursor species. While the total volume of

product in the outlet is 108 mL, the sulfur capacity in the

liquid is still so little that the FPD detector cannot get the

sulfur signal for all three samples. However, for Adsorbent-

F, the sulfur signal is obtained by the detector while the

product volume is 120 mL and the profile reaches a plat-

form when the liquid volume is 132 mL. The platform

means that the sulfur capacity of the product will not

change with the liquid volume. That is, the adsorbent is

deactivated. For adsorbent-A, the profile changes at

V = 144 mL and reaches a platform when the liquid vol-

ume is 168 mL. The profile of Adsorbent-N is different, the

sulfur signal appeared when V = 132 mL and reaches a

platform when the product volume is 180 mL. The slope of

the Adsorbent-N curve is smaller than those of the other

two adsorbents. The main reasons are that the Adsorbent-N

particle size is smaller and the metal nanoparticles disperse

more uniformly compared to the adsorbent-F and the

adsorbent-A.

Results of breakthrough sulfur capacity and metal dis-

persion of adsorbents calculated through Eqs. (1) and (2)

are listed in Table 2.

The calculation results show that the breakthrough sul-

fur capacity and metal dispersion of adsorbent-N are 0.174

and 4.05%, respectively. Both better than those of adsor-

bent-F (0.132, 3.09%) and adsorbent-A (0.161, 3.77%).

The result identifies with characterization results. The

phenomenon is attributed to the following reasons. First,

because the size of nickel ammine ion is larger than that of

nickel ion, the stereo-hindrance effect is bigger when

nickel ammine ion diffuses in channels of the support

compared to the nickel ion. Hence, nickel ion disperses

more uniformly. Second, because of the former reason, the

average distances among nickel particles of adsorbent-F

and adsorbent-A are closer than that of the adsorbent-N

resulting in the nickel particles of adsorbent-F and adsor-

bent-A aggregate together and convert to the larger parti-

cles more easily in high temperature, that is more easy to

be sintered. Therefore, the nickel utilization rates of

adsorbent-F and adsorbent-A are lower. Moreover, the

metal dispersion and sulfur capacity of adsorbent-A are

Fig. 4 The metallic nickel radius distribution of adsorbents prepared

by three different precursor species

Fig. 5 Breakthrough sulfur capacity of different adsorbents
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better than those of Adsorbent-F. The main reason is that

the solubility of nickel formate is lower and the solution is

not transparent enough though ammonium hydroxide is

added. Namely that there are tiny particles in solution that

cannot be distinguished by eyes. Whereas, the nickel

acetate solution is clear so the distribution of nickel acetate

in the support pores is better. Also, the calcination tem-

perature of three adsorbents is 300 �C but the decomposi-

tion temperature of nickel formate is lower. Therefore, for

adsorbent-F, the NiO particles aggregate together after the

decomposition of nickel formate. So the metal dispersion

and sulfur capacity of Adsorbent-N is the best in three

adsorbents and the metal dispersion and sulfur capacity of

adsorbent-A is better than that of adsorbent-F.

N2 adsorption–desorption

The N2 adsorption–desorption isotherms (Fig. 2) and pore

size distributions (Fig. 3) of the as-prepared adsorbents are

performed in the supplementary material and the corre-

sponding structural parameters (average values of three

measurements) are presented in Table 3. Figure 3 in the

supplementary material shows that the as-prepared adsor-

bents show a type-IV isotherm with an obvious hysteresis

loop at relative pressures (P/P0) ranging from 0.5 to 0.9,

which is typical for mesoporous materials [21]. The pore

size distribution curves are shown in Fig. 4 (in supple-

mentary material), it can be seen that the pore diameter

corresponding to the peaks of adsorbent-F, adsorbent-A,

and adsorbent-N increase in turn. Particularly, Table 3

shows that the specific surface area (SSA) and pore volume

of adsorbent-F are the largest among the three kinds of

adsorbents while the average pore diameter is the smallest.

On the contrary, the SSA and pore volume of the

adsorbent-N is the smallest and the average pore diameter

is the largest. Simultaneously, the corresponding property

parameters of the adsorbent-A are in-between of the other

two adsorbents. After the calcination, the SSA and Pore

volume of the adsorbent-N is the smallest but the average

pore diameter is the largest. The result confirms that there

are more effective metallic nickel particles distributed on

the surface of the adsorbent-N rather than sintering or

reacted to the nickel aluminum spinel compared to the

other two adsorbents. Additionally, the size of effective

nickel particles on the surface of the adsorbent-N is more

uniform and the layer of the metallic nickel is thinner.

Moreover, given the size of the thiophene molecule, its

diffusion is expected to be hindered in the small pores, for

this, the adsorbent-N could offer a better sulfur uptake

during adsorption. Therefore, the sulfur capacity and the

metal dispersion of the adsorbent-N should be higher than

those of the adsorbent-F and adsorbent-A combined with

other characterization.

Conclusion

Nickel adsorbents supported on the c-Al2O3 with different

nickel precursor species (nickel formate, nickel acetate,

and nickel nitrate) were prepared by the incipient

impregnation method with nickel loadings at 10%. The

characterization results were identified by the adsorption

experiments. Results indicated that precursor species sig-

nificantly influenced the metal dispersion as well as the

interaction between the nickel particles and c-Al2O3 sup-

port. Furthermore, the nickel nitrate adsorbent exhibited

better sulfur capacity, metallic dispersion compared to the

nickel formate and nickel acetate adsorbents. This work

demonstrates that the precursor species is an important

factor to influence the sulfur capacity and the stability of

the adsorbents for gasoline.
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