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Figure 1- Formation of  bond between metal and adsorbent molecule[7]
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6. Calcination

7. X-ray Fluorescence Spectroscopy
8. X-ray Powder Diffraction
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Figure 2- Comparison of adsorption capacity of non-modified alumina samples
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Figure 3- Comparison of adsorption capacity of modified alumina samples
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Figure 4- Nickel and Oxygen Orbitals before and after NiO formation
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Table 1- Elemental composition of raw and modified alumina samples
Sample L.O.l Na,O Al,O3 SiO, Cl CaO Fe,O3 Ni
Al,04 14.365 0.215 85.068 0.136 0.04 0.191 - -
Ni/Al,O3 5.82 0.234 79.276 0.441 0.298 - 0.084 13.847
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Table 2- Physical properties of row and modified alumina

Sample Sger (M) Pore volume (cm®/g)
Al,O3 347.1 0.3786
0.05Ni/Al,O3 236.2 0.3705
0.1 Ni/Al,O4 221.7 0.3641
0.15 Ni/Al,O3 202.3 0.3579
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Table 2- Isotherm parameters for Al,O; and 0.15Ni/Al,O3 samples
Model Model parameters Al,O3 0.15Ni/Al,04
K (L/mg) 0.003195 0.001641
m (Mg/ 1.253 15.97
Langmuir U (Mg/0)
RL 0.2580 0.4037
R? 0.9938 0.9924
Kr (mg/g) 0.02938 0.1006
Freundlich n 1.93 1.462
R? 0.9568 0.9749
B (mol?/J?) 1.303x107 2.333x107
I/ 0.004044 0.04118
Dubinin-Radushkevich o (mmol/g)
E (KJ/mol) 1.284 1.463
R? 0.9601 0.9742

L oy s Ged ol 0.15NI/ALO; 5 AlO3 diges 50 2 sl F Joax o oalosls lid mls 5.

il 53 O y90a (R balhas gy ye o wda sla e
@53y ingd < Eedig B 50V

plasl Y5 & yp0e T (59) 2 iz 4 @S (58 K SalS e 90 2 4o 1, il b eilyiige cnlply
I G b (pAiSen g (032 5l e 0aB0dx (2895 S sSIge 5 09 b o

31 FS 5 2l rl S1oosd e ooliial RU el )y 5l i wuld pogiogllas Glie (o) 2 Sl 2505 Joe 5o
Ol g weler gl D wnld il o g yho G ST bt i il SO L sl coslhaal i Wil S
alyd Jogogllhe saiaslis a5 del Caws 4 S g yao o Ve MO/l adsl clale o dises 1 plaS o sl el )l
) 232 Syl (n i eSS Jae (eloly (izmen Cosl Wg0d 93 12 (59) 2 G895 952 69 St 57 F i
il Cesdds 0,5 1 oS oo VOIAY § VYO 1y o s 0.15NI/ALO; § Al,O; 1,

N lade wgd os odalive ¥ Joar )0 &5 joblen 0Bl Sy 5l 55,5 Wb N jlade @duiy ) Jow Gogpine sl

el e diges 90 50 Glp Jow cpl o 10 el sdel ety SO 5l 55 diged 90 0 Gl p

Y



. <) . . .
Olees 1) @i Ugile (Jaw ol jo ol colaiul v g aSiol - imgs Joe 1 oy slaosls il sl
(Je ol j0 0 S 3500 Jde 90 4 S & @L,.. L Jow ol @y ol il (lo a5 jab yled il o) pas
S g5k il A 5l ieS el ol (6l ool Cwdds Saie F1.0) e |y Gds JSg5le ol e B pal )l 5l oolaiwl b

@l b og vl Je Jols LIl il Wl Caws VE B A o a5 Sy90,0 9 Gl 00y (Sopwd L LI
@ axg bl diges g0y 0 (Sopwd Ll el ssimolis aS ael Cavsas Al eS diged 90 o slp E ke

ol (g diges 5l yidon xlaw (59, Mol plosil 5l o diagll (gl Jlakie (ol 45 550 so odalice iges g0 0 E sae
Sl ZMal o bt x> ol Ldoay pl s el

=

S S Al
J3d C g 5l GBs5g5h 68 Ui 637 5F oS 5 i bl 05 (sl ) sliagl] gl 2ol gy ol 5o
O plpoiiz fel USG5 g Lasgll b 23lol il Gub o plonil gl jo el (g, b (IS 518 Lansgs o Js
el oy plp i Sl Gl 4 23z S8yl i e S e Yo il ol Glyiedr sl oad i b b
O bl (aaSTy oo s 4 50 g Laegll o (69, ey (sl lacole (a3l cud b aolisl ool s
95 80 Jeke 60F5F (o s S Gel mh (55, S 057y crizen el saighode JsS0se 5 O3l
oSl gin ln Jelod by gl igh oo i e () 5 sladsSge 4t 50 g ond S5 slansl 5 9925
i 50 5 0 gl (S jsly (ol el mlans (59, Lnagll 057 o (slilan (IS5 0,57 21N 51 e (65108, ol L
Sgbisn p5 23z Sudib Sl nlplo § 4l Grals Qi sl Jlad mlaw

L1, e o it 5505y (glosed ols lis 0.15NI/ALO; 5 AlO; (gladises gly wiz slaleded o)y

VOIRY 5 VYOY (o iy diged 55 o (lyy i o)l oy i o] ol g ol ools Las 595 51 Jobss (glaosls

0055 1y Ghal3dl e Vo ) Gl 4 e )b st b (85 USRS, bl il 5 1 05 ks

O3 9 955 g Syl g Wl il plgise (JSE g 6518 sluesl] mha ol b il el
Sy oy 2 21958,555 slaasld o ol 5l Shsy0ue (21050,5 55 alen i jay sl sl eolarl

&lw

1. L. F. Brown, “A comparative study of fuels for on-board hydrogen production for fuel-cell-powered automobiles,”
International Journal of Hydrogen Energy, 26, 2001, pp. 381-397.

2. A Srivastav, V. C. Srivastava, “Adsorptive desulfurization by activated alumina,” Journal of Hazardous Materials, 170,
2009, pp.1133-1140.

3. R.T.Yang, Adsorbents: Fundamentals and Applications, John Wiley & Sons, Book, 2003.

4. F. Aparicio, E. Camd, M. Villarroel, N. Escalona and P. Baeza, “Deep desulfurization by adsorption of 4,6-
dimethyldibenzothiophene, study of adsorption on different transition metal oxides and supports,” Journal of the Chilean
Chemical Society, 58, 2013, pp. 2057-2060.

5. R. Neubauer, M. Husmann, C. Weinlaender, N. Kienzl, E. Leitner and C. Hochenauer, “Acid base interaction and its
influence on the adsorption kinetics and selectivity order of aromatic sulfur heterocycles adsorbing on Ag-Al,Os,”
Chemical Engineering Journal, 309, 2017, pp. 840-849.

6. N. A. Khan and S. H. Jhung, “Adsorptive removal and separation of chemicals with metal-organic frameworks:
contribution of 7-complexation,” Journal of Hazardous Material, 325, 2016, pp. 198-213.

7. D.J. Safarik and R. B. Eldridge, Olefin/paraffin separations by reactive absorption: a review,” Industrial & Engineering
Chemistry Research, 37, 1998, pp. 2571-2581.

8. Q. C. YU, S. C. Zhang and Y. Bin, Dispersion of copper oxide supported on y-alumina and its sulfation properties,”
Transactions of Nonferrous Metals Society of China, 21, 2011, pp. 2644-2648.

1. Mechanism

Y



o3l ewbie duxs g 00030 )5 el csle Jedass

9. R. G. Pearson, Hard and soft acids and bases,” Journal of the American Chemical Society, 85, 1963, pp. 3533-3539.

10. B. Li, Y. Duan, D. Luebke and B. Morreale, Advances in CO, capture technology: a patent review,” Applied Energy,
102, 2013, pp. 1439-1447.

11.J. Liao, Y. Zhang, W. Wang, Y. Xie and L. Chang, Preparation of y-Al203 sorbents loaded with metal components and
removal of thiophene from coking benzene,” Adsorption, 18, 2012, pp. 181-187.

12. H. Wu and L. S. Wang, A study of nickel monoxide (NiO), nickel dioxide (ONiO), and Ni (O,) complex by anion
photoelectron spectroscopy,” The Journal of Chemical Physics, 107, 1997, pp. 16-21.

13. K. Sarda, A. Bhandari, K. Pant and S. Jain, Deep desulfurization of diesel fuel by selective adsorption over Ni/Al,O3; and
Ni/ZSM-5 extrudates,” Fuel, 93, 2012, pp. 86-91.

English Abstract

Desulfurizing a model fuel using yAl,O3; and Ni/yAl,O; adsorbents and
determining their corresponding isotherms
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In this work, adsorption of 4,6-dimethyldibenzothiophene (4,6-DMDBT) on Al,O; and Ni/Al,O3 adsorbents
from model diesel fuel (n-hexane-4,6-DMDBT) is investigated in a batch system. At first, the best alumina is
selected from four types of commercial alumina by adsorption process in the batch system, and then to
enhance the adsorption capacity of alumina, its surface is modified with different percentages of nickel using
wetness impregnation method. All adsorption experiments are studied in batch systems and equilibrium data
is obtained after 24 hours in each system. UV-visible spectroscopy is used to determine the adsorption
capacity, and XRD, XRF and nitrogen adsorption-desorption analyses is used to characterize the adsorbents.
The results indicate that the highest adsorption capacity is obtained when 0.15 gram of nickel is loaded on 1
gram of alumina (0.15gr Ni/gr Al,O5). Adsorption equilibrium data is fitted with Langmuir, Freundlich and
Dubinin-Radushkevich isotherms and Langmuir isotherm is found to best describe the adsorption process and
predict maximum adsorption capacity of 1.253 and 15.97 mg/g for Al,O3 and Ni/Al,Os, respectively.

Keywords: Desulfurization, Adsorption, Nickel/Alumina, 4,6-dimethyldibenzothiophene
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