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! Adsorptive denitrogenation
2 Metal-organic frameworks
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Figure 1- XRD patterns of synthesized materials.
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Figure 2- FT-IR spectrum for the synthesized materials.
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Figure 3- Nitrogen adsorption-desorption isotherms
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Table 1- Specific surface analysis for UiO-66 and Fe;O4/TiO,/UiO-66.

Sample Seet Mean pore Vm rp (Nnm) Total pore volume
(m?g) diameter (nm) (cm*(STP)/g) (cm®lg)
UiO-66 (Zr) 820.29 1.7834 188.47 1.26 0.3657
Fe;04/TiO,/UiO-66 138.99 5.81 31.933 221 0.2022
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Figure 4- The effect of process time on the removal of quinoline. 0.005 g adsorbent, 5 ml solution (200 ppm), and temperature of
25°C.
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Figure 5- The effect of process temperature on the removal of quinoline, 0.005 g adsorbent, 5 ml solution (200 ppm), and 360 min
process time.

T B e 4B Y5+ g (Yer PPM) Jolxa il sln B codler o5 4448 sl B (59 52 k] b (slos 1~ S

2123059 58 9T 3 (595 » SOl ludia i1

sl Jlb slag, 5o slass Lial33l s 4 yal ol a5 aib oo il 33l Odls jlade (il b oo wda cudlas o S b
O3l 599 0399 me 0 FE304/TIOUIO-66 o agl UiO-66 Ll laie 51 & IS [00] cal oxdaw Lo (sl oais
Oilidl a s 08 o dlpaioy a5 e oo lid | delS B> (59, p Jolme ] Lo O Sl p, S /N B e/ e YO
Syl an o) gl Q3 65 Lo Ve aiejls SJal UIO-66 .aws co iuli8l 1) olo)5e s cudlad (o3l laas
e 4 Gl e il b e wde cudlad 58l auS Bie 1) S odle a5 5 a5 e VY B ol
[00] conl Jud il cxbaw Gdz g GiaSon p slp Jled slay Ko (6 i polie (o (w yiawd

Y



S ol5 SBT ule (5 loale 51 ol bl (g loele yual

250

200 | /‘/‘
5 150 A //’__’
(o))
E
5 100 + —e—Ui0-66

—a— Fe304/Ti02@Ui0-66
50 -
O T T T T
0 2.5 5 7.5 10 12.5

Catalyst dose (mg)

Figure 6- The effect of the amount of adsorbent on the removal of quinoline, 5 ml solution (200 ppm), and 360 min of process time
at25°C.
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Figure 7- The effect of the initial concentration of quinoline adsorbed in fuel on the removal of quinoline (0.005 g adsorbent, 5 ml
solution (200 ppm), and temperature of 25 °C.)
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Figure 8- (a) Adsorption isotherms, (b) Langmuir plots, (c) Freundlich plot, and (d) separation factor over UiO-66 and
Fes04/TiO,/UiO-66.
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Table 2- Langmuir and Freundlich isotherm parameters for UiO-66 and Fe;04/TiO,/UiO-66 samples

Model Model parameters Ui0-66 (Zr) Fe;04/TiO,/UiO-66
Langmuir Ky (L/mg) 0.0087 0.0163
Jm (Mmg/g) 238.095 243.9024
Ry 0.24-0.69 0.15-0.55
R’ 0.986 0.990
Freundlich K (mg/g) 11.098 24.69
N 2.059 2.66
R? 0.9556 0.8707
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Table 3- Comparison of the adsorption of various UiO-66 metal-organic frameworks for the removal of different nitrogen
compounds with the present study

Adsorbent BET surface area NCCs Maximum adsorption Reference
(m*g™h) capacity (mg.g?)

Ui0-66-COOH 506 QUI 170 [19]
Ui0-66-NH, 306 QUI 122 [25]
Ui0-66-NH;" 742 QUI 218

Ui0-66-COOH (30%) 791 QUI 138
Ui0-66-COONa (30%) 671 QUI 99
Ui0-66-OH 804 QUI 156
Ui0-66-(0OH), 726 QUI 198
Ui0-66-SO;H (18%) 892 QUI 128
OC-ED-A-M101 1356 QUI 588 [33]
Cu,0 (10)/MDC-K 2023 QUI 454 [37]
NH,-MIL-125@250 °C 941 QuI 251 [29]
Fe;04/TiOy/Ui0-66 138.99 QUI 243.9 Current study
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Figure 9- Pseudo-first-order kinetic model for surface adsorption of quinoline on UiO-66 and Fe;O,/TiO,UiO-66
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Figure 10- Pseudo-second-order kinetic model for adsorption of quinoline on UiO-66 and Fe;04/TiO,UiO-66
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Table 4- Kinetic parameters for the adsorption process of differenet samples

Cilises GO (yg0lpy xbw Cd w8 Gl (St b yiolyl -F Jguo

Sample Quasi second order Quasi first order
R? e (cal)) K, R? e (cal) K,
(mg S/g) (g/mg.min) (mg S/g) (min™)
UiO0-66 (Zr) 0.9999 156.25 3.457E-04 0.8648 51.28 0.0036848
Fe;04/TiO,/UiO-66 | 0.9997 181.81 4.175E-04 0.8836 64.61 0.0048363
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Nitrogenous compounds should be removed from fuel due to their negative effects on the environment and
catalyst stability. In this research, titanium dioxide and magnetite were added to the UiO-66 metal-organic
framework, and the Fe;0,/TiO,/UiO-66 composite was used to denitrogenation of the model fuel. The
synthesized metal-organic framework and composite were analyzed by XRD, FTIR and BET methods.
Characterization analyzes showed that titanium dioxide and magnetite were well incorporated into UiO-66.
The adsorption results showed that the Fe;0,/TiO,/UiO-66 composite removes 200 ppm of quinoline in six
hours, with 0.005 g adsorbent in 5 ml of n- heptane fuel containing quinoline at a temperature of 25 °C at 201
mg.g! of adsorbent. According to the values of the squared errors (R?), the degree of conformity of the
experimental results with the Langmuir adsorption isotherm model was suitable. The results showed that the
pseudo-second order model is more suitable for describing the kinetics. Also, the presented new adsorption
system can be considered as an alternative method for fuel refining, which has a very efficient and
environmentally friendly performance.

Keywords: Metal-organic frameworks, UiO-66, Denitrogenation, Titanium dioxide, Magnetite.
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