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1. Hdrodesulfurization (HDS)
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Table 1- Materials used for synthesis of zirconia-containing NiMo nanocatalysts supported on red mud by impregnation method

Materials Company
Red mud Catalyst support Jajarm alumina plant (Iran)
Ammonium heptamolybdate ((NH4)sMo0,0,4-4H,0) molybdenum precursor Merck
nickel (1) nitrate hexahydrate (Ni(NO;),(H.0)e) nickel precursor Merck
Zirconium nitrate (ZrO(NO3),.xH,0) Zirconium precursor Merck

NiMo/ZrO;-ARM jww 9,
a8 S VIS 355 o ol el po iz o LS 05 s 00558 5 el g, 42 NIMOIARM (slacenrS a3
Olaasds oals Jlad 50,8 5 INIMO/ARM el JULS s jo oiwn LigS 5 5l Sglaie sloas o (g5l NIMO/ARM ous
bl ags [¥V el sns ol Jraiia b 500 dlis 10 0,8 J5 o3l Jled sy, 05 0 453,500 CandBS &by
Lol ecnlply 0gd dnd oddiosi al Cunbios Jol al> 5o ;0 098 o0 plonil al> o g0 (b oad Jlud 508 5 4l 2
8 o3lisil 390 p3s3gS 5 0uiiS Cugi Sloiey st &5 wpgsisS 5 Sl Jold o Jolore il g, 5 osliz
B 0 0ezge o placl Ceond a5 WS o oy aclsl Sloy U al> o cpl 50 0508 05 oo 0nilis mhaw (59, 0,5 0
Ceelos VY Soe a4y paudsS y5 g oo Jled 50,8 IS (g9l bglsee aslol jo 058 Jol> IS0 (6 s Sl G g 00l s
CondUlS ags Jolds pgo Al o 2058 o0 aindS 00+ °C (glos jo cel ¥ Do 45 Ll 5o 5 00l S 11 2°C slos o
S Ni(NO3)2.6H20 5 (NH2)sM07024.4H20 Jolis o1 sl Jolore oy s zails oy, 4 Coond ol 50 el 55 g0
g oo ol (B Al pe )3 oadangd Al mhae (59, WS (o0 58 eolitul 890 S5 5 e slajluein Olgrea
AdS 00+ °C slos jo celn ¥ o 4y Ll jo 5 00l S 1) 2°C sloo jo el VY o 4y ool oolel ol Joloe

el oo o0ls LV S 0 NIMO/ZIOx-ARM e JUIS ags Jolhe (b, 10505 1065 o0

Xay Diffraction

Feld Emission Scanning Electron Microscopy
Feurier Transform Infrared Spectroscopy
Feurier Transform Infrared Spectroscopy

LS

\A



o3l300,5 (sl 5 015 sospl ol | e

ZrO, precursor

Support ZrO(NO,),.xH,0
ARM 0,5, 10, 15, 17.5 and 20 wt.% as ZrO,
l T
‘ Mixing at 50°C until evaporation of all water
v
‘ Drying for 12 h at 110°C ’
v
‘ Calcination for 4 h at 550°C ’
Ni precursor 7 Mo precursor
Ni(NO,),.6H,0 ) . ) -~ (NH,)¢Mo0,0,,-4H,0
4 Wt.% as NiO Zr-promoted support: ZrO,-ARM Deionized Water 17 Wt.% Moo,
L )
‘ Mixing for 1 h at 50°C
v

A

‘ Mixing for 90 min at 50°C
=I Mixing for 90 min at 50°C

v

‘ Drying for 12 hat 110°C

!

‘Calcination for 4 h at 550°C

Nanocatalyst: NiMo/ZrO,-ARM

Figure 1. Preparation steps of synthesis NiMo/ZrO:-ARM nanocatalysts for hydrodesulfurization process
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— 1,2,3 4 and 5: Cylinder

6 and 7: Pressure Regulator Valve
<, H/N, e Regu v

8 and9: Pressure Indicator

—’i><]4’_> 10 and 11: Needle Valve

12 and 13: None-Return Valve

16 14 and 15: Gas Flowmeter
16: Mixer

17: Thermocouple

18: Temperature Indicator
19: Pomp

20: Feed Container

— 21: Product Container

22: Condenser
23: Gas Chromatography

Products A

GC
RS J Furnace/Reactor

19 20

Figure 2- Experimental setup for catalytic activity test of NiMo/ZrO;-ARM nanocatalysts toward hydrodesulfurization of iso diesel
and light diesel
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Figure 3- XRD patterns of (a) activated red mud and NiMo/ZrO:-ARM with ZrO: loadings of(b) 0 wt.%, (c) 5 wt.%, (d) 10 wt.%, (e)
15 wt.%, (f) 17.5 wt.% and (g) 20 wt.%
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Figure 4- FESEM images of NiMo/ZrO,-Al,Os nanocatalysts with different ZrO:-loadings of (a) 0 wt.% and (b) 10 wt.%
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Table 2- BET surface area of NiMo/ ARM nanocatalysts with different ZrO, loadings

Catalyst Surface area (m?/gr)
NiMo/ZrO,(0%)-ARM 96
NiMo/ Zr0,(5%)-ARM 71
NiMo/ ZrO,(10%)-ARM 59
NiMo/ ZrO,(15%)-ARM 55
NiMo/ Zr0,(17.5%)-ARM 53
NiMo/ Zr0,(17.5%)-ARM 53
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Synthesize of Zirconia-Promoted NiMo Nanocatalyst supported on red mud
via impregnation method used in Hydrodesulfurization of oil cuts
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In recent years, many studies have been done on reusing waste materials like red mud, because it consists of
various oxides like iron oxides, aluminaand silicathat can be used as support for hydrodesulfurization catalysts.
The common hydrodesulfurization catalysts are CoMo/Al203 and NiMo/Al.Os. Addition of secondary
promoter such as zirconia is proposed as a useful solution for increasing catalyst activity and production of
standard fuels. In this paper, NiMo nanocatalyst supported on activated red mud was prepared by impregnation
method containing various amounts of Zr promoter and its catalytic performance was evaluated for
hydrodesulfurization (HDS) process of iso diesel and light diesel in the atmospheric pressure. The red mud
support along with synthesized nanocatalysts were characterized with XRF, XRD, FESEM, BET and FTIR
techniques. Analytical techniques related to NiMo/ZrO.-ARM nanocatalysts characterization revealed that
zirconia addition resulted in uniform dispersion of particles on the support surface and destroying of
agglomerate, an increase in the active phase and a decrease in the formation of Ni spineless. The catalytic
activity of nanocatalysts in the hydrodesulfurization process showed that NiMo/ZrO2-ARM with 10 wt.%
zirconia had the best catalytic activity for iso diesel and 15 wt.% zirconia for light diesel.

Keywords: Red Mud, NiMo/ARM nanocatalyst, Promoter, Zirconia, Hydrodesulfurization.
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