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1. Atmospheric Gas Oil (AGO)
2. Hydrodesulfurization (HDS)
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Table 1- Materials used for synthesis of boron-containing NiMo nanocatalysts supported on red mud by impregnation method
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Materials Company
Red mud Catalyst support Jajarm alumina plant (Iran)
Ammonium heptamolybdate ((NH4)sM07024-4H,0) molybdenum precursor Merck
nickel (I1) nitrate hexahydrate (Ni(NO3),(H20)s) nickel precursor Merck
Boric acid (HsBO3) Boron precursor Merck
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1. X-Ray Diffraction (XRD)

2. X-ray Fluorescence Spectrometers

3. Field Emmision Scanning Electron Microscopy (FESEM)
. Fourier Transform Infrared (FTIR)

. Brunauer, Emmett, and Teller (BET)

. Pratt and Christoverson

. Calcination

. Activated Red Mud (ARM)
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Activation Red Mud
Red Mud Ammonia solution

HCl Solution: 31 wt.%] [ RM | | Deionized Water | NH,0H

'

{ Mixing for 15 min at 50°C J

¥

J Heating from 50 °C to boiling point
LMixing for 45 min at boiling point with reflux

I
{Adding water until the volume totaled 800 ml }7
¥
{Adding ammonia solution until pH=8+0.1 while stirring}
¥
{Mixing for 30 min at 50°CJ

v

Filtration and washing with deionized
water until pH=7 to remove residue chloride ions

3
{Drying for12hat 110°CJ
¥
{ Repeating the mentioned procedure twice J

v

{ Calcination for 2 h at 500°C J
)

{Support activated red mud (ARM)J

Figure 1- Preparation steps of synthesis activated red mud (ARM)
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B precursor

Support H4BO,
ARM 0,0.8, 1.5, 2.3 and 3 wt.% as B,0,4
l J
‘Mixing at 50°C until evaporation of all water
v
Drying for 12 h at 110°C
v
Calcination for 2 h at 500°C
Ni precursor 7 Mo precursor
Ni(NO;),.6H,0 B-promoted support: B-ARM Deionized Water ‘ (NH,)gM0,0,,-4H,0
L l J
‘ 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 h at 110°C

v

Calcination for 4 h at 500°C

!

Nanocatalyst: NiMo/B-ARN{

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

6 and 7: Pressure Regulator
—
\—ﬁ >, Valve

H,/N
j 8 and9: Pressure Indicator
— D] 10 and 11: Needle Valve

13 16 12 and 13: None-Return

Valve

14 and 15: Gas Flowmeter
16: Mixer
17: Thermocouple

li m 18: Temperature Indicator

19: Pomp
20: Feed Container
Lj 2 e 21: Product Container

22: Condenser

Products

23: Gas Chromatography

[ | remperature
Controller

GC T

|

18

T Furnace/Reactor
21

19 20
Figure 3- Experimental setup for catalytic activity test of NiMo/B-ARM nanocatalysts toward hydrodesulfurization and
hydrocracking
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Conversion (%) — (sulfur in feed)—(sulfur in product) % 100 (\ )

(sulfur in feed)

1. Flame lonization Detector (FID)
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Table 2- Composition of red mud and activated red mud
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Composition RM (wt.%) ARM (wt.%)
SiO, 13.17 13.97
Al,04 11.64 20.48
Fe,03 32.69 42.69
TiO, 4.92 10.61
Ca0 20.09 6.68
Na,0 3.90 0.23
MgO 1.0 0.91
K0 0.80 0.20
MnO 0.06 0.09
P,0s 0.10 0.13
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Figure 3- XRD patterns of (a) red mud, (b) activated red mud
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Figure 4- FESEM images of (a) red mud and (b) activated red mud.
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Figure 8- XRD patterns of (a) activated red mud and NiMo/B-ARM with B loadings of(b) 0 wt.%, (c) 0.7 wt.%, (d) 1.5 wt.%, (e) 2.3
wt.% and (f) 3 wt.%
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Table 3- BET surface area of NiMo/ ARM nanocatalysts with different B loadings
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NiMo/B(0%)-ARM 72
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NiMo/B(1.5%)-ARM 63
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NiMo/B(3%)-ARM 56
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Figure 10- FTIR spectra of NiMo/B-ARM nanocatalysts with different B-loadings: (a) 0 wt.%, (b) 0.7 wt.% (c) 1.5 wt.%, (d) 2.3
wt.% and (e) 3 wt.%
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Table 4- Properties of obtained liquid products and amount of gas produced in hydrocracking process.
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Catalyst Viscosity (mm?s, 40 °C) Flash Point (°C) Gas (wt.%)
Feed 2.01 49 -

Blank Test 1.7034 55 30
NiMo/B(0%)-ARM 1.9211 57 26
NiMo/B(0.8%)-ARM 1.6930 58 245
NiMo/B(1.5%)-ARM 1.5955 56 24
NiMo/B(2.3%)-ARM 1.5115 58 24,12
NiMo/B(3%)-ARM 1.4353 56 23
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Figure 11- Effect of boron loading on catalytic performance of NiMo/B-ARM toward Hydrocracking process
NiMO/B-ARM Cowd G1S CKouST,5 g youd cadlad (95 592 0uisS Cu gl ludio p3T 1Y S8

Ol 325980 g0 (699 juud il 13 50 vl Juw (LUl o Sdos (b,
Aad e S Slygs 5l 5,555 B )0 | oaddngs sl sl cullad (5o, yo ooiS Cusis il b VY S
Sl gy LoIA e 4 yer 00Tl lime ialidl b a8 el )l saimsylis iUl codled 4y by e gl
ibse Gl 55 0,565 Jlade g ealS gl iy Hlade (I L Qe g wbioe 2 2l Jpaze ;0 0,55
o2 9 913 Cennd (pg3 g9 Jd 51 JoSi) Sl (ygumilijgjoun )08 (Al 4 Gl oo o ) CenncBlS dlad ]38l
Gl 0508 o158l el sailu, Slil 4 Sladsd aS aieS led e 0938 Sy cal JBIST sonl a8 ialisl a
Bl oo Dlyd Hasasgls el Olyd ojlail ol iy e 9 09l oo ol Jld e 4 Canl B alh dxies Sl
D9 a8lol Bl 4 digs (lime G A a0 Sl g0 40

Ozl ysilg (639,900 wile (Sigy0ee abal o STy plml ln il Gl S8 lacend o a5 WS les
95t NS Egg ol I3 b i Wl 033l 00 (e b 38 £55 5 Skl ol ey gl (s3by Juls 4
355 sm bS5, Lablne VS 053 e L3l il s s 590 45 Sloj S0 S ion RIS o525
Ni-MO- Jlad 56 S5 )3 (s i S8 slapsl amii ;s g a8 (o0 s pT ol il LSl (950 0 JSs slagsl 39,9 51 &5
haws 595 52 Bdlre 4 Gl el o9z @ b izmes 9o JUed 5B e (tal3E el Culeye g S 0 25,5 0
545 g5 gy b b LS5 Lol amatiys 5 whioo Gl a5 pandse ol G ey e dUS aly
Pl (o S b GBS (grmslantlons ciaizman cly o SRl el o035 (g it Sy gy b
2ol 8 i JBlS Collad o 59,0 Uil (ise slaanlp (NIFMO-0) b 56 olia (il L g os

O3l 98l 639,968 al B (b oy Jpaze daCan B 035l fal B Ll Gl (gelin slgm g0 000 L

Y



030500, (aly 9 015 contl ol e

Sl 10 00,8 sla Sogll Jdoas i Lo dllis dedde Ceond 10 a5 4isS et el (5505l 9,555 e (g9l
Ol @og Slaal on e Sl SAl 05 Gl ol g el GladSgn adg nugi ey by ablbannss
P s oseliysilymsonien ail 55 5Vl Sollad b slacadblS (o e b elibsy end oty
Codlid gy il b cenlales] ) 0aiSunl b a5 aisSolen nlpln il Cuils onl Cule, Sz g0 sets
ol &S o il pe ralS canldBS cdlad ags polie 5 i e Gali8l L Ll sl o ial38l el JUIST o5 568
DS g 0 S Aol e Sl e Jule S plsreas (b w2015 45 555 oo SRl lsiise 1y

LOY AVl 00,5 ade (s 5B SuiST 5 @595 5 soum! Cools 350 aiile

2000 ~

1820
1800
1600 A
1400
1200
1200 A 1100
€ ]
5 1000 810
2 500 738
P 630
600 -
400
200
0 A . . . . .
feed 0 0.8 15 23 3

B (wt.%0)
Figure 12- Effect of boron loading on catalytic performance of NiMo/B-ARM toward Hydrodesulfurization process
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English Abstract

Investigation of the Effect of Boron Promoter on Structural Properties of
NiMo Nanocatalyst supported on Red Mud synthesized by Impregnation
Method for Hydrocracking and Hydrodesulfurization of Oil Cuts
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In this paper, NiMo nanocatalysts supported on waste material red mud with various amounts of boron
promoter were synthesized via impregnation method and their catalytic activity were tested in
hydrodesulfurization and hydrocracking processes. The prepared nanocatalysts were characterized using
XRD, XRF, FESEM, BET and FTIR analysis. The results obtained by the analysis related to activation red
mud confirmed that activation process significantly decreases amounts of Ca and Na in the red mud and
increases its specific surface area. FESEM images comfirmed the formation of nanoparticles with an average
particle size of 18.45 nm. Techniques employed in NiMo/B-ARM nanocatalysts characterization revealed
that boron addition resulted in uniform dispersion of particles on the support surface, an increase in active
phase and a decrese in the formation of Ni spineles. Catalytic activity of nanocatalysts in the hydrocracking
process showed that with addition of boron, liquide products obtained in the process contained higher
amounts of kerosene and gasoline and lower amounts of heavy cuts. In addition, hydodesulfurization
performance measurments showed that NiMo/B-ARM with 0.8 wt.% boron had the best catalytic activity.

Keywords: NiMo nanocatalyst, Red Mud, Boron, Hydrocracking, Hydrodesulfurization
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