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1. Auto thermal

2. Dry Reforming of Methane (DRM)
3. Reverse Water — Gas Shift Reaction
(RWGSR)

4. Methane Decomposition Reaction
5. Boudouard Reaction
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1. X-ray Diffraction (XRD)

2. BET analysis

3. FESEM

4. Gas Hourly Space Velocity (GHSV)

FENTIUER

Vg el g Jlad 5L i oolie e
ol 00 ool oyl

(S Sodised ol g Jd 51 s polie ) Jgoo

AIMgE cows | Ni/Co s Can LS oL
— _— Ni/ALO,
— 5 Ni-Co/AlLO,
o — Ni/AL,O,-MgO
N N Ni-Co/ALO,-MgO
S v Ni-Co/AlLO,-MgO

S Sladiged Cluoguas (s
i sladiged Jly 5 L a4 llas 61—
el 0o aloul Y SOl an il 3l 5 JGT 5l oo
slooyi> (A o> g ogate mhw Sl
Sygme | Gia s &0 5 iz Ul b sl Laaisas
Ladisel g $59d58)50 iz Sl g <85
55 Sacn 3l 00l Ly (6,15 s pguas 5T 5

RNV PRI U DR CH WA AP S PICL |

sl 5 (b (U 5,500,557, 5l 3o (0l 5o
oolaul é‘)‘) ol iils cnJbls oLf_....al.o)T O e
ous ozl Lo JUIS ¢, S « 855 0 0¥gd e
2 0 aS SO e oY d sl amans SO g adl
O Sl 00 éL?u‘ S’L_W.Jl)ls w_wy U‘ Commw 90
S8 gl O gm0 4 0ad 03 JUlS A s 4o

Cmgzy 5o T 5,See,955T,) (S SISl 0,5 o
sl 00 00l ul_.....' <

A JUl5 9,500 Y7 slls ool 03 JUS a0 , »
Jddcsl g yan - bmm g Y mm Gos 5 5,
O s i i (55, VIS iy
8 Gl Jsloma 0359 5 00 (o35 o0loas Sals
e dy (gl gl gl el Cmd o il 48 )5
S0l asS m o L5 el sois s0ls ,, 8 ) ¢ min

L ‘5_.’. Ay e ”ll.’;lf)oa_;. L._.J $9)

7

Archive of SID.ir



Archive of SID.ir

Bl o 5 5o Loy

00958l Lo a S cl ot io Lo logad aslin
0d—iS gl Glgie ay CILS g a ST v e
SO | | L PE EOWIDUE. < VRN PRGN ]| g = O
a2 oo lid 0 an Y INI/Co comns s Ly JLsd
Ol o Jlsd 58 Lslw o e LS pals Ly as
a5 03,5 Jlad L8 (Swigd (s ol (233

g Jlsd jLd a Lascaiss

¢_J)s 6_19 4, MgALO, J.:.:.;_.,:l)'lé R -
Cple ;0 ;i Lo il oo 5 gl
..>._,u'|).9 Je—b o, Q] P [ CPCIIWN |{ Lg VE VW
Gl 55 S a8 (60 ()8 5 oy 35
Sl L saBlS (59, o) S g iz 5 o

DS o Dy i S (L

e S BB (gl

Wloy g s

S U (S 528 Olasudo (s
Slptiges (Sl s ool aail il 5 U el
ol oo ooy Lz VS S s ea i g
JCPDS 01-073- 5 Jusbial b ozl Loy
S0 FYIFO XYY | Llie la aygly ;o (1519
ST i 8 sl LS55 VA/SS 5 VS
ST Iy 5 s s o it |y S
Sy 5o 00 a o slaSy Ly 5 oS
FOIYC 5 0% FF/A° XFP/A° XYY 4/+° asl i
5,5 Eiyllas JCPDS 01-076-1802 o skl 5L
5 ksl ek MEALO, sl Jby 5 sl
XYY XA/F0 NAIYe sLlgs ,s JCPD 00-001-1157
sl .cwl oui caalie FEIVO g £4/+° SO/Y°
SYIE Y0 V)0 clpaggly po o0 ek _in
ST iy 5 sl LS5 55 VAV 5 YE/A®
L3I JCPDS 01-077-2364 5 it 5 |, oy e
S s

Ni/ALO;

Ni-Co/ALO,
Ni/Co= 5

Ni/Al,05-MgO
AUMg=5

Mo

Sy G

Ni-Co/Al,03-MgO
Ni/Co=5 , AVMg=5 | |

Ni-Co/ALO,;-MgO

Ni/Co=3 , AUMg=5_ |

MgALO, (JCPDS: 00-001-1157)

Y. . o

|
TTTTTTTTT |||I|HHMI|IIHII.HIHlHliIllIH[H‘IHIII\H‘IIIIHIH TTTTTTTTT
B S Ve A q.

ks NVALO, (655 locansBlS (gl (oSel antl il 56T Y JSCi

Archive of SID.ir



Archive of SID.ir

YV-F8 azmio VP LT 5 ye0 IV 6ylecis ;&_"j;}
L4

L5 oot el LS o508l 4 el dly ool
ol s i B3 Gz g5 8 el S
JESNIC PR SR RIS TN g MW LES BN
NI/ALO, oIS 4y by o, yslas awylin Ly
Ll AUME S L Ni-Co/ALO, e JBIS
A a8 T o e (50958l A ST 05l o cal i O
I ESPUPE AR USRI PN SRS PR AR FES B
doan ol palaSog sa S gh g, by
R PRSP SN PRI S P
il e

a—al s Jlsd jldoamscaem sl esla ol ;S
y—glay o dec U LSl w0 lajer &ygo
Ni/ s L Ni-Co/ALO,-MgO cudBlS s by 1o
Ni-Co/ALO,-MgO ¢ JBIS 5 & Ly =l Al/Mg 5 Co
JB O Ly s AMg 5 Y L s Ni/Co s Ly
A o 5 MBS aigS o los el ounliie
o5 el CndBlS anly 4 anST o ute (0953
Ly Ll Jial Jds ay Laoyim s fass
Sg—is g0 0ddlin 8 b 5100, F o o juie D)3
B Ly o oST LS o581 Ly 4
2l i gy es, S i g L
LS o il ol e sl ie e
4S5 05 rge Sl LSl o IS
5 90,5 S, CewJlls xla
)50 e A (D oslal @ s (SIS

1y Sl (6ol

FENTIUER

5=l e s slpdisad o5y s (ren 5l
sl 48 513 ooliil 8590 (339 @80 9 i
gl sl Glate s ooliiul 550 sliedl LS
e 50938 Lo o jlo MYF mYg Uy ol —ogase
gl 4 oa 1S Cngl Yl 4 0S|
GealS ol oy o0 YYIF mYg 4 4l os—ate
oo D)3 a S Cl ol clde 4 pgate maw
J ) o 5 o0l ity |, Lol e 5]
T a8 e Jlil ]y e 8
S Sl B sl pg—ate o (e
U1 el 0 ol Lt ¥ IS s sad
SIS VYIOA Mg Ly 1l —ogais o NI/ALO,
S st Gly—ie dmy aST it g S ILS (0558
p—ate g pKe it ialS cozge ca S
bl Jds ay ol ol aS 58 e lnee JUIS
B8 sl gy 5y L5 e 5 sl
Y oau 0 INI/Co comid jmodd L c(pizmon 0l oo

GL:_MJ u.\_...: od.al_wj.’ J_,.Jo 4 ULES.;‘ d_)LhA s

ol oo Co Ly Lndiges

P59 See Sl skl Ly g )loympsal mal
TS s i sladiged sl (g (9 S
VIS 4y g oy gus 5 el 00 00l i
9838 36 d Uy ol Ni/Co s Ly Ni-Co/ALO,
Ssp—ion JLosb 5L oo S o sl (ly—e 4y oIS

% “
- 1L
= =3
A o E S "

z L -

< = f

_ S < L
B ve = - =< =
A 3 Il - =
g 3 > i <
~ o = =3 P
‘5) Ve o Z = < I
=) z S

. = =3 Z
o O'm = =)

5 z S =
v 5. z 3 S
3 S <
] z S
3 60 - =
. ] H m=

CondBlS pb

Ol NVALO, (555 sbaienndblS ogass mlans (5 ,u5o3lil ¥ JSis

Archive of SID.ir



Archive of SID.ir

)‘S-w 9 S, Lo juuw

Lo H/CO o 45 090 0 ot _ino (y—imen
5 LS ke 4 45 a3 Lo il
sloles ;oS o olacde o sl oo ol d og
A Sgdiee po b Lo cn JBIS e dled YL

ol Jolss cdl an as Soop ale

Y ()
. eI
3
a8
) mCatl
;;3 e Cat2
A mCat3
7&.. See S0e Yoo YO+ Ao
(°C) Lo
\
(@)
2 A"
9
ﬂ‘,) . |& A mCatl
j: Cat2
ES AR mCat3
A
Be) ./",
’ 7(5.. See S0 Yoo YO+ Moo
(°C) Les
\
~ @
y tIA
§ I8
(@)
QN /f —Cat 1
s Y- Cat2
——Cat3
Do ‘ o ‘f«a. ' Voo ‘ Y- ‘ Ao ‘
(°C) Lo

Gy Sl JUS o Sl 25,1 & S
Ni/ALO,-MgO (Cat 3) g Ni/ALO, (Cat 1) Ni-Co/ALO, (Cat 2)
HY/CO comis iz 59,00 233k 1o ol Joaus ical

Sl ol yer soliiwl ;36 (o) @l 7 S8 o
Ll oals ools lid anly 9 Jlad 5L slacggas
Ol 95 SlosS g Gy Salinoge i ay azrgs
s Gial38 Joss ao s oliee Lo iyl Ly
(Jols an o SGop Jdoan A °C slas jo
Do oo s o 5 speliin L8 lae L JULS
Ni/Co =0 s Ly Ni-Co/ALO,-MgO & JllS
L (g3 Sl sy ol (YL e
algie 45 e oo ol 093 5INi/Co =Y o

sl g ol (555850 Sl 4y

e S BB (gl

NiACO/z“\lz OJ

=5

5, AN

Q
iﬂ
=
o
@)
=
;4:
=
Z
Z
=
!
&
()
2
=

3, AMg=5' Ni/Co

Ni-Co/AlL, O3 -l\IgO

Ni/Co

Ok NVALO, (6 5w slaan IS FESEM 5JUT F sl

-

S 3w SBCadU 3,80 (b)) sBCwd
lmialoj] el 0ads o)Ll 3 a5 5 blan
A +oC les o3 s e JBIS o Jled )
oldd Sy g ) =CH/CO, S35 comni Ly g O+
gl ;b .ol sai alssl YE Ligh Ly ol 58
b JSii e N/ALO, Bl 5, Shos (55, LivoaisS
00953 45 85— o oamliin .l oui ools lis
PRGN PRGN | L g b= BV WP DE DN VWA
Sy5me il A5 9 1S Cnn Bl Cdled 51 ol
093580 1 g0 Bl 85 g mla AalS s 4
> Ghals o izmes W Bbse e S S
 CadUS e (sLmo o

g0 ml = 5
ELS 53958l K33 (s 5 amled oo ab 1,
Sl 35 g Saely (JLsd oS s (s 4
NI EadBS 5, Shas auglio L 09— oo cnndBLS
=l AUMg Ems L Ni-Co/ALO, EnJBIS 5 ALO,
00 S Caygis 40938l 4 el oad odaline B L
S5t g0 il slales jo cl JUS Al 4

Archive of SID.ir



Archive of SID.ir

+? 2 &
Y=Y axio  VFe) LT AV o lois (2 2 ik g Allito
Ml 3 7 AT las 2B s

S Y
S 5 e ”

ol e Hed J ol e Jls Ni/Co e JUlS "M

Lol o o b 095 51 oyliie Seid Sie iy j) s mcat1

sl il 5l S5l Jodo jo ad Jlsd, e % i 5 Cat4

bl lae ay oIS 5l eolaiwl oil o ™ mCat5

PUNSUEOIN VWA 1 I P SV LN E SV Sy | EPY- - P NE S0 3 ]

ol 5 lad 35y sl Jlad 5L s sl dre Fre PO Ve VA A

©C) Lo

5 oleged soli ol o wimmen 08, 5 o )] o
S 5, Sae a9 Jlad 58 lamoaisS ey gy (@)

Sguder (§ ooz 5o 4y Ni-Co/ALO,-MgO (s 5w

>
el
9
J_Jod._au‘s_ac’_.o‘) )—A‘ u_ald._fo._Su_a L)_a.a 6‘3 1 nCat1
deS1 53l g s i3l 2ol o e LS 36 ﬁa " acatt
- il & ll.;lf (r’)‘)'> . 5L5.A 2 o e 3 y mCat5
na
P18 g S T B Ber SBe Yoo YO+ Ae-
[, olX_zils 5 il Y : 5 ; (et
S RIS Sl ARl 53 99— = OF s Ni/ (Cat 1) s5mm sb condllS s Shoe b3, & JSib
S e s e gle cslos Jds ay olisle,S NI/ =0 woys oo 5 L Ni=Co/ALO,-MgO (Cat4) 5 ALO,
. - . < . . L Ni-Co/ALO,-MgO (Cat 5) ceulJUlS 4 Ni/Co =0 4Co
AP U DAONI- L A P PG | Sols | : 23 g
e e Ni/Co =Y'5 Ni/Co = wo s oo 5
iled (il a3 O3 233k 1o e Jroud il

Feed it
T

J

S i sl U gl s lanly ui,{bjT S ]

aS Coul ol oo ools iles VO ISTS jo 58
sl IS a5 (i STy plosl Ve A min 5l o

alesls s g3 5l g, Il cdled oulh c e
> Ssslin 55, w0 ete ;S 1 opdle
s o JBS w59 58,90 2o (LIS
| - &35 2=l Ha—b 0o S g o JLS jea> I Js
Gsould m} m 18 CndBS g lansly g5y @il il L3 ojlass]

Micro channel

—e—Cat1l

,/ﬂi ,_,.——-\._‘__‘/.——a—n.\.ﬂ Cat4

h*/‘\‘-*—k‘_\’\‘ —4&—Cat 5

AN e ‘5‘ J'\_\“

(min) STy slxil ¢yl

Cat 1) Ni/ALO,) (s jimw o bl o lul cus ¥ JSCh
=0 ¢ Ni/Co =0 oo, o5 ;5 L Ni-Co/ALO,-MgO (Cat 4) 4
Qoo oS 5 L Ni-Co/ALO,-MgO (Cat 5) e JUlS 9 Ni/Co
Ni/Co =Y 4 Ni/Co =0

IV ] solital o )90 553519 ,500 (IS (slos Gl Conngy S

1CO

/CO [Soeves)

H

/A

Archive of SID.ir



Archive of SID.ir

&l
[1]. Bhattar S, Abedin M A, Kanitkar S, Spivey J J (2020) A review on dry reforming of methane over perovskite
derived catalysts, Catalysis Today, 365, 2-23.
[2]. Jurkovi¢ D L, Liu J L, Pohar A, Likozar B (2021) Methane dry reforming over Ni/Al O, catalyst in spark
plasma reactor: linking computational fluid dynamics (CFD) with reaction kinetic modelling, Catalysis Today
36: 11-21.
[3]. Shi X, Zhang X, Wang F, Yang L, Dong Y, Shuai Y (2021) Thermochemical analysis of dry methane reform-
ing hydrogen production in biomimetic venous ierarchical porous structure solar reactor for improving energy
storage, International Journal Of Hydrogen Energy, 46: 7733-7744.
[4]. Carapellucci R, Giordano L (2020) Steam, dry and auto thermal methane re forming for hydrogen produc-
tion: A thermodynamic equilibrium analysis, Journal of Power Sources, 469: 228-391.
[5]. Ma Q, Guo L, Fang Y, Li H, Zhang J, Zhao T S, Tsubaki N (2019) Combined methane dry reforming and
methane partial oxidization forsyngas production over high dispersion Ni based mesoporous catalyst, Fuel Pro-
cessing Technology, 188: 98—104.
[6]. Pérez ] M M, Carlos J Lucio-Ortiz, Javier R de la R, Carolina S M, David A. De H Del Rio, Ladislao San-
doval-Rangel, M. A. Garza-Navarro, Daniela X. M-V, and Francisco ] M-L (2021) Dry reforming of methane for
hydrogen production using bimetallic catalysts of pt-fe supported on y-alumina, The Journal of Chemistry Select,
45:12685-12695.
[7]. Wei Q, Yang G, Gao X, Yamane N, Zhang P, Liu G, Tsubaki N (2017) Ni/Silicalite-1 coating being coated on
SiC foam: A tailor-made monolith catalyst for syngas production using a combined methane reforming process,
Chemical Engineering Journal, 327: 465-473.
[8]. Dou J, Zhang R, Hao X, Bao Z, Wu T, Wang B, Yu F (2019) Sandwiched SiO,@Ni@ZrO, as a coke resistant
nanocatalyst for dryreforming of methane, Applied Catalysis B: Environmental, 254: 612-623.
[9]. Li L, Chen J, Zhang Q, Yang Z, Sun Y, Zou G (2020) Methane dry reforming over activated carbon supported
Ni-catalysts prepared by solid phase synthesis, Journal of Cleaner Production, 274: 122-126.
[10]. Bawornruttanaboonya K, Devahastin S, Mujumdar A S, Laosiripojana N (2018) Comparative evaluation
of auto thermal reforming of biogas into synthesis gas over bimetallic Ni-Re/Al O, catalyst in fixed-bed and
coated-wall micro reactors: A computational study, International journal of hydrogen energy, 43: 13237-13255.
[11]. Yahyavi S R, Haghighi M, Shafiei S, Abdollahifar M, Rahmani F (2015) Ultrasound-assisted synthesis and
physicochemical characterization of Ni-Co/Al1203-MgONano catalysts enhanced by different amounts of MgO
used for CH,/CO, reforming, Energy Conversion and Management, 97: 273-281.
[12]. Abdollahifar M, Haghighi M, Sharifi M (2015) Dry reforming of methane over nanostructured Co/Y cata-
lyst for hydrogen production: Effect of ultrasound irradiation and Co-loading on catalyst properties and perfor-
mance, Energy Conversion and Management, 103: 1101-1112.
[13]. Estephane J, Aouad S, Hany S, El Khoury B, Gennequin C, El Zakhem H, Abi Aad E (2015) CO, reforming
of methane over Ni-Co/ZSMS5 catalysts, Aging and carbon deposition study, International Journal of Hydrogen
Energy, 40: 9201-9208.
[14]. Jurkovi¢ D L, Liu J L, Pohar A, Likozar B (2020) Methane dry reforming over Ni/AL O, catalyst in spark
plasma reactor: linking computational fluid dynamics (CFD) with reaction kinetic modelling, Catalysis Today,
362, 11-21.
[15]. Horvath A, Németh M, Beck A, Maro6ti B, Safran G, Pantaleo G, La Parola V (2021) Strong impact of in-
dium promoter on Ni/Al,O3 and Ni/CeO,-Al O, catalysts used in dry reforming of methane, Applied Catalysis
A, General, 621: 118-124.
[16]. Neuberg S, Pennemann H, Shanmugam V, Zapf R, Kolb G (2021) Promoting effect of Rh on the activity and
stability of Pt-based methanecombustion catalyst in micro reactors, Catalysis Communications, 149: 106-112.
[17]. Xie T, Zheng HY, Xu K D, Zhang Z'Y, Yang B L, Yu B (2021) High performance Ni-based porous catalyt-
ically activated absorbers andestablishment of kinetic model for complex solar methane dry reformingreaction
system, Chemical Engineering Science, 239: 116-125.
[18]. Wang F, Wang Y, Zhang L, Zhu J, Han B, Fan W, Shi W (2021) Performance enhancement of methane dry
reforming reaction for syngas production over Ir/Ce0.9La0.102-nanorods catalysts, Catalysis Today, 355: 502-511.
[19]. Chen J, Yan L, Song W, Xu D (2017) Methane steam reforming thermally coupled withcatalytic combustion
in catalytic microreactors forhydrogen production, International Journal of Hydrogen Energy 45: 1-17.
[20]. Sangsong S, Phongaksorn M, Tungkamani S, Sornchamni T, Chuvaree R (2015) Dry methane reforming

performance of Ni-based catalyst coated onto stainless steel substrate, Energy Procedia, 79: 137 — 142.
Rezaei R, Moradi G (2018) Study of the performance of dry methane reforming in a microchannel reactor using-
sputtered Ni/Al O, coating on stainless steel, International Journal of Hydrogen Energy, 52: 1-12.

Archive of SID.ir



Archive of SID.ir

Petroleum Research

Petroleum Research, 2022(October-November), Vol. 32, No. 125, 7-11
DOI: 10.22078/PR.2022.4782.3155

Optimization of Ni/AL O, Catalyst for Dry
Methane Reforming Process in Microchannel
Reactor

Seyed Reza Yahyavi and Gholamreza Moradi

Catalyst Laboratory, Faculty of Petroleum and Petrochemical, Razi University, Kermanshah, Iran
gmoradi @razi.ac.ir
DOI: 10.22078/PR.2022.4782.3155

Received: May/16/2022

Introduction

Fossil fuels as the most important energy source in
the world are coming to an end, and replacing a new
energy source is always a major issue for scientists.
On the other hand, solving environmental problems
caused by human activity, including the elimination of
greenhouse gases, has always been a great challenge
[1]. Also, due to the needs of consumer markets, the
conversion of natural gas into a liquid fuel has been
considered by scientists in recent years. The direct
conversion of natural gas to liquid fuel is one of the
processes that has not been complicated due to the
constraints of the industrial process. In addition to
direct conversion, there is an indirect conversion
method in which natural gas is first converted to
synthesis gas (a mixture of hydrogen and carbon
monoxide). And then during reactions such as Fisher
Tropsch, liquid hydrocarbons are produced [2]. There
are various methods for converting natural gas to
synthesis gas, including steam reforming of methane
[3], auto thermal reforming [4], partial oxidation [5],
and methane reforming with carbon dioxide (dry
reforming). Since the H,/CO ratio of 1 in the synthesis
gas mixture used is better for achieving longer chain
length liquid hydrocarbons, dry reforming of methane
can be used to produce the synthesis gas required for
liquefaction processes. Also, due to the removal of
two greenhouse gases, methane and carbon dioxide
during the process and their conversion into valuable
materials, as well as the lack of need for purification
processes, dry methane reforming (DRM) has a special
place. The noble metals as platinum (Pt), ruthenium
(Rh) and rhodium (Ru) [6] show high activity in the
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dry methane reforming process. However, due to their
high price and unavailability, has not been widely
used in industrial process. In contrast, transition
metals such as nickel (Ni) and cobalt (Co) [7] also
show acceptable activity in the process of reforming
methane with carbon dioxide and due to easier access
and lower cost for this process are used. However,
since the dry reforming of methane process is an
endothermic reaction, performing the process at high
temperatures causes carbon deposition on the catalyst
[8,7], sintering [9], and ultimately deactivation of the
catalyst and reduced selectivity. Bimetallic catalysts
due to different chemical properties under the influence
of the synergic effect of two metals can give a chance
to make an active and stable catalyst [11,10]. Cobalt,
platinum, copper, ruthenium and rhodium are metals
whose use as active phase promotors has shown good
results in catalyst performance [12-17]. The addition
of a promotor to the support of the catalyst has also
been widely reported due to changes in the physical
and chemical properties of the support. Addition of
MgO due to high thermal resistance [18], CeO, due
to oxygen delivery to the catalyst [19], ZrO, due to
resistance to carbon deposition [20] to the support
cause stable activity of the catalyst during the process.
In this paper, we will study the synthesis of promoted
nickel catalysts and the effect of use of promotors
in the active phase and support of the synthesized
samples. After determining the physical properties of
the synthesized samples, we will report the evaluation
of the synthesized catalysts performance in wall-
coated microchannel reactors.
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Material and Methods

Catalyst Synthesis Method

The synthesis of the samples, as shown in Figure 1, is
followed by three steps: (1) preparation of the support,
(2) addition of the active phase and (3) catalyst post-
processing.
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Fig. 1 Schematic flow chart for the preparation steps of
impregnation synthesis of Ni-Co/Al,O,-MgO catalyss.

Also, the relative values of the active and support
phases are shown in Table 1.

Table 1 Synthesized catalyst and active phase, support and
promoters amount in the catalyst structure.

Catalyst name Ni/CO Al/Mg
1. Ni/ALO, - -

2. Ni-Co/ALO, 5 -

3. Ni/ALO,-MgO 5

4. Ni-Co/AL0,-MgO 5 5
Ni-Co/Al,0,-MgO .5 3 5

Results and Discussion

The results of X-ray analysis of the synthesized
samples are shown in Figure 2.

Index peaks according to JCPDS standard 01-073-
1519, at corresponding angles show the formation of
NiO crystal structure. The crystal structure of Co,O,
corresponds to the peaks specified in the index angles
according to JCPDS 01-076-1802. The crystal structure

of Mg Al O, spinel according to JCPD standard 00-
001-1157 is observed. The peaks marked at an angle
also prove the formation of MgO crystal structure
according to JCPDS standard 01-077-2364.
Comparing the graphs, it is clear that by adding
magnesium oxide and cobalt as promotors to the
catalyst structure, the crystallinity of the catalyst
structure is improved, which is evident by increasing
the height of the corresponding peaks. Alteration of
the active phase structure by changing the Ni/Co ratio
from 3 to 5 shows that with the reduction of cobalt in
the active phase structure, the amount of crystallinity
decreases and the catalyst tends to become more
amorphous, which it can increase the active phase
dispersion. This is expected to give the reactants better
access to the active phase.

Cat |

Car 2

Catl

Car 4

Cat 5

Fig. 2 XRD patterns of impregnation synthesizedNi-Co/
AlO,-MgO catalysts.

The formation of the MgAl O, spinel phase during
the calcination process can also improve its efficiency
during the process by changing the nature of the
catalytic acidity. Because CO, is an acidic gas, it is
better absorbed and converted to a more alkaline
catalyst.

BET analysis was used to determine the specific
surface area of synthetic samples. The y-AlL O, used
as the base has a specific surface area of 116 m*g. By
adding MgO as a promotor to the support, the specific
surface area of the support is 72.6 m?/g. This decrease
in specific surface area is due to the fact that MgO
particles cover the alumina surface and occupy part
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of the surface pores. Ni/AL O, catalyst has a specific
surface area of 77.58 m?/g. Addition of cobalt and
magnesium oxide as enhancers significantly reduces
the specific surface area of catalysts, which it is due
to the surface occupation as well as the pores of
the catalyst structure. Also, by changing the Ni/Co
ratio from 5 to 3 the specific surface area decreases
significantly, which is due to the fact that the surface of
the samples is covered with Co, as expected.

The first point that is very clear in the general view
of the FESEM images is shown in Figure 3 is that the
scale of the structure of synthesized samples is in scale,
and the structure of synthesized catalysts is proved.

It is clear that the addition of cobalt has caused an
irregularity in the arrangement of surface particles, and

Petroleum Research, 2022(October-November), Vol. 32, No. 125

the surface structure of the catalyst has been affected.

Comparing the images related to catalysts, it is clear
that the addition of MgO to the base structure has
reduced the volume of the surface pores, which it is
due to the occupation of part of the alumina surface by
magnesium oxide. As mentioned earlier, the addition
of magnesium oxide to the catalyst base reduces the
surface area of the pores due to their occupation by
magnesium particles. On the other hand, it is observed
that by adding cobalt oxide to the structure of the
catalyst, the surface structure changes, and the type
of metal arrangement on the surface is different.
Increasing the ratio of Co to Ni in the catalyst structure
causes the particle size at the catalyst surface to
become larger and the uniformity of the particle size
distribution to be disturbed.

Fig. 3 FESEM images of synthesis Ni-Co/Al,0,-MgO catalysts.

Archive of SID.ir



Archive of SID.ir

Petroleum Research, 2022(October-November), Vol. 32, No. 125

The result of the stability test for synthetic catalysts is
also shown in Figure 4.
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Fig. 4 Stability test of synthesis Ni-Co/Al,0,-MgO catalysts
at 800 °C.

It is clear that after 1080 minutes of reaction, the
promoted catalysts showed more stable activity.
In addition to the effect of magnesium oxide on the
thermal resistance of the catalyst, modification of the
catalyst surface morphology due to the presence of
cobalt and expansion of the particle size distribution
function has a great effect on the catalyst stability.

Conclusions

Ni / Co catalysts show acceptable activity in the dry
reforming of methane process, but inactivation during
the process is one of its challenges. The use of cobalt
as an active phase promotor as well as the use of
magnesium oxide to enhance the support, improves its
activity and stabilizes it. Simultaneous use of active
and base phase promotors also dramatically improves
the performance of Ni-Co/ AlLO,-MgO synthetic
catalysts. This can be attributed to the effect of cobalt
in modifying the surface structure and the effect of
magnesium oxide on the thermal resistance of the
catalyst.
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