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Study on Catalytic Performance of Fe-Ni Catalysts Supported on SiO,

for Steam Reforming Reaction of Naphthalene
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Abstract

Fe -Ni, /SiO, catalysts (x = 1, 0.8, 0.6, 0.5, 0.4, 0.2 and 0) were successfully prepared
via microwave-assisted impregnation method. XRD, XRF, SEM and BET measurements ensured
the success of the impregnation of Fe and Ni catalysts on SiO, support. The catalytic activities
of these catalysts were performed toward the steam reforming of naphthalene (as a model

compound) at 700°C for 18 h. The main products from the reactions were H,, CO, CO,, CH, and
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other hydrocarbons. Among all catalysts, Fe, -

Ni, ,/SIO, has shown the highest naphthalene

conversion and H, yield with greater carbon resistance. Furthermore, it was found that the

influence of increasing Fe content tended to reduce the amount of carbon deposition on SiO

surface.
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DuuRadound e (syngas) lasansguIuns
WAasTATY TnouRadoindnananunsatunld
Usslonflunisuannszualniinannwadidemas
Waalnsessudly [2, 3] ogdlsAnunssuIung
wRaailedunelifnnansarnanasslailddesns
Igun thifuiu (tar) Saduamaivhliedosile
Anmadonanin ilesannisgasuuazdnnsould
yhlndutamlunstestizaaiesile [4] andlam
yossiuRuinanlUludnedy 33nsitesld
Tumsaanerinsuiy Ae Tansmeanutewnd Wy
nTEUIUNTARLINOTLIS (steam reforming) [5]

Tutlagtunausasajizeniildsuanuien
Hluuiseafusvlefufovoninsuiu dud neu
lavgiingena Wu wnalalies L5y uagwnanitl
FetiautAnadumisejiseda florgnslda
fiouy saudainnuanisadiuniunsie
AsUpuULALALR uifiTiseniigs Snndu Ae ngu
TavedniAa JeflautAmaduiisajizeninuay
131A19N WATANNALNTIAUNIUNITHAASUDY

VUNURINEN [1, 6]
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nenngulaveinsza vibvingulaneiniia
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Tunsamumunisiinarsusuinvinlisin1sAny
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uAadey ileiusyAvEnmnisdufiseufaten
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TUANSEUMIUNISAAASUBUULR LA TanEn
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semiraudnduiinifaanunsatiedudanisiia
Asvenuu il ﬁﬂﬁgaé’qﬁﬁmgﬂ [7, 8]
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v a
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ilo Dy, AevuIMRUMALRAY (UlULLAT)
Sger AD MUARITUNE (MT9ATHRNTI) wag d,,
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a - o/ ! 13 a
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3.2 namsansziaudatunsdudussfisen
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A13197 1 WURRIT UM (S,) VWIneuNAadY (D, ) IUIAVBITNTU WarUTUINTVBITNIUVDA

BET) BET)

a

aa a1 A v & a a_ avw v & Y =
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e (Sger) (M%) (Dger) (nm) (nm) (cm®/9)
SiO, 140.78 176.11 25.4 0.65
Fe,/SiO, 109.24 226.96 27.7 0.60
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Feo-Nigs/SIO, 117.62 210.80 27.5 0.64
Ni;/SiO, 122.01 203.21 27.3 0.65
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AWl 4 SEM micrographs 484 (n) 8301 wagiseU {300 Fe Ni,_/SIO, : (W) x = 1 () x = 0.8
(1) x= 0.6, Q) x = 0.5, (@) x = 0.4, (%) x = 0.2 wae (@) x = 0 AlFaNMTEIMElEuTTEINAUNG

Junan 2 lus Ngaumgl 800 erwadua



62 AAIMIUFT UN.

50

45

40

35

30

25

20

15

Naphthalene conversion (%)

10

(%) P12 “H

g Naphthalene

conversion (%)

O H, yield (%)

Fe,/SiO,
Feog-Niy »/SiO,
Feo¢-Nig4/SiO,

Without catalyst

Fe5-Niy 5/SiO,

Feg4-Nig¢/SIO,

AN 5 Sezaznsiusan nUaIlunvIdUY (naphthalene conversion (%)) Lag3iosazNanade

uwidlslasiau (H, yield) MnUffsenafusnesuiisvesuunnauigumgi 700 esrwadeaduna

18 339 MaaneNiinagliifseuise

Inginaudfnisidusussufisenduliunnn
$98arNIILUTANINUBILUNNIEY (naphthalene
conversion (%)) falunwdl 5 wud Uiinafesay
nauUsan e auluUfAzeiTnaAu
sussisensicegludisesar 21.2 G fouas
413 FaganUAzenitlifinsidudassufazen
SnmuinsfiudndmveaninluiaisaUfizen
Tuwildurglvdsunasosasnisuusan nues
wurivAudisinntulargefiqaludadau Fe, -
Ni, /SIO, #i¥euay 41.3 Mniuliinudesas
NSWUTANINVRIL NG UIEARAIN U UTU 0

2 2 &
NI13LABLUANNUINVU

91nA1597 2 WU Fe, oNiy /SO, 1
Usinafevaznandnvesuialalnsiauiigeiige
#%oway 30.4 Snvadanuituunltuvesusuna
Sovaznananvouialalasiausiuiuiansueu-
wauonlen wazwianisusulneenloniuulldl
WENUUSHNMSuarNISLUTENINYB L UNNAY
3NANY WAUSUIUSREHANANVBILAATLNU
fuunlfudnnnniumusinanisideveandn
(Sewaz 30.4 fv Seway 38.7)

aaa Y o |

u@ﬂﬂ’mﬂ’]’m’j@ﬂl’m@ﬂﬂgﬂiﬂqLLa’m’JLi

aaa day  a

Ujfisennanesdiiadesnmindniueiunsedniinia

&N v o v a = wa o
ﬁamammqmﬂmmwﬂnmu PIFUUANFIUTD



ns@nsednsnmlunsidudusolfiSoneosasoliisounan-inia
yudhseISUBRMEMSUUSomauSnesudooummmiy 03

vetfnafsnmuasiauseufiselaiiu fo vsina
suBuiAnTuuLfIssUfASeesnasuay
wianflgdlUunaquauiiannudedhlunis
yufisen muumﬂumiuauuum‘uaqmm‘dgmm
Antuduinn azdwmalvdissufisenions
euuszavsamlsiSatu vhliussavsnmuesin

weUfisenandosad [1] Fanan1sinserusunn

ANSUBLULRIVBIRILIIUYATE1NENERINNITAR
Ujfisemuinuiinamsveuuuiisaiise) Fe /
S0, fiAnshitan (10.4 fiadTuasiensu) uagUiina
miﬂammaamiuauuummﬂﬁﬁ%m Ni,/SiO,
mqwqm (14.3 fiadluasion$y) Snviauunves
ASUBUUURIAISIUA AN TIUSIuanamudRaIY

= 2 o a X o =
NSRBUANTILRANLNNTUATIUATIN 2

M50 2 wanUSuNnSosar YR INANAMIILATUSUIMATURUNNTUULAISIULATE1N18WEI190

Ujisenafiuinesuivesuunnduiigumall 700 ssmwadeaduan 18 Falus

o Sovazwandn | USununisnefivesaiveu SovazvninananBuY
Free vodlalasiau | vudssfisen @adluasensn) | CO co, CH, Co
Fe,/SiO, 18.6 10.4 30.5 12.3 41.5 12.9
Feog-Nig2/SiO, 24.9 11.6 32.9 13.9 38.7 | 107
Feg¢-Niga/SIO, 26.4 12.0 35.7 15.6 359 9.6
Feos-Nigs/SiO, 28.3 12.9 37.8 17.2 32.3 8.7
Feoa-Nige/SiO2 30.4 13.7 40.2 19.7 30.9 6.7
Fe,-Nigg/SI02 30.1 13.9 39.4 19.0 30.4 7.3
Ni;/Si0O2 28.4 14.3 38.7 18.6 31.0 7.0

4. d@3Unan1Innang

nsmsendssUfsendnifa-manuu
mseafudanludnsndiusineg (Fe -Ni,_ /SIO, : x
=1,0.8,0.6, 0.5, 0.4, 0.2 4az 0) MILNTTUIUNTT
Butu Insandelulasindigluninseaneives
a15i30 wuinduistensolivioudisejizen

TaazaIngInsa wazvinlminnszanesvedans

Eld

ufseesulas uenantunsasI iy

9
Iumumﬂﬂmﬂwwwm Anvessaufnfs 8N

&

L@iEJlIVLWLI?JU”IWLaﬂ LLa%Mﬂ’]’]ﬂJLUULU@LﬂB’JﬂuEﬂ\‘I

Feiuselosilunisihlulddudnssufisenlu

NSTUIUNTARLSNO SN svo UMY Ingnui
FussUfAzeiliuzunasesaznisuusanin
Yo UNMIAULaESosaznananvadlalasiau
figaiian (Fevas 41.3 wavdovar 30.4 muddv)
fia Fe, -Ni, /S0, warasulainlavginiiailauds
Tumsfufissuizeniia wianuaunsoluns
Frumunsiiniuesansueuiinn lnenisdewdn
TudSunaiimunyauazdievihminidusdasy
FusauFAzen demaliduuliuoiiayiunm
SovaznsuUsaN v sLUNAULaY USSR UAL
nawanvdlslasiou Sniddisanusunansiesh

o o./

YaIAsUBUUUAILIIU AT a1l A



64 AAIMIUFT UN.

5. 1@N&E15914999
PN~y

[1] Guoging G, Malinee K, Xiaogang H and
Abuliti A (2016). Catalytic steam reforming of
biomass tar: prospects and challenges. Renewable
and Sustainable Energy Reviews, 58: 450-461.

[2] JunHand Heejoon K(2008). The reduction
and control technology of tar during biomass
gasification/pyrolysis: An overview. Renewable
and Sustainable Energy Reviews, 12: 397-416.

[3] Takeshi F and Atsushi T (2005).
Comparisonof Co/MgO and Ni/MgO catalysts
for the steam gasification. Applied Catalysts
A: General, 278: 207-212.

[4] Ritwik M, Sudip G and Sudipta D (2013).
Cracking of tar by steam reforming and hydrogen.
biomass conversion and biorefinery, 3: 103-111.

[5] Supawat V, Daranee R and Suttichi A
(2014). Removal of tar from biomass gasification
process by steam reforming over nickel catalysts.
CHEMICAL ENGINEERING TRANSACTIONS, 37:
205-210.

[6] Gunung O, Seo Y P, Myung W S, Yong KK
and Ho W R (2016). Ni/Ru-Mn/AL,O, catalysts for
steam reforming of toluene as model biomass
tar. Renewable Energy, 86: 841-847.

[7] Doon HH, Roosse L, Jong HH and Jung
M S (2016). The effect of addition of Ca, Kand

Mn over Ni-based catalyst on steam reforming

of toluene as model tar compound. Catalysis
Today, 265: 95-102.

[8] SongH, Limo H, Yi W, Sheng S, Long J,
Qindong C, Qicong L, Huanyong C, Jun X and
Lushi S (2016). Effects of oxygen species from
Fe addition on promoting steam reforming of
toluene over Fe-Ni/AL,O, catalysts. Hydrogen
Energy, 58: 1-9.

[9] Mario M, Jean B, Mymriam D S, Benjamin
K'H and Bernard D (1984). Influence of metal-
support interactions on the stability of Ni/
SiO, catalysts during cyclic oxidation-reduction
treatments. Chemical Society, 80: 3209-3220.

[10]Jumluck S, Kazuhiro S, Tharapong
and Kaoru F (2005). A highly efficient catalyst
for tar casification with steam. Catalysis
Communication, 6: 437-440.

[11] Gil A, Diaz A and Montes M (1994).
Influence of the preparation method and the
nature of the support on the stability of nickel
catalysts. Applied Catalysis A: General, 109:
167-179.

[12] Roberto C, Joan S, Xavier F and Daniel M
(2001). Steam reforming model compounds of
biomass gasification tars: conversion at different
operating conditions and tendency towards
coke formation. Fuel Processing Technology,

74: 19-31.





