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Abstract:AdditionofaluminumtoNi/TiO2 improvesthestabilityofthecatalystinCH4 dryreforming.TheresultingNi/TiO2 -

Al
2
O

3
xerogel, aftercalcinationsat973Kfor10 h, hadaBETsurfaceareainexcessof363m2 /g, containedmesoproresintherange

2.5 ～ 2.7nm.NitrogenadsorptionandX-raydiffractionwereusedtocharacterizethefunctionofadditionaluminumtoNi/TiO2 cata-

lyst.TheroleofaluminumadditionpromotestheformationoflargemetallicNiensemblesincreasethedispersionofNi, suppressionof

Ni/TiO2-Al2O3 catalystdeactivationandcarbondeposition.
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1　Introduction

CH4 dryreforminghasbeenextensivelystudied
forseveraldecadesbecauseitproducesamoresuitable
H2 /COratiofortheFisher-Tropsch.TheCH4 refor-
mingwithCO2 isalsoattractivefromtheenvironmental
viewpoint.Thereactionbetweenthemisinterestingbe-
causeitcandecreasethetotalemissionofgreenhouse-
effectgases.Wehaveinvestigatedaneffectofadding
aluminumtoNi/TiO2 catalysts.Themajorroleofalu-
minumadditivewastoimprovedevelopmentofpore
structureandinhibitcarbondeposition.

2　Experiments

2.1　Preparationofcatalysts
ThecatalystswerepreparedbySol-Gelmethod.

AppropriateamountsofAl(NO3 ) 3· 9H2Owasadded
intothemixedTi(BuO) 4 andNi(NO3 ) 2· 6H2Oso-
lutioninMeOHtomakethegelsolutions.Adistinct
lightlygreencolorofgelwasformedwherethehydroly-
sissolutionwasdroppedintothecolloidalsuspension
after24 h.Thegelwasdriedinairat453Kfor10 h
andthencalcinedat973Kfor10 hwitharateof1K/
minfrom298K.

2.2　Catalystcharacterizationtechniques
BETsurfacearea, porevolumeandporesizedis-

tributionweremeasuredbynitrogenadsorptionata
temperatureof77KusingMicromeriticsASAP2000 an-
alyzer.Around0.2gsamplesweredegassedat473K
during2hunder20μmHg.

XRDwascarriedoutinD-MAX2500 powderdif-
fractometerwithFeradiationat40 kV, 160 mA.

3　ResultsandDiscussions

3.1　Surfaceareaandporestructureofcatalysts

Table.1　BETanalysisof5%Ni/Ti0.5-5″Al0.5
calcinedatdifferenttemperature

Calcination

Temperature/K

SurfaceArea

/ (m2·g-1 )

Average

Pore/nm

PoreVolume

/ (cm3·g-1 )

453 44.45 2.5 0.03

773 374.2 2.4 0.22

973 363.7 2.7 0.25

Preparationcondition:H=5.22;A=0.01;Hydrolysistemp:298;

TheBETsurfaceareaofthecatalystis44.45m
2
/

gat453K.Itincreasedto374.2 and363.7 m
2
/gas

thecalcinationstemperatureincreasedto773Kand
973K.Theaverageporediameterincreasedfrom
2.5nmat453Kto2.7nmat973K.Itwasobservedthat
porevolumedecreasedfrom0.33 to0.25 asthetem-
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peraturesincreasedfrom 453 ～ 973K.FromtheBET
surfacearea, thesupportmodificationbytheAl2O3 ad-
ditionproducesamarkedincreaseofspecificsurface
andporevolume, whichwereremarkableat773K.The
texturalpropertiesofsupportsinfluencethecatalyicac-
tivityintwoways.First, highlydispersedactivesites
areformedonthesupportsoflargemesoporesurface.
Second, accessibilityofreactanttoactivesitesishigh
onmesoporoussupportsandthusresultsinhighreactiv-
ity.Thealuminumintegratedcatalysthasamuchlarger
volumepermasssincetheadditionofcatalyst.Thesur-
faceareafrommesoporesofcatalystsisfoundtoshow
significanteffectonCH4 conversion.Becausesurface
propertiesplayamoreimportantroleinthisreaction,
highernickeldispersionresultedinhigheractivityand
stabilityforNi/TiO2 -Al2O3.Severalresearchershave
foundthattheporestructureofcatalystsaffectedcata-
lyticactivityinCO2 reforming

[ 1-2]
.AdditionofAl2O3

promoterscouldstabilizethesurfaceareaandthespinel
transitionphaseofthealuminumsupportbydispersing
wellintheAl2O3 support.
3.2　TheroleofaluminumonNi/TiO2 -Al2O3 cata-

lysts
ThereasonsfordeactivationofNi-basedcatalysts

canbedescribedtocarbondepositionontheNickel
crystallitesandthesinteringofnickelparticles.

Fig.1　X-raydiffractionpatternsfor5wt%
Ni/TiO

2
-Al

2
O

3
catalyst

(a) Reducedat973 for2h,

(b) after5hreactionat973K.
(c) after120hreactionat973K.

An:Anatase;Ru:Rutile;NiAl:NiAl2O4

TheXRDmeasurementsoffreshreducedcatalysts
andtheusedcatalystswereperformedandthepatterns
areshowninFigure1, inwhich(a) istakenonthe
freshcatalyst, while(b) and(c) arekakenonthe
used catalyst. Thephaseofrutile, anataseand
NiAl2O4 isthemainphaseinthesamples.Thecrystal-
linephaseofNicanalsobeidentified.Itwasreported
that, brookite, anatase, andrutilecancoexistinthe

temperaturesfrom673 ～ 973K
[ 3]
andTiO2transformsto

rutilebetween903Kand973K
[ 4]
.Theseresultsarein

agreementwithwhattheXRDpresents.Rutilesmore
stableandfinalphaseoftitania, andanatasetransforms
intorutileat973K.However, theextensionoftheco-
existenceofrutileandanatasemaybeduetotheinte-
grationofaluminum.Theexistenceofanatasemayalso
contributetothehigherperformance.

ThemetallicNiinthereducedsamplespreferen-
tiallyformssmallcrystallites, andthedispersionofNi
increases by adding Al2O3. Several research

groups
[ 5-6]

havereportedthatthemigrationofNifrom
thebulktothesurfaceofthecatalystmaymigratetothe
surfaceduringthereaction.FortheXRD result
(Fig.1) Al2O3 canreactwiththereducedNiOtoform
NiAl2O4.Thisprocessmaypromotethemigrationof
Ni.Theinteractionamongcomponentscanaffectthe
disributionofcomponentsandthestructrueofthecata-
lyst, andinaddition, thusaffecttheactivityofthecat-
alyst.ChenandRen

[ 7]
showedthatcarbondeposition

ismarkedlysuppressedifNiAl2O4 isformedduringthe
pretreatmentstepofanNiAl2O4.Itshowednocarbon
depositioninXRDonNi/TiO2 -Al2O3catalystafterre-
actionfor120h.ThestronginteractionoftheNi-O
bondintheNiAl2O4 resultsintheformationofsmall
crystallitesonthecatalystsurface, whicharerelatively
stabletowardsinteringandcarbondeposition

[ 8]
.

4　Conclusion

TheNi-basedcatalystsmodifiedbyAl2O3 areade-

quatefortheCH4 reformingwithCO2.WhenAl2O3 is
addedtothesupport, theformationofNiAl2O4 de-
pressedthecarbondepositionoverNi/TiO2 -Al2O3.
Thisresultedinthecatalystexhibitingstableactivity
duringtheCH4 dryreforming.Ontheotherhand, the
presenceofNialuminatespinedecreasesthecarbon
depositionintheNi/TiO2 -Al2O3 catalysts.
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Al2 O3 修饰 Ni/TiO2 催化剂上甲烷干重整反应

黄　健 1, 常　瑜 2, 张彩云 3, 刘赵荣 1, 王玉春 1, 魏壮伟 1

( 1.运城学院, 山西运城 044006;

2.太原理工大学, 山西 太原 030024;

3.山西师范大学, 山西 临汾 041004)

摘　要:通过 Al2O3修饰的 Ni-TiO2-Al2O3干凝胶催化剂, 该催化剂在 973K条件下焙烧 10 h后比表面积为 363m2 /g。孔分

布介于 2.5 ～ 2.7nm之间。采用 BET和 X-射线衍射考察了 Al2O3组份对 Ni/TiO2催化剂的影响。结果表明, Al2O3的加入

使催化剂颗粒度变小 , 镍的分散度提高, 抑制了 Ni/TiO
2
催化剂的积碳, 从而明显的提高了 Ni-TiO

2
-Al

2
O

3
催化剂上甲烷

和二氧化碳重整反应的活性和稳定性。
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