oooOo0010384
0 0O 0 20520141151571

B R

O0O00000a0n0

AFT LSRG RELTINGIE. RIERR
FER R RERIIAST

The Research on Preparation and
Characterization of Ordered Mesoporous
Alumina Supported Cobalt Catalysts and its
Performance on Fischer—Tropsch Synthesis

BT TREK FAF I
T AR AT

Z#t 8B HA: 2017F5A4



B TRFF LR B4 AR

AAZRNFNAIB IR AAESINIES N, IRIISTAREIARAR.
ANERNEEPSZEMPATERDEKRIATUR, HENP
MESHINREIRG, FHREERIEH (Bl IRSHAESZAEIN
AT Y o

7N, SN ( ) IR (40) HIA AR
, RS )R (H) 252K EEE), £ (

) SRE=TTA. (BEMULBSAIRERAFRMENTARK
SKHREDR, KEWINEHASE, JUMERAIFR. )



B TRFEFMRIEFERF

ANARENASRE (PEARFAMESNUXAETRMIE
» SHMERBANERISEMNLN, FOEEBI JNEIBENIRRZ L
X (BRLRBAEB TR, BHFPMAEICRAE IASRBIBMER
BERSE. B, AAORENAZRSFMEXNAZEE L. MLt
SNNCSILRPNEBEHI TR, RSN ORI A E JREhR
, RAEFL., BHHERCONGESAFEAIE,

ASNNENET :

&

( )1 2B IAZREZATEEUENRESZMLN, T
F B OfE, BELERELRER,

E

( )2. MRE, A RN,

(BEEULBRAESAIT “v” B EBNAS. RESANCIA
REAE IAZREBZREBENNNICN, REEI IKFREEZR
SEEHNSANESOIN AT WARIFENESR, AT
FANEN, 19IEA LB, )

BIHA (FB)



B B

FIEGRURME. £, RRSENTMROGHSHISAE SRR @, X
TR LAINESREROMEEENRNANE. A UFBITRELRYIP123 )7
BIRF, RAZEERFSEAELE EISA) SHRSNEENE. KtETRNERN
SLEMEMNEE (M), MUENEERBSRESSNHBECTIHETFREEMR
Nio #56XRD. BET, TEM, H2-TPR, XPSEHFHRAERA, RABR 5 HIEHEURMI
L BOFIRHEM IS A0 RERIRIA, W SIZ R EN ISR MEEZ IFBIR Ro
(—) Co/OMAHE{FTIBINZY

(1) DRIRBAFEKBH (2. Big, FTE) fIRIR, BR IR
XYCo/OMMEM FTITRFE R N M RER IR, BREH, IFRBHIGIBZOENTIRIMEES
BVEAEMAICOHERIME, TR, XBRZRGBISEMENT, HEAR 3510
EEIA, BEMNRARGENNTBHIMERE; MIEXBFIGIROVEHF
BERANLEREDR. MEHSLBSHNReNEEBOBE, XTERSEMEE
HHIMEERNERRER.

(2) BRI HKIBFREICo/ OMAMEMNFILSIIFIMEREBIRIG, RINCOFEH KA
CoHERMEELABRRENIRESMISN, BIBREENT0 oo, FRIERANM
RERE. EZROBKZEE (400 — 800 oC) SBEW, EHFIDRBRENER
L&, BREEBREENAS, BUFIRERMEUSED, SEMMSER2
BEEEERTIRSS, EHFITIARMERS. BIMRSSEETI0HK 8N
FIXRBDRESRANSADN N MRS CoHERM, MEFITRRMAHIEN 2
HENEHRENEZRA.

(3) BEIINER T NEEXICo/MMEWFITRIERAIERERIRIG, RINBENEHER
10 %IBA0FI20 %Y, CORMERFMBNERSE, KERSNHE, COFRMEEHY
AK; MEZRTEA, EHTINEEXNEYIERMERIIAN K,

(Z) 7RN0#% £ BDFFIXYCo/ OMARE M ISR SIERESAA

(1) EEHNILEMBETIEPSIAGLENF, HBM0NERE LTINS



EHFT (Co/R-OMA) o Z5RFKBF, SIACeEIHI, EHFIRERNEEHERS; ol
ALaf3l, EEEEHARBCOHEREMIRS; MSIAY. Nd. Bu, GAEDF, MM
FIBTRIT N MRS E R, RIEGSRK, TNIICeBIFURSEATINTILRE
REUNEBRBOBESURS, BISEEFHRMEENRS; MSIALag, #
HHIBNTPRRMEEZ AR, HENEHCGHERMVIRS T RESHLa-CoZ [BIBVINENF
ABEX.

(2) f£Co/Ce-OMMEMFTIP, BBIIDRIVAMOSB28NFILa, AMETFIERNOENE
MCEHERMINATIRS. MHRKRHE, £ LRMEHTIPRILaF RN EBRTSL
510, BANE—HHISS T EIRS BN BIEEEIER, #fl S CoAl2043EIARY)
FOBTERL, FHied 5 ERPeINRL, XUTRER SEUEHFITH TN/ RERSHE
RIRH.

K3 FBIEEAN; BRSNS, NESELT, BIEF

0000 FBEEN; BRNSLAEHE; NEEECT; ML



Abstract

Abstract

Fischer-Tropsch synthesis (FTS) convers syngas(CO+H2) into clean hydrocarbon
fuels or chemicals, which is of great significance and value to solve the current
environment and energy problems. In this work, Ordered mesoporous alumina
(OMA) with large surface area and high thermal stability was synthesized via
ethanol evaporation induced self-assembly by using P123 as structure directing
agent. The effects of preparation method and rare earth metals promoter on the
structure of Co/OMA catalysts and their FTS catalytic performance were
systematically studied. Cobalt based catalysts were prepared by incipient
wetness impregnation the OMA. In order to reveal the relationship between
structure and catalytic performance, the characteristic of the catalysts were
identified by XRDH2-TPRBETTEM techniques etc.

Study on the Co/OMA catalysts

(1)Co/OMA catalysts were prepared by incipient-wetness impregnation with
cobalt nitrate dissolved in water or anhydrous solvents(ethanol, methanol, n-
butanol). The effects of impregnation solution on the structure of Co/OMA
catalysts and their FTS catalytic performance were systematically studied. The
results indicate that catalysts impregnated with anhydrous solutions showed
higher F-T reaction activity and C5+ selectivity than Co/OMA prepared using
water solution. Characterization results indicate that Co/OMA catalysts prepared
with water solutions destroyed the original structure of OMA, while catalysts
anhydrous solutions have large surface areasregular pore structure and higher
metal dispersion degree, which may be the important reason for the difference of
FTS performance between the two types of catalysts.

(2) Influence of support calcination temperature on the structure and catalytic

performance of Co/OMA catalysts for FTS was studied. The results show that the



CO conversion and C5+ selectivity increased with the increase of calcination
temperature. When the calcination temperature increased to 700 oC, Co/OMA
show the best F-T performance. The characterization results show that the
catalysts maintain the order mesoporous structure in the scope of 400-800 oC. In
addition, the acid sites on the catalysts surface decrease with the increase of
support calcination temperature, leading to the decrease of the interaction
between cobalt oxygen species and carrier, and thus improved the reducibility of
Co/OMA. Furthermore, low acidity can prevent the reaction of hydrogenolysis and
isomerization, which appeared to be responsible for high C5+ hydrocarbon
selectivity. The improvement of the reducibility of catalyst is the major reason for
the improvement of catalytic activity.

(3) Influence of Co loadings on the catalytic performance of Co/OMA catalysts for
FTS was also studied. The results show that when the loading amounts of cobalt
increases from 10 wt% to 20 wt%, the conversion rate of CO gradually increased
to the maximum value. The conversion rate of CO changed little when Co
loadings continue to increase. The loadings of Co has little impact on C5+
selectivity in the investigation scale.

The study of cobalt catalysts supported on rare earth modified OMA

(1)Rare earth metal modified OMA was in-situ synthesized through a sol-gel route
and then as support for the preparation of Co/R-OMA catalysts. The results show
that Ce was favorable for CO conversion and La can improve C5+ selectivity
significantly, while YNdEuand Ga have negative effect on the FTS performance of
Co/OMA catalyst. The dispersion degree of cobalt species can be enhanced with
the adding of Ce, and the reducibility of catalyst was also improved, which is
helpful to the increase of FTS activity. While La has little effect on the reducibility
of the catalyst. Perhaps the synergistic effect between La and cobalt is helpful to
improve the selectivity of C5+.

(2) Ce-doped OMA was synthesized in a sol-gel system and then as support for



the preparation of Co/La/Ce-OMA catalysts, La promoter was introduced by
incipient wetness impregnation method with ethanol solution of lanthanum nitrate.
The results show that introduction of La further decreased the strong interaction
between the carrier and the cobalt species and reduced the amount of CoAlI204,
thus improved the reducibility of catalysts. What’'s more, the introduction of La
further improved the dispersion of cobalt species. These may be responsible for
the improvement of the FTS catalytic performance of Co/OMA catalyst.
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