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Abstraet A series of mesoporous Cu—Mn-Al，01(CMA)materials was synthesized at moderate temperature and their

structures were characterized bV XRD，N2 physical adsorption and TPR techniques．It was found that using metal

complex ion[Cu(NH3)42+一Mn(NH3)62+】as raw materials is easier to form good—structure mesoporous Cu—Mn—A1203
materials than using its nitrate salt【Cu(N03)2一Mn(N03)2]．The TPR tests results indicate that CuO and Mnck were

homogeneously dispersed in the mesoporous materials．Their catalytic application to preferential catalytic oxidation

of C0 in a hydrogen—rich stream was studied．The activity varies in the order of CMA(1：l，molar ratio)>

CMA(1：2)>CMA(2：1)>CMA(CP)>CMA(1：0)≈CMA(0：1)．The CMA(1：O)and CMA(0：1)have lower activity

compared to other samples．implying that there existed coordination effect between Cu-Mn in the samples．The selec—

tivity varied in the order of CMA(0：1)≥CMA(1：2)>CMA(1：I)>CMA(2：1)>CMA(1：O)at higher temperature

(≥120 oC)，indicating that increasing the Cu content enhanced the conversion of H2．The sample CMA(CP)made by
coprecipitation method has a lower CO oxidation activity and selectivity than its counter-parts of mesoporous

Cu-Mn-A1203 materials[CMA(1：2)】，this attributed to the lower surface area of the former and poor interaction of

Cuo with MnO，
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1 Introduction

Polymer electrolyte fuel celI(PEFC)systems

have received much attention as a compact generator

for stationary application and automotive application

in vehicles．In this system,hydrogen is used as a fuel．

which comes from the partial oxidation of methanol or

hydrocarbons．followed by the steam reforming．The

problem is that the reformed fuel contains CO at a
leveI of l％一3％which is adsorbed irreversibly on

the Pt electrode of the PEFC at the operating tempc-

rature(ca．80 oCl。hindering the electrochemical reac—

tionulJ．Therefore．CO must be removed from the

reformed gases to less than 1×1 0_3—2×l旷3 before

feeding the gas mixture to the Pt electrode．Preferen—

tial oxidation(PROX)of Co in the presence of hy-

drogen is a desirable selection．In the past,a large

number of investigations have been carried out on this

field．the catalysts using noble metals include sup-

ported Pt，Au'Pd，Rh，Ru and so one,--u as well as

base metals such as C0304，Mn02，FeOx and

CuO．Ce02【8'91．The supported Pt，Pd，Ru，Rh catalysts

have a higher capability for CO oxidation，but have a

relatively lower selectivity because their reaction

temperature are higher(200。C1．Supported Au catalyst
has a higher selectivity and its reaction is moderate-

ly(80。C)，while the stability of Au catalyst is a prob-

lem for the present．The base metals catalysts have a

lower activity for CO oxidation at low temperatures，

while their selectivity is lower at higher reaction tem—

peratures．The base metal catalysts were generally

prepared by the coprecipitation or impregnation me—

thod．Increasing the activity of base metals catalysts at

a lower temperature is an interesting task．

Mesoporous material is a kind of material with a

regular channel structure and high surface area．Since

it was discovered by research group at Mobil Corpo-

ration(USl in 1-9921 ioJ，various synthesis methods have

been developed and a great deal of progress has been
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made．Its application in heterogeneous catalysis is a

promising field，while the pure silica MCM一4 1 shows

very limited catalytic activities．It is necessary to in．

corporate metals into the silicate framework to create

active sites for catalytic reactions，such as Al，Ti．Cr,V

Sn，Co，Pd，Fe，Ga,Zr,Mn and CuI¨一1 81．Valange et

a1．㈣synthesized a mixed[Cu，Zn，AI]hexagonal and
lamellar mesophase．To our knowledge．there have

been no reports about the synthesis of Cu—Mn．A1201

ternary mesoporous materials．In the present study,a

series of Cu-Mn．A1201 ternary mesoporous materials

was synthesized and their application to preferential

catalytic oxidation of CO in a hydrogen-rich stream

was studied．

2 Experimental

2．1 Preparation

The ternary mesoporous materials(Cu．Mn．Al，011

were prepared by direct synthesis at moderate tempe．

ratures．Laurie acid and polyaluminium chloride were

dissolved in distilled water．A mixture of Cu洲H3)4p．

Mn(NH3)6”solution was quickly added to the lauric

acid．polyaluminium chloride solution with vigorous

stirring at 20 oC．followed by the addition of aqHeous

NaOH(2 tool／L)to adiust the pH value to 9．and con．

tinuous stirring was performed for another 30 min．

The resultant slurry was transferred into a plastic bot．

tie and aged at 80 oC for 100 h．Then the precipitate
was separated by centrifugation and washed with dis．

tilled water．The powder product was recovered by

filtration and dried at 298 K．The surfactant was re．

moved by calcination at 500 oC in N，and then in air

for 5 h．The products were designated as CMA(1：0)，

CMA(2：1)，CMA(1：1)，CMA(1：2)，CMA(0：1)，where

l：0。2：1，1：l。1：2 and O：l indicate the molar ratio of

Cu：Mn in the products。while the(Cu+Mn)content in

the products is maintained at 30％(mass fraction)．

For comparison，a sample of Cu．Mn-Al，01 was
prepared by coprecipitation method．The aqeous solu—

tion of NaOH(2 moi／L)was added to a mixed

CufN03)2-Mn(N03)2一AI(N03)3 solution[its compo—
nent was equal to that of CMA(1：2)】with vigorous

stirring at 20。C to adjust the pH value to 9．and con．

tinuous stirring was performed for another 60 rain．

Then the precipitate was separated by centrifugation

and washed with distilled water,dried at 393 K and

calcination was performed at 500。C in air for 5 h．The

sample was designated as CMA(CP)．

2．2 Charaeterization

All the as．synthesized and calcined samples of

mesoporous Cu．Mn．A1201 materials were characte-

rized by powder X-ray diffraction(Shimadzu

XRD6 l OO X—ray powder diffractometer,Cu Ka radia-

tion)．Nitrogen sorption isotherms were obtained on a

Ouantachrone NOVA 3000 Instrument．Tempera-

ture—programmed reduction(’rPR)was performed on a

TP5000 multifunction absorben The catalyst of 50 mg

with a particle size of 40一60 mesh was reduced by a

mixture of H，／N，(1：9。volume ratio)in a temperature

range Of 100一500。C at a heating rate of l 0。C／min．

2．3 Catalytic Testing

The catalytic activities of the catalysts for CO

selective oxidation were evaluated in a fixed—bed flow

reactor at atmospheric pressure at a space velocity of

20000 h～．The catalyst particle size was 40—60 mesh．

The gas mixture with a composition of坎Co)：

坎02)：坎H2)：玖Ar)=1．0：1．0：80：l 8 was fed．The pro—

ducts were analyzed by on—line gas chromatography．

Quantitative analysis of H20，CO，C02，and 02 in

the H，／Ar matrix was performed by GC(HP5890)．
Column switching in combination with two-channel

detection(thermal conductivity detectorsl allowed the

separation of C02 and H20 from the other gas on a

polar column(Hayesep Q)，followed by the separation

of 02，Ar,and CO on a 0．5 nln molecular sieve with

H，as the carrier gas．

The CO conversion，Xco，was calculated from the

CO，concentration at the reactor exit．The selectivity

was assessed via the oxygen mass balance：

。o．5×c器： o．5xCco：

ccIno，一c器 Aco，

3 Results and Discussion

3．1 Ternary Meso—structured Materials

At first。we prepared the ternary mesoporous

materials using Cu(N03)2-Mn(N03)2 instead of。

Cu(NH3)4p—Mn(NH3)62+as raw materials，and other

preparation conditions were completely idcntical to

those demonstrated in previous section．The X—ray

diffraction(XRDl patterns of the as-synthesized sam-

ples are illustrated in Fig．1．It can be see from the

XRD patterns that all the samples have a peak at

2萨2．20． but the peak intensities were lower,
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indicating that the structures of the samples were not

perfect．Ma et a1．【20J studied the formation of manga-

nese oxide mesophases with CTAB as the surfactant

under basic conditions．In their work,they have syn．

thesized lamellar manganese oxide mesophases under

basic conditions，indicating that under basic condi—

tions the Mn”may exist in the form of poly．anion
such as Mn(OH)6和．That may explain why the

poor-structure Was formed in our experiment：the

manganese ion(even copper ion may be)did not exist

in the form of Mn”cation．SO it cannot easily be em．

bedded in the framework of mesoporous materials

A1203，on the contrary it could disturb the polymeriza—

tion of poly—aluminum to build up a regular structural

mesoporous material A1201．

Fig．I X-ray diffraction patterns of as-synthesized

mesoporous Cu--Mn·-A1203 materials with

Cu(N03h-Mn(N03)2 as rawmaterials

Molar ratioofCutoMn：a．1：O：b．2：l：c．1：1：d I：2 e．O：1．

To examine above explanation，we synthesized

the ternary mesoporous materials using Cu(NH3)4p—

Mn(NH3)6”as raw materials，X—ray diffraction(XRD)

patterns of the as—synthesized and calcined samples

are illustrated in Figs．2 and 3．respectively．It iS de．

monstrated from the XRD parerns that both the

as—synthesized and calcined samples have the typical
XRD patterns of meso．structured materials．What is

more，the shapes and positions Of XRD peakS of the

28／(o)

Fig．2 X-ray diffraction patterns of as—synthesized

mesoporous Cu—Mn-A1203 materials with

Cu(NH3)42+-Mn(NI-13)62+as raw materials

Molar ratioofCutoMn：a．I：O；b．2：l；c．1：l；d 1：2；e．0：1．

2叭。)

Fig．3 X-ray diffraction patterns of calcined me-

soporous Cu—·Mn·-A1203 materials with

Cu(NH3)4z+-Mn(NHa)s2+as raw materials

Molar ratio ofCutoMn：a．1：O；b．2：1；c．1：I；正I：2；e．0：1．

meso—structured materials are not changed along witll

the alteration of Cu／Mn molar ratio．

The N，adsorption-desorption isothelTllS of these

samples(Fig．4)show that all the curves of CMA(2：1)，

CMA(1：1)and CMA(1：2)were the isotherms of type

IV,P．吕the samples of CMA(2：I)，CMA(1：1)and

CMA(1：2)have the mesoporous structure，while the

curves of CMA(CP)were the isotherms of砂pe III，

the sample has macroporous structure．The pore dis．

tributions of mesoporous materials and CMA(CP)are
illustrated in Fig．5．the pore distribution curves of all

the mesoporous materials show a single peak around

20 nm，while that of the sample CMA(CP)shows two

500
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Fig．4 Nitrogen adsorption and desorption

isotherms at 77．3 K

a．CMA(2：1)；b．CMA(1：1)；c．CMA0：2)；正CMA(CP)．

Pore diameter／nm

Fig．5 Pore size distribution curves

-CMA(1：0)；·CMA(2：1)；▲CMA(1：1)；
T CMA(1：2)；◆CMA(0：I)；．一CMA(CP)．
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peaks and very dispersive，its maximum value has

shifted to the bigger pore．The surface areas of cal

cined samples are summarized in Table 1．It is evi出nt

that the meso·-structured materials have a bigger sur-

face area than the sample prepared by the coprecipi-

tated method．

Table 1 Structural properties of mesoporous

Cu-Mn-Ai203 materials

3．2 Reducibility

The TPR profiles(Fig．6、show that the me．

so-structured materials exhibit a single reduction peak．

indicating that CuO and MnO were homogeneously

dispersed in the mesoporous materials．This is consis—

tent with the XRD result．On the other hand．sample

CMA(CP)exhibits two reduction peaks(Fig．7)，im-

plying that in this sample the CuO and MnO existed

as partially separated state．

t／℃

Fig．6 TPR profiles ofcalcined mesoporous

Cu—Mn—A120s materials

Molar rmioofCutoMn：Ⅱ．1：O；b．2：l；D 1：1；正1：2；e．0：1

t／℃

Fig．7 TPRprofiles of calcined mesoporous materials

and coprecipitation samples

a．CMA(1：2)：b．CMA(CP)．

The first reduction peak may be the CuO reduc．

tion and Mn203 reduction：

(1)

Mn203+H2—}MnO+H20 (2)
while the second reduction peak was the reduction of

MnO： MnO+H2_Mn+H20 (3)

In the case of meso—structured materials CMA．

the three reactions occurred at almost the same time，

so the TPR profiles show one peak．
The XRD patterns of CMA(2：1)，CMA(1：1)，

CMA(1：2)and CMA(CP)at 2萨100一800(Fig．8)fu卜
ther verify the supposition．There are no CuO or MnO

diffraction peak in the profiles of CMA(2：1)，

CMA(1：1)or CMA(I：2)，while in that of sample

CMA(CP)，there are three main diffraction peaks of

CuO，MnO or CuMn204 at 2伊：29．950，35．80 and

39．40．respectively．

600

500

暑400

言300

苫200

10()

0

2驯(o)

Fig．8 Wide angleXRD patterns ofsamples
a．CMA(2：1)；b．CMA(1：1)；c．CMA(1：2)；d CMA(CP)．

3．3 Catalytic Performance

The preferential oxidation of C0 was carried out

on the six calcined samples with the results illustrated

in Figs．9 and 1 0．respectively．The CO conversion

varied with reaction temperature and high temperature

favored the reaction up．to 140 oC．After 140。C．the

higher the temperature the lower the CO conversion．

The temperature of l 40。C may be the starting tem—

perature of HE oxidation．Owing to the content of 02

in the inlet is constantly,the more O，was consumed

by H2，the fewer 02 was used for the CO oxidation．

The compositions of the samples have a large impor-
tant effect on the conversion of CO，the activity varied

in the order of CMA(I：t)>CMh(1：2)>CMA(2：1)>

CMA(CP)>CMA(1：0)≈-CMA(0：1)．The CMA(1：0)

and CMA(O：11 have a lower activity compared to

other samples，implying that there exist coordination
effect between Cu-Mn in samplesL“J．By comparison

of CMA(1：2)with CMA(CP)，one may find the

difference of CO conversion is very remarkable．
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Reference to the TPR results(Fig．7)。we may explain
this phenomenon by the coordination effect between

Cu-Mn once again．that is to say,in the case of me．

so-structured Cu—Mn—A1203 materials，there exist

coordination effect between Cu．Mn，while in the sam．

pie ofCMA(CP)，the interaction of Cu．Mn is small．so
the CuO and MnO ar e reduced separately．Another

reason is that the sample CMA(CPl has a lower sur．

face area than its counter-part CMA(1：2)．

Reaction temperature／。C

Fig．9 Evolution of CO conversion with

reaction temperature

◆CMA(0：1)；VCMA(I：2)；▲CMA(I：I)；

·CMA(2：lI-CMA(1：0)：．．CMA(CP)．

0

0

Reaction temperature／。C

Fig．10 Evolution of CO oxidation selectivity with

reaction temperature

◆CMA(0：1X丫CMA(1：2)；▲CMAO：1)；

·CMA(2：1)一CMA(1：O)；．．CMA(CP)．

The selectivity varied in the order of CMA

(O：1)≥CMA(1：2)>CMA(1：1)>CMA(2：1)>CMA

(1：0)at a higher temperature(>r／1 20。C)，indicating
that increasing the Cu content enhanced the conver-

sion ofH，．

4 ConcIusions

A series of mesoporous Cu-Mn_A1203 materials

has been synthesized at moderate temperatures with

metal complex ion[Cu(NH3)4”一Mn(NH3)6封】as raw

materials．The CuO and Mnq were homogeneously
dispersed in the mesoporous materials and there

existed coordination effect between Cu-Mn in the

samples．The catalytic activity and selectivity of me．
soporous Cu—Mn-A1203 materials is higher than those

of the sample made by coprecipitation method for
preferential oxidation of CO in a hydrogen．rich

stream．
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