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Abstract

　　 The hydro thermal stability and cataly tic activit ies of pow dery Cu-ZSM-5 and mono lithic Cu-ZSM-5/

cordierit e synthesized by in sit u method for NO decomposition w ere studied comparat ively . A fter the thermal

tr eatment at 600 ～ 800℃, t he lo ss o f activ ity on the pow dery Cu-ZSM-5 was obvious w hile the in-situ

synthesized mono lithic Cu-ZSM-5/ co rdier ite w as mo re stable under t he same exper imental condit ions. F rom the

results of XRD , the lo ss of zeolite cr ystallite of the m onolithic catalyst w as slight er than o f pur e ZSM-5. It w as

supposed that the interaction o f zeo lites and substr ate might ex ist and could improve t he hydro thermal durability

of t he cata ly st .
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Fr om the view po int of environmental protect ion, there is a w orldw ide ef fo rt to discover improved

so lut ions for removal of NOX emissions. T he direct decomposit ion of NO to its elements has been a

signif icant challenge to scient ists for decades
[ 1]
. Since Iw amoto et al' s

[ 2]
breakthrough discovery o f Cu-

ZSM-5 ef ficient for NO decomposit ion, a storm of interest to study the performance o f Cu-ZSM-5 has

been generated. Unfortunately , Cu-ZSM-5 is not very stable to even 2% water v apor for ex tended

periods of time
[ 3]
. So, in practice it must be addressed to make zeolite-based cataly sts w ith good thermal

and hydrothermal stability.

The honeycomb structure cor dier ite ( 2M gO·2Al2O 3·5SiO2 ) is a t radit ional automot ive catalyst

subst rate. In recent years, zeo lite-ceram ic composite membranes become more important . As a

monolithic catalyst , zeolites are usually w ash-coated on the subst rate to provide enough specif ic surface

to carr y metallic act ive component. In our earlier wo rk
[ 4] , Cu-ZSM-5/ cordierite monolithic catalyst for

NO decomposit ion w as pr epared by in-situ synthesis. T his technolog y is supposed to superior to the

typical “washcoat”method for the w el l-dist ributed zeol ite layer and possible durability resulted fr om the

interact ion betw een zeolite and suppor t .

In this w ork, the hydro thermal stability and the catalyt ic performance o f Cu-ZSM-5 and monolithic

Cu-ZSM-5/ cordierite synthesized by in-situ method for NO decomposition w ere investig ated in or der to

get a deeper insight into the in-situ synthesized monolithic catalysts.

In-situ synthesis

A whole honeycomb shaped cordierite subst rate obtained from Cor ning Co. L td. w ith 400cells/

第 34 卷　第 1 期 南 开 大 学 学 报(自然科学) Vol. 34　№1
2001 年 3 月 Acta S cientiarum N aturalium Univers itatis N ankaiensis Mar . 2001

� Received date: 2000-03-07

Biography: Shan Xuelei ( 1971- ) , female, nat ive place : T ianjin, Docto r



inch
2
and a diameter of 125mm and thickness o f 53mm, w as br oken into lit t le blocks ( 2cm×1cm×3cm)

and one side o f them were po lished w ith f ine sandpaper before use. In-situ synthesis of ZSM -5/ co rdirite

w as preformed using a template-free preparat ion method
[ 5] . A react ion mix ture o f material w as put into

the autoclave in certain rat io[ 6] and stirr ed t ill a w ell-mixed phase w as r eached at room temperatur e. The

co rdierite blo cks w ere suspended in the m ix tur e. Af ter stat ic cry stallizat ion at 453K for 24h, the

monolith samples w ere taken out , w ashed thoroughly by ultr asonic w ave gener ato r, dried at 393K

overnight . Ident if icat ion of the zeolites was achieved by X-r ay diff ractometer ( D/ max-2500) .

Catalysts

The as-synthesized samples and powder ZSM -5 were Na
+
fo rm and f irst converted to the H

+
form

by exchang ing w ith HCl( [ H
+ ] = 0. 3mol / L ) tw o t imes at 363K for 2h alternat ively. T hen the H

+
form

samples w er e exchanged three t imesat r oom temperatur e w ith Cu ( CH3COO) 2 solution ( [ Cu2+ ] = 0. 1

mol / L ) to obtain Cu-ZSM-5/ cor dierite and Cu-ZSM-5 powder, each t ime fo r 12h. T he products w ere

w ashed with dist illed w ater and dried at 383K over night . At last , the honeycomb-type cataly st sample

w as crushed to 20～30 mesh fo r use. The powdery cataly st sample was f ir st compressed into a disk and

then crushed to 20～30 mesh too .

Reaction

The cataly tic decomposit ion o f NO was carried out w ith a f ix ed bed f low reacto r. T he feed gas w as

2. 82% NO ( balanced with helium ) contro lled by a mass f low contr oller. The gas hourly space velocity

( GHSV ) w as 10 000h
- 1

based on the density of the mono lith catalysts. An on-line gas chromatograph

w ith a thermal conductiv ity detector ( T CD) used for the product analysis, and a molecular sieve 5A+

Po rpak P column w as used to separate N 2 , O 2 , and NO. The catalyt ic act ivity for NO removal w as

evaluated by the conversion into N 2.

Hydrothermal treatment

Hydrothermal ag ing procedures w ere performed using a quartz furnace and tw o boat-shape vessels

to contain in-situ synthesized monolithic cataly st and pure zeolite catalyst . T hey w ere simultaneously

t reated at various temperatures ( 873～1073K ) fo r 2 h w ith steam flow ed through the furnace. The

losses in zeolite cry stallinity as probed by X-ray diff raction.

Results

Fig 1　A comparison of hydrothermal stability between two catalysts

Hydrothermal stability of

the catalyt ic behavior of Cu-

ZSM-5 and Cu-ZSM-5/

co rdierite monolithic cataly st

w as investig ated. Figure 1

show s the comparison of

hydr othermal stabil ity betw een

powder Cu-ZSM-5 ( Si/ A l= 50)

and in-situ synthesized Cu-

ZSM-5/ co rdierite. Both of

them were through 2 hours'

hydr othermal tr eatment at 773,

873, 973 and 1073K. From the

figur e, w e can see that pow der Cu-ZSM-5 lose its act iv ity drast ically even at 773K. T he reason is that

w ater steams cause the dealumination o f ZSM -5. It is g enerally acknowledged that zeolite-based
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catalysts used at high temperatures in st reams w il l cause zeol ite dealuminat ion. R. A . Grinsted et al

repo rted the r elat ion betw een deact iv at ion o f Cu-ZSM-5 in the select iv e reduct ion of NO and

dealuminat ion of the zeolite
[ 8]
. They repo rted that dealum inat ion w ill disturb the exchanged Cu ions then

result in a deact ivation of act ive centers. The monolithic catalyst exhibited mo re stable catalyt ic behavior

than the powder zeolite cataly st . It s activity lo st mor e m ildly and slight ly than the powder Cu-ZSM-5

relativ ely . It can be assumed that the interact ion ex ists between zeolite and subst rate inhibited the

dealuminat ion of ZSM -5 in some ex tent . Another reason for this kind of inhibit ion is the loading Cu

ions. The monolithic catalyst can be lo aded mo re Cu ions than the powder Cu-ZSM-5[ 4] , and the loading

Cu ions in Cu-ZSM-5 can inhibit the dealumination substantially
[ 7]
. Something must be explained is that

the powder Cu-ZSM-5 has higher NO conversion in sing le run, this is mainly due to the less zeolite

amount on the monolithic catalysts.

Another essent ial ly qualitat ive measure o f deg raded zeol ite cry stallinity is to scale the intensity of

st rong ly diff ract ing ref lect ions of aged samples to the f resh material. Data are gathered into Table 1. It

can be concluded that the st ructure of ZSM -5 w as not disturbed under the hydrothermal t reatment

condit ions, but the crystallinity degree of zeolite w as decreased. The cry stallinity of pure ZSM-5

decr eased about 30% af ter hydrothermal t reatment at 1073K, w her eas the mono lithic catalyst seemed

not to be changed. T his means the monolithic catalyst has a good durability after hydr othermal

t reatment . How ever, by the comparison o f F igure 1 and T able 1, it can be concluded that there is no t a

st rictly quant itat ive relat ion betw een the decrease of crystallinity and the NO conversion. T hat may be

due to the crystall inity lose is not the only reason for catalyst deact ivat ion.

Table 1　Ef fect of hydrothermal treatment on relative crystallinity of zeolite

hydrot hermal tr eatment r elative cr ystallinity o f ZSM -5/ %

temperature Cu-ZSM-5 Cu-ZSM-5/ co rdier ite

parent 100 100

773K for 2h 97. 7 99. 3

873K for 2h 95. 4 98. 7

973K for 2h 87. 7 97. 2

1073K fo r 2h 69. 3 94. 9

　　 It w as found that ZSM -5 obtained in such a w ay has a bet ter hydrothermal stability of the

st ructure[ 8] . T his important resul t makes zeolite-based catalysts useful in pr act ice automot ive exhaust

purif icat ion.
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原位合成 Cu-ZSM-5/堇青石用于

NO 分解的水热稳定性研究
单学蕾,关乃佳, 韩岩松,曾　翔　项寿鹤

(南开大学化学系,天津, 300071)

摘　　要

　　对比研究了 Cu-ZSM -5 粉末和原位合成的 Cu-ZSM -5/堇青石的水热稳定性与相应的分解 NO 的催化活性.

发现经过 600～800℃水蒸气处理后, 纯 Cu-ZSM -5 粉末发生了明显的失活, 而经过相同条件处理的 Cu-ZSM-5/

堇青石活性变化不大. XRD 结果显示, 整体式催化剂经水热处理后结晶度下降程度小于纯 Cu-ZSM -5 粉末. 推

测认为, 原位合成样品中分子筛与堇青石载体的相互作用提高了催化剂结构的水热稳定性.

关键词: Cu-ZSM-5; 堇青石; 原位合成; NO 分解; 水热稳定性
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STUDIES ON THE SYNERGISM OF INTERMOLECULAR

INT ERACT ION OF XANTHAN NK-01

AND GALACT OMANNAN
DIAO Hux in, LIANG Feng lai, L IANG Xingjie, YAN G Shujing , LIU Rulin

(Dep ar tment of M icr obiology , Naikai Univ er sity , T ianj in, 300071)

Abstract

　　 Xanthan NK-01 and galactomannan are tw o natural biopo lysaccharides. When tw o

po lysacchrides w ere mixed by suitable rat io, the viscosity of m ix ing polysaccharides solut ion is

higher than viscosity of a sing le poly saccharide at same concentrat ion. If solution concentrat ion

of mix ing polysaccharides is around 0. 2% , the gel w as formed, but solution of a sing le

po lysaccharide does no t form gels. T hese researches indicated that the synerg ism was appeared

by intermolo ecular inter act ion of x anthan NK-01 and galactomannan, but this synerg ism w as

inf luenced by pH, inor ganic salts and temperature.

Key words: x ant han; galactom annan; syner g ism
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