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含铜类水滑石催化材料热分解过程的研究

温 斌 何鸣元
�
宋家庆 宗保宁 路 勇

( 中国石油化工集团公司石油化工科学研究院,北京 100083)

共沉淀法合成了 Cu0. 13M g0�6Al0. 27( OH) 2( CO3) 0. 135 � x H2O 类水滑石物质 ( CuH Tlc) , 采用 XRD、DTA�T G、

BET、T EM 和 27Al MAS NM R 技术对其热分解过程进行了表征。结果表明,在较低焙烧温度时(低于 300 � ) ,氢

氧根和层间水部分脱除,但水滑石仍保持其层状结构; 500� 时,其层状结构被完全破坏,出现氧化镁晶相结构, 随

着焙烧温度的进一步升高, 尖晶石晶相生成。500 � 时的焙烧产物具有最大比表面 ( 193m2 � g
- 1)。当温度高于

500 � ,焙烧产物组成可表示为 Cu0 . 13M g0 . 6Al0. 27O0. 135, CuH Tlc的热分解过程可表示为:

Cu0. 13M g0. 6Al0. 27( OH) 2( CO 3) 0. 135 � xH2O �Cu0. 13 Mg0 .6 Al0 . 27O0 . 135 + ( 1+ x ) H2 O + 0. 135CO 2。
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Study on the Thermal Decomposition of a Copper�Containing
Hydrotalcite�like Catalytic Material
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T he hydro talcite like com pound Cu0. 13 Mg 0 . 6 A l 0 . 2 7 ( OH ) 2 ( CO 3 ) 0. 135 � x H 2 O ( CuHT lc) are syn�

t hesized by coprecipita tion method and are character ized by XRD , DT A�TG , BET , TEM and
27

Al

MAS NM R. T he results show that a t relat ively low ca lcination temperatures ( below 300 � ) , t he

layer st ructure o f CuH Tlc is retained , alt hough part ial dehydroxy lation in addition t o dehydration

occurs. At 500 � , t he hydro talcit e structure is dest royed and M gO phase appears, the spinel phase

fo rm s w ith the further increase of calcinat ion temperature . CuHT lc calcined at 500 � has t he highest

surface area ( 193m
2

� g
- 1

) . When CuH Tlc are calcined above 500 � , t he composit ion o f resust ing

product s is Cu0. 13 M g 0. 6 Al0. 27 O 0. 135 , t he equation of thermal decoposition of CuH Tlc can be expressed

as follow ing :

Cu0. 13 Mg 0. 6 Al0. 27 ( OH ) 2 ( CO 3 ) 0. 135 � x H 2 O �Cu0. 13 Mg 0. 6 Al0. 27 O 0. 135 + ( 1+ x ) H2 O + 0. 135CO 2 .

Keyword: hydrotalcite like compound thermal decomposition calcinat ion temperature

0 Introduction

Recently , it has been found that Cu�M g�Al�HT ( CuH Tlc ) , a synt het ic hydrot alcite�like anionic

收稿日期: 1999�04�12。收修改稿日期: 1999�06�21。

�通讯联系人。

第一作者:温 斌,男, 27岁,博士研究生;研究方向:多相催化。



� 59�

layered clay mineral( H Tlc) , afte r a heat act ivation at 750 � , g ives rise to specia l cat aly t ic act ivation

fo r t he reduction of NO and the removal of SO x f rom the exhaust gas o f FCC units
[ 1 ~ 3 ]

. Dur ing the

exper iment , w e lea rnt that t he ca talyt ic proper ties of t he calcined CuHT lc are greatly influenced by

t he act ivation ( calcinat ion) t emperat ure , but t his process has no t yet received any att ention in the

lit erat ure
[ 1 ~ 3 ]

. In t his ar ticle , T he var ious changes w hich occur red w hen the CuHT lc w as heated in

order t o render it cat aly tically act ive have been st udied by m eans o f XRD, T G/ DT A, N 2 adsorp�

t ion�desorption , T EM and
27

Al M AS NM R, Many novel and inte resting results are obta ined .

1 Experimental

1. 1 Preparation

T he CuH Tlc w as prepared by coprecipit ation o f an aqueous solut ion o f Cu ( NO 3 ) 2 � 9H2 O , Mg

( NO 3 ) 2 � 6H2 O and Al( NO 3) 3 � 9H2 O ( to tal cation concentration of 1 m ol � L
- 1

) w ith an aqueous

solut ion of N aOH and N a2CO 3 ( CO3
2 -�to�Al mola r ratio o f 0. 5) . O ther procedures followed t hose de�

scribed by Valenezuela
[ 4 ]

. The slur ry t hus obta ined w as st ir red f or additional 15m in and aged quies�

cently at 65 � for 4h , then filtered and w ashed w ith a large am ount o f w at er to eliminate the alkali

me tal and the nitrate ions . T he filt er cake w as dried at 120 � in a forced air oven overnight and

CuH Tlc w as obta ined. CuH Tlc w as calcined in air at t he required t empera tures ( 300 � , 500 � ,

750 � , and 1050 � respectively ) for 3h in a sm all muffle furnace and the corresponding products were

designated CuH T 300, CuHT 500, CuH T 750 and CuH T 1050.

1. 2 Characterization

X�Ray pow der diffr act ion pat terns w ere obtained on D 5005 diffractom eter w ith a so lid det ecto r

and Cu K� radiat ion( 40kV, 40mA ) .

T he cont ents of Cu, Mg , Al and Na of sam ples w ere determined using X�ray fluo rescence spec�

t roscope by a Rigaku Mode l 3271E spect rometer ( XRFS ) .

T herm al analyses ( DT A/ TGA) were per fo rmed on TA 2100 thermal analysis syst em in a highly

pure N 2( 50mL �m in
�1

) , the heat ing rate is 10 � � min
- 1

.

Sur face area and pore dist ribut ion measurem ents were conduct ed by N 2 adsorption�desorption in a

M icromer it ics ASAP 2405 inst rument , using the BET equat ion fo r sur face area and BJH method fo r

pore�dist ribut ion calculations.

T EM micrographs w ere taken on a JEOL JEM�2000FXII e lect ron microscope operated at 120kV .
27

Al MAS NMR spectra w ere recorded with a Bruker AM 300 spectrom eter operating at 78. 171

MH z w ith sample spinning rates of 9~ 12 kH z.

2 Results and discussion

T he composition of CuHT lc is de termined by element analysis method as

Cu0 . 13 Mg 0 . 60 Al0 . 27 ( OH ) 2 ( CO 3 ) 0 .135 � x H 2 O . When CuH Tlc are calcined above 500 � , the com�

posit ion of result ing product s is Cu 0. 13 Mg 0. 6 Al0. 27 O 0. 135 , t he equation o f t herm al decoposit ion of

CuH Tlc can be ex pressed as follow ing :
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Cu0. 13 Mg 0 . 6 Al0. 27 ( OH ) 2 ( CO 3 ) 0. 135 � x H2 O � Cu0. 13 Mg 0. 6 Al0. 27 O 0. 135 + ( 1+ x ) H 2 O + 0. 135CO 2 .

2. 1 XRD analysis

T he XRD patt ern o f t he CuH Tlc ( F ig . 1) illustrates t he fo rm ation of the desired HT lc , t aking

on the general feat ures that are t ypical o f hydrot alcite . Fig . 2 show s the X�ray diffr action patt erns

o f CuH Tlc calcined in a temperature�programm ed mode . From 120 � t o 300 � , t he ( 003 ) reflection ,

g iv ing the basal spacing d ( 003) , decreases in intensity and shifts tow ards higher 2 �va lue com�

panied by t he disappearance of ( 006) and ( 113) reflections, suggesting disorder in t he stacking o f

t he layers . Afte r calcination a t 500 � , the ( 003) re flect ion becomes very w eak and the broad,

diffuse , and w eak dif fract ion pat tern corresponding t o MgO is detected . Up to 750 � , the dif frac�

t ion patte rn of MgO is more intense and the spinel patte rn begins to appear . H ow ever , t he

diffr action pat tern o f M gO shifts t o higher posit ions of 2 �compared to that o f pure M gO . T his

fact , combined w it h no aluminium ox ide patt ern in t he X�ray diffr action patterns, indicat es that

substitution of Al for Mg ( the Al
3 +

ion is smaller than M g
2 +

) into MgO latt ice occurred. After

calcinat ion at 1050 � , the diffr action lines of bo th MgO and spinel phases are sharp and int ense ;

t he diffr action pat tern o f the MgO in t he diffr actogram is in good agreement w ith that o f pure

M gO . This means t hat calcination at 1050 � led to sinter ing of the mixed ox ides( MgO phase doped

w it h aluminium ) , w ith phase segregat ion and format ion o f pure M gO and o f spinel.

CuO is not observed by XRD even aft er calcinat ion at high temperature . This means that CuO

is e ither am orphous , o r present in the fo rm of very small cryst allit es, or dissolved w it hin m agne�

sium oxide .

2. 2 TG�DTA study

A T G�DT A curve of the CuHT lc is show n in Fig . 3. The three endo thermic peaks det ected in

DTA curve are ascribed to losses o f inter layer w ater , OH groups, and carbonate ions ( as CO 2 ) from

t he brucite�like layer respectively . The exot herm ic peak at 825. 8 � is speculated to be att ributed t o

t he transfo rm ation o f Cu0. 13M g 0. 60 Al0. 27O 1 .135 to MgO and spinel. Surprising ly , t he TG curve show s a

slow w eight loss accompanied by a w ide endot hermic peaks ( not m easured above 1150 � ) above

Fig . 1 XRD patte rn of CuHT lc

Fig. 2 XRD pattern for CuHT lc af ter calcinat ion at

dif ferent tem per atur es

a : 300 � b : 500 � c : 750 � d : 1050 �
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850 � , presumably assigned to the fo rm ation o f

eutect ic mix ture o f M gO and spinel .

2. 3 Relationship between surface area and

calcination temperature

Fig . 4 illust rat es the values of sur face areas as

a function of the calcination temperature . Be�

tw een 120 � and 300 � , surf ace area has apparent

changes ( f rom 23 to 119 m
2

� g
- 1

) w hich is due

to the dehydrat ion and dehydroxylat ion dur ing

calcinat ion at t his temperature range . Aft er calci�

nat ion at 500 � , the sur face area increases up to 193 m
2

� g
- 1

. The reason is that H 2 O and CO 2 ,

r esulted from the elimination o f hydroxylation and carbonate ions , escape through holes in t he

crystal surf ace w hich then appear as small , fair ly regular ly spaced crat ers perpendicular t o t he

crystal sur face , as is show n in the TEM ( not g iven in t his paper ) . Com pared to that o f

CuH T 500, the sur face area of CuH T 750 slight ly decreases t o 161m
2 � g

- 1
, result ing from the par�

t ial collapse o f the layered st ructure of CuH Tlc . A sharp decrease of sur face area occurs upon cal�

cination a t 1050 � , in co rrespondence w ith the appearance of more intense X�ray dif fract ion lines

typica l of t he spinel phase , indicating t ha t calcination at 1050 � leads to sinte ring o f the mixed ox�

ides , w hich is not consist ent w ith the behav io r of M g�Al�HT
[ 5 ]

. Dat a about the porosity distr ibu�

t ions o f samples show t hat t he pore radius mainly concentrate at 60 ~ 200 � fo r CuHT lc and

CuH T 300, at 100~ 400 � fo r CuH T 500 and CuHT 750, and almost no pores exist for the CuH T 1050.

F ig . 3 Decomposition DT A- T G curve o f

CuHT lc in N 2

Fig . 4 Sur face area as a f unct ion o f

calcination temperature

Fig . 5 27 Al MAS NMR spectra o f

a : CuHT lc b : CuH T 300

c : CuH T 750 d : CuHT 1050
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2. 4
27
Al MAS NMR analysis

T he
27

Al MAS NM R spectra of CuHT lc , CuH T 300, CuH T 750 and CuHT 1050 are show n in

Fig . 5. T w o phenom ena can be observed w ith the increm ent o f calcinat ion temperature: ( 1) a change

in t he alum inum environment from octahedral to tet rahedral , and ( 2) a defo rmation in t he coordi -
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nat ion sphere of t he remaining oct ahedral aluminum , as deduced from var iat ion o f chemical shift o f

t he NMR resonance line from 7. 8 to 9. 4 and then to 8. 0ppm . T hese phenomena are consistent w ith

t he XRD( phase transfo rm ations) and N 2 adsorpt ion�desorption ( changes o f BET sur face area ) results.

A detailed st udy about the relationship bet ween calcinat ion tem perat ure o f CuHT lc and corre�

sponding cat aly tic act iv it y for NO + CO react ion is on t he w ay and result s w ill be repor ted in f or th�

coming paper .
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