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         ANO copper and copper oxide supported on Al2O3 washcoat 

deposdeposited on cordierite was prepared by mild reduction method 

using hydrazine hydrate as reducing agent in non-aqueous media. The 

effect of loading (5 and 10% Cu), calcination temperature 500, 600 

and 700 oC on the formed nano CuO was investigated. The preheated 

samples were characterized by X-Ray diffraction (XRD) and scanning 

electron microscope (SEM). The results indicated that, 5wt.% 

(Cu/Al2O3)/cordierite  has the less crystallite size and the smallest 

crystallite size of CuO was observed in case of  5wt.% 

(CuO/Al2O3)/cordierite calcined at 500oC for 1hr.  

 

Keywords: Nano , Cu , CuO , Cordierite, Al2O3  and Washcoat. 

 

Metallic and metal oxide based nanoparticles have received significant attention 

by researchers due to their unique properties such as color, conductivity, melting 

temperature, magnetism, catalytic, specific heat and light absorption in 

comparison with bulk metal
)1-5(

. 

 

Nano Cu and CuO particles have attracted much attention of researchers due 

to their applications in catalysis
(6)

. In other words, copper nano particles show 

much higher specific catalytic efficiency than bulky copper due to their 

enormous surface area
(7)

. Many techniques such as radiation methods
(8)

, micro 

emulsion techniques
(9-11)

, super critical techniques
(12)

, vacuum vapor deposition
(13)

 

and chemical reduction
(14-15)

 have been developed to synthesize copper  and 

copper oxide nano particles. Such catalysts are essential for technological 

advances in environmental protection, improving indoor air quality, and in 

chemical synthesis and processing. 
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M. M. Selim et al. 

 

Egypt. J. Chem. 53, No. 4 (2010) 

498 

Copper oxide based catalysts have been extensively examined as a possible 

substitute for noble metal catalysts, because they have much lower cost and 

comparable or even higher activity for CO oxidation
(16-20)

. Several kinds of 

supports, including metal oxides, zeolites, mesoporous silicas, cordierite, carbons 

and others, have been used for preparing the copper oxide based catalysts
(19-24)

.  

 

The most widely used ceramic material as catalyst carriers in conversion 

reactions of the noxious emission gases to harmless ones is cordierite, 2MgO・

2Al2O3・5SiO2. Cordierite has a set of unique properties including low thermal 

expansion coefficient, excellent thermal shock resistance, low dielectric constant, 

high volume resistivity, high chemical durability, high refractoriness and high 

mechanical strength. Therefore, they are widely used, as substrate material for 

integrated circuit boards and as refractory materials 
(25-30)

. 

 

The limited use of cordierite as a catalyst support is due to the fact that the 

small specific surface area (SBET< 1m
2
/g) may decrease the dispersion of active 

metals. To increase the specific surface area, cordierite is coated with a material 

of high surface area called the washcoat, which acts as a host for metal catalysts. 

The washcoat material on cordierite for catalytic purpose should possess a 

variety of properties such as high surface area, appropriate pore structure and 

thermal stability. A material that combines these properties and is mostly used in 

these applications is alumina
(31)

. The washcoat is usually applied on the 

cordierite by impregnation of the cordierite in a suspension (slurry) of the 

powder and subsequent drying and calcination
(32)

.  

 

In this paper nano Cu and CuO supported on washcoated cordierite were 

prepared. The preparation assembly is comprised of three basic parts as shown in 

Fig. 1. The first one is the substrate (the base), which is ceramic (cordierite) and 

the surface of this substrate is coated with a layer of a high surface area material 

called the washcoated (alumina). Finally, within the matrix of the washcoated, 

the transition metals and oxides (Cu and CuO) are dispersed.  

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1. A cartoon of nano Cu or CuO supported on washcoated cordierite. 
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Experimental 

  

Materials used 

Copper nitrate (Merck), sodium hydroxide (Laboratory Rasayan), ethylene 

glycol (Merck), hydrazine hydrate (Merck), cordierite (prepared from Egyptian 

kaolin and talc), Al(NO)3 (Merck), ethyl alcohol (Laboratory Rasayan) and 

acetone (Laboratory Rasayan). 

 

Preparation of Al2O3 washcoat on cordierite by impregnation 

A given mass of a finely pellet cordierite Mg2Al4Si5O18 (prepared from talc 

and kaolin) was impregnated with solutions containing different concentration of 

aluminum nitrate , the loading of  alumina  was determined by weighting where 

the different concentrations of aluminum nitrate were used in order to obtain the 

nominal compositions of 5 wt.% of Al2O3. Then it was dried at 100
o
C over night 

and calcined at 550
o
C for 3 hr to obtain a well-adhered washcoated layer of        

5 wt.% of alumina upon the cordierite.  

 

Preparation of nano Cu and CuO supported on washcoated cordierite 

A previously prepared 5 wt.% (Al2O3)/cordierite was impregnated with 

aqueous solution of copper nitrate. The different concentrations of copper nitrate 

were used in order to obtain the nominal compositions of 5 and 10 wt% Cu 

/Al2O3/Cordierite. The supported copper nitrate precursors on cordierite were 

dried at 100
o
C then introduced in the reaction flask at 80

o
C with a mixture of 

ethylene glycol, hydrazine hydrate solution (80%) and sodium hydroxide (pH of 

solution 11-13) after steering for about  10 min a black solid of copper metal 

supported on cordierite was obtained. At the end of the reaction the copper 

supported on cordierite samples was separated from the solution and washed 

with alcohol and acetone several times and dried at 80
o
C. 

 

Nano copper oxide from  copper supported on washcoated cordierite, 5 and 

10 wt% CuO/Al2O3/cordierite obtained by calcination of previously prepared 

nano copper supported on washcoated cordierite in open air at different 

temperatures 500, 600 and 700
o
C for 1 hr.  

 

Techniques  

X-ray diffraction (XRD) analysis was performed on (Bruker D8 

diffractometer with  Cu-kα radiation (λ=1.54 Ǻ ) at 40 kV and 40 mA. The 

average crystallite sizes of Cu and CuO phase were calculated from the line 

broadening according to Scherrer equation
(33) 

 

d = K / B1/2cos 

 

where, d is the mean crystallite diameter ,  is the x-ray wavelength, K is the 

Scherrer constant (0.89) , B1/2 is the full width at half maximum (FWHM) of the 

different peaks of Cu and CuO and B is the diffraction angle. 
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Scanning electron microscopy (SEM) was taken on (Philips XL30 ); the 

samples were first sputtered with a thin layer of gold to avoid charging. 

 

Results and Discussion 

 

Status of Al2O3 washcoat on cordierite  

From the obtained XRD analysis (Fig. 2) it is seen that, only the patterns of 

cordierite were observed, no patterns related to alumina were detected. 

 
Fig. 2. XRD pattern of cordierite coated by 5 % Al2O3 preheated 

at 550oC for 3 hr soaking time (α = Cordierite ).  

Scanning electron microscope (SEM) photographs of 5 wt. % Al2O3 

washcoat on cordierite calcined at 550°C for 3 hr at different magnifications are 

illustrated in Fig. 3. From the surface view of washcoated, it can be seen that a 

well-adhered washcoat layer of alumina formed on the irregular cordierite 

surface. Based on the results from XRD and SEM, it can be concluded that 

cordierite has been successfully coated with alumina.  

 

Fig. 3-a. SEM images of cordierite before coating with alumina at magnification 5000 x. 
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Fig. 3-b.  SEM images of cordierite coated with 5wt.% preheated  at 550°C for 3 hr 

soaking time at  magnification 151x. 

 

 

 
 

 

Fig. 3-c. SEM images of cordierite coated with 5wt.% preheated  at 550°C for 3 hr 

soaking time at  magnification 1000x. 
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Fig. 3-d. SEM images of cordierite coated with 5wt.% preheated  at 550°C for 3 hr 

soaking time at  magnification 2500x. 

 

 

 

 
 

 

Fig. 3-e. SEM images of cordierite coated with 5wt.% preheated  at 550°C for 3 hr 

soaking time at  magnification 5000x. 
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Nano Cu and CuO supported on washcoated cordierite 

Nano copper was prepared by reduction of copper nitrate with hydrazine as a 

reducing agent in non aqueous solution. The mechanism of the reaction of Cu
+2

 

ions with hydrazine molecules in neutral and basic environments can be 

expressed as follows
(34)

. 

 

Cu
+2 

 +  N2H2 =  Cu↓ + N2↑ + 2 H
+
 

 

It is known that, the metal forms complex with hydrazine at ambient 

temperature
(35)

, this complex (Cu(N2H2)3)
2+

  is very stable in alkaline system at 

room temperature, but with increasing temperature the stability of this complexes 

decreases and decomposes to form pure nano copper metal
(36)

. 

 

Figures 4-11 show the XRD diffractograms of supported Cu and CuO on 

washcoated cordierite. The X-ray data allow to investigate the effect of loading 

with 5 and 10 wt.% of copper and its oxide supported on washcoated cordierite 

and calcination temperature of CuO on the crystallinity and crystallite size of 

copper metal and copper oxide phases. The peak height of [111] and [111] lines 

(main diffraction peaks of Cu and CuO, respectively) was considered as a 

measure of their crystallinity, according to the different loading on washcoated 

cordierite. The intensity of peaks of copper metal and its oxide were found to be 

in the following order; 5% <10%.  This order corresponds to an increase of the 

CuO and crystallite size. The crystallite size calculated by Scherrer formula 

increases by increasing calcination temperature in the order 500
o
C < 600

o
C < 

700
o
C (Table 1).  
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Fig. 4. XRD pattern of 5 wt.% Cu supported on washcoated cordierite                      

(α = Cordierite, M = Cu). 
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Fig. 5. XRD pattern of 10 wt. % Cu supported on washcoated cordierite                   

(α = Cordierite, M = Cu). 
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Fig. 6. XRD pattern of 5 wt. % CuO supported on washcoated cordierite calcined   

at 500 oC for 1hr soaking time (α = Cordierite, MO = CuO). 
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Fig. 7. XRD pattern of 10 wt.  % CuO supported on washcoated cordierite calcined 

at 500 oC for 1hr soaking time (α = Cordierite, MO = CuO). 
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Fig. 8. XRD pattern of 5 wt.  % CuO supported on washcoated cordierite calcined  

at 600 oC for 1hr soaking time (α = Cordierite, M = Cu). 
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Fig. 9. XRD pattern of 10 wt.  % CuO supported on washcoated cordierite calcined 

at 600 oC for 1hr soaking time (α = Cordierite, MO = CuO). 
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Fig. 10. XRD pattern of 5 wt. % CuO supported on washcoated cordierite calcined 

at 700 oC for 1hr soaking time (α = Cordierite, MO = CuO). 
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Fig. 11. XRD pattern of 10 wt.  % CuO supported on washcoated cordierite calcined 

at 700 oC for 1hr soaking time (α = Cordierite, MO = CuO). 

 

 
TABLE 1. Crystallite size of different Cu and Cu oxide. 

  

Sample 
Calcination 

Temperature (
o
C) 

Crystallite size 

(nm) 

5 wt.% Cu/ Al2O3 /cordierite - 5.6 

10 wt.% Cu/ Al2O3 /cordierite - 7.4 

5 wt.% CuO/ Al2O3 /cordierite 500 6 

10 wt.% CuO/ Al2O3 /cordierite 500 9 

5 wt.% CuO/ Al2O3 /cordierite 600 7.2 

10 wt.% CuO/ Al2O3 /cordierite 600 14 

5 wt.% CuO/ Al2O3 /cordierite 700 18.6 

10 wt.% CuO/ Al2O3 /cordierite 700 16.2 

 

 

Scanning electron microscope images (Fig.12,13) show homogenous 

dispersion of Cu supported on washcoated cordierite. CuO supported on 

washcoated cordierite was homogenously dispersed after calcination and the 

crystallite size was found to be in nano scale based on x-ray data.  
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Fig. 12-a. SEM images of nano 10 wt. %Cu metal supported on washcoated 

cordierite at  magnification 250x. 

 

 

 
 

Fig. 12-b. SEM images of nano 10 wt. %Cu metal supported on washcoated 

cordierite at  magnification 1000x. 
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Fig. 12-c. SEM images of nano 10 wt. %Cu metal supported on washcoated 

cordierite at  magnification 2500x. 

 

 

 
 

Fig. 12-d. SEM images of nano 10 wt. %Cu metal supported on washcoated 

cordierite at  magnification 5000x. 
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Fig. 13-a. SEM images of 10 wt.  % CuO supported on washcoated cordierite 

calcined at 500 oC for 1hr soaking time at  magnification 250x. 

 

 

 
 

Fig. 13-b. SEM images of 10 wt.% CuO supported on washcoated cordierite calcined 

at 500 oC for 1hr soaking time at  magnification 1000x. 
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Fig. 13-c. SEM images of 10 wt.  % CuO supported on washcoated cordierite 

calcined at 500 oC for 1hr soaking time at  magnification 3500x. 

 

 

 
 

 

Fig. 13-d. SEM images of 10 wt.  % CuO supported on washcoated cordierite 

calcined at 500 oC for 1hr soaking time at magnification 5000x. 
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Conclusion 

In this work, nano Cu supported on washcoated cordierite was prepared by 
reduction method with hydrazine hydrate. Nano CuO supported on washcoated 
cordierite was prepared by calcination of the previously prepared Cu/washcoated 
cordierite at different temperatures. X-ray investigation showed that, the 
crystallite size of samples was in nano size. SEM showed that the dispersion of 
preheated Cu and CuO on washcoated cordierite was homogenous. 
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المتناهية  سيدهاالنحاس واك تحضير وتوصيف حفازات

  يوريت المغطىدالمحملة على الكور (النانو)الصغر
 

محمد محمد عبد المنعم سليم
أ

، صلاح الدين عبده حسن 
ب

، محمد رمضان  

عبدالسلام رزق
ج

نصر الله محمد دراز و 
 أ، د

 
 أ

 ، وثالمركز القومى للبح –قسم الكيمياء الفيزيقية 
 ب

 –كلية العلوم  –قسم الكيمياء 

 ،جامعة عين شمس
ج

و  مصر –القاهرة  – وزارة البحث العلمى 
د

–قسم الكيمياء   

 .السعودية  –جامعة الملك سعود   -كلية العلوم 

 

محمل على الكورديوريت ( النانو)ى الصغر هتم تحضير فلز النحاس واكسيده المتنا

الاختزال باستخدام الهيدرازين هيدريت  في  وذلك عن طريق الألوميناالمغطى ب

    تم دراسة تأثير درجات الحرارة على اكسيد النحاس عند . ير مائىغوسط 

باستخدام تقنية حيود الأشعة درجة مئوية وتم توصيف العينات  055و 055،  055

واظهرت النتائج ان العينة (. SEM)، ومجهر المسح الإلكتروني ( XRD)السينية 

من النحاس او الاكسيد المحمل على الكورديوريت  ٪وزن  0.5المحتوية على 

 .درجة مئوية لمدة ساعة له اقل حجم بلورى 055المغطى بالالومينا  والمسخن عند 
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