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         ERRIC/CHROMIC mixed oxides having the formula 0.85 Fe2O3: 0.15 

0.15CCr2O3 were obtained by thermal decomposition of the mixed 

hydroxides prepared from mixed nitrate and sulphate solutions using 

NH4OH. Pure mixed hydroxides were heated at 500°C .The doped solids 

were prepared by treating the precipitated hydroxides with different amounts 

of Li2O and K2O (0.5, 0.75 and 1.5 mol %) followed by calcination at 

500°C. The techniques employed were XRD, N2-adsorption and oxidation of 

CO by O2 at 200-300°C. The results revealed that pure and doped systems 

consisted of nanocrystalline phases having crystallite size varying between 

8-64 nm depending on the nature of ferric and chromic salts used and dopant 

concentration. Pure mixed solids consisted of a mixture of α and γ-Fe2O3 

phase whose crystallite size decreases by increasing the dopant 

concentrations. K2O-doping of the investigated systems resulted in the 

formation of K2FeO4 together with ferric oxide phases. Li2O-doping (0.5 and 

0.75 mol %) led to the formation of LiFe5O8 together with γ-Fe2O3 phase. 

However, the heavily Li2O-doped samples consisted entirely of LiFe5O8. 

The SBET of pure system prepared from ferric and chromic sulphates 

measured higher SBET values as compared to those prepared from mixed 

nitrates, whereas K2O-doping decreased the SBET. On the other hand, Li2O-

doping exerted a measurable increase in the SBET. The increase was 

however, more pronounced in case of the system prepared by using mixed 

sulphate solutions. The catalytic activity was higher in case of the catalysts 

prepared by using mixed nitrates as compared to the catalysts prepared by 

using mixed sulphate solutions. The doping process led to a progressive 

significant increase in the catalytic activity. The increase was, however, 

much more pronounced in case of the catalysts prepared from the mixed 

sulphates. The maximum increase in the k200°C value due to doping with 1.5 

mol % K2O attained 30.8% and 285% for the solids prepared from mixed 

nitrates and mixed sulphates, respectively. These values measured 27% and 

241% in case of the catalysts prepared by using mixed nitrate and mixed 

sulphate solutions, respectively. The doping process did not affect the 

mechanism of the catalyzed reaction but increased the concentrations of 

active sites involved in catalytic reaction without changing their energetic 

nature.   
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The catalytic oxidation of CO by O2 is considered as an effective way to minimize air 

pollution and is being utilized in an increasing number of  practical  applications
 (1-5)

.  

A number of catalysts have been studied in the past decades.  It was found that the 
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nanoparticles are much more effective as carbon monoxide catalysts than the big-sized 

solids. Iron-based compounds are widely used in heterogeneous catalysis either pure 

or in mixtures with other elements to catalyze many reactions. Volatile organic 

compounds (VOCs) are the main source of air pollutants, emitted from many industrial 

processes and transportation activities 
(6)

. Iron oxide, α-Fe2O3,  has drawn enormous 

attention due to a wide range of applications such as red pigments 
(7)

, catalysts 
(8)

, gas 

sensor 
(9)

 and can be used as a catalyst of carbon monoxide oxidation in the presence 

and absence of oxygen 
(10)

. These applications were focused on the particle size of 

order of nanometer. So, superfine Fe2O3 nanoparticles were evaluated as a catalyst for 

oxidation of carbon monoxide 
(11)

. 

 

The catalytic activity of a large variety of catalysts can be modified by various 

methods. The doping of different catalytic systems can be considered as an important 

parameter in modifying their catalytic activities. The doping with certain foreign 

oxides such as Li2O, K2O or ZnO hinders the metal oxide-support interactions thus 

increasing the stability of catalytically active constituents 
(12–17)

. 

 

The present work reports the results of a study on the influence of effects of ferric 

and chromic salts in physicochemical, surface and catalytic properties of pure and 

doped Fe2O3-Cr2O3 system. The techniques employed were XRD, adsorption of N2 at -

196°C besides catalysis of CO oxidation by O2 at different temperatures between 200-

300°C. 

 
Experimental 

Materials  
Iron (III) and chromium (III) mixed hydroxides samples were prepared by using co 

precipitation method. This process was carried out using an aqueous solution of ferric 
and chromic mixed nitrate or mixed sulphate solutions at 50°C and at a pH 8 in 
presence of conc. NH4OH solution subjected to pubbling by a current of dry air free 
from CO2 flowing at a rate of 20 ml/min. The salts used were of analytical grade and 
supplied by BDH Company and their amounts were calculated in a manner that Fe/Cr 
ratio was 0.85: 0.15. The molecular formula of the prepared calcined mixed solids was 
0.85Fe2O3:0.15Cr2O3. The carefully washed mixed hydroxides were dried at 120°C 
then heated at 500 °C for 4hr. 

 
Three Li2O-doped and three K2O-doped samples were prepared by taking 

calculated amounts of pure mixed hydroxides with calculated amounts of Li or K 
nitrates dissolved in the least amount of distilled water sufficient to make pastes. The 
pastes were dried at 120°C till constant weight then calcined in air 500°C for 4hr. The 
dopant concentrations were 0.5, 0.75 and 1.5 mol % Li2O or K2O. 

 
Pure mixed solids were designated as Fe Cr and Fe Cr-S for the solids prepared by 

using mixed nitrate and mixed sulphate solutions, respectively. The solids prepared by 
using mixed nitrate solutions and doped with K2O and Li2O were designated as Fe Cr 
K1, Fe Cr K2, Fe Cr K3 and Fe Cr Li1, Fe Cr Li2 and Fe Cr Li3.  These solids contained 
0.5, 0.75 and 1.5 mol% K2O or Li2O, respectively. The solids prepared by using mixed 
sulphate solutions and doped with K2O or Li2O were designated as Fe Cr-S K1, Fe Cr-
S K2 , Fe Cr-S K3 and Fe Cr-S Li1, Fe Cr-S Li2 and Fe Cr-S Li3  containing 0.5, 0.75 
and 1.5 mol%, respectively. 
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Techniques 

X-ray diffraction (XRD) analysis of different mixed oxides 

X- ray powder diffractograms of various investigated solids calcined at 500ºC were 

determined using a Bruker diffractometer (Bruker D8 advance target ) the scanning 

rate was fixed at 8º in 2θ/min for phase identification and 0.8º in 2θ/min for line 

broadening profile analysis, respectively. The patterns were run with Cu Kα1 with 

secondly monochromator (λ = 0.1545 nm) at 40 kV and 40 mA. The crystallite size of 

crystalline phases present in different solids investigated was calculated from the line 

broadening profile analysis of the main diffraction lines of the phases present using the 

Scherrer equation 
(18)

. 

 

 

 

 

 

where D is the mean crystallite diameter in Å, λ the wave length of X-ray beam, K the 

Scherrer constant (0.89), β1/2 the full-width at half-maximum (FWHM)  of the main 

diffraction peak in radian and θ is the diffraction angle. 

 

Measurements of different surface characteristics 

The different surface characteristics of various adsorbents were determined from 

analysis of nitrogen adsorption isotherms carried out at – 196 
0
C over various solids . 

These characteristics include specific surface areas (SBET), total pore volume (Vp), 

mean pore radius (r
-
) and pore volume distribution curves (Δv/Δr). The SBET values 

were determined from linear portion of the BET equation.  Another series of specific 

surface area (St) was determined from Vl-t plots constructed using suitable standard t-

curves depending on the values of the BET- C constant.  

 

The specific surface area (SBET), total pore volume (Vp) , mean pore radius   (r
-
) 

and pore volume distribution curves (Δv/Δr) of the various adsorbents were 

determined from nitrogen adsorption isotherms measured at -196 C using 

Quantachrome NOVA Automated Gas sorbometer . The values of Vp were computed 

from the relationVp = 15.45×10
-4
 ×Vst cm

3
/ g, where Vst is the volume of nitrogen 

adsorbed at P/P
°
 tends to unity. The values of r

-
 were determined from the equation  

 

 

 

 

Apparatus for measuring the catalytic activity 

Catalytic oxidation of CO by O2 over the various catalysts was carried out at 

temperatures in the range of 200–300°C using a static method. A stoichiometric 

mixture of CO and O2 (CO + 1/2 O2) at a pressure of 2 Torr was used. A fresh catalyst 

sample (200 mg) was employed for each kinetic experiment and was activated by 

heating under a reduced pressure of 10
-6

 Torr for 1 hr at 250°C. The CO2 produced 

was removed from the reaction system by freezing in a liquid nitrogen trap. The 

kinetics of the catalytic reaction was monitored by measuring the pressure of the   

reacting gases at different time intervals until no change in pressure was attained. The 

percentage decrease in pressure at a given time determines the percentage conversion 

D = 
      Kλ 

β1/2cosθ 

r
-
(Ǻ) = 

  2Vp  

× 10
4 
 Å     SBET 
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of the catalytic reaction at that time. The saturation vapour pressure of CO at −196°C 

being 160 Torr makes its liquefaction at that pressure improbable under the employed 

conditions (2 Torr) 
(19)

. 
 

Results and Discussion 

 

XRD investigation of pure and variously K2O and Li2O-doped solids prepared from 

mixed nitrates and calcined at 500°C   
The XRD diffractograms of pure and variously doped solids calcined at 500°C 

were determined. The obtained diffractograms of pure solids and those doped with 0.5, 
0.75 and 1.5 mol% K2O are illustrated in Fig. 1-a. Examination of Fig 1-a shows the 
following: (i) Pure and variously K2O-doped samples consisted of nanosized phases 
measuring crystallite size varying between 9-48 nm for ferric oxide phases. (ii) Doping 
the investigated system with K2O followed by calcination at 500°C led to the 
formation of nanosized K2FeO4 measuring a crystallite size that increases by 
increasing the dopant concentration and varies between 8 and 64 nm. (iii) Pure and 
doped solids consisted of a mixture of α and γ-Fe2O3 phases together with the 
potassium ferrite phase. Figure 1-b shows the diffractograms of pure and variously 
Li2O-doped solids calcined at 500°C. Inspection of Fig. 1-b shows the following: (i) 
Similarly as the case of K2O-doped solids, the 0.5 and 0.75mol% Li2O-doped samples 
consisted of a mixture of nanocrystalline α and γ-Fe2O3 phases together with 
nanocrystalline LiFe5O8 whose crystallite size increases slightly by increasing the 
amount of Li2O present. (ii) The heavily Li2O-doped samples consisted entirely of 
LiFe5O8 phase. However, one can not exclude the presence of ferric oxides in a very 
poorly crystalline state that could not be detected by XRD investigation.                                                                                                                  

 

XRD investigation of pure and variously K2O and Li2O-doped solids prepared from 

mixed sulphates and calcined at 500°C   
The XRD diffractograms of pure and variously doped solids calcined at 500°C 

were determined. The obtained diffractograms are illustrated in Fig. 2-a. Examination 
of Fig 2-a shows the following: (i) Pure and variously K2O-doped samples consisted of 
nanocrystalline phases measuring crystallite size varying between 15-42 nm for ferric 
oxide phase. (ii) K2O-doping (0.5- 1.5mol %) conducted at 500°C led to the 
appearance of γ-Fe2O3 as a major phase. It is known that the crystallite of γ-Fe2O3 
generally possess an imperfect cubic spinel structure, which is different from that of α-
Fe2O3, hexagonal structure. The imperfect γ-Fe2O3 spinel allows promoter such as Cr 
to be incorporated into vacant sites in the γ-Fe2O3 resulting in less sintering of active 
phase in the catalysts consisting of γ-Fe2O3 than those consisting of α-Fe2O3 employed 
under identical operating conditions

 (20)
. (iii) Doping the system investigated with 0.5- 

1.5 mol% K2O followed by calcination at 500°C led to the appearance of new 
diffraction lines at d= 2.97Å and 2.94Å corresponding to

 
K2FeO4, JCPDS-ICDD 25-

652. 
 
Figure 2-b shows the diffractograms of pure and variously Li2O doped solids 

calcined at 500°C. Inspection of Fig. 2-b shows the following: (i) Pure and variously 
Li2O-doped samples consisted of nanocrystalline phases measuring crystallite size 
varying between 9-48 nm for ferric oxide phase. (ii) Similarly, as the case of K2 O-doped 
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Fig. 1. X-ray diffractograms of pure and 0.5, 0.75 and 1.5 mol%: (a) K2O and (b) Li2O-

doped samples prepared by using mixed nitrates and calcined at 500°C . 
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solids, the 0.5and 0.75 mol% Li2O-doped system consisted of a mixture of 

nanocrystalline α and γ-Fe2O3 phases together with nanocrystalline LiFe5O8 whose 

crystallite size increases slightly by increasing the amount of Li2O present. (ii) 

However doping the mixed solid samples with 1.5 mole % Li2O followed by 

calcination at 500°C led to the disappearance of both α- and γ- Fe2O3 phases and 

LiFe5O8 was the only phase present. However, one can not exclude the presence of 

ferric oxides in a very poorly crystalline state that could not be detected by XRD 

investigation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 2. X-ray diffractograms of pure and 0.5, 0.75 and 1.5 mol%: (a) K2O and (b) Li2O-

doped samples prepared by using mixed sulphates solution and calcined at 500°C. 
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The crystallite size and degree of crystallinity of different crystalline phases in K2O 

and Li2O-doped solids calcined at 500°C for the solids prepared from mixed nitrates 

and sulphates, respectively, are given in Tables 1& 2. It is clearly shown from these 

tables that K2O and Li2O-doping (0.5- 1.5 mol%) conducted at 500°C increased the 

degree of crystallinity and crystallite size of phases present which consisted of a 

mixture of  alpha and gamma ferric oxides together with K2FeO4 and LiFe5O8 phases.                                                              
 

TABLE 1. XRD data of Fe Cr, Fe Cr K1, Fe Cr K2, Fe Cr K3 and Fe Cr Li1, Fe Cr Li2, Fe 

Cr Li3 solids prepared by thermal decomposition at 500°C of their mixed 

hydroxides prepared from ferric and chromic mixed nitrates.         

 

Catalyst Phases present 
Crystallite 

size (nm) 

Degree of 

crystallinity 

(a.u.)* 

 

Fe Cr 

 

γ-Fe2O3 

α-Fe2O3 

38 

9 

22 

5 

Fe Cr K1
 

 

γ-Fe2O3 

α-Fe2O3 

K2FeO4 

43 

19 

22 

18 

9 

8 

Fe Cr K2
 

 

K2FeO4 

α-Fe2O3 

γ -Fe2O3 

43 

48 

39 

7 

4 

4 

Fe Cr K3
 

 

γ -Fe2O3 

K2FeO4 

α-Fe2O3 

40 

64 

15 

13 

12 

8 

Fe Cr Li1
 

 

γ-Fe2O3 

α-Fe2O3 

LiFe5O8 

39 

31 

50 

13 

12 

6 

Fe Cr Li2
 

 

γ -Fe2O3 

LiFe5O8 

α-Fe2O3 

29 

63 

24 

12 

11 

10 

Fe Cr Li3
 

 
LiFe5O8 53 16 

 
* The peak area of the main diffraction lines of α- and γ- Fe2O3 was taken as a measure of 

degree of crystallinity of these phases.      

 

Detection of potassium and lithium ferrite phases in variously doped solids in spite 

of the very small amounts of the dopant added (o.88 and 0.87 wt% Li2O and K2O in 

the heavily doped samples). These values are far below the detection limit of the X-ray 

diffractometer employed. This finding suggested clearly the enriched presence of the 

dopant substrate in the top surface layers of the dopant solids 
(21)

. The enriched 

presence of the dopant substrate might be tentatively attributed to the fact that the 

doped solids were prepared by wet impregnation method and not by co-precipitation 

method. The disappearance of ferric oxide phases could be tentatively attributed to the 

solid-solid interaction between K2O and-or Li2O and all surface ferric oxides leading 

to the formation of potassium and lithium ferrite phases.                                                                                       

 

Fe2O3  + 2K2O + 3/2O2 → 2K2FeO4  

                                         5Fe2O3 +  Li2O  →  2LiFe5O8 
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TABLE 2. XRD data of Fe Cr, Fe Cr K1, Fe Cr K2, Fe Cr K3 and Fe Cr Li1, Fe Cr Li2, Fe 

Cr Li3 solids prepared by thermal decomposition at 500°C of their mixed 

hydroxides prepared from ferric and chromic mixed sulphates. 

* The peak area of the main diffraction lines of α- and γ- Fe2O3 was taken as a measure of degree 

of crystallinity of these phases.      

 

Surface properties of pure and doped solids prepared from ferric and chromic mixed 

nitrates 

The different surface characteristics of pure and variously doped adsorbents were 

determined by analysis of N2 adsorption isotherms measured at -196°C over various 

adsorbents. These isotherms, not given, belong to type II of BDDT classification. 

These characteristics include specific surface area (SBET), total pore volume (Vp), 

mean pore radius (r
–
) and pore volume distribution curves (∆v/∆r). The SBET values 

were determined from linear portion of the BET equation. Another series of specific 

surface area (St) was determined from Vl-t plots constructed using suitable standard t-

curves of de Boer 
(22)

.  

 

The results obtained are given in Table 3. Examination of Table 3 shows the 

following: (i) The values of SBET and St of all adsorbents investigated are close to each 

other which justifies the correct choice of standard t-curve used in pore analysis and 

indicates the absence of the ultra micro pores. (ii) Doping the system investigated with 

the smallest amount of K2O led to a measurable decrease in the SBET values which 

remained almost unchanged by increasing the dopant concentration. (ii) K2O-doping 

resulted in a progressive significant decrease in r¯ (an effective progressive pore 

narrowing) which decreased from 83 to 20 Å in presence of 1.5 mol% K2O. This 

decrease might be expected to increase the SBET. This expectation has not been verified 

experimentally. So, the observed decrease in SBET due to doping with K2O might be 

Catalyst Phases present 
Crystallite 

Size (nm) 

Degree of 

Crystallinity 

(a.u.)* 

Fe Cr-S 

 
α-Fe2O3 22 12 

Fe Cr-S K1 

 

γ-Fe2O3 

K2FeO4 

α-Fe2O3 

37 

34 

25 

16 

8 

7 

Fe Cr-S K2
 

 

K2FeO4 

γ -Fe2O3 

α-Fe2O3 

69 

39 

42 

11 

7 

8 

Fe Cr-S K3
 

 

γ -Fe2O3 

K2FeO4 

α-Fe2O3 

40 

64 

15 

13 

12 

8 

Fe Cr-S Li1
 

 

γ-Fe2O3 

α-Fe2O3 

LiFe5O8 

39 

31 

50 

13 

12 

6 

Fe Cr-S Li2
 

 

γ -Fe2O3 

LiFe5O8 

α-Fe2O3 

29 

63 

24 

12 

11 

10 

Fe Cr-S Li3
 

 
LiFe5O8 53 16 
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tentatively attributed to the considerable drop in the Vp value due to this process. In 

fact, Vp decreases from 0.217 to 0.036 up on doping with 1.5 mol% K2O. 

 
TABLE 3. Surface characteristics of pure and variously K2O and Li2O-doped Fe2O3-Cr2O3 

solids prepared by thermal decomposition at 500°C of  their mixed hydroxides 

prepared from ferric and chromic mixed nitrates.  

  

Examination of surface characteristics of Li2O-doped solids (c.f. Table 3) shows 

the following: (i) The values of SBET and St for all adsorbents investigated are close to 

each other which justifies the correct choice of standard t-curve used in pore analysis 

and indicates the absence of the ultra micro pores. (ii) Opposite to K2O-doping Li2O-

doping of the system investigated (0.5 and 0.75 mol% Li2O) resulted in a measurable 

significant increase in the SBET; the increase attained 98% for the sample doped with 

o.75 mol% Li2O. (iii) The increase in the dopant concentration up to 1.5 mol% led to a 

sudden drop in the SBET. This significant decrease in the SBET value in the heavily Li2O 

doped sample could be discussed in terms of the considerable drop in the numbers of 

pores present. In fact, the Vp value decreases from 0.217 to 0.024cc/g. This droping in 

the SBET could be also attributed to the complete conversion of ferric oxide phases into 

LiFe5O8 phase. 

 

The pore volume distribution curves (∆v/∆r) for pure and heavily doped adsorbents 

calcined at 500°C were determined. The curves obtained are illustrated in Fig 3. These 

curves show multimodal distribution for pores present in pure and Li2O-doped 

adsorbents. The maxima of the most probable pore radius are located at 18, 29 and 

46Ǻ for pure solid calcined at 500°C and at 15, 18 and 54 Ǻ for 1.5 mol%-doped solid 

calcined at the same temperature. However, the majority of pores present in the doped 

adsorbent measured pore radius between 15 and 18Ǻ. On the other hand, (∆v/∆r) curve 

of adsorbent doped with 1.5 mol% K2O shows unimodal distribution of pores present 

at a value of 36Ǻ. These findings might suggest that K2O-doping led to the widening 

Adsorbent 
SBET 

m2/g 

St 

m2/g 

Total pore 

volume 

Vp , cc/g 

Mean pore 

radius r- Å 
BET-C 

constant 

Fe Cr  52 54 0.21658 83 152 

Fe Cr K1 37 35 0.0555 30 3 

Fe Cr K2 35 32 0.03697 21 3 

Fe Cr K3 37 33 0.03635 20 3 

Fe Cr Li1 61 58 0.1106 36 5 

Fe Cr Li2 103 99 0.16243 32 4 

Fe Cr Li3 7.4 7.2 0.0242 65 -9 
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of pores present. K2O-doping shifted the value of most probable pore radius from 18, 

29Ǻ to 36 Ǻ. The comparison between the areas of (∆v/∆r) curves shows that the 

doping process conducted at 500°C decreased the volume of pores present. The 

decrease was, however, more pronounced in case of Li2O-doping. These results agree 

well with the Vp values measured for pure and doped solids calcined at 500°C (c.f. 

Table 3).      

 

Surface properties of pure and doped solids prepared from ferric and chromic mixed 

sulphates                                                              
The results obtained are given in Table 4. Examination of Table 4 shows the 

following: (i) The values of SBET and St for all adsorbents investigated are close to 

each other which justifies the correct choice of standard t-curve used in pore analysis 

and indicates the absence of the ultra micro pores. (ii) Doping the system investigated 

with the smallest amount of K2O led to a progressive measurable decrease in the SBET 

values. This decrease reaches to about 29% , 39% and 48% for 0.5 , 0.75 and 1.5 

mol% K2O-doped samples, respectively (iii) K2O doping resulted in a progressive 

significant decrease in r¯ (an effective progressive pore narrowing) which decreased 

from 44 to 19 Å in presence of 1.5 mol% K2O. This decrease might be expected to 

increase the SBET. This expectation has not been verified experimentally. So, the 

observed decrease in SBET due to doping with K2O might be tentatively attributed to 

the considerable drop in the Vp value due to this process. In fact, Vp decreased from 

0.193 to 0.043 cc/g upon doping with 1.5 mol% K2O. The decrease in SBET values 

might be also attributed to a possible location of some of K2O in the pores of the 

system investigated leading to their blocking. Furthermore, the decease in specific 

surface area might be also attributed to the formation of potassium ferrite. The 

formation of this compound might be accompanied by a significant loss in their 

porosity followed by a corresponding decrease in their SBET values. 

 

The surface characteristics of variously Li2O-doped adsorbents subjected to 

heating at 500°C were determined. Examination of surface characteristics of Li2O-

doped solids (c.f.  Table.4) shows the following:: (i) The values of SBET and St for all 

adsorbents investigated are close to each other which justifies the correct choice of 

standard t-curve used in pore analysis and indicates the absence of the ultra micro 

pores. (ii) Treatment of the investigated system with 0.5 mol% of Li2O followed by 

calcination at 500°C led to an increase in its SBET of about 26%. The observed increase 

in the SBET of Fe2O3/Cr2O3 system due  to  doping  with  the  smallest  amount  of  

Li2O  (0.5 mol%) could be attributed to the creation of new pores during the thermal 

treatment of the doped solids via liberation nitrogen oxides gases during thermal 

decomposition of LiNO3 dopant added. Similar results have been reported in the case 

of CuO/Al2O3 
(23)

, CuO-ZnO/Al2O3 
(24) 

Cr2O3/Al2O3 
(25)

 and NiO/Al2O3 systems 
(26)

. 

(iii) On the other hand, Li2O-doping decreased the SBET to an extent proportional to the 

amount of dopant added. The decrease attained 22% for the heavily doped samples. 

This significant decrease in the SBET value in the heavily Li2O doped sample could be 

discussed in terms of the considerable drop in the numbers of pores present. In fact, 

the Vp value decreases from 0.194 to 0.084 cc/g and could be also attributed to the 

complete conversion of ferric oxide phases into LiFe5O8 phase. 
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Fig. 3. Pore volume distribution curves of Fe Cr, Fe Cr K3 and Fe Cr Li3 samples calcined 

at 5oo◦C. 

Pore radius (Å) 

0 10 20 30 40 50 60

0,0000

0,0001

0,0002

0,0003

0,0004

0,0005

0,0006

0,0007

Fe Cr K3

p
o

re
 v

o
lu

m
e 

(c
c/

 Å
/g

) 
c/

 Å
/g

) 
 

Pore radius (Å) 

0 10 20 30 40 50 60

0,00000

0,00005

0,00010

0,00015

0,00020

0,00025

Fe Cr Li3

P
o

re
 v

o
lu

m
e 

(c
c/

 
Å

/g
) 

 

Pore radius (Å) 

0 10 20 30 40 50 60

0,0000

0,0002

0,0004

0,0006

0,0008

0,0010

0,0012

0,0014

p
o
re

 v
o
lu

m
e
 c

c/
g

Fe Cr

P
o

re
 v

o
lu

m
e 

(c
c/

 Å
/g

) 



G.A. El-Shobaky  et al. 

 

Egypt. J. Chem. 53, No. 1 (2010) 

48 

TABLE 4. Surface characteristics of pure and K2O-or Li2O-doped Fe2O3- Cr2O3 solids 

prepared using thermal decomposition of their mixed hydroxides at 500°C 

using ferric and chromic mixed sulphates    

 

TABLE 5. Reaction rate constant per unit mass (k× 10-3 min-1 g-1) for the catalytic reaction  

carried out at 200-300ºC over pure and Li2O or K2O-doped Fe2O3-Cr2O3 solids 

calcined at 500ºC  and  prepared using ferric and chromic mixed nitrates.  

Adsorbent 
SBET 

m2/g 

St 

m2/g 

Total pore 

volume 

Vp , cc/g 

Mean pore 

radius r- Å 
BET-C 

constant 

Fe Cr 87 85 0.19352 44 1 

Fe Cr-S K1 62 60 0.07967 26 3 

Fe Cr-S K2 53 52 0.0881 33 2 

Fe Cr-S K3 45 46 0.0433 19 2 

Fe Cr-S Li1 110 112 0.25307 46 4 

Fe Cr-S Li2 78 77 0.1067 27 3 

Fe Cr-S Li3 68 70 0.0835 25 3 

k ×10-3 

min-1g-1 
Reaction temperature oC 

 

Catalyst 

 

 

7.8 200  

Fe Cr 8.1 250 

8.9 300 

9 200  

Fe Cr K1 10 250 

11 300 

9.6 200  

Fe Cr K2 11.1 250 

11.2 300 

10.2 200  

Fe Cr K3 10.8 250 

11.5 300 

8.8 200  

Fe Cr Li1 9.3 250 

10.1 300 

9.1 200  

Fe Cr Li2 9.7 250 

10.9 300 

9.9 200  

Fe Cr Li3 10.1 250 

10.4 300 
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 The pore volume distribution curves (∆v/∆r) for pure and heavily doped 

adsorbents calcined at 500°C were determined. The curves obtained are illustrated in 

Fig 4. These curves show multimodal distribution for pores present in pure and 

adsorbent. The maxima of the most probable pore radius are located at 18, 28 and 40Ǻ 

for pure solid calcined at 500°C. On the other hand, (∆v/∆r) curve of adsorbent doped 

with 1.5 mol% K2O and 1.5 mol% Li2O shows unimodal distribution of pores present 

at a value of 36Ǻ. These findings might suggest that K2O and Li2O-doping led to the 

widening of pores present. K2O and Li2O-doping shifted the value of most probable 

pore radius from 18, 28Ǻ to 36 Ǻ. The comparison between the areas of (∆v/∆r) 

curves shows that the doping process conducted at 500°C decreased the volume of 

pores present. The decrease was, however, more pronounced in case of K2O-doping. 

These results agree well with the Vp values measured for pure and doped solids 

calcined at 500°C (c.f. Table 3).      

 

Catalytic activity of pure and variously doped solids prepared from mixed nitrates 

The oxidation of CO by O2 at 200-300°C was carried out over pure and variously 

doped solids calcined at 500°C. First order kinetics was observed in all cases; the 

slopes of the first order plots determine the values of reaction rate constant (k) 

measured at a given temperature over a given catalyst sample. Figure 5 shows 

representative first order-plots of CO oxidation by O2 carried out at 200, 250, and 

300°C over Fe Cr, Fe Cr K3 and Fe Cr Li3 samples calcined at 500°C .The computed k 

values are given in Table 5. Examination of Table 5 shows the following: k increases 

progressively upon increasing the amounts of Li2O or K2O added in the doped solids. 

The maximum increase in the k value due to doping with 1.5 mol% Li2O or 1.5 mol% 

K2O for the reaction carried out at 200°C attained 26.9% and 30.8%, respectively. 

These results clearly indicate the role of the nature of dopant in modifying the catalytic 

activity in CO oxidation by O2.  

 

The parameters which determine the catalytic activity of Fe2O3/Cr2O3 system 

include the concentration of catalytically active constituents on the top surface layers 

of treated solids and their possible interactions. The doping process might affect the 

number of active sites on the catalyst’s surface contributing in chemisorption and 

catalysis of CO-oxidation by O2. The energetic nature of these sites could be also 

influenced by doping. Furthermore, the mechanism of the catalytic reaction could be 

altered by doping. 
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Fig. 4. Pore volume distribution curves of Fe Cr-S, Fe Cr-S K3  and Fe Cr-S Li3 samples 

calcined at 500◦C. 
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Fig. 5. First order-plots of CO oxidation by O2
 carried out at different temperatures 

over Fe Cr, Fe Cr k3 and Fe Cr Li3 systems calcined at 500oC.  
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The change in the catalytic activity of the system investigated due to doping either 
with K2O or Li2O could be discussed in terms of the following parameters: (i) The 
change in SBET, (ii) The change in the crystallite size of the catalytically active 
constituents (some of surface Fe2O3), (iii) Conversion of some of α-Fe2O3 into γ-
Fe2O3, (iv) Conversion of some of Fe2O3 into lithium or potassium ferrites. The 
increase in the SBET is normally accompanied by an increase in the activity. The 
decrease in the crystallite size of Fe2O3 might be also followed by an increase in the 
catalytic activity and vice versa. The formation of lithium or potassium ferrites 
(devoted with smaller activity compared to Fe2O3) might decrease the catalytic activity 
of the doped solids. In order to account for the induced change in the SBET, the reaction 
rate constant per unit surface area (k

−
) was calculated and the computed values for the 

reaction carried out at 200°C were 15 ×10
-5

 , 24.3×10
-5

, 27.4× 10
-5

 and 27.6 ×10
-5

  
min

-1
m

-2
 for pure sample and those doped with 0.5, 0.75 and 1.5mol% K2O, 

respectively. The maximum increase in the k
−

200°C value due to doping with 1.5 mol% 
K2O reached 84%. The k

−
200°C values for the variously Li2O-doped samples are 14.4× 

10
-5

, 8.8× 10
-5 

and 133.8×10
-5

 min
-1

m
-2

 for 0.5, 0.75 and 1.5 Li2O-doped solids, 
respectively. So, the maximum increase in the k

−
200°C due to doping with 1.5 mol % 

Li2O reached a considerable value (892%). This value might be attributed to an 
effective sintering of the heavily doped catalyst (the SBET decreased from 52 to 4.7 
m

2
/g).    
 
The fact that the computed k

−
 values for the catalytic reaction carried out at 200°C 

are different from each other and indicated that the doping process increased the 
catalytic activity of the investigated system. The increase was, however, more 
pronounced in case of K2O-doping. Furthermore, the induced changes in the specific 
surface area due to doping are not a dominant parameter determining the catalytic 
activity of the system investigated. The formation of lithium and potassium ferrites in 
the doped solids might decrease their catalytic activity. This expectation was not 
verified experimentally since an increase and not decrease in the activity was found. 
So, one might expect that the doping process might increase the portion of Fe2O3 
phases involved directly in the catalytic reaction. 
 

Effects of Li2O and K2O-doping on ΔE of the catalyzed reaction prepared from mixed 

nitrates 

Determination of the apparent activation energy (ΔE) for the catalysis of CO 

oxidation by O2 over pure and variously doped solids precalcined at 500°C may shed 

some light on the possible change in the mechanism of the catalyzed reaction and 

hence gives useful information about the possible alteration in the concentration and 

nature of catalytically active constituents. 

 

The values of k measured at temperatures varying between 200 and 300°C over the 

variously doped solids enable ΔE to be calculated by direct application of the 

Arrhenius equation. The calculated values of ΔE are listed in Table 6 which also 

includes the values of the pre-exponential factor A of the Arrhenius equation. Table 6 

shows that A changes with doping, which may be an indication of the heterogeneity of 

the catalyst
'
s surface. It can be seen from the results in Table 6 that, fluctuation in ΔE 

and ln A values for the investigated solids were observed (i.e. both increase and 

decrease in their values). 
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TABLE 6 Computed activation energies (ΔE, ΔE*) and logarithm of pre-exponential 

factor of the Arrhenius equation for the catalytic reaction carried out at 200-

300ºC over pure and Li2O or K2O-doped Fe2O3/Cr2O3 solids calcined at 500ºC 

and prepared using ferric and chromic mixed nitrates.  

  

The fact that ΔE and ln A values for all solids investigated fluctuate in almost the 

same manner might suggest that the observed changes in ΔE values might come from 

corresponding change in lnA values. This speculation could be confirmed from 

recalculation of ΔE values for the reaction conducted over pure and variously doped 

solids calcined at 500°C adopting the lnA value for pure sample to all doped solids 

calcined at the same temperature (500°C). The recalculated values of the activation 

energies (ΔE*) are given in the last column of Table 6. It is clearly shown from the 

data given that ΔE* values of pure and doped solids showed almost the same values 

(2.85±0.15 kJmol
-1

) for the solids doped with K2O and Li2O. This finding suggested 

clearly that doping Fe2O3/Cr2O3 system either with Li2O or K2O followed by heating at 

500°C did not much modify the activation energy of CO oxidation by O2 over 

different solids but changed the concentration of active sites involved in the catalyzed 

reaction. This conclusion leads to an additional evidence from the plot of the equation: 

A = a exp h Δ E, derived on the basis of the dissipation function of active sites by their 

energy as a consequence of surface heterogeneity 
(27)

. F(Ei) = a exp h Ei where Ei is the 

energy of interaction of site ‘i’ with the substrate 
(27)

. The constants "h" and "a", 

indicate that the doping process followed by precalcination at 500°C did not change 

the energetic nature of the active sites but changed their concentration on the top 

surface layers of the treated catalysts.  
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(kJ/mol) 
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Catalytic activity of pure and doped solids prepared by using mixed sulphate solutions 

Figure 6 shows representative first order-plots of CO oxidation by O2 carried out at 

200, 250, and 300°C over Fe Cr-S, Fe Cr-S K3 and Fe Cr-S Li3 samples calcined at 

500°C .The computed k values were calculated for different solids measured at 200, 

250 and 300°C are given in Table 7. Examination of Table 7 shows the following: k 

increases progressively upon increasing the Li2O or K2O contents in the doped solids. 

The increase was, however, more pronounced in case of K2O-doping. In fact, the 

maximum increase in the k value due to doping with 1.5 mol% K2O or 1.5 mol% Li2O 

for the reaction carried out at 200°C attained 285% and 241%, respectively. These 

results clearly indicate the role of the nature of dopant in modifying the catalytic 

activity in CO oxidation by O2.  

 
TABLE 7. Reaction rate constant per unit mass (k× 10-3 min-1 g-1) for the catalytic reaction  

carried out at 200-300ºC over pure and  Li2O or K2O-doped Fe2O3-Cr2O3 

solids calcined at 500ºC and  prepared using ferric and chromic mixed 

sulphates.  

  

 

 

 

 

 

k ×10
-3

 

 

min
-1

g
-1

 

 

 

 

Reaction 

temperature 

oC 

 

 

 

Catalyst 

 

 

3.4 200  
Fe  Cr-S 6.5 250 

7.5 300 

11 200  
Fe Cr-S K1 12 250 

12.9 300 

12.2 200  
Fe Cr-S K2 13 250 

13.9 300 

13.1 200  
Fe Cr-S K3 14.3 250 

15.1 300 

10.4 200  
Fe Cr-S Li1 11.2 250 

12.4 300 

10.6 200  
Fe Cr-S Li2 11 250 

12.4 300 

11.6 200  
Fe Cr-S Li3 13 250 

14.4 300 
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Fig. 6. First order-plots of CO oxidation by O2 carried out at different  temperatures over 

Fe Cr-S, Fe Cr-S K3 and Fe Cr-S Li3 systems calcined at 500ºC.   

 
The change in the catalytic activity of the system investigated due to doping either 

with K2O or Li2O could be discussed in terms of the parameters previously given in 

the preceding section of the present work. The observed increase due to the doping 

process could not be attributed to induce changes in the SBET of the doped solids. So, 

the conversion of some of α-Fe2O3 into γ-Fe2O3, devoted with higher catalytic activity, 

might account for the observed increase in the catalytic activity of doped solids. It is 
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well known that γ-Fe2O3 is more active than α-Fe2O3
 (28)

. So, the formation of γ-Fe2O3 

in the doped solids overcomes the possible decrease in the activity due to the 

formation of potassium and lithium ferrites.  

 

Effects of Li2O and K2O doping on ΔE of the catalyzed reaction prepared from mixed 

sulphates  

The values of (ΔE) and recalculated values of the activation energies (ΔE*) are 

given in Table 8. It is clearly shown from the data given in Table 8 that ΔE* values of 

pure and doped solids showed almost the same values (17 ± 2 kJmol
-1

) for solids 

doped with K2O and (18 ± 2 kJmol
-1

) for the solids doped with Li2O. This finding 

suggested clearly that doping Fe2O3/Cr2O3 system either with Li2O or K2O followed 

by heating at 500°C did not much modify the activation energy of CO oxidation by O2 

over different solids but changed the concentration of active sites involved in the 

catalyzed reaction.  

 
TABLE 8. Computed activation energies (ΔE, ΔE*) and logarithm of pre-exponential 

factor of the Arrhenius equation for the catalytic reaction carried out at 200-

300ºC over pure and Li2O or K2O-doped Fe2O3/Cr2O3 solids calcined at 500ºC 

and prepared using ferric and chromic mixed sulphates.  

  

Conclusions 

 

The results obtained permitted to draw the following main conclusions: 

Physicochemical, surface and catalytic properties of pure and variously K2O and Li2O-

doped Fe2O3/Cr2O3 solids were much influenced by the nature of ferric and chromic 

salts used in the preparation of the mixed hydroxides. However, all prepared solids 

consisted of nanocrystalline phases having crystallite size between 8-64 nm.  

 

ΔE1* 

(kJ/mol) 

 

ln A 

 

ΔE 
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19.2 

 
1.68 
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- Pure mixed solids calcined at 500°C and prepared by using ferric and chromic 

mixed nitrates were entirely composed of nanocrystalline α-Fe2O3 phase and a mixture 

of α and γ-Fe2O3 phases in case of the solids prepared by mixed sulphates. Variously 

K2O and Li2O-doped solids consisted of nanocrystalline potassium and lithium ferrites 

together with ferric oxide phases. However, heavily Li2O-doped solids consisted only 

of LiFe5O8 phase.   

      

  - Pure and variously doped solids prepared from mixed sulphates measured 

specific surface areas bigger than those determined for the other solids. The doping 

process modified the surface characteristics of the treated adsorbents in a different 

manner depending on the nature of dopant and its concentration besides the salts used 

in preparation process. 

         

- Pure mixed solids prepared from ferric and chromic mixed nitrates are more 

catalytically active than those prepared from mixed sulphates. Doping either with K2O 

or Li2O much increased the catalytic activity to an extent proportional to the dopant 

concentration. However, the increase was pronounced in case of the doped solids 

prepared from mixed sulphates.  

       

 - The doping process did not change the mechanism of the catalytic reaction but 

increased the concentration of active sites involved in chemisorption and catalysis of 

CO oxidation reaction without modifying their energetic nature.    
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روم الخواص الفيزوكيميائيه والسطحيه والحفزيه لأكاسيد الحديد والك

النقيه والمشابه بأكاسيد البوتاسيوم والليثيوم ومدى تأثرهم  بأملاح 

 الحديد والكروم المستخدمه فى عملية التحضير
 

جميل على الشوبكى ، عوض ابراهيم أحمد
*

 شيماء السيد الشافعى و 

و الجيزة – المركز القومى للبحوث  – قسم الكيمياء الفيزيقيه
*

 –كلية العلوم  –قسم الكيمياء 

 .مصر  -المنصورة – ةالمنصور جامعة

 

   

تممم  ممى اممحا البحممع تحتممير فينممام ممم  نفمماسام مكودممه ممم  مكانممي  الح يمم  والكممروم  نسمم  

 055تممم تحتمميرام  ال فكمما الحممرارك لدي روكسممي اتدم فنمم   رجممة : 0..5:  0..5 جزيئيممه

رام مئويمممه وتمممم تحتمممير ميممماليد الدي روكسمممي ام  ال رنمممي  الم مممزام  لميممماليد مممم  د ممم

 6امحا وقم  تمم تحتمير . وكبري ام الح ي  والكروم  انم ي ام اي روكسمي  اوموديموم المركمز

, 0..5, 5.0)فينام م  الحفماسام الماما ه  نسم  مي لفمه مم  مكانمي  البوتانميوم واللي يموم 

 . (٪مول  0..
 

 موضحت مام الن ائج من جميع الحفاسام النقيه والماا ه ت كون م  مطوار  للوريه ذام

دادوم ر والحفاسام الماا ه ت كون  66-.نجم نبيبى م نااى الصغر ي راوح نجمدا  ي  

 (.γ,   )م   يري ام البوتانيوم واللي يوم  جاد  مكاني  الح ي  

 

المسانه السطحيه النوفيه للحفاسام النقيه والماا ه والمحتره  ان ي ام كبري ام 

كبر م  الحفاسام الأخرك المحتره الح ي  والكروم ت م ع  مسانه نطحيه دوفيه م

ت أثر اليواص السطحيه  الاشا ه   اكل يع م  فلى دوع وتركيز الما ه .  ن راتدما

 .المس ي مه  ى الاشا ه

 

الكفاءه الحفزيه للعينام النقيه المحتره م  الن رام مكبرم  الكفاءه الحفزيه للعينام 

ه  أكاني  البوتانيوم واللي يوم الى سيا ه تؤ ك فملية الاشا . النقيه المحتره م  الكبري ام

كبيره  ى الكفاءه الحفزيه ت نان  طر يا مع تركيز احه الأكاني  مع ملانظة من الزيا ه  ى 

الكفاءه الحفزيه تكون مكبر ك ير ى نالة الاشا ه  أكسي  البوتانيوم للعينام المحتره 

لحا ت م ع العينام الماا ه . لن رام ان ي ام الكبري ام اذا ما قوردت  العينام المحتره  ا

والمحتره  كبري ام الح ي  والكروم  كفاءه نفزيه مكبر م  كفاءة الحفاسام الماا ه 

لا تؤثر فملية الاشا ه  ى آلية ال فافل المحفز ولكندا تؤ ك الى . والمحتره م  الن رام

 .سيا ه  ى تركيز المواقع الناطه الما ركه  ى ال فافل المحفز


