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ABSTRACT 

The effect of samarium oxide on reduction kinetics of the preci- 
pitated ammonia synthesis catalyst was investigated by thermal 
methods. The reduction was carried out with purified hydrogen. 
The kinetic parameters were calculated from the nonisotherm&% 
DTA and TG plots. Results obtained were complementary to the 
previous kinetic measurements and indicate that the addition 
of Sm 0 changed the velocity of reduction and has some but no 

$8 remar a le effect on the activation energy of the catalyst redvc- 
tion. 

INTRODUCTION 

Many efforts were done to elucidate the effect of vardous com- 

pounds on the properties and activity of the ammonia synghesis 

catalyst, with the aim of develo?ina the Core efficiant nromoters. 

In that scope rare earths are of interest, too. In this work ther- 

mal analysis has been applied to follow the reduction of the pre- 

cipitated ammonia synthesis catalyst with Sm203 added instead of 

aluoinium or calcium oxides as a coamon promoters. 

Catalysts were synthetized by coprecipitation of iron and samari- 

um hydroxide and addition of potassium, the procedure being des- 

cribed elsewhere('). To one of the samples (F-4) aluminium and 

siliciuo oxide were added in order to obtain a composition corres- 

ponding 

ters in 

Table 

to the industrial type of catalyst. Contents of the Dromo- 

the investigated samples is shown in table 1. 

1. Contents (wt%) of the promoters in the 
investigated samples 

Sample K20 ‘Sm203 A1203 Si02 

Fp:; 
F-2 
F-3 
F-4 0.78 2.15 3.50 1.20 
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Phase composition of the samples was determined by K-ray diffrac- 

tion. Reduction of catalysts, ground to -0.1 mm and dried at 383K, 

has been performed in a stream of purified hydrogen and followed 

nonisothermally, till completion, with the Linseis L 81/22 ther- 

mobalance. Energy of activation of the reduction was calculated 

from thermogravimetric data following the method'of Coats and 

Redfern(2). 

RESULTS ARD DISCUSSIOB 

In all the unreduced sam?les the -base of bpmatita vas*detected, 

only. Results of thermal analysis are shown in table 2, where 

temperatures of the beginning (T,) and the end (T,) of the reduc- 

tion, the maximum of the effects (T,) detected by DTA, degrees of 

reduction (d) and energy of activation of the reduction from 700K 

to 933K (630K-815K for sampln F-O) calculated from TG data are 

listed. On figure 1 characteristic thermos-rams of thti catalyst 

with samarium oxide were compared to the -ample without 7romoters. 

Table 2. Results of thermal analysis 

DTA TGA Fa 
Sample 

Tb Tml Tm2 Te Tb dTl 9r2 Te KJ/mol 

F-O 635 700 810 869 593 0.196,, 0.34734 875 55,2 

F-l 677 708 759 869 621 0.1369S 0.34759 973 75.6 

F-2 684 718 779 846 646 0.1270S 0.31779 1011 61.9 

F-3 677 714 800 343 624 0.10696 0.33759 1088 64.4 

F-4 664 715 729 873 648 0.1S775 0.39,73 1166 36.8 

Adding of samarium effected the shifting both the bepinning and 

the end of the reduction toward higher terperatures than in the 

case of the pure iron oxide. Sample F-4 which contains two ore- 

moters besides potassium and samarium oxides was reductad most 

slowly which may be ascribed to the superposition of the effect 

of the present oxides. 

Energy of activation of the reduction was higher in samples with 

samarium oxide. 
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WEIGHT 122mg 

RATE lO”/min 

ATMOSPHERE H2 15 L/h 

SAMPLE WEIGHT 104mg 

I I a 
373 473 573 673 773 873 973 1003 T [K] 

Figure 1. DTA and TG curves of the sa-~l~s P-O (a) snrl F-3 (b) 
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All the samples show the stepwise reduction. Some discripience 

between the characteristic temperatures of the reduction step8 

observed by MY and TG analysis may be ascribed both to the hig- 

her sens&ivity of thermogravimetric measurements and the law 

thermal effects of some sequences of the reaction especialy near 

the end of the reduction. On the basis of the results obtained 

it may be assumed that the reduction in the applied conditions 

passes through all of the steps of ferric oxide reduction (3). 

Our previous investigaticns of the reduction kinetics of the sa- 

me catalyst by the gas-volumetric method (4) have confirmed the 

existence off all these steps. The accumulation of the wustite 

was detected by Mossbauer spectrcscopy in the samples with oxi- 

de promoters even at temperatures some vlhat lower than the limit 

of thermodynamic stability of nure wustite phase. In this work, 

wustite was detected by K-ray analysis in samples with samarium 

oxide reduced at temperatures higher than 710K. 

CONCLUSIONS 

Addition of samarium oxide to l;bp qrecioi"ated ammonia synfbesis 

catalyst shiftsthe beginning and the end of-reduction toward the 

higher temoeratvres, loweres the rate of reduction and in a small 

extent increased the energy of activation of the reduction. The 

effect of the samarium oxide concentration was not observed.' 
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