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The influence o f  the calcination temperature and Fe 3§ content  on the solubility o f  
iron(liD in the alumina lattice has been investigated, using temperature programmed 
reduct ion (T.P.R.).  It was found that  the main quanti ty o f  Fe 3§ species is dissolved in 
the  region 2 0 0 - 3 2 0  ~ The solubility o f  the Fe 3. was almost constant in therange  
o f  3 2 0 - 6 6 5  ~ This is found to be the case irrespective o f  the Fe 3§ content  at 665 ~ 
The surface Fe 3§ species generally differs from the bulk a-F% O 3 . 

Bbmo HccHeKOBaHO BHru~rle TeMnepaTypbi o6~a, rl~t H coJlepr, a m ~  Fe a§ Ha paerBopH- 
~oer~  ~eneza(III)  B pemeT~e OKHCH amorc~HrI~ c noMotujao xeMnepaTypHo-nporpar~- 
MnpoBaHItOFO BOCCTRItOBHeHH~. l~l~LrIO Ha~JIeHo, trro B 60~btUHI-ICTBe qac'rHHI,I Fe 3+ 
paz6aanema B o6aaerri 2 0 0 - 3 2 0  ~ C. PaeraopHMoerr~ Fe 3+ aepmaJ1acs notrrn noero-  
mmoi~ B HHTepBane TeMnepaTyp 320 -665  ~ OKaaa~oo,, ~ o  npa  665 ~ C are  He aann- 
CI.IT OT coj~ep~aaan Pe 3+. IIoBepxnoerHble ~C'l'ml, sl Pe a+ o6i, iqrto OTJIHqaIOTCa OT 
6~otntsix ~--Fe 2 O 3 . 

INTRODUCTION 

The ever increasing interest for hydrocondensation of CO, NO reduction and ca- 
talytic synthesis of low molecular weight olef'ms from CO + H2 on alumina supported 
Fe3§ /1, 3/requires a reexamination /4/ of the structure and texture 
of these catalysts in relation with their preparation conditions. A complete char~ac - 
terization demands the joint use of various physicochemical techniques. The fol- 
lowing important points must be confronted: How much of Fe 3§ is diluted into 
the carrier lattice at a given calcination temperature? What kind of Fe a§ species is 
formed on the carrier? What is the  Fe 3§ coordination symmetry at various calcina- 
tion temperatures and iron(Ill) contents? Finally, what are the texture modifica- 
tions of the carrier caused by the iron(III) species? To answer the above questions, 
we have started the examination of the title system, using a variety of techniques 
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including temperature programmed reduction, x-ray powder analysis, diffuse reflec- 
tance spectroscopy, differential scanning calorimetry and gas-solid chromatography. 

In this preliminary communication, we report only the temperature programmed 
reduction results, which help refine the first of the above mentioned points. A full 
treatment of our results, as regards the characterization of the above system, will 
be presented in the near future. 

EXPERIMENTAL 

Two series of specimens, both denoted by Fe-X-Y-Z,  were prepared by the 
well known dry impregnation of alumina (B. D. H. Broockman II) with Fe(NO3)3 x 
x 9H20 (Merck p.a.) aqueous solutions. In the above formula X denotes the com- 
position as mmol Fe 3+ per g of alumina, Y the calcination temperature in ~ and 
Z the duration of the calcination in h. The first series contains the samples Fe -X-  
665-12 (X:0.172, 0.245, 0.388, 0.615 and 0.974); the second one comprises the 
samples Fe-0.974-Y-12 (Y:200, 320, 420, 500, 600 and 665). 

The set-up used and the procedure followed to obtain the T. P. R. curves were 
similar to those reported elsewhere (5). 

RESULTS AND DISCUSSION 

Figures 1 and 2 illustrate the T. P. R. curves of the Fe-0.974-Y-12 and Fe -X-  
665-12 specimens, respectively. The T. P. R. curve of the Fe(NO3)3 x 9H20 cal- 
cined at 665 ~ for 12 h is also depicted in Fig. 2 (a-Fe203). 

Since the T. P. R. experiments with the support used showed that it was not 
reducible under our experimental conditions, the peaks appearing in the T. P. R. 
spectra reflect reducible Fe species: 

The most interesting result emerging from an inspection of Fig. 1 is the dramatic 
loss of reducible Fe 3+ species brought about by the increase of calcination tempera- 
ture from 200 to 320 ~ This demonstrates that the main quantity of Fe 3§ spe- 
cies is diluted into alumina in the temperature region of 200-320 ~ Additional 
increase of the calcination temperature from 320 to 665 ~ causes no visible 
changes in the amount of diluted Fe 3+. Moreover, the T. P. R. curves shown in 
Fig. 2 demonstrate that the quantity of Fe 3+ diluted into the bulk of the carrier 
at the maximum calcination temperature, is independed of the Fe 3+ content. Fur- 
ther, it must be noted that the increase of the calcination temperature and iron(III) 
content provokes slight modifications of the surface Fe 3+ species inferred from the 
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Fig. l .  T. P. R. spectra of  the F e - 0 . 9 7 4 - Y - 1 2  specimens. The values of  Y are indicated. The 
curves are spaced upwards for clarity 
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Fig. 2. T. P. R. spectra of  the F e - X - 6 6 5 - 1 2  samples. X values are indicated. The curves are 
spaced along the coordinate axis for clarity 

379 



LYCOURGHIOTIS, VATTIS: SUPPORTED Fe 3+ 

minor changes observed in the T. P. R. spectra, Finally, a comparison of  the T. P. R. 

curves with that obtained for a - F e 2  03 (produced by the thermal dissociation of  

Fe(NO3)a x 9H20) ,  suggests that the Fe 3§ surface species are generally quite different 

as compared with bulk c t -Fe :O3 
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