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The transition 7-Fe203 --*~t-Fe20 3 has been investigated in oxygen and argon using DSC 
measurements in the temperature range 298 to 820 K. The results have been interpreted by 
taking into account the method of preparation, the specific microstructure of the samples and the 
nature of the gas used. It has been shown that the transformation temperature, and in general the 
absolute value of the negative enthalpy of the transformation as well, rises with increase of the 
specific surface area of the y-Fe20 3. The observed fluctuations in this trend are attributed to 
differences in the microporosity, gas sensitivity and crystallinity of the samples. 

The reactivity of 7 - F e 2 0 3  towards its transformation to  c t -Fe20  3 is greatly 
affected by the method of  preparation and pretreatment of  the samples Several 
studies have been made to elucidate these effects, which may profoundly influence 
the nature of  the transfomation 7-Fe203 ---~-Fe203 [1-10]. Thus, from their DTA 
studies in vacuum o n  ~)-Fe20 3 preparations, Band6 et al. [2] determined that the 
? ~ct transformation took place in the range 400-500 ~ for acicular aggregated 
particles, and at 450-500 ~ for equiaxial separated unitary particles. Imaoka [3] 
observed that the ? ~ transformation occurs in the range 250-400 ~ for non- 
acicular particles, and at 560-650 ~ for acicular particles. The thermodynamic and 
kinetic data, such as the heat of the transformation and the energy of  activation, 
reported by several workers for the transformation ?-Fe203 ~ct-Fe203, also 

+ Paper presented at the World Conference on Thermal Analysis, Madeira (Portugal), 1986. 
* Author to whom all correspondence should be addressed. 

John Wiley & Sons, Limited, Chichester 
AkadOmiai Kiad6, Budapest 



858 VAJPEI el a|.: DSC STUDIES ON INFLUENCE 

showed a large spread [1, 4-8]. The failure to obtain consistent results has been 
attributed, among other factors, to the presence of  impurities [5], to the influence of  
the particle size [1, 5-8], and also to the various extents of  ordering of  the vacancies 
in the defect structure of y-Fe203 [7-8]. 

The effect of high pressure on the y - ~  transformation of Fe203 was studied by 
Goto [9] and it was shown that the rate constant depends principally on the 
thermodynamic parameter PA V, where A V ig the volume difference between thcy 
and ct forms. Mechanochemical effects of  pressing, vibromilling and low- 
temperature annealing of  y-Fe203 on its transformation to ct-Fe203 were 
investigated by Senna and coworkers [10a, b & c]. Using DSC measurements, they 
showed that the liberation of the stored energy of  vibromilled y-Fe203 occurs 
through the recovery or recrystallization of  the original y-phase and its transition to 
0t-Fe203 [10hi. At temperatures lower than 400 ~ recovery/recrystaUization occurs 
favourably, whereas at above 400 ~ predominantly the ~ ~0t transition takes place 
[10b]. In another study involving DSC measurements, Senna [10c] examined the 
distinct effects of  pressing and vibromilling on the rate and mechanism of  the y ~ct 
transformation for commercial ~-FezO 3 specimens. It was found that both these 
effects enhance the reactivity ofy-Fe203 , but modify the microstructure ofy-Fe2Oa 
in different ways. 

As a continuation of  our previous studies [l], the present paper reports the 
results of DSC measurements on the y ~ct transformation, and compares and 
correlates the thermal features with the microstructural variations in submicronic y- 
Fe203 prepared by two different routes. 

Experimental 

DSC measurements were carried out in oxygen and argon atmospheres, in the 
temperature range 298 to 920 K, at a heating rate of 5 deg min-1, by using a 
Mettler TA 2000 B heat flow DSC apparatus. Calibrations were made using the 
melting poifits and enthalpies of  melting of  high-purity metals [11]. 

Submicronic 7-Fe203 samples were obtained by two different routes. First, 
hydrous magnetites were prepared by the neutralization of  mixed solutions of  one 
part of iron(II) chloride and two parts of  iron(llI) chloride with aqueous ammonia 
solution under an atmosphere of  N 2 gas. These were dried and heated in a H 2 -  
H 2 0  atmosphere at temperatures in the range 200 to 300 ~ followed by heating in air 
at 250 ~ for I hour. Samples A, B and C series II were obtained by the decomposition 
of  iron(II) oxalate dihydrate in air at 300, 400 or 800 ~ respectively, followed by 
their reduction in a H 2 - - H 2 0  atmosphere at 290, 310 or 360 ~ for 2 hours, and 
oxidation in air at 300 ~ for 1 hour. 
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The average  d i ame te r  o f  the par t ic les  was ob t a ined  by  using d a t a  f rom line- 

b r o a d e n i n g  measu remen t s  in p o w d e r  X R D .  F o r  some selected samples ,  t rans-  

miss ion e lec t ron microscop ic  and  surface a rea  measu remen t s  using the BET 

m e t h o d  were also carr ied  out.  

The  s to ich iomet ry  and  pur i ty  o f  the samples  were checked by  chemical  analysis .  

In  some cases o f  interest ,  T G  and  D T A  measu remen t s  were also pe r fo rmed .  The  

search for  Fe  2 + p roved  to be negat ive  in the samples  at  the l imits o f  de tec t ion  o f  the 

me thods  used. 

Results and discussion 

Table  1 summar izes  the  results  o f  D S C  measurement s  on the samples  o f  series I 

and  series II .  F igures  1 and  2 depic t  some representa t ive  D S C  curves  ob t a ined  for 

the samples  o f  series I and  series II ,  respectively.  

By inspect ion  o f  Table  1 and  the D S C  curves  in Figs  1 and  2, the fol lowing 

features  are  observed :  

1. C o r r e s p o n d i n g  to the t r ans fo rma t ion  ~ - F e 2 0  3 - - ~ - F e 2 0 3 ,  the samples  o f  

series I d i sp lay  a sharp  and  well-defined exo thermic  peak ,  while for  the  samples  o f  

series II  a b r o a d  and  ra ther  diffuse effect is ob ta ined .  A weak  and subt le  d ivergence 

f rom the baseline,  before  the  t r ans fo rma t ion ,  persis ts  for  the samples  o f  series I. 

However ,  the effect is much  more  p ronounced ,  p a r t i c u l a r l y  in oxygen,  for  the 

samples  o f  series II .  

Table 1 Results of DSC measurements on ~-Fe203 samples of series I and series II, in argon and oxygen 
atmospheres 

Samples Atmosphere used: argon (Ar) or oxygen (O2) 

Onset Peak Peak-width 
S.N. (D)*, ,~ temperature, temperature, at half-height, - A H ,  J/g, +3 J/g 

~ • 1 ~ ~ 4-I ~ ~ ~ 

Series I Ar 02 Ar 02 Ar 0 2 Ar 0 2 
1 300 493 498 500 508 7.7 8.5 149 139 
2 320-340 490 494 500 503 7.1 7.7 143 139 
3 400-450 484 490 490 498 7.7 7.8 141 139 
4 5d50~00 487 499 495 508 9.4 8.9 129 139 

Series II 
.4 650 402 412 440 445 33 33 126 106 
B 750-800 380 403 440 450 56 48 196 112 
C 1000-1200 345 364 405 420 67 58 180 96 

* Average diameter of particles determined from line-broadening in powder X-ray diffraction, using 
the Scherrer method. 
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Fig. 1 DSC curves for (A) sample 1 and (B) sample 3, of series I in argon and oxygen atmosphere 
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Fig. 2 DSC curves for (A) sample A, (B) sample B, and (C) sample C of series II, in argon and oxygen 
atmosphere 

2. The peak-widths at the half-height for the samples of series I are quite 
comparable within the series, and are not observably affected by argon and oxygen 
atmospheres. However, they show a variation for the samples within series II. They 
are much the same in oxygen and in argon for sample A, but are different for 
samples B and C. 

3. For both the initial and the final temperatures of the transformation 7-FezO3 
to 0~-Fe203, considerable variations occur for the samples in series II, but much 
smaller ones for the samples of series I. Invariably, the temperatures are lower for 
the series II samples than those for the series I samples. 

4. The transformation temperatures observed in oxygen atmosphere are always 
slightly higher than those observed in argon atmosphere. 

5. - A H ,  the energy released during the transformation, is larger when the 
reaction occurs in argon than for that in oxygen. Differences between the - A H  
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values in the two atmospheres for the samples of series I are small as compared to 
those observed for the samples of series II. 

6. The heats of the transformation for the samples of series I in oxygen are 
virtually constant. The heats of transformation for the same samples in argon show 
subtle variations within the series. The heats of transformation for the samples of 
series II in oxygen are slightly different, but in argon considerable variations in the 
- A H  values are observed. 

A brief consideration of the microstructural features of the samples, as revealed 
by electron microscopy and BET surface area measurements, is in place before as 
attempt to understand their overall thermal behaviour. 

In fact, the samples of series I, derived from hydrous magnetites, display a 
narrow size distribution and are characterized by an equiaxial morphology of 
discrete individual particles possessing well-separated edges. The samples of series 
II possess a relatively broad size distribution and show a range of aggregated 
particles with acicular morphology, a continuous coherent sheet-like character and 
a flaky microporous texture. 

Typically, sample 3 of series I had an average size of 510 .~ and a specific surface 
area of 20 mZ/g. After undergoing the T ~0t transition in argon and oxygen 
atmospheres, it had a specific surface area of 15.2 m2/g and 13.5 m2/g, respectively. 
Electron microscopic examinations revealed that the 2)-FezO3 particles correspond- 
ing to these surface areas have average sizes of 530/~ and 840/~, respectively. 

For the samples of series I, the observation of a sharp and intense exothermic 
peak is associated with the initial surface nucleation of ~-Fe203 and its growth from 
discrete homogeneous units of y-Fe203. Due to their crystalline character, a sharp 
7 ---,0t transition is thus displayed at higher temperatures. 

For the samples of series II, the appearance of the broad and diffuse effect points 
to a different nature of the transformation. This presumably arises through the 
averaging and overlapping of various sluggish thermal effects emerging from a 
range of environments of nucleating species within the microporous texture. The 
coherence and high microporosity of the samples certainly permit the diffusion- 
inducing synchroshear of iron ions at temperatures much lower than for the 
samples of series I. Moreover, the higher microporosity causes a large amount of 
surface energy storage in these samples. This is liberated in the recrystallization of 7- 
FezO3 itself, as shown by the baseline divergences before the 7 ~ t  transition, and in 
the form of excess energy stimulating the ), ~ct transition. 

For the samples of series I in argon, a steady increase in - AH with increasing 
surface area is observed. In oxygen atmosphere, however, the - A H values are not 
much different. It is postulated that oxygen modifies the interface processes by 
causing increased ordering and recrystallization of y-Fe20 3 before the y ~ t  
transition. Hence, almost similar thermal behaviour results for the transition in 
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oxygen atmosphere. In argon, failure to remove trace water present may have a 
catalysing effect on the 7 ~ transition, and dissipation of heat in the rapid 
exothermic reaction prevents the surface area from being reduced as much as 
observed in the case of oxygen during the ~ ~ transition. Also, the suppression of 
grain-growth before and after the transition in argon causes the transition to occur 
at lower temperatures and with the release of larger - A H. For the samples of series 
II, due to the different extents of microporosity prevailing in the samples, despite 
the possible recrystallization in oxygen, the thermal behaviour is quite reflective of 
the subtle differences between the samples. Here, it is to be stressed that both the 
temperature and the - AH values are affected not only by the particle profiles, but 
also by the microporosity, ordering, loosening and strengthening of the lattice in 
oxygen and argon atmospheres. For example, for the samples of series II, with 
decreased size, a recrystallization of 7-Fe203 probably occurs, thereby causing an 
increase in the temperature of the transformation and a decrease in the - A H  
values. - A l l ,  the energy released during the transformation, is always more in 
argon as it is not diverged much in recrystallization. In oxygen, with the growth of 
the o~-Fe203 particles with reduced surface area as compared to that produced in 
argon, the transition temperatures are always higher and the - A H  values always 
lower than those observed in argon, due to the strained nature of~-Fe203 in argon. 
The differences in width of the DSC curves at half-height may also be explained in 
terms of the occupancy of the nucleation sites. For the samples of series I, therefore, 
the saturation of the nucleation sites corresponds to a sharp peak, while different 
degrees of inhomogeneities and alternating occupancies of nucleation sites in the 
microporous texture of series II samples may result in a wide variety of broadened 
and diffuse thermal effects, as is indeed observed in both argon and oxygen 
atmospheres. 

In conclusion, the 7 ~ot transition for ~-Fe203 particles obtained by two different 
routes is greatly dependent on the nature of the samPles, their morphology, 
microporosity and particle profiles. The inequivalence observed in the overall 
thermal behaviour of the samples in both argon and oxygen atmospheres is only 
tentatively correlated with the microstructure of the samples. Further studies are 
warranted and are being pursued with a view to quantifying the role of water and 
the effects of microporosity and gas sensitivity during the ~ ~ct transformation. 
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Zusammenfassung - -  Der Ubergang y-Fe20 3 --~-Fe20 3 in Sauerstoff- und Argonatmosph/ire wurde 
mittels DSC inn Temperaturbereich yon 298-820 K untersucht. Die Ergebnisse werden unter 
Beriicksichtigung der Pr/iparationsmethode, der spezifischen Mikrostruktur der Proben und der Natur 
des benutzten Gases interpretiert. Die Phasenumwandlungstemperatur und im allgemeinen die 
Absolutwerte der negativen Enthalpie der Phasenumwandlung erh6hen bzw. vergr6Bern sich mit 
steigender spezifischer Oberfl/iche des ~-Fe20 3 . Die in diesem Trend auftretenden Fluktuationen werden 
Unterschieden in der Mikroporosit/it, der Gasempfindlichkeit und der KristaUinitfit der Proben 
zugeschrieben. 

P e 3 m M e  - -  MeTO~IOM JlnqbqbepeHLtna~bHOfi cgaHnpymme~ ra~opnMeTpnn a aTMoc~epe Knc~opo~la H 
aproHa n3yqea ~a30ahlfi nepexoa 7-Fe203--~t-Fe203 B nnTepaa~e TeMnepaTyp 298-820 K. 
I/InTepHpeTalll, i~ pe3y21bTaTOB npoeeaena c yqeTOM MeTO~2a noJlyqeHn~, cnellHdpi4qecxo~ MnKpocTpy- 
KTypbl 06pa3raoB n Trma ncnoolb3yeMo~ ra30aofi aTMOCqbepbL Flora3aHo, qTO KaK TeMnepaTypa 
npeBpatttenri~, Tar n a6co~ioTnoe 3HaqeHHe OTpI, lIlaTe.rIbnO~ ~HTaJIbIIHH npenpalLleHrl~ 
yBe.llnqnBalOTC~l C yBe.rII4qeHl~leM y,rleYlbHO~ n.rlOltUaJlrl IIOBepxuocTI! o6paalla ?-Fe20 3 . Ha6moaaeMbie 
i/pH 3TOM HeKOTOpble OTKflOHeHH~I o6yc.rIOBJIeHbI pa3211tqlleM MI, IKpOIIOptlCTOCTI4, KpHcTa3I.rn4qHOCTI, I 
o6pa31IOB n HX qyBCTBHTe.rlbHOCTbIO K Fa3OBOH aTMoctl~pe. 
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