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Abstract

After non-isothermal differential scanning calorimetry (DSC) and X-ray diffraction experiments are carried out, the reaction kinetics©f Al-Fe
system is analyzed by a model-free Starink method. In our study, activation energy was determined as 145 kJ/mol fe@8Ate3Fate reaction,
the value is comparable to the activation energy for diffusion of Al in E®Ak_Nd is less than the activation energy for diffusion of Al in/&le
suggesting that the diffusion of Al into FeA&D, controls the product of the thermite reaction.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction However, due to the complexity of the reaction between lig-
uid aluminum and Fg3, the preparation of composites with
The Al-Fe 03 system is well known by the exothermic reac- controlled phases and microstructure in a reproducible manner
tion that it undergoes when submitted to thermal and/or mechaiis still not satisfactory. The main difficulty is related to the com-
ical treatmentgl]. According to the following stoichiometric plexity of the reaction with intermediate steps between the initial

reaction: materials and the final product. Here, we investigate the reaction
between FgO3 and Al by non-isothermal differential scanning
8Al + 3Fe03 — 2FgAl + 3Al,03, (1)  calorimetry (DSC).

the final phases, AD3 and FgAl intermetallics, are formed
by an in situ chemical reaction in which Al reduces the iron2. Experimental
oxide. Thermite reactions have become important in the syn-
thesis of composites, in which the individual advantage of Powder mixture of 8Al-3FgDs (given in mol%) was pre-
each constituent may be utilized to its best, achieving excellerpared. The reagents used in this study consisted of commer-
mechanical properties of the composite as a whole. Moreovegial elemental powders of Al and F®3. The powders were
thermite reaction is one of the methods commonly used to syrthoroughly mixed in a planetary mill for 30 min, and then cold-
thesize Fe-based magnetic particles dispersed #DAIThe  pressedto pellets of 10 mmin diameter under a uniaxial pressure
magnetic particle systems, with single domain magnetic paref 100 MPa. The green compacts (weighing typically about
ticles embedded in an insulating matrix, are interesting du€0—-30 mg each) for thermal analysis were taken from the interior
to their applications in recording media, magnetic fluids forof the pellet.
micro/nanoelectromechanical systems, catalytic reactions, or Differential scanning calorimetry analyses at different heat-
electromagnetic interference shielding and microwave absordng rates from 5 to 20 K/min were carried out in a Netzsch
ing applications, etd2]. DSC404 calorimeter. The DSC measurements were performed
under a flow of high purity argon gas, utilizing high purity corun-
dum as a reference.
* Corresponding author. The phases of the products after DSC experiment were iden-
E-mail address: fan@sdu.edu.cn (R.-H. Fan). tified by X-ray diffraction techniques. Rigaku D/max-rB(Japan)
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Fig. 2. Starink plot for the exothermic peak of the DSC curves, the determined

Fig. 1. DSC curves of 8Al-3F3 powder mixture at different heating rates.  activation energy is 145 kJ/mol.

whereTp is the peak temperature of the DSC curpethe heat-
ing rate,s, a constant, and is a constant which depends on the
choice ofs. In the case of Kissinger's methed 2 andA = 1, the

diffractometer using Cu K#&adiation at 40 kV and 100 mA was
employed to obtain chart recordings in therafige from 35 to

50" Ozawa methods=0 andA =1.0518, while the Starink meth-
. . odss=1.8 andA =1.0070- 1.2 x 107°E, (Ea in kd/mol). We
3. Results and discussion applied the latter method, and from the ploFiiy. 2determined
) . E4 of the 8AI-3FeO3 thermite reaction to be 145 kJ/mol.
Fig. 1shows the DSC curves of the 8Al-3f@3 powder mix- For many oxides, studies of oxygen self-diffusion as well as

ture at different heating rates. In each of the curves, the observqﬂetal ions diffusion show that Al and Ee are the more mobile
endo_thermic p_eak at about 6BD_is associated with the melting _specieg7]. For the thermite reaction of 8Al-356; system, the
aluml_num, while _the exothermic peqk_ repre-sents the th,erm',tﬁwost likely rate-controlling step is the diffusion of Al and/or Fe
reaction. Interestingly, the peak position is influenced signifiytoms. The XRD patterns of the products after DSC experiment

cantly by the heating rates. , _ . is shown inFig. 3, indicating that the presence of Fe®,
For the. kinetics of thermally stlmulated solid-state reactions;ctead of thermodynamically predicted 5&¢ intermetallic.
the following formula has been widely accepted: Since the growth of product is governed by the diffusion of
da Ea atoms, the value of activation energy (listedlable 1) typical
i A exp (_RT> (@), (2)  for the diffusion of Fe and/or Al in possible phase was used
to characterize diffusion through the product. The value of the

whereu is the extent of reaction, the time R, the universal gas ~ activation energy, 145 kJ/mol, for 8Al-3p®3 thermite reaction
constantT, the temperaturefa), the kinetic model function, inour study is comparable to the activation energy for diffusion

andA andEa are apparent pre_exponentia' factor and apparer@f Alin FeA|204, and is less than the activation energy for dif-
activation energy, respectively. fusion of Al in FeAl. It can be therefore be inferred that the

In this paper, model-free approaches were used in kinetigiﬁ:USion of Al into FeAbQO4 controls the prOdUCt of reaction.

evaluation. Model-free methods allow evaluation of the Arrhe-

nius parameters without choosing the reaction mgdel The 0 a-ALO,
best-known approaches, if several measurements with different

heating rates and/or with different temperatures have been made, B FeAlO,
are the isoconversional methods according to Friedi3pand

the integral isoconversional method according to Kissirder

and Ozawd5]. However, these methods are subject to approx-
imations which can introduce significant inaccuracies in the [ |
determination oE;. A new method for the derivation of activa- ? { o m
tion energies is proposed by Starif§. It was shown[6] that | © | [ |
this method is an order of magnitude more accurate than the H\WMMMHMWW MWMMWM
Kissinger and Ozawa methods. These methods all comply with ~ —— . ‘ . —

the following equatior6]: 40
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T3 E
In (P) = A a + constant, (3) Fig. 3. XRD pattern of the products after DSC experiment at the heating rate of
¢ RTp 20 K/min.
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Table 1 energy for the thermite reaction is 145 kJ/mol, suggesting that

The diffusion activation energy (kJ/mol) of Fe or Al in4fd, FeAl20; and  the diffusion of Al into FeAbO4 controls the product of reaction.
Al,03

Diffuser FesAl [8] FeAl,O4 [9] Al»03 [7] References
Fe 219 273 545 ) ) )
Al 223 162 477 [1] J. Mei, R.D. Halldearn, P. Xiao, Scripta Mater. 41 (1999) 541.

[2] O. Santini, A. Moraes, D. Mosca, P. Souza, A. Oliveira, R. Marangoni,

F. Wypych, J. Colloid Interf. Sci. 289 (2005) 63.
. [3] H. Friedman, J. Polym. Sci. 6C (1963) 183.
4. Conclusion [4] H.E. Kissinger, J. Res. Natl. Bur. Stand. 57 (1956) 217.

[5] T. Ozawa, Thermochim. Act. 203 (1992) 159.

According to thermodynamic prediction, the thermite reac{8] M-J. Starink, Thermochim. Acta 404 (2003) 163. _
tion for 8AI-3Fe03 powder mixture results in alumina and '] 'é';r'z\r’hA;kgfozr; '(?2'(\%'3)62?;5' M.R. Levy, Z.L. Coull, T. English, J. Eur.
FesAl |n_tem_1etalllc when submitted to_thermal tr_eatments_. Due[g] H. Mehrer, M. Eggersmann, A. Gude, M. Salamon, B. Sepiol B, Mater.
to the kinetic effect, however, FefD, is formed in the solid- Sci. Eng. A239-240 (1997) 889.

state reaction. Analysis of DSC data reveals that the activatiold] J.W. Halloran, H.K. Bowen, J. Am. Ceram. Soc. 63 (1980) 58.
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