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COERCIVE FIELD MEASUREMENTS ON
INHOMOGENEOUS IRON ALLOYSY)

M. FOLDEAKP), L. KOSZEGIY), Budapest

It is shown that changes in the coercive field of Fe-Me alloys (Me = Al Si. Nb. Ti. Zr)
with increasing Me-concentration can be well correlated to the solid solubi es and
nucleation behaviour of Me. Me atoms, forming solid solutions with Fe. do not influence
the coercive field significantly, whereas H, increases sharply if Me precipitates incohe-
rently in the matrix or at the dislocations.

L INTRODUCTION

Oftenit is not easy to predict the microstructure of anironalloy corresponding to
certain heat treatments, although this knowledge is very useful for the development
of outstanding metallurgical material properties. Ferromagnetic properties are in
general highly structure-sensitive. Therefore, coercive field (H.) measurements
may give valuable qualitative information on the microstructure [1, 2], supplement-
ing or replacing transmission electron microscopy. In the present study. H, and
microstructural investigations were carried out on a great number of Fe
— (0.02 wt %—3 wt %)Me alioys (Me=Al, Si, Ti, Nb, Zr), after different
annealing and nitriding treatments. The substitutional annealing elements were
selected to ensure a broad solid solubility range [3, 4].

. SAMPLE PREPARATION

The alloys were melted from high purity Fe and Me in an electron beam furnace
and cold swaged to wires of 1 mm Q. Several different thermal pre-treatments
were carried out in dry H,: i) anneal at 1000 K, cooling rate 100 K/hour: ii) anneal
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at 1273 K, cooling rate 100 K/hour ; iii) anneal at 1373 K, cooling rate 2 K/scc.
{quenching). Nitrogen was introduced by annealing the specimens during 4—36 h
in 2.5 % NH;+ H, mixtures at 673 K or 773 K.

1L mxm-m%__(_mz..n}—. RESULTS AND DISCUSSION
IIL 1. Microstructure

The microstructure before nitriding depends on the Fe—Me phase diagram
considering ferromagnetic interactions [3, 4] and on the nucleation properties of
the alloy [5]. Consequently, Me may be presented as a substitutional solute or as
precipitate, nucleated on dislocations or in the matrix.

After nitriding, nitrogen may be present as interstitial solute in the matrix or in
the strain field of precipitates or dislocations, or as a component of nitride
precipitates (MeN or mixed Fe-Me-N clusters). Nitride precipitates may nucleate
again in the matrix or on dislocations.

The microstructure of Fe-AI-N, Fe-Ti-N and Fe-Zr-N alloys was investigated by
transmission electron microscopy [6, 7, 8]. No precipitation could be observed in
Fe-Al-N excepted the sample cold-worked prior to nitriding [6]. Plate-like
precipitates dominate in the Fe-Ti-N alloys [8], whereas only precipitation on
dislocations could be observed in Fe-Zr-N [7].

IIL. 2. Coercive field measurements

The coercive field was measured using an automated Forster coercimeter.

Whereas the total H, value of a single sample cannot be interpreted quantitative-
ly in terms of the mictrostructure it is more easy to relate H, to well defined
changes of the microstructure. As shown in Fig. 1, no concentration dependence of
H.on Me was observed on annealed Fe-Al samples, whereas the coercive field of
the deformed samples increases significantly with Al content due to enhanced
precipitation of AIN on dislocations. Fig. 2 shows the change of H, with composi-
tion for different substitutional solubilities. For good (Si) or practically zero (Nb,
Zr) solid solubilities no significant influence of thermal pre-treatment could be
detected. The measured H, values of Fe-Ti or Fe-Ti-N alloys fluctuate randomly
between 0.5 and 1 Oe for low concentrations in Ti (= 2wt %). Significant changes
of H, due to different annealing treatments are found only above the metallurgical
solubility limit (Ti > 2wt %). As it is known from theory {1, 2), H, depends strongly
on the concentration of precipitates and dislocations in the sample : No significant
changes occur with fine precipitates (<0.5 um), whereas with coarsening H.,
increases sharply and finally saturates [1]. With plastic deformation H. increases
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monotonously [2]. If both lattice defects, dislocations and precipitates are simul-
taneously present, the increase of H, is even more pronounced.

On this basis the experimental results presented in Fig. I and Fig. 2 may bhe
analysed to give the necessary qualitative information on the microstructure of the
investigated systems. The results of such an analysis, using the data on the
nucleation behaviour of the substitutional addition as well [S], are summarized in
Table 1. :
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Fig. 1. Change of H, with Al content in nitrided Fe—Al alloys, annealed (/711 or cold worked (@)
prior to nitriding. Characteristic values of pure Fe are given as well.
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Fig. 2. Change of H. with Me—content after quenching rom 1000°C; Me=Zr (+). Nb (@). Si (W),
Ti(A) or after annealing at 720 °C; Me = Ti (A).
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Correlation of microstructure and H,

Table |

substitutiona!
addition (Me)

pre-treatment

H. change with
Me-concentration

corresponding
microstructure

Al Si i/ii negligible/slight random solid solution
increase )

Al, Si; it slight increase (1) +dislocations

Tiz2et % due to quenching

Tis=2wt % i/1i negligible/slight fine precipitates
increase in matrix

Ti>2wt % i/ii sharp increase coarse precipitates in matrix

Nb; 1/iifiii negligible/slight fine precipitates

Zr <500 wt ppm increase at disloc.

Nb; i/ii/1ii sharp increase coarse precipitates

Zr>500 wt ppm at disloc.
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M3MEPEHUSA KO3PUMTHUBHOM CHUJIBI HA HEOJHOPOHBIX CTLIABAX XKEJE3A

B pabote TIOKA3aHO, YTO U3MEHEHMS KOIPHATHBHOMN CHJIL] cnnasos Tuna Fe—Me (Me = Al Si,
Nb, Ti, Zr) npu YBCJIMYCHUY KOHUECHTpAIMN Me MOTYT ObITh CBA3AHbBI C pacTpoBpuMocThO Me 1
XapaKTEPOM OBPA3OBAHHA AKTUBHLIX UEHTPOB. ATOMBI MeTannos Me, obpasyrowue ¢ xenesom
TBEDABIE PACTBODLI, Xe BIHSIOT 3aMETHO Ha KOIPUHTUBHYIO CHIly, B TO Bpems kak H. ysesuunu-
BACTCA pesko, ecnu Me B Matpuue uiam Ha AMCIIOKAUHMAX OCAKAAETCH HEKOTEPEHTHO.




