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Abstract 
Fe-Ga alloys exhibit unique functional properties such as magnetostriction that can be varied from the highest positive values among iron-based alloys to negative values including zero magnetostriction, if proper compositions and heat treatments are chosen. This remarkable behavior is related to rather complex phase transformation sequences in this alloy family that are still unresolved. In earlier studies, the phase transformations in Fe-Ga alloys were studied by X-ray diffraction, which provides structural information limited to the near-surface sample area. In this paper, we use electron back-scatter diffraction and in situ neutron diffraction to characterize the D03 and L12 phases that originate from the fcc and bcc phases in the Fe-27Ga type bulk alloy, respectively. Different ratios between these phases, characterized by magnetostriction values of different signs, were achieved using an isothermal annealing treatment that produces an intrinsic composite in the alloy. Depending on the relative fraction of the D03 and L12 phases, the magnetostriction values of the alloy, S, vary from +100 to -50 ppm, including the value of S = 0 for the alloy with L12:D03 = 2:1 achieved after 600 min annealing at 400°C, thus demonstrating the controlled adjustment of magnetostriction in these advanced alloys.
Microalloying by Tb increases magnetostriction and influences on phase transitions in the Fe-27Ga type alloys in the range of  20 - 750°C as observed by in situ neutron diffraction and vibrating sample magnetometry. The conventional transition sequence of phase transitions at heating D03 → L12  → D019 → B2 → A2 in binary Fe-27Ga is changed for D03 → B2 → B2+L12 → B2+ D019 → B2 → A2 transitions in the Tb-containing alloy. The increase in Tb content from 0.15% to 0.3% decreases the amount of closed packed phases in two phases ranges. At slow cooling (2 K/min), the mixture of D03 + L12 is recorded in the Tb-containing sample instead of dominating L12(~90%) and a very limited amount of D019 and A2 phases in the binary Fe-27Ga alloy. This influence of Tb on the phase transition kinetics explains temperature dependent magnetization curves with step by step accumulation of the L12 phase in subsequent heating and cooling cycles. Thus, we conclude that the additions of Tb stabilize bcc-born phases (A2, B2 and D03) and prevents the appearance of closed packed (fcc ordered L12 and hcp ordered D019) phases, which contributes to the functional properties of that alloys.
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