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The fascinating phase diagram of iron-nitrogen provides a variety of interesting materials with their magnetic properties tunable in a broad range depending on the nitrogen
content. Magnetism correlates with the iron amount, starting from nonmagnetic FeN to ferromagnetic y’-Fe,N [1] with high magnetization and even further to a'-FegN [2].
Perhaps the most attention is attracted by the ordered tetragonal superstructure a”-Fe; N, due to its unique combination of high saturation magnetization with enhanced
magnetocrystalline anisotropy [3]. Unfortunately, the a”-Fe, N, phase is metastable and therefore hard to produce in phase-pure form. Moreover, decomposition already
below 200 °C [4] hinders large scale production of bulk fully dense magnets using conventional routes. Nevertheless, it has been studied for multiple potential applications,
such as rare-earth-free permanent magnets, two-phase nanocomposite magnets [5] as well as biomedical applications [6]. In this contribution we provide a comprehensive
overview and assessment of the potential magnet performance based on our own experimental results as well as study of the available scientific literature and patents. We
report synthesis of a”’-Fe,;.N, nanoparticles followed by production of bulk samples by low-temperature consolidation. The possibility of enhancing the anisotropy field
using shape anisotropy is explored in nanowires. Magnetic properties and stability are discussed in the context of possible application in permanent magnets.

* Iron oxide Fe,0, nanoparticles are used as a starting material Lab-scale production of bulk a”-Fe,¢N, magnets

H2
y-Fe,0; | a-Fe

Heat
F€203 + 3H2 —— 2Fe + 3H20

a'’-Fe N, nanoparticles Pressing below Lab-scale samples for

e Reduction to pure a-Fe by H
: filled in a steel die decomposition T characterization

* Reduction conditions optimized

High-pressure hydrogen reduction enables lower temperatures and

59
particle growth can be successfully avoided [7] e
* 663 K (ambient pressure): neck formation, significant 200 200
150 I 1-Fe,0, 150 | —— Initial a"-Fe N,

After 3 hours in air

* Saturation M, =215 Am? kg™ ) At hours

coalescence into micrometer-range structures _
* Remanence M, =73 Am?kg?! < 4| ~ o Compacted

e 483 K: fine nanoparticles 50 nm 400%

M (Am?*kg™)
o

5 * Coercivity y4,H.=0.25T | -
§ asop| Complete reduction * Curie Temperature T_=634 K =t ’“\/
© -100 - < 50l
° ] ] 8_ 4 e : — _3 r %
Nitrogenation in NH, atmosphere & « RO I ¥ * (BH) o =28 kim 150
g . : .‘_ ‘ ‘.. i~ 8 & ﬁ I .| . }LlH(.T). 1 ..
NH; 5 2507 1 B R ST v . %0 45 10 05 00 05 10 15 20  °%0 15 10 05 00 05 10 15 20
g | B 3 B S é%“ ) '..;;i:{fh. ,-‘E;,“. Nanocomposite magnets from Sr 4 H (T) 1,H (T)
_ > "_ 200 b SR SR N ey B . ) 200 60
a-Fe a-FegeN; T oo sy __ i' Cwd sh p5000M. hexaferrite as the ‘hard‘ and iron [ TSWFe0, oy
: . ‘ . ' e . . | ——a"FeN, 40 F —— 10 wt% a"-F::ﬁIilz
nitride as the ‘soft’ phase. 00| - Composite | s, %
* o-Fe ———493 K_40 MPa H, Lo ot i /
ourFo — 51 K30 HPa e » Coercivity decreases from 0.78 T 2 = - s % /
—_— d aH | o« : o — Y .. . « ey . . ] <
5 s iciompar: | = & =~ L el Yoo, in the initial ferrite to 0.38 Tin the £ < / ﬁ
5 ! ; ; “Hsaf‘m*“‘”““ £ sl I [ © . ! Prasgpos case of 15 wt.% Fe N, addition. 061} N %
s 5 antis g sof This is te highest coercivity reported -so} “ R
E’ E g “r in Fe N Samp|eS. %0 45 10 05 00 05 10 15 20 ©20 45 10 05 00 05 10 15 20
= h 16" 72
) -H °S ' ' E— —— 534 i e e i I #H (T) #,H (T)
’ g . " Reduotion temperature (K) | ! ' == 1| Reason for lower magnetization and lack of coupling is
) ‘ h : . ) . ) ot ' a i [} . [} |
RN N I Ay s surface oxidation of the Fe (N, nanoparticles.
egree 26 (deg.) . el . . . o .
i Coercivitiesreported in scientific literature for Fe,(N,
* Phase-pure a”-Fe, N, nanoparticles synthesized from the fine a-Fe precursors within the last two decades reach about 0.34 T.

Advantages of Fe, N, magnets
 Cheap and abundant raw materials
* Better temperature stability of magnetic properties than o5

* No observable particle growth during the synthesis, crystallite size =50 nm
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