Southern Illinois University Carbondale

OpenSIUC

Publications Department of Physics

5-2002

Structure and Magnetic Properties of the MnBi
Low Temperature Phase

J.B. Yang
University of Missouri - Rolla

W.B. Yelon
University of Missouri - Rolla

W.]. James
University of Missouri - Rolla

Q.Cai

University of Missouri - Columbia

S.Roy

Southern Illinois University Carbondale

See next page for additional authors

Follow this and additional works at: http://opensiuc.lib.siu.edu/phys pubs
© 2002 American Institute of Physics
Published in Journal of Applied Physics, Vol. 91 No. 10 (2002) at doi: 10.1063/1.1451306

Recommended Citation

Yang, J. B., Yelon, W. B., James, W. J., Cai, Q, Roy, S. and Ali, N.. "Structure and Magnetic Properties of the MnBi Low Temperature
Phase." (May 2002).

This Article is brought to you for free and open access by the Department of Physics at OpenSIUC. It has been accepted for inclusion in Publications by

an authorized administrator of OpenSIUC. For more information, please contact opensiuc@lib.siu.edu.


http://opensiuc.lib.siu.edu?utm_source=opensiuc.lib.siu.edu%2Fphys_pubs%2F40&utm_medium=PDF&utm_campaign=PDFCoverPages
http://opensiuc.lib.siu.edu/phys_pubs?utm_source=opensiuc.lib.siu.edu%2Fphys_pubs%2F40&utm_medium=PDF&utm_campaign=PDFCoverPages
http://opensiuc.lib.siu.edu/phys?utm_source=opensiuc.lib.siu.edu%2Fphys_pubs%2F40&utm_medium=PDF&utm_campaign=PDFCoverPages
http://opensiuc.lib.siu.edu/phys_pubs?utm_source=opensiuc.lib.siu.edu%2Fphys_pubs%2F40&utm_medium=PDF&utm_campaign=PDFCoverPages
http://dx.doi.org/10.1063/1.1451306
mailto:opensiuc@lib.siu.edu

Authors
J. B. Yang, W. B. Yelon, W. J. James, Q. Cai, S. Roy, and N. Ali

This article is available at OpenSIUC: http://opensiuc.lib.siu.edu/phys_pubs/40


http://opensiuc.lib.siu.edu/phys_pubs/40?utm_source=opensiuc.lib.siu.edu%2Fphys_pubs%2F40&utm_medium=PDF&utm_campaign=PDFCoverPages

JOURNAL OF APPLIED PHYSICS VOLUME 91, NUMBER 10 15 MAY 2002

Structure and magnetic properties of the MnBi low temperature phase

J. B. Yang?
Graduate Center for Materials Research, University of MisseRolla, Rolla, Missouri 65409

W. B. Yelon and W. J. James
Graduate Center for Materials Research and Department of Chemistry, University of MisRallg,
Rolla, Missouri 65409

Q. Cai
Department of Physics, University of Missou@olumbia, Columbia, Missouri 65211

S. Roy and N. Al
Department of Physics, University of Southern lllinois, Carbondale, Illinois 62901

High purity MnBi low temperature phase has been prepared and analyzed using magnetic
measurements and neutron diffraction. The low-temperature phase of the MnBi alloy has a
coercivity ugH. of 2.0 T at 400 K, and exhibits a positive temperature coefficient from 0 to at least
400 K. The neutron data refinement indicated that the Mn atom changes its spin direction from
axis above room temperature to nearly perpendicular tocthgis at 50 K. A canted magnetic
structure has been observed below 200 K. The anisotropy field increases with increasing
temperature which gives rise to a high coercivity at the higher temperatures. The anisotropic bonded
magnets have maximum energy produddd( ., of 7.7 and 4.6 MGOe at room temperature and
400 K, respectively. ©2002 American Institute of Physic§DOI: 10.1063/1.1451306

I. INTRODUCTION The dependence of the coercivity and anisotropy on the tem-
perature has been studied using these relatively high purity

MnBi is a ferromagnetic intermetallic with NiAs-type materials. A coercivity of 2.0 T and a maximum energy prod-

hexagonal crystal structure. MnBi has been of interest beuct (BH),,,, 0f 4.6 MGOe have been obtained for MnBi

cause of the unusually large magnetic anisotropy of the lowbonded magnets at 400 K. The magnetic structure of MnBi

temperature phaséLTP)? and the favorable magneto- has been investigated by a combination of neutron diffraction

optical properties of the quenched high-temperature pﬁaset.echniques and magnetic measurements.

It is remarkable that the coercivity of the LTP increases with

temperature, and is much larger than that of the Nd—Fe—B ExPERIMENTAL METHOD

magnets at higher temperatures. Therefore, MnBi has consid- . )

erable potential as a permanent magnet at high temperatures High purity manganes¢99.99% and bismuth(99.99%

and as a hard phase in nanocomposite madretsagneto-  \Were m|>_<ed in atomic ratios _of 40:60, 45:55, and 50:50.

crystalline anisotropy of 9.0 T and a coercivity of 1.8 T have heS€ mixtures were molded into a columnar shape under a

been measured at 550 K for the melt-spun ribbons, which j@ressure of 4000 kg/chand then sintered in an argon atmo-

very interesting for high temperature applicatiénadam  Sphere for 1-10 h at 1000 °C followed by cooling to room
et al. have produced a MnBi magnet with a maximum en-l€mperature. The optimum composition is Mr:835:45,
ergy product of 4.3 MGOe, which is much smaller than theWneré up to 60 wt% of LTP MnBi can be obtained after
theoretical value of 16 MGORThe anisotropy constant de- Sintering. Magnetic separation was used to enrich the MnBi
creases rapidly with decreasing temperature, where a spinf P in the powders. The MnBi powders were further ground
reorientation has been obsenfeHlowever, no details have (O fine powders, and aligned in a 10 kOe field in an epoxy
been reported. It is difficult to obtain single-phase MnBi ma-"eSin to form a bonded magnet. Magnetic measurements
terials by conventional methods, such as sintering, whic{'ére performed with a field of up to 60 kOe in a temperature
also makes it difficult to study the magnetic properties off@nge from 4.2 to 400 K using & superconducting quantum
MnBi. Mn tends to segregate from the MnBi liquid becauselntérference device magnetometer. The samples were charac-
of the peritectic reaction, and the diffusion of Mn through t€rized for their phase purity by x-ray diffraction with G
MnBi is exceedingly slowi-® Many efforts have been made rac_hatlon. N(_autron powder dn‘frac'uon patFerns were coI!ected
to produce single phase MnBil® At present, no single Using the diffractometer at the University of Missouri Re-
phase MnBi has been prepared by sintering Mn and BF€arch Reactor at a wavelength of 1.4807 A.
powders.

In order to fully understand the magnetic behavior of thelll. RESULTS AND DISCUSSION
MnBi, over 90 wt% LTP MnBi bulk samples have been gy cture and magnetic properties. Figure 1 is the neu-

produced by sintering and subsequent magnetic purificationqn, gitfraction pattern of MnBi after magnetic separation at
different temperatures. Refinements of the neutron diffrac-

dElectronic mail: yangj@umr.edu tion data were carried out usiLLPROF® which permits
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FIG. 3. The magnetization curves along the direction perpendicular to the
0 o aligned direction at different temperatures.
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2‘0 4'0 6'0 8'0 type structure yvith lattice parametees= 4.2827.,& gndc
=6.1103 A, which corresponds to the LTP MnBi'°Figure

20 ( degree ) 2 shows the temperature dependence of the magnetic mo-
FIG. 1. ObservedYy,9 and calculatedY,,) neutron diffraction patterns of ments of the_ Mn atom am_j the angle betwe_en the moments
MnBi at 10 K and room temperaturgThe bottom curvesY,ps— Yca) are and thec axis in the MnBi LTP. As shown in Flg. 2, the
the difference between experimental data and refinement data. The verticahagnetic moment of the Mn atom shows a small temperature
bars indicat(_e the MnBi magngt_(ﬁrst row), MnBi Bragg (second row;, and dependence in the range from 10 to 300 K. The magnetic
Bi Bragg (third row) peak positions. moment per Mn is 3.6Q and 4.18ug at room temperature
and 10 K, which is well in agreement with the magnetic

multiple phase refinements as well as magnetic structure répr eats L:rle5me:ésWi§)hn thpolryc;irysltatl)llnned Mln‘Bﬁl t??? Slg'?_%le
finements of each of the coexisting phases. It is found tha ystais,” a eoretical band calculations. c

there is approximately 90 wt % of LTP MnBi in the magneti- value at room temperatuf®T) is considerably less than that

: ~-_obtained by previous neutron diffraction measureménts
Il r wders. The MnBi all have the NiAs- . '
cally separated powders © alloys have the S where a value of 4 bz was claimed at RT. Below 200 K, the

magnetic moments of Mn deviate gradually from the direc-

~ 45 tion parallel to thec axis and into the direction nearly per-
= pendicular to the axis at 50 K. A sharp increase of the angle
"\E/ 40k between Mn magnetic moments and thexis is observed
o around 90 K. However, the magnetic moment still shows a
g 35} very smallc-axis component at 10 K, i.e., it is not totally in
£ MnBi the basal plane. Therefore, a canted magnetic structure is
2 3.0} formed in MnBi LTP from 200 to 10 K. This is consistent
2 with the suggestion of Roberfghat the magnetic moments
@ 25} do not rotate completely from along tleeaxis into the basal
= plane at temperatures below 84 K. However, it is different
from other studies which concluded that the magnetic mo-
. 8ot ments flip into the basal plane at 90%#>19
o The magnetization curves measured perpendicular to the
5 r aligned direction are shown in Fig. 3. It can be seen that the
3 sl spin reorientation magnetization curves along the hard axis be_come _easier to
5 / saturat_e vyhen the temperature decrez_ises, Whlch_ indicates that
20l the uniaxial anisotropy decreases with decreasing tempera-
ture, and tends to planar anisotropy below 50 K. This is
ol consistent with our neutron data. Our neutron data show a

canted magnetic structure below 200 K, different from the
results obtained from the magnetization curves of a LTP
single crystal'® where a basal-plane anisotropy was observed
below 100 K. Coehooret al!” have reported that the spin—

FIG. 2. The temperature dependence of the Mn magnetic moments and ¥ Dit interaction plays_ a key role in the aniSOtrop_y a_t low
angle between magnetic moments anakis in MnBi. temperatures for MnBi, in as much as the magnetic dipole—
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FIG. 4. Hysteresis loops of MnBi magnets at 300 and 400 K. FIG. 5. Dependence of the coercivity on temperature for MnBi magnets.

V\pf 37 kJ/n? has been achieved at 400 K. A sharp increase at
about 90 K in the angle between Mn magnetic momentand
axis indicated a spin reorientation of MnBi LTP. The anisot-
ropy changes from uniaxial anisotropy at 400 K to the canted
pglow 200 K.

dipole interaction cannot explain the basal anisotropy at lo
temperature. Additionally, recent band calculations with
spin—orbital coupling and orbital polarization still result in
disagreement between theoretical and experimental réults
Further studies regarding the temperature dependence of t
anisotropy of MnBi are necessary.
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