3 L S—

Sandia National Laboratories

Synthesis of Advanced Magnetic Materials for

Inductors and Transformers

Tyler E. Stevens, Todd C. Monson, Charles |. Pearce, Riley E. Lewis, Jessica N. Dyer, Mark A. Rodriguez, Bonnie

McKenzie, Sara Dickens & Stan Atcitty
Sandia National Laboratories, Albuquerque, NM 87185

Project Objective

The size requirements of power electronics are determined by the necessary components. Magnetic materials contribute to this significantly, and to maximize efficiency and size,
new magnetic materials are required. One of the main challenges has been developing materials that work in conjunction with high frequency semiconductor switches. This year,
we sought to fabricate iron nitride/Ni-P layered composite transformer cores and demonstrate decreased losses in comparison to neat iron nitride at frequencies up to 100 kHz
and temperatures of 150 °C. To achieve this, we have focused on identifying and optimizing synthetic routes to yield phase pure iron nitrides and then incorporating them into
composites. This has resulted in materials with good performance up to | MHz.
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Synthesis and purification of iron nitride
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Incorporation of iron nitride into soft magnetic composites
Iron nitride * H,N(CH2)6NH; M"%OM |
oIl o = . ’Wv vvvvvvvvvvvvvvvvvvvvvvv
> Ball milling was used to generate a fine Nl Eleel elelee s el ool | ;
mixture of iron nitride and %0/\(3 g ™ i
hexamethylenediamine O 0 _ o 2 ;
» Composites have successfully been c{y y) g e :
. 0.10 | -40 - vv
for.med using a .I ) I_and 1:0.75 molar trimethylolpropane triglycidyl ether —_
ration of Iron nitride/ O Y dem
0.05 —e— FeyN Toroid 20% Fe @ 650A/m
hexamethylenediamine and combining NKQ o 25w Pe-Epory @ 600A
the mixture with an epoxy /@ oo e
> Several systems are being evaluated >0 | " Freqitz
based on molecular weight and T, » Preliminary data indicate low core loss at high

N,N-diglycidyl-4-glycidyloxaniline

frequency

Output
> “Soft magnetic materials for a sustainable and electrified world” J. M. Silveyra, E. Ferrara, D. L. Huber, and T. C. Monson Science 2018, 362,0195.
» “Soft Magnetic Multilayered FeSiCrB-Fe, N Metallic Glass Composites Fabricated by Spark Plasma Sintering” T. C. Monson, B. Zheng, R. E. Delany, C. ]. Pearce, E. D. Langlois, S. M. Lepkowski,T. E. Stevens,Y. Zhou,

S.Atcitty, and E. ). Lavernia IEEE Magnetics Letters 2019, 10, 7102505.
> “Synthesis and Magnetic Properties of Iron Nitrides,” T. E. Stevens, R. E. Lewis, C. ]. Pearce, M.A. Rodriguez, S. Dickens, B. B. McKenzie, S. Atcitty, T. C. Monson, American Chemical Society National Meeting 2019,

Orlando, FL, March 31 —April 4,2019.
» “Synthesis of Nanostructured Ferroic Materials for Energy Conversion,” T. C. Monson, T. E. Stevens, D.A.Vargas, R. M.Van Ginhoven, B. Zheng,Y. Zhou, M. Fraga, E. Lavernia, Materials Science & Technology 2018,

Invited Presentation, Columbus, OH, Oct. 14 -19,2018. Acknowledgements

@R, U.S. DEPARTMENT OF Sandia National Laboratories is a multimission laboratory managed and . . . . .
@ENERGY  ovemsdty Nuvors Tecmoiog s Engresrng sobonsofswan e, Thiis work was supported by DOE Office of Electricity Energy Storage Program, Dr. Imre Gyuk, Program Manager. ﬁa?dla |
a wholly owned subsidiary of Honeywe nternational Inc., for the U.S. ationa
o Department of Energy’s National Nuclear Security Administration under . . . .
TV o conroc DENACCDSSDS We thank Kerry-Ann Stirrup for assistance with XRD. Laboratories

SAND No. SAND2019-10877 C

I Nuclear

Ly




	Synthesis of Advanced Magnetic Materials for Inductors and Transformers

