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Local ordering study of nanostructured FeMnAl alloys

KONTAN TARIGAN!, KWANG-KWYUN LYU', DONG-HYUN KIM', BY EONG-WON KANG'
YONG-GOO YOO? and SEONG-CHO YU’ -

' BK21 Physics Program and Department of Physics, Chungbuk National University, Cheongju, 361-763, KOREA
? Regional Innovation Agency, Chungbuk Technopark, Cheongwon, 363- 883, KOREA
scyu@chungbuk.ac.kr

The structural and magnetic properties of mechanically alloyed FessMnipAlss alloys we -
studied as a function of milling time. The local structural change of FeMnAl has been investigated B ¢
means of X-ray diffraction (XRD), extended x-ray absorption fine structure (EXAFS) and M&ssba .-:
spectrometry. The magnetic properties were measured using vibrating sample magnetometer (VSMES
at room temperature. With increase of milling time, the XRD patterns were broadcned and r-‘

EXAFS spectra were obtained Fe K-edge. The radlal atomic density in a real space can be shown o
the Fourier transformed spectrum [1} Fourier transform of EXAFS spectra for FeMnAl alloys:
exhibits the local ordering of Fe central atom which was change with increase of milling time. The’
first shell of Fourier transformed spectra was shifted to short atomic range corresponding to the
formation of alloy. The Mdssbauer spectrum showed typical sextets in the 1 hour milled sample
corresponding to alpha-Fe spectrum. Increasing the mitling time, the sextets became broader due t@
appearance of disordered Fe atoms in both solid solutions. The hyperfine field distributions wers
decreased as increasing milling time, which is similar trend with magnetization distribution. |

[1] Yong-Goo Yoo, Bingzhi Jiang, J.M. Greneche, Dong-Seok Yang and Seong-Cho Yu J. Magn. &ﬂ
Mag. Mat., 304, €715 (2006) ,
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Structural and magnetic properties of NiAlC nano-powders

KONTAN TARIGAN', CHUL-MIN HEO', YING DE ZHANG', YONG-GOO YOO0?,
SUHK KUN OH' and SEONG-CHO YU!

' BK2] Physics FProgram and Department of Physics, Chungbuk National University, Cheongju, 361-763, KOREA
? Regional Innovation Agency, Chungbuk Technopark, Cheongwon, 363-883, KOREA.
seyu@cmmgbud ac. b

We bave studied the structure and magnetic properties of NiAIC nano powders made by
- mechanical alloying. The mechanical alloying was performed from 1 hour to 12 hours using Ni, Al, C
' element powders. Carbon added magnetic alloys have been extensively studied due to their
| nanocomposite structure originating from a complicated phase change due to carbon concentration
' [1]. The structural evolution during mechanical alloying was examined by extended X-
j‘ﬁne structure (EXAFS) and X-ray diffraction (XRD) analysis. The magnetic properties also have been
. measured by vibrating sample magnetometer (VSM). The XRD analysis confirmed the beginning of
| the alloy formation at 4 hours milling time and the completion of alloy formation after 12 hours
‘é_ milling time. From the XRD result,'the estimated particle size was around 5 nm for 12 hours milled
- sample. The local structural change was analyzed by EXAFS measurement. The increase of milling
* time generates the absence of the long range ordering in NiAIC nano powders. The nearest neighbors
" of Ni atom were changed from Ni to Al or C with increasing milling time. This indicates that the
' NiAIC alloy was formed after 12 hrs milling time. The structural change leads to the variation of
| magnetization. The increase in milling time produces the decrease of magnetization.

ray absorption

' [1] Yong-Goo Yoo, Dong-Seok Yang, Bingzhi Jiang, Seong-Cho Yu, and .M. Greneche J Kor
| Phys. Soc., 48(6), 1463 (2006)
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Introduction

/ Mechanical alfoying (MA) has been used widely to prepare meta-
stable phases such as supersaturated solid solution, amorphous
phases and nanostructure powders, starting from a mixture of
elemental ents or inter-metallic compounds in many alloy
systems [1,2]. This technique has been extensively used in inter-
metallic compounds to prepare nano-crystalline structures [3].

In the last century, a large number of amorphous transition-metal-
metalloid (Tll-ll?:ailnys have heen extensively investigated for their
structural, electronic and magnetic properties. The magnetism in
TM-M alloys is far from being understood [4].

Metal-metalloid systems such as Fe-Si and Fe-C have been
extensively studied for application to magnetic and electronic
devices, recently [3]. The role of the loid such as C, Si on the
magnetic properties has been studied in Fe-, Co-, and Ni- based
binary systems [5].

Carbon added magnetic alloys such Fe-C or Ca-C, which are
commonly used in industry, have been extensively studied due to
\ their complicated nano-composite structure originating on a

strongly phase change dependent on the carbon concentration [B].)

Experiment

(Nig sAl; HEC o metastable alloy was prepared by the mechanical alloy
using a 4 8000 mixer and mill with stainless steel ball. The starting
malerial was a mixture of pure Ni, Al, and C powders.

In order to study the ajloyin% process, the milling ime was varied from 1 hr
1o 12 hrs. The mechanical alloying was performed in Ar atmosphere to
prevent mggation during the alloying process. The ball o powder weight
ratio was 2011

Magnetzation and coercivily of the samples were measured by using the
vibrating sample magnetometer (VSM) with the maximum field of 1 kOe.
The varations of structure were examined by XRD and EXAFS. XRD dala
were obtained with a monochromatic Cu-Ka radiation. Particle size was
estimated by Scherrer formula from the XRD pattemns.

EXAFS experiments were camed out at the 3C1 EXAFS beam line of the
Pohang Light Source (PLS) in the Pohang Acceleratory Laboratory. The
PLS was operated with an electron energy of 2.5 GeV and maximum
current of 200 mA.

The EXAFS spectra were abtained al Ni K-edge (8346 eV) in the
transmission mode at room te)r(nIFaature. The ion chambers were filled
with the pure nitrogen gas. E S data were analyzed with FEFF.

Results and discussions
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Conclusions

Mechanically alloyed Ni45A145C10 alloys for different times were studied by XRD, EXAFS and magnetization. In the initial stage of alloying
{ime, the Ni and Al phase rapidly decreased. After 4 hrs milling time, structural phase showed fcc NIAIC structure and there is no long range
ordering around Ni central atom. It means that the alloy was formed wilh nano-sized structure after 12 hrs milling time. The magnetization
showed small value with compare to pure Ni which is occurred from magnetic dilution.
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