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Abstract. This work involves the differential thermal analysis of iron and aluminum nanopowders
irradiated with electron beam of energy of 360 keV within 120 ns. The Differential Thermal
Analysis of the irradiated samples reveals an increase in the amount of water particles absorbed by
the surface of the nanoparticles, as well as the accumulation of defects inside the core of their
crystal structure.

Keywords: Nanopowders, irradiation, iron, aluminum, temperature, differential thermal analysis

1. Introduction

The unique combination of structural and dimensional factors of metal nanopowders greatly
improves their physical, chemical and thermal properties of materials in comparison to their bulk
counterparts [1]. As such, the past decade has seen a significant increase in the research and use of
nanoparticles in various field of application because of the ability of synthesizing and manipulating
these materials desirably. Applications in areas such as electronics, energy, biomedical, mining,
optoelectronics, pyrotechnics, military, materials etc. has brought about an increase in investments
in nanotechnology research and development [2].

In essence, modification of surface, structural and thermal properties of nanoparticles make them
more desirable for many industrial and research applications. Such modification methods include
irradiation with high energy particles followed by Thermal Analysis Techniques [3]. This work uses
differential thermal analysis to investigate the impact of electron beam irradiation on the
thermochemical characteristics of iron and aluminum micro and nanopowders.

2. Material and Methods

The two primary subjects of this study are iron and aluminum nanopowders. The electric
explosion of a metal conductor in an argon atmosphere yielded these metal nanopowders. (Fig. 1:
Jeol JEM 2200FS microscope). The samples were irradiated with pulses of electron beam having
kinetic energy of 360 keV for a duration of 120ns. This was carried out under normal atmospheric
conditions [4].

Since differential thermal analysis (DTA) is the most sensitive method used to examine the
structural alterations occurring in the nanocrystals, it was used to investigate the irradiation samples
in more detail. [4]. In DTA, the temperature difference between the sample reference material
before and after irradiation is recorded and the corresponding data obtained from the thermograms
generated is used in interpreting the thermophysical changes taking place in the sample [5]. The
SDT Q600 TA Instrument (USA) was used to carry out the thermal analysis. It is a composite
device that provides output for differential scanning calorimetry (DSC) and thermogravimetric
analysis (TGA) data in addition to the DTA results. All of these are plotted on a more
comprehensive thermogram (Fig. 1), for quicker analysis and convenience. The measurement error
for SDT Q600 TA is: Q=+1.8 %, T=0.1 'C, m= 10" mg.

208



Cekuuga 2
Tensogusuueckue acnekmbl 3Hep2zemu4eckux MmexHo.102utl

Fig. 1. Microscopy of aluminum a and iron b nanoparticles
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Fig. 2. A thermogram of aluminum nanopowder before irradiation

3. Result and discussion

The acquired experimental results suggest that metal nanopowders are ionized by the action of
an electron beam, which also contributes to electron emission and charge adjustment through the
sorbed water from the air. The same process of particle surface charge following irradiation and the
development of active centers on their surface was observed after exposure to synchrotron
radiation [6]. Because micropowders have a lower surface area to volume ratio than nanopowders,
this effect is less noticeable. In Fe nanopowders, the amount of desorbed water essentially decreases
as the irradiation dose increases (0.49 %). On the other hand, as the irradiation dose increases, the
mass change following the desorption of impurities in aluminum nanopowder exhibits greater
values (1.97 %). In addition, the values of the 1*' stage of oxidation in the Fe nanopowders have
higher values of thermal effect. While the spread of values for iron is 1225, it is 1104 J/g for
aluminum. Changes in the temperature and heat of the onset of oxidation, which may be promising
for the creation of information accumulation systems in the form of long-lived defects in the
structures, indicate the effect of electrons in introducing defects in the crystal structure.

4. Conclusion

It was discovered during this research that irradiating metal nanopowders with electron beams
affects not only the heat of oxidation, but also the temperature and heat of melting (aluminum).
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Based on this, electron irradiation at 360 keV is suggested for altering the structure and properties
of metal powders. This can be used in 3D printing to reduce the sintering temperature of products,
resulting in lower energy consumption and production costs.
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CTPYKTYPA IIOTOKA BO3/1IYXA B 30HE JEHCTBHUA I'A30BOI0
MHPPAKPACHOT'O U3JIYYATEJIA

®.10. Canuxos, C.0. CayiaraeB

TomcKull noaumexHu4eckutll yHugepcumem,
HIlI3, HOL] H.H. Bymakosa, 2p. 56M24

HayuHbi#l pykoBoauTenb: B.M. Makcumos, k.T.H., goueHT HOLl U.H. Bytakosa UIIJ TITY

Hcnonb3oBanue razoBeix nH(ppakpacHbix usnydareneil (I'MH) umeer paa npeuMyIiecTs OTHO-
CUTEIBHO TPAJAULIMOHHBIX CUCTEM OTOIUICHHS BCIEICTBUE BO3MOKHOCTH CO3/1aHUS JIOKAIBHBIX Tell-
JIOBBIX 30H B KPYIMHOTra0apUTHBIX IPOU3BOJCTBEHHBIX MOMEIeHUsIX [ 1—4].

dopmupoBaHUe MOJEH TeMIepaTypbl U CKOPOCTEH BO3AyXa OCYLIECTBISIETCS B pe3yibTaTe He-
CKOJIBKMX B3aMMOCBSI3aHHBIX IPOIIECCOB, OOpasyrommxcs B pe3yibraTe padotel ['MU: mepenoc
TEIJIOTHI U3JIy4eHUEM OT M3iyuaromiel noBepxHocTu MU Kk MOBEpXHOCTSM Orpa)kIarolUX KOH-
CTpYKUUI U 000py10BaHUs, CMEIIaHHAsI KOHBEKIUSI B HEPABHOMEPHO MPOTPETOM BO3/YXE.

Hcnonb3oBanue 'MU B yciaoBusX KpyHHBIX Ta0apUTOB MOMENIEHHS C OTHOCUTEIBHO MallbIMU
TUTOIIAJISIMH, B KOTOPBIX HAXOAWUTCS PaOOTAIOUIHIA, BICYET TOJOKUTEIBHBIA YKOHOMHYECKHH (-
(eKT U3-3a yMEHBUICHUsI KalUTaJIbHBIX 3aTPaT, CBA3AHHBIX C MPOCKTUPOBAHUEM CHCTEMBI OTOILIE-
HUS, U SKCIUTyaTaIlMOHHBIX 32 CYET MEHBIIICH MHEPIIMK HarpeBa HeoOoxoaumMoit obnactu |35, 6].

Llenbio paboThl 3aKIIIOYAETCs B ONpPENCIIEHUH CKOPOCTH M HAIPABICHHS MEPEIBIXKEHUS Macc
BO3/1yXa B JIOKaJbHOU paboueii 30He.

DKCIEepUMEHTAIbHBIE UCCIEAOBaHUS MPOBOJWINCH B MOMEIIEHUU ¢ pazmepamu 4,4x5x10 m ¢
HaJM4YMEM JIBYX BEHTWIALMOHHBIX LIaXT: IPUTOYHON W BBITSHKHOM. Mcnonb3oBavch ra30Bbli MH-
(bpakpacHbIil H3Ty4aTenb CBETIOrO THIIA MOIIHOCTBIO 5 KBT M ropu3oHTasIbHAs MaHENb, UMUTHPY-
romei pabodee mpocTpancTBo, pazmepamu 1,2x0,6x0,05 m. LleHTp naHenn COBMEIIEH ¢ MPOCKITUEH
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