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GENERATION AND CHARACTERIZATION OF Nd�Fe�B�CNANOPARTICLES BY PULSED Nd:YAG LASER ABLATIONIN LIQUIDH. R. Dehghanpour *Physis Department, Tafresh University, Tafresh, IranReeived July 27, 2013We have generated Nd�Fe�B�C nanopartiles by Nd:YAG (1064 nm) laser irradiation in distilled water. Ex-posure times were 1, 5, and 10 min. Charaterization of suh nanopartiles in terms of their size distribution,shape, and hemial omposition was arried out by transmission eletron mirosopy, energy-dispersive X-ray,and Fourier transform infrared spetrosopy. To investigate the nanopartile stability, the size distribution ofnanopartiles was measured two weeks after the nanopartile generation, using dynami light sattering. Inves-tigations with the help of the atomi fore mirosope and magneti fore mirosope showed other aspets ofthe generated nanopartiles.DOI: 10.7868/S00444510140200351. INTRODUCTIONResearh in the area of magnetism and magnetimaterials is a rih ombination of synthesis, harater-ization, theoretial onepts, and engineering applia-tions [1℄. Hard magneti materials are used in harddisk drivers, motors, generators, loudspeakers, mag-neti sensors, et. Nd�Fe�B�C magnets are well knownbeause of their strong, permanent magneti proper-ties, high oeritivity, and high magneti remanene.Magneti nanopartiles are used in ferro�uids [2℄, re-frigeration systems [3℄, and multiterabit informationstorage devies [4; 5℄. In the last deades, intensive ef-forts have been invested into the development of newmethods for generation of nanopartiles. In partiu-lar, magneti nanopartiles have attrated great atten-tion beause of their widespread appliation prospetsin biomediine and information tehnology [6�9℄. Laserablation in liquids o�ers an approah to the fabriationof pure nanopartile olloids of various materials. Untilnow, mainly metal and erami olloids have been gen-erated using this method, inluding several studies onlaser-generated magneti nanopartiles [10�12℄. Thereare a few reports onerning laser-based generation ofolloidal magneti alloys [13; 14℄. Here, Nd�Fe�B�Cnanopartiles are generated in distilled water using*E-mail: h.dehghanpour�aut.a.ir

Q-swithed Nd:YAG laser (1064 nm). Geometrial andhemial properties of those nanopartiles are then re-vealed. This ould be attrative for mirotehnologyappliations suh as the development of miromotorsor magneti miropumps [15; 16℄.2. EXPERIMENTAL SECTION2.1. Synthesis methodsFigure 1 shows a shemati diagram of the experi-mental setup. An Nd�Fe�B�C magnet target was im-mersed in distilled water and �xed on a plate onnetedto the motor rotating the target (5 rev/min) to pre-vent deep laser rater reation. Nanopartiles werefabriated by pulsed nanoseond laser irradiation us-ing Nd:YAG laser at 1064 nm. The laser shots areharaterized by the 10 ns duration, 5 Hz repetitionrate, 60 mJ pulsed energy, and 6 J/m2 energy density.The laser beam was foused diretly on a target 2 mmin thikness. It was situated at the bottom of a glassbeaker �lled with 10 ml of distilled water, orrespond-ing to 6 mm of liquid height above the target at roomtemperature using a lens with a 10 m foal point. Thefousing area, power, and energy density of the laserwere properly ontrolled by the relative displaementof the target and the lens. The exposure times were1, 5, and 10 min. After laser irradiation, drops of liq-uid ontaining nanopartiles were sprayed on a plate218
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Fig. 1. Experimental setup for fabriating Nd�Fe�B�Cnanopartiles in distilled water by laser irradiationof glass. Then, after water evaporation remained, thematerials were olleted.2.2. Charaterization methodsGeometrial aspets of the nanopartiles werestudied by transmission eletron mirosopy (TEM),Philips model EM 208 S. Chemial omposition ofthe bulk and the nanopartiles was investigated usingenergy-dispersive X-rays (EDX). The time e�et onthe nanopartile sizes was investigated by dynamilight sattering (DLS) two weeks after the nanopartilegeneration.3. RESULTS AND DISCUSSIONSThe TEM an yield information suh as the partilesize, size distribution, and morphology of the nanopar-tiles. In partile size measurement, mirosopy is theonly method in whih individual partiles are diretlyobserved and measured [17℄. Typially, the alulatedsizes are expressed as the diameter of a sphere thathas the same projeted area as the projeted imageof the partile. Manual or automati tehniques areused for partile size analysis. The manual tehniqueis usually based on the use of a marking devie movedalong the partile to obtain linear dimensional mea-sures of the partiles, whih are then added and di-vided by the number of partiles to obtain a mean re-sult [18℄. In ombination with di�ration studies, mi-rosopy beomes a very valuable aid to harateriza-tion of nanopartiles [19℄. TEM mirographs of theNd�Fe�B�C nanopartiles fabriated by a Q-swithedNd:YAG laser and various exposure times (1, 5, and10 min) as well as the orresponding size distributionsare shown in Fig. 2.After the laser is swithed o�, the fragmentationproess eases and the aggregation proess proeeds.A TEM image shows the presene of nearly spheri-al partiles. In view of the proess of formation ofnanopartiles and rapid quenhing of the ablated ma-

Fig. 2. TEM images of nanopartiles fabriated by theNd:YAG laser with (a) 1min, () 5min, and (e) 10minexposure times; b, d, and f are the orresponding sizedistributionsterial into the liquid, this is their most probable mor-phology [20℄. The average size of the nanopartiles gen-erated by pulsed Nd:YAG laser radiation for 1, 5, and219
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50 µmFig. 3. SEM of the target surfae after a 10 min laserexposure
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Wave number, cm−1Fig. 4. Transmittane spetrum of the suspension so-lution of nanopartiles10 min exposure times are 13.7, 8.35, and 6.23 nm re-spetively.It is worth noting that the largest partiles mostlikely result from the aggregation of smaller partiles.Their number is relatively small and does not in�uenethe size distribution signi�antly. Suh aggregation isknown and diussed in [20℄. It an be explained bythe tendeny of lowering a olloidal system energy toahieve a more stable state. The mean diameter andthe size distribution of the nanopartiles derease as theablation time inreases. This an be explained by a re-distribution of the size of the partiles through theirinteration with the laser beam. On the other hand,reation of nanopartiles near the target redues thelaser�target interation and is e�etive on the numberand size of the nanopartiles [21℄.Figure 3 shows a sanning eletron mirosopy(SEM) image of the target surfae after a 10 min laser

Table. Transmittane wave numbers and the orre-sponding bondsWave number, m�1 Bond585 Fe�O758.75 Fe�O�H1207.86 B�O�B1639.85 C==O2077.88 Nd�Fe�Cexposure on it. There is a mixture of melting and ab-lating proess on the target surfae due to laser irra-diation. The nanopartile generation may be ausedby ablation and by the superheated surfae above itsritial thermal point.The Fourier transform infrared spetrosopy(FTIR) is a very sensitive and one of the mostused spetrosopy methods applied in haraterizingthe material struture. Figure 4 shows an FTIRtransmittane spetrum of the suspension solutionof the nanopartiles. Despite the 3397 m�1 peakorresponding to the OH band of water, we see aset of peaks, whose orresponding bonds [22; 23℄ areolleted in the Table. In the nanopartiles onstru-tive elements of the target (exept Nd) had a strongoxidation due to the aqueous environment.Figure 5 shows the results of (EDX) miroanalysesof the fabriated nanopartiles. As the �gure shows,onstrutive elements of the target (Nd, F, B, and C)onstrut the nanopartiles. The existene of silionin the nanopartiles may be due to the ablated sili-on from the glass ontainer or the plate of glass onwhih the drops ontaining nanopartiles were spearedfor harvesting the nanopartiles.As a result, the hemial omposition of the tar-get and nanopartiles is the same. Although TEM isthe experimental tehnique most extensively used forobtaining general information on partile morphologyand evaluating the size distribution, the atomi foremirosope (AFM) method has been established as aomplementary and very useful method for harateri-zation of shapes in nanoworld. In order to investigatenanopartile stability, two weeks after the nanoparti-le generation, their size distribution was measured us-ing AFM and DLS. Figure 6 shows AFM images ofnanopartiles (10 min laser exposure) two weeks afterthe nanopartile fabriation. The partile size is be-tween 15 and 70 nm with the average near 30 nm.220
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Fig. 5. EDX miroanalyses of the fabriated nanopar-tiles

Fig. 6. AFM image of Nd�Fe�B�C nanopartiles fabri-ated by a Q-swithed Nd:YAG laser in distilled waterSize distributions of the nanopartiles based on theresults of DLS for a sample with 10 min exposure timeare shown in terms of number, volume, and light in-tensity in Fig. 7. The size distribution versus num-bers (Fig. 7a) veri�ed the size distribution obtained byAFM. On the other hand, the size distribution versus
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Fig. 7. After two weeks, size distribution versus (a) thenumber of nanopartiles, (b) volume of the nanoparti-les, and () sattered light intensity by nanopartiles,fabriated by a 10 min Nd:YAG laser exposure usingDLSvolume and intensity (Figs. 7b and 7) shows the pres-ene of partiles with larger sizes but lower in numbers.Figure 8 depits magneti domains of nanopartiles ob-tained using a magneti fore mirosope (MFM).4. CONCLUSIONIn this work, we have examined the method of lasernanopartile generation in liquid for fabriation of hardmagneti alloy nanopartiles. Mirostrutural investi-gation, magneti properties, and hemial ompositionof the nanopartiles were performed by FTIR, EDX,TEM, DLS, AFM, and MFM. The resulting hemialomposition of the nanopartiles depends on the ele-mental omposition of the target. In the nanopartiles,onstrutive elements of the target (exept Nd) had astrong oxidation due to the aqueous environment. Themagneti property of the nanopartiles was detetable,and they had onsiderable magneti �eld. It is worth221
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