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Abstract

The preparation of tranqparent magnetic flurds is necessary for botlr research on and practical

applications bf Ute magndooprtics of magn€tic fluids. It was recently found that yllrium irm gamet

6y,ferO,r) or YIG is zuitable for colloidal particles of tranryarent magnetic flurds Phosphors are

lnown as materials that emit light urhen bombarded with an €nergy sour@ suclr as phdons or an

electron beam. These luminescent materials are used rn zuch applications as fluorescent lamps,

by powder XRD, EDXS, SEM, and Rietrreld Analysis, respectir'ely.

1. lntroduction

Previously Taketomi et al. [1-3] found that the preparation of transparent magnetic

fluids is necessary for applications of the magnetoopfics of rnagnetic fluids. It was also found

that yttrium iron colloidal

magnetic fluids 1 YIG ultr
nm in size. For g bY the c

[5], while Matsumoto and Fujii used mist pyrolysis [6,7]. Generally speaking, inhomogeneity

in the stoichiomefy of the particles often occurs wrth these techniques [G8] The alkonde

Srnce Maiman [ll,l2] discovered the ruby laser in 1960, the sol-id-state laser has

been rapidly developed. In recent years, especially, solid-state lasers have been applied with

remarkable success in various industnal capacities such as for taking physical measurements

and for medical uses Although many kinds of solid-state lasers exlst [13-16], the yttnum

aluminum garnet (YrAlsOrz) or YAG single crystal is the best laser host material. As a

luminescent element, Nd plays a more important role than do I{o, Tm, Er, etc. Because a

solid-state laser demands severe optical requirements, however, synthesizing Nd:YAG laser
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material of polycrystalline ceramics.is.techrucal! very difficult. Attempts to synthesize solid-state laser materials from polycrystalline 
"".u.i., such as l -doped yzOr_ThO2 ceramicshave been reported by Cneskwici 'v' Q I -truPtru 

m yAG ceramics byde With and van 
_Dijk t201, Mu '"t 

ul. [221. In thelii:ffilf';"1,3::t*:*'[,:"1" oved inadeiu"t" ru.
potvcrystairine, rransparent Nd:yAG wrth opfical characteri i?.itt*:i:?lsingle crystal, by solid-state rr
mDrtures of NdzOr, yzOr,
were revealed, for the first
superior to those of an Nd:
et al. were reported [23] to o ;r excitation,

The present work atternpts to produce powders of yIG and yAG (both pure andNd-doped)' at significantly lower temperatures than fose reported by the previousresearchers, by using the serf-propagating combustion synthesis method.

2. Experimental procedure

Pure and l.l at%;o Nd-doped YIG (yrprsOrr), and pure and I .l ato/oNd-doped yAG(YrAl5o12) powders were synthlsrzed by urinj th-.'r.r-propagatrng combustion synthesis.The starting stock solutions (0.4 IuT o_f'yNo;r1., ar6N6.;.iJ NicNor): were preparedfrom high-purity Yzoz (gg.golo, Ames 
f-aboratory, tsu, use). Naro, (gg.goA,Morycorp,usA) and Al(No'): guro (gg.gyo,Riedel de Haen, c.*-yy The oxides were dissolved inpure nihic acid to form the desired nitrate stock tolu,ion, sioichiomehic amounts of nitratemxed (for homogenizng the solutions) in a glass b.ut e, wrth a stirrerAproprierary amount of Urea was then addei to trr. cations sorutions.tion of urea in the sorution, the beaker contents *.r. t *rferred into a25Gml capacity Pyrex beaker. The Pyrex beaker *rh n" fiquid mixture was placed rn amufile furnace marntained at 510 + lg:c Initially, the mixture boils and undergoesdehydratron followed by decompositron *ttr ,*.ffi'una rrottring resulting in a foam whichrupfures with a flame and glows to incander..n.f. The entire-.oruurtron process w:rs

;ffi$ff"Tjfifr} 15 minutes The product of combustion was a volumrno*, roun,y *a
agate mortar into a fin rs were ground in an

range of 1100 to 1250 over the temperafure
d pure phases.

of both pure and Nd-doped yIG and yAG powders
osphere over the temperature range of 1250 to'r50olc
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diftachon spectra were obtained from the synthesized powders andsintered pellets for phase chaiacterization pu1por", A Rrgaku DMax/B powderdiffractometer was used wrth Ferl- radiation at_the ri"p ro, of o.ol" and a preset trme of Isecond for the runs performed to accomplish phase chlacterizatron and to check the purityof the synthesized/heated yIG or yAG pb*Aeis
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Particle size and morpholory of the powders and sintered pellets were monitored

from the photomrcrographs irk.n 
-*ittt . nol-t JSM6400 scanning electron microscope'

ly 25 nm-thick laYer of gold-

camed out on the samPles to

the elemental distributron in the

to be accurate to about t 3 wto '

3. Results and Discussion

(A) Synthesis of Pure and I - l at?6 Nd4oped YIG and YAG Prnvders

The voluminous, dark foams, of pure or l.l atoh rare-eatth (i.e., Nd)-doped

YEFesOrz, recovered from the Pyrex beaker

510'C for l5 minutes were found to be am

shorter time of sYnthesis.

The voluminous foams, of pure (v'hite

YrAlsOrz, recovered from the Pyrex beake

510"C for 15 minutes were found to be amo

phase in the temPerature

calcination Penod of l0 to
powders calcrned at I100

were found to increase wi ation e or

pure YAG is , a) o P of

Ia-3d (# 23O d not veld

Analysis[24thelatticeparameteroftheYAG
structure rh ffJ"i*::'iT:";:ffiil:'.l;,?fi;

temperature of compoundformation) over a shorter hme of synthesis'

(B) Sirrtering Behavior of combustion synthesized YIG and YAG Powders

Figure 3 shows the SEM micrographs of pure YIG (YrFesorz) pellets (l cm

diameter, 3mm thick, cold-uniaxial pressiig ut ZOOO tg/c.t; heated at l300oc (A and B)

Figure 1. TrPrc'C )t,'I
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Figure 1. Typical )(RD spectrum of YIG (YsFesOrz) powders calcined at l l00"C
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Figure 2. Typical )(RD spectrum of YAG (YrAlsOrz) powders calcined in arr
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Figure 3. SEM micrographs of pure YIG pellets heated in an air atrnosphere

(A and B; 1300'C , 5 h', C and D: 1500"C, 5 h)
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and 1500"C (C and D), for 5 hours, in an air atmosphere. The pellets were cooled to room
ternperature (from the peak temperatures) in the shut-off fumace. Micrographs of Figures

34 and 38 do show that at 1300"C necking and bonding of suLmicron spherical partrcles of
the YIG phase have signrficantly proceeded. Further increase in sintering temperature to
1500"C (Figures 3C and 3D, as-sintered surfaces) has led to complete densification, with an

average grain size of about l0 pm in the sintered microstructure of the dark green pellets.

Figure 4 shows the SEM micrographs of l l atoh Nd-doped YIG (Y3Fe5O12) pellets

(l cm diameter, 3mm thick, cold-uniaxial pressing at 2000 kglcmz) heated at 1300"C (A and

B) and 1500'C (C and D), for 5 hours, rn an air atmosphere. The pellets were cooled to
room temperature (from the peak temperatures) in the shut-off furnace. The mrcrographs

glven in Figures 4,{ and 48 seem to suggest that a slightly higher level of densification has

been achieved in the heatrng of the pellets at l300oc. This immature suggestion warrants
further research on the influence of rare-earth ions on the sintering behavior of YIG phase.

On the other hand, as can be followed from the micrographs of Figures 4C and 4D, the

increase of the sintenng temperature to l500oC has led to complete densificatron, again,

wrth an average grarn size of about 10 pm rn the sintered m-rcrostructure of the dark green,

Nd-doped YIG pellets

The sintering behavror of Nd-dopd ( I.I at%) YAG (YrAlsOrz) solid-state laser

powders were depicted in Figure 5, as a funcfion of peak temperature. It was quite vrsible

from this figure that the maximum sintenng temperature of 1500oC of this study was not
sufficient for the zuilmicron particles of the YAG phase to proceed to complete

densification, on cold-uniaxially pressed sarnples. One may even claim that there was no
notable difference between heatrng the YAG pellets at 1250"C for 24 hours (Fig. 5B), and

heatrng them at 1500'C for 5 hours (Fig 5D) It became apparent from this study that the
YAG powders synthesized by the SPCS method did require ternperatures tugher than

1500"C for complete densification to be achieved.

4. Conclusions

Pure and rare-earth (Nd) doped powders of YIG (Y:FesOrz) and YAG (Y3AlsOrz)

phases were prepared by the self-propagating combustion synthesis, at 1100'C. The cubic

lattice parameters of the synthesized garnet phases did exactly match those of the previously
reported. phases produced at much higher temperatures via the conventronal preparation

routes. The SPCS technique was hereby shown to be an economical alternative for the

manufacture of garnet phases of technologrcal importance. YsFesOrz powders reached full
densities, in the form of polycrystalline pellets, over the temperature range of 1400 to
1500"C. However, even the sub-micron, spherical partrcles produced by this method did not

suffice to reach to complete densification state in the cold-uniaxally pressed YrAlsOrz pellets

over the above temperature range of sintering. Further studies on the densification of YAG
phase (with these powders) will employ higher sintering temperatures, such as 1600-1700oC
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Figure 4. SEM micrographs of I
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