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ABSTRACT

The continuous mivrewave polvol processis o promising nosel uppioach (o the
synthesis of meiallic and ceranie nanopraders, Carrent efforls e direcied toward synthesizing
yuerbi-doped viria (YBOY 0 Tor wee axoa pelyerystulline laser hest material, The process
mvolves pumping « wisture of yitilion nitrate and yiecbien mitrate dissolved 0 Rvdrated
diethylens giveol through o pressurized guons wbe contaimed inan S-Band waveguids diven by
a 245 GHrF nucrowaee sounce at powers up e 6 KW A the solution moves alops the
waveguide, it abuorby the co-propagating microwave energy and 15 hzated rapidly 10w
cmperatare above ZO0PC causmg a rcaction th accar, Condensation reactions then jomn
particles wirh yierbivm-doped viesa ervsizl sivoctore. The rapid heating and cooling serve o
Lo the growth of the crvsals sootha they are on sobmicron and faicly uniferm in size. The
production ef doped ytiria was confirmed by s-roy dilfractien,

[NTRODUCTION

In the polvol process. an organie sobvenl such os ghveol or akootiol iz used to reduce a
dissnlved meta! =alt o the metal [1.2]0 This is comunonly done in g boiling, reflus system where
the glyuol soladon of the metad <ali 3s eated to bailing. and the evaporaiing solvent is condensed
and fod back into the solution. Al the elevated hotling temperire, the plyveol solvent acts as a
reduging agenl. converting the dissolved metal salt first w2 meral oxlde wnd then Wwohe metal,
The process results first in the formation of imeral groms suspended in the glycol sotvent. These
then ageregate, first it cliziees and then ime lrger metallic paticles, The process s capable
of producing meiallic panticles o the nanumeier size range (=100 nm}, and the partcles
produced are protected o oxidaion o niddution by the organic selvent and can also be
further protecled by orounic couthings venevated doring the process from additives,

Thie prosess has hoen used for abour s decude in production of nanophase powders of
metals and mixlores of soch metals and films o coatings of these 3] and a wide roinge of inctals
can be produced in his mannee, The process can alse be wsed to produce metal oxides, sulfides
and selenides [4,5) The Labing [actor i the chemical encrgy available from the selvenl vs. the
enthalpy of furmation of the meal oxides. Thiz makes o very difficolt o obiain nanophase
mctals such as dithiom, aluminum, yitdue, magnesivro. zireonium, o2, Oroops TV, wathow
resoriing by much hivher processing wemperatures, although nanophase owides of many ol these
metaly ¢an be provuced 161, However. wost of the balance of ihe meials in the peeodic table can
b produced by this process, cp. Ve, Do, ML Cu, Ro, Rb, P A, cic as well as Ditimate
musiures of these-Te/Co. Co/Pi, Fedb, N A, CusNiL CofML Ca/NETn, etc,

The comventional polvol priovess, where the processing is done with a high botling point
solvent such as cthylene glveol, heated ina rellux syster by a heating marne, is adequate For
productien of <miall quantifes of experimentsl powders, eg. 1-10 g of product itom o | luer
Bateh thal may lake .5-2 hours to process. Towever, the pracess & ntringically Timited in
sealabilivy. In the headns roantle/tlask sysiers, scaling o lurrer volumes reaults in much greater
product varishility from varying thennal hisiories n e L ger volwme with dilferent conveciion
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Continuous Microvave-Drivar: Polyal Process for Synthesizing Yiterbiurn-Doped Yttria

cell structars, ancd also ypically msults i lavger particle siges Tvom lenger processing vimes. "Che
tvpical approach for incrousing production rates 15 w set up a large number of wactors running
sdmoltanesucly. This approach ruises jssues of butch-to-teach and reactor-m-reactor product
variability, and mey never be capable of producing larver guantiiies for production uses at
reasuniable cosis.

One proccss variation that has been adopted o overcome the fimilation an process
erperature restling from boding of the solvenr oo diive the process im sealed coniiners
heatzel in o muerowave cavity [3-700 This has been done using adaptatioms of systemes inended
Tur meTowave < B This permits rasing the process weomperannre 1o as hrgh oas 240°0 vso g
boiling puini for ethyleng glyeol of ea. 183, and avoids the complicatons assoctated with
solven! boiling. While thiz process has some advaniages aver the conventional flaskihesting
muntle systewns, 10 ako hos extrowe Himitions i wrns of process size. The tvpical reactors,
Tellor-lined PRL that, in theory, are hmited w0 mperatres of 17000, are only JE0E mi 10
volume.  Thix permils praduction of only about 901 v of produel per reaction vessel. (ypically
processed 1 about 13 min, Againn this may be uselul (or prelimdnary esearch purposes. ot is
Clear]y not seaboble. Going o larger reacions In s more powerlol microwave svatent wonlld resule
in unavecepltably high sresses o ihe vessels (the siresses scale with revctor diumeter), hal are
already being operated abuve their raled continuous uperaiing termnperaturs

We bhave been investigating the use of micrewave amd millimerer-wave systerns in
vacous types of maiecials processing {or about o decade (1111710 As part of this program wwe
fave been explering the ase of microwave aod mollimerer-wave healng of polyel solations for
the production of nancprhase merals and oxides

EXFERIMENTAL

Ininally. 1105 process was demonsinaced with nutlimeter-wave beam heabmg (83 GitTz) of
batch polyol systems [14] This demonsualed that grealy ieduced process times could be
achieved wih e wulbmeter-wave bean heating, which s capable of rapidly heanng polvof
suluttens 1 bulk. but sull lefc e problems with the cconomics of the hateh  process
Suhsequenty,  continuous  polyol  processing with pdllimerer-wave  heam heating was
demonstraced  with very interesring results, I this ease, shown i Flgure 1 oun eibylens
glyeolicopper acetare solution was hewed by the millimeler-wave beam 1o appros 260°C in 4
few weconds av iy passed throwgh g silica reaction tube, approx. 10 nm o 10 producing
nanephase copper metal particles from the copper acetate. This 13w extiome case ol microwave
polyoi procossing. as the beam conliguration permits very high deposited power densitios i the
solution, perhaps ax gl s 100-300 Wiem” in the liguid, but it's very interasting here that rhis
provess con be ditven 1o compleiion in w few scconds in this continuons <vstem., cather than the
hours required in the conveniional proaess

LUse of the wallineter-wave syslem for barge scale production of nanephase merals was
considered, But several praciical considerations arguerd othenwise. The mithmeter-wave svstem
14 very cosily, high operating cosis, and the continuous system inyolyved extensive plunibing and
plumbimg connections wittun the millimeterwave praceszing chamber, making oporations and
maintenance rather difficull and sysem reliahility questionable. A continoogs procassing system
is oniy ceonomical when it can be operated continacusly for long perinds at low ensr, These
cunsiderarions fed ro the decision to use o dedicated. Tower frequency. S-hand source (2,43 CGHz)
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Figure |, Schemaiic of millimetor-wave driven continuous polval process using 83 GHz gyratron
souree pperating at 2-3 kA and rodocing nunophase copper with less than 148 s readtion thoe,

fur a comilituons wierowave polyed system much more Tikely 10 b successiul and ccenemicadly
fessible in large swale production of nanophaze metals. One pleasing but fortuitous resuly with
das change nmeh beper coupling o the polyel sobaion,  IU happens that the peak n
ahsovption n ethyloie glveol overy cluse g0 245 Gz thus we bave very efficiemt coupling
thix frequency inde small volumes of solutien. The smali volume constderation has significant
imiplicarioms o operation under pressore.

W mitially expertmented with an S-band analeguc of the millimerer-swave systion, asing
a resonant cavity made fiom a shorted wavegulde section. wned o place the maximuom in the
fizld ar the location of a silica reaction wibe passing reansversely through the waveguide seoilan,
This was found W be impractical because of the figkd disiribotion within the caviry that reanbred
ip 4 hemed regicen unly £-2 omoin lengthy with inadequale tme Lo the process 10 ooeal, We
sobseguenty went i s raveling wive applicator thai has been very succcssiul for this proc
and provides s much beiter geometry for g well-ceatralled comdnaous polyel process |18} This
contiguraon 1w shown schomatically in Figare 2.

T this system, the direction of prepagaden of the microwases down the wareguide and
the: dircetion of flow of the polyel soloton Wirsagh the inner quartz tabe can be in the <ame or
oppnzite sonse. These prosdues difforent wmperature distibutions in the pobvol soluilon.
Temperatire disrributions, based an moadeling ecsairs. can alen be controlled by varatons in
inpul microwave power vi polyal low rie, Presently, we o operating with the propagation
and lowwe dicections the same and with process pacaracicrs that wesult inoa fairly unibornm
imperatare distibuiton.  The other chotee, with the directions nppasite, produces o mone
gradund temperatare vizse mothe soduitog with o shovter lepgth of fairly aniform reoperatiee. For
ihe case we are usiug. the figquid maveling down ihe wbe 15 heared by absorption of the
merowaves leavehng dosen the wavegoide, with the power deposited proporiional to the clecng

A%
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v S
S-Band waveguide in vertical orientation;
straight section approx. 40 cm in length
e —_—

Ethylene glvcol solution of metal salt pumped
through 13 mm QD quartz tube along axis of
S-Band waveguide

Fienre 2. Schematic of microwave polvol pricess with sofution pumped theeugh ilica iobe
placed along conterline of S-Pund wavegude=the microwaves that propagate down e
waveglide heaihe solution flowing aleng the tk,

field squured and the dielectric loss in the lyquid, The absorpion in ihe Lgwd canz2: attanuation
of the miclosaves, Inour present sysiem and with our current operating parameiers, ail of s
microwuve power Is absorbed in the polvol sofution inoa distance of 20-40 cny, as the soloiion i
heated from ils nttud lemperaiure 1a masimom of [80-240°C idepending on syvslem pressure !
as chnwat 0 Froure 5. Becuuse of the relanively simple peometey and well-deimed boandary

In this aystem, the divecoen of propaganon of e oicrowaves diownt the wavegunde and
the direction of flow of the polvol solutien through e Inner gquarty tube can be in the same or
oppasite sense. These produce different temperatare distiibutions inthe polyal solution,
Temperatnre distributions. based on modeling resaltz, can alzo Do contredled by vaviations in
npur mrerowave poveer vse polvol flow rates Presontlv, we are operatng with the propagation
and flow dhrections the same and wah proccss pavamarcrs that resubt ino o vairly amborm
remperatre disteibuoon. The othoer choice, wath the directiens opposite, produces a more
gradoal mmpaiatne rise i the solution waih 4 shener lengih of Porly eniform emperatore. For
the ease we are using, the liquid teaveling down he iube is heated by absorpion of the
microwaves raveline down the wavegusde, with the power deposiced proportional 1o the electric
field sguaved and the diclectric loss inthe liguid, The abserption in the liquad caeses ateouation
of the microwaves: i our present sysiem and with gor current operating parameters, all of e
microwave powar s absorhad o the palyvel solurion ina distance of 20-40 cm, as the selion is
heated from it winal temperature to g maxamum ol LEG-2400C (depending on systent pressureh
as shown ap Thaure 3 Becawse of the relanvely simple geomelry amd well-delined boundar
eondirons, itis possible o ealeulaw: accurately the eleciic Dields in s systenn ihis caleulation
caninchude the rempeaanue dependence of the dieleotric properties of the palvol solution. From
the dieleciic doss ol the ethylene glveolmetal sali solutions, the enerey deposited i the ethylang
slyeol and heaiing van be determined. aa shown e Figore 4, Thie beating causes a rapid ingreasg
in the temperattre of the glyeod aolubion that 1< ottt somuewhat by the atrenuation of the slectric
fiald i the propagating microwaves, Caleolanion of remperatues incrcases i the ethyletic glveol
currently inclode corrections for thermal losses from the silica wahe to the waveguude (frec
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Fower deposition proportional to E? and
imaginary part of dielectric constant of liquid
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Frgure 4. Schematie of elecrre field distoibution i waveginde containg sibica e with
flowing polyol soiunan: field in polyol solunca is redused beeause of high peruiittiviey
(diclecric consianty, but energy absorption is highly focalized o polyol soluiion because of very
high dieleciric loss,

coms coiren o closed syslerny snd froms the vmsids of ihe wovegoide (ree conveciion), thaugh
these are ned sigmficant, corrections with present condilions, Other thermal losses iradiation.
coenduction are neghigibie, Witly present pavameters, the outside of the wavegulde, cooled by
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irec convaction, remaing below 60°C, with the polvol solutivn st 2409 The resull of theve
enjoulatiens, a5 coalirmied by experiments with ibermocoupte probes al vanous locatony in Lhe
polyol sulutlon 15 a rapid ineresse, over aboat 10 om, in temperature oF 1he polyol selrtion g
platcaw vahie as showre m Tigure 30 Theg plateaw value is mamianed, for appropriste chowces of
UTICTOWEYE POWLE

Steady State Result

AN

Y
Experimental Results

Transients

Temperature, T, in Flowing
Ethylane Glycol Solution

Initial State

Dislance along Waveguide, z

Figure 5. Schematc of temperature distnbution in continuaos microwave palyol systen with
polvol flow and mofurowave propagation dirctions comcident with eaperimental resulls shown
Lo COTIpRATISON.

and selanon flow pate, over o sabstantiol desiance=30-600cn With this prosent srrangement, the
selution being processed can be maintaingd 2t a dostred process wnperaivee vver this disrance
which corresponds g residence time, m the reaction tube of 30.60 50 With this sysiem ar
ambiind prossurc, femperatures slighily 1o exeess of hoiling can be reached. approt, LE0-200"C,
fu] eiylene glycol solutions. We currenily ure uperating the system ar sn overpressure of G.2-
3MPa, using pressurs regutaons on the sutlet side and posinve displacement pumps o move
lh-. sulution, and thus van oper\nc at abour ZHECL withoint boilipg cecurting. The use of this
overpressure i greatly fcilitated by the relatively small diameter of our sthicd processicg mube
1hat shonld be capuble of fjp\,rfnmﬂ al pressures as high as 70 MPu An overall mretore of the
actval systen s shown on Frgore o0 Thi a somewhal earlior varmion of 1he svstem but shows
masi of the current Features. The S-Hand source s to the Jett 5 a self-cantanad unit, ~ 1.5 m in
height and 1 nvin width, and requires 440V, 204 ihiec-phase clectical power as well as conling
waler. The power is taken out of the unit on e tap through conventiowad alumimam and brass
wavepnide  The working portion of the waveguide, containing the silica reactiom wbe Tor the
podyvol, is phwad verticully hers Any power not abserbed o ihe palyol process is collectad in a
water bzad atihe upper right of the wavegiude, Inpet power © the avster s monnored o3 well ws
poewer rellecied back inw the source. [f needed. power into the waler load can be menicored as
well gither by RE power meters or by measurernent of cocling water iemperature Ioad, Lioring
normal operaiions. semperarure oF the polval seluiion i« monitored at the antbat gas e top).
well eliber by RE praver mcters o by measurement of cooling water wmperature load, During
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and Product

Input and

Figure o, Cheeradl s iew of cominuois nicrowuye polvol syseim based on 6 kW magimum outpig
5-Rand. 245 GHz souvce.

nocmal operanons winperature Gf the polvol solwion s mionidored 41 the vtlel @ Lthe oph A
fing wire thermeconple probe can be wsed, 11 necessary 1o check he lempeyainre a various points
along the length of the reacuon tube, bol 5 normally noi needed with siable coniinuons
operatien Viewporls are alan avatlable which can bo used 10 nhsecve the process vizuglly ar
roughly the midpoint of the reacoon whe, The svstern is currcntly being cperated winder
vverpressure: this 1s achicved via o positive displacement punp doving the polvel solurion,
currently capable of achieving abom 0.7 MPu pressure. The pressure s controlled via 4 pressure
regulator on the autler, The product sofution i rapidly cooled via asainkess sieel heat exchanger
in an jee warer bkl and colledted for use or analysiz, Nearly all of 1the pans o the present sysiem
through which the reactaniz and produces pass are ciher stainless stecl or silica, wih thick wall
stlicome rubber fubing uved i sorme areas, These components will nlerate the reaclants used, 1he
temperatures invonad furrentdy up oo 240000 and the overpressures wsed o cuppress boitling.
The enrire system will wloige cleaning eperations such as flisking with nivte acid B0 remove
mtallic residues, followed by distilled water. aleohol and ethiylene ¢ frshes, This
capability 1% critead 1f the syswan s b used for more than one typet of marerial and parity of
roducis is oriteal,

In the present work, the chamicals used were diethylens glveal (AIfa Aesary, vitmum
mirrate (Y9.900% 0 Metallh voerbaum miieate 190 995 Merall), orea (Fisher Chemicald, and
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dgissiifled water, Dicthylene slvend was used instead of elhylens slyeol oo minimine e coset of
hoiling during processing as v has a lagher bailing por Three therinocouples were usnsd to
mwatitor the oiocess at vanioes pangs—ong 3t the intake flask. another ufter the waveguide o
measure iniernal temperature wid anoiher at the collection lask o deterntine how much the
salution has couled stter wodng through the cooling cotl An S-Baod 2.43-GH Cuber high power
microwave peneraior provided the power, The pamp system was made up of 4 peristaftic pung,
iz tubing throogh an s-band waveguide, a stainless-iles] pressure-regulanen sysem, and
rubbher fubing that led o stainless-stee!? cooling coil na wader bath as shown in Figure €. 4
precarsr sofulion was oreated comiainirg Jicihylene glyeol, yuriam nurate, and  yilerbivm
nitrate. Dissolving azents and catalysts, urea and water, were also added o the soloiion. Each run
comtaned 1200l of dicihylene glyeol, MbmLo of water, and 24-g of wreas The amennt of
witrinm pivrare and yierbiom nitrale was deterrmned by welght according o the dopant
concentrations oF 0% 3% and 109 Whea mising the precarsor solution. 3 magnein snreer @nd
a hot plate were waed o wanm the mijxtuye o 707°C unul homogeneous, Before the precursor
sohiion s pumped through the system, the reaction pathvaay i primed with pure dicthyleng
2lvoal W eluninale wr ot the sysiem, Mext microwdve power i$ increased showly unnl @
temperature ol ~ 21270 15w hicved 4l the w wiavegtlide autpnt gt w pressure ol 20-psi This
lemperature and pressuve 1% muintained as the solution s pemped a1 .37 wlfs throogh the
sestem and collected ina flask that was maintabned at room wwoperanore.

The solation is then Cleanad inan aleohol dasing procedues, which reguiree a conerifugs
The sobutien i firss put in centrifuge wibes and cemrifuged for 300min st TO00-rpm. The
digthytone glvool i When deonnted, The tobes are then Gilied wit the aleohol reagent and spun for
15-pnnar HEOG-rpon bwo miore times, The resull was o highiy compacted whiie paste. The pasie
was then placed on g Pewi-disie and sarmes] w TP moopen air w evaporsts off the aleohol
reagent. The powder was caleined woa furnace fos | 30-min ay abow 7007C Tie reaudring powder
v anglyzed using «-ray diffraction asd scanming electeon microseopy,

Xeray diftrocuen scans on Y0, and YO pawder samples wers abrained using Cu Ko
radiabon Troni 8 reating aode x- solive and 0 bagh resoletion powder dillvaciomeier.
Figures 72 shoaws the scan taken lor ¥ .00 sanples after microwave processing. The vertical lnes
correspond 1o the expeeted ditteaction pattern for Y0 from [CPS card (PAF # 0-043- 1038
[T dis clear trom these tigures that a pure Y0 phase wus obinined nhhough in g, 7a we
alan see sonie exten peaks that are not dentifiable. Ficurr\' iimd M correspand W minure of
Cwith 3 oand (60 Yoo respecuvely, Superimpesed on ihese seuns wie the red verteal
Jines coresponding 10 pure Y01 phase and Rlue verteal Tines (Pl # 00043 1037y {19
corresponding 1o WO A can be seen there s o sloft hetween in the position of the peaks with
el cenirands docated In between these twe vernical Tines, This indicates o chiange i Lattice

parimelers with wercasing Y0 composition and also the viterbiom s occupy g the viriom
site subsizuionully . Thes b expeciad it solid selution s formed between Y0, amd YR O sinee
boh are ostiocmeal having o space gronp 1302

SEM mucrographs. Figures 7h, 2b and @b, show particle size ranging from 400 o 700 o
W did petancempt to control the particlz size by regulaling (low rade or emperalure,

DISCLISSTON

The steps b reaction fer the formatton of virrm vsbde can be assessed througl the coler
chianzes dueing processing. The solution iz iniiially clear. precipitalion occur while hending and
becomes rimslucent, and then slowly changes o mulky -tan. These reaction steps indicate ihat
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g H

Intensity (arbitrary units}
B

20 {deyrees)

Figure 7o Meray dilfraction scans on Y. Figure 7h. SEM miceograph of Y0,
sampie obiamed by polyol provessing
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Figwee Ko, Xeray diffracticon scans en Y.0O. Figure 8b. SEN micragraph of Y.L
+ 5w YO samnple obtained by + 5 wEYh O

polyol processing
ihe precursor st reacts e lorm anonsoluble mermadiaie, which iben slowly becomes vilria by
means of 4 continu o reactuon. A lkely mochamsm for s reaction is given below,
i YiNG o, 4 OH7 — YiNG) TOH . — YIOH),

i2)

YD — Y(OH, O, - Y0,
A auimlar reaction shculd apply Lor the formaton of veerbiwm oxide trom viwerhium nilcate

BProping ewsenilally mvolves inroducing an achive ion inta the crvstal lavnee. [iorder o crean a
eon raaterial, ihore needs o be a homoaonesus misiue of the virerbiom oxide within the
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¥ 0+ 10 04Th 0 Sample

TItemsity (arbiteary wnits)

26 [degreen)
Fizare Ya. Xevuv dillraciion scans on YO, Figure 9b, SEM incrograph of .0,
+ 1wt Yh Ooample eblumed by + 0wl R Y R

o ol ¥ | O i s

witmun oxide crvstal strocture. By using dicibylene glyeol i the proces<, the yiterbuun nitrate
amsd ¥itrmen aicale can beosuspended o sofotion 1o create & homogenecus solution. The
suspensien resulls i@ Jispersion thai helps 1o crewie oowell dispersed viteemum-yiiun oxide
stncivie. The resulting powder should have the proper propections of yirerbiom and be evenly
distribured since the soluton nzedf was evenly distribored. Xeray ditfracnon resulte give the
ancheaticn thar yreerbion was introdoced mo the yroemm oreseal larmce as ~ubstmaienal elemend,

Tor dade. we have demanstrated thot the continuens nuerowave polyol system can be used
in production of sizeable quamities of nunophase yllerbium doped yiriom oxide. The process is
enerey eificieni and cun produce raenal wih the purity level delermined by the precursar
mtertals, The particle sice can be controlled which may help i further processing by optimizing
seinpernore. puinp speed. and pressure w tully take advantage of the microwave-assisted polvol
process, Mo that one significant advaniage of operation under overpressove s the abiliny 16
leweer boiling poant solvents or glvcols that vpacaily have bigher solubidiny for te metal sahis
usgd @ precursors. This could be uscful inincreasiog production eates tor materialy whose
prcu_Jr.mrs hove vory limited solulility jnhigh wemperatere dicis such as ethylene glveol
Another approach that may be possible to fnerease production rates, hut has not been cxplored by
ihe awthors, 1 0 cmploy suspensicns of fine parcles of precarsors ina disl, This waonld
climinate the restrctions o concentearions imposed by solubilities, b mizght kad o large
metad pariicle S0 I pracduet because ot the very diifercut reaciion palll.

The econvinines of this process shoeld e far sopenor 1o oany of the bateh polvol processes
with mach larger production guaniioes:, We would expect thal the process here could be readily
sealed 1o higher produection quantiies. One obvious approach is 1o move 10a higher power 3-
Buoned microwave source. The higher poaver coupled wiili gither = larger resciion wibe anslior
higher flow rales, would permul production mles several tnes higher than possible with ouwe
prototvpe syslem. A fimitaten with this approach 15 the hugh Toss inosolvenis such as ethyvlenc
glveol. wluch jumi the peneiration depib of mictowive energy. For sulficiently large reacilon
wibes. heating wonkd no Tenger be relanvely walform acrcss the diameier of the wihe and grevter
process varlability wouid cecur. Anoiher, also reladvely proctical scaling appros i~ 0 move
o lisweT Tregueney sysiem such as 1-band (13 MH7) for wheeh lows coste commerenl sources
ad Rardware wre alio gvallable. hootlus case, wih g frequency about 153 that of S-band. the
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wivegude are approa. 3 tmes lurger, the ahsorption 1 somewhat Tess than an § Boud, and
aetienl ubes 3-4 wmes Jarger ibao our 100mm 10 could easily e accommaodated, An T-Band
syslent, with a 20 mm I reacilas tube, and shows 100 kW ontpur, conld process hundeeds of
liter~ ol solution perhoar and produce rens of kilograms of nanophaze product per stufr,

There are o nuuber of caurions hat need to be cited bere, While the economics of the
centinuons microwave polyol process are quiie good, with low capital cost. low operating and
fabor vasty, and lov raw nidlerals cost, there are seme odher critical issues One s the matier of
recovermyg the naonophiese metal or sther powder praduct irom the diol solvent and other reaction
products This 4 denes on small scales now., It coononasal processes {sertling. centrifuging,
ulerafiltrution, conerolled agelemerariony need o be availalde for the separarion peocess on ruch
larper scales. Thene are alen goneric problems wssociaed with handling nanophase powders,
which tend o aggiomcraie readily and are highly reactive wilh atmosphere. but these arg mit
peculiar o0 polvel-derived nanophase powders. Frovessing hondreds or thousands of litsis of
sivieol solmien per shift also reyuire cconemical 1echnigues for recveling lurge quanttlics of
uzable solvens and reactants and disposing of wasre producis, that may or may not he hazardons.

Assuining that these prahlems neted here vould be overcome. the continnens microwave polyoel
piocess could be a viable techmigue for economical larze-soale produciion of o wide range of
nanophase walerials—neials, metal 2Hovs and mistures, rctal oxides and oher nueriabs such us
selemdes and suliides,

CONCLUSMONS
1. Thi continuous microwave polvol sysiemn can be tsed in producticn of sizeable

quantnizs of nanophase yvtrerbium doped yirom oxide.

2. The econcmics of this proces: should be Fa superior te sy of the batch palyol
[ruLesses

300N ray diffracton tesults geve the indication that viterbiurn wax imroduced into the
vrtrm erysial lattice as substinacional clement.

40 A dikely mechamsm for the formanen of vierha/vimia frone yrerbiasyitng morate i
proposed.
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