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Dosent Guanny Thcrvnn,
Institutt for kjemltekniklk, NHTH,
p.te University of BFredford.

MAPPOLT FHA TRGEK VRD WALREA

L.
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SFHING LABORATORY 27.10.1970

Til stede: lr. L.D. luller, lineralogy lection,

Yr. D.¥. Jackson, letals Extraction Jivision,

Mr. TeJo Hieckey, lMineral Procegsing Division,

Ovaring. 0. Eroatem, A/S WIBON,

Dosent G. Thorsen, Institutt for kjemiteknikk, WTH.

Henegiltten med besgket var

1..

diglutere hWvilke miligheter som ioreligrer

for opperadering op utnyttelze av malaen {ra Fensfeltet. led Warren Springe

srfarine op ckspsrtisa, spesiclt fra arbeider med malmer fra Urima Hill op

Hangankunde , bgr deres vurdering vele tunst fcor de videre disposisjoner.

-

Vet fremzikk av samtalen at wan ansd opporbeidelsen av malmen fra Fensfealtet

som meset vanskelipg. Det var blitt knyttet vices forhipninger $il en kal-

sinerinssmeteode for hehandl

ing av kerbonzalene hvorved kalsiumoksyd vaskes

ut med vann og de sjeldns Jordarter onpkoncentreres i residust. Dette wvar

med hell Blitt ut{drt med malmen fra Hangaunkunde lhvor de sjeldne jordarier

forelf sox menazit. Warren

tering Laboratory haidde foretatt noen oriente=-

rende undersgkelser med denns metoden med prfver fra Fonzfeltet, men med

negativt recultat. Detie skyldtes for det {grztz at jerninnboldet 1 den

enkeritioldige dolomit gjorde

utvaskinmen vanskalip, op dessuten har det

vigt mer at jordartons ferelipfser verentlip som fluorkarbonatar som ned=-

brytes ved kalzinsrineen pi
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vicse mikresondeundersdkelser nv de tilsendte

prgver og nevnte spezieli =t det var plvict eerium, lantan op dysprosium.

Braaten gjorde rede for da foreskjellige onrlder innenfor Fensfeltet, og

feltate hetorogens karaktor ble fremhevot. Fra Marren Uprinags eide ble

det hevidet i demne forbindelse at de forskjellipe omrdier mitte letraktee

oo handteres hver for sen.

kunne regne med at den meteds

2t ble fremholdt meget bhestemt at man ikke

cou eventuelt Lle ubviklat for behandling

av malmen innenfor ett omride, kunne overfgres til de dvrige omrider inuen-

for feltlet.

Det generelle inntrykk fra

&
v

amtalen var at Warren Spring Laboralory gs en



meget pdktern op glennomtenkt vurdering ecom i hovedsak ~ikk ut nd at
forut for konkrete oppredningsforsgk er dot nddvondly med éniztiende
kvalitative og kvantitative nineralogiske unicr: dkelser. Dot hle dessuten

p¥pekt at mineralogiske undersgkelser som utivros mad sikte

@
a

kommersiell

4
&

uinyttelse av walmen, bgr gidres i intim kontaki wed neste ledd i Pro—

sescen, (va. opngraderingssiden.

Da mineralogiske undersgralser er bide tickrevonde or kosthare, ble det

anbefalt at nman i férote omrang konsentrerer underedlhelsene om det omride
innenfor Fensfeltet com blir sneett som mest lovende ut fra en totalvurdering

av sanmencetninman.

P grunn av fersinkeleer ved flyevgengen fra O lo, uitte mgtet utsettes i

forhold til den opprinnelige plan. Dette medfgrte at Mr. ALV, Fletcher,
Head of letals Nxtraction Division, ikke hadde snlediine til & vare tilstede.
Under en samtale som undertemede hadde med Yr, Vlotcher to darer senere,

-~

ble det imidlertid fra lr. TFleteher's side freaholdt st det burde vare vel

verdt & foreta en narmere uiredning oz undersgiolae av alternative procese~-
N of 7. a . .

ganger basert pd kjemiske ‘pyrometallurgiske meioder. Mr. Fletcher vil £igre

nzrmere rede I'or dette i sitt brev til A/5L NEGON.

Det synee i denne forbindelze £ vwre srunn til 8 pete pd ot Ne. Fleteher
hprer til de fremste eksperter inmenfor ekstraliiiv melallurpsi. Selv on de
nye veier som blir antydet ilke skulle vare tekniclk/glonomick anvendalize,
vil undersgkelsenn kunre £i impulser op rom Ior nytoulnine som kan vare

av uvurderlipg betydning for fremtidip alitivitet nd andre omrfder, eksemnele
vis med tanke pi alternative processmanser ifor d- mer konvensjonelle

metaller.

Av samtalene fikk man inntrykk av at Warren Spring Luberstory anser fore—
komstene i Fensfeltet som meret verdifulle., Ved undoricrnndas tidligare
besgk den 1.10.70 tle det s3ledes uttalt at dercom man hadds hatt til-
svarende forekomsier i Storbritannia, ville dette la volkt etydelig intorcssae

pé britisk industrilold med stor konkurranse om relti hetens,

Bradford, 9. noverl r 1070

7 ,,\'/74;1@4,/

Gunnar Thorsen
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discussions we would sugnest the following approach:
1 Seleetion of an arca of the depesit for dotailed =tudye The selection
shoild be based on adeguate resorves of essentpilly one ore tvpe containing
recoverable values in additiom 16 the are cardlire  Prescont evidionoce sugoesis
that apatite is the moat Likely additional value aitvhaugh pyrochlore may be
worth considering. It is passilile that you may already have made this
solection in deciding to concentrate on the dntermediate zone deseribiod in the
disgussions,
2 Propafation of a sultable saiiple or samples thal can be copsidered
reasonably representpgtive of the reserves in Lhe arca seleeloed,
1 Dotallod applled mineralogicnl fnvestigovions on the samples to identify
and guanidcy the minerals present, the dizstribotien of values, porticularly
rare ocarths and eurepium in thesc minerals and determination of the fiberation
size of the important pinerals.
It i= conzsidered inadvizable to =tart any beneficintien studic=s imtil the
mineralogical studics are complete, Fhe ealcination procoss that hias been discussed

with yon appears
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will have to e considereod I @0 is established that Llie o

are din the 1 Lo 2 micron particle size range.
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REISERAPPORT
fra besgk ved Sylvania Electric Products Ine., Towanda, samt notater
fra mgter i New York angdende patentspgrsmdl og rastoffer.

Ved Orvar Braaten og Bjgsrn Gaudernack
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1. BESOK VED SYLVANIA ELECTRIC PRODUCTS INC., TOWANDA
2. - 3. NOV. 1970

1.1. Generelt om Sylvania og forholdet Megon/Sylvania

I Towanda, Pennsylvania, har Sylvania Electric Products Inc. (Subsidiary
of General Telephone & Electronics) sin Chemical and Metallurgical
Division. Her produseres fosforer for TV og belysning, wolfram-,
molybden- og germaniumprodukter, hullmasker for TV-apparater, samt
diverse andre kjemiske og metallurgiske produkter. Virksomheten ble
etablert i 1941, og avdelingen har nd ca. 1400 ansatte. Nazrmere be-
skrivelse av firmaet er gitt i folgende trykksaker, som er vedlagt ori-

ginalen til denne rappoxrt:

1. "Innovators in Chemistry and Metallurgy'', Sylvania Electric
Products Inc. /Chemical and Metallurgical Division/Towanda,

Pennsylvania
2, "Sylvania in Towanda', 25th Anniversary, 1941 - 1966,

O. Braaten og B. Gaudernack ankom til Towanda om formiddagen den
2. novemnber, og mdgtte i Igpet av dagen fglgende representanter for

Sylvania:

Dr. Richard W. Mooney, vice president & general manager,
Mr. C.H. Sparrow, manager, ccntracts and market services,
Mr. Walther S. Eberhard, manager of materials,

Mr. Leon F. Dennis, manager of engineering,

Dr. Felix F. Mikus, manager of phosphor research,

Mr. James E. Mathers, engineer, phosphor research,

Vi hadde 3 uker {gr besgket sendt en prgve pd ca. 100 g Y203 (produsert

ved Adogen-ekstraksjon i 1FA's laboratorium) til Sylvania for analyse



og testing. Disse undersgkelser var fullfgrt bortsett fra analysen pid
Ce, som ble ferdig 3. november, Av analyserapportene, som

fplger som bilag, fremgdr det at det ble pdvist 4 ppm Ce, 1,3 ppm Dy
og 1 ppm Tm. De gvrige SJ-elementer var under pdvisningsgrensene.
Mengdene av andre forurensninger var ogsi meget smi, ifglge den

kvalitative spektrografiske analyse.

Folkene i "Phosphor Research'' (Mikus, Mathers) sa at denne prgven
representerte det reneste YZOB de noen gang har hatt til undersgkelse.
Videre erkleerte de seg meget interesserte i et slikt superrent Y?_O3
("we have been looking for this kind of material for years!"). Riktignok
hadde en forelgpig fosfortest med den tilsendte prgven ikke falt helt til-
fredsstillende ut, idet tilstrekkelig "brightness'' ikke ble oppnidd. Det
kunne ikke umiddelbart gis noen forklaring pd dette, men det ble antydet
at man kanskje kunne f4 bedre resuitat ved 4 'dope" produktet, dvs.
tilsette kontrollerte ppm-mengder av andre SJ. I alle fall ble det under-
streket at man ikke pd grunnlag av denne ene testen behgvde & slutte at
vart produkt ikke kan brukes for fosforfremstilling. De sa videre at
dersom vdr prgve er representativ for et produkt vi kan levere, vil en

slik kvalitet kunne dpne helt nye perspektiver for anvendelser av Y203.

Den proven vi hadde sendt, var brukt opp og de ba em mer av samme
slaget, heldigvis hadde vi med ytterligere 100 - 150 g, som vi ga dem.
De trengte dessuten en stgrre prgve for videregiende tekniske under-
spkelser (production test), og vi lovet at vi snarest mulig skulle frem-
stille 3 - 4 lbs av samme kvalitet og sende det til Sylvania innen 3rets
utgang. Vi vil sd sammen med Sylvania prpgve & komme frem til et
program for produksjon av stgrre mengder i pilot-anlegget. Vi antydet
at vi kunne veere ''on stream' med Adogen-prosessen i februar 1971

og deretter gke produksjonen gradvis, kanskje til en samlet produksjon
pa 2 - 3000 kg i lgpet av 1971. Klarer vi fortsatt & holde kvaliteten,
vil vi sannsynligvis std meget sterkt konkurransemessig sett og veere
sikret avsetning for alt vi kan produsere i pilotanlegget, forutsatt at

vi kan holde en konkurransedyktig pris,
Prisspgrsmadlet ble forpvrig ikke drgftet i noen serlig utstrekning,
men det falt selvsagt en del bemerkninger i det omridet, siledes at

dagens pris pd phosphor grade Y203 ligger pa:

US $ 27 pr. 1b, dvs. kr. 425 pr. kg,



Vi erkleerte at vi var villige til 4 levere og trodde oss i stand til &

produsere Y203 til markedets laveste pris.

Vi antydet ogsd muligheten av eksklusivitet overfor Sylvania, men de
understreket sterkt at vi skulle std fullstendig fritt til 4 selge til hvem
vi vil (likesom Sylvania selvsagt mi std fritt i sine innkjgp av Y203).
Sylvania (Cal Sparrow) vil sende Megon et brev, som gir deres konklu-
sjoner pA vire samtaler og anbefalinger for hvordan vi bgr gd frem i

neste fase

Richard Mooney karakteriserte markedet for Y203 som ''volatile''.

For tiden er etterspgrselen liten, men plutselig kan det melde seg et
behov for f eks. 5000 lbs som mi skaffes i lgpet av noen uker. Produ-
sentene m3 derfor veere villige til 4 bere risikoen ved 4 sitte med for-
holdsvis store lagre av ferdig produkt. Situasjonen idag er da ogsd at
alle de stgrre produsentene sitter med lagre av bdde rdvarer og ferdig
produkt. Ifglge Cal Sparrow mi det bli en ''shake-out' pd dette markedet
i lgpet av 1971.

Leon Dennis nevnte at Sylvania driver med forskning og utvikling av
keramiske materialer, og at de her har funnet en potensiell anvendelse
for Y,O, av lavere renhetsgrad. Han mente at det vil kunne bli et

273
betydelig marked for slikt Y,O, innen keramisk industri, dersom prisen

273
blir lav nok ($ 5 - 10 pr.1b). Ilpgpet av vire samtaler kom det ogsd
frem at Sylvania er interesserti scandium {anvendes i lampefosforer)
og i rhenium, som de bruker i produksjonen av W-Rh glgdetrdd.

Markedsutsiktene for disse metaller bie betegnet som gode.

12 Omyvisning i laboratoriene

Vi ble vist rundt i forspks- og analyselaboratoriene til ''Phosphor
Research'" gruppen av James Mathers, ledsaget av Cal Sparrow og
(delvis Dr. Mikus. Eksperimentell forforfremstilling foregikk i
laboratorier dominert av glpdeovner, for det meste mostandsovner
for temperaturer opp til ca. 1500°C, men ogsd induksjonsovner for
hgvere temperaturer. De fleste ovnene er utstyrt for glgding under
spesielle atmosferer, som er ngdvendig ved fremstilling av fosforer

pd suifidbasis.



Vi s4 ogsd laboratoriene for testing av fosforer. Prepareringen av
"slides' for fluorescensmélinger foregdr omtrent som fglger: Finmalt
fosfor suspenderes i en kaliumsilikatlgsning ved rysting i en Erlen-
mevyer, deretter fordeles suspensjonen gjennom en dyse i et stgrre
volum av en fortynnet acetat-lgsning. Faststoffet sedimenterer og
danner et tynt belegg pd prgveplaten, en kvadratisk glassplate ca.
4x4em (0,2 - 0,3 g fosfor pr. plate). Etter tgrking blir fire slike
'slides' montert pd en sirkuler glasskive, tre prgver samt en standard
for sammenligning. Pregveoppsatsen plasseres i et demonterbart katode-
r¢r som sd lukkes og evakueres fgr testingen. En del av lyset som
emitteres av fosforet ved elektronbestridlingen, ledes gjennom en
Lucite-stav, omviklet med lystett tape, til analysatoren. Dette er et
Czerny- Turner Scanning Spectrometer fra Jarrell Ash Co. (pris

US $ 28.500, -), et meget fslsomt og fleksibelt instrument som gir alle
ngdvendige data for det emitterte lys. (En parallell oppstilling bestiende
av samme type katodergr med et enklere instrument for lysmdling blir

brukt for testing av lampefosforer).

Foruten testingen av TV-fosforer for farge og effektivitet utfpres for-
skjellige andre méilinger, som f.eks. decay time, magnetisk suscpeti-
bilitet, emisjons- og eksitasjonsspektra, elektronspinnresonans, etc.
dessuten males pulverkarakteristika som partikkelstgrrelsesfordeling

og BET-overflate.

Et laboratorium for mer fundamentale undersgkelser av luminiscens-
fenomenet var meget godt utstyrt med avanserte instrumenter, Et
Hitachi MPF-2A Fluorescens Spectrophotometer ble fremhevet som

spesielt fglsomt

Utvalget av analyseinstrumenter var ogsd meget godt. Det fantes to
vanlige emisjonsspektrografer og en '"Direct Reader' fra Jarrell Ash
Co., denne ble hovedsakelig brukt for legeringsanalyser., Dessuten
to-tre rgntgendiffraktrometre, hvorav ett for hgytemperaturmélinger,
ett instrument for '"X-ray optical fluorescence' (XOF), tre eller fire
instrumenter for atomabsorpsjon/flammeiotometri (Jarrell Ash, Perkin-
Elmer). En interessant variant av sistnevnte analysemetodikk var
direkte fordamping av faste prgver, som ble bragt inn i flammen i

smi nikkeldigler. Prepareringen av prgver for XOF-metoden omfattet



opplésning i salpetersyre, inndamping og kalsinering til oksyd, og
glgding av dette ved 1100°C for 4 gi en finkrystallinsk prgve. Denne
ble sd presset 1 en metaliramme {uten tilsats av bindemiddel) og
analysert. Vanligvis bie Eu tilsaftt som intern standard. Forgvrig ble

det det dessverre ikke tid til & gd i detaljer angidende analysemetodene.

Av utstyr forgvrig kan nevnes elektronmikroskop (Nordel), flere instru-
menter for bestemmelse av gasser i metaller (Leco), IR-spektrografer,
Auto-Analyzer, m.m. Dessuten rikelig utstyr for metallografi og andre
fysikalsk-metallurgiske undersgkelser. Vi ble vist forsgk med sone-
smelting hvor raffineringsgraden ble forsterket ved 4 sende likestrgm
gjennom prgven. Vi sd ogsd fremstilling av store germanium en-

krystaller.

I et laboratorium for vzeske-veske-ekstraksjon var Dr. Kim (som
tidligere har samarbeidet med Tor Stensland) i gang med utvikling av
en ekstraksjonsprosess for rhenium. Han brukte smdi mixer-settlere
i glass, levert av Denver Equipment, av samme type som er bruk ved
Hazen Research og Colorado School of Mines. Det var 5 - 6 ekstrak-
sjonstrinn, et par scrub- og strip-trinn. Ekstraksjonsmidlet var
Adogen 464. Prosessen var grei, ifglge Dr. Kim, som tidligere har
utviklet veeske-veeske-ekstraksjonsprosesser for raffinering av W og
Mo. Disse er ni i drift i fabrikken, men det ble dessverre ikke

anledning til 2 se den delen av anleggene.

I vdre diskusjoner om testing av fosforer og ramaterialer for fosforer
ble det understreket fra Sylvania's side at det ikke kan gis entydige
kriterier for et tilfredsstillende "phosphor grade' oksyd. Sylvania

ma gjennomigre sin test-prosedyre, inklusive ''production test' for &
avgjere om et produkt er tiliredsstillende eller ikke. Renheten er
viktig, men dpenbart ikke den eneste avgjgrende faktor. Det ble nevnt at
et 99.9% YZOS
99, 99% oksyd kan veere for dirlig. (Sylvania la gyensynlig ikke sd

kan veere et tilfredsstillende rédstoff, mens et sikalt
stor vekt pd det oppgitte antall niere],
Vi fikk inntrykk av ar vire ressurser og kompetanse pd analyseomrddet

kan anses som tilstrekkelige, og at spesielt vir massespektrometriske

metode synes velegnet for analyse av ''superrene'' produkter. Vi ble
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imidlertid frarddet & legge for mye arbeid i fremstilling og testing av
fosforer. Den eventuelle kjgper (f. eks. Sylvania) vil i alle fall métte
gjennomfgre sin test-rutine, og vire egne resultater vil lett kunne

fgre oss pa villspor og lede til uoverensstemmelser. Sylvania har
tidligere hatt ddrlige erfaringer med oksydleverandorer som selv har
testet sine produkter. En viss grad av kvalitetskontroll i form av
enklere fluorescensmadlinger ville de imidlertid ikke frardde. For mer
kvalitative bedgmmelser brukte de selv ogsd UV-lamper (""Mineralights"
fra Fischer Scientific), og de viste oss en enkel innretning for gnist-
eksitasjon som de mente vi kunne ha nytte av. Prgver blir her plassert
i et glassrpr, og etter evakuering blir den cksitert ved hjelp av en
gnist under rgret. P4 denne mdaten oppnds en emisjon som ligger for-

holdsvis nzer opp til den man fidr i et katodergr.

1.3. Omvisning i fabrikken

3. november ble vi vist rundt i en del av produksjonsanaleggene av

Mr. Richard Doepker, production plant manager. Vi si fgrst anlegget
for fremstilling av TV-fosforer -etter sigende verdens stgrste i sitt
slag. Rdstoffene for alle fosforene er oksyder (av zink, cadmium,
yttrium osv. ). De bli og grgnne fosforer bestir av henholdsvis zink-
sulfid "dopet" med sglv og zink-cadmiumsulfid (ca. 10% Cd) "dopet

med kopper. Etter opplgsning av oksydene i store glassbelagte tanker
fjernes forurensningene ved utfelling, deretter felles sulfidene ut med
H,S. Etter filtrering og tgrking kalsineres sulfidene i spesielle 'fluxer"

2
og under spesielle atmosfeerer -dette er det mest kritiske prosesstrinn.

Det r¢gde fosforet bestdr av Eu-dopet yttriumoksyd. Sylvania har
tidligere laget andre typer, som i.eks. vanadat, og oksyd med Bi-
tilsetning, men lager nd bare den rene oksydtypen. Det ble pdstétt
at dette er vanskeligere 4 lage enn f. eks. vanadat, men gir bedre
resultater. Ifglge Mr. Doepker lager ingen av fosforprodusentene
lenger rgdt fosfor basert pd yttriumvanadat, muligens med unntagelse
av Derby Luminescent. RCA, den nest stgrste produsenten i USA,
lager Eu-dopet Y-oksysulfid, det samme gjelder Philips. General
Electric, USA, lager forholdsvis sméi mengder rgdt fosfor pé

.gﬁa_-basxs.
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Ogsa ved fremstillingen av det rgde fosfor er fgrste prosesstrinn opp-
lgsning av oksydene, her i tanker av syrefast stil. I dette tilfelle

)

trenges ingen raffinering *, yttrium og europium kopresipiteres som
oksalat og kalsineres til oksyd. Deretter fglger glgding ved hgy tem-
peratur (2200°F) i en spesiell flux. Dette er igjen det mest kritiske
prosesstrinn (glgdetid, temperatur, fluxens sammensetning). Glgdingen
foretas i digler av "high density alundum''. Det glgdete produkt
finmales (- 400 mesh) og slemmes opp i vann for 4 fjerne overskudd av
flux. I enkelte tilfelle tilsettes ogsd en ''coating'’. Etter filtrering

og tgrking er si fosforet ferdig.

Vi fikk ogsd se produksjonen av hullmasker (aperture masks) for TV-
apparater. Maskene lages av rustfritt stdl, som mates kontinuerlig
inn i produksjonslinjen i bdndform. Etter vasking og etsing fir stdl-
bédndet et belegg av fiskelim (muligens av norsk opprinnelse?) tilsatt
kaliumkromat. Deretter gar bandet til eksponering, som resulterer i
at belegget fikseres der hvor det belyses, dvs. overalt bortsett fra der
hullene skal veere. Belegget over hullene lgses bort, deretter etses
hullene med en jernklorid-lgsning. Antall hull pr. maske er 440 000.
Hver enkelt maske kontrolleres grundig., Det er to produksjonslinjer,

den mest automatiserte kan alene produsere ca. 10 000 masker pr. dag.

Sylvania produserer ikke TV-r¢gr i Towanda. Mr. Doepker fortalte om
denne produksjonen at skjermene for farge-TV i tur og orden belegges
helt med de respektive fosforer (tilsatt polyvinylacetat og kaliumkromat),
prikkene fikseres ved eksponering gjennom hullmasken, og resten av
belegget Igses opp. Det foretas nd alltid gjenvinning av det ubrukte
fosfor. F.eks. vil det gd med 12 - 15 g rgdt fosfor for & dekke en 25"
skjerm, men bare 2 - 3 g blir sittende igjen i form av ''rgde prikker'.

Resten blir gjenvunnet.

x)

Imidlertid hender det at det pad forhdnd foretas ''upgrading'’ av YZO3

som ikke er tilstrekkelig rent, f. eks. ved fjerning av Ce.

Sylvania har ogsa sitt eget anlegg for fremstilling av Y203. (Prof.

Gumps prosess), men finner det for tiden ikke regningssvarende &

drive dette.



2. NOTATER FRA M@TE I NEW YORK 30, OKTOBER 1970
ANGAENDE PATENTSPORSMAL

Mgtet fant sted pd advekatr Lucas' kontor. Foruten W.D. Lucas deltok
advokat D. L. Just samt O. Braaten og B, Gaudernack. Hensikten var
& diskutere en eventuell patentsgknad i USA for den ekstraksjonsprosess
for yttrium, basert pid kvaternsere ammoniumforbindelser som ekstrak-
sjonsmiddel, som er utviklet ved IFA. Advokat Lucas hadde pid forhind

fatt tilsendt en engelsk oversettelse av den norske patentsgknaden.

Gaudernack ble orientert om den siste utvikling i saken, bl.a. om at
granskingen i Norge hadde bragt frem US patent 3. 294.494 som er
nyhetsskadende for hovedpdstanden i vir patentsgknad. Diskusjonen
dreide seg vesentlig om hvorvidt viar s¢knad kunne reformuleres slik

at det likevel kan veere hip om 4 {3 den gjennom. Mulighetene for 3 ga
klar av "prior art''-patentene ved & spesifisere andre syrestyrker,
saltkonsentrasjoner etc., synes sma. Man var inne pd at muligheten
for & fjerne mesteparten av erbium i fgrste prosesstrinn (nitrat-
ekstraksjonen) kanskje kunne utnyttes. Det ble ogsd antydet at kombina-
sjonen av de to prosesstrinn i en bestemt rekkefglge (nitrat-tiocyanat)

kunne vaere patenterbar,

Lucas' konklusjon og anbefaling var imidlertid at vi bgr spille pd at
var prosess gir yttrium av meget hgy renhetsgrad, mens de tidligere
patenter bare antyder forholdsvis greove separasjoner. Vi bgr med
andre ord formulere en patentsgknad som gjelder en kombinasjon av
de to ekstraksjonsprosessene, spesifisert helt entydig for fremstilling

av superrent yttriumoksyd,.

Vi ble ogsi enige om at adveokat Lucas skal {3 tilsendt en kopi av virt
foresldtte innlegg ved "ISEC-71" angdende de matematiske modeller
av Aliquat/nitrat-prosessen. IHan vil gi en komrmentar til de patent-

tekniske aspekter ved eventuell publikasjon av innlegget.

3. NOTAT FRA MOTE MED SAMINCORP INC., NEW YORK,
30. OKTOBER 1970

I anledning den forespgrsel Megon sendte Sudamin pid 1 tonn xenotim
telegraferte de undertegnede i London og ba om mgte i New York, kfr.

vedlagte kopi av telegrammer.



I mgtet 30. oktober deltok:

fra Samincorp Inc., M. H. Herzfeld, vice-chairman
i " " herr Hirschfeld

fra Megon B. Gaudernack

' H Q. Braaten

Samincorp er del av samme gruppe som Sudamin, kir. trykksaker

mottatt under megtet i Brussel for 3 ir siden.

Samincorps tilbud lyder pd $ 5,30 pr. 1b Y,0, cif Oslo m/min 25% ¥,0
Vi fortalte dem at var selvkost er ca. $ 3 pr. lb og at det fglgelig var

hva vi var interessert i 4 kjgpe det for (eller mindre).

Herr Herzfeld forklarte at de var sveert lite interessert i leveranser
pd si lite som 1 tonn. De ville gjerne gjgre avtaler for 10 - 20 - 30
eller 50 tonn og da gjerne fordelt med volumet stykket opp i mdédnedlige
leveranser pé tilsvarende 1 - 2 - 3 eller 4 tonn osv. I si fall ville
prisen bli fullt konkurransedyktig med hva vi kunne produsere det for,.

(Lavere enn for $ 3 pr. 1b).
Deres betingelser var forskjellige fra Derby & Co.'s i to henseende:

1. Derby's pris er i henhold til analyse ved A. Knight's labora-
torium. Sudamin's tar hensyn til sin egen og kjgperens og

avtaler en oppmann i tvilstilfeller (ndr det er forskjell).

2. De krever 80% cash ved kjgp mens Derby krever 90%.
I tilfelle avtale for stgrre volum fordelt over et &r som nevnt

ovenfor, betaler vi pro rata, etter som det blir levert,

Vi drgftet kort muligheten for betaling med produsexrt Y203 for xenotim.

De var lite interessert og maéatte i tilfelle ha full eksklusivitet for et

omride f. eks. USA., Av andre riamaterialer nevnte de 60% konsentrat

fra Australia og fra Canada. Prisen pd detfe 14 i omrddet $ 6 - 9 pr.

1b Y203. De kunne ogsid skaffe yttriumkarbonat av ennd hgyere renhet,

selvsagt til hgyere pris. Rdmaterialer for europiumoksyd ble ogsa

diskutert, og de nevnte at et konsentrat som inneholder 0,2 - 0,4% Eu

(eller mer) kan anses som interessant De forsikret oss at rématerialer

3
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for Y203 produksjon ville aldri veere et problem. Derimot var salg av
Y203 som produkt vanskelig, Prisen ligger pd $28 - 32 pr. 1b av-
hengig av mengde og kvalitet., Det er bare tre-fire kunder i USA:

Sylvania

RCA

GE

Radium Corp. of USA (?)

Det er et visst marked for metallisk yttrium ingot, men det er lite.
Vi lovte & svare dem pd dercs forskjellige antydninger og forslag 1

henhold til dette mgtet og telegrafisk tilbud, ndr vi har fdtt vurdert

situasjonen pa basis av denne rapport.

20.11.70
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RAPPORT FRA STUDIEREISE I USA

B_QISEtld 4 - 13 11. 1970 - & b

Deltagere: Overing. Orvar Braaten og berging. Odd Eidsmo, s/t /‘d_-’f}"?’”c‘

Formdl: Kontakte personer og institusjoner som kunne tenkes 3 ha
kompetanse til & utfpre flotasjonsforsgk med malmprgver fra Fens{eltet

med henblikk pd oppkonsentrering av SJ-mineraler.

Dette er forpvrig foresldtt av dosent M. Digre i hans '"Notat for
Forskningsgruppe for Sjeldne Jordarter. - Oppredningsundersgkelser
vedr. Fensfeltet", datert 8. januar 1970,

I denne forbindelse nevner Digre iglgende laboratorier i USA:

American Cyanamid, Stamford, Conn.
Denver Equipment Co., Denver, Colo.
Galigher Co., Salt Lake City, Utah.

Forberedelser: De tre ovennevnte institusjoner ble kontaktet pr. brev

datert 2.10. d.8. hvor det ble spurt om vire representanter kunne
komme over for & diskutere forsgksprogram og gkonomisk ramme for
arbeidet. Og meddelte at i fall vi fikk lov 4 komme ville vi pd forhdnd
flysende malmprgver til orientering og diskusjonsgrunnlag for virt

besgk.

Brevene ble vedlagt notat fra Digre, "Fen Carbonatite Ore - Mineral

Dressing - Geology - Mineralogy'', datert 18. september 1970,

I notatet er det kort summert hva som er utfgrt av oppredningsforsgk
opp til nd og konkluderer med at flotasjon ser ut til & bli mest aktuell
som oppredningsmetode for denne malmtypen. Notatet vedlegges som

bilag |.
Samtlige svarte positivt pd vir henvendelse.
Denver gjorde oppmerksom pd at de ikke kunne utfgre slike oppdrag

selv, men ville sette oss i forbindelse med Hazen Research som de

benytter i slike anledninger.



Reiserute med oppgitt tidsrom for virt besgk ved de respektive insti-
tusjoner ble sendt over og fikk bekreftet at vi var velkomne og at det

oppgitte tidsrom passet for dem.

Som oppgitt ble nd prgver sendt over og disse ble splittet ut fra cand.
real. Seebg's prove fra Vegskjeringsmerket II B.

Til hver av de ovennevnte ble sendt en ubehandlet prgve pd ca. 200 g
knust til - 1'"" og en prgve av bordkonsentrat, som ogsd var tatt ut fra

II B og malt til = ¢, 5 mm fgr bordvaskingen.
Prgveprepareringen ble besgrget av Krogh.

Videre tok vi med oss prgver av fire forskjellige SJ-fgrende mineraler

som var fremstilt av Sabg.

Disse provene samt en mineralogisk beskrivelse fra Seebg ble overlevert

samtlige vi besgkte. Denne beskrivelse vedlegges som bilag 2.

Jeg mgtte Braaten i New York og den 6. 11 reiste vi ut til:

American Cyanamid Co.

Mining Chemicals Department

1937 West Main St,

Stamford, Conn. 06904 - Telf, 203 - 7331,

Der mgtte vi Mr. R.B. Booth, director of Research for Mining
Chemicals Department, Mr. Arnold Day, Group Leader (opprednings-

mann) og Mr F.W. Farwall (mineralog).

Braaten redegjorde for hensikten med virt besgk og ga en orientering

om hva Megon stod for,

Mr. Farwall hadde foretatt en orienterende undersgkelse av virt bord-

konsentrat.

Etter separasjon av prgvene i tung veeske med sp. v. 3,3 hadde han tatt
synkefraksjonen og malt til 270 mesh (53 micron). Deretter fraksjonert

prgven og studert de forskjellige fraksjoner i mikroskop.



Mr. Farwall's konklusjon for disse undersgkelsene var at SJ-mineralene

var meget finfordelt fprst og fremst som inneslutninger i ankeritten. .

Mr. Day bemerket at innholdet av ST i prgven var meget lavt (oppgitt

til 2 - 3%) og nevnte at rigodset i Mountain Pass holdt ca. 12%,

Etter denne innledningen ble vi vist rundt i laboratoriene og disse var
bra utstyrt for kjgring av oppredningsforsgk i benkeskala. Analyse-
arbeidet i forbindelse med oppredningsforsgk var de bra utstyrt for 3

utfpre mineralogiske, vitkjemiske og rgntgenanalyser,

P4 vart primeere spgrsmél om de var viilig til 4 pita seg oppdrag for
oss gjorde de oppmerksom pd at de fgrst og fremst var innstilt p4 &
gjpre forsgk for store flotasjonsverk som var i drift. Dette med hen-

blikk pd salg av reagenser.

Et anlegg med pdsetining ca. 1000 tonn pr. dag, som antydet for Feen,
fant de lite interessant. Men de lovte & overveie saken og komme til-

bake pr. brev.

Vi har mottatt brev fra de som er datert 16.11, se bilag 3, og p& grunn-
lag av vire samtaler, er det overraskende at de tilbyr & kjgre et
orienterende forsgk for oss, og de gjgr oppmerksom pi at de ikke

beregner betaling for slike forsgk.

P4 spgrsmdil om de hadde spesielle reagenser for flotasjon av SJ-
mineraler var svaret nei. De nevnte at deres 600-serie kunne veere

aktuell som trykker for karbonater i denne forbindelse.

Etter weekend reiste vi over til Denver og kom dit sgndag 7. 11,

kl. 19. Mandag morgen oppsgkte vi:

Denver Equipment
600 Broadway
Denver. Cclorado 80203

Telf. (303) - 244 - 4466.

Vi ble her mottatt av Mr. R.E. Hancock, Field engineer.




Etter orientering og diskusjon om leveranse av tilleggsutstyr for
flotasjonssellene pd Megons anlegg pd Glamsland ble det fastlagt

program for virt besgk. Mandag etter lunsj skulle vi besgke:

Hazen Research, Inc,
4601 Indiana Street
Golden, Colorado 80401
Telf. {303) - 279 - 4501

og tirsdag skulle vi ut til

Colorade School of Mines Research Institute
P.O. Box 112

Golden, Colorado 80401

Telf, (303) - 279 - 2581.

Hos Hazen ble vi mgtt av Dr. Hazen, direktgr, Mr. Pablo Hadzeriga,

senior process engineer og Dr. Roland Schmidt, mineralogist.

Hazen Research ble startet i 1961 og er basert pd & ta oppdrag for
industrien og dekker fglgende felt:

Mineral oppredning.
Hydrometallurgi.

Utvikiing av flowsheet og Engineering.

o PN e

Geologi og geokjemi.

Computer service.

Mineralogi.

Analytisk kjemi.

Kjemisk prosessforskning og utvikling.

Forberedende kapital og driftsomkostninger.

O D~ O

Forurensnings-kontroll.

Etter gjensidig orientering ble vi vist rundt i laboratoriene og disse var
meget bra utstyrt, spesielt hadde de allsidig utstyr for kjgring av
forsgk i pilotskala.

Det var montert flere driftsklare pilotanlegg for kjpring av forskjellige
oppredningsprosesser og det var lagt stor vekt pd hydrometallurgiske

prosesser.



Utstyret for analysering virket stort sett nytt og moderne,

Prgvene {ra oss hadde de ikke studert neermere og diskusjonen om
vdrt oppredningsproblem ble fgrst og fremst viet den mineralogiske

side av saken.

De la stor vekt pd dette og for at de kunne bli bedre kjent med mineral-
ogien i Feen foreslo Dr. Hazen at Dr. Schmidt kom over til Norge for
4 studere forholdene i marken og bli orientert om de undersgkelsene

Sabg har under arbeide,

I brev av 13,11 bekrefter Dr, Schmidt at han kommer til Oslo 22.11 4. §.
og eventuelle forhandlinger om utfgrelse av forsgk hos Hazen Research

vil bli avhengig av tilbud de kommer med etter at Schmidt har veert her.

Dr. Schmidt's brev vedlegges som bilag 4. Dr. Schmidt var her i

forrige uke og forsrdr at hans besgk blir rapportert av Seebg,

Ved virt besgk hos Colorade School of Mines Research mgtte vi
Dr. Herman Ponder, Director of Research Mining Division, Mr. A.P.
Herring, Manager Chemical Division, og Mr. R. C. Merritt, Manager

Metallurgical Division.

Dette institutte: eies av staten og ble startet i 1949 og drives som en

selvstendig institusjon uavhengig av Colorado School of Mines.

Instituttet har stort sett opplegg og fagomrdde som Hazen Research

og er basert pd oppdrag fra industrien og staten.

Under omvisningen ble vi vist utstvr for kjsring av forsgk i benke-
skala og det var 1 det hele montert fem pilotanlegg for kjgring av

forskjellige prosesser,

Siden transport av mineralkonsentrater i rgrledning stadig fir sterre
utbredelse nevnes at vi sd deres forssksanlegg for hydraulisk tran-

sport av mineraler

CSOM Reserach Institute har avgjort den lengste erfaringen i opp-

redning av SJ av de vi kontakter der borte.



Mr. Merritt som var vidr omviser fgrte ogsid de generelle diskusjoner
med 0ss og han viste meget stor interesse for vart problem. Dette
fremgdr forgvrig av Mr Merritt's bekreftelse pd var diskusjon i

brev datert 13. 11, se bilag 4.

Ibrevet redegjgres for hvordan han vil legge opp et preliminert forsgks-
program og anslar dette til ca. | médneds varighet og vil koste $ 7000 -
8000,

Vi kom over en artikkel i CSOM Mineral Industries Bulletin for mars
1969 som vediegges som bilag 5. Artikkelen heter "The Rare Earths
Today', og den gir en interessant oversikt over SJ-mineraler, opp-

redning, videreforedling og anvendelse av disse.

Fra Denver reiste vi til Salt Lake City hvor vi besgkte

The Galigher Company

545 - 585 West Eight SO. - P, O. Box 209
Salt Lake City, Utah

Telf. (801) 359 - 87321, Telex 038 536.

Vimgtte her Mr. H.E. Wright, President, Mr. Helmer A. Johnson,
Manager - Metallurgical Sales, Mr, H. A. Dawson, Metallurgist

(laboratoriesjef} og Mr. Bryant J. Bullen, Metallurgical Engineer,

Galigher har ca. 250 ansatte og lager maskinutstyr fgrst og fremst
for oppredningsanlegg Deres hovedprodukter er flotasjonsmaskiner
og pumper og Galigher er mest kjent for sin Agitair flotasjonsmaskin
som bygges med tankvolum opp til 300 cu. ft. Denne maskinen har

bl.a. den fordelen at den kan behandie forholdsvis grovt gods.

Béde flotasjonsmaskiner og spesielt pumper har stort behov for
reservedeler sd en meget betydelig del av Galigher's produksjon

kommer fra denne sektor.

Ved siden av at Galigher yter konsulenthjelp til sine kunder pi det
tekniske omrade bistdr de ogsi med "Research Services", bl. a.
ved kjgring av flotasjonsforsgk i benkskala i sitt laboratorium

i Salt Lake City
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Etter gjensidig orienfering ble vi vist rundt i laboratoriet og verkstedene.
Laboratoriet for oppredningsforsgk var meget enkelt bdde n&r det gjaldt

utstyr og lokaler

Ved neermere diskusjon om vdrt proklem, hvor Mr., Johnson var den
mest fremtredende, fikk vi inntryvkk av a*t disse folkene var mere inn-
stilt pd & gd rett pd sak for 4 undersgke muligheten for oppredning av

en malm med enkle forsgk

Det fremgdr av Galighers bekrefteise pd virt besgk i brev datert 13.11,
se bilag 6. at omkostningene ved forsgk hos de er sividt billig som ca.
$ 1000 pr mnd,

P& grunnlag av de timesatser de beregner for sine ingenigrer tilsvarer

dette riktignok bare en manns innsats i 80 - 90 timer pr. mnd., men

det md regnes for 4 veere rimelig i allefall,

Keonklusjon

Som nevnt innledningsvis var hensikten med denne turen & f4 kontakt
med et wnstitut: eller firma som hadde kompetanse til & ta pd seg

oppredningsforsgk med Fan-malmen

Nér det gjelder American Cyanamid mé vi ialifall benytte oss av deres
tilbud, men vi kan ikke regne med at de kan pdta seg forsgk for oss ut-

over det innledende forsgke® som de utfgrer gratis,

Hazen Research og Colorado School of Mines Research institute viste
meget stor interesse for denne oppgaven og begge er meget interessert

i oppdrag fra oss,

Jeg gar ut ifra at det evenuelt ikke vil komme pd tale i engasjere
meze enn en av de, og hvem v1 i tilfelle burde velge er ikke lett &

avgjére pd grunn.ag av inntrvkk fra et sivid: kort besgk.

Hvis en fprst gir disse to institusjoner et oppdrag mi en regne med
4 satse et belgp p4 minst n kr 50 000, men det er neppe riktig &
ta standpunk® 11l det:e fgr vi far resul:atene fra Sebg's mineral-
undersgkelser og analysene av borkjeznene fra siste sommers

boringer i feitet



Jeg ser ikke bort i fra at det kan veere riktig 4 regne med at det pd litt
lengre sikt kan komme pd tale 4 benytte seg av den erfaringen disse

to forskningsanstaltene siiter inne med om SJ.

Med hensyn til Galigher stiller saken seg noe anderledes da de er
innstilt pa 4 kjore et crientert forsgk som ikke koster mere enn ca.
nr, kr. 7.000, -.

I fgrste omgang vil det da bli tale om 4 sende prgver til American
Cyanamid og Galigher Co. og sd snart ovennevnte analyser foreligger

bgr vi ta standpunkt til dette.

Med hensyn til ovennevnte analyser som er under arbeide vil jeg
presisere si sterkt jeg kan at det er resultatene fra disse under-
sgkelsene som md danne grunnlaget for vurdering av videre opprednings-

forsgk med Fen.

Gjennom borkjerneanalysene fir en et representativt kjennskap til
rdmalmene i et bestemt orardde og Seebg's undersgkelser av SJ-
innholdet i mest mulig rene mineraler gir opplysninger om hvilke

oppkonsentreringer en kan regne med ad mekanisk vei.

Uten kjennskap til disse faktorer vil man mere eller rnindre arbeide

i blinde.

Trondheim, 2.12.1970

0Odd Eidsmo

OE/kk
4.12.70
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Fxn Carbonatite Ore - Minsral Dressing.

Geoloay = Mineraloagy. BB

b {
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The Fzn Carbonatite Complex is a very large pipe formation predo-
minantly consisting of carbonatite rocks. The carbonatite is
characterised by the occurrence of niobium !columbium) - and rare-
earth - element - containing minerals. The northern part contains
up to 0,4 % Nb,Og as pyrochlore, nom. NaCa Nb50.F, and was mined
for this mineral from 1950-1965. The southern part has less Nb,50g ,
usually about 0,1 ¥, but contains 2-2"% RE (rare esarth element} -
minerals which may be of economic interest,

The dominant minerals in the carbonatites are cslcite and ankerite
(ferruoinous dolomite). It further cortains 10-20 % silicates,(mica,
chlorite, guartz etc) and varying amounts of apatite, macnetite,
hematite, pyrite and baryte. The RE-minerals comprises fluorocar-
bonates of the Rastndsitt-Parisitt-Synchisitt aroup, monazite and
orthite. The apatite also carries somo REZ, about 1 %. Wb is found

as pyrochlore.

Most of the minerals have a arain size in the ranze from 0,%-0,02mm,
but the hematite may occur as extremely fine grains scattered in

the carbonates. The pyrochlore is reported as partly having a
poikilitic struchure. -

4 samples of the ore that has been salected for the preasent investi-
gations have been analysed at the Norwecian Geological Survey.

The composition was found to be inside following limits:

30-50 ¥ Calcite, 30-50 % ankerite, 2-2 ¥ RE-minerals, about 0,2 ¥
pyrochlore and about 1 # each of pyrite, maanetite hematite and
apatite. The total RE content was in the range 1,3-1,6 % as element,
with about 100 ppm Eu.

Mineral Dressina tests.

The Mineral Dressing Laboratory at NIH, Trondheim has done preli-
minary tests with gravimetric, electrostatic, h.i.-magnetic and



Marcus Digre

flotation metnods, but so far with poor results, Gravimelric and
magnetic metheds will aive a distinct Hi=uperading in the cai-
centrates but recovery ls atl a low level, well balow 50 £. The
cause for this behaviour 1s probenly the rather fire slze of the
Rz minerals and the swmall differences in specific aravity a
magnetic susceptibility compared to the rock minarals.

Flotation tests with various reagent combinations have so far

not given any worthwile cseparation between the RE-minerals and the
calcite - ankerite which constitaut tne main parl of Lhe ore.

It is deemed ess2ntial as a first step to remove the bulk of these
carponates and produce a crude Re-concentrate, which can he further
processend by minaral dressing, chemical or metalluraical methods.
Flotation is still considered to ba the most promising method to
obtain such a crude concentrate, tne necative results up Lo now
not-withstanding. The small erain size and the brittlencss of the
Rz-mirerals works zcainst the other mineral dressing methods, but
should not have any important bearing on the flotation possibilities.
The rient type of attacli on the problens would be to have 4 couple
tap
do an explorina investication to try a wide range of flotation rea-

of laboratories with extensive flotation experierice as a flrst

(%]

gent combinations. If and when a promising approach is found, a

second step should be a detalled study Lo find the optimal condi-
tions and the limitations for the process. As a third step ths mesthod
should be tried on different ore tynes.

The object of the investigations should be directed to-wards re-

covering the elaments of economic interest, i.e. RE=-elements

{primarily Eu), Nb, Th and U. The Hﬁ-a’zays indicate & preponderance

of light and intermediate Ri-elements with smaller amounts of heavy
-elements and Y .

T?‘Dﬁj_h‘f-”ll" :E,..-'..- lE-th, 1970
‘\bxh O - k{“—“

M. L lcre

. a550ciate proressor



Un the mineralosy of the ankerite = envionatites of the Fen Area.

-

The petregraphy and mineralogy of thooo earbonatites have been
e sited hy JoC. Srogeor (1921) and T, Slther (1967).  Sinee that

iinme some new informations hove beon obtalned, btut the general

-

nigture of thr petrorraphy hos not leonn changed very omelh,

weoveral other mineorals have been identifiod and more complote
ideag concernin: the mineralony, .eocitcmisley ang penetilenl rela-
tiensliips have be~on doveloped. ;

‘hn carbonatites contain ahout 1.3 = 1.67 R elements and it ig
of inportanlt r~cononiec significasze te cxomine ond unlerstand the

distribution of the various #.. elements Letween all important

mineral phasecs yvithin the earbonatéde s,

Marlther, in order to attaek all prollori: sconcerning the mineral
dreeging it is necessary to produce suilleiont quantities of more
or less pure concenbraten of all iaportunt mincrala for exporl-

nentel works and chonieal determinntionse. This work 1o in pro-
reos and we are ahle io present 2 onall amount of more or leas

nure fractionc ol zone minerals.

Jo 1.  1The hastnisite-group Of nincrals
L (A1lanite)

TT o ~5 ™
sl P LW

y
i

e - e e
'J - -i}i'a

o 4. ‘rloinn feldonar

e varioun econecontrates are gomevhalt wipure but the actual mine-

raln are 2a0ily rocorniced in ench pamplo.

;.

'oen 5 lnvestirations in the Fen ‘vea show that the ficld han
bend reheated and probably alse reecrrainllized teo some extent
during the intonge igzneocus aetiviity in the (sle ilegion In Farmian

Lime.
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T An quite clear that a oystom of flot-lyin: jointa eombined
with two act of vertleal jointp devcloned. Theme jointn were
healed by conrsoe srained caleite, bHovitie, ircnoxideso and gul-
fidog, erystols of the hantnfioile group of minoranls, onrthite,
clilorite umd monitmorillonile. [Mhe iaflux of large amounis of
lica, water and some hpavy metal-fluoridea canged thn formn=-
lon of larzce amounta of celsian feldapar, auartz, miaccaovite,
thite and gome gulfides in the Joints and in the maaonive
arvonate rocks. These proceancs lod Lo o redigtribution of

the thorium ond rarec earth content of ilhe rocks.

5

At pregent we do hot know exacily thie Lechnical and econaonmie

congequencens of the Fermian activity conecerning the content of

Ll thordum ad rare earih ninersls in the ankeorite ecorbonatitesn

ol The Deon JSorn.

Alindern, 23. oktoher 1070
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THE RARE EARTHS TODAY

W, 8. PINGS, Ph.D.
Senior Chomist
Colorado Schoaol of Mines Rescarch Foundation, Inc.

INTRODUCTION
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techmigues, so it Large guaintities of the e rare earth
pctals ol N‘ih.t"nulsh Iave Beworme avarlabile

Hulletin
rare warthe R

mterestine groujs of oetals

vy tivem

Ui anore reachy accessbality of these matenals Tas beong
anp expme el cata st o the deselopmuent of v pese agph
vatiogey, s of wilueh aleads bave beeomes of  listnial
i suatee T he extent of thwe

vabth Industs

vhianes an e s
this faet thiat om-

s H O e this UTdiited States boas wpovagy Jeeen alvisier 2000

e
i convincingh shown n
trgs per vear ol vie earth exiides belore 19675 10 abwin
rurrentiy, tomrecther wide the
pletion of & laree rare varths processing plapt in Culerado
miadde a riew review of e subject see appitopiate ar te
e “Ehis vepert pecorifimebe wall emnplvaseee the aewer pon
cessang techimgues, and an partienlar will disouss somme of the
new and exotine applications of the rare cartis,

10814 [hl'\-l facts, st yl. ety

s part of e temendous growtls in the mdustes . there
has been a vast proliferavon of the lweratire dealine with
the rare earths and are carth compomuls and with now
applicanons of these matenals: [t s not posslile an
of this type to examine alt of the thowsands of reforeme
thus 1t s mesitable tiat some of the topics selected for dis
cussiom will not have een covered with the projer dogree ol

[v % hoped, however, that the areas whinhi

thnmurehness
t Jiave been toouched upen will prove to be nneresting and

enfictitenine, and that the information pressted wilt stmus-
e [urther eonsideranon and diseussion of this ever-chang-
ine andd rapidly growing seement of the mineral industrics.

The term “rare eartis” is pechiapgs an unloriannne one,
oinie both Inaceurate and masleading, Actvally the so-called
rare cartls are metals and oo earths, powl most of them are
ot rare, The name orcinated in the early davs whien some
of the st oaterials separated wore designated “rare earthes
o dlistinznish them from e well knos o and plennful e,
riteenesta, e alumina “eanthis]” However, i spite o alterns
ative name< wlineh have hoen sigeesied —Limhamons, Tpnilues
il elements, and M ransition lemeents the old
Srave carthis sl persists, and the Clanpmissaon: o Nomen-
lature of e International Unime of - Pare and - Apphed
Clwtbistey Tis reectnmiended oy the wem earth
tas e wsed Tor seanding, vttoum, and olements 5
Chem. Fng News, NMay 1y 19650 To this report
Wi terms Crare carthis” and “rare earth meals™ will e wsed
wierchangecabhly 1o designate the pctallic olemonts havine
atomaie numbers from 57 0 71 mchasive, angd aneludme ytne-
wre, bt oxeluding scandium, Yitrium is oo the same grow

[T of the ]n-:ir-uh- e as the rae earhs, 11 accurs
matwrally with the vare carths and s preepared with them
s chemistre is sippbar o that of the hichier  Tatmng
rare earths, The svanbds 1Y will e used far rare
varthy st and REQ for rare carth oxide(s .

Table 1 following hsts the rare aned  table 2
showes their abundance m the eath’s crest compaued with a
nutiiber of other metalliv elmpents, Lo sl e noted that
certun, the most abundant rare earth, ocours more widely
than tn, cohalt, or molhibdenum, and tat tholen, the
pavest of the rare earths, is mwne plentifnl than cadmium,
silver, wald o platinum,
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Tante 1.—The rare carihs

Ao Atomge Number oof
Name Svmbiol nurmber weipli Hoeleetrong!
Lanthanum La a7 134 .01 0 - @
Cenum Ce aa 114112 ! ] ]
PPraseadyinium " a9 IV 2 e |
Neadviium N i ESR 3 [ Group ‘ Laght
Pramethnm Pin il 1451 1 l ‘ Group
St m St 62 130t 5 |
Eurepmum Eu 63 151 9 ] ‘u
Cradohinium G i 13725 7 Terhium 1!
Lerbivm Th 0 158 542 H = ERup |
Dissprosiunn Ix by 162.50 €y {
Flodvue o 67 [Hi s 0 !
b i i 167.26 1 ([‘-l;','?,';'l‘,
I baliom I (o [RSTERLE 12 Yitrmm I
Yo baun Yh T 173014 13 [ Group |
‘.uh'lmm [T A 171.97 11 1
c Ltyinm Y i HH AL [

Mnvalent 1on,

Asampe with hadlhife af 1 vears,

Histonicar, Backarousn

e true beemnine of rare earth history was in 1791
when Johann Gadoling, o Finntsh eheimist, found a niew
earthom woamneral shieh Avrhivnius biad discenvered at Yiwer-
by Sweden, B ovears before, | e distovery was conifiimicd io
1797 by Lkeberg, who speeesied thie tisres sitrin for the
onide and gadolinite for the mineral, Sothy Gadolin aod
Ekvbery conmdered that the new oxide contamed a0 sinele
mieta!, althoueh it was later Jedmed at the oneinal vitna
vias o nsture of oxides of at least 15 or 16 difforent metals
Phe dhronaloey of discosenes of the mdividual rare earths
i shown in table 9

[ve rare eanth industey is essentially a 2001 contury desel
."mlm' Taving Liadd it aniein i the Tate DB swohiern e

st pare catth prodocts were obtamed during the nianufae-
tre of thorfum nieate bor the incanedesepan s piamtle -
dustrys Carl Aver vort Welsbacl, an Auwstrian . chemisn, L
bl that thie best amanle was compased Of 1lovig
contamnge | percent of corimn oxide, wiael ecig)iost Ui
mewdemally, apparently is stll inowe, Monaete was the ool
comman nooeral with a reasonable trtar comtent. s it
was wlerted as a raw moateria) and a pronras was develaped
I estracung the thorium and making ol anty thornun
Tt ate,

widls:

Monazite is actually a rare earth phosphate containme
abotit B0 pereent of rare carth oxides cotpared wath enh
about 10 percent of o oxide. Recovery of the thorjum
theretore led o larze amount of by-prodinct rare earths.
abwut 10 pounds of mare earth oxides bene Tormed for vach
pownd of thortum produced, No uses were known for these

rare varths, othier than the small ameunnt of cerium nitrate

wsedd wdth e thorim inomantles. The vare canth indasief 1)

thius heean as u stepchild o by-product of the thorum in-
] this stuation ebtained for many years, Jeading
ta the accdmulation of large stockpiles of rare earth con-
cendrates. Jeis waid that at the Camden, New Jersey, plant
of the Welshaeh Compuny, (e fare earths actually efeated
acdlisprsal problen and were donped ot die river,

sty

Mowasite containg a mixture of the rare earth elements,
i whincdy Lnthianm, cerimn,  praseadyiium, and  neody-
s predonunate, as shown o the wepresentauye compo-
sitiinng

[anthianum pars
(e e
My e st by minam i L
NEadvariinm 18"
Samaritim 20%
Guaelolinum 11e
Yt 305
Oriber lanthanons bt L2,

This mixtwre carl be wueht of as o sinele element of
arorte weihie abonat THE sinee 10 wmdersoes viormal chemical
veae toms seith hotle chimime 1o comyosition aned can e purd-
heed from nonslanthanon papuarites by standard chemical
processes, [ s thos understandabile thar the et uses were
deseloped for tas “pased element™. Tt should e mentioned
that the difhienltios i separation of the dividual elements
of thiss poxture were tyeal of the probiems faced in the

carly divs of time earty chienistin {""’\
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" TABLE 2.—Abundance af rare earths and other metals

(7

Abundance
on earth
Name Svinbiod pinn®
Hare varths
Cerinm Cre 46
Yitrium Y 28
Neaduvmium Nd 24
Lanthammin l.a 14
Sarru i St 6.9
Crandeinitatn Cadl £
Prasecdvimingm Pr 5.5
[ spapomsiim In 18
Ytterhoum Yh 23
Eabiun It 2.5
Haolium Hao 1.2
Eutoyinum Fu 1.1
.rl-nm: bhy 06
[utetinn L na
Vhihinam "t na
Onber metals
Niuwrkel Ni s0
Clorpigan Cu 70
Putiesten W 69
Ly Sn H)
Nipcbaun Nh a1
Cobalt o 23
el [*h 16
Malohdenun Ma 13
[SEETTIIT l !
Iantalom Ia 2
Merenin I 08
.1‘:.111 i no
Cadnuurm il .15
Silvie Ay 010
Caaildd \u nnns
Platmum It (1.005

* Inagneous rock; averages of values given in several refer-

Ches

The second stage in e growth of the rare varth industiy
saw o graduval sppeasd el applications for the rare carth
mixtures, together with a decline in thorium production as
clectribeation developed . Te was found 1 1903 that the
chloride of the mistute of rare earths could be electrolyvzed

ﬁ o gne the metal which was ealled muschmetall, that is

“mixed metal.” This material was pyrophorie, and when al-
loved with fvon found considerable use in lichter flints, This

Mineral Industries Bulletin

usage still represents one of the larger tonnage applications
of the mixed vave carths, the material being generally termed
mischinetal today, The Auoride of the above mixed element
was fonnd in 1909 10 have value i carbon are lights, im-
proving the hrightness and golor balance of the lieht, a use
which has alsa persisted until the present,

Methods were develonud Tor separation of cerium and
lanthanum Nrany the menazite tesidue, ane the remaining
mwiaterial, enviched praseadvnium and neocdvimum, was
called “didviminm,” sinee it was oripinally theught to he a
single eloment. The e “didviminm™ is still used o some
extent, primaily for e mstine of rare earths left after
COTIm 18 lieht Tevrinm croup’ o rare
carths, bt also o identite e re earths roixture left after
both cerium and  lagdamon are vemosed, Speciatle pre-
pared] oxides: particularly those baeh in cerium, found e as
polishing materials, for example, tor elass, and there was a
sl outler tor ceriiem dond didviniuim in the mmanuiactre

||r '_,'].l-u._

removed Do the

The re eavth indusiy thus originated and developed
as an econormeally interdependen it of the thorium in
dustry, mivnlving the beatinent of monazite 1o give thorium
nitvate, mischmetal ehlorides amd Huorides. and very limited
quaniities of certi, Lasthanum. aned didvmiom, This [at-
tern continaed essenualle until the 19100

Flye thard [lh.w'. frogn abwsut the rel <1940 il ahout
the amnd= 190 vas marhedd tw several sivnificant develop-
ments, The st of these was the use of fon exchange separa-
tion techniques on a comnmercial swale, fist reported from
Towa State Coliege o 1917, This development made possible
the praduction of pure RE mawrials en 4 large scale, and
was a vast mprovement over the wedious, time-consuming.
and expensive chemical separations of the past,

A second developmient was the large Atomic Energy
Clomission [ARCT requirements for thorinm as a fission-
able sowree matenal duning e late 190 and enrbe 19500,
Praductiom of tharmum trom monazite for use in the AEC
programs mereased creatly, leading to enlagement of pre
processing facilities, 4 soarch for new sources of the REs.
and intensified application reseaciy for the RE hy-odues
which were beme stockjnled. The suggestion from this re-
searebe thint there meehie be o larre tonnaee outlet for the
RE matenials i ferrous metallutge was of major significance
in leading o the commm EREL --\.;1|--i[.l[in|| of 1};4- Vst h‘.]_ﬂtll.’.l-
site depnsits i Ulalfornia. estimated 1o cantain over 3 millton
s of rare carth elements Ton an oxide hasis].

A third Tacor ol signihcance in development of the RE
industry was the aiveraft nuclear propulsion project in ahout
the mid 193Fs, Large atsounts of high purity yttriom were
reguived in this program, lewling o lareeseale separations
of the RITs

By 19591660 it became apparemt that there would be
ne immediate utihizauon of tharium as an atomic fuel ele-
ment, and production was shamply eurtailed. Also at about
this tme the production of tharinm fram Canadian wanium
wastes was started, which ended  the dependence of the
thorum industny on mogazite @ a raw materdal. The Ca-
nadian Blind Ruwver-Ellhot Lake conglomerate deposits con-
tain an average of 295 pounds of U505 1 pound of thorium,
and 0.5 pound of WE's per o of are, all of which are now
heing 1ecovered.

The present phase of the RE industiv, starting in about
the mid-1960%, has seen the preduction of large volumes
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i TABLE 3.—Chronalagy of rare earth discoveries

iFrom Gschneider, 1964

Date 1_»f

Glendenin, and

ngr

Derivation of name

From asterobd Ceres

From Greek word lanthanein, which means
to he hidden ar concoaled

From the town of Ytterhy, Sweden

From the tewn of Yierby, Sweden

From the 1oun of Yuerhy, Sweden

From the touwn of Ytterby, Sweden

From the Russian mine official, Colone] M.
Samarski

Fram the Latinized word for the city of
Stowkhohin, Fleshga
Scandinavia,

From  the e of

I'hule

ATt

From the Finmsh chemist, Johann Gadolin

From the Greek words prasios and didymes,
meaning green twin

From the Greek words neos and didymos, 9)
meaning new twin

From ilie Greek word dysprositos, meaning
hard 1o get

From the continent Europe

From the ancient name of Paris, Lutetia

Fram Greek mntheloey, Prometheus stole

Element discovery Discovered hy

Cernun LRI M. H. Kilaproth, and In I ]. Berzelius and
Wilhelin Hisinger, independently

Lanthanum 1834 Co G Mosandm

Terbium 1443 Co G Mosande

Libium P81A G Maeosander

Yt 1843 C. G Mosander

Ytiertyum 1678 1 C0 G Marivna

Somdtim 1479 Levag de Boishamdian

Haolimium 18740 P Cleve wud independently by I L.,
Sonet

lhulmium [§70 P Cleve

Gladaliniarn 1680 1O G Mariena

Praseadyimium 1885 Co AL von Welshach

Newddvinium 1885 C. A von Welshach

Dhospmosiung 1886 Levag de Raishandran

Fuorapaum 1HH% S Walllam Crookes

Itetinmg 16017 G Urban fand mdependently hy L AL von
Wedshae by i 1904

Promiethnum 1447 oA Mannsky, 1, E.

]) (‘I:I‘.ﬂ ”

i hission products of uranium

i from heaven amd eave it to man

of lueh purite RES e mcans of won enchanee amed solvent
extraction hgund jon exchanee . processes, the develapnent
of wnpartant new applications, and the cmercence of basti-
site as the dominant raw material. In partcaiar tie devel.
opment of the RE phosphors, starting i about 1963, which
requized ety pure ewropium and ytrium oxades i unie
cedented quantiies, and coneurrently the industiial use ol
hgud en exchange o obtain pure separated RE's from
hastnasite, marked a pefound chanee 1 te character of
the industry.

Thus the rare earth industey, from its humble hegimning
as an unwanted stepchild of the thorim industry, has now
become independent of therium, which in turn has hecome
a by-product of the rare earths. Anv sizable demand for
tharium for use in nuclear reactors appears to he sull a
decade or more in the future. and thorium requirements for
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nuclear purposes are not expected o total maore than a few
Lundred tons over the next 15 svewrs, I fact, bv=product
thorium from tie procesing of menazite for RIS is now
being accomulated, as the demand for the RE's excreds
that of the coniamitant thorm, The rare carth uly duck-
ling has hecome a swan,

SOURCTS OF THE RARE EARTHS
Woarld and damestic sources and oceurrences of the rare
earths were covered thoraaehly iy the previous Mineral In-
dustiiies Bulletin on this subject (Wilhamson and Burein.
1959}, and only a briel recapitelation will be given here.,

The rare carths are widely distzibuted in nature, being
found in over 160 minerals (Thil, 19647, tan large commer- 4
cially important deposits e comparatively few, The princi- 0
pal minerals are shown in the folfowing tabulation,

Colorada School of Mines




) Mlm-n:ﬂ

()

.!I arshite

Type of ore ocations

Cerium graoup (Light rare ecarths)

Monazite  Phosphate India, Brasnl, South Africa,
| tated States, Austraba, Ma-
lava, Chnada, Korea, Cevlon.
idlonesia

Rastnasite  Fluorocarbonate  'nited States [ Calilorniag

Yttrium group (Heary rare carths)

States,  Seandimavias
Ireland,  Austra,
Ttalyv, Cevlon, Greenland

[ nited
Caerrinahiy

Cadolmite Salicate

Scandinavia, Switerrlanal
Brasth, Umntedd States, Nigeria.
Milava

Nenotme  Phesphate

Scandmavia, Madavasear,
Braal, Greenland . Uniated
States, Clanada, Awstralia

Fuxenite Cuolinnhate

Uinted States, Rossta, Can-
acla, Madaeasoar, West Afrni-

LIt |

Tantalate

An interesting paper by Alischulor and others 1987
paitits out the possibility of doubling the domesye produg
hon of rare varths by tecovery ol these miaterals brome apa-
vt as a Iy -product of phosphione acud manufactare, Mhos.
phate rock (contaoing apatite as the principal mineral t s
waneed extenasely o Florda, Tdates, Monta, dand Neorth
eenerally n {from

Careding, The tare
L e 01 peveent by weighit of masiie gt Heomever

cartlis ke upy omils
the vast tonmaees of apatite pedessed far the prodaenon ol
phisspihorie acd make dos sounce a substantal one tor the
rare earths if eccononncal means of recovers can M found
[ gt about 6 million tens of
tomume nearly 3500 tons of elemental ran
the same syear US preducuon of ran

2300 wons. Altschuler and othiers snegest thiat prisent rare
eartiy recovery techngues, such as on exschanee and sulvent

was e esseel . eone

unne

AJatine
vartlis
o icles

Wl

|.|-|l'!]

‘ln.hllnn, can be adapted 1o recover these materials hrom

Losphiorie acid progessing

R.l't- eariing "1! irtenedls E‘\‘.n bapy rite -l'\l'.'":! iy N 'T]..l”
wale from apatite-rih reck o Finland (Chem, Eng., Jan
2014957, and commercally in Russta amd Poland (Hidl

1961 1. The apatite deposit on tie penisula of Kola [ Russia
containg 0.5-3 percent of REQ, and has been estinited to
contain a potental reserve of 160 mnllion tons of KEQ,

Analvses ol the marine apatites were unusuat |(when coms
pated  with menaate and  bastnasite in
markedly depleted, being less abundant than lanthanum, and
commmonly less abundant than necdypopm, 1 his distnbution
appears to parallel that i sea water on the basts of ven
limuted data, but 15 m conflict with a large body of rare
earth analyses on phosphorite. Compared 1o conventinnal
rare earth sources, the marine phospiorites appear to he
unusually enriched in vitaum amd i the middle and highe:
atamic weight rare earths such as curopium, cadalinium,
thulium, and erhiumn,

sliowing cernm

Mineral Industries Bulletin

The enrichment in heavier elements is shown by eom-
paving the distiibutions of rare earths in marine phosphaorite,
monazite, and bastnasite ores. As given in table 4, the ae-
gregate percentage of the total rare earths frare earth less
vttriam | contributed by the fust four members (lanthanum
through neadvanium) is shown, The remaining rare carths

samarionn through Jutenum . thus typreally agoregate 23
percent i phosphorites, 10 percent in meonazites, and 3 per-
cent in hastiasites, Based on 1961 production figures, ap
proxinately 2 tens of curopivm, T4 tons of gadelinium, and
[T tons of thulmm were avatlable tor recovery from the
apatite progessed

Tavrp 4—Distribution of rare earths in various sources

Weicht percent in

Element Plunplluﬁtrs Memasite Bastnasites
i.a |
o |
3 ‘ T80 8395 03 -
Nel
Fu 51,0 thi-0.1 TN
Gl 1=t 1.0 0,105
[ 1306 0.1

Fromm Altschuber and others, 19671

EXTRACTION AND SEPARATION OF
THE RARE EARTHS

The amilarity in chemical behavior of the rave earths
has taditionally. made then separation ditficult and 1ime-
centstiming. The first major advance over the ald welinigues
of Tractional crystallization and preeipitation cane with the
advent of 1on exchange, hrst reported in the late 19485 and
usted on a large seale trom about the mud=1950"s. The second,
pethaps even more important developnent, was the com-
mercial iniraducton of salvent extracaon | liguid-hguid ex-
traction, bguid 1on exchange | in about the mid-1960°% All
ol the rare canth imetads can now he obtained in lagh ity
by wsing these mew wchnigues alone or in combination,

The following methods are available tor separation of
the rare earths

1. Fractional erystallization. This technigue depends upon
sight dillerences in salubilities of salts of the vatious rare
carths. Crvstallization from a solution of a mixture of these
salts will wive crustals coniposed largely of the least soluble
salt, the mother liquor wall be emiched in the most soluble
e degree of ennchment obtained ip o single oystatliza
unn is very spiall, and tousands of crystallizations may be
required to achieve desired separations

2. Fractional preapitation, This method invelves adding
a precpitant tooa mixime inoan amount asuthicient fo
complete precipitation. The first precipitate obtained will
he richer in the clement having the least soluble product;
if this is remeoned and more predpitant added in steps, a
wrpies of precipitates can be obtained virving shehtly In
solubility. As with fractional ervstaliuzation, this method is
tedious and the efficiency of separation is low,
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tare earth ion exchang:
Pratestial Fileen", Gschnelder, 19631

Fiovee ]| —Schomatic sepressniating o
Froan “'Ware Varthy—1Ts

can be treated with acid to conver it s ariginal condition
al and the wobienee repeated

Il by seen that i this process, those elements which
{formed the stroncest comploses mosolution eradually becoms
concentrated at the leadine edoe of the 1805 band, and those
which formed the weakest compleses ar the valine edee of
the band, with all ol the The earths leave

the bottom ef the column in veverse order ol (helr atomie

u1|h']\ lu'tul "I
numbers. The process 15 comtinued vntdl the deshred deares
of separation is abtained, then the etfiuent solution colleetod ‘ ,

in factions containing the separated dndividual elements
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Ethvlenediamine 1etraa
ised complexing apent. The acid oo of ZIITA has a b
sidubiility, s that 11 (e e s s the vdrogen o the
EINEA will wend to precimtate aad Dlork the bed. Avcand-
gy, copper o dron. el fonms e duble catiiles with
EDTA thar & wore stalsle than the cane carth coniploses,
wosed as a0 Cretanang oo’ oo lead e cobomn b T of
the rlutipe salution. Lever asd Pavne peant out thar dyvspri-
SIS TR s plaratiog vivie with IV EA beranse of
e srnall difference in the stabalivies of the e complexes
These two clments can b sepoated by clutiom with by
domsethal dthwlenediamine  wiaocide acid (HEDTAY  as
dhieres v e dhiflerence doncthe stabdlities of the HEDTAN
A0 | ]li’;III \ Iy lllllll.lr"'-\:l“‘ i“:lil A "h“ll-il-u .!Iq. -lu*rL\ W l!
for sopinating die Bebt eadthy wliere ELYEA i afisatisfpctort
Peew a0l prreeapintatets it the oolumm oncee e acid cone
ity pecessuy Tor odd e [RVRERTYIL]

\i'f'_l

Vorekekl Tteann of 0 Mies | pubslcation | Winger il
Loamlstrowin. 1l PRt b s i divestieation of S ocids
a8 rerainne adedtss Iooiepliee livdiogen’ e cappier, Tor ear
carth separotoms stk ERTA o 855900 G0 HavdrosaetInd
cthylrmediammne yracenr acad (VIEIYVTAS aned dicthisdetion-
amine pentapeens aoul oEFT PA thiee minst elfeetive of

o o actby esammed, allovwane  an erease of 70

REHY

<
."1|'1'll i the EIYUA clugnt copeentrations over that [ st

e

g [T P TR TR o= e LAl fons without presap-
et takinee o, Al ievenery of EDEA was easier thian
Taeerty e weers sralsle « I heliste, un Ha TR PN TS
Pediie elfevaed befors cveesnh feeabtliooneh angd duaringe
ooy of Tdtetinn, sotesbiue, and thalive, Pwaentiallv come-
Pilitet pecowabgs ol Uhe TTEIVTA o IFL P prtamning Adgen) was

priwilali

I Ll |i||.l| ailvasuaioe Wl ing vyohanpe A Ijr,]rtiq;':-d
oo the abdline te peedlinoe ey bick pority maderials
versalle, s thar dhanmes from
e pevefier wecamorber can easids beommaode. Disadlvaniages
sl v D ghe Gl s e ol the process, o

LU T L 'nl'” siapibedd Te Wy |un|!|.;|tjl'-|:| on A |;IH'I‘
et Do AT oA e ot ocabpont ee porig
W Lkt kil JHt (R BT r=n Bomw mates to
ke satisfas oy ps by e ol aonss thie peeessity of using
be tlilvpte -\-IIHIIHII' with .ull-1r|4'. ,-n_r'll_ﬂllr' l'ill‘hjlll'\jll';:
ol o Brah pufenty, of lon r"-cu]!.nuu'
Hovwevir, wn exd hutmge peosduction of gare caetls s
Machean Chemloal Corporis.
sl t hawe 160 calwmns 200 feed i dlameter anmd

L (NI ll'.||::||||||' 1% At

It ol il

Auunts Lavgrr pies reas
Pt

areied oiit oty laciee e

il 1
.' Pt Pt sl lweave RES fie separated Ho the ton

Secaller cothimans aee gsesl for w jRaratien ul |'||g_- 1r_f__\ il!*lll“:.“”

arth

1. Najeent exlracfion |"j1r|' f...:“u\'._ Tfﬁ'lﬁ ('hr‘[ll l:,hli:.
Newse Mar 1L 1968: Lever and Pavae, 1958: Peppard.
1961 salvent extracoon (figowd o exchange . a8 a ir(r.\.'.qi'-
hiv fer soparation of e KBS has been yvestigated, smee
the 194078 althoneh it has onh very recently been repurted
as betne in venmmeren] use,

fiy simplest teemy wolvent extractinon mvalves the imving
of e amnnscihle Tquads, an aguesns phinse rontainine the
chemieal dons 1o be serovered ) and an crgane phase cone
tanine the exteartani: that is. the don exchanger in liguid
formn. Duaring the exiracnen stefs, the desired jon migrtes
from tie diluie agqueous phase (which may be impuie | into
the arganic phase. This organie plase is then wparated frem
the barren aguenus hase In the stripping or removal step,
the procedure s reversed and the desdeed 1on passes rom

Mineral irndustries Bulletin

voacid PETYPAL G oa andelvy

f - B ]

the liaeled ammndc nto & wew anueaos phase Ay g
nsinge el il ]lh:h' . +1r|]nutal‘|1 1s 1 I(‘.’.I.d'_s‘ #eparation i
diserewe fayers alwr amane. Mixing and settling tanks
coptereupept ety o weers are the TSt Formrnan
wisaree of pixine the o phuees. The liegsict a0 exchangrer
Pedventd G in wenerid dhissalvee Ao a cariier such as Hermsing

Pl pliccpilinte eatiie s to have received e mnst
attention g dbvlvents; of these, (-2ootbmlliesy] |?|‘|rn|}|lhl':i
acid TINETED Tias bwere sondliv el (he st thoroushly The
e of tas vesigent s dneicasct] greaty in geeont sears
(Weaver, 160 ot in anaduviical procedures and commers-
ciathe For exongple. @t lias Tvon uwed for rvicoveriie liree
quantities: of  fission-pradint . RE's  from nuclesr  oeaotor
wastes, amd as wall be sleserihed iee on an induosteral weali
b Aadvhddornim Corporation of Amerca { Molvoorp | in the
prreressine of hasinasin

b doniesobmin apmmes anel therr salts have heen evalus
atel s extrai tants foe thee KRS Maoes (19661 teparted thad
P tiomations of twa jraiis ol adpaernt 18K elemepts (lantha-
s e b i thuafiong - itebinnm . fromm a mitrate solition
wad feadible, bt thar Livh comeentmations of Nl nitrate
sk tegpired o obitain effedteoe estdaction, amd that separa-
finerh s neekeddy il preniele it won thie st of 8 che atine
avent o the apuecinis filcise. Some of the Hualernan Ammon
P ceanpeotinads wiso ace el extractants, bue pc e these
rrasterials non dthe amives appent to have vet reacbed Taroe
seahe il

Nophebeane avieds are wivonie the aewest extiactunt. e
exaned for extraction ol separation of e RE Ty
aepils Tiave the peperad forpoaln OO, swheeos J¢
cil ddenved  gredeminantlhe from eyelopenta
s |1¢|-|11n|u!:1_ and are ohtairegd ps hr-[.]rn(hlru. o
preescesdingg, Wawer angd Ladatrern (196540 evaBiated a raph
thertie aciel solvent Tor exttaction of RE sulfites. The achd
wis an effeetive extractant e the R elemnents when difuted
with alietin ] el o neliesannl, bot gave Galy modeiai
separation of e elemente Ve addition of eftelating acenis
miat kel trngarived i ey ENTRNR et {actors

A piagon acdvantaie cinsd for e selvent es.oraction ineth-
alas a0 ol T maede g s antinuons prodess s that largs
\]'1.l1|lilll". of product vian bie miade in ulrm!.lrutiu']\ snadl
plams. A disgdvantaee @ thar the privesy 4 infexible and
rarnt easihe b chaneed from one product o another

Lapnd jon exehange by cenreifuoal contacung has been
reperted recenthe ((Chem Sne. News, Mar, 110 1968) as
breang wsed by Dhenison) Mines in s rare earth recovery unit
apetated e conpancbiem with wpatinm produenon facilines
At Eliot Take. Ontariee The contariors, Podbielniak Pods
mwanifactored by Baker erhine Ipes, are said o give the
amee resulte asoa genies of miver-satler tanks, conserving
valiable plant space wnd stiarply redncing tee inventory of
armanie solvent Cfor exanuple, from 75000 gailens 1w 3,000
frablonge

t Potential wew wpenatuon technigues, Two hteratare
disclostres bawe boen noted wohidch may be of (nlure interest
for effecunge coparations of the rare earthis, Eisentiaut and
Siever (19000 have desonibid wolatile care earth chielates
made Trom 2020 60 betetramctln 123, S-heptanedione (dipi
salodmethane ). These rare earth complexes were thermally
stable and showed appreciable and significant differences o
volatibves bosed on sublmauon and gas chromatograpine
tlaa.
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A new orzanouraniztm compound, bisceveloostatoranyl-
uraniury, called “wanocene™ on the hasis of s siniilarite in
structure to ferrocene, was tecently snthesized at the Uni-
versity of California (Chem, Eng. News, Jan. 6, 19691 Tlis
compound is said ta be the onlv one made and identified
to date in which the pi-molecalar orhitals of a laree oreanis
ving share elections with the wanimn atomie mbitals, 11
ivsuggested that the e earths, beenuse of their electionie
sttucture, anav enter anto g comparable tvpe of T-mhial
vimon with lirge orpamic tine svstems,

Uranocene is a green erystalline material which is pwro-
phonic but thermaliv stable i the absence of an. T s ST
imgly soluble in erguine solvents and stable to water, et
acid, and  agueons causti The reatenial has o hiaeh
volatibty compared with ather wamum derivatives, sublig-
g at THOT O and 003 tan

soda

Ferravene, bisev lopentadienvion, was first syntliosized
i 1951, and = new usd oo ovariets af appiications o
antiknock wdditives e polvinienzation catdhosts, The saod-
wich struciuwe o the new traniam derivative compued with
terrocene 1s shiown m e 2

<

U Fe

L >

Uranocene Ferrocene

Pisvwe & —Sandwich structures of wranenene and fermocene

Extraction civematocraphe s a very new wechinioeue in
avhiiely one of the lpad phases s belld stationan one a ol
uninar supportng medivng Either die aqueous phiase ar e
Creanme extractant mar be i
sults apparently are obtaned witic e
tonary | Weaver, 18968

sabianars ill!!.qxl" Tt st pe-

vranic pluase sta-

Fuwely divided inert envanic matenals such as oollulos
pewvdder, polvethvlene, Tellon, Kel-l, el are walely weel

hotant powders such s Leseleubin, diatomaceaus vartj,
.nsi silica gel made bnchrophobie by an adberome wlm ol
dirmetin ] dichloroalane o o smidar matenal alsa are useful
Extraction-chroiatocraphiu propared b
axing the support material with an extzactant and loading
the nuxture into a colunmn, or by pownmg the extractant inte
a column of supparting material, tollowed by ilushing ont
of the exeess with an agueous solution. The result js a nld
stage unidnectional extraction colunmm. When an extractant
is the stavonary phase. the elements 1o be separated ane
loaded on the colunn in an aqueous solution Trom which
they are readily extractable and are then selectively strpped
or eluted Iy a suitable agueous phase. The simitlariy of such
colunmns to ion exchange is a1t once apparent,

i -;ll.il.]l‘ 1A in-

The technique has been developed inte a wselul tool o
analvsis of mechanisins of extraction. but it is doulninl that
it will ever be useful for the separaton of anv consderable
gquantities of matural RE's. Capacities of the columns are
considerably aess than these of solid ton exchange columns
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of the same size, and an exvemely large scale-up would he
tequired for procesang wsetul guantities of RE's. The tech-
migee is not likely 1o hecome competitive with other sePara-
tion methads, but will nabably find increasing use in the
separation of sadioactive elenments, _

PLANT Puockss

The fallowing description covers the processing of bastna-
site, cinrently the magor sonree of rare earths, Process des-
criptions have been civen by Chiem Enge. Nov, 20, 1967
N Lo Johnson (19660 LW, Hamah (196710 1 R Kruesi
and George Duker 19652 F. M. Lever and . B Payne

T8 and VoK, Shaw (1430

he Mountain Pass, Calitnia, mine and Processing
plart fus been developed and expanded by Molveorp it
the Lareest vare cartl) comcentratine facilite in e warld . The
[1TE lj'-!] noneral s hastiasite, o Huoroe o bonate conLng
chielly cormam. Lanthanam, peadyoium, and praseadyinium,
hut also small ameunts of samarian, sadolinnim, and earo-
powne Atter open=pit e cvushing, and erinding, the ore
15 subjected 1o lin froth tlotatien 1o give a concentriate dver-
avis B peteent REOL Carefnl control of pH oand of ae-
acents 15 neeessary o the dotatiom

Sorne of the concentrate 1s shipped without Terther treat-
ment: some is subijeeted o acid leac hin__- which turther con
coentrates the noneral o 70 procent REO, and finally 1o
calo ity which omes g G0 pereent REQ) voncentiate for
foed o e solvent extraction cneuit,

The oasted congentrate is leached with haddvochlor
acil T conversion to rare earth chlavides, The acid slurry
15 passed threueh o connter-curtent decantation and diichen-
me cireut, then bltered o cive @ Qlwer cake consisting af
63-70 percent REO containine 5560 pereent o eerium
osaele. Ths precpitate is repulped, ltered, diied, and mar-
keted as a cerium concentrate,

Phe thickener overflow contaims 100 grams per liter of
REO neludime 02 gl ol uropnum, s solution s tilered,
the pt abjusted 10 1, the solution heated 10 1107 F, avain
clanied by ddacaien, and ted e europitn extetion
cirewi, Vhe eurapiui solvent extraction provess was largels

devedoped in 1961905 during labwratory and pilot plam
werh carnied ot fon \fu!\u-r]' at the Colovada School of
Aines Rewareh Foundanom, Toe
frntn oxade of S0 percent purity, wieether with by-proaducts
meluding samanum and cadolinium  Chem. Eng, Jan, 2
aned Nov, 200 19670 Joor, Metals, Aug, 1965

Fhe solvent extraction  hgud won exciiange 18 carned
UL T maxer st er units, wsing o velume ratio of 12 argani
t L0 agqueons, the orpanic phase fomprising 10 pereent di-
2etipthesa ] plisphons acid (HDEHP ) iy kerosime, The
contains europnan,  samarinn,  and
cadalitnum, is strpped with AN bvdrochlone acid, Tron s
ternoved  from the hvdiochlorle aoid strip solution by pre-
citation at a pH 32500 then the soluton re-extracted with
the same solvent, and the aroanic phase suipped with AN
lwdrochlone acid at a vohime rane of 8 organie w1 ague-
ouse Samanem and gadolinim ae recovered fram the strip
salution as cohbonates, and curopinm oxide prepared  for
imarket,

Fhe process leads t euro-

sreanic phiase, wlhicl

The rattinate from the curopium extraction is used as
feed toa lanthanum recovery cireuit, the first step being
addition of anpnoma and sodiur hvdrosalfide o precipitate

Colorado School of Mines
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lead as the sulfide, The filtrate is clarified by filtration, then

ammonia added to pecipitate lanthanum hydrate which is
filtered and diied.

The Mountain Pass facilities, together with the Molycorp
plant at Louviers, Colorada, are stated te have the following
capacities in pounds per vear {J. G. Cannon, 1969} : cerivin
concentrate 15 million, lanthanum-neodviminm-praseodym-
iumn concentrate 12 million, samarium-gadolinium concen-
trate 240,000, lanthanum oxide 700000, neodvmiimm oxide
200,000, yvurium axide 1H0000, samuiuim oxide 150,000,
praseodvmium exide 60,000, gadolinium oxide 30,000, and
curopium oxide 20000,

The Research Faundation plaved an important part b
provading the mntial strum concentrate raw material for
Maolyeorp™s Louviers plant. Over 200,000 pounds of vttrium
oxide equivitdent was prepared in the Foundaton’s chemical
pitot plant, and the availabilite of this material made possi
hle an earlv starteup of the Louviers facility, which began
conupercial production late in 1966 (Chem, Eng. News, Jan,
2, 1967

PrEPARATION OF METALS

(See Block and Camphell, 1961, Catlson and Schmidt,

61 . Daane, 191, Guhneder, 1964, 1968; Heme and
Maoriiee, 1966 Hinchhorm, 1968 Huopkins, 1939 Klehe
and Love, 1963 : Lever and Pavne, 1908 Monarty, Jr., 1968
Mornce and Henrie, 1967, Monice and Knickerbocker,
1961 ; Morvice and others, 1968,

Production of the rare carth metals in high puitv has
proved very dificoit. Reduetion of rare earth compounds 1o
the metal is not easy, and the produced metal is very reactive
i the molten state o that contamination is ditheult to averd.
Many of the mietals have very high melting points, so that
the reactions must be carmed out in high vacuum or in an
ineit atmaosphere: finding nonreactive matenials of construe-
tion to contain thy hot maals becmnes a preblem, Above
1A00" G othe most weful materials appear to be tantaluin,
tungsten, and sintered bervilium exide. Daane (19661 points
out that the metal-oxvgen bored in the rare carth oxides is
one of the most stable bonds known, and the difficulty in
preparing most of the rare varth metals from ther oxides
is related to this stahilitv and to the hich melting puints of
the oxides that inhibwt ehemical reactions,

Accordinglyv, the rare carth metals have most generally

.m prepared by st eonverting the oxides 1o the halides
which have much lower melting pomts and are much mare
convenienth reduced by annther active metal, or electrolyzed
to form the metal, Fhistoncally, ytudium was finst produced in
1825 and cenum in 1827 by reduction of the ehlorides with
sodium or potassium,; lanthanum and eerium were prepared
in 1873 by electrolysis of the fused chlorides. These two
basic methods, metallothermic reduction and electrolysis of
fused s=alt mixtures, have remained the prineipal methods o
metal preparation.

In general, the anhvdrous chtorides, bromides, and io-
dides of the rare earths are very hyvgroscopic, and the fluo-
rides are casier io work with, although it has been found
difficult to remave the last traces of oxygen from the fluo-
ndes. Mischmetal, cerium, and lanthanum are manufactured
commercially by electrolysis of fused chloride haths contain-
ing alkali- and alkaline-carth chlarides. Hirschhoin (1968}
points out that metals of high purity (999 percent) can be

Mineral Industries Bullefin

produced by fused salt {chloride) eleetrolysis if carefully
purified feed materials are used and if eell atmosphere com-
position is controlled, A recent development is chlorination
of monazite or bastuasite to produce an anhydrous rare earth
chloride suitable for elecirolvsis without further processing.
{See also Brugger and Gremacher, 1967.7 As a eenerality.
production af extremely high purity metals by electrolysis
is hard to achieve, hecause of almost inevitable contamina-
tion from the electralvie and eell material, Commereial cells
have been constructed of fron. graphite, and ceramie.

Yttvium and the heavy earths cannot be produced as mas-
sive metals from fused chlnide electrolytes hecause their
melting peints are well above the temperature of the fused
electralvte. Under these conditions the metal is formed as a
powder in the electialvte, making separation of the elean
metal very difficult, Henrie and Morriee (19661, Morrice
and Henrie (19671, and Mortice and others (19680 were
able 1o ohtain massive cadolinium, yttrium, and dvsprosium
by electolysis of the oxide dissolved in a luoride bath (for
example. RE fluoride plus lithium fluoride) at temperatures
up to 17O € High purite neodymium, praseodsmium, di-
dyminm, cerium, Tanthanum, dysprosium, eadolinipm, and
vitrium. as well as a number of alioys were prepared by this
method. In general, however, the higher melting rare earths
have been prepared by metallothenmic reduction rather than
by electralysis

As mentioned above, the fluorides of the rare earths
offer certamm advantazes over the ehlorides in case of prep-
aration from the oxides, <ability in air, and quantitative
reduction to metal. Foor goneral methods are used to pre-
pare the fluotides. These are:

1. Direct reaction of the oxide with anhydrous HFE

R:Oy + BHF =ty oREy + 31O
2. Reactiony of the oxide with ammonium hifluoride
R0 ABNH F.HF e 2Ry =~ 6N F + 3H:0

3. Precipitation of the ilueride from aqueous solution

RO GHCL (6], ) ~rermmmapm SR C) s 61 10
RCH X0 HE[18% aq.) RF+.X'H.O
(X' s %-1)
07 C in varno .
RF:.X'1:0— ML o REY 30
000 Can HFEF pas

I, Passaee of anhydrous TP throueh a molten fluoride salt,
which is essentiallv a purification methad
RF:.‘_;’-J[:O]—_;-[ ]I"'{ ”I]_{!\.I.iF {fused mixture) AHH.0

RS

Metheds (3% and 4% were used by Lunex Company
{Moriarty, 19681, but it was found that the fluorides could
not be satisfactorily dehivdrated for industrial scale oper-
ations because of the formation of oxyfluorides,

Reduction of the fluoride ta the metal can be carried out
with caleium;

1400-

150" C 2R

2RF: + 3Ca + 3CaF;

Both the rare earth metal and the caleium fluoride are
liquid at this temperature and insoluble in each other.
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The calcium reduction method cannet be used for the
preparation of samarium, ewopium, or ytterbivm: trihalides
of these rare earths give only the dilialide and no metal, Tt is
possihle to rediice the exides of these metals In heating with
about a 10 percent excess of lanthanum metal ar about
10007 C. Lanthanum oxide is formed and the volatile RE
mela! distills and condenses on the upper part of the eruci-
ble,

2La + SO - La:0y - 2Sm

Soine properties of the oxides and of the RE metals are
given in table 5 (Gschneider, 19681,

TABLE S.—Properties of rare earth oxides and metals

Vickers

Melung h:u.(lnr\'.:. Melting

Metal pomt - O kzioun®  Oxide point ©
Yttrium 1326%5 18 Y20 2115
Lanthanum 220 | 17 LaOn 2351
.clium gzl 24 Ceas 2144
CeQ- 2001
Prawodymium 931 £ 57 a0, 2200
Pr.Oy 2040
Neadvmium 165 33 Ne:Os 2272
Promethium NIWESNY! 2 . _—
Samarium 17521 5 Sm:0Os 2325
Furopium B22£5 17 EuQ 1830
Fa0s 20050)
Gadolinium 13122 57 Gd 0. 2340
Terbium 1353726 H Tha0s 2387
Thsprosium 1 #i9 2 1v:0s 2310
Hoimium 1470 i2 HoOn 2415
Erbium 1522 14 ErOh 23010
Thulium 1515215 8 Ty 2400
@ chium 81642 21 YOy 2346
Lutetium 1663%]2 ii Lu O 2100

USES OF RARE EARTHS AND
RARE EARTH COMPOUNDS

The rapid growth of literature relating to the rare earths
is nowhere better shown than in the area of new and pro-
posed uses for these materials. For example, Mandle and
Mandle in their 1964 chapter on “Uses and Applications”
list 837 references, none of which discloses any application in
lasers; in their 1966 chapter. 1,090 new references are listed.
148 of which relate to lasers. It is apparent that a ereat
deal of research has been done and e continuing, to find
new outlets for the rare earths as thev became increasinghy
available at lower prices and in increasingly higher purty,

Mischmetal has been made commercially since the early
1900’s, and eerium, lantharum, and didymium metals
(electrolytic) have been marketed since the 1940's. The
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high-purity rare earth and vitrium metals became available
on a commercial seale in the late 1950, Until a very few
vears ago the standard use-distribution pattern showed about
one-fourth of the materialy toing inta alloys (mischmetal 1, Q
used in hghtor fints, magnesium allovs and some ferrous al-
lovs, Another onesfourth was used in the elass industry, for
coloaring and decalorzing. and the cerium oxides were widely
wsed in polishing, The thivd one-fouth of rare earth [rrodue-
tion went into Gie manulac e of carbon are vlertrades, used
i the motion picture industry and in large scarchlights. The
remaining one-lourth was divided amene many miscellane.
ous uses,

[ contrast with the above distribution. the figures given
bv Parker (1967 for 1967 shew that of the 315 million
totab sales of RE mawerials, about 30 pereent was aceoutitecd
far bw shipnnents ol curipnum and vttrium oxides of high
purity ffar wse in TV tubes, merenry vapor lamps, and
fluorescent Tiahting fintures ', although these materials madle
up oty one percent of the wtal weight of RE materials,
The aindustrial consumption of other rare earth conipaunds
om the baas of value is givin as follows:

Percent
Gilass, wsually as palishing powders, and some
in ceramies and elazes 17
Petrolenm catalysis |
Steel and allov production and in the making
of mischmetal and lighter fints 3
Carbon are praduction 5
Electranics 3
Other miscellancaus applications 8
50 o
High purity ewropium and yttrium oxides a0
103)

Kruest (1968 states that 1he principal use for the rare
earths inwerms of nounds has hecome that of petroleum
catalvtic eracking. which is seen to account for 10 percent
of the annual value of the RE compounds,

The following table from Gsehneider (1968 1 gives figures
for volume and for dollars far tie vare earths in 1606,

TABLE 6.—Rare carths comsumed in 1966

Million Million
lbs/year €% $ vew fe Application
21 26.2 0.4 2.6 Metallurgy
2.0 200 193 129 Glass polishing
1.43 181 .3 3.3 Catalysts
0.7 8.8 0.8 53 Carbon ares
0.6 7.5 0.5 3.3 Research and miscellaneous
0.5 4,2 0.75 3.0 Glass and ceramics
0.35 14 9.7 64.2 Phosphars
0.23 3.1 12 1.3 Capacitors
0.05 GG 0.3 2.0 Microwave 0

800 999 151 99.9

Colorado School of Minas

e TS WA



A list of sone of the applications of the rare earths is

given in the following tahle, also from Gsehneider (19687,
Some of the present and proposed applications will he dis-
cusseel in greater detail following.

TaBLE 7.—Applications of the rare earths*

METALLURGY

Alloving avent
Feirous—NI
Mavnesium
Orher—M

(_;]‘;‘\QS
Polshine—1, N
Duevosdireine —1, M

Caloring agent—1
Filters- -1

Mo

Pyraphoric alloys—M. 1 Ol elass |
Pure metals for TSN St I o,
research—1
CERAMICS CLECTRONICS
Enamels and vlazes—1T, M Capacitns -1

Cathiodes-—1. M
Clomypitet n:mpnn(‘nti——]
F Lo l]au]rh 1. N
Caarnets |

ML
Ferntes—I
Trisulatns T, M
Navnets— TN
W shads [t I
Serteondurtors—1I
Therpistors [

(oatines— N ]
Reltactories—1
Stabilizrs—1, M

TLLUMINATION

Tarhon are — M
Joasers—1

Plhiosphors -1, hel
Fhionesoent langs |
Mereury vapor lamps 1
Cnlar television—I1

NUCLEAR
Contral rads—1
Burnable poisons i
T Hients—1
Shieldme—1

{xetlers

MISCPLLANFEOUS

Catalva—1. M
Mharnueentivals—1
Mintography—I

Deter tors—1 Analvtical—1
Radioastive heat and Lhrn ant—1[

-1 Clienyical provessing I
I hesmimmeters- |

jrnset SO NS
Counters—1

# e letior M oalter an apphication indicates that the vare
carths are useed as a mixture and the ety 1 indicates that
fndividual rare varths are used, 10 bethy letters e given
i indicates that bat feams ave used | e fiese letes inddi-
cqtes that the utihizstion is greater in that torme than it s

‘ the other

On a volinne basis the applications using the mixed,
unseparated rape rarths arcount {for 80 percent of the do-
mestic production, hut en g dollar hasis this accounts tor
only about 25 pereent of the wotal amount spent. In other
words, the market for the separated  individual vlements
aceounts for onlyv 20 pereent of the toral velume of are
earths produced, but 75 percent of the total doflar xalue

Phasphors. One of the most important uses for the rare
earths that has developed in recent vears is incolor television
tubes: the use of europium and vttrium exides as phosphors
is now well established. In this applicanon, eurpplunm-acti-
vated vtrrium vanadate, vtirinm exide, or vttihan oxysulfide
as the red phosphor gives hrighter, truer colors, and improves
the quality of the picnne. The previously used silver-act-
vated zinc cadmium sulfide red phosphor did not have a
ligh enough luminesity to match the ereen and hlue colors.
so that the gieens and blues were deliberately deadened 1o

Mineral Industries Bulletin

ohtain a sood color bhalance with the red. The new RE
phasphor allows Tull Brightness of the green and blue phos-
phors, thus resulting in a 40 pereent gain in overall tuhe
brightness.

Closely allied 1o this use is the use of a glass filter plate
containing neadyimivn wadde, whieh when laminated dnto
the viewing surtace of volor TV tubes reportedly improves
the brightness wul contrast and produces more saturated
red, areen, and blue calors. Phasphors containing ewopivim
and vunum alse e used in impreved fluorescent lamps.
and incustrial merenry vapor lamps are improved by an
addivem of dysprosinm  Parker. 19671, As poted above,
these outleis amounted to over 87 milion in 1987, arcount-
me far abent ball af die wial dollar value of the RE mndus-
LR

Cracking ratalvis, Anmler verv recent and umportant
application of the rare carths is in the preparation. of cata-
st for cracking of petoleuns, "This use is now the largest
single valume outlet for tiese materials and aceounted for
abaut 10 pereent of the dollar value in 1967, Mandle (1966
has supmnarbad e varions litetature references  dealing
with these new soperactive, superselective catalysts, which
are classificd as “mctal-aoid alunidnossilicates” being closely
related e the well-hnown zeelites or molecular sieves. The
commercial crackine catalvst 1= called Durabead 3, Vests of
the new catalvst showed iat 10 16th as much catalyst gave
more conversion Hhan a comventional silicaluming vatalyst
in 1/16th the time o cantact, leading to the elaim that the
RE catalvst is more thany TOO tinies as active, Tt s spid that
the econemic significene of this development in gasoline
procuction 13 gemedons, snee it vields 18 to 20 percent
more vasaline from a given amount of charge stock, at the
expense of cotnponents of less value, and has decreased re-
TeNCLAlion TequiT e,

Repertediv the improvements resulting from the use of
this catalvst are sn remarkable that it has been neeessany to
redesign the disdllation provesses associated  with the cat
cracker in the refinery, Dwo majer advantaces of the zeolite-
tvpe eatalvsts over amorplious catalists are elaimed

1

1 In the zwohites the catalvst metals appear o be distri-
hutee as atorrie particles, rather than as metal erystals,
aml are. therelare, more active,

(2 Acenrding to the patents, the catalvtic metals expose up
o {our times as mah surface i the zeolites as they do
in amarphions catalists

In the Durabead 5 catalyst, rare earth jons displace some
of the sdiun ions of the supporting synthetic zeolite stiie-
ture. These RIS jons are introduced by an ion exchange pro-
cess from a chloride solution, to sive an RE content in the
catalyst of phout 3 percont, as the oxide, The RIL is a mix-
ture of the lower atommic weight members, such as lantha-
NUM, Cerum, prassodvinium,  nenaymium, and samarium
(Chem. Fne. News, May U0 1965

Other catalvtic applications of the rare earths have heen
known for many vears. and research in this area is con-
tinuing

Lasers. By far the most exciting of the newer applications
of the rare eanths is in lasers, so much so that it is difficult
to avaid superlatives when discussing this new field of acti-
vity, Lasers were first proposed in 1958 and the first working
laser was made in 1950 Since thien there has been an un-
precedented amount of activity involving this nesw kind of
light source: in the 18 months following the first laser about
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400 companies entered into work with the deviee and many
government  agenecies adopted some sort of Lser program
{Lengyel, 19627,

Levine (1963) notes that very Tew divelopments have
stimulated the inagimatuen of scientists and eneineers as las
the laser—it is neay one of the major reasae s undertakings
i the United States and ite grovetly is probighly luql.u:.#]h*]-'c[
i e Listory of selenee and wehnaloge, "he ameant of ves
waich and advanced engincering Jdevoted 1o lawrs exceeds
that devated to transistors at a comparahle stave of deselop.
ment, [Uas estimated (Chliers. Week, Aprs 230 1966 that as
much as $1 Wllien will be spent on daser wateriabs and
cquipment o 1970,

The rare varths ae panticubarly suitabie for this spreiti
apphcation on the hasis of ther atoae stractuee, crvstal
formationy, ard optival and spesual propertios, Sa fae i
amovnts of oatertals ivelved are relatively simall, aned
must e emphasiood tiar the e carths are uasd in onh
a part of the mam lasers swhiehy have bean developed. Flow-
ever, the passibilities in this area appear 1o be s wemendous
that the subyect justifies more thian passing mention

lighit
i which
parallel, mtense beam of coberent vadiation b enntted. This
wissial souree of lebit ean be omoade boehoer tean the sun,
and man's contral of hehit has s reachied an enlirety new
evel, Tt s tivs element of contral slach escites worhers in
the held with prospeats of totally new wses tar ieht that are
as vet unknown, The wrm laser s oan acionym for Gol
amphibcanen by stmulated ennsion of radiation and s an
oatermwtl of the earlier maser (m tor microwave |, "The taser
is alw termedd an optcal maser: Lighe aonplification has been
arhieved with eases hguuds, and selids, mvalvime mane dif-
ferent welecules and & vanety of wavs of exciung them
[l vare earths have been nsed insalids and in liguids

Basieally o laser s a tmally new kimad of
myvelving a speaial form of Tumineseonce

SONIFCE
a hiehh

Fssentially, laser artion imvolves stimulation of an active
material by an external souree to raise part of the atoms to
a ligher enerey Tevel Texcited st than the pornm! cvound
fevel, The excited Gtoms may then setun spontanenusie o
the sreaind state, ermiting encrev, or, if stooulated whitle i
the excited state will et energy whach 1s i phase with
avid e addition o the stimulatng vachation—this 5 st
. and the highly parallel, mtense beam ot co-

ated enmssion,
rent radiation has many amportant apphcanons. Some of

the mator present and potential uses of lasers are shiown in
the mbulaton {ollowing

(1Y Conmunurications. Moving Drom microwave 1o the visi-
Ble light band of fiequencies expands the  available
hand by a large factor Jover 100000 so that the laser
could accommaodate BOOMLOON TV dliwinels of the
present bandwidth, e 800,000,000 siimultanecus tele
phone conversations, The laser heams are of particular
importance for communicvations in space, where tie at-
mosphere does not inetfere with the propagation of
rachation

(2} Concentration of power. It is possble to forus a laser
heam to a very small point to achicve intense heating,
reaching a power of 10,000 times greater than the sun
under certain conditions. Exven the most refractory ma-
teiials can ke melted o1 vaporized under these conei-
tions. This aspect of the laser has heen used in welding
and in certain types of swygery, for example, for repair
of a detached retina, and it ehviously has military -
plications. The laser provides an unusual tool {or the
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study of interaction of matter with radiation of ex-
tremely el density,

el

Seientfic experimentation, Range Gnding, or “ranging,”
the dewrmmation of the position of a distant ohject by
lawer 15 stnnlar to radar, “The laser ofl'ers Ilhk\lh”ifi!‘n in
meddificatien ar aceeleration of photechemical reactions,
aned in Bielodloal apphications, for exsainple, stioulating
prongthy er destreving cortain tssues, The lwser offers an
interise souree of onod hiromatic radiation e vidble,
e fefrared and the near ultraviolet, that van be fo-
cused 1o a five pan

The rare carth elements have very eomples spectra due
i elictrome vartous electrome  levels
Sinee cach elermen has 1ts own electroie level scheme, thern
are mumerons transittons wlhoch o make the elements aseful as
plisspliors and Leser naterials, Praetic ally all of the e
earths bave been eviligted iy lasers: as crvstals, in elasses,
in chielawes Cotoame compeunds ) and in Bguids. Geehineides
LORR netes that necdomn is ane of odmy's most uselul
luser matertals, amd that st oxide and other yitrium
corpoids are beoominme the mest amporiant host matenals
for rare carth dopants (actvatons) for either phesphor or
laser acton. Thus, a neodvmiin-doped vtirdum aluminum
garnet (YAG 5 one of the most promising laser develop-
ments, and a hoboimadoped erbinm oxide has been evialu-
ated. In these newer appreaches 1o lase ervstals, the Tiost
materials welude BRE o pelaed | elements that can aid in
the excitation of the active dopant fons—this allows easy.
low-thresbinld pumpine, thae s, exaation (Chem, Week,
Apr, 23, 1066),

Parker (197 reports that yvttvium  aluminum  garnets
doped with neadvimum oxide were wsed in a sun-pumped
laser capable of varnving television meiulation, Neondyipiam
glass lasers shiowedd pramise in microwelding ajiplications
Huydmoeen-free saolvents, containme Y oxides such as neo-
dimela mowdution, were helieved to be at feast as effjciernit
as wune of the crvaalline bsers and have the advantage that
the lguid can be coeled by circulation,

Tansitiens  between

The field of laser wehnelogy appears to have an almost
unlimrted potentinl for further growtly and  development.
Because of the potalar charactensties of the rare earths
whieth make thiem ot value lar this .qxlnlh-;.llnn_ 1 SPIS Cer-
tain thar the rare carth industry will benefit from any large
seale commeranlization in this area.

Glaie and coramuy See Muandle and Mandle, 1964
169606 Gachneider, 100 Hlernne and others, 1908 Parker,
1907 Cheme Freo News, May 00 1965, June 12, 1967
Chent Eng, Jan. 20 1967; Chem. Week, Dee, 2, 1607 ;
Cannon, 19697, The elass and ceramies industries sl rank
as mmagor outlets for vare varth products, based on both dolla
value ancd conmeds The largest vonsumption in this field ap-
pears ta b b whiss polishime, hased chiefly on ceriam oxiele
or high-cerium mixtures, Thus, same of the polishes contain
G0 percent cevinm oxide, althoush most are mistures of RE
axides in abewt the spne proportons as they ocewr in the
orve; for example, 30 pereent cerium oxide and 2+ percent
lanthanum exide, with smaller ammounts of other RE oxides
A process has breen patented for making a high speed glass
polishing powder direetly fram bastnasite.

The RE oxide polisling powders are used in the polish-
ing of plate zlass, mitors, television tubes, spectacle lenses,
camera and instrument lemses, ete, In general, they are much
cleaner and faster than the traditional rouge, produce a
superior finish, and have a longer useful life Accordingly,
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these RE materials are competitive with roupe even though
their cost may be ten thnes greater, There is some question
a3 to whether uswe will comtinue to increpse in the large
valwne autlet Tor palishing plate glass because of the ntro-
duction of the float glass (Mlkingten’ proces which elimi-
nates most of the pohshine

Another large patential outlee for the RE's in ¢lass is in
the use of eerium and neodvininm oxides i the eliss batch
for decalorizing. This combination 1 said w0 be competitive
with the seleniome-cebalt sostenn commonly used today, anid
a market eguivalent o 2 anllion pounds of cenam oxide
annually s antionated The wse of cerium for decolonane
requires. an arsenicdpee bateh, sinee arsepne-vermam
glasses are photosensitive: and develpp a hrown color when
exposed  to sunhcht,

olass

Soveral of the e earths have found use i the making
of speaal aptical shisses Lantlioiim oxude has been used
i oplabiahnie elses and o special glasses sl g photo.
praphie lenses, Cennpme diosirde s used e elases wlued an
asihiect to discolorntion by varons Kinds of radiation calplia,
gamma, x-rav, lelit, elecuen), the eftect appurenthy bomg
due 1o the strone oxudivne power of the Cedd o, whicl
pgggents lower-valence fad and iron comporids froas fonee
1 This feature s usetul e glass lor cathode-riy
appiaratiy wsed rear nuacear reactors, and neeelor TV tulues,
where elivtron radption conld eause tw pglass oo diseador
and destrov the eolor qualite of the pictare. Conam: exarle
o glasy also absorbs altravioler and esents spoilace of
food In transparcnt ceptainees nieeklarniinm, o odi-
dvman (seodviniinn plis ]nr.n-f‘nui_\lr!mr'!
e aliinh vltravialer vadiation mowelder’s and plass blower's
wenroles, sunelasses, wptical filters, dt,

tishes,

cerpuin

padilee are ypsed

Samariunm and erbiun bave beenoased i special Tnmines-
vent and ntraved-absarbee and neadveinm and
prascedvimum also accentuate nivared  absorption

JLERELTA. 3

Several of abe rore carthis wive snweresning cologs iy alasies,
Nembvanwm has enjoved e of any of e R s
as a el eodoranit it gives beantiful tones Carie i

under Mueteseent heloo v wine tod Lin moral davhiedn
mcwticdesect lieht o and s saad e prodoce the onle Keovn
elass witha brachit people coloe. Mistures of teody miom
prasecd v e imgue elisses m which tw cnlor vanes
with the thiekness ol the plass and soathe the knd of allamin-
ton. Cilasses eontannng praseodvimnam are erevn, the oolo

witlist i

fraes hlue

arme essentiallv the saine as that of chrompinme-contam-
e elasses, althonh thelr absepption speertra ae it obif-
fepent. Erbiwnn classs are pinh and represent the enly trulh
stalle, punk, sela-lane ilasses, and a4 masnure of erbium and
necds tiam gives o pleadng Livender onder. Researdoh is said
to he in progress om developime photechoni thiat s
e that darken in e presénce of light [cortam wave-
lenathis | and ther colr when the hieht as removed
Eurapium  has been discloswed  as sunbichtesensitve, ang
certum and other RES are used for expesure ta other hebit
SOUICES.

i ]..l SRS

]lr,\l'

A number of the rare canhs alsa viekd Duoresecent elasses,
europium having received considerable attention. prabahh
Because of its strikine orange-red eolor, Dusprosiutm produces
a vellow fluorescence, and cerium or thulium gives hlue:
essentially any fluorescent eolor can be obtained by usme
maxiures of the vartous rare earths, The rare canth thores-
cent glasses have been sucgested as standards for {luorescenee
spectrophotamety

In the field of ceramics, a mixture of prasecdvmiuvim oxide

Mineral Industries Bulletin

with zitconium oxide produces a pure yellow that is syl in
coloring ceramic le and poreelain enamel. A new poly-
ervstalline materal whirh comprises a salid solution of €0
prreent vitvium oxtde and 1 perdent thorium: oxide, called
Yitralox (General Electric Co, o 18 transparent and melts at
a wmperatare of 10007 T eompared with a softening range
of 200020007 F for tepieal plasses. Tt is being considered
for wse e hich mtopsity moandeseent and discharee lamps,
nowindows of hghetemperature furnaces, aned in microscope
lenses wsed o study molten samples. The inaterial s osand
o he transparent toovisible and wonfrared heht, and to be
amenable to fabrication by eeramic-processing  technigues

Y and cerium exides are used in stabilizing #ir-
contun dioxide in certadn applications, The rare earth axides
have high melting paints, bt are reactive at high tempera-
tures and tend to form compoands of selid solutions with
othier oxudes, asad do ner appear 1o otfer any outstanding
henetits aover the more canpnen oxtdes as refractones, Hol-
i oxide reportedly has been vsed as a special retrarctory,

Metellurpy Many reforences have hwen published on the
rare carths e metallurey, parncudarly fermous metal-
haron, starting wibe mischieral o the carly 19000 Much
of 1as work wis and Has eomtinged 1o be ased oo inisel-
metal, which was the first ol te RE metals o be produeed
contirnere by ancd whic as been available at a mueh lower
price than anv of the separated rare carthis, The field of
ferrovs pietallargy anpears w affer the lavgest potential outlet
for the tave carthis, Tocanse 111 the largest macket o metal-
lurey and beemse some of e early work in this area in-
drcated copspderable promise, However, none of the hoped-
for laree scale applications in ferrous metallurgy have et
materialized. Aandle and Mamdle (19500 peint out that in
the early 19900 vare varth additions in the steel casting in-
dustry were elowinely desoribed as “wonder drugs”” and “the
nenicitlin of steel,” aed that in stme cases the titles were
perited, althoneh many contradictory results were obtained

[TEVREH

Plain carhon and Tow allow steels represent by far the
Largest o of metsl produced  throughout the world
Ware earth additems 1o these steels have been shown o be
useful in deosilation. desulfurizaton, amd in improvement
of physical propertios suclcas duetility and impact resistaner,
aned s is sull the Geld of createst researeh effort ac indi-
cated by the welinical terature. Several factors appear to
Dy respomsible for the Jack of greater use in steels | Mandle
and NMandle, 18366

i1 Feonnmies presently does not favor use of the RE metals
or saits compared with other products; for example,
alwminum for deoxidizng. Except in special cases, the
Ris are toa expensive for removing sulfur from steel.

21 The introdecten of the R s in the manufaeturing pro
cess ds omnt eascr for example, the elfectiveness of the
RE adidivion cun he influenced by the type of refractory
useel,

10 There is considerahle lnss of RE to the slag, and this
lews varies muarkedl withva slight change in conditions.
[his erratic loss of the RE's during processing probably
is responsible for much ol the controversy as to the
actual benehits of RE additions,

bi The exact amount of RE addition needed to give hest
results i not yet established, and the exact process de-
tails have not heen developed, "This is probably the most
imporiant factar.

Tn siainless steels alsa, there appears to have been con-
siderable diverzence of opinion as to the merits of RE addi-
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tions, but this field too eontinues to be of interest, particular-
lv in Russia.

Imiectile ivon (nodular iron} tepresents ene of the import-
ant metallurgical applications for misclaneal. This aron
shiows laelhe streneth and diwulite, gomld corrosion resdstanve
far least equadl e cray men!, and woad wachinabilitg, and
more earfe reambles steel than ooy Jronl Maonesium s
used ]‘ur'ﬂlllh!l-m of mist of w ductile fron. and miscli-
metal or corium addinons ave s e veduce the offect of
subnersive eloment (dunnm, lead, hsmole antmony, ar-
seqe. slurmnuan. otesd, help desalforizationg inerease mag-
nesman recovery, and nerease ladle faidite,. Additions of
the RE may be made separately fnllevone the magnesning
additien, or as asthovnene nesamerscbnnetal athow or other
allon, Kanter and otiiwes 119620 have spesested the adidionon
of vttrimm B vast iron, catine advanbtaees over the widels
wsed pmagmesinng and over ceriun, Bue diere does oot appean
tos Liav e e e cannilreigl ise of this R, i‘tvnﬂ:l\ Lxcikared
oy cost copesalerations,

Moy allews of the rare earths lave beon desertbed in the
literature, e wost importent being that of the RITs with
cache otlicr . mseliduetal, withe a wpical connpositioa of 13-

Y

wipcent ceridm, 22225 pereent Dinthaoam, 1317 percem

‘uu-'uuiuln. 10 percent other rare eartlis up to 5 peyoent
iron. (L= pervent stheont, and sialler conouiss ol calein,
phemesiutg, alumamum, oxveen, wnrecers, and carbon The
oldest, md stll one of the mast gportant wses of mischs
mictal soan the munufactere of spanane metal alless {or
cigarette lighier fhines and weliing cas eniters, These pyio-
phene allovs contan 70t 80 percent of nasclinetal and
20 e 30 percent of won,

Miscluoetal soadded 1o masnesinm and abiminum allovs
e provide stenpeth ac Bigh wagperatine: tor example, in
Atreralt framwes and i aluriim jrsteatas foy miternal com
Bigstiom enines Trorecent veans theee fo been sane replace-
pent of thie REs inomiaeoesinn allons b thinrium, and sone
evidenee that dwdvimiom (prascodvisinm plis neodvmim
15 Meior o cerium of tomis hmeta] o obaning Tache
perlormance alloy castines. Thowe s e actvite evidine
at prosent o use of die KE's e aluninun allows,

A great number of other allovs of the rare earths have
Ieen reported e the literawore, none of which apparentls
las reached dae stave of e comnnereial agnificance, As
examples, vitrium additons of ahant 1 percent w chiroing

.m;]:n\-r the oxidation resistance of el temipurantre sviee
allovs due to improvine adbidrence of the oxide coatue 1w
the surface of tlie chromiumehose allons: Yuriom addinons
also lower the duetle-brittde wansinen of chromum. Yt-
trivsn adihitions to molsbdenum greatly merease the streneth,
hardness, and reerystaliizanon temperature ol molvhde num,
Yitpn adcitions o mobwamebase allovs jmprove the duc-
nhtv, hugh temperature strength and fabncability, and re-
dyce the oxveen and nitrogen contents, giain size and the
degiee of coring.

Carlion are electroder. Use of the rare earths in carbon
ate electiodes dates back ta the early 19007, being one of
the frst majar uses of tare earth compounds (Auorides plus
oxides), and aceounting for about ene-lourth of the rare
carth market for manv vears. The electiodes are made by
forming the electrode as a hollow carbon tube which is filled
with a mixture of RE tiuoride and oxide to give a compro-
mise between luminosity and speed of volatiiization. The
enred carbons are used by the motion picture and TV in-
dustry, both in studio lighting and in projection because the
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guality closely matches thut of natiral sunlicht, Army, Navy,
and Coast Guand searchitizhits also use these RE cored car
hons because of the hieh hehe snput—the luminesity of the
cored clectrode fs appreximatels ten thimes thiat of a plain
carben electrade T he dncrease in light output 5 caused In €
sopne of the atoms e the volitilieed RE compound being
I.li\l'] Liv an '.\;*.I.hul'. slates b l‘..'ilc-*-lllt' Tds I]Il ﬂ{r‘.'.' llf
electrans frerm the are: upion retarn o the gronnd or stablhe
stte the excited atomes erut ereree as lehit, Thes phenome-
ton i stbir s pespects o the excitation mentioned
previosly moconpection with lawrs, but the ae light does
not mdinte as o renifarerd, eoherent wave.

(See Anderson, 1961 Manedle and
iler, 1960 Parker, 1967, K-
[T ereater availabialite and seneralls
arths make thew of connnmne
interest fnr [JART ]|_|_r TET 3 . Y ‘m'hir nf !]||' H o .1]->1-!|Jt‘.i-ll
eross secons of thie cire edrtls metals shows thar ey ranoe
frotnr voadolimin, sl the hiohest absorpiion cpess: section
for thertal neatrors of oy patoral elesment (0000 barns

to cerin with only 007 barns. The mest nportant present
and potentia! wees for the RE's o the nuclear field are as

IHH!-‘.\

Nuclear apphicattian
Manelle, 1964, 1906, Gacln

Vsop apnl 1w, 153

[ll.'u'_l_]*l‘!ll vrents o] 1l rar

I ONeutron-aheorbey appdications, that s, contro!l  rads,
Burnable pedsons, s suppressors, and shielding, Eu-
ropiun, clespnosinm, wunariuin, gadaoliniwm, and possi-
Bl b and  thiliom, are ol interest in eonuol
vouds, Ealmum, desprosiinm, europium, gadolimum, and
pessible Tt dre considered as burnable-poison ma-
tetials. ol desprostum, and europiim might be
of use s s suppressors, I new development, R
cxiedes sueh as dyspresumn andd erbivm ware combine
wath hatrmn exide, which also has 3 high neutron .
cross sectiom, to mtake RE pyrehafnates, 'This {lrmidt"@ |
an inexpersive way ol incorporating hafnium inte eon-
tred rods, New' eeramic pellets made of aluminum and
samarinm exides or aluminom and  gadoliniun oxides

can be teod oas atotsie Ore extunguishiers by inserting

(!

them tapeddy anto o reactor 1o absorh oxcess neatrons
whenever the reactar appoaches a dangerous operating
level,

Dy Diluents in oxide or oxide-cermet fuels, The oxides aof
sirrime lanthanut, and eerium, heeanse of thetr low
tinelear eres sertons are used as diluents and/or sta-
bilizers i oxtdebase noclear fuels,

Hadrides, Yutrium hivdeide is of partienlar interest, be-
Citise it eontabns a lwege manber of hydrogen atoms
per cuble centeter, wearly equal to that of water

4 ox 107 for Y campared to 6,7 x 107 for H0).
Alsa, Y11 loses very little lidrogen up o 1,2007 €
making it an attractive nuclear shield for high tempera-
ture aperations, and supgesting its use as a moderator,
Cerium i« abo of interest, as are alloys of cerium and
wvitrium withe Areomum,

-l

(4} Stuctural metals or ingredients to modify structural
allovs, Yitrinm is used as a container material for liguid
allovs, sueli as uraniun- and thorium-eutectic alloys.
For example, viinum pipe can carry the 3 percent
(1r-95 percent U eutectie with essentially no corrosion at
L0071 Dse of some of the RE's and of yvitrium as
alloy modifiers tor zirconium and niobiwm is under
stuely.

(5} itighly efficient radiation shields have been dweln}}l:d":'
whiell contain layers of carbon and lead, dysprosium

Colorade School of Mines




@ 1968 Aandle

>

Y, A gy

« and lead, cadalinin alene and mitxed with feard and
tupdssten, ared o ool laver of lead o Esten witle ofe-
pleted nraniun,

Electromie and magnetic apptication 15ee Gaelmeieer,
aned Niandle, 1964, 19660 Speddine and
1961 “here are any leratuee
s ot varions pare eartl and yare earth compounds i apph-
cations which can be crouped vnder thie loomd penerie olas
S ol thiese

Daane releyenies to (hae

sliwaton of elevinne amd ninenetic

will b ehisensset hnefls

s

pet ey’

i electenn tibes, the WES have béen g as
electendes. amd eatTunle emitters. The
(herritest comtanmne WEs are of paiticulan bigpertanee, on
the Hass of vt wse e mderow ive eleotioniios
in electrome compiters. (IR TT A IR TR
Pl and TN L aned ae relar yansaers T
sttons whick have ceeeiverd st attention are thie s

TR T TR TALics
Four e lie
tel=

T me ienppg =

HLETT H e iA = R

W prarnets Yo, v the  sttmomeahapmitgm ormets
\ \(- “'Ill AR ALTEETT & of SRY | '-|‘||l'r H}I Ligvv e 'y -".,l:l!,,|.|,1'll
as Ternite raeverint Tl el of vlectronn apavitors, the
REO yeratiics vestte ceriin or otbanum swith hasivion 1ita-

R titates
e troin

nate appear to e of cormuenial mtesest, The
and stonates e used i cerami vilpacitiins i
cotipoainds for vibssile andl aivdvaft wpiplicatons

’ﬂ" '.llhi!‘il of thenpew fiern [RERAN LS S W TR S B CT Nizis Twirn
ol vonsderabile anterest. and senueonducrors appear o
thermoelestry Mamy e
carthy salts | avet lsren e .ﬂ-r 1ie il ful Thi\ |-||||n v, U vaibin] ETIRT
atleriele s offeredd vommetrcialle i
grnwratine erpipoent. |oe paoelurt has <hoawn thig Diisbest
vy m the dnvet vemversion of hrat o elriticine: an-
ranus, edbiiun, amd cuerbim selepidies annd telharsdes, mud
the aulides o cerfum and samardun als sl similar o
Sonr of e wmaterils | for tn.lln;l]l, coriven aned
st o stilbides T can T oosed an tesigeeratiores of 10007
C e direvt eomversion of birat o lectiicit

faverrabile aatenals Loy devices

hiteti theprmnelieti

IRl

e macnens susorptibilies and macnetie momens of the
HiS prtals. espedially the beavy wiembars,
are: the highest of all the elomonts, For exingple
bl and dvsppostim bave the hiches Knosn snagneti
musenibs of any eloment (WA Rehr mmavnetons, conpared
» and lisve heem evaluaied s polie plidces of

with 2.2 for itim
a ervorende macnet fof focusare laeh enerey olecrani

gadohniim 10
thiglinn

Anather recent development s the RE-cobale permanom
macuet. which mav beeome one of the oge mportiant
l. of permanent pacnets, 1o mabme the s, the
a ieogromnd o omiiion sjee. placed amoan exteinal maies
netie el tee alicon the miAgnrn |-|||'~ el 1w [I.trlluhn thingg
presusd togetlics e g a ninshed macnet. These mme
powerful macnes way Jead 1o smaller electric motors, hear-
mg aids, computers, ¢te, However, samye F”nilll'tl:h ae sl
o remaan with corrastiem of the RE cabalt allons

Strnat (L9070 points ont that the eobalt-RE allows of the
Ry and RCo tvpes show the best macnene cliaractepss
ties, witht thue rare carth chesen from sttinom,  oeriunm.
;n.‘mq.:rl_unium veadvinnm, or samarnnn, and with SmCaos
and mpchmeal Cos baving the best apportunities for com-
mercialization

Miscellaneous urer, NMany references show the REs ar RE
complounds as mimnor hut esential components moa wick
variety of applicattons. In the category “Diverse Apnlica-
cons”” Mandle and Mandle 119630 shaw 38 ceferences: thie
same= aunthors in 16 st an addioonal 104 references in tis
category, distributed as {nllows:

Mineral Industries Bulletin

Field ol use Number of references

Electrical 14
Cherieal 11
Molypiiers 10
Moediwnal er planimaecutical 4
[ nstenment ateon 12
Fonndey cores ton metal castines 5
Metallurey 7
Chls aned Tubsrie atien 5
IRubshwer k|
Murnents 4
Mot 4
ql].lal‘ e bopedosiee ¢
senls i
NMibserllaneates 10

1004

SUPPLIERS
M follotsinge cenpanies pre listed [ Parker, 1967 as

heite active i varions agwects of e !Jlndurliﬁ-l'l and mar-
Retine of rare carth compounds and metals,

ther RE concentrates:

Carpee Research and Euomeerine, e, near Jacksonville,
FFla.

Mumitzite, taritrate, and

Cliax Molvbdein Coo, Climax, Calo,
Flamphress Ninbne € o Fadlision, Charltem County, Ga.
Michipmy Chendeal Corp, St Louis, Mich

Maulytilernvum Corpe ol America, Monntain® Pass, Cllil,

C ampoumds and metals svides)

Earth Thvni-

e lueteny haghe-purity

Americans Povash and Chemical Conpa,, Rare
st West Chieaeoe, 111

W, R Gerace and Co, Divison Chiemieal Division, Chat-
oo a, Ve, and Papsipron Plaing, N. ],

MMictigan Chemdeal o vrpe St Lenis, Mich

Mohbdenum Comp, of Ameniea, Louviers; Colo., Moun-
tarm Pass, Clalif . and Washingon, 1Pa

WResewc b Chiennseals. Divsion of Nuelear Corp, of Ameri-
e Moems, Ane

[-I'II‘I" ¢ .Illuilll' ('nl!_l_._ 1-\”!_“.'1 \.\.' \'.'4_

RE compiunds, onall producers:

Chemetils Ca, Pavision of Gallard -Sehlesinger
al MMe Core, Carle Place, NU Y.

Transeleo, Tue, Penn Yan, NOY,

Atowner e
Clivin

Mivelimetal:

Amenican Metallurgical Prodeets o, Tne., New Castle,
P,
Ronsan Metals Corp Newark, No T

Hivher punty metal:

Amencam Potsh e Chermeal Corp, Rare Earth Divi-
sion, West Ulpeamo, [

Atcamergie Chemetals Coy, Dhiviston of Gallard-Schlesinger
Chemical Mg Cone, Carle Place, N. Y.

Lunex Co, Pleasant Valley, lowa.

Michigan Chienncal Corp,, St, Louis, Mich,

Ronson Metals Corp., Newark, N. ]
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PRICES

Prices of rare earth matenals, hath the high-purity ele-
ments and  the lower cost nuxtnes, are showing the in-
evitable effects of increasine demand and greater availability.
Thus, averave costs ol the RE'S have been decreasine at a
rate of about 10 percent per veinr i recent yes,

Certain factors shiauld e kept in i in assessing the
present ol potentad poce structate of this market. More
vwses have heen developed and the marker outlook apprears
to be much beter tor the hght groyp RES than for the
heavy elements (holmaum. erinum, thahom, latetum . Some
of the REs feoropun. thublium, lutetium o are eenunely
rare, and parobuhlv abwass will be expenave. For example,
mere tan 10000 pounds of RE o st e processed o
obtain one pened of suropnam oxide. The RETs wsualiy all
ocenr weether and associated with vitrium, s that demand
lor one of the clements leads o concomitant production of
the associated sdmibers T osuch cases, e product desdred
Fist I'H'.H lll.l' 104y I‘l.lll ol ”.I' [RELY nl' "lhll.l'illll. d[](i Ihl‘
other materids are acumuiated as byvproducts, As a4 more
Balanced market os developed  for the entde RE family,
separation onsts can be shared and poees dionld show a

further decrease

. Some quated pnces Parker, 196571 whiael appeared early
n TUG8 are tiven i the Toallowime tanbulatons, together with
sorne up-tosdate revisions ohtaned from Molveorp persannel,

Mived RE compmunds:
e

Dollars per pound
1,251,400

Cene ovidde 1 46

Dhdbsingmme and RE ehlorides 1270 40

i nedsamiurne carbonate 1.30

hvdhiate

All i lots of 5199 pounds

Pare oxides:

Cerinn oxade 1.a0
Newwdvimpn oxide 10.00.37 50
Furopam oxide 00
Cradoelinium oxide 1565
Yitrien axide 1145

3 00023500

Allin lots of 2299 pounds, 999 pereent pure

Ladtetium oxide

Metals;
Mischmetal, @6 1o 1.00
Misclimetal, cenum-free .00
IHdvynuum metals, 970, 15.00
Crrum metal, 90 967 20410
Lanthanum metgl, 90 Qe 2750

All in 50-100 pound lats

AMetal ingots, 9999, small lots:
Cenum 70
Europium 3,60
Lanthanum 70
Neodvinium R
Samanum 160
Yttrium 160

Distilled metals: about 3 percent higher than ingots,

Metal powders: in t-pound lots about $40-30 per pound
greater than the ingot prices for lower priced metals, and
$200-300 per pound greater than the ingot prices for higher
priced metals.
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Current guotations [ Metals Week, Feh, 3, 1969 on
hastumsite concentrates, fody, Nipton, Calif., for carloads,
per pound ol REQ contained, are $0.30 for 55-60 percent
REQ, and $0.35 for b8.72 percent REO concentiate. Rare
carth oxde, 8892 neveent pure, fob. Nipten, Calif., is
quoted at $0.45% per pound,

SUMMARY

The rare varth dusty, from its humbie beginning at
the start of the twentieth century as a stepehild of the
thorium gas nontle midustry, has weathered sene romantic
and glamorous pericds marked by over-optimistie predic-
tons, and now appears to have matered inte a dignified and
respreciable stace, with products of ever-increasing commer-
cral significaniv,

Some Tustoncal landmarks 1 this development include
the production of wischimete] in the early 1900°s, the inven-
ton of cored are carhpns in 1910, the major commereial
development of Jon exchiange o the late 19490°s making pos-
siblp the praducnon ol pure metals on a large scale, the AEC
work i the el 1935 on thonum lor nuclear reactors
which appeared o presage Large additional amounts of by-
product RE's and led 1w the search for otier raw materials,
resulting in the comnnercial development of bastnasite, the
AEC wark in the mnd< D930S o atreraft nuclear propulsion
that required Targe amoints of high purity votriem, and
fimally the cammercial [raition al liquid lon exchiange in
the mnd-1800%s as an alternative methiod [ te ion exchange
for preparation of Hgh-purity rare eavthis

The only RE materials available for many years were
mintwres  (exeept tor cenum, leading to the traditional
procduct distribution 1atio of about one-fourth to cored car-
hans far are lighiing, one-fourth to mischimetal and cerium
metal for liehter s and some magnesinm and  ferrous
allovs, ane-fonrth to the olass industry, chiefly jn polishing
but some o the bhatch for coloring and decolonzing, and
one-lourth divided among many miscellancous applications.
T'has pattern persisted with hede modibeation antil the early
Fanl's, when 1t was chaneed radically by tswo major new
uses: the RE phospliors comprising highly purified eviopium
and yttrium oxides used o color TV tubes, and RE catalysts
for catalytic eracking of hydrocarbons, using mixtures of the
RE ehlorides,

Faday the separated, purified RE'S account far some-
whicre hetween 63 and 75 percent of the dollar value of all
RE produets sold, although on a volume basis they represent
only something under HE percent of the total, The major use
of the mixed RE materials in tenns of peunds has become
that in petialeum cracking catalysts, with the glass industry
also conunuing to he a major outlet for the RE's both for
pohishing and as elass mgreclients.

The moest important uses at present include phesphors for
use in calor TV wihes, mercury vapor lamps, and fluorescent
lights: superactive catalysts for petoleun eracking, now
representing the largest single volume outlet for the mixed
RE's; in glass and ceramics, which is an old application but
undergoing considerable recent growth; many  applications
in metallurgy, where the RE's have never reached large
volume but in which the potential continues large; in car-
bons for are hiehits, another very old use which has continued
ta show moderate growth, and completely new outlets, for
example, in lasers and permanent magnets which require
only pounds rather than tons at present but appear to offer
great promise for future development and growth,
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* The increased availability of the RE's, concomitant with

a steady decrease in the price of the purificd materials, liay

stimulated a large amount of applivation rescarch, and this

2 in turn should continue to promote the growth of the indus-

@‘ try. The possibility always exists that one of the many new

uses now lumped together under the heading “Miscellane-
ous”’ may be a large volume outlet tnorrow,
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November 16, 1970 B S TS
“Mr. 0O, Braaten o ‘
AJS MECOY <L Gy 2
Elkerhuset L = e —

Posthioks 54130
Oslo 3, MNorway

Dear "r. Braaten:

It was a nleasure to meet with vou and “'r. “idemo on Novemlor 6.
Mr. PParwell and I enjoved our discussions and hope that vou
found ther helpful,

It appears that vou are faced with a verv difficult problem in
concentratineg the rare-carth minerals “ro the carhonatite ore
which you are investicatine., 2s Mr, Farel) exnlained, his
preliminary microsconical erxamination of the tahle econeentrate
which you sent us indicated that the rare=carth minerals wore
very finely disseminated, nredominantly in the ankerite. Even
after pulverizing to minus 270 mesh, very little of the parisite
and synchisite were free, The orthite, apparently, was not so
finely disseminated, a good proportion of it being free at 270
mesh, with the remainder as=zociated mainly with the barite,

If you feel that we can be of any assistance, we would like to
suaqgest that you send us a 19%-pound samrle of the raw ore, on
which we could conduct some flotation tr:t vork here in Stamford.
Wie would propose to test our npresentlvy availahle collectors to
determine whether we can achieve any urr7ul separation of the
rarc-eartih containing minerals, and hopeofulile nrovide some leads
wirich Mr., Eidsmo could follow up in his ova flotation work., 1If
microscopical examination of our test rraducts indicated that

we had made any procress, we would prol il 1 wish to return samples

of these products to vou for chemical analvsis.

If this suaggestion meets with vour approval, nlease ship the
sample, preferably crushed to minus 1/? inch and clearly iden-
tified on both the inside and outside of {lie container, to the

attention of Mr. li. llartijens at the followina address:

Cyanamid International
Berdan Avenue
Yayne, New Jersev 07470

1 [ ]
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Mr. 0. Braaten Hovenmber 16, 1970

. explained to vou durina our meotine, we Jdo nat ckaras for
work of this nature, but the amount of wnrk we can uvndertake
will have teo be determined b our initial test results, and
by the number of other nrojects to which eur Technical Service

Laboratory is alreadv committed,

Your=s sincerely,

i Davy

“ining Chemicals
Technical Sales Service

AD/cc
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Mr. Orvar Braaten B
Project Manager

MIZGON

(Metal Extractor Group of Norway)

Eikemhuset

DO, Box 3430

Oslo 3, Norway =

Dear N, raaton:

This letter is in reference to our discussions of November 9 and con-
tains our proposal for studies on rare earth ore from the Fen arcas
ol Norway.

It 18 our understanding that vour speetfic current interest is in the de=-
velopment ol a heneficiation technmgue for concentration of the rarce
earth minerats from the ankerite-caleite-carlonatite type ore,. TPrev-
ious work on this nre and on other wres in the district by your group
and cthers has also shown a high slegree of enimplexity with indicated
small grain size anid wide dissemination of the rare carth minerals,
Preliminary benefliciation tests have confirmeil this complexity.

It is apparent that a program to develop procts« methods for these ores
should be guite broad in its initial scope, preliminary ohjectives being
todetermine the bhasic chatracteristics of the «vr, Vs a Tirst step we
would plan a comprelicnsive ore examination vhilizime analytical, micro-
seonie, x-ray, and electron microprobe methods 1y ostablish the type
und physical characteristics of the valuable an:d dunrae minerals pres-
ent. Specilic vbjectives of this work would be to ohiain information for
guiding and planning possible process methods, Nineral liberation
stzes, physical characteristics, sssociations, dissemination, ete.,
would be of particular interest.
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As a parallel effort in this first phase we would alsa plan g procream of

exploratory tests utilizing gravity, magnetic, fMotation, and othopr mis-

cellanenus ore dressing methods to pain additional information about the
ore characteristies, As a parl of this work we would plan to investjgate
means for the separation of various constituent ore minerals since this

approach eould provide valuable information on rare earth asgopeiations,
possibly leading to an effective means of concentraiion.

Although the above mitial program would probably duplicate similar work
already done in Norway, we believe that it would be particularly useful to
carry out our preliminary studies independently. Later comparison of
resulls then should be quite valuable in the planning of subsequent work,

it is difficult and perhaps mappropriale to propose additional phases of
work in this program untll the initinl phase is completed and we hecome
familiar with the ore, [Lis quite probable that additional discussions be-
tween our respective organizations would he extremely uselul at this

point to take advantage of the considerable amount of information van

have already obtainced. We wouli concur that perhips one of the hest

ways to accomplish this would be by means of a visit by our project man=-
ager Lo Norway to discuss the proidlems in person with your stafl members
and vthers who have worked with hese gres,. However, we believe that
any decision on such a visit should await completion of lirst phase studies.

We would hope that the preliminary program would indicate promising
areas for lurther process research, in which case a second phase of
wark would be proposed outlining o detailed investigation of the methods,
This work usually includes evaluation of process variables, cm=idering
both the technical and economic aspeets of the trentmoent conditions, An
important part of this work would be the study of additional ore samples
to insure the broad capabilities of any propogsed process or to determine
the neecd for modifications.

in the final phase of a comprehensive tesi program it is our usunl practice
to evaluate the recommended process for the determination of necessary
engineering and design data. In some cases, if the process is new or com-
plex, il may be desirable to conduct eontinuous pilot plant studies at this

————
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Mo Orvar eaaten
MEGON

November 13, 1970
Prame 3

point.  Frequently, however, this is not necessut'y und sufficient data ean
be obtoined from batch tests to establish economic teasibility and to pro=
vide information for engineering desipn,

The Research Institute is well qualified to undecike this program to any
extent that is required. All types of both bateh amd pilot plant laeilities
are available and our organization has a long histury of success i) process
development work in virtually all phases of the mincrals industry, Stalf
members have many years of laboratory expericnee in proecess research,
In.mast cases preceded by valuable jndustrial expericnce. We would be
particularly interested in performing this very challenging research pro-
gram for your organization,

The cost for the initial phase of this program is estimated at between

%7, 000 and 38, 000, covering a broad program of pelrographie and labor -
atory tests over an active period ol appraximatels one month. Wark
could probably be started during the latter part «f December contingent
upon the time the sample was received and the work authorized, As dis-
cugsed previously, we will submit our proposal for o continuation of the
work after completion of the first phase and more information is available.

Approximately 500 pounids of ore would be recomun nded as an initial
sample. This sample should, of course, he as representative as possible
of the main are body or of the areas of immediate interest, Other small
samples representing different types urareas ol v might also be useful
to indicate possible varintions in characteristics if these are available.

We are enclosing two copies of our research agi Liaint which Has been
prepared to authorize an expenditure not to exceorl S84 000, Charees
will be based on costs lhewrred in your hehalf as (utlined in Aptiele 1.
We would be pleascd to discuss anv madifications= in Uie contract Vol
[eel should be made. If you find it and this propesial aceeptable, the
project can be initiated hy executing a copy and returning it to us.

LR L Y T 1 T [ i T i el R i



Mr., Opewvor tiraaten

Noventber 13, 1970

Mapge o
1] mr visit Ai.']fi our t']ll‘;t_H.‘-i.‘_ill'lI’._"-: 1 1l '.'.'(""t!'. were moest intor "f]fl.l_' Ll WO

wonld e nleased to work with you on this problem 1o any extent that

may be helpful, We will be looking forward (o vour urther correspordencae,

Very Lruly yours,

i

Rohert C. Merriti
Manager

Metallurgical Division

RCM selym

enclosure



THis AGREEMENT, made and enterod into this day of

, 14 , betweenthie COLORADO S5CTHOOL, OFF

MINES RESEARCIH INSTITUTE, a cornoration not for profit, of the State

ol Colorado, having dn office and place of bhusiness in Golden, Colarado

(herein referred to' as the 'Institute’’) and MEGON (Melal

Extractor Group of Norway) » duly organized and existing
under the laws of the State of » having an office
and place of husiness in 4

{herein referred to as the "Sponzor’,

WITNESSETH: That, for the purpose eof promoting the in-
crease of useful knowledge and in consideration of the mutual promises
and covenants herein contained, the Parties hereto agree, as follows:

l.
The Sponsor hereby engages the [nstitute to conduct research

and develonment work Tar the Sponsor relating to nreliminary atudies off

means {or beneficiating rare earths ore from the Fen Areas, Norwav,

as ner propnsal letter 1o Mr, Opvar Braaten [rom R, O, Merriti, dated

“ November |3, 1970,
(herein referred to as the "orojoct''V for two {2) months

period commencing on the day that the Instituie assigus one or more of
its staff members to the project. The Sponsor agrees to pay to the In-
stitute for its services on this project a total sum not 1o exceod

Kight Thousand (58, 000. 00} DOTLLLARS




(erein referred to as the researebl fund™y, snd The Tnstitote <hnld net
expend more than said sum without first secem iy the approval of the
Snonsar to do so. The Institute =hall v=e its best efforts in performing
the research and development work reguired under this Agreement,

I1.

The [nstitute shall charge the Sponsor for the Institute's serv-
ices on the following basis: (a) the cost of dircect labor (including ap-
nlicable sick leave, annual leave, holiday pay, retirement benefits and
aone=half of socih! security cost) of Its employvees assigned to the pro-
ject, including all labor performed by the Institute in its scrvice shops
and analytical laboratories especially for this project (part time services
heing prorated); plus () 100 percent of this sum of mency in liew of ac=
tual everhead, including fringe benefits, unompleyment insurance, and
group insurance; plus (¢) the cost of travel and all other misecllaneous
axpenses necessary for this project, All supplies furnisiied by the Insti-
tute used in this investigation shall be charged to the Sponsor al the (n-
stitute's cost plus a 25 percent hundling charge.

II.

Invoices shall be rendered 1o #he Spansor by the Institute, as
follows: (a) invoices shall be rendered on or about the first of each
month and shall cover actual charges incurred on the project during the
pnreceding month including the charge for overhead as defined in Article

I1; (h) the fina! invoice shall be submitted for the final month or fraction

bl P e Y T e : v ! VUl
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theteof promprly sfter completion of the projodt. Pl Sponsar agrees
ta payv the ifvoices of the Institute, so vendered, within 10 duys after
receipt.

.

Incensideration of the availability of the wide varicty of equip-
ment now in the vossession of the Institate, it is mutually agreed that,
in the event that additional equipment shall be required for this project,
such additional equipment shall, with the knowledge and approval of the
Spenzor, be built or purchased by the Institute, and the cost thereof
paid by the Sponsor. It is further agreed that additional cquipment so
builtor purchased shall become the property of the Institute utthe com-=
pletion of the project or upon ter mination of tids Agreement, unless the
Sponsor shall, atthe time work censes on the project, request delivery
to it of said additions] eguipment, in which event the cost of packing,
shipping, etc. shall be borne hy the Sponsor.

Vs

The Institute agrees to render to the Sponsor, at predeterm-
ined periods, written reports of its findings and progress made during
the term of the project. .

Vi.

Any and all patentable inventions, applications {or patent and

patents thereon relating to the subject matter of the projoct as herein

defined. which may be hereafier made by staff members assigned by the



Institute to this project, during the time theéy nre perforniing work on
this project and as a result thereof, shatl become the pruperly of the
Sponsonr, subjeet to the terms and conditions of this Agrecmunt. The
Institute will make such agreements with personnel it employes on the
project as to insure conveyance of all rights to Sponsor, cluding sig-
natures of such personnel as may be required to effect the intent of the
preceding sentence.  The Institute shall cause to be kept complete and
systematic memoranda in writing, including noutes on all experimental
and research work, descriptions, dingrams, and other data, pertaining
to inventions relating to gaid subject matter mode while working on said
nroject and resulting from worlk thereon, which memoranda shall be
available at all times to the Sponsor. In the event that the Sponsor de-
sires to keep secret any new process, article, machines, or composi-
tion of matter, relating to the project, invented by stalf members as-
signed tothe project and as a result of their work thereon, the Instituie
shall use its best efforts to maintain snid inventions sceret and net to
disclose them to anyone without the consent of the Sponsor.
V1l

It is also agreed that no advertising, promotional, or public-
ity matter containing any refercnce to the Institute or io the Colorado
3chool of Mines, or to any of their employees, shall be made use of by
the Sponsor oranyone in the Sponsor's behalf, unlessand until the same

shall have first been submitted to and received the approvalof the Direc-

e i C 3 kg o - IFIRTTY “LJ[=ge o -



tor of the Insatitute.
AU R

In the event that the research fund provided for in Article I
hereof is expended prior to the expiration of this Agreement, the Insti-
tute shall discontinue workonthe proiect and this Agreement shall term -
inate, unless the Sponsor, prior 1o the date on which work is to cease,
authorizes the Institute, in writing, to continue work on the project and
agrees to pay the cost of such additional work in accordance with the
terms of this Agreement. Should the work on this project be completed
to the satisfaction of the Sponsor before the research fund is expended,
the Sponsor shall have the right to terminate this Agreement.

IN WITNESS WHEREOF, the Parties hereto have caused ithis
Agreement to he duly executed by their duly authorized officers the day
and year first above written.

COLOMADO SCIHOO L OF MINES RESEARCH INSTLTUTE
-:I,v'?‘_ 2
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Nrector

MIEEGON
(Metal Extractor Group of Norway!
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LW

r. Orvar Braaten
A/S Mepon
IIlkemhuset

P, O, Bax 5530
Osle 3, Norway

Uparading of Rare Earth Minerals from Norwepinn Ore

Pear Mr. Braaten:

e appreciated the opportunity of diseussing with vou and Mr
problems encountersd in attempting teo upgrade the rare carth
Fen ore. From the report by Mr. Marcus Pigre, iate Profc

Dressing, and our discussions, evidently ne effoctive bencficlation procedure
has been developed. In a major portion of the vre bodv, the rare earth
minerals are intlmately assoclated with the bhemztite in 2 silze ranpe that

would be virtually impossible to liberate. Hokever, In one section of the
ore body the rare earth mineraliration is much coarser. This 1s the portion

of the ore body from which the sample has been taken for the proposed hene-
flelation studies.

Our. scope of beneficiation studies would include only flotation. We would
cxamlne varlous reagent combimations snd procedurcs which, as dndiecated by
our pasl experience, could possibly activale and cellect the rare earth
minerals. The inftial testing would dnvolve the use off fatty acid collectors
with dispersing agents that have boen effective an ores with similar mineral
character. Possibly the testing would dnvolve the selective removal of
cangue components prior te the rare earth recovery or possibly the rare

earth minerals could be recovered along with a carricr mineral such as
nematite.

Tf possihle, the concentrates produced in the laboratory will he examinad
under the mieroscope and compared with samples of relatively pure minerals
obtained from you. Samples of products frem all will be retained In our
lzhoratory. Samples from selected tests will he sent to you, via airmalil,
ror analyses and communications maintained by telex.

LEADERS IM EYPERIENMNCE AND SERVICE AIR
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TIE GALIGUHER COMPANY

Mr. Orvar Braaton .
AfS Megon =

%]
I

Novesber 13, 1970

The time iaterval required for mailing samples, assaing and recelving results,
will to a larpge extent govern the rate at which Llic prosram proceeds. As testing
proceeds thera wili bhe times when it would not be prudent te proceed without
knowing results of previous tests.

e estimate that our charges will be 3300 te £1,000 perp month. The charpges are
based on $10 per lhiour for sample handling and preparation, and 515 per hour for
testing and reporting. Miscellaneous charges such as outside microsceopic studies
will be at cost plus 10%.
A progress report will be submitted to vou each renth sleng with an involice for
the previous months' charges. Meetinps as necessary con be arranged and our

. Laboratory will be open to your engineers and suzgestions.

Under separate cover we have mafled by sirmail, printed matter, the various
Galigher bulletins requestod. .

we are looklns farward to working with you on this preject.
Very truly yours,

THE GALIGHER COMPANY

4 -~
(Ié;. [j? (iijgﬁ?igfﬁﬁa- g//’: | A AR TR S

H. A. Dhwson “H. A. F'hr;nn, thnger o
letal lurgise Metallurgleal Sales
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BES®K VED U.S. BUREAU OF MINES RESEARCH STATION, RENO,
NEVADA, 11.11.1970

Deltagere fra Megon: Odd Eidsmo og Orvar Braaten

Vi motte fglgende: Dr. T.A. Herrie
R.E. Linstrgm
M. M. Wong
Pref. J.5. Winston
J. W, Walkiewiez

J.J. Sjoberg
E. Morrice
E. Aamland

Mr. M. M. Wong som har overtatt dr. T. A. Henries stilling som
leder for instituttet viste omkring. Vi besd anleggene for elektro-
lytisk fremstilling av legeringer med sjeldne jordarter og ren-metall-
fremst:lling, produksjon av magneter og foretok et ganske kort besgk

i deres ekstraksjonsavdeling,

Cand. real. E. Aamland hilste vi ogsd pd, han er nd igang med sitt
arbeide i henhold til planen, men har bare veert i virksomhet 1 et par
méineder ennd. M.M. Wong fortalte oss at han i privat brev ira
professor K. Grjotheim har fitt vite ar professor Grjotheim selv vil
tilbringe 6 maneder (sabbatical -1/2-year) ved instituttet isteden

for dr. Lutzow-Holm. Dette har professor Grjotheim ikke fortalt

Q58 noe om.

Det var lite av verdi 8 hente i Reno ndr det gjelder oppredning av
Fensmalmen. Vi etterlot 4 mineralprgver hos J.J. Sjoberg som
har utfigrt en spektrografisk analyse av materialet. Denne viste
seg, da vi mottok rapporten, imidlertid & veere av meget begrenset

verdl.

QOrvar Braaten

OB /kk
11.12.70
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HAZEN RESEARCH, INC.

SO (MOIGTdN S THEET
} GIDLITEN ORI LG « 21T 00
TELERONE D00 /279 A0
Decembar-4 19470 ——nu,
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A/5 Menon _ br e ad _ . 'jﬁe._.
Metal Extractor Grove of Norway | o ' 'H
Elkemhuset (R Ve RS N TTix Lo} L oL | =
. Q1 Box 5430
Majorstua
COslo 3, Norway
Req: Proposal to determine the guantitative rare earth-mineralogy ol
drill core No, 2 from the Ten deposit:
Dear Mr. Braaten:

This letter will confirm the discussions cencerning the en project
hotween asscclates of A/S Negon and Mr. Reland Schmidt of Hazen
Research, [nc. durning hig recent vistt in Nonvay.

During this visit Mr. Schmidt had an opportunity to become acguain-
ted with the technical personnel who have previcusly baon engaacel in
various phases of the study of Fon carthanatite. In addition, the Frn area
itsell was visited as well as the Norwegion Geologieal Survey it Trondheim
where three diamond drill cores fion Fan werz examined.

As a result of this review the decision was made that tho next,
assential step in the Fen project 15 to detarmine the guantitative rare
parch mineralogy en ardll core Mo 2. This corecengists primarily ol
carbonatite (rauhaugite) and apparently rapresents rather typical ore.

We propose that Hazen Fosearch undertake for you this quantita=-
tive mineralogical study in accordance with the following outline.

1. Quantiative concentration of rare earth minerals in

grer to datermine:

a) actual percentage of rare earth minerals wesont

Bb) identity of the rare sarth minerals

) chemical distributioh of rare earth elements In

these minerols
d) range in particle slze
el aG B = L =
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NS Megon -2 - Liceember 4, 1970

The preparation of a reoresentative composite sample of the
entlre dril]l core No. 2 should e done at the N, G. U, laboratorics in
Troncdheim. Since this core has already baen split in half [or assay
purposes the minus 10 mm reject cbtalned (h sample preparatioin could
be used for this purpose,

The methed used to abisin a concentrate suitabloe for these deter=
minations will be through selective leaching, at coarsé pacticle size,
taking advartage of the relative insolubifity of the R.E, fluoecarbonate

. minerals in weak acids. Small scale physical heneficiathien methods will
be emnloyed only where absolotély nacessarvy. The seleclive leaching
will be done with the raw ore avrelatuvely coarse particle size 50 the
natural crystal size of R. E. minerals will nat be destroyed.

rom these fundamental data it will thon be possibie to choose the
type of commercial beneficiation process and o some extant the conditions
necessary for upgrading this ore.  In addition, Jvwould then be possible
to estirmate what grade of R.I. mineral cenceéntrate ind recovery could he
expactad,

It is estdmated that this work can be stdaried in the benginning of
January, 1971, provided the composite sample 15 available, and will be
coempleted within three months, The expenditure for this wark will be
approximately $2, 000 per monlls not to excaed 50, D00 wotal, Motthly
prograss letter reports will boe issued with a final report after completion
. of this work.

I hope we will have the eprortunity (o undeinke thils work for you
atd woe are enclosing a standard form of Professional Services Agroemeit
for your consldearation.  Lf 1t would he simpler for you from & business point
of vidw to have the work accomilished on the baszis of ¢ Purchose Order
from your company, this woule bhé entirely satisiactory with us.

Very truly yours,

-

Wayne . Hazen

Fresident
WCH:mp .
Enhclosure .
HAZEN RESEARCH INC
e e et e T .

i- -
| ] [ ' = s . . A i R L - .J



