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Donent GunnarThorsen,
Instituttforkjemiteknikk,NTH,
p.t. Universityof Dradford.

RAPPORTFRA BESK VED WARREN SPRINGLABORATORY 27.10.1970

Til stede: Mr. L.D. Muller,Mineralogy2ection,

Mr. D.V. Jackson,MetalsExtractionDivision,

Mr. T.J. Hickey,MineralProcessingDivision,

Overing.0. Braaten,A/S MEGON,

DosentG. Thorsen,Instituttfor kjemiteknikk,NTH.

Hensiktenmed besøketvar å diskuterehvilkemulighetersom foreligger

for oppgraderingoe utnyttelseav malmenfra Fensfeltet.Med WarrenSprings

erfaringog ekspertise,spesieltfra arbeidermed malmerfra Mrima Hilloa

Kangankunde,bør deresvurderingveie tunetfor de videredisposisjoner.

Det fremgikkav samtalenat man anså opparbeidelsenav malmenfra Fensfeltet

som megatvanskelie.Det var blitt knyttetvisseforhånnineertil en kal-

sineringsmetodefor behandlingav karbonatenehvorvedkalsinmoksydvaskes

ut med vann os de sjeldnejordarteroppkonsentreresi residuet.Dettevar

med hell blittutførtmed malmenfraKangankundehvor de sjeldnejordarter

forelåsom monazit.WarrenSnringLaboratoryhadde foretattnoen oriente-

rendeundersøkelsermed dennemetodenmed prøverfra Fensfeltet,men med

negativtresultat.Detteskyldtesfor det førsteat jerninnholdeti den

ankeritholdigedolomitgjordeutvaskingenvanskelig,og dessutenhar det

vist seg at jordarteneforeligzerverentliesom fluorkarbonatersom ned-

brytesved kalsinerineenpå like linjemed de øvrigekarbonater.

ctt it,c4ckiLt Ci%C oNi‘.wpieLL&tr.o.k‘covc,„,_

Mr. Mullerhaddeforetattvissemikrosondeundersøkelserav de tilsendte

prøverog nevntespesieltat det var påvistcerium,lantanog dysprosium.

Braatengjorderede for de forskjelligeområderinnenforFensfeltet,og

feltetsheterogenekarakterble fremhevet.Fra WarrenSpringsside ble

det hevdeti denneforbindelseat de forskjelligeområdermSttebetraktes

og håndtereshver for see.Det ble fremholdtmngetbestemtat man ikke

kunne regnemed at den metodesom eventueltble utvikletforbehandling

av malmeninnenforett områdepkunneoverførestil de øvrigeområderinnen-

for feltet.

Det generelleinntrykkfra samtalen.varat WarrenSpringLaboratoryga en.

[41..; J--



meget nøktern og gjennomtenkt vurdering som i hovedsak gikk ut på at

forut for konkrete oppredningsfors#ker det nySdvendigmed omfattende

kvalitative og kvantitative mineralogiske underrøkelser. Det ble dessuten

påpekt at mineralogiske undersøkelser som utføres med sikte på kommersiell

utnyttelse av malmen, bør gjøres i intim kontakt med neste ledd i pro- "
sessen, dvs. oppgraderingssiden.

Da mineralogiske undersøkelser er både tidkrevende og kostbare, ble det

anbefalt at man i første omgang konsentrerer undersøkelseneom det område

innenfor Fensfeltet som blir ansett som mest lovende ut fra en totalvurdering
av sammensetningen.

På grunn av forsinkelser ved flyavgangen fra Oslo, måtte møtet utsettes i

forhold til den opprinnelige plan. Dette medførte at Mr. A.W. Fletcher,

Head of Metals Extraction Division, ikke hadde anledning til å vare tilstede.
Under en samtale som underteEnede hadde med Mr. Fletcher to dager senere,

ble det imidlertid fra Mr. Fletcher's side fremboldt at det burde vare vel
verdt å foreta en narmere utredning og underr#ftelseav alternative prosess-

ganger basert på kjemiske°Syrometallurgiskemetoder. Mr. Fletcher vil gjøre

narmere rede for dette i sitt brev til A/S MEGON.

Det synes i denne forbindelse å vare grunn til å peke på at Mr. Fletcher

h#rer til de fremste eksperter innenfor ekstraktiv metallurgi. Selv om de

nye veier son blir antydet ikke skulle vare teknisk/#konomiskanvendelige,
vil undersøkelsene kunne gi impulser og rom for nytenkning som kan vare

av uvurderlig betydning for fremtidig aktivitet på andre områder, eksempel-

vis med tanke på alternative prosessganger for dr mer konvensjonelle

metaller.

Av samtalene fikk man inntrykk av at Warren Spring Laboratory anser fore-
komstene i Fensfeltet som meret verdifulle. Ved undertegnedes tidligere

besøk den 1.10.70 ble det således uttalt at dersom man hadde hatt til-

svarende forekomster i Storbritannia,ville dette ha vaktbetydelig interesse
på britisk industrihold med stor konkurranse om rettighetene.

Bradford, 9. noverl-r 1)70

Gunnar Thorsen
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41) Dear Dr Braaten

I was sorry that your plann was delayed and I was unable to meet you when you visited
this Laboratory on 27 October. However, I understand that you had a useful discussion
with Messrs Muller, Hickey and Jackson.

Processing the F,encarbonatite is an extremely complex problem. Following the
discussions we would suggest the following approach:

1 Selection of an area of the deposit for detailed study. The selection
should be based on adequate reserves of essentailly one ore type containing
recoverable values in addition to the rarc carths. Present evidence suggests
that apatite is the most likely additional value although pyrochlore may be
worth considering. It is possible that you may alroady have made this

selection in deciding to concentrate on the intennediate zone described in the
discussions.

2 Preparation of a suitable sampin or samples lhat can be considered
reasonably representative of the reserves in the area selected.

3 Dotailed applied mineralogical investigations on the samples to identify
and quantify the minerals present, the distributton of values, particularly
rare earths and europium in theso minerals and detennination of the liberation
size of the important minerals.

It is considered inadvisable to start any beneficiation studies until the
mincralogical studies are complete. The calcination process that has been discussed
with you appears inapplicable for two reasons, firstly the iron content of the dolomite/
ankerite prohibits satisfactory slaking of the calcined product and secondly because

the rate earths appear to be present as fluorocarbonates and not monazite and the
fluorocarbonates will decompose durimg calcination.

Chemical extraction processes are unlikely to be economically viable without precon—
centration of the rare earths and this is dependent on the mineralogical findings.

However, it is possible that Dr Thorsen might like to carry out preliminary feasibility
studies of routes which we could suggest such as salt roasting, alkali fusion and
other heat treatments followtd by leaching while he is in this country. Such routes

/will have 
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REiSERAPPORT

fra besok ved Sylvania Eiec ic Produ..ts c , Towanda, samt notater

fra moter i -New Yoric anL6;ende og rastoffer.

Ved Orvar Braaten o Bjorn Gaudern tik

1. BESOK VED SYLVANiA ELECTIC PRODUCTS INC. , TOWANDA

2 - 3. NOV. 1970

1. Generelt om Sylvania og ferholdet Meoon S rivania

I Towanda, Pennsvlyania„ har Svivanta Electric Products Inc. (Subsidiary

of General Telephone & Electronics I sn Chernical and Nletallurgical

Division. Her produseres tosfor er fo! TV og belysning, wolfram-,

molybden- oe germaniumpiodukter hullmasker ior TV-apparater, samt

diverse andre kjemiske og metallur:iske produkter. Virksomheten ble

etablert i 1941. og aydelingen har n.t a 1400 ansatte. Nærmere be-

skriyelse av firmact er pItt i følgende Iryl<ksaker, som er vedlagt ori-

ginalen til denne rappoit

"Innovators m Chernistry and Metanurgy-, Sylvania Electric

Products Inc. Chemic.al md Me!allurgical Division Towanda,

Pennsvlvania

-Sylvania in Towand,.. 23th Annivyr ry, 1941 - 1966.

0. Braaten og B. Gaudernack ankom til Tov.anda om formiddagen den

2. november, oo motte i lopet av dagen folgende representanter for

Sylvania:

Dr Richard W. Mcone% vice piesIdent & general manager,

Mr, C. H. Spar ro\i, rn anage r, c enl racts and rnarket services,

Mr. Walther S. Ebeihard m;thitger ot materials,

Mr. Leon H. Dennis, rnaIimer o k9,gineering,

Dr. Felix F. Mikus, manager ot7phosphor research,

Mr. James .E Mathers. ennincer phosphor research,

Vi hadde 3 uker for besoket send, en rnove p4 cd. 100 g YO3 (produsert

ved Adogen-eks'iraksjon I 1EA's ibor ato' ru'ia i1 Sylvania for analyse



og testing. Disse undersøkelser var fullført bortsett fra analysen på

Ce, som ble ferdig 3. november. Av analyserapportene, som

følger som bilag, fremgår det at det ble påvist 4 ppm Ce, 1,3 ppm Dy

og 1 ppm Tm. De øvrige SJ-elementer var under påvisningsgrensene.

/vIengdene av andre forurensninger var også meget små, ifølge den

kvalitative spektrografiske analyse.

Folkene i "Phosphor Research" (Mikus, Mathers) sa at denne prøven

representerte det reneste Y203 de noen gang har hatt til undersøkelse.

Videre erklærte de seg meget interesserte i et slikt superrent Y203

("we have been looking for this kind of material for years!"). Riktignok

hadde en foreløpig fosfortest med den tilsendte prøven ikke falt helt til-

fredsstillende ut, idet tilstrekkelig "brightness" ikke ble oppnådd. Det

11)
kunne ikke umiddelbart gis noen forklaring på dette, men det ble antydet


at man kanskje kunne få bedre resultat ved å "dope" produktet, dvs.

tilsette kontrollerte ppm-mengder av andre SJ. I alle fall ble det under-

streket at man ikke på grunnlag av denne ene testen behøvde å slutte at

vårt produkt ikke kan brukes for fosforfremstilling. De sa videre at

dersom vår prøve er representativ for et produkt vi kan levere, vil en

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

•

Den prøven vi hadde sendt, var brukt opp og de ba om mer av samme

slaget, heldigvis hadde vi med ytterligere 100 - 150 g, som vi ga dem.

De trengte dessuten en større prøve for videregående tekniske under-

søkelser (production test), og vi lovet at vi snarest mulig skulle frem-

stille 3 - 4 lbs av samme kvalitet og sende det til Sylvania innen årets

utgang. Vi vil så sammen med Sylvania prøve å komme frem til et

program for produksjon av større mengder i pilot-anlegget. Vi antydet

at vi kunne være "on stream" med Adogen-prosessen i februar 1971

og deretter øke produksjonen gradvis, kanskje til en samlet produksjon

på 2 - 3000 kg i løpet av 1971. Klarer vi fortsatt å holde kvaliteten,

vil vi sannsynligvis stå meget sterkt konkurransemessig sett og være

sikret avsetning for alt vi kan produsere i pilotanlegget, forutsatt at

vi kan holde en konkurransedyktig pris.

Prisspørsmålet ble forøvrig ikke drøftet i noen særlig utstrekning,

men det falt selvsagt en del bemerkninger i det området, således at

dagens pris på phosphor grade Y203 ligger på:

US $ 27 pr. lb, dvs. kr. 425 pr. kg.



Vi erklærte at vi var villige til å levere og trodde oss i stand til å

produsere Y203 til markedets laveste pris.

Vi antydet også muligheten av eksklusivitet overfor Sylvania, men de

understreket sterkt at vi skulle stå fullstendig fritt til å selge til hvem

vi vil (likesom Sylvania selvsagt må stå fritt i sine innkjøp av Y203).

Sylvania (Cal Sparrow) vil sende Megon et brev, som gir deres konklu-

sjoner på våre samtaler og anbefalinger for hvordan vi bør gå frem i

neste fase.

Richard Mooney karakteriserte markedet for Y203 som "volatile".

For tiden er etterspørselen liten, men plutselig kan det melde seg et

behov for f. eks. 5000 lbs som må skaffes i løpet av noen uker. Produ-

sentene må derfor være villige til å bære risikoen ved å sitte med for-

holdsvis store lagre av ferdig produkt. Situasjonen idag er da også at

alle de større produsentene sitter med lagre av både råvarer og ferdig

produkt. Ifølge Cal Sparrow må det bli en "shake-out" på dette markedet

i løpet 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 Y203 av lavere renhetsgrad. Han mente at det vil kunne bli et

betydelig marked for slikt Y203 innen keramisk industri, dersom prisen

blir lav nok ($ 5 - 10 pr.lb). I løpet av våre samtaler kom det også

frem at Sylvania er interesserti scandium (anvendes i lampefosforer)

og i rhenium, som de bruker i produksjonen av W-Rh glødetråd.

Markedsutsiktene for disse metaller ble betegnet som gode.

1. 2. Omvisnin i laboratoriene

Vi ble vist rundt i forsøks- og analyselaboratoriene til "Phosphor

Research" gruppen av James Mathers, ledsaget av Cal Sparrow og

(delvis Dr. Mikus. Eksperimentell forforfremstilling foregikk i

laboratorier dominert av glødeovner, for det meste mostandsovner

for temperaturer opp til ca. 1500°C, men også induksjonsovner for

høyere temperaturer. De fleste ovnene er utstyrt for gløding under

spesielle atmosfærer, som er nødvendig ved fremstilling av fosforer

på sulfidbasis.



Vi så ogsa laboratoriene for testing av fosforer. Prepareringen av

"slides" for fluorescensmålinger foregår omtrent som følger: Finmalt

fosfor suspenderes i en kaliumsilikatløsning ved rysting i en Erlen-

meyer, deretter fordeles suspensjonen gjennom en dyse i et større

volum av en fortynnet acetat-løsning Faststoffet sedimenterer og

danner et tynt belegg på prøveplaten, en kvadratisk glassplate ca.

4 x 4 cm (0, 2 - 0. 3 g fosfor pr. plate). Etter tørking blir fire slike

"slides" montert på en sirkulær glasskive, tre prøver samt en standard

for sammenligning. Proveoppsatsen plasseres i et demonterbart katode-

rør som så lukkes og evakueres før testingen. En del av lyset som

emitteres av fosforet ved elektronbestrålingen, ledes gjennom en

Lucite-stav, ornviklet med lystett tape, til analysatoren. Dette er et

Czerny-Turner Scanning Specfrometer fra Jarrell Ash Co. (pris

US $ 28. 500, -), et meget følsomt og fleksibelt instrument som gir alle

nødvendige data for det emitterte lys. (En parallell oppstilling bestående

av samme type katoderør med et enklere instrument for lysmåling blir

brukt for testing av lampefosforer).

Foruten testingen av TV-fosforer for farge og effektivitet utføres for-

skjellige andre målinger, som f. eks. decay time, magnetisk suscpeti-

bilitet, emisjons- og eksitasjonsspektra, elektronspinnresonans, etc.

dessuten måles pulverkarakteristika som partikkelstørrelsesfordeling

og BET-overflate.

Et laboratorium for mer fundamentale undersøkelser av luminiscens-

fenomenet var meget godt utstyrt med avanserte instrumenter. Et

Hitachi MPF-2A Fluorescens Spectrophotometer ble fremhevet som

spesielt følsomt

Utvalget av analyseinstrumenter var også meget godt. Det fantes to

vanlige emisjonsspektrografer og en "Direct Reader" fra Jarrell Ash

Co. , denne ble hovedsakelig brukt for legeringsanalyser. Dessuten

to-tre rørngendiffraktrometre, hvorav ett for høytemperaturmalinger,

ett instrument for "X-ray optical fluorescence" (XOF), tre eller fire

instrumenter for atomabsorpsjon/rlammefotometri (Jarrell Ash, Perkin-

Elmer). En interessant variant av sistnevnte analysemetodikk var

direkte fordamping av faste prøver, som ble bragt inn i flammen i

små nikkeldigler. Prepareringen av prøver for X0E-metoden omfattet



oppløsning i salpetersyre, inndamping og kalsinering til oksyd, og

gløding av dette ved 1100°C for å gi en finkrystallinsk prøve. Denne

ble så presset i en metallramme (uten tilsats av bindemiddel) og

analysert. Vanligvis ble Eu tilsatt som intern standard. Forøvrig ble

det det dessverre ikke tid til å gå i detaljer angående analysemetodene.

Av utstyr forøvrig kan nevnes elektronmikroskop (Nordel), flere instru-

menter for bestemmelse av gasser i metaller (Leco), IR-spektrografer,

Auto-Analyzer. a m. Dessuten rikelig utstyr for metallografi og andre

fysikalsk-metallurgiske undersøkelser. Vi ble vist forsøk med sone-

smelting hvor raffineringsgraden ble forsterket ved å sende likestrøm

gjennom prøven. Vi så også fremstilling av store germanium en-

krystaller.

I et laboratorium for væske-væske-ekstraksjon var Dr. Kim (som

tidligere har samarbeidet med Tor Stensland) i gang med utvikling av

en ekstraksjonsprosess for rhenium. Han brukte små 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, ifølge Dr. Kim, som tidligere har

utviklet væske-væske-ekstraksjonsprosesser for raffinering av W og

Mo. Disse er nå i drift i fabrikken, men det ble dessverre ikke

anledning til å se den delen av anleggene.

I våre diskusjoner om testing av fosforer og råmaterialer for fosforer

ble det understreket fra Sylvania's side at det ikke kan gis entydige

kriterier for et tilfredsstillende "phosphor grade" oksyd. Sylvania

må gjennomføre sin test-prosedyre, inklusive "production test" for å

avgjøre om et produkt er tilfredsstillende eller ikke. Renheten er

viktig, men åpenbart ikke den eneste avgjørende faktor. Det ble nevnt at

et 99, 9% Y203 kan være et tilfredsstillende råstoff, mens et såkalt

99,99% oksyd kan være for dårlig. (Sylvania la øyensynlig ikke så

stor vekt på det oppgitte antall niere).

Vi fikk inntrykk av at våre ressurser og kompetanse på analyseområdet

kan anses som tilstrekkelige, og at spesielt vår massespektrometriske

metode synes velegnet for analyse av "superrene" produkter. Vi ble
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imidlertid frarådet å legge for mye arbeid i fremstilling og testing av

fosforer. Den eventuelle kjøper (f. eks. Sylvania) vil i alle fall måtte

gjennomføre sin test-rutine, og våre egne resultater vil lett kunne

føre oss på villspor og lede til uoverensstemmelser. Sylvania har

tidligere hatt dårlige erfaringer med oksydleverandører som selv har

testet sine produkter. En viss grad av kvalitetskontroll i form av

enklere fluorescensmålinger ville de imidlertid ikke fraråde. For mer

kvalitative bedømmelser brukte de selv også UV-lamper ("Mineralights"

fra Fischer Scientific), og de viste oss en enkel innretning for gnist-

eksitasjon som de mente vi kunne ha nytte av. Prøver blir her plassert

i et glassrør, og etter evakuering blir den eksitert ved hjelp av en

gnist under røret. På denne måten oppnås en emisjon som ligger for-

holdsvis nær opp til den man får i et katoderør.

1. 3. Omvisnin i fabrikken

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

Mr. Richard Doepker, production plant manager. Vi så først anlegget

for fremstilling av TV-fosforer -etter sigende verdens største i sitt

slag. Råstoffene for alle fosforene er oksyder (av zink, caclmium,

yttrium osv.). De blå og grønne fosforer består av henholdsvis zink-

sulfid "dopet" med sølv og zink-cadmiumsulfid (ca. 10% Cd) "dopet

med kopper. Etter oppløsning av oksydene i store glassbelagte tanker

fjernes forurensningene ved utfelling, deretter felles sulfidene ut med

H2S. Etter filtrering og tørking kalsineres sulfidene i spesielle "fluxer"

og under spesielle atmosfærer -dette er det mest kritiske prosesstrinn.

Det røde fosforet består av Eu-dopet yttriumoksyd. Sylvania har

tidligere laget andre typer, som f. eks. vanadat, og oksyd med Bi-

tilsetning, men lager nå bare den rene oksydtypen. Det ble påstått

at dette er vanskeligere å lage enn f. eks. vanadat, men gir bedre

resultater. Ifølge Mr. Doepker lager ingen av fosforprodusentene

lenger rødt fosfor basert på yttriumvanadat, muligens med unntagelse

av Derby Luminescent. RCA, den nest største produsenten i USA,

lager Eu-dopet Y-oksysulfid, det samme gjelder Philips. General

Electric, USA laaer forholdsvis srnå mengder rødt fosfor på

Gd 0 -basis.

(Akt>r Gok. cJet



Også ved fremstillingen av det røde fosfor er første prosesstrinn opp-

løsning av oksydene, her i tanker av syrefast stål. I dette tilfelle

trenges ingen raffinering x), yttrium og europium kopresipiteres som

oksalat og kalsineres til oksyd. Deretter følger gløding ved høy tem-

peratur (2200°F) i en spesiell flux. Dette er igjen det mest kritiske

prosesstrinn (glødetid, temperatur, fluxens sammensetning). Glødingen

foretas i digler av "high density alundum". Det glødete produkt

finmales (- 400 mesh) og slemmes opp i vann for å fjerne overskudd av

flux. I enkelte tilfelle tilsettes også en "coating". Etter filtrering

og tørking er så fosforet ferdig

Vi fikk også se produksjonen av hullmasker (aperture masks) for TV-

apparater. Maskene lages av rustfritt stål, som mates kontinuerlig

inn i produksjonslinjen i båndform. Etter vasking og etsing får stål-

båndet et belegg av fiskelim (muligens av norsk opprinnelse?) tilsatt

kaliumkromat. Deretter går båndet til eksponering, som resulterer i

at belegget fikseres der hvor det belyses, dvs, overalt bortsett fra der

hullene skal være. Belegget over hullene løses bort, deretter etses

hullene med en jernklorid-løsning. 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-rør 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 løses opp. Det foretas nå alltid gjenvinning av det ubrukte

fosfor. F. eks, vil det gå med 12 - 15 g rødt fosfor for å dekke en 25"

skjerm, men bare 2 - 3 g blir sittende igjen i form av "røde prikker".

Resten blir gjenvunnet.

x)

Imidlertid hender det at det på forhånd foretas "upgrading" av Y203

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

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

Gumps prosess), men finner det for tiden ikke regningssvarende

drive dette.



NOTATER FRA MØTE I NEW YORK 30. OKTOBER 1970

ANGÅENDE PATENTSPØRSMÅL

Møtet fant sted på advokat Lucas' kontor. Foruten W.D. Lucas deltok


advokat D. L. Just samt 0. Braaten og B. Gaudernack. Hensikten var

diskutere en eventuell patentsøknad i USA for den ekstraksjonsprosess

for yttrium, basert på kvaternære ammoniumforbindelser som ekstrak-

sjonsmiddel, som er utviklet ved IFA. Advokat Lucas hadde på forhånd

fått tilsendt en engelsk oversettelse av den norske patentsøknaden.

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 hovedpåstanden i vår patentsøknad. Diskusjonen

dreide seg vesentlig om hvorvidt vår søknad kunne reformuleres slik

at det likevel kan være håp om å få den gjennom. Mulighetene for å gå

klar av "prior art"-patentene ved å spesifisere andre syrestyrker,

saltkonsentrasjoner etc. , synes små. Man var inne på at muligheten

for å fjerne mesteparten av erbium i første prosesstrinn (nitrat-

ekstraksjonen) kanskje kunne utnyttes. Det ble også antydet at kombina-

sjonen av de to prosesstrinn i en bestemt rekkefølge (nitrat-tiocyanat)

kunne være patenterbar.

Lucas' konklusjon og anbefaling var imidlertid at vi bør spille på at

vår prosess gir yttrium av meget høy renhetsgrad, mens de tidligere

patenter bare antyder forholdsvis grove separasjoner. Vi bør med

andre ord formulere en patentsøknad som gjelder en kombinasjon av

de to ekstraksjonsprosessene, spesifisert helt entydig for fremstilling

av superrent yttriumoksyd.

Vi ble også enige om at advokat Lucas skal få tilsendt en kopi av vårt

foreslåtte innlegg ved "ISEC-71" angående de matematiske modeller

av Aliquat/nitrat-prosessen. Han vil gi en kommentar til de patent-

tekniske aspekter ved eventuell publikasjon av innlegget.

NOTAT FRA MØTE MED SAMINCORP INC. , NEW YORK,

30. OKTOBER 1970

I anledning den forespørsel Megon sendte Sudamin på 1 tonn xenotim

telegraferte de undertegnede i London og ba om møte i New York, kfr.

vedlagte kopi av telegrammer.



I møtet 30. oktober deltok:

fra Samincorp Inc., M. H. Herzfeld, vice-chairman

herr Hirschfeld

fra Megon B. Gaudernack

I I 0. Braaten

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

mottatt under møtet i Brussel for 3 år siden.

Samincorps tilbud lyder på $ 5,30 pr. lb Y203 cif Oslo m/min 25% Y203.

Vi fortalte dem at vår selvkost er ca. $ 3 pr. lb og at det følgelig var

hva vi var interessert i å kjøpe det for (eller mindre).

Herr Herzfeld forklarte at de var svært lite interessert i leveranser

på så lite som 1 tonn. De ville gjerne gjøre avtaler for 10 - ZO - 30

eller 50 tonn og da gjerne fordelt med volumet stykket opp i månedlige

leveranser på tilsvarende 1 - 2 - 3 eller 4 tonn osv. I så 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:

Derby's pris er i henhold til analyse ved A. Knight's labora-

torium. Sudamin's tar hensyn til sin egen og kjøperens og

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

De krever 80% cash ved kjøp mens Derby krever 90%.

I tilfelle avtale for større volum fordelt over et år som nevnt

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

Vi drøftet kort muligheten for betaling med produsert Y203 for xenotim.

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

område f. eks. USA. Av andre råmaterialer nevnte de 60% konsentrat

fra Australia og fra Canada. Prisen på dette lå i området $ 6 - 9 pr.

lb Y2 03'  De kunne også skaffe yttriumkarbonat av ennå høyere renhet,

selvsagt til høyere pris. Råmaterialer for europiumoksyd ble også

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

(eller mer) kan anses som interessant. De forsikret oss at råmaterialer
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for Y203 produksjon ville aldri være et problem. Derimot var salg av

Y203 som produkt vanskelig. Prisen ligger på $ 28 - 32 pr. lb av-

hengig av me gkvalitet. Det er bare tre-fire kunder i USA:

Sylvania

RCA

GE

Radiurn Corp. of USA (?)

Det er et visst marked for rnetallisk yttrium ingot, men det er lite.

Vi loyte å svare dem på deres forskjellige antydninger og forslag i

henhold til dette møtet og telegrafisk tilbud, når vi har fått vurdert

situasjonen på basis av denne rapport.

20. 11. 70
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RAPPORT FRA STUDIEREISE I USA

Reisetid: 4 - 13.11.1970. _ --
5

Deltagere: Overing. Orvar Braaten og(berging. Odd.Eidsmo.i.74-itrxdræff-614

Formål: Kontakte personer og institusjoner som kunne tenkes å ha

kompetanse til å utføre flotasjonsforsøk med malmprøver fra Fensfeltet

med henblikk på oppkonsentrering av SJ-mineraler.

Dette er forøvrig foreslått av dosent M. Digre i hans "Notat for

Forskningsgruppe for Sjeldne Jordarter. - Oppredningsundersøkelser

vedr. Fænsfeltet", datert 8. januar 1970.

I denne forbindelse nevner Digre følgende 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.å, hvor det ble spurt om våre representanter kunne

komme over for å diskutere forsøksprogram og økonomisk ramme for

arbeidet. Og meddelte at i fall vi fikk lov å komme ville vi på forhånd

flysende malmprøver til orientering og diskusjonsgrunnlag for vårt

besøk.

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 utført av oppredningsforsøk

opp til nå og konkluderer med at flotasjon ser ut til å bli mest aktuell

som oppredningsmetode for denne malmtypen. Notatet vedlegges som

• / bilag 1.

Samtlige svarte positivt på vår henvendelse.

Denver gjorde oppmerksom på at de ikke kunne utføre slike oppdrag

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

benytter i slike anledninger.
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Reiserute med oppgitt tidsrom for vårt besøk 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 b1e nå prover sendt over og disse ble splittet ut fra cand.

real Sæbo s prøve fra Vegskjæringsmerket II B.

Til hver av de ovennevnte ble sendt en ubehandlet prøve på ca. 200 g

knust til - 1" og en prøve av bordkonsentrat, som også var tatt ut fra

TI B og malt til - 0, 5 mm før bordvaskingen.

Prø\ epreparer ngen ble besørget av Krogh.

Videre tok vi med oss prøver av fire forskjelIige SJ-førende mineraler

som var fremstilt. av Sæbo.

Disse prøvene samt en mineralogisk beskrive1se fra Sæbø ble overlevert

samtlige vi besøkte. Denne beskrivelse vedlegges som bilag 2.

Jeg motte Braaten i New York og den 6. 1 1 reiste vi ut til:

American Cyanamid Co.

Mining Chemica1s Department

1937 West Main St.

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

• Der motte vi Mr. R.B. Booth, director of Research for Mining

Chemicals Department, Mr. Arnold Day, Group Leader (opprednings-

mann) og Mr F. W. Farwa11 (mineralog).

Braaten redegjorde for hensikten med vårt besøk og ga en orientering

om hva Megon stod for.

Farwall hadde foretatt en orienterende undersøkelse av vårt bord-

konsemrat

Etter separasjon av prøvene i tung væske med sp. v, 3, 3 hadde han tatt

synkefraksjonen og malt til 270 mesh (53 micron). Deretter fraksjonert

prøven og studert de forskjellige fraksjoner i mikroskop.



Mr. Farwall's konklusjon for disse undersøkelsene var at S,I-mineralene

var meget finfordelt først og fremst som inneslutninger i ankeritten.

Mr Dav bemerket at mnho:det av S: i proven var meget lavt (oppgitt

til 2 - nevnte a. ragodset i Mountain Pass holdt ca. 12%.

Etter denne innledningen ble vi vist rundt i laboratoriene og disse var

bra utstvrt for kjøring av oppredningstorsøk i benkeskala. Analyse-

arheidet i foriondelse med cppredningsforsøk var de bra utstyrt for å

utfore mineraloalske, vatkjemtske og røntgenanalyser.

På vårt primære spørsmal om de var villig ti1 å påta seg oppdrag for

oss gjerde de oppmerksem på at de først og fremst var innstilt på

gjøre forsok for store flotasjonsverk som var i drift. Dette med hen-

blikk på salg av reagenser.

Et an1egg med påsettning ca. 1000 tonn pr. dag, som antydet for Fæn,

fant de lite interessant. Men de bovte å overveie saken og komme til-

bake pr. brev.

Vi har mottatt brev fra de som er datert 16. 11, se bilag 3, og på grunn-

lag av våre samtaler, er det overraskende at de tilbyr å kjøre et

orienterende forsøk for oss, og de gjør oppmerksom på at de ikke

beregner betaling for slike forsøk

På spørsmål om de hadde soesieTle reagenser for flotasjon av SJ-

11, mineraler var svaret net. De nevnte at deres 600-serie kunne være


aktuell scm trykker for karbonater i denne forbindelse.

Etter weekend reiste vt over til Denver og kom dit søndag 7 11,

kl. 19. Mandag morgen eppsøkte vi

Denver Equipmen:

600 Brcadway

Denver Colerado 80203

Telf. (303) - 244 - 4466.

Vi ble her mottatt av Mr. R. E. Hancock, Field engineer.
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Etter orientering og diskusjon om leveranse av tilleggsutstyr for

flotasjonssellene på Megons anlegg på Glamsland ble det fastlagt

program for vårt besøk. Mandag etter lunej skulle vi besøke:

Hazen Research, Inc.

4601 Indiana Street

Golden, Colorado 80401


Telf. (303) - 279 - 4501

og tirsdag skulle vi ut til

Colorado School of Mines Research Institute

P. 0. Box 112

Golden, Colorado 80401

Telf. (303) - 279 - 2581.

Hos Hazen ble vi møtt av Dr. Hazen, direktør, Mr. Pablo Hadzeriga,

senior process engineer og Dr. Roland Schmidt, mineralogist.

Hazen Research ble startet i 1961 og er basert på å ta oppdrag for

industrien og dekker følgende felt:

Mineral oppredning.

Hydrometallurgi.

Utvikling av flowsheet og Engineering.

Geologi og geokjemi.

Computer service.

Mineralogi.

Analytisk kjemi.

Kjemisk prosessforskning og utvikling.

Forberedende kapital og driftsomkostninger.

Forurensnings-kontroll.

Etter gjensidig orientering ble vi vist rundt i laboratoriene og disse var

meget bra utstyrt, spesiert hadde de allsidig utetyr for kjøring av

forsøk i pilotskala.

Det var montert flere driftsklare pilotanlegg for kjøring av forskjellige

oppredningsprosesser og det var lagt stor vekt på hydrometallurgiske

prosesser.
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Utstyret for analysering virket stort sett nytt og moderne.

Prøvene fra oss hadde de ikke studert nærmere og diskusjonen om

vårt oppredningsproblem ble først og fremst viet den mineralogiske

side av saken.

De la stor vekt på dette og for at de kunne bli bedre kjent med mineral-

ogien i Fæn foreslo Dr. Hazen at Dr. Schmidt kom over til Norge for

å studere forholdene i marken og bli orientert om de undersøkelsene

Sæbø har under arbeide.

I brev av 13.11 bekrefter Dr. Schmidt at han kommer til Oslo 22.11 d. å.

og eventuelle forhandlinger om utførelse av forsøk hos Hazen Research• vil bli avhengig av tilbud de kommer med etter at Schmidt har vært her.

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

forrige uke og forstår at hans besøk blir rapportert av Sæbø.

Ved vårt besøk hos Colorado School of Mines Research møtte vi

Dr. Herman Ponder, Director of Research Mining Division, Mr. A. P.

Herring, Manager Chemical Division, og Mr. R. C. Merritt, Manager

Metallurgical Divis ion.

Dette instituttet 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 fagområde som Hazen Research

og er basert på oppdrag fra industrien og staten.

Under omvisningen ble vi vist utstyr for kjøring av forsøk i benke-

skala og det var i det hele montert fem pilotanlegg for kjøring av

forskjellige prosesser.

Siden transport av mineralkonsentrater i rørledning stadig får større

utbredelse nevnes at vi så deres forsøksanlegg for hydraulisk tran-

sport av mineraler.

CSOM Reserach Institute har avgjort den lengste erfaringen i opp-

redning av SJ av de vi kontaktet der borte.



Mr. Merr1tt som vao var amviset førte ogsa de generelle diskusjoner

med oss og han yns:e meget stor interesse tor art problem. Dette

iremgar fctq ihg ao Mr Men it s bekreftelse pg. var diskusjon i

brev date 13 i. se bilag 4.

I bre\ et redegjores 1or hvordan han vil legge opp et preliminert forsoks-

program og ansuar dette t.Z ca. 1 måneds varighet og vil koste 5 7000 -

8000,

Vi kom ove:- en artOkkel i. CSOM Mineral industries Bulletin for mars

1969 som vedregges som b:Aog 5 Artikkelen heter "The Rare Earths

Today'', og den g Li en inoeressant oversikt over SJ-mineraler, opp-

redning videreforedling og anvendelse av disse.

Fra Denver reiste v til Sa:t Lake Gitt hvor vi besokte

The Ga:.ogher Comany

545 - 585 West F:ght SO. - P 0. Bo,: 209

Salt Lake C:tv lioah

	

Telf. (801) 359 - 87-31 Teiev 038 536.

Vi motte her Mr H E President, Mr. Helmer A. Johnson,

Manager - Meta:Tun gi oal Sa:.es, A. Dawson, Metallurgist

ciaboratorLesjH og Mr. Ervant Metallurgical Engineer.

Gabgher har a. 25() ansatte og Liger maskmutstyr forst og fremst

for opptedningsan,egg ]:).res ho:edprodukter er flotasjonsmaskiner


og pomper og Gaigher er mest kjent for sin Agitair flotasjonsmaskin

som bygges med rankvol.unm opp til 300 cu ft. Denne maskinen har

bl a. den fot de e a den kan behancLe forholdsvis grovt gods.

Bade flotasjonsmaskincy og spesielt pumper har stort behov for

reservedeler s en meget bet-ydelig del av Galigner's produksjon

kommer .fr3. denne sektor

Ved siden av at Galigher ater konsulenthjelp tit sine kunder på det

tekniske onoråde bisto1-1 de ogsl med -Research Services", bl. a.

ved kjoring av flotasjonsforsøk i benkskala i sitt laboratorium

Salt Lake C-:ty



Etter gjensid:g or7enering b1e yi VLSTrundt i laboratoriet og verkstedene.

Laboratorref fo oppredningslorsøk Yar meget enkelt både når det gialdt
utstyr og iokae

Ved nærme. c d:sk. 2on om va7.- p:oti.eur b—or Mr. Johnson var den

mest f.r enn.Yredende fikk vi -mrf.v1<k ay af disse folkene var mere inn-

St iLt ptt cert pri sak 'or a underspke, muligheten for oppredning av

en malm med en]Le Tifrsok

Det fuemgar av Sai.ghecs bekreftelse pa vart besøk i brev datert 13.11,

se bliag 6 at omkos-Mnp ne ved forsok hos de er savidt biilig som ca,

S 1000 pr mnd

På grunniag av de flmesayser de ber egnef ±or sine ingeniører tilsvarer
detfe rikfignok bar.: en m anns nnsafts 1 80 - mndtimer pr. men
det må regnes for :1;væe nmiElf9 i aLle'ail

Konklus,12a,

Som nevnt inn edr.ngsvls ar hensjk-en med denne turen å fà kontakt

med et insr_ut; e som laddde kompetanse til å ta pa seg


oppredningstosok med Fæn-malmen

Når det p:c.det Arrie—_,an Cianacd m benytte oss av deres
rilbud men i kar --egue med rt de kar pata seg forsøk for oss ut-

over def inniedende farsokef som de ufforef grat s

riazen Resea.(n ruz Calo i edo 5, hool of Mine s Research 1nst tute viste

meget s'or trte:esse denru, CDL•:2,—en og begge er meget interessert

oppdrag css

komme pa ‘ale å engasjere

mere enn en ch: ng hrtrn i 1 +ilfe,Te burde velge er ikke lett a.

as.giore pa 2::urrr:tac, .rn- f kl< a ef savldf kor besok

en sse ens.. rsulnner er copdra2 må en regne med

sats(:t h:nic}s p rs- r kr C 090 men det er ntappe riktig

ta standrun:- - €.su Sæbo s mineral-

undersøke:st: yse e a‘, borkieilieY:e fra siste sommers


bo::,nuer



Jeg ser ikke bort i fra at det kan være riktig å regne med at det på litt

lengre sikt kan komme på tale å benytte seg av den erfaringen disse

to forskningsanstaltene sitter inne med om SJ.

Med hensyn til Galigher stiller saken seg noe anderledes da de er

innstilt på å kjøre et crientert forsøk som ikke koster mere enn ca.

nr. kr. 7. 000, -.

I første omgang vil det da bli tale om å sende prøver til American

Cyanamid og Galigher Co. og så snart ovennevnte analyser foreligger

bør vi ta standpunkt til dette.

Med hensyn til ovennevnte analyser som er under arbeide vil jeg

presisere så sterkt jeg kan at det er resultatene fra disse under-

søkelsene som må danne grunnlaget for vurdering av videre opprednings-

forsøk med Fen.

Gjennom borkjerneanalysene får en et representativt kjennskap til

råmalmene i et bestemt område og Sæbø's undersøkelser 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 mindre arbeide

i blinde.

Trondheim, 2. 12. 1970

Odd Eidsmo

OE/kk
4. 12. 70
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Frrn0rhonatite Ore - Mineral Dressiqq. 

Geolon - Mineralon .

The Fmn CarbonatiteC:imelexis a very larce oipe formation Predo-
mHantly consistingof cereonatIterocks. The cadonatIte is
characterisedby the occdrrenceof fliohium(columbiom)- and rare-
earth - element - contairingminerais. The northernpart contains
up to 0,4 Vo:10205as pyrochlore,nom. .c-nCa\b20GF, and was mined
for this mineral from 10tJ0-1965.Thn nouthernpart has less
usually about 0,1 but contains 2-2 % RE (rare emrth element)-

mineralswhich may be of economic interest.

The dominantminerals in the carbonantes are calcite and ankerite
(ferruninousdolomite).It further cohtains 10-20 % silicates,(mica,
chlorite,quartz etc,)and veryino ammonts of apattte,meonetite,
hematite,pyrite and baryte.The RI-mineralscomerlsesfldorocar-
bonatesof the 8astnåsitt-Parisitt-Synchisittorouo, monazite and
orthite.The apatite also carries sOmo R:, ahout 1 X. Nb is found
as pyrochlore.

Most of the minerals have a grain size in the ranne from 015-0,02mm,
but the hematitemay cfccoras extremeiyfine araHs scatteredin
the carbonates.The pyrochloreis redortedas partly having a
poikiliticstruchure.

4 samplesof the ore that has been snlectedfor the present investi-
cationshave been analysedat the .loregienGeolopcmi Survey.
The comeositionwas foond to be inside followinglindts:
30-50 Oalcite, 30-50 % an'Kerite,2-2 % RE-minerals,nbout 0,2 M
pyrochipre and about 1 each of pyrite,mannetite.hcmatiteand

apatite.The total RE contentwas in the rance 1,3-1,6% as elerent,
with ahout 100 ppm Eu.

Mineral Dressina tests.
The Mineral DressingLaboratoryat IH , Trondheimhas done preli-
minary tests with gravimetric,electrostatic,h.i.-mdgn2ticand
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flotationmethods, but so far with poor results.Gravimetricand
magnetic methods will give a distinctii:Hupgradingin the con-
centrates but recoveryis at a low lev211 well below 50. The
cause for this behaviouris probably the rather fine size of the
RE minerals and the small differencesin specificgravity and
magnetic susceptibilitycompared to the rock minerals.

Flotation tests with various reagent combinationshave so far
not given any worthwile separationbetween the RE-mineralsand the
calcite - ankeritewhich constitvtes the main part of the ore.
It is deemed essentialas a first step to remove the bulk of these
carbonatesand produce a crude RE-concentrate,which can be further
processedby mineral dressing, chemicalor metallurgicalmethods.
Flotation is still consideredto be the most promisingmethod to
obtain such a crude concentrate,the negativeresultsup to now
not-withstanding.The small grain size and the brittlenessof the
RE-mineralsworks against the other mineral dressingmethods, but
should not have any importantbearing on the flotationpossibilities.
The right type of attackon the problemswould be to have a couple
of laboratorieswith extensiveflotationexperienceas a first step
do an exploring investigationto try a wide range of flotationrea-
gent combinations.If and when a promisingapproach is found, a
second step should be a detailed study to find the optimal condi-
tions and the limitationsfor the process.As a third step the method
should be tried on different ore types.

The object of the investigationsshould be directed to-wards re-
coveringthe elementsof economic interest,i.e. RE-elemeats
(primarilyEu), Nb, Th and U. The R-E-assaysindicatea preponderance
of light and intermediateRE-elementswith smalleramounts of heavy
RE-elementsand Y.

Tron 1f11 Sept. 18th, 1970

M. Digre


associateprofessor



On the mineralo of the ankeritc- carbonatitesof the Pen Area.

Th:2petrographyand mineralogyof thosocarbonatiteshave been

tr,:otedby Browcr (1921)and T. 3._:ther(1957). Sincethat


tino somonew informationshave benn obtained,but the general

pietureof the petrographyhas not beon changedvery much.

• ;:nvcralothermineralshave been identifiedand more complete

ideanconcerningthe mineralogy,:jeochemistryand genoticalrela-

tionshipshave been developed.

The carbonatitescontainabout1.3 - 1.G;R clementsand it is

of importantecononicsignificaneeto examineand understandthe

di2tributionof the varioua clomentsbetweenall important


mincralphaneswithinthe carbonatcific.s.

Purther,in orderto attackall problem2concerningthe mineral

dressingit in necessaryto produccsufficientquantitiesof more

or lesspure concentratesof all inportantmincralafor experi-

mentnlworksand chenicaldeterminatinn2.Thiswork in in pro-

gressnnd we are able to presentn snallamountof more or less

pure fractionsof soneminerals.

lio1. The bastnnite-group,ofminerals

110.2.Crthite= (Allanite).

Ho 3. 1:arito

Tlo4. Celsinnfeldspar

7he variousconcontratesare somewhatimpurebut the actualmine-

rals are eanilyrecognizedin each nnmple.

Recelt investigationain the Pen !zen show thntthe field has

hc.11reheatedand vrobablyalso reeryntnllizedto some extent

duringthe intense14neousactivityin the OsloflegionSii.l'ermian

time.



- 2-

It tn quitoclearthntn syntemor flat-lyingjointacombined
with two sct of verticaljointodeveloped. Thene jointowere
healedby coarsegrainedcalcite,barite,ironoxideoand sul-
21an3,crysLerlsof the baatnilsitcgroupof minerala,orthitc,
chloriteand montmorillonite.Thc iniluxof largeamountsof
silica,waterand somc heavymetal-fluorideacausedtho forma-
tion of largeamountsof celsianfeldspnr,quartz,muscovite,
orthiteand gomc sulfidesin the jointsand in the massivo
carbonaterocks. Theseprocesseslnd to cxredistributionof
tho thoriumand rarc carth contentof the rocks.

At presentwo do not know exactlythe tcchnicaland economic •
consequencosof the Perminnactivityconcerningthe contentof
the thoriumand rare carthmincraluin the ankeritecarbonatites
of the Den Area.

Illindern,23. oktober1970

/,
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Name

Lanthanum

Cerium

Praseodymium

Neodymitun

PrtIrnethium

Sainarittin

Eutojawn

Gadolinium

Terbiinn

Dssprosium

IIohnium

Erbium

Thulium

Ytter bium

diutetium ium

iTrivalent ion.

Symbol

TABI.E 1.—Tbe rare earths

Atornic Atomic
number weight

Number of

4f electronsI




La 57 138.91 0




Cc 58 140.12 1




Pr 59 140.91




Cerium
Nd 60 144.24




Group Light

Ihn 61 1452




Group

Sin 62 150.35




En 63 15496




Cd 64 157.25 7 Terbium

Th 65 158.92




Group




ny 66 162.50 9




Io 67 1649-3 10




Er 68 167.26 11




Ileavy

Group

•m 69 168.93 12 Yttrium




70 173.01 13
Group




Lu 71 174.97 14





39 88.91 0




21sotope with balf-life of 18 years.

HISTORICAL BACKGROUND

The true beginning of rare earth history was in 1794
wIwn Johann Gadolin, a Finnish chemist. found a new
eju th in a Inineral which Arrlienius had discovered at Ytter-
bv. Sweden, 6 years before. jur disroverv was confirmed in
1797 by Ekeberg, who suggested names yuria for the
oxide and gadolinite for the mineral. Both Gadolin and
Eltelwrg uonsidered rhar rhe nesv rixide rontained a single
metal. although it was later learned that the orittinal vuria
svas a mixture of nxides of at least 15 or 16 different metals.
Tlw i hronology of discoveries of the individual rare earths
is shown in table 3.

The rare earth industry is essentiallv a 20th centurv devel-

ament, has ing had its origin in the late 1890's when thest rarr earth produrts were ohtained during tlw manufae-
ture of Iluni11111 ninate for the iru andesrent gas mantle in-
dustry. Carl AUCT von N elsbach, an Austrian uhemist. had
found that the hest mantle was romposed of thoritun oxide
containing I perrent of cerium oxide. which compositiori.
incidentally, apparently is still in use. Monalite st as the only
common mineral with a reasonable thorium content. so it
was seleeted as a raw mater ial and a proceSs was developed
for cxtracting the thorium and making high purity thorium
nitrate.

Nfonazite is actually a rare earth phosphate containing
about 60 pereent nf rarr rarth oxides rompared with only
about 10 pereent of thorium oxidc. Recover v of the thorium
therefore led to a large amount of by-product rare carths.
about 10 pounds of rare carth oxides being formed for each
pound of thorium produced. No uses were known for these

rare earths, other than the small amount of cerium nitrate
used with the thorium in mantles. The rare earth industn
thus began as a stepchild or by-product of the thnrium in-
dustrv, and this situation obtained for many vears. leading
to the arruniulatUm tif large stockpiles of rare earth con-
centrates. It is Naid that at tlw Camden, New Jersey, plant
of tlw Welsbauli Company, the rare earths actually ercated
a disinwal probleni arld were dumped into the river.

NIonazite rontains a mixture of the rare earth clements,
in whirb lanthanum. rerium, prascodymium, and ncody-
mitun predraninate, as shown in the representative compo-
sition :

Lanthanum

(..erimn

Praesodymium

Neodymiurn

Samarium

Gadoliniurn

Ytnium

Other lanthanons

This mixture can by thought of as a single element of
atornic weight about 110, since it undergoes normal ehemical
reactions with little change in composition and can be puri-
fied from non-larithanon impurities by standard chemical
processes. It is thus understandable that the first uses were
devehiped for das "mixed element". It should be mentioned
that the diffieulties in separation of the individual elements
of this mixture were typieal of the problems faced in the
carly days of rare carth chemistry. fl
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(eritim

Yttrium

Neodstnitini

Lanthanum

tiamarium

G.tdolinium

Plamxidyinium

Ds s)nriunt

Vuerbium

Eibium

I lohnium

•rbiuni


Linetium


Indium

- TABLI 2.— Abundauce of rare eartbs aud otber metals

Other metals

Niekel Ni

Copper

Tunt.',NWn

Tin Sn

I rad Pli

Molsbilenutn Mo

Crallium t•

Tantahnn Ta

Mercury I Ig

tadmilun (:d

Silver .1g

Gold Au

Platinum Pt

The second stage itt the growth of the rare earth industry
saw a gradual spread r; apphcations for the rare earth
mixtures. together svith a dechne in thorium production as
electrification deveIoped. It was found in 1903 that the
chloride of the mixture of rare earths could be electrokzed
to give the metal which 6as called rnischmetall, that is
"mixed metal." This material was pyrophoric, and when al-
loyed with iron found considerable Ute in lighter flints. This

*1n igneous rock: averages of values given in several refer-
ences.

Name Ssmbol

Rare earths

Nd

La

tim

Cd

Pr

h.

1.1)

Er

llo

Eu

Tb

Lu

Tin

Abundanee


on earth

ppm*

usage still represents one of the larger tonnage applications
of the mixed rare earths, the material being generally termed
mischmetal today. The fluoride of the above mixed element
was fouml in 1909 to have value in carbon are lights, im-
proving the brightness and color balanee of the light , a use
which has also persisted until the present.

Methods were developed for separation of cerium and

46 lanthanuin from the monalite residur. and the remaining
material, enriched in praseodyinium and neodymium, was

28 called "didymium,” sinre it was originallv thought to be a
24 single element. The term "didvinium” is still used to some

18
eiaent, primarily for the mixture of rare earths left after
eerium is reinmed from the light (cerium group' rare

6.5 s‘ earths. but also to identify I hr rare earths rnixture left after

6.1 both cerium and lanthanum arr removed. Speciallv pre-
pared oxides. pinticularls those high in cerium, found use as
polishing materials, for example, for glass. and there was a
small outlet for cerium and dicIsinium in the manufacture
of glass.

The rare earth industry thus originated and developed
as an econotinually mtrrclrpeitcltnt part of the thorium in-
dustry, involving the nratinent of monazite to give thoriurn
nitrate. misehmetal ehlotides and fluorides. and very lirnited
quantities of emium. lanthantlin, and didymium. This pat-
tern continued essentially until the 19 RTs.

The third phase. from about the mid-1940's until about
the mid-1960's. 111:11ked by several significant develop-
ments. The first of these was the use of inn exchange separa-
tion techniques on a colinner ial scale. fust reported from

80
Clowa State olleue in 1917. This development made possible


the production of puir RE materials on a large scale. and
70 was a vast improvement over the tedious, time-consuming.

69 and expensive chrmical seliarations of the past.

40 A second development was the large Atomie Energy
Commission (AEC1 requirements for thorium as a fission-
able souree material during the late 1940's and carly 1950's.
Production of thoritun from monazite for use in the AEC
programs increased greatly. leading to enlargement of ore
proressing farili titt a search for new sources of the RE's.
and intensified application research for the RE by-products
which were heing stockpiled. The suggestion from this re-
seareh that thew might a large tonnage outlet for the
RE materials in ferrous metallurgy was of major significance
in leading to the commercial exploitation of the vast bastna-
site deposits in California. estimated to contain over 3 million
tons of rare earth ellunents (on an oxide hasis).

A third fartor r,f significance in development of the RE
industry was the aireraft nuclear proptdsion project in about
the mid-1950's. I.arge amounts of high purity yttrium were
required in this prograni, leading to large-seale separations
of the RE's.

By 1959-1960 it heraine apparent that there would be
no immediate utilintion of thorium as an atomic fuel ele-
ment, and production was sharply curtailed. Also at about
this time the prmlurtion of thoiii1111 from Canadian uranium
wastes was started. which ended the dependence of the
thorium industry on nunwite as a rasv material. The Ca-
nadian Blind River-Elliot Lake conglomerate deposits con-
tain an average of 2.5 pounds of I pound of thorium.
and 0.5 pound of RE's per tori of ore, all of which are now
being recovered.

The present phase of the RE industry, starting in about
the mid-1960's. has seen the production of large volumes

24


23


16

is

2

0.8

0.9

0.15

0.10

0.005

0.005

4

2.5


1.9

1.1

0.9 ,1

0.8

0.3 'd

4.8


9.7
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TABLE 3.—Chronology 4 rare earth discoveries


(From Gschneider, 1964)




Date of




Element discovery Discovered by Derivation of narne
Cerium 1803 NI. H. Klaproth, and by J. J. Berzelius and From asteroid Ceres




Wilhelm Il isi tiger , independently




Lanthanum 1839 C. G. Mosander From Greck word lanthanein, which means
to be hidden or concealed

Terbium 1813 C. G. Mosander From the town of Ytterby, Sweden

Erbium 18 L3 C. G. Nbisander From the town of Ytterby, Swedrn

Yttrimn 1813 C. G. Nfosander From the town of Ytterby, Sweden

Yderbium 1878 J. C. G. Marignac From the town of Ytterby, Sweden

Samar 1L1111 1879 144-09 de Boishaudran From dw Russian mine oflicial , Colonel




Saniarski

I folmitun 1879 Cleve and independently by j L. From the Latinized word for the city of




Son.t Suwkhohn, I lohnia




1879 P. T. Cleye From the ancient narne of Scandinavia.





Thule

Gadolinium 1880 J. C. G. Marignar From the Finnish chemist, Johann Gadolin

Prawodymium 1885 C. A. von Welsbach From the Greck words prasios and didymos,
meaning gi Nt twin

Nei i(1smium 1885 C. A. von Welsbach From the Greek words neos and didymos,
meaning new twin

I)s sprosium I 886 i i'CO(1 de Boishaudran From the Greek word dysprositos, meaning
hard to get at

Europiutn 1889 Sir William Grookes From the continent Europe

Lutetium 1907 G. Crhan (and independently by C. A. von From the anrient name of Paris, Lutetia




‘\elslia It in 1908




Pronwthium 1947 J. A. Nlarinsky, I.. E. Glendenin, and C.
I). Coryell (in fission products of uraniurn)

From Greek inythology. Prometheus stole
fire front heaven and gave it to man

of high purits RE's by means of i)n exchange and solvent
extraction iliquid ion exchange processes. the development
of important new applications. and the ernet geni e of bastna-
site as the dominant raw material. In parth ular devel-
opment of the RE phosphors, starting in about 1963, which
required very pure curopium and ydritun oxides in unje-e-
redented quantities. and concurrently the industrial use of
liquid inn exchange to obtain pure separated RE's from
bastnasite, marked a profound change in the character of
the industry.

Thus the rare earth industry, from its humble beginnint.f
as an unwanted stepchild of the thoriurn industry, has now
become independent of thorium, which in turn has become
a by-product of the rare earths. Any sizable demand for
thorium for use in nuclear reactors appears to be still a
decade or more in the future, and thorium requirements for
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nuclear purposes art not expected to total more than a few
hundred tons over the next 15 years. In fact, by-product
thorium from the processine of tnonazite for RE's is now
being acrumulated, as the demand 15>r the RE's exceeds
that of the concomitant thorium. The rare earth ugly duck-
ing has become a swan.

SOURCES OF THE RARE EARTHS
World and domestir sourres and occurrences of the rare

earths svere covered thoronehly in the previous Mineral In-
dustries Bulletin on this subject Williamson and Burgin,
1959), and only a brief recapitulation will be given here.

The rare earths are widely distributed in nature, being
found in over 160 minerals (Bril, 19611, but large commer-
cially important deposits are romparatively few. The princi-
pal minerals are shown in the following tabulation.

Coloredo School of Mines
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Mineral Type of ore..

Cerium group

Monazite Phosphate

Imeations

(Light rare eartln)

India. Brazil, South Africa.
United States, Australia, Ma-

lasa, Canada, Korea, Ceylon,

Indonesia

Bastnasite Fluorocarbonate United States (California)

The enrichnient in heavier elements is shown by com-
paring the distributions of rare earths in marine phosphorite,
monazite, and hastnasite ores. As given in table 4, the ag-
gregate percentage of the total rare carths (rare earth less

yttrium) contributed by the first four members (lanthanum
through neodyntium) is shown. The remaining rare earths

( samarium ihrough lutetium ) thus typically aggregate 25
percent in phosphorites, percent in monazites, and 5 per-
rent in bastnasites. Based rut 1961- production figures, ap-
proxinmtels: 21 tons of europium. 74 tons of gadolinium, and

I 1 tons of thulitun were available for recovery from the

apatite iirocessed.

Yttrium group (Heary rare earths)

nadolinite Silicate

)enotime Phosphate

Euxenite Columbate

•narskite Tantalate

Cnited Stales, Scandinavia,


Germans, Ireland, Austria,


Cevlon. Greenland

St andinas ta. Switzerland.

Bra/il, l'nited States, Nigeria.

NI.dasa

Scandinavia. Nfadagasear.

Greenland. United
States, Canada, Ausu alia

United States. Russia. Can-
ada. Nladagam ar, West Afri-

a

TABLE 4.—Distribution of rare earths in various sourres

Element

(:e

Phosphorites

Weight percent in


Monazite Bastnasites




70-80 85-95 95 +
Pr





Nd





Et: 0.5-1.0+ 0.0x-0.1 0.1 rt

Cid 1-6 1.0-4 0.1-0.5

Tin 0.3-0.6 0.1




.An interesting paper bv Altschuler and othet s 1967 )
points out the possibility oi doubling the domestic produc-

tion of rare earths by recovery of these materials from apa-

tite. as a by-produet of phosplutric acid manufactute. Phos-
phate eock (containing apatite as the principal mineral1 is

mined extensively in Florida. Idaho. Montana, and North

Catolina. lIte rare earths generalls tuake up only from
0.10 to 0.1 pen ent by weight iii matilw apatile. Ilossever.
the sast tonnages of apatite prm essed for the prodnution of

phosphorie acid make this soun r a substantial one for the
rate earths if eronomical means of recos 11% bf found.

In 1961 about fl million tons of apatite mas ponessed. con-
taining nearly 3,5110 tons of elemental larr eartbs. nuring

the same year U.S. prodtu tion of rare earth osides svas
2.300 tons. Altm huler and others suggest that presunt lare

earth recovery techniques, suilt as ion exchange and solvent
atraction. can be adapted to recover these materials from
Whosphorie acid processing.

Rare earths reportedly hase been recovered on a small
scale from apatile-rith oick in Finland .Client. Eng.. jan.

2, 1967 and commercially in Russia and Poland (Bril.
1961). The apatite deposit on the Iwnisula of ( Russia )
conlains 0.5-5 percent of KEO, atul has lmen estinta ted to

contain a potential reserve of 160 million tons of REO.

nalyses of the marine apatites were unusual I when om-
pared with monazite and bastnasite in showing eritun

markedly depleted. being less abundant than lanthanum, and

emnmonly less abundant than neodyntium. I his distribution
appears to parallel that in sea water on the basis of yery

limited data. but is in conflict with a large body of rare
earth analyses on phosphorite. Compared to conventional
rarr earth sources. the marine phosphorites appear to ben unusually enriched in yttrium and in the middle and higher
atomic weight rare earths such as curopium, gadolinium,

thulium, and erbium.

Froln Altsehuler and nthers, 1967)

EXTRACTION AND SEPARATION OF

THE RARE EARTHS

The similarity in chemical behavior of the rare earths
has traditionally made their separation difficult and time-

consuming. The first major advanue oyer the old techniques
of fractional crystallization and precipitation carne svith the

advent of ion exthange, first reported in the late 1940's and
used on a large scale from about the mid-I950's. The second.
perhaps esynt more important development, was the com-

mereial introduction of solvent extraction (liquiddiquid ex-
traction. liquid ion exchange; in about the mid-1960's. All
of the rare earth metals can now be obtained in high purity
lw using these new techniques alone or in combination.

The following methods are available for separation of

the rare earths:

Froctional crystallization. This technique depends upon

slight differences in solubilities of salts of the various rare
earths. Crystallization from a solution of a mixture of these

salts will give urystals romposed largely of the kast soluble
salt: the mother liquor will be enriched in the most soluble.

The degree of enrichment obtained in a single erystalliza-
tion is very small, and thousands of crystallizations may be
required to achievr desired separations.

2. Fractional precipitation. This method involves adding

a precipitant to a mixture in an amount insufficient for

complete precipitation. The first precipitate obtained will
be richer in the element having the kast soluble product;
if this is removed and more precipitant added in steps, a
scries of precipitates can be obtained varying slightly in

solubility. As with fractional crystallization, this method is
tedious and the efficieney of separation is low.
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ean be treated with tid to lonvett it itS Ori<11Ilai condition

a and the sequeni repnited.

lan senn that in  his proeess. those elements which

formed the strongest omple \e, in graduall  heeorne
erIncentrated at the leadinn edge il the RE band. and those

which formed the vbeak,....t ioruplexes al the trailing edge of

the band. with all if the others hetx  enn. The earths leave
the bottom of the column in reverse cilder of their atomic

nurnbers. Thi• 11/01.('5 iS drNiirtI (.1112,11'1'

of separation is obtained, then the effluent solution collected

in frartions containing the separated individual elements.
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Ethglenediamine tetraanstie acid !IP,DTA is a ssidelv
used complesing agent. i he acid form nf EDTA has a low
solubility. so that if the resin iS in the hydrogen forni. the

EDTA Nvill tend to precipitate and hInek the bed Accord-
ingb, coppri or iron. which forms a soluble romplex
EDTA that is nune stable than the rarc earth complexes.
is nsed as etaining on to oad the inhirun in front of

the eluting solution. Leger and Payne point out that dyspro-
sittin-sttritini !.eparation is sery slow witit EDTA because of
the small drleience III the stabilities of the two unmplexes.
These two rIrments sepatated bs- clution with liv-
drwartH1 elnlenediamine tilat ille acid as
tline P. a laigc iliffroart iii thy stabilities nf the IIEDTA-Y
and 11E1 YVA-Dy ioniplexes. olution alm: works
litt sepat altnt; titt iitLiii ral 111 t  licte EDTA is Unsatistartors
bet iltie of ti i ipitation in the column under the ackl con-
dilions necrssai  for wind sepat anoll.

A rei rin Ilineau nf Mines publication Wingn and
ind  Inini_ I lt'itits ..11 dli iniestfitation of alnino acids

a s .ttLittts itt epla,-, Hdonten III copper for ratt:

catth separations with EDIA at 85-1k1; (:. Ilvdtoxseths1
ethslennliamine ukturtis at id IIEDTA and dietInleneni-
aminr pentaairtic ni id wrre thr mnst effintiye of
sesen amino ,nkls inamined tiii''çitit an inurraw

gkrhydi neen- Of oppel ion5 idtholit preripi-

N in the ElY4A eloant concentrations oyer that possi-

tailon taking place. Also. reiosery cl EDTA was easier than
trom thc yer: sialilr cnpper (helme. an 85 percent rnoset
litinL effn ted brfore air-earth break-thiough and during
elomin of lotetium.  tfribitun. and thulitun. Essentially com-
phie ie, ostas of the 1141(4.1 nt 1(1-PA retaining age.nt was
imosable.

11,, iuita ipal adiantage 44 tett exchange as practiced

Is the ability Nen high purity materials.

X' tla• tr,•linique is sers sersatile. so that changes from
modui t iii anothet can rasils be made. Disadyantages

 sa41 6: 14. thr entinuin's 11.11111Snf the proiess. sn

it il i litt clii atl;tçtt 1. strads produc tiOn on a large

	

de: li Oil It i i Ipat the equipn0•111 about five pounds

	

t cl, itt li prr !,,ot of tesin slow flow rates to
unit satisfa, tory ext hange of inns: tin nreessity nf using

,-1, dilutr solutions ssith currently available complexing
agents, and a laitte er,sar  iI,itntt,rv of inn xcharati•
ts•siti. Ilowes er. ion e‘dlange production nf rare eanks is

ali til out on a large scale—Miebigan Chrmical Corpora-

a in is sakl baye 16"i ollillins 21.'2 feet in diameter and
1111/1 fitt hiela Ishere heas4 REs ale separated 1n the tim.

1-nya!let colunins are used for separatinn iii thc less abundant
rat ths.

Se elre'ed • ttractio n. (See Callow, 1966; Chem. Eng.
NeWs. Mar. 11. 1968: Lever and Paync. 1968: Peppard.
196 4 Solsent exttactinn (liquid ion exchange as a pOsSi-

for separation of the RE:s has been investigated since

thr 1930.s. although it has only gerv recentlY been reported
as bring iii Uonlmercial use.

simplest terms sobent extrartion involves the inixing
of twet immiseible ltquitls. an aqueous phase containine the
rhernical ions to be recoyered. and an organie phase enn-
taining the extrartant: that is. thr inn exchanger in liquid
form. During the extraction step, the desired ion migrates
frenn the diltile aqueous phase (which may be impure into
the organic nhase. This organie phase is then separated from
the batren aqueous phase. In thc stripping or removal step,
the procedure is reyersnl and the desired ion passes from

Mineral Indusfries Bullefin 


thi, leyded organk ittiij i new aquenus phase. Ask •

mixing ti thr phascs is important. as is ready separation juli

discrete layers after Mixing and settling tanks

counterrurrent gravityllow towers are the rnost rorruncin
mrans of mning the tw,, phases. The liquid ion exchanger

solsent is in general dissolved in a rarrier such as kerosine.

The pho,pliate tStetssiiirt to have received the rnost
attentinn as solyents; iii these. di-2-ethylhexyl phosphork
agid ,IIDEIIP has burn studital the most thoroughly. The
use of this tragent has incleased greatly in reeent years
(Wrayer. 1968' both in analytical procedures and commer-
dalls. For example. it has Ittett used for rerovering large
quantitirs of fission-priidln i R Ei from nurlear reactor
wastes. and its ull be dest ribed later on an industrial scale
lw Molsbdenum (:orporation of Amerka (Molyrorp I in the

Houessin  g, if bastnasite.

The long-chain amint s uni their salts have been evaitt-
ated ts exuartants for dr• RE:s. Itauer (1966) wported that
tra, tionation of two jiuit i Idjavent RE elements ,lantha-
1111111-enilint and tillifilitu-% from a nitrate solution
was feasibl, . but that high nincentrations of litiiiuttt nitrate
weir tequit-ed to obtain elh•ctive rxtracticin, and that separa-
tion ssas markedly dependeut on the addition of a chelating
agent lii the aqueons phase. Some of the quaternary artimon-
ititti also ait• useful extractants, but neither these
materiak not the aminrs appear to haye yet reached large-
scale

Naphtlumic arids arr among the newest extraetani- iseing
examined (or extractinn tutti srparation of the RE.
wids hay, the general foimula R(3)01I, P

cal derined pledominandy Irom evrlopentur -
its homologs. and are obtained as by-product'S- in ieutca
pitmessing. Bauer and landattom (1964) evalhated a kaph-•
thenie acid solyent fiu exuaction of RE sulfates. The actit
was an efieutbe extractant fnr the RE elements when diluted
with dieths1 ether nr it-hexannl but gave tti 1110delan•
sepai ation of the elements. 4lhe itddition of ci:elating agents

imprined the separation factors.

A major advantage cited for the solvent ex.raction meth-
nd is that it can be made a i ontinuous process, so that large
quantities of prodUct titt iii made in comparatiwly small
plants. A disadsantage is that thr process is inflexible and
cannot easilt be i hanged from one product to another.

inn exchange ij centrifugal contarting has been
repnrted lecently (Chrin Eng. News. Mar. 11. 1968i as

used 1)) Denison i lines in its rare earth recovery unit
opelated in conjunctinn with manium production facilities
at EI liiit 1,ake. Ontalky "rilf•  Initartors, Podbielniak Pods
manufactured by Bakel Perkins. Inc., are said to give the
same results as a series of mixer-settler tanks, conserving
yaluable plant space and sharply reducing the inventory of
organic solyent (for example, frorn 75,000 gallons to 3,000
galltins

6. Potential new wparation trehniques. Two literature
disclosures have been noted which may be of future interest

for effecting separations of the rare carths. Eisentraut and

Siever (1965) have descibed volatile rare earth chelates

made from 2, 2, 6, 6-tetramethy1-3, 5-heptanedione (dipi-

valoylmethane). These rare earth complexes were thermally

stable and showed appreciable and significant differences in

volatilitics based on sublimation and gas chromatographie
data.
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A new organouranium compound, bis-cycloortatetraenyl-
uranium, called "uranocene- on the basis of its similarity iii
structure to ferrocene. was recently n nthesized at the Uni-
versity of California (Chem. Eng. News, Jan. 6, 1969.  This
compound is said to be the only one made and identified
to date in which the 16-rnolecular ciiInials of a large ei ganic
ring share electrons with the uranium f-atoinic orbitals. It
is suggested that the rare earths. because of their clectionic
structure. may enter into a compatable tspe of f-orbital
union with large organic ring systems.

Uranocene is a green crystalline material w16ch is iwro-
phorie but thermally stable in the absence of air. It is spar-
ingly soluble in organic solvents and stable to water. acetic
acid, and aqueous eaustiu soda. he matelial has a high
volatilitv compared with other uranium derivatives. sublim-
ing at 180 C and 0.03 torr.

Ferrocenr. his-cyclopentadienvliron, was first ssnillesized
in 1951. and is now used in a satiety of applications hom
antiknock additises to polsineri/atiim eatalysts. The sand-
wich structure of the new ItIallluul derisative compared svith
ferrocene is shown in figure 2.

Fe

Uranocene Ferrocene

2.— Sandwieh structures I uranneene and fernwene.

Extraetion ehrommographs is a very new tedinique in
mhich one of the liquid phases is held statirmat v iii a col-
uninar supportine medium. Either the aqtwous phase or the
oreanie extractant mas Ise the stationaly phase, but hest re-
sults apparently are ohtained with the oreanie phase sta-
tionary (Wraver. 1968  .

Finelv divided incit olganie materials such as cellulose
powder, .polyethylene. ete., are widely used.

aktorganic powders such as kieselguhr. diatomacrous i•arth.
silica gel made Indrophohic Iw an adherent lilm of

dimethyl dicblorosilane or a sirnilaf material also an• useful.
Estraction“ inomatouraphiu i olunins mas be po-pared bs
mising the support material with an extractant and loading
the mixture into a column_ or by pouling the extraetant into
a column of supporting material. followed by flushine out
of the excess with an aqueous solution. The result is a multi-
stage unidirectional extraction column. When all exuactant
is the stationary phase. the dements to be scliaratcd ale
1oaded on the coltunn in an aqueous solution from whidi
they are readily extractable and are then selectively stripprd
or eluted by a suitable aqueous phase. Thr similarity of such
columns to ion exchange is at once apparent.

The technique has been developed inm a useful tool fol
analysis of mechanisms of extrartion, hut it is doubtful that
it will ever be useful for the separation of any eonsiderable
quantities of natural REs. Capacities of the columns ale
considerably less than those of solid ion exehange columns
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of the same size, and an extremely large scale-up would be
required for processing useful quantities of REs. The tech-
nique is not likely to become competitive with other separa-
tion methods, but svill prohably find increasing use in the 4
separation of radioactive elements.

PLANT PROCESS

The following description covers the processing of bastna-
site, currently the major sourec of rare earths. Process des-
criptions have been given by Chem Eng., Nov. 20, 1967;
N. I,. bihnson (1955 : II. W. lIarrah (19671; P. R. Kruesi
and deorge Duker 19651: F. M. Lever and J. 14. Payne
(1968 ( and V. E. Shaw (1959 ).

The Mountain Pass. mine and processing
plant has heen deweloped and expanded by Molscorp into

the largest rare earth colleentlating fauility in the world. The

innieral is basmasite, a Ilunrocarbonate containing
chirfly cerium. lanthanum. neodyntiona and praseodyinium.
but ako small amounts of samariuni. gadolinium. and euro-
pill111. After open-pit mining, erushing. and grinding, the ore
is subjected to hot fwth flotation li, eive a concentrate aver-
aging 80 pereent RED. Cawful control of and of re-
agents is necessary in the flotation.

Some of the eoneentrate is shipped without further treat-
ment: sonw is snhjected to at id haching which further con-
centrates the mineral to »i pen ent REO, and finally to
caleination which gives REO concentrate for
fen1 to the solvent extraction eireuit.

roasted concentrate is leached with hsdrochloric
acid for coliversion to rare earth chlorides. The acid slurry
is passed through a counter-current decantation and thicken-
ing circuit, then tiltered to give a filter eake consisting of V
65-70 pen-ent REO containing 55-60 pereent of cerium
oxide. This mrcipitate is repulped, filtered, chied, and man
keted as a cerium concentrate.

thickener oyerflow contains 100 grarns per liter of
REO, including 0.2 gpl of enotpium. This solution is filtered.
the pll adiward to I. the solution heated to 110' E again
ulanfied hy filtration and fed to the europitun extraction

The eunpium solvent extraction process svas largely
developed in 1961-1965 during laboratory and pilot plant
work carried out for Nlolseoly at the Colorado School of
NIines Researeh Foundation. Ine. lite process leads to euro-
pium axide of 99,9 pereent purity, together with by-products
including samarium and gadolinium (Chern. Eng., Jan, 2
and Nov. 20. 1967: Jour. Metals. Aue., 1965'.

The solvent extrattion liquid ion exchanew is carried
mit in inixer-settler units, using a volume ratio of 1.2 organic
to ID aqueous, the oreanic phase romprishig 10 pereent di-
2-ethylhexyl phosphorie arid (1-IDE1-1P) in kerosine. The
organie phase, whieh contains eulopitun, samarium, and
Eadolinium. is snipped with •1N hydrochloric acid. Iron is
removed from dw hstlowldorie atid strip solution by pre-
/ ipitation at a p1-1 then the solution re-extracted with
the same solvent, and the organic phase stripped with 5N
hydrochloric acid at a volume ratin of 8 organie to 1 aque-
ous. Samarium and gadolinium are recovered from the strip
solution as carbonates, and curopium oxide prepared for
market.

The raffinate from the europium extraction is used as
fred to a lanthanum recovery virettit, the first step being
addition of ammonia and sodium hydrosulfide to precipitate

Coloredo School of Mines

rifurgl.• 4two44
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The calcium reduction method cannot be used for the
preparation of samarium, europium, or ytterbium; trihalides
of these rare earths give only the dihalide and no metal. It is
possible to reduce the oxides of these metals by heating with
about a 10 pereent exeess of lanthanum metal at about
1,000° C. Lanthanum oxide is formed and the volatile RE
metal distills and condenses on the upper part of the cruci-
ble.

2La + 8m203 Lan + 2Sm

Some properties of the oxides and of the RE metals are
given in table 5 (Gschneider, 1968).

TABLE5.-Properlies oI rare earlb oxides and metals 


Nleiting
Vickers


hardness Melting
_  Metal point ' C kiii min2 Oxide point ' C

Yttrium 1526±5 38 Y20) 2415

Lanthanum 920 ± 1 37 La20) 2250

rium 7982; 3 24 Ce20) 2140





Ce02 2401

Praseodymium 931 ±4 37 Pr20) 2200





PriOn 2040

Nendymium I016±5 35 Nd204 2272

Promethium 1080 ± 10




-




Samarium 1073±1 45 SR1203 2325

Fan opium 822±5 17 EttO 1950





Eu20) 2050

Gadolinium 1312± 9 57 Gd205 2340

Terbium 1357±6 16 Tb203 2387

Dysprosium 1409 12 Dy20) 2340

Holmium 1470 42 11020) 2105

Erbium 1522 44 Er20) 2390

Thulium 1545±15 48 1m203 2400

terbium 816±2 21 Yb20) 2346

Lutetium 1663±12 77 Lui0) 2490

high-purity rare earth and yttrium metals became available
on a commercial seale in the late 1950's. Until a very few
years agn the standard use-distribution pattern showed about
one-fourth of the materials going into albys ( mischmetal e ,

used in lighter flints, magnesium allo)s and some ferrous al-
loys. Another olw-fi)1irth was used in the glass industry, for
roloring and decolorizing, and the ceriurn oxides were Widely
used in polishing. the tldrd one-fourth of rare earth prodib-
tion went into the tuanufaettire of carbon arc electrodes, used
in the motion picture industry and in large searchlights. The
remaining one-fou rth was divided among many miscellane-
OUSUses.

In contrast with the above distribution, the figures given
bv Parker (1967: for 1967 show that of the $15 million
total sales of RE materials. about 50 percent was accounted
for by shipnients of eurot)ium and yttrium oxides of high
purity (for use in TV tubes. mereury vapor lamps, and
fluorescent lighting fixtures:. although these materials made
up only one liereent of the total weight of RE materials.
The industrial consumption of other rare earth compounds
on the bam f ralur is given as follows:

Glass, usually as polishing powders, and some

Pereent




in cerainics and glazes 17
Petroleum catalysts 10
Steel aud alloy produetion and in the rnaking

of misclunetal antl lighter flints 5
Carbon arc production 5
Electronics 5
Other miscellaneous applications 8




50

High purity curopium and yttrium oxides 50




100

Kruesi (19681 states that the principal use for the rare
earths in terms of pounds has become that of petroleum
catalytic cracking, which is seen to account for 10 pereent
of the annual value of the RE compounds.

The following table frorn Gschneider (1968) gives figures
for volume and for dollars for the rare carths in 1966.

TABLE 6 -Rare earths consumed in 1966

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 great
deal of research has been done and is continuing, to find
new outlets for the rare earths as they becorne increasingly
available at lower prices and in increasingly higher purity.

Misclunetal has been made commercially since the early
1900's, and cerium, lanthanum, and didyrnium metals
(electrolytic) have been marketed since the 1940's. The
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Million

lbs/year G

Million

5/year G Application

2.1 26.2 0.4 2.6 Metallurgy
2.0 25.0 1.95 12.9 Glass polishing
1.45 18.1 0.5 3.3 Catalysts
0.7 8.8 0.8 5.3 Carbon arcs
0.6 7.5 0.5 3.3 Research and miscellaneous
0.5 6.2 0.75 5.0 Glass and ceramics
0.35 4.4 9.7 64.2 Phosphors
0.25 3.1 0.2 1.3 Capacitors
0.05 0.6 0.3 2.0 Microwave

8.00 99.9 15.1 99.9
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A list of some of the applications of the rare earths is

given in the following table, also from Gschneider (1968).

Some of the present and proposed applications will be dis-

, cussed in greater detail following,

TABLE 7.—Applkations of tbe rare eartbs*

METALLURGY
Alloying agent

Ferrous—M

Nlagnesiutn—M,

Other--N1

Pyroplugie alloys—M I

Pure metals for

research-1

CERAMICS

Entunels acul N1

((oatings—M. 1

Refractories-1

Stabilimrs--I. N1

I M I NATION

a rbrin are- -N1

w I..aset s- - I

Phosphors- -I, NI

Fluorescent lamps---1

Nlereury vapor lamps----1

Color teles ision --1

NUCILAR

Control rods- -1

BUrnable pOisonS—I

Diluents --1

Shirlding- -I

Detectors--I

Radioaetive heat and

pttver s4)urces---1

((ounters- -1

• The letter N1 after an application indicates that the rare

earths are mcd ils a mixture and the letter I indicates that

indiyidual hur carths arr used. If both letters are given

it indicates that both forms are used: the fust letter indi-

dites that the milization is greater in that form than it isthe other.

On a volume basis the applications using the mixed.

unseparated rare earths account for 80 pereent of the do-

mestic productiim. but nn a dollar basis this accmints for

only about 25 pereent of the tntal amount spent. In other

words, the market for the separated indiviclual elements

accounts for only 20 perrent of the total yolume of rare

earths produred, but 75 percent of the total dollar value.

Phosphors. One of the most important uses for the rare

earths that has developed in recent years is in rolor television

tubes; the use of europium and yttrium oxides as phosphors

is now well established. In this application. europium-acti-

vated yttrium vanadate, yurium oxide, or vttrium oxysullide

as the red phosphor gives brighter, truer colors, and improves

the quality of the picture. The previously used silver-acti-

vated line cadmium sulfide red phosphor did not have a

high enough lutninosity to match the green and blue colors.

50 that the greens and blues were deliherately deadened to
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obtain a good color balance with the red. The new RE
phosphor allows full brightness of the green and blue phos-

phors, thus resulting in a 40 pereent gain in overall tube

brightness.

Closely allied to this use is the use of a glass filter plate

containing neodymitun oxide, which when laminated onto

the viewing smface of (olor TV tubes reportedly improves

the brightness and contrast and produces more saturated

red, green, ancl blue colots. Phosphors containing europium

and yttrium also are used in improved fluoreseent lamps,

and industrial merCIIM vapor lamps are improved by an

addition of dysnrosnan • Parker. 19671. As noted above.

these outlets amounted to over million in 1967. account-

ing for about Italf of the total dollar value of the RE indus-

try.

Cmcking ratalyqs. Another very recent and important

application of the rate earths is in the preparation of cata-

lysts for eracking of petroleum. This use is noW the largest

single volume outlet for thrse materials and accounted for

about 10 percent of the dollar value in 1967. Mandle (1966

has summarized the various literature references dealing

svith these orty superactiye, superselectim catalysts, which

are elassified as "ructal-acid alumino-silicates." being closely

related to the well-known zeolites or molecular sieves. The

cotninercial crac king catalyst is called Durabead 5. Tests of

the new catalyst shmyed that 1 /16th as much catalyst gave

more cout ursion than a comentional silica-alumina catalyst

in 1/16th the time of contact. leading to the elaim that the

RE catalyst is mom than 100 times as actis-e. It is said that

the econnmic significance of this development in gasoline

produetion is nemrtulous, siner it yields 18 to 20 percent

more gasoline from a given amount of charge stock, at the

expense of components of less value, and has decreased re-

generation requirements.

Reportedly the Unprovements resulting from the use of

this eatabst are so retnarkable that it has been necessam to

redesim the distillation processes associated with the cat

eracker in the refinery. Two major advantages of the zeohte-

ty pe eatalysts over ;unorphous catalysts are claimed:

1 , ln the molites thr catalyst metals appear to he distri-

huted :ts atomic patticles, rather than as metal crystals.

and are, therefore. more active.

(21 According to the patents. the catalytic rnetals expose up

to four times as min h surface in the zeolites as they do

in amorphous catalysts.

In the Durahead 5 catalyst, rare earth ions displace sorne

of the sodium ions of the supporting synthetic zeolite struc-

ture. These RE ions arr introduced by an ion exchange pro-

cess from a chloricle solution, to give an RE content in the

catalvst of about 5 iiercent. as the oxide. 1'he RE is a mix-

ture of the lower atornic weight mernbers, such as lantha-

num, cerimm prasec,dymium. neodymium, and samarium

(Chem. Eng. News. Nday 10. 19651.

Other catalytic applications of the rare earths have been

known for many  ;;ears. and research in this area is con-

tinuing.

Lasers. By far the most exciting of the newer applications

of the rare earths is in lasers. so much so that it is difficult

to avoid superlatives when discussing this new field of acti-

vity. Lasers were first proposed in 1958 and the first working

laser was made in 1960. Since then there has been an un-

precedented amount of activity involving this new kind of

light source; in the 18 months following the first laser about
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GLASS

Polishing---I. N1

Decolorizing-1, NI

Coloring agent--I

Filters I
Optical glass--1

Photochromic glass—I

ELECTRONICS
_

Capacitors—I

Cathodes- I. N1

Computer components—I

Eleetrodes- -1. NI

Garnets- 1

Getters—M, I

Fertites-----I

Insulators— I. NI

Nlagnets--I. N1

Rusistor, 1

Semiconductors-•I

Thermistors-- -I

M1SCELLANEOUS

(latalyst.--1. N1

Pharniac euticals- -I

Photography—I

Analytieal —I

Imbricant I

Chemical p1ocessing-1

hernionalers-



sheressafl

400 cornpanies entered into work svith the device and many

government agencies adopted some sort of laser program

(Lengyel, 1962).

Levine (1963) nntes that very few developments have

stimulated the imagination of scientists and engineers as has

the laser—it is now one of the major reseal, h midertakings

in the United States and its growth is probably unparalleled

in the history of science and terlinnlnev. amount of re-

search and adtanced eneineering thisoted to lasers exceeds

that devoted to transistors at a comparable stage of deselop-

ment. It is estimated Chem. Week, Apr. 23, 1966, that as

much as $1 billion ssill be spent on lasei materials and

equipnuint in 1970.

'The' rare earths are particularly suitable for this sperific

application on the basis of their atomic structute, rvstal

formation. and optical and spix tral pmperties. So far the

amounts of inaterials imolved are relatively small, and it

must be emphasized that the rare eatths ate used in onlv

a part of the many lasers which have heen developed. Ihtw-

eser, the possibilities in this area apjwar ti, be so nemendous

that the subjeet justifies mme than passing mention.

• Basically a laser is a totallt new kind of light sourre,

mvolving a special form of luniinescence, in which a highlt

parallel, intense beam of unherent tadiation is emitted. TIns

untemal sotIrre of light can be made Inighter than the

and man's control of light has thus reached an entirelv new

lesel. It is this element of control which excites wn,kers in

the field with prospects nf totally new uses for light that are

as set unknown. The term laser is an acionvin for (ight

nmplification by stimulated rmission of radiation and is an

olltgrrn th of the carlier maser (111 hir mi( instave The laser

is also termed an optical maser. Light amplification has been

ai biesed tsith gases. liquids. and solids, insolving rnany dif-

ferent inolerules and a tarictv of N avs 11 exciting them.

The raie earths have been used in solids and in liquids.

Essentially. laser artion involses stimulation of an active

material by an external source to raise part of the atoms to

a higher energy level (excited state, than the normal gmund

level. The exeited atoms may then return spontaneouslv to

the ground state. emitting energv, or, if stittmlated while in

tbc excited state emit energy sshirli is in phase ts1th

and in addition to the stimulating tadiation—this is stimu-

ited emission. and the highly

intense beam of co-

rent radiatinn has many important applit ations, Some of

the major present and potential uses of lasers are shown in

the tabulation followine.

( I Communications. Movine from mierowave to the visi-

hle-light band of frequencies expands the available

band by a large factor (over 10.0001 so that the laser

cnuld accommodate 80,000,000 TV channels of the

present bandwidth, or 800.000.000 simultaneous tele-

phone conversations. The laser beams are nf particular

importance for communications in spare, where the at-

mosphere does not interfere with the propagatinn of

radiation.

(2) Concentration of power. It is possible to forus a laser

beam to a very small point to achieve intense heating,

reaehing a power of 10.000 times greater than the sun

under certain conditinns. Even the most refractory ma-

terials can be melted or vaporized under these condi-

tions. This aspect of the laser has been used in welding

and in certain types of surgery, for example, for repair

of a detached retina, and it obviously has military im-

plications. The laser provides an unusual tool for the
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study of interartion of matter with radiation of ex-
tremely high densits..

Scientilie experimentation. Range finding, or "ranging,"

the determination of the position of a distant objert by

laser is similar Lit tadar, "The laser ofTers possibilities in

modification or eIrration of photorhemical reactions.

and in hioligrical applications; for example, stimulating

grossah or destrosing curtain tissues. Tlie laser ofTers an
intense sourre nf inonm Inomatir radiation in the visible.

the infrared, and the near ultraviolet, that can be fo-

cused to a fine pnint.

The rare earth elements have very complex spectra due

to electronic ti ansitions bettveen varions electronic levels.

Since earli element has its otyn elvetronic level schetne, there

are numerous transitions tvhich makti the elements useful as

phosplusrs and laser mauitials. Prartically all of the rare

earths have been evaluated in lasers: as crsstals. in glasses.

in cluilates (organic compounds), and in liquids. Gschneider

(1968 notes that nvoilt uttitiuti is onv of today's mest useful

laser materials. and that vtuium oxide and other yttrium

compounds aIP bel onting the mest important host materials

for rare catth clopants ,a( livatots, for either pltosphor or

laser action. Thus, a nendsinium-doped vitrium aluminum

garnet (VAG, is one of the most plomising laser develop-

ments, and a holinimn-doped erbium oxide has been evalu-

ated. ln these netver approaches to lasur crystals, the host

materials include RE (or related) vlements that can aid in

the excitatinn of the active dopant ions--this allosys easy.

losv-threshold pumping, that is, excitation (Chem. Week,

Apr. 23, 1966).

Parker (1967, reports that yttrium aluminum garnets

doped with neodymium oxide were used in a sun-pumped

laser capahle nf carrting telesision modulation. Neodymium

glass lasers showed promise in inicrowelding applications.

Ilydrogen-free solvents, containing RE oxides such as nen-

dymia in solution, weoi believed to be at least as effirient

as some of lite citstalline lasers and have the advantage that

the liquid can be conled by cirrulation.

The field of laser technology appears to have all almost

unlimited potential for further growth and development.

Because of the particular characteristies of the rare earths

whit h make thent of value for this application, it seems eer-

tain that the rare earth industry will benelit from any large

scale commercialization itt this area,

Clan and reratnir,. (See Mandle and Mandle, 1961:

1966; Gschneider, 1968; Ilerring and others, 1968; Parker,

1967: Chem. Eng. News. May 10, 1965, June 12, 1967:

Chem. Eng.. Jan. 2, 1967; Chem, Week, Dec. 2, 1967;

Cannon, 1969). The glass and ceramics industries still rank

as major mitlets fnr rare earth janducts, based nn both dollar

value and ciunds. The largest consumption in this field ap-

pears to fin: glass polishine. based ehiefly on rerium oxide

or high-cerium mixtures. Thus, sorne of the polishes contain

90 perrent rerium oxide, although most are mixtures of RE

oxides in about the same proportions as they occur in the

orc: for example. 50 pereent cerium oxide and 21 perrent

lanthanum oxide. svith smaller arnounts of other RE oxides.

A process has been patented for making a high speed glass

polishing powder directly from bastnasite.

The RE oxide polishing powders are used in the polish-

ing of plate glass, mirrors, television tubes, spectaele lenses,

camera and instrument lenses, etc, In general, they are much

cleaner and faster than the traditional rouge, produce a

superior finish, and have a longer useful lite. Accordingly,
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these RE materials are competitive with rouge even though


their cost may be ten times greater. There is some question


as to whether use will contitme to inerease in thr lanw

Ovolume
outlet for polishing plate glass because of the intro-

duction Of the float glass (Pilkington) process which elimi-

nates most of the polishing.

Another large potential outlet for the RE's in glass is in

the use of cerium and neodsmiton oxides in the glass hatch

for decolorizing. This rombination is said to he competitive

with the selenium-uobalt ststem commonly used today, and

a market equivalent to 2 million pounds of cerium oxide

annually is anticipated. The use of cerium for decolori.ing

requires an arsenic-free glass hatch, sinee arsenie-ceriurn

glasses are photosensitive and develop a brown color when

exposed to sunlight.

Sneral of the rate earths have found use in the ntaking

of special optic:11 glasses. Lanthanum oxide has bern used

in ophdrafinic glasses and in special glasses used in photo-

graphic lenses. Cerium dioxide is used in glasses sshieh are

subject to discoloration by various kinds of i adiation alpha.

gamma, x-ray, light. efix tron). the effeut apparently heing
due to the strong oxidiiing power of the + I flTI, which

pakents lower-valenre kad and iron compounds from form-

iWThis feature is useful in glass for eathode-rav tultes.

apparaws used near nm lear reactors. and in color TV tuhes,

 diere election radiation could cause the elass to discolor

and destroy the cdor quality of the picture. Leriurn oside

in glass also allsorhs ultraviold and powents spoilage

food in transpar ent cerium, neod  miunt. di-

dt mium neods mium plus praseods mimn oxides are used

to absorb ultrasiolet radiation in welder•s and glass blower's

goggles. sunglasses, oplical I) Iter s. ete.

O Samarium and erhium have been used in special Itimines-

t ent and infrared-absorhing glasses, and neodyntium and

prawodsmiton also accentuate infrared absorption.

Sneral of the rare earths gis e interestina colors in glasses.

Neodt mitun has enioted the st idest use of ant of the REs
as a L(last, i olorant it heautiful tones ranging from blue

under fluoreseent licht ' TO mnI ted in natura 1 das helit or

lit andeseent light . ansl is said to prodw e the only known


glass with a bright jutiplet olor. Nlmxttiits of neodstnium and


plawodsmium give unique dasscs in which the eolor saries


with the thickness of the glass :uul with the kind of illtiTilina-




Glasses containing prawodymium are girf`II. the I-OlOF


aring essentialh the same hIS that of chromitun-enntain-

glasses, althr their absorption spe: tra are quite dif-

ferent. Erbium are pink and represent the 011k truk

stable. pink. sculadime glasses. and a mixture of erhium and

neods mium gives a plea  ing lasender color. Research is said

to hr in progress on deteloping photoduomic glasses. that is

those that darken in the prten e of light (certain wave-

lengths) and lose their color when the light is removed.

Europiurn has been disclosed as sunlight-sensitive. and

cerium and other REs are used for exposure to other light

SOUrres.

A number of the rare earths also yield fluoreseent glasses.

europium having reeeived considerable attention. prohahly

because of its strikine orange-red color. Dvsprosium produces

a yellow fluoresrence. and cerium or thulium gives blue:

essentially any floorescent rolor can be obtained bv using

mixtures of the various rare earths. The rare earth fluores-

acent glasses have been suggested as standards for fiuorescence

Ldspeetrophotometry.

In the field of ceramics, a nlixture of praseochmium oxide
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with zirconium oxide produces a pure yellow that is used in

coloring ceramic tile and porrelain enarnel. A new poly-

crystalline material which comprises a solid solution of 90

percent yttriurn oxide and 10 percent thorium oxide, called

Yttralox (General Electrie Co.) is transparent and melts at

a tennwrature of -1.000' F, compared with a softening range

of 2,000-2.600 F for typical glasses. lt is being considered

for use in high intensity incanderwent and discharge larnps.

in windows of high-temperature furnaces, and in microscope

lenses used tn study molten sarnples. The material is said

to be transparent to visible and to infrared light, and to be

amenable to fabrication by ceramic-processing techniques.

Yttrium and cerium oxides are used in stabilizing zir-

conium dinxide in certain applications. The rare carth oxides

have high nwhing points, but are reactive at high tempera-

tures and tend to form compounds or solid solutions with

otlwr oxides. and do not appear to offer any outstanding

benefits over the more common oxides as refractories. Hol-

mium oxich: repor tedly has been used as a special refractory.

Metallur“. Manv referrnces have been published on the

use of lare earths in metallurgv. partieularly ferrous metal-

lurgy. starting with mischmetal in the early 1900s. Much

of this tvork was and has continued to be based on misch-

metal. which tvas the lirst of the RE metals to be produced

commen iallv and which has heen available at a much lower

price than finv of the wparated rare earths. The field of

ferrous metallurgy appears to offer the largest potential outlet

for the rare Cal ths. hecause it is the largest market in metal-

lurgv and hecause some of the early work in this area in-

dicated «msideraltle promise. Ilowever, none of the hoped-

for large scale applications in ferrous metallurgy have yet

materialized. Nlandle and Mandle (1964) point out that in

the early 1950's rare earth additions in the sted casting in-

dustry were glowingly desenhed as "wonder drugs," and "the

penicilfin of and that in some cases the titles Were

merited, although many contradictory results were obtained.

Plain rarbon and low allov steels represent bv far the

largest tormage of metal produced throughout the world.

Rare earth additiOns to drns(` stft Is have iwen shown to be

useful in deoxidation. desulfurization, and in improvenlent

of physical properties such as ductility and impact resistance,

and tIns is still the field of greatest research effort as indi-

cated lw the technieal liwrature. Several factors appear to

be resprM  ible for tlu: lack of greater use in steels (Mandle

and Mandle. 1966: :

(1 ) Economies presentiv does not favor use of the RE metals

or salts conirrared svith other products; for example.

aluminum for deoxidizing. Except in special cases, the

RE's are om expensive for renroving sulfur from steel.

1 he introduction of the REs in the manufacturing pro-

cess is not casy: for example, the effectiveness of the

RE addition can be influenced by the type of refractory

used.

•Fhere is considerable loss of RE to the slag, and this

loss varies markedly with a slight change in conditions.

This erratic loss of the RE's during processing probably

is responside for much of the controversy as to the

actual benefits of RE additions.

The exart amount of RE addition needed to give best

results is not yet established, and the exact process de-

tails have not been developed. This is probably the most

important factor.

In stainless steels also, there appears to have been con-

siderable divergence of opinion as to the merits of RE addi-
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tions, but this fiehl too continues to be of interest, particular-

ly in Russia.

Ductile iron (nodular iron) represents one of the import-

ant metallurgical applications for mischmetal. This iron
shows high strength and ductility. rmod corrosion resistanee

(at least equal to gray irou t and s;ond marhinahility, and

more twarly reseinhles steel than gray iron. Magnesium is

used in production of most of the ductile iroll and miseli-

metal or tei um additions are said to seduce the effect of

suhversise elements titanium. lead hisntuth antimony. ar-

senic, altuninum. etr.). help desulfuri/ation. inctease mag-

ncsium retyyms, and iot rease kulle 1luidity. Additions of

the 12E may itt nuule Wpalatelv follow ine the magnesitun

additien. cw as a silit on-inagnesium-mis(hinetal allov nr other

alloy. Kanter and others 1962 hase sugeested thei addition

of s.ttiMin to east non. citing adsantages over the widely

used 1113g111H11111and oser ceriulil. but there does not appeal-

to hase been am liillllllertitI use if rhis RE. possibls based

on rost considerations.

Manv alloss of the rare earths hase heen described in the

literatinr, the illost important being that of the RE's with

rach other ioii lunetal with a tspit al composition of 13-30

ati11.1( ent cerium. 22-25 twicent lanthanum. 15-17 percent

eu-odsmium, 8-10 peicent other rale earths, up to 5 percent

iron. 0.I-3 in-•ent silicon, and smaller amounts rif ealeiuiii.

magnesium, allIlomillil oxseen nitmuen, and earbon. The

oldest, and still one of the most important uses of misch-

metal is in the wanufas tore of spatking metal alloys for

eigaiette lighter 1111111and ssulding eas iziitti'rS lileM pyro-

phoric allms contain 70 to percent of mischmetal and

20 to 30 percent of

Mischusetal is atkled to maenesium and altiminum alloys

to powide streneth at high temperature: for example_ in

aitt /aft frames and in aluminum pisions for internal com-

hustion engines. In recent scars there has heen smne replace-

ment if the RE's in inagnesium allos s bs thoriulii. and some

eyidence that didymium Israseodsiniuni phis neodyiniulfl.

is superior to til ium nr to litist hinetal in ohtainint; higher

perrolmance alloy castings. Thew is little activity evident

at present in use of the REs in aluminum alloss.

A great number nf other allms of the rare earths have

been reported in the literature, none of which apparentls

has reinhed the stage of major commercial signifieance. As

examples. surium additions of about 1 pereent to chromium

•mproye the oxidation rmistance of hieh temperature service

alloss due to improving adherence of ila oxide coatine tn

the surfate of the cluninium-hase allins. l'urium additions

also lower dir ductile-hi ittle transition nf chromium. Yt-

trium additions to molybdenum greatly jul rease the streneth.

hardness. and recrystallization temperature of molybdenum.

Yttrium additions to niohium-base alloys Unprove the duc-

high temperature strength and fabricability. nnd re-

duce the oxvgrn and nitrogen contents. grain size and the

degrec of corine.

Carbon arr electrodes. Use of the rare earths in carbon

arc electrodes dates back to the carly t900s, being one of

the first major uses of rare earth compounds (fluorides plus

oxides), and accounting for about onc-fourth of the rare

earth market for many years. The electrodes are made by

forming the electrode as a hollow carbon tube which is filled

with a mixture of RE fluoride and oxide to give a compro-

mise between luminosity and speed of volatilization. The

cored carbons are used by the motion picture and TV in-

dustry, both in studio lighting and in projection because the
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quality closely matehes that of natural sunlight. Anny, Navv.

and Coast Guald searchlights also use these RE cored car-

bons hecallse of the high light nutput—the luminosity of the

cored clectrode is approximately ten times that of a plain

carbon eleetrode. 'I inerease in light output is caused hyV

some of the iitoms in the volatilized RE compound heing

raised to an “exeited- state hy exposure to the flow of

electinns from thi' are: liten return to the ground or stahle

state the excited amins emit energy as light. This phenome-

non is similar in some respects to the exeitation mentioned

preyiously in conner tion with lasers. but the are lieht does

not radiate as reinfoned. rolierent syaye.

Nuelea, applicati, r“. (See Andersom 1961: Mandle and

mandle. tqlsk i9h),; Cs hneider. 1968: Parker. 1967: 1Ce-

her and Los 1`. 1116 i I lIC gleater ayailahilitv and generally

decreasing costs of the rare earths make theni of continuine

interest for itt liii i iies. A table of the neutron ahsorption

cross seetions nif Ihi DIFF earth metals shosys that they range

from gadohnium. with the highest ahsorption tross.seetion

for thermal neutions of any natund element (-1000 harns•.

to cerium with onls n.7 barns the most important present

and pmential uses for the I&E/s il) the nuelear field are as

folloss s:

(11 Nentromahsorher applications. that is, control rods.

tIlilIlililil nisiiis. flux suppressors, and shielding. Eu-

ropium. ilssprosinin_ samarium, gadolinium, and possi-

hly erhiton tind thulium are of interest in control

lods. Erhilim, dysprosimm europium, eadolinium. and

possihly lotetium are considered as burnable-poison ma-

telials. dysproMun. and europium rnieht be

of use as fins suppressnrs. In a nesv deyeloptnent, RE

mides such as dysprosium and erhium were combined

svith haftlium oside. svhich also has a hieh neutron

cross section. tn inake RE pyrohafnates. This providesil)

an inextsensiye ssav of incorporating hafnium into con-

trol rods. NCW i rralnie pellets made of aluminum and

samarium oxides or aluminum and gadolinium oxides

can he used as atomic fire extinguishers by insertine

them lapidls into a reactor to absorb excess neutrons

sshenever the reactor approaches a dangerous operatine

les el.

'21 Diluents in oxide or oside-rermet fuels. The oxides nf

yurium lanthanum. and cerium. hecause rif their low

nuelear cIP'S sertions are used as diluents and/or sta-

bilizers iii oxide-hase nuclear fuels.

1Iydrides. Yttlium hydride is of particular interest, be-

cause it contains a laige number of hydrogen atoms

per cuhic centinwter, nearly equal to that of water

(5.3 x 101' for YII2 compared to 6.7 x 1022 for 14:0).

Also, Vil nses very little hydrogen up to 1,200° C.

making it an attrai tive nuelear shield for high tempera-

ture operations, and suggesting its use as a moderator.

Cerium is also of interest, as are alloys of cerium and

yttrium With zirconium,

Structural inetals or ingredients to modify structural

alloys. Yttrium is used as a container material for liquid

sitrh as•uranium- and thorium-eutectic ailoys

For example, yttrium pipc can carry the 5 percent

Cr-95 percent U eutectic with essentially no corrosion at

1.000° C. Use of sorne of the RE's and of yttrium as

allo) modifiers for zirconium and niobium is under

study.

Highly efficient radiation shields have been developede7

which contain layers of carbon and lead, dysprosium
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and lead, gadolinium alont- and mixed with lead and
tungsten, and a final laser of lead or tungsten with de-
pleted uranium.

a Elertronic and magnetic appliratittn, (See Gschileider,
V1968; Mandle and Mandle, 1964. 1966: Spedding and

Daaiw, 19611. Tlwre are main literature references to the
use of valions rare rarth and rare earth compounds in appli-
cations which tan he wouped under the broad getteric clas-
sification of oloctomic and magnetic Iises. Some of these
syill be discussed 1n ieflx

In eleetron trihrs. the REs have been used as "getters.-
electrodes. and rathode rinitters. The magnetic ceramics
ifertitest containing REs arr of particular improtance. I In

I iil has of their use in lnik•riocne electronit N: foi r‘ample.
in elertronie computers. in Ini( rowave transmission tele-
phone and TV , and as radar transinitteis. Illo Ro, compo-
sitions whiell have irceised most attention are the sulitun-
irOn ginnets ; 1.1G i and tlw s ttrium-altuninum em nets

hut a oumber ot otlwr REs have bren es ahlated
as ferrite matetials. 1/1 the held of ,•litnonie • apa, ihtis, iho
REO criamit s using relitim or latithanum with Itiniuni lita-
nate appear to he of rommercial interest. The RE Iitanates
and slannates are used in eerainic capacitors in electronic
i ompaients for missik and ain raft applications.

le suhket of thetmorlectric power geiwration has been
o considerable interest. and semiconductois appear to be11

favorahle materials foi thernmelectrie devices. Mans tare
•arth salts hast- heen esahlated for this puipose. Cadoliniunt
selenide has hcen offercd rommercially in therrnoeh•rtrit.-
grnerating equipment. This produet has shown the highest
Hht iency in the dirert ronsersion of heat to elertrit ity: lan-
thanum. erbium. and suerbitun selenides and telltuides. and
the sullides of cerium and samarium also show similar prop-

0 erties. Some of the materials (for example, mium and
‘aniariont sullidest call he used at tempei atures of 1,0000
C for direct conversion of heat to electiicity.

lIhr magnetic susceptihility and magnetie moments of the
RE metals. especially the heavs menthers, gadolinium to
thulium are tlw hiehrst of all the elements. For example,
hohnium and dssplosium hase the Itighest known niagnetic
moments of ans clement ,1(1.6 Bohr magnetons. compared
with 2.2 for hon .. and hase heen evaluated ZIN 111111p̀irt es of
a crvogenie magnet for foi using high encres r le utnir n.,.

Annther recent development is the RE-cohalt permanent
magritc svhich may berome one of dw more importalit
tar of permanent magnets. 1n making the magnets. the
a : is 11Inurld tl) Illif I nn sile. placed in an e \ na nal wilir.

netie field to align the magnetie poks of tlw patticks. then
preswd togethel to eise a tinished magnet. These mole
powerful magnets mas lead to smaller electric motors, hear-
ing aids. computers. etc. However, some problems are said
to remain with eorrosion of the RE-cohalt allews.

Strnat (1967 t points out that tlw cohalt-RE alloys of the
R2Cor and Relos types show the best magnetic chararteris-
ties, with the rare earth chosen from surium. unium,
prascodviniUm. neodymitini, or samarium, and with SmCos
and misehrnetal Cos hasing dw best opportunities for tons-
niercialization.

Mitcellaneous ures. Many references show the RE's or RE
rompounds as rninor but essential components in a wide
rariety of applications. In the category "Diverse Applira-

Dtians," Mandle and Mandle (19641 show 38 referenees; thesankr authors in 1966 list an additional 104 references in this
category, distributed as follows:

Mineral Industries Bulletin

Field of use

_ _ _

Electrieal
Chemical
Polvmers

Medk;inal or pharmaceutical
Instrutnentation
Foundry cores for metal castings
Metallurgy
Oils and luhrication

Rublwr
Pigments

Photography
Spare technology

Sols

XI iscellaneous

Number of references

19

11

10

8
12

7
5


3

3

4

3
10

104

SUPPLIERS

The following tompanies are listed (Parker, 19671 as
heine artive ni val ions aspeets of the production and mar-
keting of rare earth tompounds and metals.

itonazite, haanadte, and other RE concentrates:
Cariwo Research and Eneinvering, Inc., near Jacksonville,

linax Molvlidentnn Co., Climax, Colo.

Ilumphreys Mining Folkston, Charlton County, Ga.

Nfichkzan Chemical Corp., St. Louis, Mich.

Molyhdenum (lorp. of America, Mountain Pass. Calif.

Compounds and ntetalt (including high-purity avides):
American Potash and Chernical Corp., Rare Earth Divi-

sion. West Chicago, 111.

R. Grace and Co., Davison Chemkal Division, Chat-
tanooga. Temc and Pompton Plains, N. J.

Michigan Chentit al Corp.. St. Louis, Mich.

Molyhtlenum Corp. of Anterica, Louviers, Colo., Moun-
tain Pass. Calif.. and 1Vashington, Pa.

Researt h Chetnicals, Division of Nuclear Corp. of Ameri-
ra.

Union Carbide Corp., Alloy, W. Va.

RE rompounds, mali producers•

Atomergie Chenwtals Co., Division of Gallard-Schlesinger
Chemical Mfg. Corp.. (.arle Place, N. Y.

Transelco, Inc.. Perm Yan, N. Y.

Mitehmetal:

American Metallurgical Products Co., Inc., New Castle,
Pa.

Ronson Metals Corp.. Newark, N. J.

purity inctoh:

American Potash and Chemical Corp., Rare Earth Divi-
sion, 1Vest Chicago, III.

Atomergic Chemetals Co., Division of Gallard-Schlesinger
Chemical Mfg. Corp., Carle Place, N. Y.

Luncx Co.. Pleasant Valley, lowa.

Michigan Chemical Corp., St. Louis, Mich.

Ronson Metals Corp., Newark, N. J.
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PRICES

Prices of rare earth materials, both the high-purity ele-
ments and the lower cost mixtures, tue showing the in-
evitabk effects of inereasing demand and greater availability.
Thus, average costs of the RE's have been deereasing at a
rate of about 10 pereent iter year i II tecent years.

Certain factors should he kept in mind in assessing the
present and potential miee suunute of this market. More
uses have been developed and tlw market outlook appears
to be much better for the light group RE's than for the
heavy elements hohnium, erbium, thuhum, lutetitun ). Some
of the RE's i ruropium. thulium, lutetium are genuinely

rare. and ptoluabls alwass •xlwnsive. For example.
more than 10,000 pounds of RE on; must be processed to
ohtain one pound of europium oxide. The RE's usually all
oecur together and associated tvith yttrium, so that demand

for one of tlw rittnellts leads to contemitant production of
the associated menthers. 1n h tases, the product desired
must bear the 111,1jor palt of iii i ost of separation. and the
other materiak ate iii umulated as In -moducts. As a more
halanced matket is developed for the entire RE family,
separation rosts can lw shated and prit is should show a
fut ther dec easw

•Some quoted prines Parker. 1967) s,hich appeared earlyett 1968 arr given in the following tabulations, together with
some up-to-date revisions obtained h om Molycorp personnel.

Nlixed RE t ompounds: Dollars per pound
(erie hydt ate 1.25-1.40
Ceric oxide 1.90
Didsmium and RE chlorides 0.27-0.40
DidsMitilll i allsonate 1.30

.NII in lots of 50-99 pounds

PIII e oxides:
Lerium oxide 4.50
Net ,ds oxide 30.00-37.50
Eutopium oxide .500
Gadolinium oxide 85-95
Yttrium oxide 41-55
Lutetitun oxide 3,01Y1-3.500

All in lots of 2-99 pounds, 99.9 percent pure

Metals:




Mischmetal, 99.8rZ 3.00
NIischmetal. cerium-free 5.00
Didymium metals, 97(.4 15.00
Cerium true tal, 99.9."? 20.00
Lanthanum metal, 99,9(t; 27.50

All in 50-100 pound lots




Metal ingots, 99 small lots:




Cerium 70
Europium 3,600
Lanthanum 70
Neodyrnium 115
Samarium 160
Yttrium 160

Distilled metals: about 50 pereent higher than ingots.

Metal powders: in 1-pound lots about $40-50 per pound
greater than thc ingot prices for losser priced metals, and
$200-300 per pound greater than the ingot prices for higher
priced metals.
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Current quotations (Metals Week, Feb. 3, 1969) on
bastnasite roncentrates, Lo.b. Nipton, Calif., for carloads,
per pound of REO contained, are $0.30 for 55-60 percent
REO, and $0.35 for 68-72 percent REO concentrate. Rareft
earth oxide, 80-92 pern;nt pure, f.o.b. Nipton, Calif., is
musted at $0.45 per pound.

SUMMARY

The rare earth indusuy. frorn its humblr beginning at
the start of the tssentieth century as a stepchild of the
thoritun gas mantle indostry, has weathered some romantie
and glamorous pent,ds ntarked bv over-optimistie predie-
tions. and now appeats to hase matured into a dignified and
respentable stage. svith products of ever-increasing commer-
cial signitWant e.

Some historical landmarks in this development include
the production of mischmetal in the early 1900's, the inven-
tion of cored are carbons in 1910, the major commercial
deselopment of ion exchange in the late 19-10's making pos-
sible tlw produrtion of pure metals on a large scale. the AEC
work in tht; carlv ITtIrs on thorium for nuclear reartors

apprared lii presage large additional amounts of by-
product RE's and led to tbe warch for other raw materials,
resulting in the conunncial development of bastnasite, the
AEC work in the mid-1950's on aircraft nuclear propulsion
that required lat li itliliutits of high purity yttrium, and
finally the rommercial fruition of hquid ion exchange in
the ruid-1960's as In alternative nwthod (to ion exchangel
for pieparation of high-purity rare earths.

The ouls RE materials available for man)' years were
mixtures (except for cerium leading to the traditional

produet distrihntion ratio of about one-fourth to cored car-  bonsfrw are lighting, one-fourth to misehmetal and ceriume)

metal for lighter llints and some magnesium and ferrous -
alloys, one-fourth to tlw glass industry, chiefly in polishing
but some in the batch for coloring and deeolorizing, and
one-fourth disided among many miscellaneous applications.
This pattern persisted sitiu hule modification until the early
1960's. when it sas changed radically by tvvo major new
uses: the RE phosphors comprising highly purified europium
and vtuium oxides used in color TV tubes, and RE catalysts
for catalstic crarking of hydrocarbons, using mixtures of the
RE chlorides.

Today the separated, purified RE's aceount for some-
where between 65 and 75 pereent of the dollar value of all
RE products sold, although on a volume basis they represent
only sonsething under percent of the total. The major use
of the mixed RE materials in terms of pounds has become
that in petroleuffi erat king catalysts, with the glass industry
also continuine to lx a major outlet for the RE's both for
polishing and as glass ingredients.

The most important uses at present inelude phosphors for
use in color TN" tubes, mercury vapor lamps, and fluoreseent
lights; superactive catalysts for petroleutn eracking, now
representing the largest single volume outlet for the mixed
RE's; in glass and ceramies, which is an old application but
undergoing considerahle reeent growth; many applications
in metallurgy, where the RE's have never reached large
volurne hut in which the potential continues large; in car-
bons for are fights, another very old use which has continued
to show moderate growth; and completely new outlets, for
example, in lasers and permanent magnets which requirea)
only pounds rather than tons at present but appear to offerW1
great promise for future development and growth.

Colorado Schoolof Mlni
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The increased availability of the RE's, concomitant with
a steady deerease in the price of the purified materials, has
stimulated a large amount of application research, and this

at is, in turn should continue to promote the growth of the indus-
V try. The possibility always exists that one of the many new

uses now lumped together under the heading "Miseellane-
ous" may bc a large solume outlet tomorinsv.
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AMERICAN CYANAMID COMP

STAMFORD RESEARCH LABORATORIES


1937 WEST MAIN STREET, STAMFORD, CONN. 06904

AREA CODF 203 348-7331

November 16

Mr. 0. Braaten
A/S MECON
Elkerlauset
Posthoks 5430
Oslo 3, Norway

Dear Mr. Braaten:

-^

It was a pleasure to meet with you and -r. Eidsmo on November 6.
Mr. Farwell and I enjoyed our discussions and hope that you
found then helpful.

It appears that you are fared with a verv difficult prohlem in
concentrating the rare-earth minerals fren the carhonatite ore
which you are investiratine. As Mr. Fancell exnlained, his
preliminary microscopical examination of Lhe t'ableconcentrate
which you sent us indicated that the rare-earth minerals wcre
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, apearently, was not so
finely disseminated, a good proportinn e 4T it heing free at 270
mesh, with the remainder associated mainly with the barite.

If you feel that we can be of any assistance, we would like to
suggest that you send us a 100-pound samrle of the raw ore, on
which we could conduct some flotation turt here in Stanford.

We would propose to test our presentiv availahle collectors to
determine whether we can achieve any unr`ul separation of thn
rare-earth containing minerals, and hopefully provide some leads
which Mr. Eidsmo could follow up in his ovn flotation work. If
microscopical examination of our test products indicated that
we had made any progress, we would pro1':»1" wish to return samples
of these products to you for chemical analysis.

If this suggestion meets with your approval, nlease ship the
sample, preferably crushed to minus 1/2 inch and clearly iden-
tified on both the inside and outside of the container, to the
attention of Mr. H. Hartjens at the following address:

Cyanamid International
Berdan Avenue
Wayne, New Jersev 07470

;>1/41
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COLORADO SCHOOL OF MINES R ESEAR (11 I NSTITLYI

P.O. Hox 112 17.11.70
GOIMEN. ColORADO 80401

November 13, 1970

RU-111 10

Mr. Orvar Braaten
Project Manager
MEGON
(Metal Extractor Group of Nonvay)
Elkemhuset
P. 0. Box 5430

Oslo 3, Norway•
Dear Mr. Braaten:

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 areas
of Norway.

li is our understanding that your specific current interest is in the de-
velopment of a beneficiation technique for concentration of the rare
earth minerals from the ankerite-calcite-carhonatite type ore. Prev-
ious work on this ore and on other ores in the district by your group
and others has also shown a high degree of complexity with indicated
small grain size and wide dissemination of the rare carth minerals.
Preliminary beneficiation tests have confirmed this complexity.

It is apparent that a program to develop proceAr: methods for these ores

111
should be quite broad in its initial scope, preliminary objectives being
to determine the basic charactcristics of the bre. a first step we

would plan a comprehensive ore examination ulilizinq analytical, micro-
scopic, x-ray, and electron microprobe methods to establish the type
and physical characteristics of the valuabie and galw.ue minerals pres-
ent. Specific objectives of this work would be to obtain information for
guiding and planning possible process methods. Mineral liberation
sizes, physical characteristics, associations, dissernination, etc.,
would be of particular interest.

brs.t.aid



Mr. Orvar Ilraalcu
MEGON
November 13, 1970
Page 2

As a parallel effort in this first phase we would also plan a program of
exploratory tests utilizing gravity, magnetic, llotation, and other mis-
cellaneous ore dressing methods to gain additional information about the
ore characteristics. As a part of this work we would plan to investigate
means for the separation of various constituent ore minerals since this
approach could provide valuable information on rare earth associations,
possibly leading to an effective means of concentration.

Although the above initial program would probably duplicate similar work

already done in Norway, we believe that it would be particularly useful to

111	
carry out our preliminary studies independently. Later comparison of

results then should be quite valuable in the planning of subsequent work.

It is difficult and perhaps inappropriate to propose additional phases of
work in this program until the initial phase is completed and we become
familiar with the ore. It is quite probable that additional discussions be-
tween our respective organizations would be extremely useful at this
point to take advantage of the considerable amount of information you
have already obtained. We would concur that perhaps one of the best
ways to accomplish this would be by means of a visit by our project man-
ager to Norway to discuss the problems in person with your staff members
and others who have worked with these ores. I lowever, WC believe that
any decision on such a visit should await completion of first phase studies.

We would hope that the preliminary program would indicate promising
areas for further process research, in which case a second phase of
work would be proposed outlining a detailed investigation of the methods.

111This work usually includes evaluation of process variables, cnnsidering
both the technical and economic aspects of the treatment conditions. An
important part of this work would be the study of additional orc samples
to insure the broad capabilities of any proposed process or to determine
the need for modifications.

In the final phase of a comprehensive test program it is our usual 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, it may be desirable to conduct continuous pilot plant studies at this



Mr. Orvar Eraaten
1\1EGON
November 13, 1970
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point. Frequently, however, this is not necessary and sufficient data can
be obtained frorn batch tests to establish economic feasibility and to pro-
vide information for engineering design.

The Research Institute is well qualified to undertake this program to any
extent that is required. All types of both batch and pilot plant facilities
are available and our organization has a long history of successful process
developrnent work in virtually all phases of the mincrals industry. Staff
members have many years of laboratory experience in process research,
in most cases preceded by valuable industrial experience. 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 $8, 000, covering a broad program of petrographic and labor-
atory tests over an active period of approximately one month. Work
could probably be started during the latter part of December contingent
upon the time the sample was received and the Nkork authorized. As dis-
cussed previously, we will submit our proposal for a continuation of the
work after completion of the first phase and more information is available.

Approxirnately 500 pounds of ore would be reconnuunded as an initial
sarnple. This sample should, of course, be as representative as possible
of the main ore body or of the areas of immediate interest. Other small
samples representing different types or areas of fire might also be useful
to indicate possible variations in characteristics if these are available.• We are enclosing two copies of our research agreenlent which has been
prepared to authorize an expenditure not to exceed Sti, 000. charges
will be based on costs incurred in your behalf as oullined in Article II.
We would be pleased to discuss any modifications in the contract you
feel should be made. If you find it and this proposal aeceptable, the
project can be initiated by executing a copy and returning it to us.

.."
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AGEEEMENT

TIIIS AGEEEMENT, made and entered into this day of

, 19 • betweenthe COLORADO SCIIOOL OF

MINES RESEARCH INSTITUTE, a corporation not for profit, of the State

of Colorado, having an office and place of business in Golden, Colorado

(herein referred to as the "Institute") and MEGON (Metal

Extractor Group of Nonvay) , duly organized and existing

111 under the laws of the State of , having an office


and place of business in

(herein referred to as the "Sponsor").

WITNESSETIL That, for the purpose of promoting the in-

crease of useful knowledge and in consideration of the mutual promises

and covenants herein contained, the Parties hereto agree, as follows:

I.

The Sponsor hereby engages the Institute to conduct research

and development work for the Sponsor relating to prelirninary studies of

means for beneficiating rare earths ore from the Fen Areas, Norway,

as per proposal letter to Mr. Orvar Braaten from R. C. Merritt, dated
November 13,1970,

(herein referred to as the "project") for two (2 months

period commencing on the day that the Institute assigns 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 to exceed  

Ei ht Thousand ($8,000.00) DOLLARS



(herein referred to as the "research fund"), and the Institute shall not

expend more tha:n said sum without first securing the approval of the

Sponsor to do so. The Institute shall use its best efforts in performing

the research and development work required under this Agreement.

The Institute shall charge the Sponsor for the Institute's serv-

ices on the following basis: (a) the cost of direct labor (including ap-

plicable sick leave, annual leave, holiday pay, retirement benefits and

one-half of social security cost) of its employces assigned to the pro-

ject, including all labor performed by the Institute in its service shops

and analytical laboratories especially for this project (part time services

being prorated): plus (b)100 percent of this sum of moncy in lieu of ac-

tual overhead, including fringe benefits, unernployment insurance, and

groupinsurance; plus (c) the cost of travel and all other miscellaneous

expenses necessary for this project. All supplies furnished by the Insti-

tute used in this investigation shall be charged to the Sponsor at the In-

11. stitute's cost plus a 25 percent handling charge.

ITI.

Invoices shall be rendered to the Sponsor 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

preceding month including the charge for overhead as defined in Article

II; (b) the final invoice shall be submitted for the final month or fraction

-2-



thereof promptly after cornpletion of the project. The Sponsor agrees

to pay the invoic'es of the Institute, so rendered, within 10 days after

receipt.




Inconsideration of the availability of the wide variety of equip-

ment now in the possession of the Institute, 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

Sponsor, be built or purchased by the Institute, and the cost thereof

paid by the Sponsor. It is further agreed that additional equipment so

builtor purchased shall become the property of the Institute at the com-

pletion of the project or upon termination of this Agreement, unless the

Sponsor shall, at the time work ceases on the project, request delivery

to it of said additional equipment, in which event the cost of packing,

shipping, etc. shall be borne by the Sponsor.




• 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.




Any and all patentable inventions, applications for patent and

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

defined, which maybe hereafter made by staff members assigned by the

-3-



Institute to this project, during the time they are performing work on

this project and as a result thereof, shall become the property of the

Sponsor, subject to the terms and conditions of this Agreement. The

Institute will make such agreements with personnel it eniploys on the

project as to insure conveyance of all rights to Sponsor, including 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 notes on all experimental

111 and research work, descriptions, diazrams, and other data, pertaining

to inventions relating to said subject matter made while working on said

project and resulting from work thereon, which mernoranda 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 staff mernbers as-

signed to the project and as a result of their work thereon, the Institute

shall use its best efforts to maintain said inventions secret and not to

disclose them to anyone without the consent of the Sponsor.

It is also agreed that no advertising, promotional, or public-

ity matter containing any reference to the Institute or to the Colorado

School of Mines, or to any of their employees, shall be made use of by

the Sponsor or anyone in the Sponsor's behalf, unless and until the same

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

-4-
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tor of the Institute.

VIH.

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 work on the project and this Agreement shall term -

inate, unless the Sponsor, prior to 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 this

.Agreement to be duly executed by their duly authorized officers the day

and year first above written.

COLORADO SCHOOL OF MINES RESEARCH INSTITUTE

/
By• Director

MEGON
(Metal Extractor Group of Norway)

By

Title

-5-
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THE GALIWIER COMPANY
ESTAOLISHIED 1901

440 WEST EIGHTH SOUTH STREET


P.O. BOX 209

SALT LAICE CITY, UTAIT 84110

U.S.A.

TELEPHOME

359-8731

CADLE ADDRESS

GALSAL

November 13, 1970

Mr. Orvar Braaten
A/S Megon
U1kemhuset
P. 0. Box 5430

Oslo 3, Norway

•

U radino of Rare Earth Minerals from NorwecianOre

Dear Mr. Braaten:

We appreciatedthe opportunityof discussingwith you and Mr. Eidsmo the
problems encounteredin attemptingto upgrade the rare earth minerals in the
Fen ore. From the report by Mr. Marcus Digre, AssociateProfessorof Mineral
Dressing,and our discussions,evidentlyno effectivebeneficiationprocedure
has been developed. In a major portionof the ore body, the rare earth
minerals are intimatelyassociatedwith the hematitein a size range that
would be virtuallyimpossibleto liberate. However,in one sectionof the
ore body the rare earth mineralizationis much coarser. This is the portion
of the ore body from which the sample has been taken for the proposedbene-
ficiationstudies.

Our scope of beneficiationstudieswould includeonly flotation. We would
examine various reagentcombinationsand procedureswhich, as indicatedby
our past experience,could possiblyactivateand collect the rare earth
minerals. The initial testingwould involve the use of fatty acid collectors
with dispersingagents that have been effectiveon ores with similarmineral
character. Possiblythe testingwould involve the selectiveremovalof
gangue componentsprior to the rare earth recoveryor possiblythe rare
earth mineralscould be recoveredalong with a carriermineral such as
hematite.

If possible,the concentratesproducedin the laboratorywill be examined
under the microscopeand comparedwith samples of relativelypure minerals
obtainedfrom you. Samplesof productsfrom all will be retainedin our
laboratory. Samplesfrom selectedtestswill be sent to you, via airmail,
for analysesand communicationsmaintainedby telex.

LEADERS IN EXPERIENCE AND SERVICE
AIR
MAIL
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• THE GALIGHER COMPANY

Mr. Orvar Braaten
A/S Megon - 2 - November13, 1970

The time intervalrequiredfor mailing samples,agsnyingand receivingresults,

will to a largeextent govern the rate at which the programproceeds. As testing

proceeds therewill be timeswhen it would not be prudent to proceedwithout

knowing results of previoustests.

We estimate that our chargeswill be $800 to $1,000per month. The charges are

based on $10 per hour for samplehandlingand preparation,and $15 per hour for

testing and reporting. Miscellaneouscharges such as outsidemicroscopicstudies

will be at cost plus 10%.

A progress reportwill be submittedto you each renth alongwith an invoice for

the previous months' charges. Meetings as necessarycin be arrangedand our

laboratorywill be open to your engineersand suggestions.

Under separatecover we have mailed by airmail,printedmatter, the various

Galigher bulletinsrequested.

We are looking forwardto working with you on this project.

Very truly yours,

THE GALIGHERCOMPANY

14) )
H. A. Dawson

Metallurgist

HAD/HAS:r1b

H. A. Johrson,Manager
MetallurgicalSales



BESØK VED U.S. BUREAU OF MINES RESEARCH STATION, RENO,

NEVADA, 11.11.1970

Deltagere fra Megon: Odd Eidsmo og Orvar Braaten

Vi møtte følgende: Dr. T.A. Henrie

R. E. Linstrøm

M. M. Wong

Prof. J. S. 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 beså anleggene for elektro-

lytisk fremstilling av legeringer med sjeldne jordarter og ren-metall-

fremstilling, produksjon av magneter og foretok et ganske kort besøk

i deres ekstraksjonsavdeling.

Cand. real. E. Aamland hilste vi også på, han er nå igang med sitt

arbeide i henhold til planen, men har bare vært i virksomhet i et par

måneder ennå. M.M. Wong fortalte oss at han i privat brev fra

professor K. Grjotheim har fått vite at professor Grjotheim selv vil

tilbringe 6 måneder (sabbatical -1/2-year) ved instituttet isteden

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

oss noe om.

Det var lite av verdi å hente i Reno når det gjelder oppredning av

Fensmalmen. Vi etterlot 4 mineralprøver hos J. J. Sjoberg som

har utført en spektrografisk analyse av materialet. Denne viste

seg, da vi mottok rapporten, imidlertid å være av meget begrenser

verdi.

Orvar Braaten

OB/kk

11.12.70
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Torsdag 26-11-70:

Kl. 10.03 ankom I;raaten();Smidt til Instituttfor Gçoloi. Vi

nyttet tiden å cjennoruaen Itkke konsentrater03 mineral-

provor camt bc:rzartsprnver rauhaujitt.

Kl. 11.30 bosoktc vi Geolo2:isk-Inera1oziskr.useumo3 talte ned

professor Neumann. Vibcsr. deretter endel norske mineraler i

samlingene.

Kl. 12.30 besøktc vi Inotituttfor kjernokjemi03 talte med Al-

stad. Alstad viste oss do viktigstelaboratorieres inetrumenter.

Vi fikk se hvordrm cand.rcal.Semb bcstemte curopi= i orthitt-

konsentra fra Ve3skji2rin:.(Orthittenviser 0.07: Eu).

Etter besøket hos Alstad, vendte vi tilbake til Institutbfor

Geologi.

Kl. 15.36 møttos vi på professor13u35eskontor. Du33o ble orientert .

om det som var passert i løpet av Smid.csoppholdi Bce


stilte en del sprirsmalved=ende de undersokelsosprinsipperman

kunne tenke sez anvende i Fonsfeltot.

Smidt redeTjordenoye for dne synspuit:tr. Dot blo konkludert

med at Smidt skulle;pa basis av takttagclocr,leverc et


detaljertforslaL,;til A/S 1:103onon hva azen i:eser:rekCo. vil

kunne utfore av undersokelsersom enten ville kunne lOses hurtig-

ere eller bodro av Hazen 20soarch Co. vi selv ville kunne


gjore.

liøtetble hevet kl. 16.30.

Oslo (ccomber 1970

Chr. Stabo
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HAZEN RESEARCH, INC.
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4601 INDIANA ',T REET

GOL DEN. COLOPADO • 80401

TELEPHONE 303/ 270-4601
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A/S Megon
Metal Extractor Group of Norway
Elkershuset
P.0 Box 5430
Majorstua
Oslo 3, Norway

Re: Proposal to determine the quantitative rare earth mineralogy of
drill core No. 2 from the Fen deposit. .

Dear Mr. Braaten:

This letter will confirm the discussions concerning the Fen project
between associates of A/S Megon and Mr. Roland Schmidt of Hazen
Rosearch, Inc. during his recent visit in Norway.

During this visit Mr. Schmidt had an opportunity to become acquain-
ted with the technical personnel who have previously been engaged in
various phases of the study of Fan carbonatite. In addition, the Fen area
itself was visited as well as the Norwegian Ceological Survey in Trondheim
where three diamond drill cores from Fen were examined.

As a result of this review the decision was made that the next
essential step in the Fen project is to determine the quantitative rare
earth mineralogy on drill core No. 2. This core consists primarily of
carbonatite (rauhaugite) and apparently represents rather typical ore.

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

1: Quantitative concentration of rare earth minerals in
order to determine:

actual percentage of rare earth minerals present
identity of the rare earth minerals
chemical distribution of rare earth elements in
these minerals
range in particle size

RESEARCH
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A/S Megon - 2 - December 4, 1970

The.preparation of a representative composite sample of the
entire drill core No. 2 should be done at the N.G. U. laboratories in
Trondheim. Since this core has already been split in half for assay
purposes the minus 10 mm reject obtained in sample preparation could
be used for this purpose.

The method used to obtain a concentrate suitable for these deter-
minations will be through selective leaching, at coarse particle size,
taking advantage of the relative insolubility of the R.E. fluocarbonate
minerals in weak acids. Small scale physical beneficiation methods will
be employed only where absolutely necessary. The selective leaching
will be done with the raw ore at relatively coarse particle size so the
natural crystal size of R.E. minerals will not be destroyed.

From these fundamental data it will then be possible to choose the
type of commercial beneficiation process and to some extent the conditions
necessary for upgrading this ore. In addition, it would then be possible
to estimate what grade of R.E. mineral concentrate and recovery could be
expected.

It is estimated that this work can be started in the beginning of
January, 1971, provided the composite sample is available, and will be
completed within three months. The expenditure for this work will be
approximately $2, 000 per month not to exceed $6, 000 total. Monthly
progress letter reports will be issued with a final report after completion
of this work.

I hope we will have the opportunity to undeitake this work for you
and we are enclosing a standard form of Professional Services Agreement
for your consideration. If it would be sirfipler for you from a business point
of view to have the work accomplished on the basis of a Purchase Order
from your company, this would be entirely satisfactory with us.

Very truly yours,

Wayne C. Hazen
President
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