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9th R re Earth Research Confurence - October 10 - 11. 1971

Virginia Polytechnic Institute and State University, Blacksburg

OCCURRENCE AND EXTRACTION OF RARE EARTHS IN NORWAY

B. Gaudernack and 0. Braaten, A/S Megon, Norway

1. INTRODUCTION

The Norwegian Rare Earth Research Group was established in 1967

upon the initiative of the Royal Norwegian Council for Scientific and

Industrial Research. The Council has a policy generating function and

is also an advisory board for the Government in matters of distributron

of financial support mainly to research in applied science and technology:

The initiative came as a "soin-off" from a broad study of Norway's

competitive future situation in view of the rapid technological develop -

ment. Up until recently the country's main indigenous advantages for

industries have been abundant cheap electric power, many good icefree

deep water harbcurs, plenty of fish in coastal waters, extensive

forests, and some minerals in the mountains. These natural advantages

appear today to be loosing itt significance A critical examination of

the country's conditions revealed that in order to maintain its high

standard of living for its small population it might be necessary to

develop industrial capabilities within advanced, sophistfcated fields

where short distances to markets, extensive national mass production

units and other conditions characteristic of large continental countries

would be less significant.

Such considerations led the Council's Metallurgicai Committe to venture

into a practical test project. lt was in November 1966 decided to

investigate the potentialities for the production of Rare Earths, expbcitly

because this is u itbin an exclusive Iield, in a technological, advanced

environment, and a typical volume manufacture of far1y high


priced prociucts.

By coincidence the Norwegian Institute for Atomic Energy had at that

time just brought to air end its pilot-extr action of plutonium from spent

uraniurn fuel elements. As it was found that the technology of liquid-

liquid-extraction was a prornising process lor rare earths, it was

decided to place thc task of rare earths producion with the same team

which had developed the plutonium extraction.

Tbe Council engaged several science institutions fn a oreliminary

survey. Among them were: The Norwegian Geological Survey, the

Institute of Geology at the University in Oslo, the Mineralogical-

Geological Museum, the Institute of Inorganic Chernistry at the

University in Trondheim, the Institute of Nuclear Chemistry at the

University in Osio, the Nlineral Dressine Laboratory at the Univer sity

in Trondheim, the Central institute of Industrial Research. and as

mentioned above the Institute for Atomic Energy.

In addition the Science Council engaged an American consultant firm

for an industrial market survey on the uses of rare earths, with

special emphasis on yttrium and europium.
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On this basis the Science Council invited 10 maior Norwegian industrial

companies to form the Research Group for Rare Larths. which v..as

established in May 1967. Its main ohjectives are:

to investigate indigenous rare earth denosits and evaluate their

potential as raw materials for rare earth production,.

to develop the technology for, and evaluate the feasibil.ty of


such production.

to study the market dtveiopmerits for various rare earth products.

The project led in April 1969 to the establishment of the company

A 5 Megon & Co. (Metal Kxtractor Groun cl Norway), which is at present

operating a pilot plant for extraction with capacity of 5 tons yttriurr


oxide per ytar and at: or( b(neficiat:on plant for the production of the

equivalent arnount of x( notime concentrat(

Over the 5 years that ti:( project has been run now approximately S 2 mili.

have been invested, half of which has been from Government funds.

The public grants have been given on th• condition that they be pard

back over a period of time, when and if the industrial applic.ation of the

research work does show a profit after ordinary depreciation, taxes

and interest on loans. If no commercaal profitahle ictivitv doc s come

out of the research work the claims are waived.

In 1968 and in 1971 respectively feasibility studies were carried ont

on a commerical scale plant with 30 - 50 tolls yftrium oxide per vear

capacity. These feasibility studies showed a satisfactory return on

investment uncier commetitive conditions The project is therefore


proceeding with plans for such prodUCtiOh

GEOLOGY AND ME:RRALOGY OL NORVLGIAN RAFE POSTTS

Occurrences ot rare eart:. rmner have i: te knOV:r. e

before 1640 from the invest:aatiot.s 1-,ugge.

V. M. Goldschmidt. II.l'..icrlykke and ott:trs Thus the negmatite

Evje. Setesdalen and Lantiesuncisfjoid(-1.„:nd several other Norwecgan

deposits have been described in a gleat nutaber of mineraloolcal geological

publications. So far, however, they have been regarded by many partly

as curiocities, partly as scientificallv interesting specialities. No

investigation was carrt.ed out with inoustrial activities in mind until the

Rare Earth Research Group started this project. "lhe present investi-

gations have covered between 100 and 200 deposits of rare earths in
Norway, distributed over practically the entire country. From arnong

this lar(te nuntiber three have been selected for particular and extended

investigations.

2.1 Giamsland - A Rate Eal th cont .)ecmatite deposit

At Glamsland approximately 3 km N e:: the town Lillesand in the south

of Norway the company 11. Bj(trum in 1968 opened up a feidspar operation

producing 70.000 tons of concentrate per year.

In general the strike of the supra crystal rocks are NR 5W within large

areas surrounding the Glamsland deposit where the str ke of the metase-



I .

1

I .
I.
1

,1 * v. .4 4k •

flgurt- No. 1. Ag;2reg;:ty of yenoLme crystals in bio t albite-quartz.



diments are more N - S. This change oi the generdl strike directions

was caused by strong tectoni( movelnetitS 3it the egit:th's Ciusot TheSe


teCtOnic movements forced the mutasedfments to split along the

sehistosity planes by differential n-lovemen,s of the \otytOuS layers

The pegmatite magmas were now able to inl*ude i-Lnd farm the 1arge

confcrmable pegmatIte lenses ot the Glarnsland area

The vartous strue turcS of the pegentitntes are rernarkably ve1i preserved.

Some post genette fr actures and cuartz ‘eins are found, but in general

no effects of important geoloTeaT.. moresses are observed mier oscop-

Neve*.theless. mielos(cpic g) and chem:eal examinatlonE show

rather olearly that some nit JmorpInc co- esses have 0:.•Ctlyz ctd

These processes took shallo\t chotbs and at moder at.„ temner a.-

tures and eabsed st*One i >Osl *he twe Na-feldspar and

K-Ieldspar fttu dn;cr*tt toch (ilb::e The teyfur e

ol the rock becabn: more n '-th more c;ean cut

g r ain boundaries ø

The pegmatites have Un same chelmoal composition as that oi normai

granites. The 31.1incralogy is simple The clnef minerals are olfgoclas,


mftroclin( , ou.,* fz and nunor amounts of biotite, musc ovite, gar net

an d rare ea*th !niner nis

The talt t'Lt: thS cu Glann-L mainiv the buner a) s yenoTIme

garnet and mena•zste. Tio ti mery otttt 2:ted

from xv-iotttnt . Y P0 1 . Th‘ c. cccu sir.tcttoco-LiorphCr_ls erystals

Of 1.1p to min scit tine Ccvi. to los tha: (1, 1 mm I re crystals are


elosely asboc:aud wIth the inotitt i ci. ;1 •('Il.T.:tiolis and rorles 1n the

pegmatites le)gure No 1 shi.v.s such ar, ,:guregate of xenotnne


crysta;:-.

The yttfnin: cobtent

appro, 	 1;`) part'r

contaTn. t:

the cari.k

The
the distrihn/son

I

Te

tr -irriate)y 7O1 s
- .akey* un bv

shov.s

\ t"


worn

La
ppm

1(1

Ln
ppm pprn

Zun

Bas*d on expernucntation lIvcr two \,"Colilcs tItt xynottme coricentiate 1s

now being prodrced freren a nhca rich t'aste whigh is being discarded

frorn the feJdsf)ar operations. This xenctime ricli m*ca wasfe contains

approximatelv 0, 1 - fl, Svftrinm

il was treattd xp: rimeriujiv nemln * of nictt:ods suci. as

flotanou intrns mal:het stparatan gravimetric separ atJon

or. washinr tabies. electrostatle separ atioe„ i te The present lest

oneration is based ashing tabh treatrm nt :ollowed by dryme.

A concentrat* contatInit7 tippi yttriun* has b(rel: obtamed

by th:s tnethod. li is leas:bie ti.at even higber concen*rations

may be obfairsahle in a tv.o stet w;IS;ttutt Lible oneration However,



tins may lower the yield which now amounts to some 60c,i of recoverable

xenot3me. Most of the losses are in the slimes. After drying to rr,ax.

1 C1/0 water content the concentrate is being transported to the extraction

plant in special containers.

2.2 Ode ,aarden - A Rare Earth contaming apati e deoosit

Situated just south of Feset, approximately 100 km south of Osio

Odegaarden's verk was a thriving mining centre for rnany years.

In this district numerous phosphate-bearing veins cut the Precambrian

metamorphc rocks. Discover ed in 1872. the phosphate deposits were

mined by a Norwegian and a French company ("Compagnie Francarse

de Mines d Bamle"). Between 1872 ahd i 915 , a total of 150. 000 tons

of phosphate were produced. Owing prices and a failure to find


new veMs, mining has long since stoput'd.

The p:losphate veins outcrop along th SE slopes ol a NE-SW running

valley. Tht hills on both sides of th-c- valley are composed of banded

amphibolites (in parts garnetiferous)with rare; thin quanite bands.

tlu.se rocks strke NE-SW and dip steeply to the SE. A mass of

scapolite-hornblende metagabbro (the classic Odegaardite), 850 rn long

and 30 to 70 ra,broad; outcrops in the valley bottom. This rock shows

relict igneous textures and contains ahundant scapolite, hornblende. and

ruti1e, wth subordinate amounts of ;tugitt ti emolite-actinolite, chlorite;

epidote. plagioclase and apatite. The n-,etagabbro exh:J-lits no sharp

contact with the surroundiny: anaphibo-iites; thc contact transitional.


It is probable that some of the amphibolites adjacent tc the =5.
r eor esent an advanced stage iii the metamerphsrn of the same gabbro

Concordant and d:scordant phosphE:tt. (up to 4 ru th:jck)

crop out along the SE side of the valley, both in the amphibolites and

in the metagabhro. Today onlv a fen.' mines ar e availithle for study

owing collapse and flooding. The mmes reached a depth of a:round

150 -tn. The veins which can bc seeh now strii.ze NE-SE, chpi.:ng a:

around 300 south-eastwards.

Under the project the many gangues silia'ts and addhs have been copied

frcm old mininy maps and records the onerat:ons. Fresh apat:te

samp:es fro-n 30 meter below the surfac hz:ve been taken from the

ruc k Vase ahd anafysed.

Tht Odegaarden apatite is a ch1oro- apatite tynical sample shows

the following composition with resnect to rare ear ths :

La Sm En Yb

ppm PPrn ppm p;nr pPir

3100 700 500 40 200

This rneans that apatite from Odeyaarden contains at least 10 times as

much yttrium as f. f. the Kola-apatite and oughly the saine content of

europium.

Ilowever. recovery of the yttrium from the Odegaarden deposit would

only be practical in conneztion with the exnioitation of the remaining

apat:te in the deposit as a source of phosphorous. There are at. present

no such plans under consideration.
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Figure No. 2. The rock complex of the Fen area.
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2.3. Fen - A hematite-carbonatite deposit contamm thorium and Rare Earths

Fen lies near Ulefoss in Telemark, 119 km southwest of Oslo and

12 km west of the geological boundary of the Oslo Region. The pre-

cambrian basement in the area has been invaded by peralkaline rocks

and carbonatites over an area of about 5 square kilometres. Figure

No. Z shows a simplified map of the rock complex of the Fen area.

Fenite  is an alkali syenite with the rnain minerals in the rock being

alkali feldspar, partly as a characteristic microperthite, aegir ine

aegirine-augite and minor Na-amphibole. Apatite, zircon and pyx ite

occur as accessory miner als.

vipetoite are rocks with a content of nepheline,

pyroxene, biotite, act:irine-ausite, amphibole, and other miner als.

T:.ev have partly is hypidiomorphic texture and thus resemble igneous

rocks.

Søvite which forms a main part of the Fen ar ea, is a carbonate rock

of variable composition. Ankerite and dolomite occur in variable

arnounts and in places can become quite dominant, in which case the

rock is called rauhaugite. Mica minerals, magnetite. pyrochlore and

apatite are found in the søvite in variable quantities.

Rødberg (Ired-rock") is a carbonate rock which is red-coloured due

to finely dispersed hematite formed by iron pneumatolysis and has been

the basis for the Fen Sorne of the dyke-like rnasses show is high


radioactivity and an averas:e content of 0. Zglo Th and approximatelv

rare earth oxides.

Kimberlite  (Damtjernite) occurs in dykes, dyke-like bodies and as

kimberlite breccias in volcanic plugs. This rock occurs both in the

coniple.x and outside it. The kimberlite is the only rock in the Fen

area which can be said with certainty to be of igrieous origin

The Fen mines were in production trom 1652 to 1927 and apnroximately

tons of iron ore Lave been mtned het e. The ore is hematite


ore which occurs as N-S trending dvkes and lenses in the large "rodberg"

area in the eastern part of the complex. Containing over 100 mill, tons

of carbonatite with a fairly high content of thorium this repr esents one

of the largest known resources of thorium in solid rock m the world.

The Norwegian Government operated the Sove mine from 1953 to 1964,

producing niobium concentrate from the pyrochlore bearing søvites.

Under the project of the Rare Earth Research Group an extensive

exploration of the area was undertaken, mapping the distribution of

rare earths including some diamond drilling. A typical analysis of

hematite from Fen shows the followine content of some of the rare

earths and thorium:

La Sm Eu Yb Th

P.Prn ppm ppm Ppm pprn Pprn

200 1700 400 50 40 3600



However, the major amount oi rart .Car ths occurs in the carbonatite of

the dolomite-ankettte serit's where the rare earths also accur more
coar se-gratned than in the nematite rich portions of the depostt.
An averace apalysis of such rock shows the following distributton of

rare earths and thortum:

La Ce Pr Nd Sm Eu Cd Dy Th

ppm ppm ppm ppnt ppni ppm ppm ppm ppm ppm

1

I .

1
1

1
I •

1

1

183 3045 6475 883 1845 337 71 68 70 965

Lv irnit 1-alaj.jicai a: dtd ,:dvanced ininerai laboratory dtc ssmg
methods the followi t2,rtt: minerals have been identifted.

Parisite Z(Ce, L ,DijECat, CaCO3

Synchtsite t•Ce..t.a.DDECO2, - CaC0_

Mona7ite (Ce, La, Y. PO,

Orthite (Ca Ce. La)2(A1, Fe, Mg),(S10,),(cHn

Kobette (y. Fe, L5)(Ti, Yb. Ta)21,0. 011),„

Xt notime Y (P01 j

ahd probably Et I gusontte (YNI.)0) and Eastn:stte.
(Cat:thouch the L two are donhVul.

Conshierab:e tror and a 	 -bee methods. taoth ottvstr.nl Iral

artd chentica anci pyro-metallur:tcal treatmonts have been
tried on materials from Fen order to extract the rare eartns tfrom

this tht mi est deposit knuwn in Norwav todav. So lar, however

these efforts have not been successful

Tia ma ! ('dent in t. 1 t: t melv ftne aramcd and co-rnplu>
dist rth, ( cf the t-ntl.. rats . mos: i),:11b of tht ch it.t.S _I *.h. :,-`:[•11:
Sh:». ii: `1'lE rals (,.:,::::.::.,,c . i ictns is belot.‘ )(' ::.:cron. altnoogn

in ct : tay. syucial art ae the  J.rati. stt: tonsiderably 1ar ger

Miner alogical examn atioh under t)ie tricroscope reveals that some
of the minerals show a very mtertwined Composition and i porous
"(oke-liken structure.

A verv cardul and tedtruts separation vi the rare earth bedring
minerals under the microscope )as r ender ed minute sarnples of
relatively clean fractions of specific minerals ior further study.

The concentration of individual rare earth elements in the rare earth
minerals orthite and svtichistte, well as in apatite and calcite

concentrates from the above mentioned separation and in representati‘e
co:nposite rock samn1e5, have becn dctermined by the flame emission
method uttlizino a nitrocen-shielded nitrous oxide-acetylene fiame
atter chenitcal decompositioh of the sarnples.

li has been demonstrated thnt the rare earth minerals have a much
larger overweight of light (cerium croup) rare earths than the
representative rock samphs. An apattte mineral concentrare 40":.%

apatite) was found to contain more ot the heavv rare earths than the
representat vc comuostte sample.



The concentration of rare earths in the Fen apatite is very low (°' 0,5%),
and the apatite itself is rather scarce, so that this mineral cannot
accommodate a significant proportion of the heavy i are earths.

Analysis of a calcite mineral fraction seems to indicate that the
distribution of rare earths replacing calciurn in this mineral is roughly
the same as in the apatite. If this distribution is representative of the
rare earth distribution in minerals other than orthite and synchisite,
it may be estimated that the representative composite sample, contains
up to 2% synchisite, and that this mineral, together with orthite, accounts
for about 80% of the europium and about 40% of the yttriurn present.
An interesting feature of the Fen deposit is that the element europium
obviously does not occur in the divalent state, because there is no
europium "depletion" in any of the minerals or concentrates analysed.

The following table shows the content and distribution of rare earths in
some of the minerals of the Fen deposit:

Synchisite

10.2

2.0

7.6

0.94


0.20


0.1'5


-

0.013

0.37

not detected

Orthite

4.7

0.66

3.4

0.37

0.073

0.04

-

0.003

0.07 •-

0.16

0.08

Apatite
c onc entrate

0,040

-

0 047

0.016

0.0045

0.006

0.0032

0.054

Calc ex

0.025

-

0.007(' )

(Y 004

0.021

0.08

La

Pr

Nd

Sm

Eu

Dy

Er

Yb

Y

Th

Whole
rock

0.21

0.042

0.18

0.022

0.0052

0.019

Ca 10.6 28 35

x)
Preliminary results.

At the company Elkems test station in Fiskaa Verk, Kristiansand, Elkem
has run several smelting tests based on hernatite from Fen and carbona-
tite respectively. The purpose of these tests has been to study the
distribution of the rare earths and thorium between the metal and the
slag.

10 kgs of hematite of the following composition was smelted with 2.10 kg
gas coke and 0.57 kg quartz in an electric smelting furnace of 50 kw
capacity:

Fe

Si02


Ca0

Mg0

A1203 + Ti02 P205 R2 3

45,4%

4,35%

10,6%

3,6%

7,95%



The test furna::e was tapped 9 times and the average of the metal analyses

gave the following tesult (from one of the carrma:gns)•

Si 2, 35%, Nrb

The slag from tapping No. 3,
cernposition:

0, 08%, P 1,15%.

4, 5, 7, 8 and 9 had the following

SiO2 29, 0% Ti02 C, 30%

Pe0 0, 77% Ca0 32 2%

A1203 15, 9% Mg0 10, 7%

and the distribution of the rare earths was as follcws

Sm Eu Cd Nb Th
ppm pprn pprn ppm ppm Fprr- pPrn

870 26000 2200 290 460 70 20600

As will seen the pig iron produced has a hign content of phosnhorous

and a surprisingly low content cf niobium When comparing the rare
earth analysis cf the slag with the aralvsts cf the hernatj6e it tpriears

that the rare earths and thor iuin have been concentrated app:oximately
four timt s :n the slag.

It has heen tried to crystalize the slag by slow cooltng in order,

possible, to ohtain coarse c*ystals for further treatment by flotation etc.

These ufforts have not been successful.

3. RARb. ICARTI1 EXTRACTION

At an early stage was decided to iocus the attenticn on the produ:tion

of yttrium cx:de, 1eavinc the other lare eatths as alternative for later

development. Thus, allhough scme inab scale work has been per fer med

on th6 sepatation and purification of samatium, europium and gadoimium

oxides, the major part of the developmunt wotk has been directed at

processes for yttrium oxide production. The processes which the

group has developed are now being tested on a semi-technical scale in

a oilat plant designed for the production of 5000 kgs of yttrium cx,de
per year.

The pilot operation is at present based on xenotime concentrates, but

in the cour se of the development progr amme., varicus other yttrium
sources have also been tried. In the initial phase of the programme,

the only rare ear ths containing materials immediately available to the

project were some hundred kilograms of gadolinite and euxenite

These were by-products from small feldspar mines operating on

pegmatites in the Evje district in Southern Norway, (rland-nicked
mineraJs of this origin have quite a merit as raw materials for rare

earth researchers; thus, some of the pioneering werk of Dr. Spedding
was carried out on the basis of Norwegian gadolinite from the same
area).



3. 1. Dinestion

Opening of the miner a1s was rna'nly performed by acid digestron at

elevated temperatures. 1n the case of gadolini'e this is a straight-

forward operation with any strong mineral acid. Aiter some exploratory

work; nitric acid digestion in batch type equipment was selected.

The mineral was ground to 90; - 100 mesh, mixed with concentrated

nitric acid in a ratio of 3 1 of acid per kg of gadolinite, and heated to

the boiling point. After filtering off the undissolved residue, excess

acid was nentralized and the rare earths were i ecover ed from the

solution by oxalate precipitation and by solvent ex'raction methods.

Euxenite digestion was pert'ormed on a bench scale bv boilmg with

czncentrated sulfuric acid, or bv heating to 350 - 4000 C with ammomurn

sulfate or ammonium bisulfate, The eff ec t of calcming the digested

material at 650°C was also investigated. .L• was found that the main

effect of this treatment was to iender the uranium and thorium contents

of the euxente insoluhle in water.

In one case, euxeMte was used as raw material in the tukt plant.

After bLing ground to -200 mesh and mixed with a xenotime 7,on:entrate,

it was digested with sulluric acid at 280°C. This exoer iment caused a

varioty of problems both in the digestion process and in the subsequert

solvent extr action procedur es, and after this experienc e, euxenite has

been car efully avoided as raw material for the pilot ulant.

A rather extynsive experimental programme of xenotime chgestion was

carried out. 13oth pure, hand-picked xencime from Evje and the

relatively lean Glamsland concennates. containmg from 1 to 5"-'70

yttrium oxide were used in these experiments Digestion with conc en-

trated sulfuric acid at 250 3000 C was found to be the most conven,ent

method. The normal pro-_edur e, which is easily applicable to pure

xenourne or rich Nenotime concentrates; consists 10 suspendmg the

so1ids in a sufficient amount of acid to produce a slurry This slurry


is then heated in a stirt cd vessel to the desircd temperati.re (isuallv

250° C) for an hour or two, which is sufflc,en to ;.onvert the rare

earth phosphates to Watel soluble sulfates.

This "wet digestion-o xenot]me IS curte straic,ht-forward apar, hoM

tht (ml rosic)o and abrasion problems involved The method cannot bc


employeci with reasonable econorny for the digestion of lean xenot:,:ne

coheentrates, however. The amount of sulfuric acid recuired to


obtain a manageable slurry would far exceed the anyount reou*r ed fax

the actual digestion, and recovery of the excess acid does not appeax

practicable. Acid consumption by materiais other than xenotime mav

also irnpair the economy.

For these reasons, a different di<zestion technicue had to be developed

for application to the Glamsland concentrates, which generally contain

les s than 10°,; of xenotimc. Initial experiments showed that by using

just enough acid to wet the solids. which obtained at an acid. solids


weght, ratio of about 0.5 : 1, and heating to 300°C on a hot plate,

digestion yields of vttLum of 80 - 901 were obtainable: This p-rocedure

eftrrr ed to as "dry digestion", was further developed and tested in

various types of equipment on a small scale. This included rotary

kilns and rotating disc type furnaoe in


these cases the acid was first mixed into the concentrate and the

resultinr wet mass subsequently heated to 270 - 300°C. Sinre it is an

obvious advantage to combine the mixing and heating in a smgie pie;e



Figure No. 3. Lab. -scale version of "dry digestion" furnace.



Figure No. 4. Pilot scale furnace with S03- recovery.
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of equipment and operate this continously, a special device was
developed for this purpose. The lab. -scale version of the resulting

furnace is shown in figure No. 3. Solids and acid are fed continuously


into the furnace and are mixed and passed through it by means of

rotating arms, mounted on a central horizontal shaft and equipped

with scrapers. The sernicircular trough of the furnace is heated by

external, electrical heating elements.

"Dry digestion" of Glamsland xenotime concentrates in this lab. -scale

furnace gave encouraging results, and a scaled-up version was designed

and built for the pilot plant operation. This pilot scale furnace, designed

for a throughput of 1 kg of concentrate. is shown in figure No.

It has been in operation for one year, and some of the operating

experience is summariz.ed below.

Materiai problems have been quite sUvUlte. The construction materfal

of the furnace trough is an alloyed st<:el "Sichrornal- Al: 1°.1,

18. This material stood up quite -weLl against corrosion in the

hot parts of the furnace, but corrosion v..as experienced in the "cold

end" where the feed inlet and off-gas line connections are located.

Corrosion in the ofi-gas line was severe, but it WaS reduced by external

heating of the line. Tlu! parts most severely attacked, however, were

the scrapers connected to the rotating aims. The concentrates used

contain quite large proportions of quartz. and garnet, and the abrasive-

ness of this roaterial combined the :01 rosiveness of concentr ated


sulfuric acid at 280°C, resulted in i aoc.1 deterioration of most of the

materials tested in the scrapers. The onlv matehal found to be

sufficiently rt,sistant was "Kennametal" consisting mainly of tungsten

carbide.

Distribution of acid the furnace and the acid: solids atio used

were found to be critical parametr es ¶Jr:rrveit acid dtstribution 01 d


tou high acid: solids ratio I l'SkIll:Cd i!! clogging. Once the furnace was

shut down due to clo?ging power failure 01 other reasons the rotating

arms stuck in the hard er1151 fOlmed uri the furna:e lr order to

esume operations it had to bt- cooled down and cleaned out.

The ac id solids ratio and the total amount of acid that could be fed

to the furnace also seemed to be the faccns for thc throughput


obtainable. These values had to be limited to prevent clogging, and

would thus lirnit the production ate obtained with a given yttrium

content in the concentrate. Raising the yttrium concentration in the

feed increased the production rate, as was demonstrated by adding

richer xenotime concentrates to the Glamsland ore.

Although solutions were found to most of the problems described above,

the main conclusion after one year of operating experience with the

- dry digestion- furnace was that further operation was not justified

in view oi the high operating and maintenance costs involved. The

furnace was therefore shut down this surnmer and replaced by the

hatch type equipment for -wet digestion" shown in figur e No. 5.

This change must also be seen in the context of a decision to use

richer xenotime concentrates, pur chased abroad, as i aw materials

in the pilot plant as a supplement to the Glamsland concentrates.

These rich concentrates, containing 25 - 40°,i yttriurn oxide are

alternatively digested as such or used as addtion to the Norwegian

concentrates, since the raw material for "wet digestion" should

contain at least 10°70 yttrium oxide to give a reasonable economy.



Digestion of other indigenous ores with potentials as rare earths raw

materials has also been briefly,investigated. Apatite from Ddegaarden

has been dissolved in nitric acid, bringing its rare earth content

quantitatively into solution, from where it could be recovered by partial

neutralization. Treatment of the apatite with su1furic acid, under

conditions similar to those used in phosphoric acid production, tr ans-

ferred the rare earhts to the liquid phase with yields of 70 - 80a/G.

No attempts have been made to extract the rare earths from the

phosphoric acid solution.

Sulfur ic acid digestion of hematite from the Fen area gave acceptable

yields (90"; of yttrium present), similar results have been obtained

with the slag from the smeltin7 experirnents described in the first part

of this paper. However, the rare earth concentiations were too low

and the acid consumption far too high to make this approach economically

attractive It seems that successful rare earth extraction from the Fen


ores would depend upon a beneRciation method for upgrading the rare

earth contents, and no such method has been developed so far: Thus,

neither the Fen ores nor the Odegaarden apatite are considered as

practical raw materials for rare earht extraction yet.

After digestion of the xenotime follows water leaching in a stirred,

cooled vessel. The undissolved residue is separated by sedimentation.

For seme time a centrifur,e was used for this purpose, but the wear

problems prevented its further use It has now been replaced by a

simple settling tank. The leach liquour is clarified on a rotary vacuurn

filter using a "Celite" precoat.

The yttrium content of the liquour ranges from 1 to 10 g;.„ depending

upon the concentrate used. The content of femic iron in the leach

liquour also varies with the type of raw mater ials used, With

Glamsland concentrate, it may bc as high as 10 g:1 It is then


necessary to incorporate a reduction step, since only iim.ted amounts

of Fe (III) can be tolerated in the subsequent solvent extiaction step.

(Fe(II) is not extracted and therefore does not interier e). by passing

the liquour thrOugh a tower containing iron ser ap (steel wool, turnings

etc. ) the Pe (III) is reduced to 1 g: 1 Furhter reduction to 0. 1 g/1

may be achieved by means of sodium dithionite. This involves some

disadvantages, however, due to sulfur dioxide for mation and corrosion.

3 Z. Solvent Extraction

After reduction and filtration, the leach liquour: is adjusted for the

solvent extraction step to follow. The purpose of this step is to

separate yttrium frorn the major impurities in the solution, as well

as from some of the lanthanides present. Yttrium is then also

transferred from the original sulfuric - phosphoric acid solution to

a nitric acid solution, which is more suitable for the subsequent

purification steps.

The extractant is di(2-ethyl-hexyl) phosphoric acid (D2EFIPA, dioctyl

phosphate) in a 30°,-G (volume) solution in a kerosene-type diluent

(Shell-Sol T or TD). The extraction takes place in four box-type

mixer-settler units. Some neodymium and all the heavier lanthanides

are extracted together with the yttrium, while lanthanum, cerium and

praseodymium remain in the raffinate. Four other mixer-settlers

are used for re-extracting a fraction of the lanthanides, essentially
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neodymium - terbium, with approximately 1.5 N nitric acid. This

fraction contains samarium and gadolinium in significant proportions

and is kept for further separation. Another pnr:pose of this striPping

operation is to remove traces of sulfuric and phosphoric acids from

the organic extract prior to the final stripping. This takes place in

an 8-stage mixer-settler, where yttrium and most of the heavy

- 1anthanides are re-extracted with 6 N nitric acid. The Str ip solution

is concentrated by evaporation to an yttriurn concentration of 100 -

150 g /1, while 6 N nitric acid is distilled off and recycled to the

strippins section.

The heaviest lantnanides ytterbium, lutetium) are only partially stripped

by the nitric acid, and recuire a senarate stripping stage to prevent

them from building up in the organic phase. Experimental work has

shown that this may be accompiished with either ZUC hydrofluoric acid

or 50°-,c sulfuric acid, but the final choice in the pilot plant was a 1061,

sodium hydroxide strip. Apart from the reduced corrosion ptoblems,

this has the advantage of removing other extracted species that are

incompletely stripped by the nitric nr id, e. g. ferric iron, thorium,etc.

After the caustic strip. the organic phase is re-acidified by contacting

it with 1 N sulfuric acid in a 3. stage mixer • settler, and recycled to

the extraction section. A flow diagram for the proc ess is shown in

firure No. 6.

Although some problems have occurred due to the formation of

emulsions, rcrud" and third phases (probabIy polvmerized RE-D2EHPA),

the D2EHPA extraction process has generally performed smoothly and

satisfactorily. Emulsions have been avoided by operating at relatiyely

high acidity (about 1 N), and third phase formation occur s only as a

result from overloading the extractant. Losses of extractant with

aqueous raffinates can be kept within reasonable Ji/Mts, but diluent

losses by vaporization have been faitly hjgh.

The concentrated nitrate solution obtained this step represents an

intermediate yttriurn product which is passed an for final pur:fication.

A typical rare earth distribution in such solution is showr. in Table

No. 1, which includes the d:stribution in the raw material for comparison.

seen that the proportion of yttrIum relative to otl.er rare earths

is increased from about 60=1, to about 75Ç by th:s process step.

The production of high purity yttrium oxide irom this yttrium concentrate

involves additional solvent extraction cycles for removal of the

lanthanides as well as other impurities. The details of these process

steps cannot be disclosed at present, except that quaternary ammonium

compounds are used as extractants, and that yttrium is maintained in

acueous solution throughout the nrocess. which is carried out in a

completely continous manner. Recovery of yttrium from the final

product solution is by oxalate precipitation, followed by drying and

calcination to yttrium oxide. A simplified overall process diagram

is shown in figure No. 7.

An yttrium oxide product of high purity is obtained by this process.

Total rare earth impurities are in the 1 - 10 pprn range, or, if one

prefers to express it in terms of as many nines as possible: the

quality is in the order of five to six nines Typical analyses are


given in Table No.-
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From the very beginning of the project, great emphasis has been laid

on satisfying the analytical requirements. Developrnent of efficient,

rapid and accurate methods for rare earth analysis has been given high

priority thzoughcut the project. The analytical problems range from

the determination of small amounts of rare earths and other elements

in rock or mineral samples, through process analyses requiring speed

and flexibility, to the accux ate determination of trace impurities in the

final product. "Classical" analytical methods are not of much use,

and instrumental rnethods had to be developed and adapted to the various

analytical tasks. Such methods include X-ray fluorescence spectrometry,

arc and spark ernission spectrometry, fla_me emission and atomic

absorption spectrophotometry, neutzbn activation analyses, and mass

spectrometry. A variety of the latter method employing isotopic


dilution, has been found to be very useful for the accurate determination

of the rare earth impurities in the yttrium oxide product.

Development work is under way for anairical rnethods which can be

applied on line for process control purposes.

Simple methods for rapid evaluation of phosphors produced from the

yttrium oxide made in the pilot plant have also been developed

Finally, it should be mentioned that mathematical models of the

processes employed in the pilot plant are being developed, permitting

the use of process simulation as a valuable supplement to the actual

pilot operation. The process simulation work has several objeztives.

to aid in the planning of experimental programmes for the pilot plant;

to supplentert the data obtained by the plant oper a;:ion; to study the

dynamic process behaviour and develop a suitahle control strategy;

and to serve as a tool for technical'econornical optirnization, process

scale-up and feasibility studies of lar ger - scale projects. Such studies

have been performed, and are currently being, x eviewed.

The pilot plar.t v<as ready for mitial over anon in the sumrcer of 1970,

but was modified for a nev.- version cl the flnal purification step in the

beginning of rhis year. It resumed crer atron in Aphl this year, and

some hundreds of kilo,cirams of yttrium oxide have been produced since

then. Test marketin& of this produzt is one objectrve of the project,

apart from its main purpose which is to estabb.sh the technical basis

for an industrial operation.

Som impressions from the plant are given in photos No. 4, 8 and 9.

The future operation of the pilot plant v.-111 largely depend upon the

market development for yttrium oxide and other rare earth products.

The plant could easily be adapted to process develooment for alternative

producls, should this be advised by market trends

013,/kk

31.8.71
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Figure No. 8. Mixer settlers in pilot plant.
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Rare Earth d s ributions in intermediate roduct and r,w material

Conc. in inter - of total `,"; of total RE's in
Element

	

rnediate solution, g "1 Rare Earths raw material

Yttrium 174




75.2 57.2

Ytterbium 12.5




5.4 7. 6

Thulium 2.0




0. 9 (not determined)

Erbium 16. 6




7.2 7.7

Holm ium 3.7




1. 6 1. 9

Dysprosium 18.9




8.2 8.3

Terbium 1.5




0. 6 1

Gadolinium 1. 9




0.8 3.4

Samariurn




- 1.3

Neodymium




- 6

Pras eodyrnium




- 0. 6

Cerium




6.2

Lanthanurn




- 1.9

•

31.8.71



TABLE 11

Anal ses of hï h urit ttrium oxide

Mass s ectrornetric anal sis of rare earth elernents:

La < 1 ppm Tb < 1 ppm

Ce < 1 Dy < 1

Pr 4:: 1 ido < 1 n

Nd < 1 Er 3

Sm < 1 ti Tm < 1 li

Eu < 0.1 " Yb 2.5 "

Gd < 3 1,

Total rare earth oxides 99. 5%.± 0, 5% (chem cal analysis).

X-ra fluorescence and o tical emission s ectrosco of other im urities:

Ag 5 pptri

Al _ 20

Ca CiO

Cr G 10

Cu < 5

Fe G 10 ti

Mg 30


Mn <10

Mo < 10 ppm

Ni CiO

Pb < 50

S r'S 80

Si t 50

Sn L 50

Ti <20

31.8.71


