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Sammendrag. innholdsfortegneke eller innholdsbeskrit else

;1 I 1970 ble Hazen research ennasjert av AS Menon for a foreta en mineralogisk studie av prover fra borhull DRII F-2 fra
Fensfeltet. Den primære oppgaven var å bestemme kvantiteten av mineralogien hsor sjeldne jordartselementer innnår. med
spesiell sekt på Yttrium on Epropium.

Det beskrives sr reopplosnine as prosene on parallellt nedknusing as for å fastslå den beste metoden for å rinne innholdet as
ttrium on europium Rontenanal  se av opploste proser on nedknuste prover iser at forholdet mellom La. Le on Y ikke er

konstant. Resultatet indikerer at Y kanskje ikke forekommer i fluorkarbonater som antatt Mistanken bekreftes ved å undersoke
polerslip som viser at Y forekommer sammen med Niob og ikkr i tluorkarbonatmineralene.

Det er sidere utlort omfattende undersokelser med mikroskopering av t nnslip og ronkenanalsse i forskjellige frakHoner oe
med forskjellige eangbernarter.
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insoluble residue showed, however, that significant arnounts of the rare

earths had dissolved. Yttrium, particularly, showed extractions of over

50%.

Physical separations were made simultaneously with the acid leaches

to ascertain the mode of occurrence of yttrium and europium and to provide

an alternate means of determining the distribution and quantitative rare

earth mineralogy should the acid leach approach be unsuccessful. X-ray

fluorescence analyses of the various separation products revealed that the

ratio between La, Ce, and Y is not constant. These results aroused the

suspicion that yttrium might not occur associated with the fluocarbonates

after all. The suspicion was strengthened by prelirninary electron micro-

probe analyses of polished sections which showed yttrium occurring with

niobium and, indeed, not in the fluocarbonate minerals. This, of course,

changed the whole aspect of the investigation and forced the emphasis to

be placed on the determination of the mode of occurrence of the yttrium

since obviously it is necessary to know first in which mineral the yttrium

occurs before the quantity of that mineral can be determined. Therefore,

another series of mineral separations employing gravity, low and high

intensity magnetic separation, and flotation, was conducted on a larger

sample. These separations produced 50% concentrates of the fluo-

carbonate minerals and a fraction in which the yttriurn was upgraded from

0.026% in the feed material to 0.19%. However, because the ore is very

fine grained and the minerals finely interlocked, none of the mineral

fractions were sufficiently pure to be suitable for quantitative determina-

tion of the rare earth mineralogy. Nevertheless, certain conclusions can

be drawn from the work so far accomplished:

1. Yttrium has at least two modes of occurrence. The first is

with niobium as the mineral kobeite (Y,Fe,U) (Ti,Nb,Ta)2(0,0H)6. The

second is in xenotime Y(PO4). The occurrence of fergusonite (YNb04) is

hri
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The following comparison shows the poor liberation of rare earth

minerals from some of the gangue minerals at different particle sizes;

Sam le Particle Size Ran e
Rare Earth Content

La Ce

Dolomite-Float @ sp. gr. 3.17 - 35 +400 Mesh 0.34 0.67 0.020
Dolomite-Float @ sp. gr. 3.17 -100 +400 Mesh 0.17 0.77 0.015
Dolomite-Float @ sp. gr. 3.17 -400M +10 Microns 0.35 0.78 0.022

Celsian Feldspar Float @ sp. gr. 3.8 - 35 +400 Mesh 3.3 3.6 0.054
Celsian Feldspar Float @ sp. gr. 3.8 -400M +10 Microns 0.51 1.0 0.032

Magnetite Sink @ sp. gr. 3.17 - 35 +400 Mesh 2.2 2.2 0.025
Magnetite Sink @ sp. gr. 3.17 -400M +10 Microns 0.51 0.78 0.032

It was determined microscopically that the rare earth content of these

gangue minerals is primarily due to locked R.E. minerals. Because of this

locking problem, it would be very difficult to establish to what extent the rare

earths might be in substitution for other elements in the gangue minerals.

In view of the overall findings, only a few extractive metallurgical

processes present any possibility of successful recovery of the values.

For example, it might be possible by means of selective flocculation to

flocculate and reject dolomite at a very fine particle size; or through hydro-

metallurgy, the rare earths could perhaps be selectively dissolved by certain

organic acids or complexing agents. Any such approach would require

considerable basic research inasmuch as there is little known about such

processes except in very specific applications.

hri
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Table 1

Distribution of Yttrium in the Various Mineral Se aration Products

(See flowsheet of Progress Report No. 3)

Test Product


-35 +400 Mesh Products

Weight Weight

0

Assay Content

g Y

Distribution




Dolomite and Calcite* 625.4 48.85 0.015 0.0938 31.42
Float @ sp. gr. 3.17





Celsian Feldspar 55.9 4.37 0.054 0.0302 10.12
Float @ sp. gr. 3.8





Magnetite-sink 62.3 4.87 0.025 0.0156 5.23
@ sp. gr. 3.17





-35 +400 Mesh Products


of sink @ sp. gr. 3.8





Mag @ 0.25A 1.2 0.09 0.066 0.0008 0.27
Mag @ 0.45A 4.3 0.34 0.21 0.0090 3.02
Mag @ 0.9A 0.9 0.07 0.11 0.0010 0.33
Float @ sp. gr. 4.05






Mag @ 0.9A 0.9 0.07 0.13 0.0012 0.40
Sink @ sp. gr. 4.05






Non-mag @ 0.9A 1.2 0.09 0.005 0.0001 0.03

-100 +400 Mesh Products

of sink @ sp. gr. 3.8






Mag @ 0.25A 5.2 0.41 0.055 0.0029 0.97
Mat:@ 0.45A 0.9 0.07 0.12 0.0011 0.37
Float @ sp. gr. 4.05






Mag @ 0.45A 0.6 0.05 0.19 0.0011 0.37
Sink @ sp. gr. 4.05






Mag @ 0.9A 0.5 0.04 0.13 0.0007 0.23
Float @ sp. gr. 4.05






Mag @ 0.9A 0.8 0.06 0.091 0.0073 2.44
Sink @ sp. gr. 4.05






Non-mag @ 0.9A 2.9 0.23 0.007 0.0002 0.07

-400 +10uProducts






Dolomite and calcite 356.6 27.86 0.022 0.0785 26.30
Float @ sp. gr. 3.17






Celsian feldspar 2.9 0.23 0.032 0.0009 0.30

Float @ sp. gr. 3.8






Magnetite-sink @
sp. gr. 3.17

4.7 0.37 0.032 0.0015 0.50

Sink @ sp. gr. 3.8






Mag @ 0.25A 3.0 0.23 0.035 0.0011 0.37
Mag @ 0.45A 0.7 0.05 0.11 0.0008 0.27
Mag @ 0.9A 0.4 0.03 0.12 0.0005 0.17
Non-mag @ 0.9A 2.5 0.19 0.018 0.0005 0.17

-lOjz Slimes 146.3 11.43 0.034 0.0497 16.65

Calculated Head 1280.1 100.0 0.0233 0.2985 100.0
Assayed Head




0.026 0.333




*The +100 Mesh dolomite-calcite product was reground to -100 mesh in order to liberate
more heavy minerals.

hri
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Head Sample

Polished section showing large grain consisting of an inter-
tocked aggregate of carbonates and fluocarbonates (various
shades of grey, general matrix), celsian feldspar (grey, but
showing black relief), iron oxides and pyrite (white).

Plain indident light. Dry objective. 240X

Figure 1
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In general, the analytical procedure was as follows: the sarnple

was decomposed by Na2CO3 fusion; the fusion melt was water leached

and SO4 and soluble P205 weredetermined on the filtrates. The carbonate

residue was digested and fumed with HCIO4 and diluted to volume. After

adjusting an aliquot to pH 2, the rare earths were precipitated as oxalates.

The oxalates were ignited to oxides and then analyzed by X-ray fluorescence.

Aliquots were a1so taken for determination of the balance of the P205 and

for Ca.

The results of these analyses and the mineral composition calculated

from them for the two crude concentrates are:

% RE203

Float Product at s

30.7

r. 4.05

% Fluocarbonates 62.4

% SO4 11.2 % Barite 27.3

% P205 3.12 % Monazite 10.3

% Ca0 6.85 (belongs to fluocarbonates)




Sink Product at s r. 4.05




% RE203 37.8 % Fluocarbonate s 30.3

% 504 18.5 % Barite 44.9

% P205 7.45 % Monazite 24.8

% Ca0 3.14 (belongs to fluocarbonates)

The above calculations do not include other impurities such as iron

oxides. The barite determinations are based on SO4 assays rather than Ba

assays because of celsian feldspar which is undoubtedly present in the

float fraction. The fluocarbonate values were calculated by difference

after the barite and monazite values were established. The RE203 cannot

be used to calculate the fluocarbonate values because of the presence of

hri
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of low specific gravity, such as "synchisite," are in the sink, indicates

how intimately these minerals are intergrown with each other.

The "synchisite" pattern resembles the published synchisite

pattern (ASTM 18-284, Predazzo, Italy) except for the absence of a

50 R.I. line and the faintness of one of the 100 R.I. lines. This makes

the identification as synchisite uncertain. For comparison, a pattern of

the "synchisite" crystals designated "No. 1 bastnipasite group minerals"

(from A/S Megon)-1/, was also run. This pattern also corresponds with

the published synchisite pattem except for the absence of the same 50 R.I.

line and the low intensity of the 100 R.I. line.

Photomicrographs of the float and sink products are shown in

Figures 10 and 11 to illustrate the type of material used for all of these

determinations. The three described X-ray patterns will be found in a

pocket in the back of this report.

During the examination of polished sections a tentative identi-

fication of a very fine grained rutile has been made. The greenish internal

reflections of this rutile suggest that it might be Nb bearing. Figure 12

is a photomicrograph of this rutile.

1/ This is the sample received from Mr. 0. Braaten during his visit
to Hazen Research in October 1970.

hri



barni

,

-rZe



[II

I I [11) 111 I I), • p•Ii I r\„,, ' (y •I [ 


I [ • ir in, 1111 ti .

t I II tr:



-11/1)M,;HI

PHrH(c(111::!r)Lrr.nprobn

Thi:rrhu-licH\:•111!Hboul7,W.Nsub:rnqwl[Lly

lrz-nry;),!tt:11porlucHy

TrIHrerwsrhi,p:1111HiliHif(A.--;'IMI

A3(1'M9-/).H,Irk

tiit•tri)r,rL1i.itItjiicoiLb•`

Ir.ILI:);;L!,)H•I11!:



•



.;

Iil (I)I 'Lii i 111111.I I

r I

 \' F I? 111,`  THIJI,` I

,i1

- HIL I H



;Irt



Wat.

r



1-ooto

Somiquanthotrno X-ro7 Fhoros c'IuCO Scan
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Table 7


Listin of d-S acin s Obtained for Xenotime

Xenotime (Fen Deposit)

Particle No. 3

d (Å) VII

10.1 Spots

Xenotime
ASTM 11-0254*
d (Å) I/I1

Xenotime
ASTM 9-377**
d (Å) I/I1

4.64 EW? 4.55 25 4.54 25
3.74 EW




3.42 S 3.45 100 3.44 100

3.29 W




3.11 MW




2.92 W




2.87 MS (spotty) 2.75 9 2.74 9

2.55 MS 2.56 50 2.56 60
2.43 W 2.44 13 2.43 20
2.19 EEW (spot) 2.27 6 2.27 9
2.14 W 2.15 25 2.14 25

2.03 EEW (spot)





1.92 9 1.93 13

1.81 EW 1.82 13 1.82 17
1.782 EEW (spot)





1.764 M 1.77 50 1.76 45




1.73 18 1.72 17

1.541 MW 1.54 9 1.54 11

1.469 EEW? (spot)





1.427 VW 1.43 9 1.428 3

1.390 EEW? (spot)





1.373 EW 1.38 7 1.379 11

1.334 EW 1.35 5 1.342 7

1.281 W 1.283 9 1.280 11

1.234 VW 1.235 9 1.232 11

1.096 EW





1.075 EW





S = Strong
M = Medium
W = Weak
VW =Very weak
EW = Extreme1y weak

*Xenotime Shelby, North Carolina
**Synthetic Xenotime

hri
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Table 9

Sert cy.LantitaalY X-ray Fftorescerce ba:ainses at

Rare Each Cxalate-Cylie Preciuitates

actainea from •aissaLution of cru6e R.L. r,-,inerat
cance:trates.

F1ocat at Sa. Gr. 4.05 SPaik. at Sa. Cr. 4.05

La 9 5,0 La 25.0
Ce 41.0 Ce 39.0
Pr 3.9 Pr 3,9
26s1 12.0 22sf 10.13
Sm 0.89 Sm 0.08
Ca 0.44 CO 0,41
Dy 0.11 Dv 0.11

Er 0.052 Er 0.094
Yb 0.079 Yb 0.053




0.69




0.30

Ba* 3.3 Ba* 4.8
Tia 0,75 Sr 0.010




Th 0.92

*Sorne Ba v„-as courecioitated re the Be-
caose at the relailvely smelj amaarn: at,tera.:3•_
7.-as Tri:Ge ta re=3.72 tha Ba aLitrely rer,Lecip:-

tation.

Ori



FloL:t 	 4.05 S'ink
	

015

Pr•

0 .17 u

.! 1








