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THE DISTRIBUTION OF SOME RARE METALS
IN THE PROCESS OF SEPARATION OF ORGANIC MATTER
FROM ESTONIAN DICTYONEMA ARGILLITE

In our previous works [1, 2] flow-sheets for beneficiation of argillites from Maardu
and Toolse phosphorite deposits with the aim to obtain organic matter (OM) and
pyrite concentrates have been presented. As is known [3, 4], these argillites contain
several rare metals, of them uranium, molybdenum and vanadium being the most
important due to their relatively high concentration in argillite, as well as to their
potential commercial value and impact on the environment.

There exists a good relationship between U and OM, as well as Mo and OM [5].
Both the metals have a high negative correlation with quartz and pyrite. Vanadium
has no such a strong affinity to OM as compared with Mo and U, while it has a
posiiive correlation with clay minerals.

In this paper, the distribution of the above rare metals in the process of separation
of OM from Maardu and Toolse argillites is discussed. The beneficiation process of
argillite consists of the hydrocycling treatment, in the course of which OM is
separated as a light fraction, followed by direct flotation of OM and pyrite
concentrates. Determinations of Mo and U were made by X-ray fluorescence, V by
titration and pyrite by titration of iron. OM was measured by loss by roasting, at that
the forming of sulfate and iron oxide was taken into account.

Figs. 1 and 2 present flow-sheets for benefication of Maardu and Toolse argillites
in which the distribution of Mo is demonstrated. Similar data on U and V are listed
in Tables 1 and 2.

In the hydrocycling process of Maardu as well as Toolse argillite, the separation
of Mo, U and V into the light fraction was considerable, the recovery being 70—75
% . In the following flotation of Maardu argillite (Fig. 1), the OM concentrate yield
was 26.3 %. The recovery of Mo, U and V in this concentrate was 46.4, 46.4 and
28.5 % respectively. The residue from OM flotation underwent hydrocycling, the
light fraction was redirected into the flotation process, while the heavy one was
hauled to wastes. The recovery of Mo, U and V into waste was 9.9, 19.7 and
35.1 % respectively.

In the rougher flotation of Toolse argillite (Fig. 2), affording the OM concentrate
in 43.6 % yield, the recovery of rare metals was 60 %. In each stage of the cleaner
flotation, the OM concentrate was enriched in OM and rare metals. In the third stage
of the cleaner flotation the yield of material was 34.3 % and the recovery of rare
metals in the froth product 49—54 %. In the last stage of the cleaner flotation the
OM concentrate, whose organic content was 61.5 %, in 12.9 % yield was separated.
The content of rare metals in this concentrate was high, viz. 1008, 325 and 1790 g/t
for Mo, U and V respectively, being augmented in comparison with feed material
by a factor of 2.2, 2.0 and 1.6. Their recovery in this final concentrate was low,
21—29 %, because the underflow products in the cleaner flotation were not
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Fig. 1. Distribution of molybdenum on processing Maardu argillite
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Fig. 2. Distribution of molybdenum on

processing Toolse argillite
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redirected into the flotation process, they were subjected to analysis. As can be seen,
the OM content of the mineral phase in the final flotation stage was high, 20.7 %,
as was that of rare metals. The V content of the mineral phase increased especially
regularly in the cleaner flotation process. At the same time, the recovery of Mo, U
and V in the mineral waste was 7—12 %, being the highest for V.

In the hydrocycling process of Maardu as well as of Toolse argillite, 25—30 % of
rare metals were separated into the heavy fraction. After its additional hydrocycling
the light fraction obtained was involved in the flotation of OM. In this process the
OM concentrate was separated with the recovery of 1.0 and 6.3 % for Maardu and
Toolse argillite respectively. The recovery of rare metals in this concentrate was
1—1.5 and 3—5 % for Maardu and Toolse argillite respectively.

Table 3. Recovery of Rare Metals in the Waste Removed

Material Yield, % Recovery, %

Mo U v
Maardu
Mineral tails of OM flotation I 29.7 9.9 19.7¢ |#35.1
Mineral tails of OM flotation II 0.2 0.1 0.1 0.1
Pyrite concentrate 74 8.9 5.8 4.9
Pyrite flotation tails 12.7 13.0:]1 82 7.0
Total 49.7 3291 | 733.8: | F47.1
T o ol s:e
Mineral tails of OM flotation I 11.8 6.8 10.1 12.4
Mineral tails of OM flotation II 6.3 8.1 5.6 6.8
Pyrite concentrate 24 0.3 0.1 1.0
Fine pyrite concentrate 8.4 5.6 43 4.5
Pyrite flotation tails 11.4 15 2.8 0.2
Total 40.0 22.3 | 22.3 |.24.9

In Maardu argillite fine-grained pyrite is associated with quartz and clay minerals
[6] and the recovery of pyrite in the flotation concentrate was only 29.5 %. The
recovery of Mo, U and V in this pyrite fraction was 5—9 % and in the mineral tails
7—13 %.

Unlike Maardu argillite, the pyrite of Toolse argillite is represented mainly by
macrocrystals and concretions. So, in the first stage of flotation pure pyrite was
obtained (assay in pyrite 97.8 %). By further flotation fine-dispersed pyrite was
separated (assay in pyrite 34.5 %). The tails from the flotation were mostly pure
quartz. The concentrations of Mo, U and V in pure pyrite and quartz were low and
their recoveries in these fractions negligible, 0.1—2.8 %. In the fine-dispersed pyrite
concentrate the recovery of rare metals was 4.5—5.6 %.
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In argillite processing the mineral tails from both the flotation processes of OM (in
case of Maardu argillite after additional hydrocycling), the pyrite concentrate and the
tails from pyrite flotation (in case of Toolse argillite quartz) were removed to wastes.
Upon Maardu argillite processing the recovery of rare metals in these removed tails
was high (33—48 %, see Table 3) due to their augmented recovery in the pyrite
fraction impregnated with clay minerals (12—22 %) and their increased recovery in
the mineral phase.

On processing Toolse argillite, the separation of pyrite was more exhaustive than
on processing Maardu argillite, the total recovery of rare metals in waste was
22—25 %. The total yield of the latter, consisting of the flotation tails and pyrite
concentrates, was 40.0 %. 20—26 % of rare metals was distributed in intermediate
flotation products and their recovery in further processing will be possible.

Table 4. Enrichment Factor U/ of Rare Metals
in the Beneficiation of Toolse Argillite

Material Mo U \"

Light hydrocycling fraction B-1 120 171.31° #1230

Heavy hydrocycling fraction A-2 0.39 f1410:31:1g6.31

OM flotation concentrate C 1—4 2.23.1, 2.01 1.62

OM flotation tailings T-1 0.58" |*1°19” | 105

Pyrite flotation concentrate C 3—1 0.13 | 006 | 0.12

Pyrite flotation tailings T-3 0.13.4f 1025 g}~ 0.09

Pyrite flotation concentrate C 3—2 0.66 | 0.21 | 0.53

To evaluate the distribution of rare metals in different products of argillite
beneficiation process, the enrichment factor of rare metals in the fractions, I, can be
calculated:

1=C/C

where C, and C; are metal concentration in the fractions separated and the feed
material respectively.

The data presented in Table 4 show that rare metals were upgraded in the OM
concentrate and the light hydrocycling fraction, while their concentrations in the
heavy hydrocycling fraction and pyrite flotation products were low.

To summarize, it can be concluded that rare metals Mo, U and V were
concentrating in OM, their recovery in pyrite and quartz was negligible, depending
on the degree of pyrite separation. The recovery of rare metals, especially that of
V in the mineral phase, was more considerable in the processing of Maardu argillite,
whose content of clay minerals was higher than that of Toolse argillite.
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PACIIPE[TEJIEHME HEKOTOPBIX PEJIKMX METAJIIOB B ITPOITECCE
OBOT'AIIEHU A 3CTOHCKHUX MUKTAOHEMOBBIX APTHILIMTOB

Pesrome

B Hamux mnpempIymux craThsx [1, 2] ObUIM mpencTaBlIeHBI CXeMbl OOOTalleHUS
IOUKTHOHEMOBBIX aprHJUTMTOB MECTOPOXIeHHMH Maapny u TooJice B OTHOIIECHHH
opraHuvyeckoro BemectBa (OB) u mupuTa. B NaHHOM CcTaThe INPHBEIEHBI JIAaHHBIE O
pacnpeneeHAn MoquOeHa, ypaHa U BaHaIUs B YKa3aHHBIX Mpolieccax (PUCYHKH 1 U 2;
Tabmne! 1 1 2).

IIo HWcnoAb30BaHHOM CXeME H3MEJNbYCHHBIM apruHJUIMT [OABEpraju
THIPOIMKIOHUPOBAHUIO, CIIMB HaNpaBisiM B nponecc dnoranuu OB, a mecku — s
BblIeJieHUs mupuTa. [losydeHHbIe JaHHBIE TOKA3bIBAIOT, YTO B CIIMB H3BJIEKAIOCH 70—
75 % penkux meTayuoB. [Hanee, B nmponecce ¢dbaoTanuy BbIe/siu KoHeHTpaT OB. B
cllyyae MaapayCcKOro aprujiiiMra B KOHUeHTpaT OB H3BiIeKadHuCh COOTBETCTBEHHO
46,4 % Mo, 46,4 % U u 28,5 % V, a B 0TXOObI MOCJIE THAPOIUKIOHHPOBAHUS —
COOTBETCTBEHHO 9,9, 19,7 1 35,1 %.

B mpouecce GIOTaMM CIMBa OT THAPOIMKIOHUPOBAHHS TOOJICECKOTO aprUJUTHTA
BBIIEJISIIM KOHIEHTPAT ¢ comepXaHueM OB 61,5 %. Konnenrparmun Mo, U u V B
KOHIIGHTPATe 3HAYMUTEIbHO MPEBBINATA MX HCXOIHBIE COMEPXKAHUS: COOTBETCTBEHHO
B 2,2, 2,0 u 1,6 pa3a. Ho u3BlIeYeHHE METAJIOB B KOHIEHTPAT ObUIO HEGOJIBIIUM —
24 — 34 % (u3Bneuyenue OB 45,7 %), Tak Kak IpOMITPOAYKTHI B IEPEYUCTKE KOHIIEHTPATa
HE BO3Bpallaiich 0OpaTHO B IpPOIECC, a MCIOJb30BAJMCh JJIS aHAIM30B. B 0TXON
dbaoranuu usBIeKaNock 7—12 % peIgKHX MeTaJlIoOB.

ITeckd T'HAPOLMKIIOHUPOBAHUS HANpaB/UIM B mpouece duotanuu nupura. Ho B
MMUPUTOBBIX dpakiusax (Bexom 30 %) comepkaHus H H3BjIeYeHHss Mo, U U V Gbum
He6GOJILINUMH, (B CIIy4ae TOOJCECKOro arpuiuuTa 4,6—7,4 %) U HeCyIleCTBEHHBIMH /151
BBIIIEJICHUSI METAJIIOB.

Pe3yabTaThl aHAJIM30B METAJUIOB MOKa3bIBAlOT, YTO MPH OOOralieHHH TOOJICECKOTO
apruJuIiTa cyMMapHoe wu3BiedyeHue Mo, U u V B OTXO0Ibl, MNOCTYIAIOIIHE B OTBAJbI
U B IUPUTOBBIE KOHIIEHTPATHI, COCTABIAN0 22—25 %.
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