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Kritikus nyersanyagok

Russia
Palladium 40 %

France e ' N China

Hafnium 49% : - Antimony 74%
usa _'._, B £ rte 38%
Beryllium 88% Spain Bismuth 80%
Strontium 31% Coking Coal 55%
\\Turkev - : Fluorspar 65%
g Gallium 80%
Germanium 80%
Indium 48%
: Magnesium 89%

Thailand : -
MNatural graphite 69%
DRC | Natural rubber 33% Phosphate rock 48%
Cobalt 59% Phosphorus 74%
Tantalum 33% Scandium 669
G Silicon metal 66%

Brazil i

&)
Niobium 929 Jitaniur 5
South Afri f Tungsten 89%
e Australia ®  Vanadium 39%
Chile ——@ ;I‘lldtiym g%fﬂ(ﬂj ; Bauxite 28% LREEs 860
Lithium 44% i HREEs 86%

Rhodium 80%
Ruthenium 93%

European Commission, Study on the EU’s list of Critical Raw Materials (2020)



100% of the rare
97% of EU’s earths used for
magnesium supply is permanent magnets
sourced from China globally are refined in
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European
Commission

South Africa provides
71% of the EU's
needs for platinum
group metals

Tirkiye provides 98%
of the EU's supply of
borate




Ritkafémek

. As:\"‘/ényi 'él,g')i_.j&fjdulésuk ritka, és gazdasagosan kinyerhetd telepeik is ritkak

. Elements widely used in energy pathways
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ELEMEMT GROUPS
O alkali Metals

= Kevés 3

[ Alkali Earth Metals
[ Transition Metals
O Lanthanides

O Moble Gases
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pl. La-tartamﬂt’J asvanyra 162 talalat

B R W TR _ A
ferttiees . W - BT R e et N €3

Bastnasite-(La) réztartalomtol halvanykék
aggregatuma. Képszélesség 2,3mm

%La Asvany neve

Kémiai képlet

1 64,3Hydroxylbastnasite-(La) La(CO3)(OH)

2 63,8Fluocerite-(La)
3 63,7Bastnasite-(La)
4 41,3Rhabdophane-(La)

5 41,1Tornebohmite-(La)

6 38,9Wakefieldite-(La) !

7 36,5Haleniusite-(La) !
8 34,6Lanthanite-(La)
9 32,4Cerite-(La) !

10 29,8Kozoite-(La) !
11 29Monazite-(La)
12 27,5Isolueshite !

13 27,3 Ancylite-(La) !
14 24Belovite-(La) !
15 23,4Paratooite-(La) !
16 23,3Parisite-(Ce)

17 20,3 Florencite-(La)
18 20,3Kozoite-(Nd) !
19 20Tritomite-(Y)

20 20Parisite-(Nd)

(La,Ce)F3

La(CO3)F

(La,Ce)PO4e(H20)
(La,Ce)2Al(Si04)2(0H)

LavVO4

(La,Ce)OF

(La,Ce)2(C0O3)38(H20)
(La,Ce,Ca)9(Mg,Fe+++)(Si04)6[Si03(0OH)](OH)3
La(CO3)(OH)

(La,Ce,Nd)PO4

(Na,La,Ca)(Nb,Ti)0O3
Sr(La,Ce)(CO3)2(OH)e(H20)
(Sr,La,Ce,Ca)5(P0O4)3(F,0H)
REE3(Ca,Sr)2NaCu(CO3)8
Ca(Ce,La)2(CO3)3F2
(La,Ce)AI3(P0O4)2(0OH)6
(Nd,La,Sm,Pr)(CO3)(OH)
(Y,Ca,La,Fe++)5(Si,B,Al)3(0,0H,F)13(?)
Ca(Nd,Ce,La)2(C0O3)3F2



6.53

gﬂ;l. : 0 ; \"' - B
Monacit-(Ce). A kristaly mérete 1,8 Tmm P Bse - Mag: 3s0x

HV: 20 kV  WD: 11.1688 mm

Dy,O
TABLE 2. Th** substitution mechanisms speculated for natural monazite ke

Substitution Reference ThO, -

Th*45i* — REE>*+P%+ Burt (1989); Kartashov et al. (2006); Panda et al. (2003)

Th*+Ca* — 2REE+ Mohr (1984); Bea (1996); Zhu and O’Nions (1999a); Kartashov et al. (2006); Panda et al. (2003)
Coupled (Th,U)*+Ca* — 2REE** and (Th,U)*+Si** — REE*++P%* Gramacciolii and Segalstad (1978); Van Emden et al. (1997b); Kartashov et al. (2006)
Coupled (Th,U)*+Si* — REE**+P*+(Th,U)*+Ca’* — 2REE** Forster (1998); Zhu and O’'Nions (1999a); Dawood and El-Naby (2007)

2(Th,U)* + Si*— Ca* + 2P (rare in granites) Forster (1998)

(Thi,+Cast )+Si* — REE*++P> Dana et al. (1951); Semenov (2001); Popova and Churin (2010)
3(Th,U)*+vacancy — 4REE* Podor (1994); Clavier et al. (2011)

http://dx.doi.org/10.2138/am.2013.43
36
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o A
Vietnam
Tanzania RLHEANR Other countries
890,000 4.490.000

Sauth Africa A - United States

780,000 1,500,000
Australia
Russia 4.100,000
12.000.000
India Braci
0 razi
6,990,500 21,000,000
Graanland
1,500,000
Canada
30,000
China - tartalékok

44.000.000

Drobniak, A., and Mastalerz, M., 2022, Rare Earth Elements—A brief overview: Indiana Geological and Water Survey, Indiana Journal of Earth Sciences, v. 4. DOI 10.14434/ijes.v4i1.33628.
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Brazil
1,400

Australia

United St{a)tes

Brazil

Other countries
3.50{) 1 1,000

Vietnam _

United States 1,000

5,000

"% Myanmar (Burma)
i 30.9&0

\ Thailand
Other countries 2,000 .
430 Ryssbs . BUSFHSdl
L 2,700
Russia Madagascar
2,000 .
SriLanka -/ |
ovss /| 7006
Malaysia -~ [ India -
350 AN
India
2,700
China _
140,000

Drobniak, A., and Mastalerz, M., 2022, Rare Earth Elements—A brief overview: Indiana Geological and Water Survey, Indiana Journal of Earth Sciences, v. 4. DOI 10.14434/ijes.v4i1.33628.



RFF kinyerése

Asvany Eljaras kiho;Ftl;l (%) megjegyzések Alkalmazas
1) Nem RFF karbonatok kioldasa HCl-al . . s
2) Maradék kalcinacidja RFF-oxidokra 85-90 FgregResl GlEREE "
HNO3 vagy H2504 feltards 98 - kioldashoz salétromsav n
- csapadékképzéshez kénsav
Bastnazit ;; gg;-ssoljcrlxl)(:z?c:zz valtozo Fluoridokat nem oldja n
1) RFF-fluorid alkalo konverzidja RFF-hidroxidda , , 9 . . .
2) Kioldas HCl-al valtozé el@savazas lehetésges HCl-al [
1) H2S04 savas porkolés
2) NaCl oldatos kioldas valtozo kloridot eredményez, tovabb finomitd oldas sziikséges i
3) Na kett8s szulfatok kicsapatdsa
Forré H2S04-as feltaras valtozo Th kivonasa szabalyozhato n
1) Forré 60-70%-0s NaOH feltaras
. 2) Forrévizes oblités 98 Mn jelenléte gatolja a Ce kioldast i
Monacit i
3) Savas tisztitas
1) Redukald légkorben szulfidda égetés CaCl2 és CaCO3 segitségével T .
g 2) Kioldas 3g%—os HCl-al gitseg 89 Th nem oldédik ki i
(NH4)2S04 s6s feltaras 80-90 i
Kotott ion Kioldds tengervizzel 40 kut
Tomény savas kioldds (pH<1) teljes oldas




RFF kinyerése

$
1 4

—oTe

Y/ éyi reakgék

REF; — RE,(CO3)s + 9HCl — REF; + 2RECl; + 3HCl + 3H,0 + 3C0, Teleptipus szerint
Mineral sand

Bastnazit REF, + 3NaOH — RE(OH), + 3NaF
60 80 fi
* Th
monazite 1:1 Heasigmium Therium

RE(OH); 4+ 3HCl — RECl, + 3H,0
. REPO4 + BNQUH — RE(OH)g + N{I3PO4 000k g o M lurm 1000kg of Fadiosctive
Monacit  7p,(P0,), + 12NaOH — 3Th(0OH), + 4Na;PO, s s

60
e 4 o0 . A i 3+ + B - - + 3+ e
Kotéttion  [Al,Si,05(0H),] » RE3* + 3NH,* — [Al,Si,0<(0H),] * (NH, )5 + RE Hydrothermal .
1000k of Me fum 500kg of
praduc Tharium wadte
Carbonatite @ x
monazite 20:1 a

1000k of Me i 50kg of
praduc Tharium waste
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Zhang, X, Hu, Z., Pan, H., Bai, Y., Hu, Y. and Jin, S., 2022. Effects of rare earth elements on bacteria in rhizosphere, root, phyllosphere and leaf of soil-rice ecosystem. Scientific Reports, 12(1), p.2089.
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Biologiai hatasok

referencia
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. Gariin '3::_: Ag
" Emberekre «~ #

s

Co
Cr
Cu
Li
Mn
Ni
Pb
Tl
Vv
Cs
Ga
Rb
L
Bi
Mo
As
Se
Ca
Fe
Mg
n

-,
1)

27
27
27
27
27
25
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27

232+ 136
31.25 £ 4.68
6.17 + 0.68
0.11 + 0.023
0.075 4+ 0.009
297 + 2326
1024 £ 136
0.08 £ 0.013
216 £+ 0.34
0.84 +£ 0.22
6.5 4 1.39

0.0045 + 0.0006

0.2 +0.018

0.005 + 0.0008

0.16 £ 0.016
0.075 £ 0.01
0.088 + 0.017
0.022 + 0.0055
0.095 + 0.013

0.18 £ 0.13

0.43 + 0.051

1882.65 = 308.09

86.12 + 15.02
300.56 £+ 41.99
145.99 + 30.71

0.14 = 0.031
228 +£5.2
6.2 +0.84
0.046 + 0.01
0.073 £ 0.015
3.23 £ 0.53
8.82 + 0.51
0.07 £ 0.013
1.37 + 0.27
0.41 + 0.077
2.56 + 0.69
0.0022 + 0.0002
0.15 = 0.034
0.0036 = 0.001
0.15 £ 0.021
0.058 £ 0.012
0.18 + 0.049
0.01 £ 0.0023
0.071 = 0.0079
0.067 £ 0.013
0.52 + 0.069
246079 + 447 67
66.21 + 13.42
313.99 + 4043
157.19 =+ 1446

banya

referencia

Ag
Al
Ba
Cd
Co
Cr
Cu
Li
Mn
Ni
Pb
Tl
L
Cs
Ga
Rb
U
Bi
Mo
As
S5e
Ca
Fe
Mg
Zn

0.61 £ 0.18
21.27 + 5.40
087 £0.72
0.062 £ 0,014
0.49 £+ 0.19
241 £ 0.27
007 £ 0.73
0.058 £+ 0.0069
1.28 + 0.16
093 £0.19
236 £ 0.37
0.0011 + 0.00016
0.17 £ 0.015
0.0029 + 0.00040
0.21 £ 0.015
0.043 + 0.0061
0.41 £ 0.051
0.24 +£0.20
0.065 £+ 0,0067
0.045 = 0.011
032 £ 0.057
6036.86 + 572.99
62,82 £ 1026
74543 £ 7139
281.67 £ 41.70

1.15+ 0.39
2358 £ 3.95
9.13 £ 211
0.11 £ 0.045
0.092 £ 0,018
215+ 044
1223 + 2.84
0.054 £ 0.0094
1.03 £ 0.12
062 £0.12
325+ 077
0.0025 £+ 0.0004€
0.17 + 0.02054
0.0028 + 0.00038
021 + 0.043
0.046 + 0.0046
0.12 + 0.033
0.030 + 0.0091
0.061 £ 0.01
0.12 + 0.037
0.24 + 0.057

3894.39 + 1021.88

5232 + 817
44740 £ 104.16
130.97 + 15.98

Pan, Y. and Li, H., 2015. Trace elements in scalp hair from potentially exposed individuals in the vicinity of the Bayan Obo mine in Baotou, China. Environmental Toxicology and Pharmacology, 40(3), pp.678-685.
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the dark side of clean energy and digital technologies
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MINERS

Ground control
centre Slurry pumping
and processing

oD —O0 TTm=0m™

Modular
robots

Robominer Prototype

L

D Tampere University

Fully autonomous
Screw-leg locomotion (bio-insipiration - mudskipper)
Independent specialized and univeral modules

Articulated modular structure Body module

Praduction teol module

Capable to self-assemble and self-configure

Capable to excavate a tunnel large enough for itself to any direction
Capable to move cuttings to transport system

Capable to follow ore veins

Active joint
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