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Czy atmosfera jest zrodlem
surowcowym?

Co z niej produkujemy i co
wykorzystujemy?
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1 pozostale gazy szlachetne





http://pl.wikipedia.org/wiki/Grafika:Sperm_whale1b.jpg
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Co eksploatujemy z wod
morskich?

wode slodka
chlorek sodu
ZzwiazKi magnezu
brom




WODA
*Zaledwie 1/4 ludnosci planety korzysta z wody biezgcej

1,5 mid oséb ma powazne trudnosci z dostepem do wody
pitnej

*2/3 powierzchni planety Ziemi pokrywajg wody morz i
oceandéw

*Tylko 2% rezerw wodnych na §wiecie nadaje sie do
spozycia., a 98% wod na Swiecie to slone wody

*Slodkie wody rzek i jezior to zaledwie 1% rezerw
wodnych Swiata

73% wody slodkiej zuzywane jest przez rolnictwo, 21%
przez przemysk, 6% do spozycia



Sytuacja w Polsce

Sredni roczny odplyw wod powierzechniowych (jeziora,
rzeki), tgcznie z doplywami z zagranicy, w latach 1951-
2000 wyniosk 62,4 km>, w tym z obszaru Polski 54 km>, W
przeliczeniu na 1 mieszkanca daje to roczny zaséb wod ok.
1,6 dam’ (dam® = dekametr szeScienny = 10m*10m*10m =
1000m?>),

W krajach europejskich przecietne zasoby wod
powierzchniowych (odplywy) szacowane sg na 4,6
dam’/rok na jednego mieszkanca. Jest to Srednio prawie 3
razy wiecej wody rocznie na kazdego mieszkanca, niz w
Polsce






I co dalej?
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Abundance of chemical elements in Earth's (continental) crust, according to various sources
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Element

Symbol

O

Si

Al

Fe

Ca

Na

Abundance in crust (mg/kg = ppm by mass), by source

Darling

466,000

277,200

81,300

50,000

36,300

28,300

20,900

Barbalac

e

474,000

277,100

82,000

41,000

41,000

23,000

23,000

WebeEle
ments

460,000

270,000

82,000

63,000

50,000

23,000

29,000

Israel

Science

and

Technol

ogy

467,100

276,900

80,700

50,500

36,500

27,500

20,800

CRC

461,000
(46.1%)

282,000
(28.2%)

82,300
(8.23%)

56,300
(5.63%)

41,500
(4.15%)

23,600
(2.36%)

23,300
(2 339%)

Annual

productio

n

(2016,
tonnes)

7,200,000

57,600,000

1,150,000,
000

255,000,00

0

27,700,000


https://en.wikipedia.org/wiki/Atomic_number
https://en.wikipedia.org/wiki/Abundance_of_elements_in_Earth's_crust#cite_note-3
https://en.wikipedia.org/wiki/Abundance_of_elements_in_Earth's_crust#cite_note-4
https://en.wikipedia.org/wiki/Abundance_of_elements_in_Earth's_crust#cite_note-5
https://en.wikipedia.org/wiki/Abundance_of_elements_in_Earth's_crust#cite_note-6
https://en.wikipedia.org/wiki/Abundance_of_elements_in_Earth's_crust#cite_note-7
https://en.wikipedia.org/wiki/Tonnes
https://en.wikipedia.org/wiki/Abundance_of_elements_in_Earth's_crust#cite_note-8
https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Silicon
https://en.wikipedia.org/wiki/Aluminium
https://en.wikipedia.org/wiki/Iron
https://en.wikipedia.org/wiki/Calcium
https://en.wikipedia.org/wiki/Sodium
https://en.wikipedia.org/wiki/Magnesium
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56

K

Ti

Mn

Ba

25,900

4,400

1,400

1,200

1,000

800

500

21,000

5,600

1,000

950

950

340

15,000

6,600

1,500

1,000

1,100

540

340

25,800

6,200

1,400

1,300

900

290

500

20,900
(2.09%)

5,650
(0.565%)

1,400
(0.140%)

1,050
(0.105%)

950
(0.0950%)

585
(0.0585%)

425
(0.0425%)

6,600,000

16,000,000


https://en.wikipedia.org/wiki/Potassium
https://en.wikipedia.org/wiki/Titanium
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Phosphorus
https://en.wikipedia.org/wiki/Manganese
https://en.wikipedia.org/wiki/Fluorine
https://en.wikipedia.org/wiki/Barium
https://en.wikipedia.org/wiki/Barium
https://en.wikipedia.org/wiki/Potassium
https://en.wikipedia.org/wiki/Titanium
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Phosphorus
https://en.wikipedia.org/wiki/Manganese
https://en.wikipedia.org/wiki/Fluorine
https://en.wikipedia.org/wiki/Barium

38

16

40

17

23

24

37

Sr

Zr

Cl

Cr

Rb

500

300

500

100

100

300

370

260

480

190

130

160

100

90

360

420

1,800

130

170

190

140

60

520

940

250

450

350

370
(0.0370%)

350
(0.0350%)

200
(0.0200%)

165
(0.0165%)

145
(0.0145%)

120
(0.0120%)

102
(0.0102%)

90

350,000

69,300,000

1,460,000

76,000

26,000,000


https://en.wikipedia.org/wiki/Strontium
https://en.wikipedia.org/wiki/Sulfur
https://en.wikipedia.org/wiki/Carbon
https://en.wikipedia.org/wiki/Zirconium
https://en.wikipedia.org/wiki/Chlorine
https://en.wikipedia.org/wiki/Vanadium
https://en.wikipedia.org/wiki/Chromium
https://en.wikipedia.org/wiki/Rubidium

28 Ni 80 90 190 84 2,250,000
30 Zn 75 79 70 11,900,000
29 Cu 100 50 68 60 19,400,000
58 Ce 68 60 66.5
60 Nd 38 33 41.5
57 La 32 34 39
39 Y 30 29 33 6,000
7 N 50 25 20 19 140’000’03
27 Co 20 30 25 123,000
21 Sc 16 26 22
3 Li 20 17 20 35,000



https://en.wikipedia.org/wiki/Nickel
https://en.wikipedia.org/wiki/Zinc
https://en.wikipedia.org/wiki/Copper
https://en.wikipedia.org/wiki/Cerium
https://en.wikipedia.org/wiki/Neodymium
https://en.wikipedia.org/wiki/Lanthanum
https://en.wikipedia.org/wiki/Yttrium
https://en.wikipedia.org/wiki/Nitrogen
https://en.wikipedia.org/wiki/Cobalt
https://en.wikipedia.org/wiki/Scandium
https://en.wikipedia.org/wiki/Lithium

41 Nb 20 17 20 64,000
31 Ga 18 19 19 315
82 Pb 14 10 14| 4,820,000
950
5 B - 8.7 10| 9,400,000
1
90 Th 12 6 9.6
59 Pr 9.5 8.7 9.2
62 Sm 7.9 6 7.05
64 Gd 7.7 5.2 6.2
66 Dy 6 6.2 5.2
68 Er 3.8 3.0 3.5



https://en.wikipedia.org/wiki/Niobium
https://en.wikipedia.org/wiki/Gallium
https://en.wikipedia.org/wiki/Lead
https://en.wikipedia.org/wiki/Boron
https://en.wikipedia.org/wiki/Wikipedia:Accuracy_dispute#Disputed_statement
https://en.wikipedia.org/wiki/Talk:Abundance_of_elements_in_Earth's_crust#Dubious
https://en.wikipedia.org/wiki/Thorium
https://en.wikipedia.org/wiki/Praseodymium
https://en.wikipedia.org/wiki/Samarium
https://en.wikipedia.org/wiki/Gadolinium
https://en.wikipedia.org/wiki/Dysprosium
https://en.wikipedia.org/wiki/Erbium

70 Yb 3.3 2.8 3.2
72 Hf 5.3 3.3 3.0
55 Cs 3 1.9 3

4 Be 2.6 1.9 2.8 220
92 U 0 1.8 2.7 74,119
35 Br 0.3700 3 24 391,000
50 Sn 2.2 2.2 2.3 280,000
63 Eu 2.1 1.8 2.0
33 As 1.5 2.1 1.8 36,500
73 Ta 2 1.7 2.0 1,100
32 Ge 1.8 1.4 1.5 155



https://en.wikipedia.org/wiki/Ytterbium
https://en.wikipedia.org/wiki/Hafnium
https://en.wikipedia.org/wiki/Caesium
https://en.wikipedia.org/wiki/Beryllium
https://en.wikipedia.org/wiki/Uranium
https://en.wikipedia.org/wiki/Bromine
https://en.wikipedia.org/wiki/Tin
https://en.wikipedia.org/wiki/Europium
https://en.wikipedia.org/wiki/Arsenic
https://en.wikipedia.org/wiki/Tantalum
https://en.wikipedia.org/wiki/Germanium

74

42

67

65

81

71

69

53

49

51

48

Mo

Ho

Tb

Ti

Lu

Tm

In

Sb

Cd

160.6

1.5

1.4
1.1

0.6000

0.4800
0.1400
0.0490
0.2000

0.1100

1.1

1.1

1.2

0.9400

0.5300

0.4500

0.4900

0.1600

0.2000

0.1500

1.25

1.2

1.3

1.2

0.850

0.8

0.52

0.450

0.250

0.2

0.15

86,400

227,000

10

31,600

655

130,000

23,000


https://en.wikipedia.org/wiki/Tungsten
https://en.wikipedia.org/wiki/Wikipedia:Accuracy_dispute#Disputed_statement
https://en.wikipedia.org/wiki/Talk:Abundance_of_elements_in_Earth's_crust#Dubious
https://en.wikipedia.org/wiki/Molybdenum
https://en.wikipedia.org/wiki/Holmium
https://en.wikipedia.org/wiki/Terbium
https://en.wikipedia.org/wiki/Thallium
https://en.wikipedia.org/wiki/Lutetium
https://en.wikipedia.org/wiki/Thulium
https://en.wikipedia.org/wiki/Iodine
https://en.wikipedia.org/wiki/Indium
https://en.wikipedia.org/wiki/Antimony
https://en.wikipedia.org/wiki/Cadmium

80

47

34

46

83

78

79

76

52

44

77

Hg

Ag

Se

Pd

Bi

Pt

Au

Os

Te

Ru

Ir

0.0500

0.0700

0.0500

0.0006

0.0480

0.0030

0.0011

0.0001

0.0050

0.0010

0.0003

0.0670

0.0800

0.0500

0.0063

0.0250

0.0037

0.0031

0.0018

0.0010

0.0010

0.0004

0.085

0.075

0.05

0.015

0.0085

0.005

0.004

0.0015

0.001

0.001

0.001

4,500

27,000

2,200

208

10,200

172

3,100

2,200


https://en.wikipedia.org/wiki/Mercury_(element)
https://en.wikipedia.org/wiki/Silver
https://en.wikipedia.org/wiki/Selenium
https://en.wikipedia.org/wiki/Palladium
https://en.wikipedia.org/wiki/Bismuth
https://en.wikipedia.org/wiki/Platinum
https://en.wikipedia.org/wiki/Gold
https://en.wikipedia.org/wiki/Osmium
https://en.wikipedia.org/wiki/Tellurium
https://en.wikipedia.org/wiki/Ruthenium
https://en.wikipedia.org/wiki/Iridium

45

Rh

0.0002

0.0007

0.001

75

Re

0.0004

0.0026

0.0007

47.2



https://en.wikipedia.org/wiki/Rhodium
https://en.wikipedia.org/wiki/Rhenium

Sredni sktad skat .granitordowych”

O - 48,0 Ca-2,5
Si - 30,9 Na - 2,2
AL - 8,0 K -2,64
Fe - 3,6 Ti - 0,33
Mg - 1,2 H -0,12
Mn - 0,07 P -0,08

Razem — 99,64% wag.



Sredni sklad tzw. skorupy
bazaltowe] w % wag.

O -46.0 Ca-5.1
Si - 26,2 Na-24
Al - 8,1 K -1.,5
Fe - 6,7 Ti- 0,7
Mg - 3,0 H -0,1
Mn - 0,1 P-0,1

Razem praktycznie 100%



Sredni sklad skal osadowych w % wag.

O - 48,9 Ca -8,0
Si - 24,3 Na-13




Na pozostale 80 pierwiastkow
wystepujacych w skorupie
ziemskie] pozostaja max. 0,36%
wag. w skorupie kontynentalnej a
w oceanicznej praktycznie slady.

Nieco lepiej ma sie sytuacja ze
skalami osadowymi.



skiad pierwistkowy skorupy ziemskiej

inne 1%+
hlgy 2%
K 3%
Ma 3%

ao
L
mF
OFe
3
3 Ma
K
O ki

Ca 4%
Fe 2%

Al 8% O A6

=i 28% :
W inne




Przykladowe zawartosci pierwiastkow w g/t
U-27 ClI-130 Mo-15

N -20 Cu-55 Pb -12.,5
F — 625 Zn -70
S —260 Zr - 165



Surowce energetyczne
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Wegiel brunatny — wydobycie okolo 800 mil.ton/rok, spada
Zasoby 512 mild. ton na okolo 20 — 30 lat







‘asoby —154250 mld. m™"
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Swiatowe zasoby grafitu oceniane
sq na 1,4 mld. ton
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Fluor F
Fluoryt
CaF2

Swiatowe zasoby ok. 240 mln.
ton



Wydobywalne zasoby ok. 24(
min. ton



Fosfor P
Fostforyty

apatyty

Z.asoby fostorytow rzedu 67 mid.
ton. Potencjalne rzedu 300 mid.
ton (5-36% P205)
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http://www.google.pl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http%3A%2F%2Fpl.wikipedia.org%2Fwiki%2FMolibden&ei=VBk2VeivL4LlaoaSgdAC&bvm=bv.91071109,d.d2s&psig=AFQjCNHyVAQtd2kLvLBv2pOjyJP8S3y5eQ&ust=1429695170560796
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L.antanowce

La, Ce, Pr, Nd,Sm, Eu,Gd, Tb,
Dy, Ho, Exr,Tm,Yb, Lu

Z.aasoby oceniane na 80
mil.t



Rod 4 000 t



Olow

Wltowe zasa)by r

ze;du’* "
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Zasoby rzedu 200 tys t,,_?;ﬁ







» Wanad V
~ zasoby
Swiatowe

okolo 6,7 min.
ton V205
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Zasoby od 11,4 do 39,3
min.ton
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arsenopiryt
FeAsS

Arsen — As,
roczna produkcja 35 000 t



t

il.
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9

Bor — B, zasoby okolo (



Brom — Br, zasoby okolo 1 mild.t
(woda morska, solanki zwiazane z ropa nattowa)



Kadm — Cd, roczna produkcja 26 000 t.
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HEI — He, zasoby:USA- 31,3mild. m3, Katar-
10,1mild.m3, Algieria- 8,2 mild.m3, Rosja- 6,8 mild.m3, Kanada-



Ind — In
roczna produkcja ok. 750 ton



Jodyna —
alkoholowy
roztwor jodu

Jod — 1, zasoby ok. 6,3 mil. t
W wodzie morskiej zasoby ok. 90 mild. t



Kolumbit

obecnie
ferrocolumbit

(Fe*"Nb,O,)

Niob — Nb, szacowane zasoby
okolo 9,1 mil. t



Rubid

Z.asoby okolo 90 tys. t
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Selen — Se

szacowane zasoby 99 tys t
roczna produkcja 2 800 t



celestyn
Sr5S04

Stront — Sr
zasoby — 6,8 mil. t



Siarka — S, zasoby Swiatowe (siarki rodzimej, w
gipsach anhydrytach itp.) rzedu 600 miliardow t.



antal — Ta, zasoby 355 tys.



Tellur Te, szacowane zasoby
31 000t



Tal — 11, szacowane zasoby

17 mil. kg.
W weglach kopalnych okolo 630mil. kg



Wolfram — W, zasoby okolo 3,3 mil. t



Itr — Y, szacowane zasoby 500 000t






Swiatowa produkcja i szacunkowe zasoby wybranych
metali w 2012 roku. wg. US Geological Survey

Pierwias Produkcja Mg Swiatowe Wystarczalnos
tek metalu zasoby MG ¢ statyczna

metalu

Mangan 16 000 630 000 okolo 39 lat
Nikiel 2100 000 75 000 000 okoto 36 lat
Cynk 13 000 000 250 000 000 okotlo 19 lat

Miedz 17 000 000 680 000 000 okoto 40 lat

Srebro 24 000 540 000 okolo 23 lata

Zloto 2700 52 000 okolo 19 lat
Kobalt 110 000 7 500 000 okolo 68 lat
Wolfram 73 000 3200000 okolo 44 lata







High Value Asteroid Materials

ASTEROID ELEMENTAL ABUNDANCE RELATIVE TO EARTH’S CRUST

i o VOLATILES AND H,0

to fuel the growth of
°§. ©© humanity into new frontiers
Potable Water A

griculture
Radiation Shielding  Fuel Refrigerant  Metallurgy

O

Onygan

INDUSTRIAL METALS
to construct and
sustainably service space

platforms
Ru » : + PLATINUM GROUP METALS
- : & - ‘ to support demand growth on
4 1 Catalytic LCDs Advanced Cancer Earth
Converters IEICHELS treatments
Os| Ir | Pt
= [‘Vn ﬁ(" [‘vn Despite desire to reduce dependency,
eccejleccejle--eJElMEe) one-in-four manufactured goods require PGMs.
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